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Determination of 33 Harmful Volatile Organic Solvents in Cosmetics
by Headspace—Gas Chromatography—Mass Spectrometry

JIAN Yu-ying', ZHUO Jing's ZHANG Li-rong', CHEN Shuo',
LU Duan-ping"", ZHANG Wei-qing®
(1. Fujian Institute for Food and Drug Quality Control, Fuzhou 350012, China; 2. National Institutes for Food
and Drug Control, Beijing 100050, China)

Abstract: In this study, an analytical method based on headspace—gas chromatography—mass spec-
trometry (HS—GC—MS) was established for the simultaneous determination of 33 harmful volatile or-
ganic solvents (VOCs) in cosmetics. The sample was prepared by dispersion in methanol followed by
dilution with water, and equilibrated at 65 “C for 30 min. The separation was performed on a VF-
1301 capillary column (30 mx0. 25 mmX1 um), and detection was carried out in selected ion moni-
toring(SIM ) mode. Quantification was performed using toluene—D; or 1, 2-dichlorobenzene-D, as in-
ternal standards. The selection of solvent calibration curves or matrix-matched calibration curves was
based on the properties of each matrix. The results showed good linearity of 33 VOCs in corresponding
concentration ranges, with the correlation coefficients () ranging from 0. 995 1 to 0. 999 8. The lim-
its of detection (LODs) ranged from 0. 02 to 0. 40 mg-kg™, and the limits of quantification (LOQs)
ranged from 0. 05 to 1. 0 mg-kg™. At three spiked levels, the average recoveries of the five matrices
(aqueous, cream, gel, lotion and powder) ranged from 85. 1% to 119%, with relative standard de-
viations (RSDs) between 0. 20% and 8. 4%. The method was used to analyze 169 commercially avail-
able cosmetic products, and 78 batches were found to contain the target compounds. Among them,
toluene, o-xylene, ethylbenzene, m-xylene & p-xylene, and benzene showed relatively high detec-
tion rates of 34.9%, 20.1%, 20.1%, 17.8% and 10. 1%, respectively. Positive samples were
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mainly concentrated in sunscreen and hair dye cosmetics. The content of benzene exceeded the limit
(2.0 mg-kg") in 11 batches of hair dye cosmetics, and prohibited raw materials such as dichloro-
methane and trichloromethane were detected in 3 batches of other product types. The method is sim-
ple, rapid, sensitive, and accurate, making it suitable for high-throughput detection of various
harmful VOCs in cosmetics.

Key words: headspace—gas chromatography—mass spectrometry; cosmetics; volatile organic sol-

vents; benzene series; prohibited raw materials
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Agilent 7890A-5977C S AR, — Tt HE FHAY, Bt 7697A THZS JEFERS ; TKA MS3 Basic IR iENR % 2o (12
IKA 2y 7] ) ; Sartorius arium 611DI #8420 /K %% (2 [E] Sartorius 22 ) ) 3 XP 204 43471 R F (Fig 1 Mettler—
Toledo A ) ), HEE(Optima LC-MSZ%, ZE[E Thermo Fisher 28%]); S@ALEN (/a2 ERI1b22857)
AR, JHHTT 550 CHE6~8 ho
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10 mLEHEH, M EER SR 2P 0. 5 pg-mL™, HARES 1 peg mL IR S ARERIV .

