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Abstract: At present, the addition of dimethylcyclosiloxanes ( DMCs) in cosmetics is being

debated and no substantial progress has been made in their safety risk assessment because of
the lack of a suitable analytical method. Therefore, it is of theoretical and practical significance
to establish a method suitable for the determination of DMCs in cosmetics with different formu-
lation systems. Accordingly, a method based on gel permeation chromatography ( GPC) purifi-
cation combined with gas chromatography-tandem mass spectrometry ( GC-MS/MS) was devel-
oped for the determination of seven DMCs in cosmetics. The cosmetic samples were extracted
by ethyl acetate-cyclohexane (1:1, v/v), purified by gel permeation chromatography, separated
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on a DB-5ms column (30. 0 mx0. 25 mmx0. 25 pm) , confirmed and detected by gas chromatog-
raphy-tandem mass spectrometry in the selected reaction monitoring (SRM) mode, and quanti-
fied by the internal standard method with n-hexadecane as the internal standard. Experiments
were carried out using n-tetradecane, n-hexadecane, and n-octadecane as the internal stand-
ards, and based on the retention time in GPC and GC, n-hexadecane was found to be the suit-
able choice for further analyses. The extraction efficiency for the target compounds was tested
in different solvents such as methanol, n-hexane, acetonitrile, ethyl acetate, and ethyl acetate-
cyclohexane (1:1, v/v). Given the high recovery, ethyl acetate-cyclohexane (1:1, v/v) was
selected as the extraction solvent for analyses. Among the three purification methods (analysis
without purification, solid-phase extraction (SPE), and GPC purification) , GPC was selected
as the best method because of the minimal matrix interference to the target compounds. Under
the optimized conditions, the seven DMCs showed good linearities in the range of 0.05-1.0
mg/L. The correlation coefficients () were 0. 994-0. 998, which were greater than the required
of the specification (7=0.990). The limits of detection (LODs, S/N=3) were 0.04-0.08
mg/kg, and the limits of quantification (LOQs, S/N=3) were 0. 12-0. 24 mg/kg. According to
the cosmetic matrix in different formulation systems, standard addition recovery tests at three
levels of low, medium, and high were carried out. The average recovery rates of the targets
were 85. 3%—-108. 8%. The relative standard deviations (RSDs, n=6) were 3. 1%-9. 4%. The es-
tablished method was also employed for the analysis of cosmetics in the market, and octameth-
ylcyclotetrasiloxane ( D4) and decamethylcyclopentasiloxane ( D5) were detected at various
levels in the cosmetics. The method established in this study has the advantages of operational
simplicity, high sensitivity, and good reproducibility, and it allows for the determination of sev-
en DMCs in cosmetics with different formulation systems. The establishment of this method
provides a basis for the quality supervision and inspection of DMCs in cosmetics in China, in
addition to providing technical support for follow-up health and safety evaluation.

Key words: gel permeation chromatography ( GPC) ; gas chromatography-tandem mass spec-
trometry ( GC-MS/MS) ; dimethylcyclosiloxanes ( DMCs) ; cosmetics
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Table 1 Retention times, quantitative ions, qualitative ions, linear equations and correlation coefficients (r)
of dimethylcyclosiloxanes (DMCs) and internal standard (IS) substances

te/

Ton pairs

Linear range/

Compound CAS No. min (m/2) CEs/eV (mg/L) Linear equation r
Hexamethylcyclotrisiloxane (D3) 541-05-9 3.68 191.0/119.0° ¢ 20, 15 0.05-1.0 y=0.1412-0.771 0.994
207.1/191.1
Octamethylcyclotetrasiloxane (D4) 556-67-2 5.74 265.1/249.1" 10, 10 0.05-1.0 y=0.4012+0.432 0.995
281.1/265.1
Decamethylcyclopentasiloxane ( D5) 541-02-6 7.98 267.0/251.1°* 15, 10 0.05-1.0 y=0.3200-0.522 0.996
355.1/267.1
Dodecamethylcyclohexasiloxane ( D6) 540-97-6 9.52 341.1/73.1* 15, 10 0.05-1.0 y=0.1012+0.418 0.996
429.1/341.1
Tetradecamethylcycloheptasiloxane (D7) 107-50-6  11.23 281.1/73.1° 10, 15 0.05-1.0 y=0.104x-0.106 0.994
281.1/265.1
Hexadecamethylcyclooctasiloxane ( D8) 556-68-3  12.58 355.1/73.1° 10, 5 0.05-1.0 y=0.4492-0.785 0.997
401.0/327.1
Octadecamethylcyclononasiloxane (D9) 556-71-8  14.99 355.1/267.1° 10, 10 0.05-1.0 y=0.122x-0.333 0.998
429.1/341.1
n-Hexadecane (n-C,H,,, IS) 554-76-3  13.41 57.1/29.1* 10, 5 - - -
71.1/43.1

# quantitation ion; y. peak area ratio of the quantitative ion of the analyte to the internal standard; x: mass concentration ratio of

the analyte to the internal standard; -: no data.
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WEE A PR E PR ORG25 RE | IDSR FRE b
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FEURI N AR it 5 W TR AR ) LU (B R A A () i
TTERMERNIA FCS BRI TR | h, 455K,
7 b LB AR A T 0 3 R P 44 S R e
IZEMESEFR  HAHDE R R 0. 994 ~0. 998, 775 7 ik
ISUERLIE ISR, LA 3 A5 10 £i525 FRE A I s X g
AV R A A s () R R B R VR R, LA
435174 0. 01~0. 02 mg/L F10. 03 ~0. 06 mg/L, I
PE S AR 7 b SR S e AN [ A
Z 1 LOD fl LOQ, 437~ 0. 04 ~0. 08 mg/kg F/l
0.12~0.24 mg/kg( W#*2),
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KA FRE A INARIY 7 20 7 i F R 4
B SR AT I 2000 T2 F AR A oI AR
& 3 ANKOF HR IR 1. 4 5 TR R b BT B AT
AEFRIFHEREDNE 6 UK, THET- 34 ISR RS % 52, 235

