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Determination of 33 Harmful Volatile Organic Solvents in Cosmetics
by Headspace—Gas Chromatography—Mass Spectrometry
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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 pm), 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 (r) ranging from 0. 995 9 to 0. 999 8. The lim-
its of detection (LODs) ranged from 0. 02 to 0. 40 mg-keg™, 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 de-
tection 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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THL B LR ABTHIE, 1, 3, S-=HIRSER AW, KIE S AR FEE R,
ARERT NIRIERR S S TEeE , PIFETH TS SO @R
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el sy SRHAAEGAREE, (HARIA 22 i 2 R BUERRH Y, PHPEZ R T A g - Bk it —
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ML 2 YRl e 2 I E TR, FEWEEX.. B, @y —FSsE s, b iae
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1.1 UF 5K

Agilent 7890A-5977C S AH 1 - F%HC AL, Bl 7697A TS b FERS; TKA MS3 Basic IR ETR % %5 (18
IKA 2y 7)) , Sartorius arium 611DI #8207K 2% (2 [E Sartorius 2> 7)) 3 XP 204 537 K% F (Fi 1+ Mettler—
Toledo A ] ), HEE(Optima LC-MSZ%, ZE[E Thermo Fisher 28%]); S@ALEN (/a2 E BI85
AT, MHIT 550 ‘CHE6~8 he

ACH . HOke. Wk, 1, 1-“gWakh . @MWk, mA-1, 2- "ok ix-1, 2-2Ha
Mo 1, 128k ZRWEEL 1, 1, =84k WEIRER. 1, 2-“8akt. =AM, 1, 1, 2-
SRk WK 1, 2-J1Oke. FARTRIREEIA 1000 pg mL™), LU EPREERRIY LI,
R WP ofh VOCsIRPRAM (S8 . 2R, SR AP HITR . B “HIZR . M THZE Rk &
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PR IENZR, FTERE: 1000 pg-mL'); JRAKE. 1, 2, 3-=HIK 1, 2, 4-=HZK 1, 3, 5-=
IR 1, 2222498 1, 3-8 1, 4-249K, WIE-D,. 1, 2-Z&FK-D,, LI L brifEfhadip>
96. 5%, b AR BRIE I BObRIE A T AL R Sk AR A R A R L RIEFTRIERHE AR A . £
Dr. Ehrenstorfer 23 7] J2 )~ MR B B A TR A A o SEBRAE S A T B o

1.2 FRAER KRB H

1.2.1 BAREMBER SHEERIREHIE, ORGSR, IS 1000 g ml ™ 1) H
—FRUEIE T . RS ER SR B — bR . 1,17 T PR 9 fh VOCs IRARFI . SRR IR S
1 mL % 50 mL i, MR RZE, 61520 pg-mL BIRGFREME R 1 (16 PR RY)) .

FE BRI e briE it &, DI S8 1 000 pg - mL™ () SR — AR o A W B L oAk e — i
WK “1.17 T P RS AR 16 FREA R % 1 mL £ 25 mL 25, I EERBEEZIE, k40
pg - mL” IR A FRERE AT 1T (A 17 #VOCs) o
1.2.2 BANRE®R SHRSEFREPE-D M1, 2- 508D bri o, P RS R = %)

, HAE 1000 pg - mL™ B B —FRUER . RS L B — BRI S | mL, DT EEH R 100 pg - mL™

tbnmrﬁé%«ﬁzo FE SR LR A OE =, MRS we- mL AR NAREIR .
1.2.3 fRoEMSGHE R “1 2,17 MIRGPRERESW 1 . 1% 5 mL%E 20 mL 24, JNHEE
TR EHERZY S pg-mL", HAVOCs 10 pg-mL " FIRA PRSI, FEZWLE 1 mLIR S bR T2
10 mL & H, JJHEF*IZT%IJUZ/* Z10.5 pg-ml™", HABS 1 wg mL BRSHRERIEIV .