RPN 2R . 2 BRI “1. 2,37 RSB OE &, T HSEMA 10 mL/KE) 50 mL 44 R
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1.4.2 @IELZMH Oi%FE K VF-1301(30 mx0. 25 mmx1 pm); FHRFEF: WIAIREE3S C, {4y
5min, L5 C/min FFZE 65 °C, L8 “C/min FFE 100 °C, HLL30 C/min FFFE 220 °C, {4455 min; SEAED
WE200 °C; Arbe15 0 1, FEE 1 mLomin”, EARESAERA.
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Table 1~ MS parameters of 33 VOCs and internal standards
No. Compound R'etentl(')n Internal standard Characteristic ion
time/min
1 Chl()l‘()ethy]ene( Ak 2.777 Internal standard 1(PFR 1) 62", 64, 61
2 Chloroethan (5 Z.%¢) 3.365 Internal standard 1(F5 1) 64", 66, 49
3 Bromoethylene (1 Z.J%) 3. 636 Internal standard 1( P45 1) 106", 108, 81
4 1, 1-Dichloroethylene(1, 1- 54 Z.0%) 4.554 Internal standard 1(PIFR 1) 617, 96, 98
5 Bromoethan (7 Z, %% ) 4. 875 Internal standard 1(PN#R 1) 108", 110, 79
6 Dichloromethan (4 F ) 5.542 Internal standard 1(HF5 1) 84", 49, 86
7 trans-1, 2-Dichloroethylene (JZ3-1, 2- "4 LIF) 6.053 Internal standard 1( P45 1) 617, 96, 98
8 1, 1-Dichloroethane(1, 1-—5Z%%) 6.982 Internal standard 1(PIR 1) 63", 65, 83
9 cis-1, 2-Dichl()r()cthylenc(J”)ﬁ\it-l L 2-TEH K 8. 200 Internal standard 1(NF5 1) 61", 96, 98
10 Trichloromethan ( =44 H %) 9.005 Internal standard 1(NF5 1) 83", 85, 47
11 1, 1, 1-Trichloroethane(1, 1, 1-=%Z%¢) 9.243 Internal standard 1( P45 1) 97", 99, 61
12 Carbon tetrachloride ( PU5HALH% ) 9. 546 Internal standard 1(PI#R 1) 1177, 119, 121
13 Benzen () 10. 041 Internal standard 1(P#R 1) 78", 77, 52
14 1, 2-Dichloroethane(1, 2-—"4{Z.%%) 10. 266 Internal standard 1(PFR 1) 62", 49, 64
15 Trichloroethylene (=54 Z.) 11.597 Internal standard 1(F5R 1) 1307, 132, 95
16 Toluene—D,(F %£-D,) 14.263 - 98", 100, 70
17 Toluene ( H1 %) 14. 404 Internal standard 1(PI4R 1) 91", 92, 65
18 1, 1, 2-Trichloroethane(1, 1, 2-=%Z%%) 15. 400 Internal standard 1( P45 1) 97", 83, 85
19 Tetrachloroethylene (U5 24 ) 15. 400 Internal standard 1(F5R 1) 166", 164, 129
20 1, 2-Dibromoethane(1, 2-"JRZ4EE) 16. 184 Internal standard 1(NF5 1) 107°, 109, 188
21 Chlorobenzene (545) 16. 876 Internal standard 1( PR 1) 1127, 77, 114
22 Ethylbenzene( ) 17.013 Internal standard 1(PFR 1) 91", 92, 65
23/24 m-Xylene & p-Xylene ([i]/%F —H %) 17. 180 Internal standard 1( P45 1) 91, 106, 105
25 o-Xylene (45— H %) 17. 608 Internal standard 1(PI45 1) 91", 106, 105
26 Styrene (7 20 ) 17. 644 Internal standard 1( PR 1) 1047, 103, 78
27 Isopr()pylbenzene(gﬁﬁ) 17.995 Internal standard 1(PFR 1) 105°, 120, 77
28 n-Propylbenzene (1E %) 18. 388 Internal standard 1( P45 1) 91", 120, 92
29 1, 3, 5-Tritylene(1, 3, 5-=HI%) 18. 554 Internal standard 2( 45 2) 105°, 120, 119
30 1, 2, 4-Tritylene(1, 2, 4-=HZ) 18. 864 Internal standard 2( P45 2) 105, 120, 119
31 1, 2, 3-Tritylene(1, 2, 3-2%&) 19. 182 Internal standard 2( 45 2) 105°, 120, 119
32 1, 3-Diethylbenzene(1, 3-— ZJX) 19. 328 Internal standard 2( 45 2) 1197, 105, 134
33 , 4-Diethylbenzene (1, ) 19. 404 Internal standard 2( 5 2) 1197, 105, 134
34 1, 2-chhlor0benzen D4( 1, 2-:%7}9—])4) 19. 425 - 150, 152, 115
35 1, 2-Diethylbenzene( 1, 2-.0.8) 19. 470 Internal standard 2( #R2) 105", 119, 134
*: quantitative ion; internal standard 1: toluene—Dg, internal standard 2 : 1, 2-dichlorobenzen—D,
2 HFHR51He
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Effects of different equilibrium time on the

spiked recoveries of 33 VOCs

the line numbers denoted were the same as those in Table 2
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B HZESN I 1, 428, 222k standard solution

