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Determination of 13 sunscreen agents in cosmetics
by gas chromatography-mass spectrometry

LU Wen ", LI Hongying, LIU Jie, HAN Wei, HUANG Wei
(Hubet Institute for Drug Control, Wuhan 430075, China)

Abstract: Sunscreens can be categorized as physical and chemical types. Chemical sunscreens
are widely used in cosmetics, and hence, their concentration in the desired products should be
strictly monitored. Gas chromatography-mass spectrometry ( GC-MS) is widely used for the
analysis of cosmetics as it does not require organic mobile phases and allows for accurate quali-
tative and quantitative analyses. In this study, a method based on GC-MS was established for
the determination of 13 sunscreen agents in cosmetics: ethylhexyl salicylate, homosalate, 4-
methylbenzylidene camphor, ethylhexyl dimethyl para-aminobenzoic acid, ethylhexyl methoxy-
cinnamate, octocrylene, butyl methoxydibenzoylmethane, diethylamino hydroxybenzoyl hexyl
benzoate, 3-benzylidene camphor, benzophenone-3, camphor benzalkonium methosulfate,
drometrizole trisiloxane, and isopentyl-4-methoxycinnamate. Accordingly, 0. 5 g of the cosmetic
product was dissolved in dichloromethane in a 50 mL volumetric flask and extracted ultrasoni-
cally for 15 min. Then, 1.0 mL of the extracting solution was withdrawn and diluted to 50. 0 mL
with dichloromethane. The mixture was filtered through a 0. 22-pm membrane. A 1 pL aliquot
of the dichloromethane solution was introduced onto the HP-5ms chromatographic column (30
mx250 pmx0.25 um). The 13 components were separated under programed temperature eleva-
tion in the interval from 150 C to 290 C. These components could be analyzed within 30 min
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after being ionized by the EI source, and their determination was achieved in selected ion moni-
toring (SIM) mode. The external standard method was employed for quantitative determination.
Linear equations, linear correlation coefficients, and linear ranges were obtained by analyzing a
series of mixed standard working solutions. The limits of detection (LODs, S/N=3) and limits
of quantification (LOQs, S/N=10) of the 13 sunscreen agents were determined. The matrix
effect and average recoveries of the 13 agents with six extraction solvents ( dichloromethane,
tetrahydrofuran, methanol, acetonitrile, n-hexane, and acetone) were compared. Among
these, dichloromethane showed a weak matrix effect and high average recovery. The matrix
effect of dichloromethane was 90. 1%-100. 5%, and the average recovery was 96. 3%. All the 13
sunscreen agents showed good linearity in their corresponding ranges. The correlation coeffi-
cients (7*) were higher than 0.998. The LODs and LOQs were in the ranges of 0. 04 to 0. 63
mg/g and 0. 12 to 2. 10 mg/g, respectively. Two types of cosmetics were selected to verify the
accuracy and precision of the method at three levels. The average spiked recoveries of the 13
sunscreen agents in cream and lotion were 88. 7% -103. 6%, and 88. 4%-102. 3%, respectively;
the corresponding relative standard deviations (RSDs, n=6) were 1. 7%—-4. 9% and 1. 2%-3. 9%
. Whitening cosmetics are frequently added with sunscreen agents, which is a regulatory blind
spot. Five batches of skin whitening products containing sunscreen agents were detected using
this method. The contents of five sunscreen agents in skin whitening cosmetics ranged from
0.8% to 5.2%, which were lower than the relevant limits in China. Owing to its advantages of
simple operation, high sensitivity, and good recovery, the proposed method is suitable for the
qualitative and quantitative determination of 13 sunscreen agents in cosmetics. This method pro-
vides technical support for market supervision and laboratory testing.

Key words: gas chromatography-mass spectrometry ( GC-MS) ; sunscreen agents; cosmetics
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Table 1 Retention times, quantitative ions and qualitative
ions of the 13 sunscreen agents

Retention Quantitative Qualitative

No. Compound  CAS No. time/min ion (m/z) ions (m/z)
1 ES 118-60-5 8.72 120 138, 121
2 HMS 118-56-9 10.09 138 69, 109
3 3-BC 36861-47-9 10.94 128 240, 129
4 BP-3 22071-24-5 12.52 227 151, 228
5 IMC 71617-10-2 12.58 178 161, 133
6 4-MBC 36861-47-9 13.01 254 128, 115
7 ED-PABA 58817-05-03 16.44 165 148, 164
8 EHMC 5466-77-3 17.22 178 161, 133
9 CBM 52793-97-2  20.26 240 283, 134

10 OC 6197-30-4  22.64 204 232, 248

11 BMDBM 70356-09-1 24.25 310 135, 295

12 DT 155633-54-8 25.79 221 73, 369

13 DHHB 302776-68-7 28.77 382 397, 383

ES. ethylhexyl salicylate; HMS: homosalate; 3-BC. 3-
benzylidene camphor; BP-3: benzophenone-3; IMC: isopen-
tyl-4-methoxycinnamate; 4-MBC: 4-methylbenzylidene cam-
phor; ED-PABA: ethylhexyl dimethyl para-aminobenzoic
acid; EHMC: ethylhexyl methoxycinnamate; CBM: camphor
benzalkonium methosulfate; OC: octocrylene; BMDBM;:
butyl methoxydibenzoylmethane; DT:. drometrizole trisilox-
ane; DHHB. diethylamino hydroxybenzoyl hexyl benzoate.