ERIbRERN 2R . BRI “1. 2. 37 MIR-S RS &, T HSEMA 10 mL/KE) 50 mL 44 R
thfa i, K %bu)xo 2 mLIRA PRI, P i R (il %ﬁﬂﬁrﬁ{ W R,
2.5mL), MUKFBEZEZIE, 75, ﬁ}ﬁﬂfﬁﬂﬁkmﬂﬂzﬁx?%fﬁaﬂ( $30.5, 1, 2. 5, 10, 20, 50. 80,

100 ng*mL™"; ,\/%171543\70(355'?%{1{3)#7'71 . 10, 20, 40, 100, 160, 200 ng*mL™" BbRifE R 5%
W, HTIEARR, B, Sy ST ﬁ/ﬁ%ﬁm U R S ] T AR B S B 10 A

FE ST b i h 2% - é%%ﬂ*?% %Axﬁxacm Byl a AR FRESL 0.5 g, &9, Z3lE T 50 mLANK L {4
B, 1o mLK, WE30 s, KU MANRSRERRE S, B RSN, 2 mLIRA PR

R, R bR o i 22 £ O vk R A fﬁﬂ)&lﬁ%&%%ﬁ%ﬁk $50.5. 1, 2, 5, 10, 20, 50,
80, 100 ng'mL™"; HAR17FVOCs TRk E R 1, . 10, 20, 40, 100, 160, 200 ng-mL™"F)FEFikxR
RPN, HTIERLR . BRI
1.3 TFEmETabE

S FRIFER 0.5 g, BT 50 mLAVRELAE h, MK 10 mL, AHE30 s, HEMANIRA NARE R
0.2 mLAHEE2. 3 mL, #iE60 s/, MUKFRERZZE, #2, VEAMSSE R (HEESER 2. 5mL) .
LR B & B, Wl S e SRR R
1.4 UH[&EH
1.4.1 TASEH “PEIREE65 °C, “FAFIE 30 min, & EIFIREE 110 °C, BMIZIREE 130 °C, HERER
[8) 1 min,
1.4.2 @IELE AHEFERH VF-1301(30 mx0. 25 mmx1 pm); FHRFF: PG 35 C, {fRiF
5min, LL5 C/minFFZE 65 °C, L8 C/minFFZE 100 °C, L) 30 C/min FH-ZE 220 °C, 1£FF5 min; #HFHEO
HREE200 °C; 43imEL 15 0 1, 1 mL-min”, SAEESMERS.
1.4.3 FR%EM EIETIHE, BEGET0eV; B FIHEERE 230 'C; WURFFRE 150 °C, {LHiZ&iRE
280 °C; VFUAERIIE]: 2.5 min, BEPEESFWEI (SIM)BER, . 33 Fh VOCs Bz IR I {5 54 sk i) B2 1 5
TEHEEREIEL
1.5 Ul =

T B bR bR 2R A S SRS 5 mL 2 20 mL TZSH (FSEMA 1. 0 g ZAb @), s
HEIRIE30 s, RURME .
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F1 33 VOCs K NFRYIIN TS 25
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 (= 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-=%) 19. 182 Internal standard 2( 45 2) 105°, 120, 119
32 1, 3-Diethylbenzene(1, 3-—-Z.7) 19. 328 Internal standard 2( 45 2) 1197, 105, 134
33 1, 4-Diethylbenzene (1, 4-—Z ) 19. 404 Internal standard 2( NF52) 119°, 105, 134
34 1, 2-Dichlor0benzen—D4( 1, 2-:%%—])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 H#HRE5R
2.1 MM=HEHHMRL . -
- -2
2.1.1 FHRE WEERY20ng-ml, KRS =
40 ng - mL RS ARUEIE R . TEARIEE (55, 60, 65, B
34 gt o

70, 75. 80 °C) TP 30 min 5 E . Z55KHH, 1£55~
75 CYEIEIN, & B ARt e 7 R T T SR ok,
HTE 55~60 “CINHE INZENE 5 65 “CINMHEIR S AR ; 70~
75 CHHEINZENS , 80 “CHY N R/ {ERS AT T F%, vIRESIE
FhiE S8 RGP ORI SEINE X, d2KER
HENAERE S8 TR, AMUS bt 15 M
PAT 22 SN H bR B o B SRR, A e
65 “Chsmc A P

2.1.2 F#ERE fE65 CHEUT, H—H%% T Rl
SERGITE) (10, 20, 30, 40, 50 min)XF EH bRy 57 (1) 5%
Wi, 145 EH, 75 10~30 min Y, 4% H AR i S A4
5 BT 2P e A 30 min S5, SR T

Abundance/10*
i

[ 1

Fig.