) Xﬂ‘ﬁ‘—*@ﬁk?’j—ﬁ DB-5MS @ﬁéﬁzi E/‘J %%iﬁ%K 3‘; , the peak numbers denoted were the same as those in Table 1
AL TFHEFE A A s VF-1301 A%k nl 45 i
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AT R B HOE RIS S TE &0,
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I B AR SR R . AR SEER P ) A PRI I LR BRI ), O PRIE SRR R —3
P, BOEREE R BUE R e BRI RENE, SSWmEBR TN, B, K. FLE. KRS
FREEFOIMAAEIAFL (2.0, 2.5, 3.0, 3.5 mL) HEEES 337l VOCs M BB SEEBOGHCR . 251K, A
FEE, SR EAF R E NN E T 2R FR4MAHET, ST MRS,
90%~123%, 84%~115%. 85%~118%. 82%~119%( ULIE 3) . F&T B R 5 AP K H 2 /My s
M), #EPE2. 5 mLAE M HEER R &

[}
B3
3

= B20mL
m B2,
120 - . .3 PR = = o " | mC20mL
A * > L] D2.0mL
. " s ¥ "t oy E20mL
° LIRS * * * * ‘ - L 4 ' ' * .A2..5mL
R10{ o o , & ® & * o a"= "j8:0 ® | e B25mL
< L] ® C25mL
= : A - * 4 A ’ ; = I "m0 ' l e ®
g A $ 4 *igoﬁ,g gt e 3 . D25ml
o |stageatptglliiipiocagendd Seliac tihn
£ 1004 Y | P s 2. 5882 3! e$ s 3% 4 |eAd0nL
% IS s 33, 1t s 3% ; e & 4 B30mL
‘—é s " * l At R = s 4¢3 P ‘ A a9 4 | AC30mL
2 R § - R s e Al B3 .A-‘Q‘ $ 24 D3.0mL
ol i = 4 x%gs 3 s * 3 “ | A E3.0mL
0l mn m 2 ¢ 8%2 ", . $ o | e A35mL
*«*s . e = =R ¢ e |4 B35mL
s A bl . * ¢ C3.5mL
PR D3.5mlL
¢ E35mL
80 T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T T |
1 23 45 6 7 8 91011 1213 1415 16 17 18 19 20 2122/2324 25 26 27 28 29 30 31 32 33

Compounds No.

3 ANIE HIREH S 33 Bl VOCs ISR ) 50
Fig. 3 Effects of different methanol dosages on the spiked recoveries of 33 VOCs

A: aqueous, B: cream, C: gel, D: emulsion, E: powder; compounds No. 1-33 were the same as those in Table 2

2.3.2 SWMAE FEDZESNH, T H IR E EIRPE TG (E S0 . kR
N SAC B AT FEAR HARYIE /K B AR, 58 2 H AR 20 B = DS Sk oy, dbmif oA 7
TR REUE, BETRRY) 20 ng-mL, HAKSr 40 ng-mL IR SPRIEE TR, 5 T AE S0 H =
(0. 0.5, 1. 2, 3 g)hf HARYMa BB A 20 o 2525080 . 2453 B W BT S ALl R S N 22 4
T AR 1 git, HARYBmE S S T B R 4 SUb R 2 g iy,
R XKIOAUIRZS, HApran SRR B, (HIgIREZE, HaihikR 5 MBUaA s 2
PR E VRS L, UL E A 3 gibh, RERDI A B BLAENE A TR, %18, T AL
REMEM g0
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Mirnn ﬁ}iw\, Ly R EE T o3 AT RE AL H AR & A, S 80 389 acamibl, 52

