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Simultaneous Determination of 22 Toxic Volatile Organic Solvent Residues in

Cosmetics by Static Headspace/Gas Chromatography — Mass Spectrometry
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Abstract: Based on the Safety and Technical Standards for Cosmetics(2015) , a staticheadspace/gas
chromatography — mass spectrometric ( SHS/GC — MS) method was established to analyze 22 volatile
organic compounds ( VOCs) residues, including dichloromethane, cis-1,2-dichloroethene, irans-1,
2-dichloroethylene, 2-chloro-1,3-butadiene, trichloromethane, 1,2-dichloroethane, benzene, car-
bon tetrachloride, trichloroethylene, methylbenzene, tetrachloroethylene, chlorobenzene, ethyl-
benzene, tribromomethane, m-xylene, p-xylene, phenylethylene, o-xylene, isopropylbenzene, 1,
4-dichlorobenzene, 1, 2-dichlorobenzene and hexachlorobutadiene in cosmetics. The experimental
conditions for SHS/GC — MS, such as headspace conditions, analytical conditions of GC, quantita-
tive ion’s selection and concentration of the samples were optimized. The cosmetic samples were extrac-
ted and cleaned-up by headspace at 80 “C for 30 min, determined and quantified by MS. 22 kinds of
VOCs had good linear relations in the range of 0.5 — 50 ng/mL with correlation coefficients higher
than 0. 99. The spiked recoveries ranged from 80. 3% to 102. 7% , with relative standard deviations
(RSD) of 6.4% -9.9% . The limits of detection were in the range of 0.2 —5. 0 ng/g. This method
had the advantages of simplicity, sensitivvity, accurancy, good reproducibility and stability, and
was suitable for the screening and analysis of VOCs residues in cosmetics.
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1.1 XFE5LF

Trace 1SQ A% - BUEH AL, B tiplus =& — A RS (£ E Thermo 24 7)) 5 4K
X (SEE Millipore 23 7]) o @B BE. M) -1,2- 28/ 2-50-1,3-T Zh . 78, ek, =&
e, 1,2-"5 k. =AM, BIE, WELK., &I, . =Bk, M HIE MR,
RO APHIE RAZE. 1, 4-280K, 1,2-2G008 . ANET M 22 Bl VOCs TRbR( Ll E R )&
Al) s AALECA R A WA Akl
1.2 HAETaE

FREUESZT 5. 000 g (R 1 mg) F 100 mL HIEZIBEE Y, NUKZEZIE, RAISEH. SFEET
KEGEESL, D ERESBUEER(HEE < 1% ), RA&EH. FERERGERET, BN 10.0
mL FEIA 1.0 g NaCl (TRZSHRN, SZRUE P25 5], 80 CF P 30 min, HU1 mL SfkFEN
AR - FOESGHE T 0T .
1.3 {UEE&H
1.8.1 TAS&M TZSIRAEE. 80 °C; “FHGITHE): 30 min; BEFERHEEE: 120 °C; #EAHAR: 1.0 mL,
1.3.2 @iE&EMH MitfE: DB-1(30 m x0.25 mm x0.25 um) ; f#EfE: 1.0 mL/min; 43ifkk: 50 :
1y BEFELIVERE: 220 °C; FE: 35 C ({3455 min), LL5 C/min FHEFE 120 C, FHLL30 C/min FH&
%220 C ({4455 min) ,
1.8.3 FUE&£MG EIE; GHZIRE: 250 °C; &7 URIRE: 230 C; WAL & 7
(SIM), 22 F VOCs BFHIEE T e =S T ILE 1,

2 Z#HRE5WR

2.1 (UBEHFHMNL

2.1.1 MEFEREMERE  HE50 ng/mL Y 7 il VOCs(II-1,2- LM &R L, 1) H
LR THIZR ROK . RNIR) ATE 40, 50, 60, 70, 80, 90 CZ&AF T FA 30 min 1N N 51 L,
FREP i B e TR R . APRIE R, R BN RE T A BR B4 S PR 5 2H 2 ) AN [+
WA, B SR, RN R SEN A . Ik B, AH IRIARAR IR B ( RIAH ) T00 23 AR )« AH P
N T, 7240 ~80 CIY, RIS/ AHLIE R B Ui ABEE IR A FHEiisg ok, i REUE
BT ; (280 ~90 Czul, &g U TR BRI lkmh Ao i = Ak IE4s & Prill 2 b
VOCs MZEE Y, B 80 CHE AR A i .
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Table 1 Retention time, characteristic ion and quantitative ion, spiked recoveries, relative standard deviations,