AN DG 33 Bk VO Cs Wi 7 A Y 5E R
1 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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Farg . AWFFT E A% 30 min Vi A i F i) 127
2.2 BIEHERIEE

Sz Iy F 227 HP-5MS (30 mx0.25 mmX0. 25
pm) . VF-1701 (30 mx0. 25 mmx0. 25 wm) . DB-
5MS (30 mx0.25 mmx1.0 pm) ., VF-1301 (30 mx
0.25 mmx1. 0 pwm) 4 Fp 35 FEXF 33 Fl VOCs #5355
MR, G5B R, (£ HP-5MS Fl VF-1701 4% 4§

Abundance/10*

. - . ) 0
b, 1T 14 Fh B AR AL, 43 AIFE 5 min T ) 0w 5 o
FI7 min P9 0, 4y BSREREI2E; £ DB-SMS &5 i
R 2 VOCs I A bRIENLY 2 5 T
VF-1301 @R AE b, 6 1470 H brdyor s R, B Fig.2  Total ion chromatogram of VOCs mixed
I‘Eﬂ:ﬁaﬁ'—?ﬂﬂ‘:ﬁﬂﬁ .1, 4—:&%5 1, 2—:&% standard solution
o) Xﬂlﬁ-m'ﬁkﬁ DB=5MS @i%*jfj: E/‘] ﬁ’%'fﬁ%ﬁ % , the peak numbers denoted were the same as those in Table 1

AL THE R PR S VE-1301 (A T4 I

S, 4R, 2-T2 0K, HE RSN RN AEIE S A E S . A S AEHN e
NG, ARSI EH VE-1301 i 3- 1750 55, 33 F VOCs 70 SRR (DLIE 2) o 6 T 3Ei
) RIS RIS, RAMWE SR TE RO,

2.3 HEIAEEEFRMRAL

2.3.1 HERZE bWt 2 SHREEY R, SmbaaIuE RS T s iE, Bk,
Bl HAR PR BCHCR o ARSI B il A bRl i 3 LB R ], R PRIE SRR AR R 0 — 3K
P, BOEREE R BUE R, A BRI RENE, SSImEBE TKN. B, K. FLE. KBRS
FREEFOIMANAREIAFL (2.0, 2.5, 3.0, 3.5 mL) FEEHT 33 Fh VOCs B BB SR BUHCR . 45880, A
S, S EARFE R = TR R 255 LR4MHET, SRR S5,
90%~123%. 84%~115%. 85%~118%. 82%~119%(VLIE 3) . & T $& Bk R 5 A WL I H & s /Mb i) 5
M), #EPE2. 5 mLAE M HEER R & .
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Fig. 3 Effects of different methanol dosages on the spiked recoveries of 33 VOCs

)
w
4
W
o
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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 SUMAE TEUESNE, AU HFRY IR E BHEDOE TR RIS SR . ik R
N FEACEN O] FEA H bR AR K T AT, e 22 H bR 70 B0 28 TRASH I SAHR 4y, B T+ A
R R BERAY 20 ng-mL", HARRS 40 ng- mL " IR SARUER IR, %2 T A FRZALEIH =
(0. 0.5. 1. 2, 3 g)Xt HbRYma AR S0 . 25 FEHH . 2520 53 i 7 (B Kl 5810 B FH =2 388 i 208 7
T MEAMHE 1 g, HERYpague R Bie T HE IR I SUAbe S 2 g i,
PR CIREARES, B B8 B A B3, (HIgEEZE, HEhikR 5 IMBIEM AT R . 52
PRVERE VSR, UL B R 3 g, KRS BAERS A N, LREHIE, T A A
EMHENI g0
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2.4 ERIMA