TN, ARSCIER TOKH ., BR . B . L. BRI S AR WAL SR BT FE BN (ME) , JE
? WARIEPEM S FHRR R, THE AR ME= B b5 WFRYITEZS B 5L it i 32 L/ H a5 AR
TEER PN L . 2 METEO. 8~1. 2 2], FHHELFTRV #4252, MEBREEIT 1 8] TH8ss; ME> 1
Ry FE TGN, ME<T MFEFHM R ™ o 8RB R, KGR 8 TR RS ZE N P b I vl 488 o b 7
BREEFAY,, ME 470.90~1.07; FLEAR RIZE T, &5 H bRy i) 5L 50N AR R, ME 4350 4
0.68~1.38F10. 61~1. 13, RHNIRZAMELLSE2IBRRE A0 R T, A e & i 5 585
K, K, B BESCHESCR I BRIESE SRR 2 B, FLI . R RS IR P bRik 4 A 2k
JFehif ph 2678 1
2.5 ZMXHE,. KHREEETR

B“1.2.37 RPWBRHERI, % “1.47 AR50, HARIR EE 2 Bk BEAR IR BERE 4 #7, LL 33 Fb
VOCs 5 P bR 0 5T S B2 LU RUARE A bR, DL 10 28 B i P T AR LU B M OB bR, 228 il Bl 25
F245 R, 33‘7Frluvoc FEA B TR R B N 4 S R I e, AHSG R EL(r) 24 0. 995 1~0. 999 8.

BUKFHKI, B, GEi. FL . By R RE BRES, IINMRIRE R AR, #% “1.37 ik
PRI 2 FRINVATR , ARIEEMELL (S/IN) =3 Rl SIN=10 435l 7 4G B BR (LOD) 52 & FIR (LOQ) . %
FERRON R, ASEIEEFTH LOD 5 LOQ Ml 8 25 SR A 225, LR SPEIMINE 455, ThE & Bir
PI LOD #70. 02~0. 40 mg-kg™, LOQ#0.05~1.0 mg-kg'(F£2),

%2 33FPVOCs RIETEIE . MOCREL. KPR KoE & IR
Table 2 Linear ranges, correlation coefficients, LODs and LOQs of 33 VOCs

No. Compound Linear range . LOD LOQ
/(ng-mL™") /(mg-kg™) /(mg-kg™)
1 Chloroethylene 10~200 0.996 0~0. 997 9 0.40 1.0
2 Chloroethan 10~200 0.996 9~0. 998 5 0.40 1.0
3 Bromoethylene 4~200 0.996 6~0. 998 5 0.20 0.40
4 1, 1-Dichloroethylene 1~200 0. 995 9~0. 998 4 0. 04 0.10
5 Bromoethan 1~200 0.997 7~0.999 1 0. 04 0.10
6 Dichloromethan 1~200 0.998 8~0.999 6 0.03 0.10
7 trans-1, 2-Dichloroethylene 1~200 0.997 8~0.998 5 0.03 0.10
8 1, 1-Dichloroethane 1~200 0. 999 4~0. 999 6 0.03 0.10
9 cis-1, 2-Dichloroethylene 1~200 0. 998 3~0. 999 4 0. 04 0.10
10 Trichloromethan 1~200 0.998 9~0.999 6 0.03 0.10
11 1, 1, 1-Trichloroethane 1~200 0.997 2~0.999 1 0.03 0.10
12 Carbon tetrachloride 1~200 0. 999 3~0. 999 8 0. 04 0.10
13 Benzen 1~100 0.999 0~0.999 5 0.03 0.10
14 1, 2-Dichloroethane 1~200 0. 996 2~0. 999 0 0.03 0.10
15 Trichloroethylene 1~200 0.998 7~0. 999 4 0.03 0.10
16 Toluene 0.5~100 0.999 1~0. 999 3 0.02 0. 05
17 1, 1, 2-Trichloroethane 1~200 0.999 1~0. 999 8 0.03 0.10
18 Trichloroethylene 1~200 0.997 9~0.999 5 0.03 0.10
19 1, 2-Dibromoethane 1~200 0.999 1~0. 999 8 0.03 0.10
20 Chlorobenzene 0.5~100 0. 998 2~0. 999 6 0.02 0. 05
21 Ethylbenzene 0. 5~100 0.998 0~0. 998 1 0.02 0. 05
22/23 m-Xylene & p-Xylene 0.5~100 0.997 2~0. 997 8 0.02 0. 05
24 o-Xylene 0.5~100 0.996 7~0. 997 4 0.02 0. 05
25 Styrene 0.5~100 0. 998 0~0. 998 2 0.02 0. 05
26 Isopropylbenzene 0.5~100 0.997 8~0.998 7 0.02 0.05
27 n-Propylbenzene 0.5~100 0.997 4~0. 998 4 0.02 0.05
28 1, 3, 5-Tritylene 1~100 0. 995 6~0. 997 2 0.03 0. 10
29 1, 2, 4-Tritylene 1~100 0. 995 1~0. 997 1 0.03 0.10
30 1, 2, 3-Tritylene 1~100 0.9952~0.997 6 0.03 0.10
31 1, 3-Diethylbenzene 1~100 0.996 1~0. 996 9 0.03 0.10
32 1, 4-Diethylbenzene 1~100 0. 996 5~0. 996 9 0.03 0.10
33 1, 2-Diethylbenzene 1~100 0.997 8~0. 998 1 0.03 0.10
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2.6 EIWNXRSBEFRE