limits of detection(LODs) and limits of quantitation( LOQs) for 22 kinds of VOCs

Retention  Characteristic ~ Quantitative Mean recovery RSD LOD LOQ
No. Compound . . .
time ion ion (%) (%) (ng/g) (ng/g)
1 Dichloromethane ( & H4%) 0.99 49, 84, 86 49 85.8, 86.0, 99.2 8.8, 7.7, 7.2 1.0 3.3
2 cis-1, 2-Dichloroethene ( JIii -1, 1. 00 9, 61, 98 61 88.9, 93.4, 91.4 9.8,9.3, 6.4 5.0 16.5
2-TH L)
3 trans-1,2-Dichloroelthyene ( JZ 7\- 1.07 96, 61, 98 61 90.0, 96.4, 91.9 8.1, 8.6, 5.9 3.0 9.9
1,2- 25 0)
4 2-Chloro-1, 3-butadiene ( 2-&-1, 1. 15 88, 53, 51 51 80.4, 88.6, 102.6 9.5, 9.1, 8.6 5.0 16.5
3-T )
5 Trichloromethane ( =% H ¢ ) 1.22 83, 85, 47 47 83.0, 84.0, 100.0 9.8, 9.3, 8. 0.2 0. 67
6 1,2-Dichloroethane (1,2-— & & 1.32 98, 62, 64 62 80.9, 85.1, 101.2 9.1, 9.1, 89 3.0 9.9
)
7 Benzene (%) 1.44 77, 51, 78 77 83.8, 87.9, 92.0 8.8, 8.3,6.9 5.0 16. 6
8 Carbon tetrachloride ( PYZ10HR) 1.47 117, 82, 47 117 81.8, 89.1, 94.5 9.1, 8.8, 8.1 2.0 6.6
Trichloroethylene ( =& Z.45) 1.69 130, 131, 95 131 80.3, 88.7, 95.8 9.9, 9.6, 9.2 3.0 9.8
10 Methylbenzene ( FH ) 2.44 91, 92, 65 65 80.6, 90.1, 100.3 8.2, 8.1, 7.6 1.0 3.4
11 Tetrachloroethylene ( PUSH Z. 4 ) 3.25 166, 164, 129 166 82.3, 81.8, 98.9 8.4,09.1, 8.3 2.0 6.6
12 Chlorobenzene ( 58.45) 3.99 112, 114, 71 112 85.9, 92.3, 102.7 9.1, 8.9, 8.8 1.0 3.3
13 Ethylbenzene ( Z.7) 4.65 106, 91, 77 91 80.8, 85.5, 97.2 8.4,9.5,6.9 2.0 6.5
14 Tribromomethane ( =J& H 4% ) 4.79 173, 91, 44 173 82.0, 84.3,99.6 9.5, 8.8, 7.7 5.0 16.5
15, 16 m-Xylene & p-Xylene ([8) “HIZE  4.98 106, 105, 91 91 80.9, 82.6, 102.4 9.8, 9.2, 8.7 4.0 13.3
B —HIZR)
17 Phenylethylene ( £ 245 ) 5.60 106, 105, 91 91 83.2, 80.6, 92.6 9.1, 9.0, 8.8 5.0 16.5
18 o0-Xylene (4f . HIZK) 5.75 104, 103, 77 103 81.1, 86.8, 101.1 9.1, 8.9, 8.6 2.0 6.7
19 Isopropylbenzene ( TP 7K ) 7.03 106, 105, 91 91 82.3, 84.2, 96.1 8.2,8.2,7.8 20 6.6
20 1,4-Dichlorobenzene (1,4- —&7F) 9.79 120, 105, 77 120 87.5, 82.3,98.3 9.7,9.5,7.9 20 6.6
21 1,2-Dichlorobenzene(1,2- —57) 10.51 146, 148, 111 146 81.1, 83.5,92.2 9.2,9.1, 87 2.0 6.6
22 Hexachlorobutadiene ( 7NZ T %) 16.70 146, 148, 111 146 83.2, 81.3, 96.2 9.3, 9.5,87 2.0 6.7