ol shdl oy 2%, SR th R 5oy ol B8 T4 B AR & FAb R, S0 T amaimibl, 2
ERETRTE . ARLIHEETKF . B A, FLE. B S A WA I BRI ZE RN (ME) , 5E
TWARETEN PR, THRA 0 ME=H bRy 5 W ARIFE 2 38 50 b (e 7 Ee/ B bR 5 I bR
FEEFRIR MR L . Y MEZEQ. 8~1. 2210, RUHFLFRV 0 #52, MEREER | BHTFIHGS; ME> 1
FEEFIEBRAL R, , ME<1 AFEF RN . Z5R BN, KA. B R RGERCHE NN bR 5 o] 58 I 1
BRI, ME 470.90~1.07; FLEAR R T, &5 HbRPy ) 5L 5O AR R, ME 4353 4
0.68~1.38F10. 61~1. 13, RHNFREXMELLE2THBRE AL TR TH. A S it 5 5Ll
K, KK B BHESCR AN PRES S IbREh R E 2, L. B SRRSO SR F bR S A S
b ph 2678 1
2.5 ZExH. KHRSEEE TR

B “1.2.37 RPWBRHERI, % “1.47 AR50, HARIR B 2 SR BEAR IR BERR 4 47, L 33 Fb
VOCs 55 AR 0 00 SR B AR A A b, DL I 0 o B i UG I B LB Ak b, 22 il bl 28
F24 IR, 33Fh VOCLERS A BT RIR BEVEH N Y R R IF 2k, MR RE(r) k0. 995 9~0. 999 8,

BOUKK, B . B, FLM. By R Aresh, IINRREIR SRR, % “1.37 k4
PRIE B BRI, MR PE SN L (S/N) =3 I S/IN=10 3 35 J7 1K B BR (LOD) 5 € & FIR(L0Q) . %
FERRON e, ANEIEEFTH LOD 5 LOQ Ml @ 25 SR A I 2255, LR SPE IR E 4558, ThE & Hin
PI LOD #70. 02~0. 40 mg-kg™, LOQ}0.05~1.0 mg-kg"'(F£2).

2 33FhVOCs LRG| AHCREL. KPR S & TR
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

BOKSK, B, B . L. BRI EEEMNS0.5 g, MAGERM 33 F VOCs IR SRR,
AR . L B 3 ANREACE I AR R, AR PAT R E 6 . SFREER ., 33 VOCsFEAR
[ R T B3 DR Ay 85, 1%~119%,  AHXTHRHER 25 (RSD) 24 0. 20%~8. 4%(WL3E3) .

%3 33FpVOCs i [RIER SRR 7 (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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(53)

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 A 7 0 5 6 N A 1694t QUABYLL 25 (4541) . BlfEZR(404t) . SHED SR U BT
Z(16dtt) . #EBEEAZE(164) . FmP 2 (204) . B2 (124h) . FK (o) . e (8 L) K
Ry (341), BN, B, B . FLMER NS 8. ISR E R, 78 A vOCs,
KA 46. 2%, #6 HEORE S S TR AERT IS (35 ) FIYe L 25775 (2641 ) , WX PIZET2 A VOCs
1YL E RS S 2E . BRI A VOCs, MFEHIZR . SRTHIZE . 438, MO THIZE . K. RO . IE
W, SR, 1, 3, 5-=HZE. RWZE. 1, 2, 4=HZEAN, 2, 3-=HEE B3MERY S Sk,
SAH R 2R, HOPIERZE, 2K, 1, 3, S-=HIHEL 1, 2, 4-=HZE 1, 2, 3-ZHIE LR
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Hisd, tohdtiksralha. 3. 3. 1, 14t H 30 _

B BT 23 WA Sk A e
wIEd T, B 0, 0%, | B 2] =
17. 8% 1 10. 1%, & REAFA 2504 0.05-72.9, 3 7a ‘| B =20-1
0.05~7.8. 0.05~6.0. 0.06~6.8. 0.11~19.1 % K

mg-kg'o BIIZEFESh R AR THIZE . 2%, & 10 . . ol

)/ R RS R s ek 267 A 1 -

wEEHE, Auitikkeshnkses L L EmEIEE P on R ol me
i ORYE) BLEBRE (2. 0 mg-kg"), BHEZEF7 R e T Tl

Compound No.