BUKF ., BT . B, FLI. BRI AR 0.5 ¢, NIANE R 33 Fh VOCs IR A PR,
HAG. Hy E 3ANREE A IR, BN R P AT E 6y STREERTH, 33 VOCsTEA
[ MR T B2 DR Ay 85, 1%~119%, AHXTFRHE R 25 (RSD) 24 0. 20%~8. 4%(WL33) .

3 33 VOCs IR SRS bR (R 22 (n=6)
Table 3 Recoveries and RSDs of 33 VOCs(n=6)

Spiked Aqueous Cream Gel Emulsion Powder

No. N(mg-ke™) Average reov-  RSD  Average reov- RSD  Average reov- RSD  Average reov- RSD  Average reov- RSD
ery/% 1% ery/% 1% ery/% 1% ery/% 1% ery/% 1%

1 1.0 89.6 6.3 86.4 4.7 89.1 3.1 88.0 5.0 88. 1 3.
2.0 97.4 3.4 105 2.0 112 2.3 102 5.2 104 2.7
10 89.3 3.9 94.9 4.6 110 2.2 93.9 2.7 90.5 4.2
2 1.0 91.9 6.9 97.8 4.8 89.9 3.9 95.0 3.7 95.6 7.6
2.0 98.3 3.5 106 4.8 110 1.3 107 5.3 97.9 3.7
10 92.7 3.8 101 4.1 104 0.90 104 0. 60 90.5 2.6
3 1.0 91.7 7.2 94.9 3.0 90. 4 2.9 91.9 4.0 95.4 6.5
2.0 97.3 2.7 105 4.8 111 2.5 97.6 1.3 101 4.0
10 91.7 4.1 100 3.4 102 1.7 103 0. 60 92.2 2.5
4 1.0 88.7 3.6 102 5.2 95.9 1.4 97.2 3.6 97.9 4.7
2.0 112 1.9 111 4.2 112 1.6 100 0. 80 99. 4 2.7
10 91.8 3.7 113 3.7 114 1.6 104 1.3 94.1 2.3
5 1.0 88.5 8.4 96.7 3.0 91.8 2.3 97.3 3.0 99. 8 3.3
2.0 95.7 3.0 102 3.7 107 3.4 98.2 0.40 99. 1 2.6
10 90.3 3.1 90. 4 5.3 96.9 1.4 101 1.3 91.9 2.6
6 1.0 98.0 4.7 94.7 3.1 89.4 2.4 101 1.1 108 3.6
2.0 101 2.9 97.3 3.3 106 3.0 104 2.1 103 1.4
10 92.8 1.1 94.2 2.2 92.0 0. 80 102 1.7 94.3 2.2
7 1.0 92.2 7.1 104 3.6 99.3 3.9 100 5.2 106 4.4
2.0 102 4.3 107 2.7 106 3.7 102 3.4 103 2.3
10 92.7 1.9 100 L.5 98.6 1.4 102 1.2 94.8 1.7