1 10
100
© ]
< 804
g ] 2
g 13
2 604 1
g 1
£ 1
o 1 5 8
2 a0
Z 7 3 4 0 1
2 7 12
o4— 4t A
5 10 15 20 25 30

t/ min

E1 13#pFEFNEEFRE
Fig. 1 Total ion chromatogram of the 13
sunscreen agents
Peak identifications: for Nos.1-13, see Table 1.
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Table 2 Matrix effects (MEs) and average recoveries ( ARs) of the 13 sunscreen agents with different extraction solvents

MEs/%

Solvent AR/%
2 3 4 5 6 7 8 9 10 11 12 13
DCM 94.1 96.1 93.7 90.1 96.0 99.5 93.4 92.3 93.7 93.2 98.5 99.7 100.5 96.3
MT 82.4 88.8 87.3 87.4 87.8 93.9 76.2 85.5 97.5 83.2 93.3 89.1 94.0 89.2
ACN 86.0 90.7 88.4 89.6 88.9 92.8 77.2 100.4 92.7 90.2 93.5 96.7 95.7 90.1
AT 92.5 92.8 93.5 94.4 94.5 93.4 89.9 91.3 98.5 96.1 98.1 92.2 92.8 92.8
HA 68.5 67.3 68.8 63.3 70.6 75.3 77.0 67.2 62.4 67.8 74.9 66.9 71.4 71.4
THF 90.1 101.2 94.9 92.7 96.6 100.3 85.2 85.0 83.4 89.7 99.6 93.6 100.2 95.5

# For Nos.1-13, see Table 1. DCM: dichloromethane; MT: methanol; ACN: acetonitrile; AT acetone; HA: n-hexane; THF' tet-

rahydrofuran.
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Table 3 Linear equations, linear ranges and LODs of the 13 sunscreen agents

Compound Linear equation r? Linear range/(mg/L) LOD/(mg/g) LOQ/(mg/g)
ES y=14236.132x-275.39 0.9982 0.25-7.5 0.05 0.17
HMS y=28027.3720-483.33 0.9983 0.25-7.5 0.07 0.23
3-BC y=7581.8220-1287.27 0.9996 0.25-7.5 0.06 0.20
BP-3 y=10902.47x-339.78 0.9985 0.25-7.5 0.06 0.20
mcC y=18269.94x+148.58 0.9993 0.25-7.5 0.05 0.17
4-MBC y=5470.832+384.16 0.9993 0.25-7.5 0.06 0.18
ED-PABA y=17738.58x-952.17 0.9981 0.25-7.5 0.04 0.12
EHMC y=18832.712+271.52 0.9987 0.25-7.5 0.07 0.22
CBM y=2603.482x-380.52 0.9989 1.25-37.5 0.26 0.87
0C y=12870.920-327.76 0.9984 1.25-37.5 0.18 0.60
BMDBM y=5092.99x-482.54 0.9998 2.5-75 0.63 2.10
DT Yy =4859.050-609.55 0.9994 1.25-37.5 0.16 0.53
DHHB y=5417.592-786.16 0.9989 2.5-75 0.40 1.33

# 4. peak area; x: mass concentration, mg/L.
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Table 4 Spiked recoveries and relative standard deviations
of the 13 sunscreen agents (RSDs) (n=6)

Cream Lotion
Spiked/
Compound Recovery/ RSD/  Recovery/ RSD/
(mg/g) % o % %
ES 1.25 94.5 1.9 94.2 2.5
5 96.7 3.7 97.4 2.4
10 101.6 2.1 100.3 1.6
HMS 2.5 95.1 2.7 92.5 2.8
10 91.4 2.7 95.6 3.6
25 103.6 2.2 102.3 1.7
3-BC 2.5 95.9 3.3 93.7 3.0
10 94.4 2.4 94.1 2.8
25 94.8 3.4 92.7 1.2
BP-3 2.5 89.8 3.1 90.8 2.7
10 90.7 2.6 91.9 2.3
25 90.8 3.2 89.8 1.7
MC 2.5 92.5 2.9 88.4 3.6
10 89.7 2.9 93.6 2.1
25 91.1 3.0 89.8 1.8
4-MBC 2.5 88.7 3.8 91.4 2.6
10 95.9 1.7 98.9 1.6
25 93.7 2.7 92.4 1.6
ED-PABA 2.5 91.5 3.7 92.7 3.9
10 91.8 3.8 90.1 3.7
25 95.0 2.8 92.4 2.2
EHMC 2.5 90.3 2.6 89.4 2.7
10 89.7 2.7 89.7 2.7
25 92.9 2.4 95.0 1.9
CBM 10 92.8 4.9 94.1 2.4
40 89.7 2.6 89.4 3.1
100 92.6 3.4 94.0 1.7
oC 10 89.5 4.7 89.3 2.6
40 95.8 2.3 94.3 3.8
100 93.2 3.0 92.6 1.2
BMDBM 25 94.7 3.5 90.3 2.7
100 93.5 2.2 96.5 2.7
250 95.3 2.6 94.7 1.8
DT 10 93.7 3.6 94.6 3.1
40 94.8 2.9 95.2 3.0
100 94.8 3.5 93.2 2.5
DHHB 25 95.7 2.4 91.7 2.8
100 93.9 3.0 96.3 2.2
250 95.6 1.8 95.3 1.7
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Table 5 Determination results of the samples

Contents/%
Compound - - -
Cream | Cream 2 Lotion1 Lotion 2 Lotion 3
4-MBC = 2.6 1.6 - .
EHMC 4.1 3.6 3.1 4.3 5.2
oC - 3.6 - - -
BMDBM - 1.5 - - -
DHHB - - 0.8 - -

—. not detected or less than limit of detection.
Y
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