L1y SR S YR, o B e £ 3 93 Y v )
SAIIRTSRIVABTA I Wb, ABRTAEIE ) s oticgion voc, Rl st

A2 P2 S R AR R . 1 S ST SR Y Fig. 4 Detection batches of different content ranges of VOCs in

VTR 7= Sl 1 AL BESE 1 2877 ik ) — sunscreen and hair dye products

i% A%ﬁ\%uﬁ 0.22 mg kg%}ﬁ] 0 33mg kgil 1 A: hair dye products, B: sunscreen products; 1: benzen, 2: toluene,
s = ™ . ° . ° 5

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

ﬂULE%%%*ﬁ&E%ﬁF, @E?’U 0.36 mg- 6: o-xylene, 7: styrene, 8: isopropylbenzene, 9: n-propylbenzene,
kg—l’ Lﬁ3?&t}i%@aﬁ¢i@é\ﬁz$¢$ﬁ%%ﬁx 10: 1, 3, S5-tritylene, 11: 1, 2, 4-tritylene, 12: 1, 2, 3-iritylene
Yo, B VT RESRUE TR ISR P B T 2 005 B 5 7 P AR ek 2R Ak A R ) VOCs
TEANF) & S A A TR o3 A WL 4.

3 & it

AW ES A RTAC L 5SS b ik, DLEZE-D A1, 2- 5D, bR, Br TRl [E
W EA AL S 33 Fh VOCs BB 7 i o TR E LI 2 IR S 2 . A ke, RS, 1, 1-
ZHOH RSk 1, 1, 2-Z8 Sk 1, 2-TIROKEMANREITER, i Tk A E VOCs 1)
WEITEE . ik AbBR R E . RS TR, BB RORANIE bR TR R o T RS
A E 25 o, VOCs IS I 28 46. 2%, A B2 5 Lk 287 S oR R T YL e i, Hoqth
5 b IR A T IECRE . A7 i AR S VOCs 75 e iR A T Rl SRR R TF By, o HBR
WRFE I E St T 2244

Sk

[1] National Medical Products Administration. Notice No.16(2025) of the National Medical Products Administration on the
Detection of Prohibited Ingredients in 10 Batches of Cosmetics (B %24 5B &M . B R 25 WX TF 104tk
Ak b R S 2R H JECR B9 38 5 2025 4F 5 16 5 ). [2025-04-27 1. http//www. nmpa. gov. cn/directory/web/nmpa/images/
1745741977584030276.doc.

(2] National Medical Products Administration. Notice No.46 (2025) of the National Medical Products Administration on the
Detection of Prohibited Ingredients in 18 Batches of Cosmetics([E 525 5B RS . B R 25 56T 184itkik
o SRS H A A TECRL G 3 i 2025 4E 5 46 45 ).[2025-12-22]. htips: //www.nmpa. gov. cn/directory/web/nmpa/images/
1766395027103012146.doc.

[3] LuDP, ChengJ H, HongQL, Chen X, ChenS, JianY Y, ZhengJ F, Chen Z M. J. Instrum. Anal (fS¥&3E, FEEE
16, BEHE, B, BRE, BiEEE, R, BRAERC S rINRaER) . 2025, 44(5): 860-867.

(4] China Food and Drug Administration. Safety and Technical Standards for Cosmetics (2015 Ed.) (FE R & 525 s
BRy At EBORHTE (2015 4E1R) ).

[5] SN/T 2933-2011. Determination of Chloroform, Benzene, TetrachlorideCarbon, Chloropicrine, Nitrobenzene and Di-
chlorotoluene in Cosmetics. Entry—Exit Inspection and Quarantine Industry Standards of the People’s Republic of China (4
i =S A ORISR, =SEAEHGE . AR S B RGN 7 ik . e N R R ] NG B
PEATLbRIEE).

[6] GB/T 35953-2018. Determination of Restricted Dichloromethane and 1, 1, 1-Trichloroethane in Cosmetics Headspace
Gas Chromatography. National Standard of the People’s Republic of China(fbffi P IR I & W e 1, 1, 1-=5
CLEMINE T2 S R . e N R I [ e ).