8 1.0 97.7 6.0 103 2.5 102 6.4 103 2.8 110 3.9
2.0 104 3.0 108 1.7 111 5.5 102 1.1 103 1.9
10 94. 4 1.5 101 1.8 101 1.0 103 2.2 94.5 2.6
9 1.0 100 6.6 102 2.3 96.0 2.4 103 3.1 109 2.4
2.0 103 5.0 102 4.1 106 4.7 104 4.1 104 2.0
10 97.1 1.2 105 2.2 102 0.70 103 1.8 94.5 1.5
10 1.0 103 5.2 101 2.4 98.7 2.8 104 2.9 111 2.3
2.0 106 2.5 98.9 3.8 112 7.9 102 1.7 103 2.5
10 93.2 0. 60 97.3 4.3 96. 2 0.90 103 2.7 94.0 1.4
11 1.0 104 6.7 107 3.6 103 1.2 102 3.4 107 4.1
2.0 115 1.1 110 4.4 113 5.0 100 1.8 100 2.4
10 93.7 2.0 108 2.4 108 1.0 103 3.1 95.7 1.8
12 1.0 103 8.4 108 4.5 102 1.9 102 3.6 107 4.0
2.0 117 0.50 110 3.7 114 4.1 100 2.0 101 3.0
10 95.9 2.9 106 3.8 113 1.2 104 3.2 96.3 1.6
13 0.5 99.1 4.7 108 2.2 98.7 2.5 103 3.0 106 2.4
1.0 105 2.8 107 3.9 109 4.9 101 3.0 102 2.5
5.0 89.9 1.1 97.6 4.5 95.8 0. 80 104 2.2 97.6 2.2
14 1.0 107 4.9 95.3 2.4 99.5 7.1 104 2.3 111 1.7
2.0 107 2.8 93.6 2.7 106 5.9 102 2.2 104 2.6
10 92.3 1.2 96. 1 1.9 91.6 1.0 103 2.7 96. 6 2.5
15 1.0 103 6.6 105 2.3 101 5.9 103 3.2 110 3.2
2.0 111 3.0 105 3.6 111 3.9 100 1.9 103 2.4
10 98.1 1.5 105 2.0 107 1.1 104 4.3 97.3 1.0
16 0.5 96.9 4.9 104 2.1 104 6.9 102 2.6 109 2.4
1.0 102 2.8 104 3.6 110 1.6 98.6 1.5 103 3.3
5.0 90. 2 1.1 100 2.5 97.0 0.70 106 4.3 104 1.3
17 1.0 110 4.5 93.0 2.8 95.8 2.0 103 2.3 112 2.9
2.0 111 2.7 90. 1 2.0 102 6.2 104 4.1 102 2.1
10 94.7 1.2 96. 1 1.9 92.9 0.70 104 4.1 96. 0 2.7
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(5i3)