2.1.2 TRZFEREAERE 1005 P A7 ) B T 8 0 4153 43 F DR S 28 00 B0 ASAH O I B, 1D
BOT RN NTEELIRER X, TR PE R ZE M K, AT i ) AR A I, AR SCER 2K T 50
ng/mL ) 7 Ff VOCs (o) ZHIZR 6 ZHZE . 435, KM, FHZE. &ac. ak-1,2- 28 4H0) 78 80
C &AM T A RPE#E S ] (20, 25, 30, 35, 40 min) (M R 50, 45 5R B8, £ 20 ~30 min Z 8], 7 fp
W I RE 1 U T AR XA 2 P R 1) B S T SR [V RREE A 3N T AE 30 ~ 40 min 2 [u], WA ARRE
EPH T I 2 TR BRI “PEFI ) 30 min B, SR PIAHEEATR B4, 0w Bl
Ko WHE 30 min Ay 104 Pl isf 1]
2.1.3 @EEMMEE BT e s AR R B S MR TR AR RE Ty AR BRI A 4
WP 5T B J vl e, SR e ) AR VAR DB-1 K2 55 4% 1k DB-5 Wifh B 4048 SR A i ke E AT 43 B 52
B SRR 22 fif VOCs 78 DB-1 FE_E AN RN 55T DB-S 4, H DB-1 Hhdetkikke, #AEMm
i, FERIAR. (HEEger, PRI Jo ok ) Z H2RAOS W T, HIERI AT AR i
IR AR LIAR, ). X HE 3 MU RS R, R DB-1 BANE AT T
2.1.4 SHESWHMZFENRL FEHTIRIEE 180 °C, EHILIEE 200 CHZMLT, HT 22
VOCs ZEARFIFER T I/ B0, il SE0e & B 22 i VOCs 1 ik TE 3+ A48, Aol et T8
FIRFUEHI IR AL S B30E PRI, S RE L, mAAREM%IRE N 250 C, &+
TR R 230 °C, AHRAR)F HAIAGTRE 35 C (f-FF 5 min), LI5S C/min F+% 120 °C, L, 30 °C/min
F+2 220 C (455 min) , FHFRES 1.0 mL/min, FEFEARRUL 1 mL, 23HA 50 © 1 B RIEARIETE
HEEFREmE 1 R,
2.2 EER

TERESHIN G, FER S T B B3 T, B 4 S0 e st . FERRINARE & 10 7K i
WHIIN NaCl, il P35 NaCl e BE SRSUAS 1% & VELH 25 1 23 it R0, Wl s/ NSRSty
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KRB AR EER) NaCL iy, %€ 25 R JL-F- T8 1009 1

SN 5 SEHT S NaCl B9V HE L E AN, HER i o s

MIEERIE R, mAHELE 10 mL @ P MAN L ¢ £ ol b, 18 19

NaCl, Z5AE T B Db bl ffc 280 28 B0 3 e it 12 E of 12

MR . At (N .,

2.3 KWHR., TETR. BKESHEERE 207 H‘ 2l2
1£0.5~50 ng/mL K ETLEN, HisbEY S W e e

FUERAR 5 H I EREY B R IFMEE R, Y/min

REBIORT 0.99. RIMATTHMTTEOZFIL 1 22 frigseseiiomiiebin 2 i 7o e i

S AR 1.0, 2.0, 5.0 ng/mL 3 fhfTEk Fig. 1 Total ion chromatogram of 22 VOCs mixed

B A PRI, BEAT IIRR I Se T, AR standard solution

the numbers denoted were the same as that in Table 1

mn PATIGE 6 IR, SEERAE R 1, MR 1 v,
3 FhIRRER EE T &40 45 10 38 ISR 43 51 A 80. 3% ~ 90. 0% , 80. 6% ~96. 4% , 91.4% ~102.7% . Xt
FRHERZE(RSD, n=6)45.9%~9.9% , fHBRE40.2~5.0 ng/g, EiE FRH40.67~16.6 ng/g., YIRE
W R T EEK

W BHEHAT AT KB, FESTEARIREE (1.0 ng/mL) DIAR IS [l fig ZEAH R RAR, 075 488 a1 iR
(5.0 ng/mL) MIFRES PISCRES & o AT R T RESE B Tl VOCs 415045 %, bR ve, ELLreiidy
T T Rt R AR BEIL S, I SBAFINYISe, BRI AR, HR A EROR,
SRR AR
2.4 LBREREINE

FIRAT TR Y . E3K, EAREA. BAFE. IRNE. BEBURFE. Ak, B
. IRAE RSB % 50 Fibol Shab A TRzl . eSS 4 ANPHMERES, 255550 JEEEEH I 1 PR =AW
$t 469. 71 ng/g, HZRA3.92 ng/g; FAEHI2 G 1,2- "5 256 431.85 ng/g, HIZE3.92 ng/g; Ht
VR EERARE 23 A H HE R 13,79 ng/g F1 6. 43 ng/g,

WS R R IERE AT B 5, RS . EIMELF, T H Tkl 22 Fh VOCs 1 i &
AIBRUERTI , I A BT st S B Pt T HOR S R
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