[7] Wang L., CaiD L, Liang N, HuangJ, YangB Y. J. Environ. Hyg. (ERE, sxys, 7 Hih, WEE. 58 T4
M), 2024, 14(6): 514-519.

[8] XiaL, XiongQP, HeZ M, Yuan Y. Exp. Lab. Med. (E.37., REZEF, filtl, =41 . L5 SHIREES:), 2025, 43
(1): 12-17, 32.

o

M



10

SR AR (http://www.fxesxb.com) 545 34

[10]
[11]
[12]
[13]
[14]
[15]
[16]

[17]
[18]

[19]
[20]
[21]
[22]
(23]

[24]

Mao Y Q, ZhengS, YangW L, ZhuCF, YanY, ZhengH R, Zheng Y, DuB, YangL H. Environ. Chem. (BT,
AR, B, REE, B, R, BT, Hl, gt M5k, 2026, 45(1): 320-332.

Hou X R, Tong K X, Chang Q Y, Zhang HY, Chen H, LiX Y, ZhangJ L, LiL. J. Instrum. Anal. ({ZH4, 4L
fig, WU, SKUTHE, BREE, AR, SKREK, 2R ATIASAR), 2025, 44(2): 275-284.

HuEY, Yang L L, WangM F, LiulJ, Wu L J. Phys. Test. Chem. Anal.: Chem. Anal. (B, A, FEK,
XUih, SEENAE . BT -tea2 i), 2016, 52(10): 1131-1137,

Zhang Y, CuiJ, Mei LR, ShiX Y M. J. Instrum. Anal. (3%, BBE, HE&ESR, SORUTE. SHaR), 2024,
43(6): 875-882.

FuY, Zhang L J, Yang F C, Li X, Ren W. Phys. Test. Chem. Anal.: Chem. Anal. (188, skRI®), BER, K,
A BRI -2 M), 2021, 57(8): 673-681.

LiBY, WangZ, ChenJ, Qiu H D. J. Instrum. Anal. (ZEWFH, T4, BRfE, GREELT. HATIIR244), 2025, 44
(1): 172-179.

Jin YN, SunY S, YangZ, WulJ, Dul, Yang Y Z. Phys. Test. Chem. Anal.: Chem. Anal. (4Hale, IMVRA, B
B, RGE, B, HAE. BR300, 2023, 59(5): 512-516.

Chen L, GengX, LinQJ, CaiSY, ChenZ M. Drug Stand. China (582, KT, MORKGE, ZUWIE, kR, hEZy
SbRifE), 2024, 25(4): 387-391.

Yi BX, Tan Y. West China J. Pharm. Sci. (Zpfi, B3 . FPGEITE), 2020, 35(4): 447-449.

Zhou R, Wang F, LinJ R, Jia M, Wang Y. Chin. J. Chromatogr. (E#, K, REE, T8, EUF. @ik,
2024, 42(5): 481-486.

HeFY, HeY, WangF, Wang Y D, Dai Z, MaS C. Chin. Tradit. Par. Med. (fifJUHe, ik, Fig, ETSF, &
B, IR0 2 ), 2021, 43(8): 2260-2263.

XuY H, Zhu B H, Zhong X H, Li S X. Chin. J. Chromatogr. CFBETE, KWK, 4L, 208 . @ik, 2010,
28(1): 73-77.

Che W J, ShenJ, Wang Y Q, Wang X D, PulJ. J. Instrum. Anal. (3%, V3R, T, TP, L. o6
R, 2017, 36(5): 697-700.

LiRY, FanB, Cai LP, Zhang Y. Phys. Test. Chem. Anal.: Chem. Anal. (ZS{%+, Juik, Z55000, skir. BALKGTG -
2530, 2014, 50(7): 852-856.

Chinese Pharmacopoeia. Pharmacopoeia of the People's Republic of China. 2025 ed.Vol IV. Beijing: China Medical Sci-
ence Press (B 2 M2 514> WP N RSLFNE 280 . 2025 45 . PO . b st s BE 2R B .

Cheng J H, Chen X, JianY Y, XieSY, LuD P, ChenS. J. Instrum. Anal. (REtE%E, B, WE%, wRME, S
i, BRA. S BTIASEAR ), 2026, 45(2): 320-328.

(R T %)