Spiked Aqueous Cream Gel Emulsion Powder
No. /(mg-ke™) Average reov- RSD  Average reov- RSD  Average reov- RSD  Average reov- RSD  Average reov- RSD
ery/% 1% ery/% 1% ery/% 1% ery/% 1% ery/% 1%
18 1.0 107 7.5 109 3.3 105 3.3 105 3.1 106 2.5
2.0 115 1.5 108 4.3 118 5.9 102 2.8 99.7 2.3
10 99.0 1.2 108 4.6 109 1.6 101 3.5 102 2.0
19 1.0 108 3.9 92.0 2.3 97.3 2.7 101 2.8 112 2.7
2.0 108 2.9 90. 1 2.0 101 3.4 98.2 1.9 101 1.8
10 93.6 0.90 97.3 1.8 93.4 0. 80 102 3.8 96.3 2.9
20 0.5 106 4.3 98.4 1.8 102 4.7 104 2.4 109 2.3
1.0 108 2.6 96.2 3.4 107 4.6 99.4 2.0 102 3.4
5.0 93.9 1.0 97.9 1.5 95.1 0.50 102 3.1 97.9 1.6
21 0.5 105 4.6 102 2.0 102 2.7 105 2.7 106 2.0
1.0 109 2.6 102 3.7 110 5.4 98.7 2.7 99.7 3.0
5.0 104 0. 40 111 1.7 109 0.50 101 2.4 103 1.5
22/23 0.5 101 3.7 100 1.7 101 2.9 103 2.5 103 1.7
1.0 105 2.6 97.8 3.8 106 5.4 96. 4 2.6 96.7 3.0
5.0 101 0.70 107 1.8 105 0. 60 102 3.3 101 1.8
24 0.5 102 4.1 98.4 1.6 99 2.5 103 2.3 104 2.0
1.0 105 2.5 94.7 3.6 109 4.1 97.2 2.7 97.9 3.1
5.0 102 0.20 107 0.70 105 0. 40 103 2.9 104 1.7
25 0.5 101 3.8 95.2 1.5 97.0 2.8 102 2.0 104 2.1
1.0 102 2.2 90.3 3.2 102 4.9 94.9 2.2 95.4 2.7
5.0 101 0.30 104 1.0 102 0.20 101 2.9 104 1.4
26 0.5 104 5.6 118 2.2 107 1.6 103 2.8 101 2.2
1.0 113 2.9 112 3.1 119 3.3 101 3.4 97.8 1.9
5.0 95.0 1.6 108 1.3 107 1.4 105 2.1 104 2.6
27 0.5 106 5.2 118 2.1 110 1.6 103 3.0 98.3 2.1
1.0 115 2.1 112 3.1 117 2.9 101 3.2 95.2 1.5
5.0 100 1.5 109 0.50 110 0. 80 105 1.5 104 3.0
28 0.5 102 5.2 110 1.9 109 1.5 103 2.7 95.2 2.9
1.0 109 3.4 105 2.9 114 2.1 98.0 1.7 93.0 1.9
5.0 99.2 1.7 108 2.0 107 1.0 104 2.0 101 3.0
29 0.5 100 3.9 108 1.8 107 1.4 103 2.3 96.2 2.8
1.0 106 3.2 102 2.5 112 2.4 98.0 1.7 92.9 2.7
5.0 99.5 1.7 107 0.70 106 0.20 104 1.8 103 2.3
30 0.5 97.9 2.5 104 1.6 105 1.5 102 2.6 97.6 2.8
1.0 103 2.8 99.2 1.8 108 2.4 97.9 1.7 95.5 2.2
5.0 91.6 1.5 101 0.20 99.2 0.30 105 1.0 106 1.6
31 0.5 100 4.5 106 1.9 110 2.1 101 3.2 89.2 5.0
1.0 108 3.2 100 3.2 112 2.7 98.9 2.3 87.2 4.1
5.0 91.6 1.6 98.8 1.2 99.5 0.30 106 3.8 101 2.7
32 0.5 97.9 4.1 103 1.5 107 1.8 97.7 5.3 89.6 3.8
1.0 105 3.2 96. 6 3.8 112 2.8 97.3 2.6 85. 1 4.2
5.0 97.8 1.5 102 1.2 104 0.20 103 2.4 98.6 2.4
33 0.5 98.1 3.6 103 1.4 104 1.2 101 2.5 87.1 5.0
1.0 105 2.8 96.9 4.3 110 2.4 96. 2 2.5 85.3 4.2
5.0 95.4 1.5 102 1.7 101 1.1 103 1.9 99.5 2.2