x2

IR 3 MR 4, 450K, W Bk A b TE 4
e NG R NN R R L R o N N S5
85. 3% ~ 108. 8% , £ & J7 Ik B ilE HL Y5 B oK 19 85% ~
115%, RSD 4 3. 1% ~9. 4% , [a] #£ X945 & I7 L B A1E
HVEER I <10%.,
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TEH 2. 4.2 5 fRPASES KPR W/0 Bk
Aodih 28 14 AN 1.5 AR BV E 4 Ttk
PRAE R 2 — W GESEMIK 7 d, 154 Hirfk
B E R RSD, 455 FR I LE PSS I A
RO, 256G Y& &1 RSD #4708 T 10% , i
BACS IR AR IO AE 7 d AR FRRRE , A R TR TE
S 2E B A HERG T
2.5 SEEREESRMT

FETT AT 35 7 5 L BEALIE K 30 AR [RIEL
PRZ At i, 36 5 BERIK .5 AR .5 1y

FEBEAE R R PN - REREREG HRESR

Table 2 Limits of detection (LODs) and limits of quantification (LOQs) of
DMCs in cosmetics of different formulation systems

Type Sample Cpetectea’ (Mg/L) Cuantitative” (Mg/L) LOD/(mg/kg) LOQ/ (mg/kg)
O/W cosmetics hand cream 0.01 0.03 0.04 0.12
W/0 cosmetics foundation primer 0.02 0.06 0.08 0.24
Full oil type cosmetics lip stick 0.01 0.03 0.04 0.12
Powdered cosmetics rouge 0.01 0.03 0.04 0.12
O/W . oil in water; W/O. water in oil.
£3 AEBEABERLGSES 7 HZFEREREMNNIRERR (n=6)
Table 3 Spiked recoveries of the seven DMCs in cosmetics of different formulation systems (n=6) %
Hand cream Foundation primer Lip stick Rouge
Compound 0.5 1.0 3.0 0.5 1.0 3.0 0.5 1.0 3.0 0.5 1.0 3.0
mg/kg mg/kg mg/kg mg/’kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/’kg mg/kg mg/kg
D3 86.7 92.3 87.3 89.7 93.8 86.6 83.7 91.4 86.4 88.1 91.1 89.1
D4 87.4 88.5 89.0 85.8 92.7 87.1 87.6 87.3 89.2 86.4 87.9 89.8
D5 90.3 85.3 93.5 86.9 94.6 91.5 91.2 85.7 90.5 91.1 87.1 93.7
D6 85.6 93.5 100.9 86.3 92.1 108.8 86.4 91.5 89.9 86.2 94.2 103.7
D7 83.2 101.8 107.3 87.2 88.8 105.3 86.2 106.8 101.2 87.3 103.7 101.6
D8 85.8 96.5 91.7 85.9 86.7 92.7 88.7 91.5 88.6 85.6 94.2 90.3
D9 91.1 103.8 106.2 86.1 90.8 103.8 90.7 104.8 101.4 90.1 89.8 103.1

x4 FAREAEREEEDTH_PEREERNEANBEEENBEEEE (n=6)

Table 4 Intra-day and inter-day precisions of the seven DMCs in cosmetics of different formulation systems (n=6)

%

Hand cream Foundation primer Lip stick Rouge
Compound 0.5 1.0 3.0 0.5 1.0 3.0 0.5 1.0 3.0 0.5 1.0 3.0

mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg mg/kg
D3 4.5(5.2)*% 4.1(4.7) 3.5(42) 6.5(5.8) 4.6(4.2) 5.5(7.2) 5.8(5.1) 4.0(5.3) 3.5(53) 4.1(5.6) 5.5(7.2) 3.5(4.6)
D4 8.2(6.9) 3.8(5.3) 4.1(4.4) 6.1(5.8) 6.5(5.3) 6.5(5.7) 4.5(5.0) 3.5(5.1) 4.5(5.6) 6.5(7.2) 4.1(7.0) 4.7(5.1)
D5 5.5(6.7) 6.5(5.1) 5.5(3.9) 5.5(4.7) 5.1(6.5) 4.8(5.2) 4.3(6.2) 3.1(4.7) 4.8(5.1) 7.0(6.2) 3.5(4.8) 4.2(5.5)
D6 6.2(7.3) 4.5(4.2) 4.4(5.6) 7.5(9.2) 6.5(7.4) 6.3(7.2) 5.7(5.1) 4.5(5.9) 3.5(4.2) 3.8(5.0) 4.9(5.5) 6.5(5.0)
D7 4.6(6.3) 5.5(6.5) 5.1(7.5) 6.5(9.4) 6.1(8.2) 7.5(6.6) 6.5(5.3) 3.7(5.1) 3.9(5.8) 5.5(5.1) 3.7(5.2) 3.5(5.4)
D8 5.6(9.2) 4.1(5.6) 3.5(4.1) 5.7(6.6) 5.5(7.4) 6.5(5.4) 5.5(5.1) 4.1(6.2) 4.0(6.3) 6.5(7.8) 4.1(5.2) 3.5(6.1)
D9 4.8(6.4) 4.8(7.2) 3.1(4.3) 6.5(54) 6.7(84) 5.7(6.8) 4.5(5.7) 5.5(7.0) 5.5(7.2) 5.5(59) 3.5(5.3) 4.8(6.2)

# Intra-day precision (inter-day precision).
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