compounds No. 1-33 were the same as those in Table 2

2.7 EEREFRNE

SR AR T 1000 5 [ N T AR 169 dit, AdE ek 2R (4541h) . BilfiZi(404k) . SRR B EIS
ZR(16dtt) . #EFEEAZE(1I64) . FEPALZL(204) . #mZ(124it) . BRI . FEEK; (8 4HL) Sdl
WK (34t), EEOKF . B, B, FLIER RS I, Mg e R, 78 RS H VOCs,
K2R A 46. 2%, K H AORE i 32 SR FR 7RI 2 (35 410 Al e 2= S (26 41t ) . FIHIXPIZE77 5ok VOCs
TG XS S, JEREH ISR VOCs, QUFEHIZE A HIZE . 298, M HIZR, K. FESHM. IE
P, SR, 1, 3, 5-=HIZE D R 1, 2, 4-=HIZERIL, 2, 3-=HIZEL B3FERY S AW,
SHAHE R, HERZE, S2E. 1, 3, 5-=HIEEL 1, 2, 4-=HIZE 1, 2, 3-SHIZE L



55 9 31 T2 DS AR - O R At il e 33 R R A LI R 1941

Hird, tohdtiksralha. 3. 3. 1, 14t H 30 _

ARSI, L W R B 7 e g
EIRWILAL, 52 H)% 34.9%. 20.1%, 20.1%, 4, CiN . =210
17. 8% 1 10. 1%, & R FEE 53500 0.05-72.9, 2 7a ‘| B =90-1
0.05~7.8., 0.05~6.0, 0.06~6.8, 0.11~19.1 % &

mg-kg'o BFHR2EFARAR R | SRR, 23k, &1 d (L

T/ F SRR L R 5 R 2 S R A /B

WaEsEE, Aigksesrnregs Ln L E BIEIE I Pan ol me
i ME) MLEMIFRIE (2. 0 mg-kg™), MEZ5F=hh A1B AzB A3B A4B ASB AGB A7B ASB A9B A10B A11B A12B

Compound No.

AE D= e Eﬁuxx?:x :‘O , ax A A 24 . o A
MIATSRIMRAIFFCIE UPb, ABCEEIMOR 4o, g gy st voos Rl sesiio it
TP Wk i AS HISORE . 1S LELYENEY N mie Fig. 4 Detection batches of different content ranges of VOCs in
2P S 1 AR SE A 28 RS A sunscreen and hair dye products
ﬁ%ﬁ’?ﬂﬁﬂ 0.22 mg'kg’l ﬁ] 0. 33mg_ kgil; 1 ?H:JL A: hair dye products, B: sunscreen products; 1: benzen, 2: toluene,

3: chlorobenzene, 4: ethylbenzene, 5: m-xylene & p-xylene,

ﬁ%%*ﬁ*ﬁﬂjzimi&, é\ﬁy‘j 0.36 mg'kg'l, 6: o-xylene, 7: styrene, 8: isopropylbenzene, 9: n-propylbenzene,
J:ilk-3%‘tbﬁ;&ﬁaj§‘qﬂi@é\ﬁ§$¢*ﬁ%%ﬂy%’ )FLT/Z 10: 1, 3, S5-tritylene, 11: 1, 2, 4-tritylene, 12: 1, 2, 3-iritylene
LR AE 00 T RESR R TR JSORH B 20 I 0I5 B A ek 2R A i R ) VO Cs TEAN ]
B EIEH AR AR AT WK 4.

3 & it

AW IS AT B S A 25, DIHZR-D AL, 2-Z5UR-D, bR, @ 17—l [
WE AL 33 R VOCs BT 7 ik o %07 TR B UKL B RO L0 . Sk, M. 1, 1-
SEHOH WAkt 1, 1, 22Z5 Okt 1, 2-ROKMNGINTER, IR TRk A E VOCs Y
ITERE . TR . REE R WEREL, RE A RORABUA R IER AL o B
fME S5 RTR, VOCs BRI 46. 2%, HPBiINZE 5 Yk 287 dh PR R T5 Aot Hifl
= IR AR IS0, AR5 A R VOCs 75 G SR A3 1 T SEMEOR F-Be, W HR(E
WMt T 2%

Sk
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