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Simultaneous Determination of 62 Endocrine Disrupting Chemical-
sin Cosmetics by Ultra—high Performance Liquid Chromatography-
Tandem Mass Spectrometry
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Abstract: This study established a novel analytical method based on ultra~high performance liquid
chromatography—tandem mass spectrometry (UPLC—-MS/MS) for the simultaneous determination of
62 endocrine disrupting chemicals (EDCs) in three cosmetic matrices, including cream, emul-
sion and toner. 62 EDCs were extracted from cosmetic matrices using acetonitrile, then separated on
a C18 chromatographic column. Multiple reaction monitoring (MRM) with the electrospray nega-
tive ion and positive ion modes was employed for MS acquisition and quantitative measurement. Meth-
odological validation indicated that all 62 EDCs exhibited satisfactory linearity within their respective
concentration ranges with correlation coefficients higher than 0. 995. The detection limits of the meth-
od for 62 EDCs were 0.008~0. 033 pg/g. Fortification recovery rates ranging from 76. 2% to 107%
were obtained for three typical cosmetic matrices, including cream, emulsion and toner, and the
corresponding RSD values varied from 0. 75% to 6. 6%. With the advantages of easy operation, high
analysis efficiency and favorable accuracy, this proposed method is suitable for the quantitative de-
termination of 62 EDCs in cosmetics.
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SRIHTHR EDCs R J5 72 AT B2 5 0 HANME

HHEr, B4 ER =2REDCs B A 2R IE AR, FERIFIEBEFE TGS " WA
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1.1 UFE5LF

TR RSB £ s — = T DU AR I R A (T £ LC—30A B o35 RO €6, % SR Triple Quad 6500+
FIFREAY, EEZ A BN B RF (XS205DU R, JE&E: 0.01 mg, FaLA4FEFCHI 248
")) ZFERIATER G4 (Multi Vortex 2, MR ZESBHEA R A R]) 5 A IETEX (KQ-250E
A, BRI ERENERAE); ol (XIRE, EBEER K /REHEAR]); BaikkAd (PURELAB
Classic Y, WS (L) AR,

W ZEbRIESL: A A (BPA) . A B (BPB) . M C (BPC)., WEyE (BPE). My F (BPF) .
WAz M (BPM) . X3P (BPP), ;S (BPS). XEyZ (BPZ). AW AP (BPAP). My AF (BPAF) .
4-FUEHIEE (4-1-0P) . VUG A (TCBPA) . PUIEET A (TBBPA) . 4-33KEFRH-4- S AT
FEB (BPSIP) . LW (NP) . 4, 4/-HFW (2, 6-HTHEE) (A0702)., 4, 4'-IE T HM
(6—F T H-3-H LW ) (AO-BBM) ., MWi% (BPFL)., 4, 4'- (1, 3-_HETI) W (BPp),
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afifE (FRRH0) YWA/NT 98.0%, RiF/RIERHER AR,

LR HIE IR AR N- (-8 23E) -N-HRAFEIRETE (N-MeFOSE) . N-Z,
AR ERBBNE LFF (N-EtFOSE) . 2% ¥ (PFOA) . £ T (PFNA) . 2% (PFDA) .
PR (PFHpA) . 2% T—% (PFUnDA) ., 2% =M (PFDoDA). &% =M (PFTriDA). &
AW (PFTeDA) . 2 RCEHBER (PFOS) . N-ZFEA R EREMMEIE (EIFOSA) . N-H R AR A
WEMERE (MeFOSA) JRAPRER; 2% TR (PFBA) ., 2#UKME (PFPeA) . 2 (PFHxA), &
-3, T-HIEER (PF-3, 7-DMOA) IRAPREST; 7TH-2% P (TH-PFHpA) . 2H, 2H, 3H,
3H-4 % +—F& (8: 3FTCA). IH, 1H, 2H, 2H-2#EIBEER (6. 2 FTSA) REMERT: 2R
THRBE (PFBS). 2B (PFHxS) . 2MPFFEEENE (PFHpS) . &M B EMER (PFDS) A
PREEVEVR, RIS I, EIR N 100 ng/ml, KiEF/REEFHAR A,

SRR HIRERRIR AR W . AR ZHIR L ER (DEP) ., 4B _HR — (2-4%d ) B
(DEHP) ., 4P “HR " IECE: (DHP), SRR HIR . (2- T4 LK) B (DBEP), 4RK _HR
WhE (DBzP) ., 4K W MGPNHE (DAP) ., AR2E _HIMR NS (DPrP) . 4B _HIR — (4-HEE-2-
IFE) B (DMPP) | 412 “HIR J%E (DAPeP) . 4FB7E —HEZ FElE (DnHP) ., SR R K0
(DPhP) ., 4BZE _HIR T RS (BBzP) ., 4K _HIRZ %405 (DIDP) ., 4P “HIR _HEE (DMP), £B2E
T HERICHE (DCHP) ., ARZE " HIR —IE¥A; (DOP)., AP W — (2-H%IL) ZfE (DMEP) .,
SR HIR RN (DIPP) IRAVMEET, ERMIECKE, FUEREYEA 100 pg/ml, RKHEF/RKIE
FHEARAF]

L. ik, i wEB A w], WL @ik, 5. ke, EEEBRwAH,

45 L SEBRAE Sk B i e S
1.2 FRERREH

U ZE bR i B I 40 RS B R BBOBUY A %5 20 FhbRifE 25 0. 01 ¢ CREBH 0. 0001 g) F 10 mL
A, HOREEMIFESR . B 20 PRI 2E EDCs 1) 5 ik BE 290 | mg/mL BRI RE BV
F-18 CHEE F - 1F,

TRAPRE V. o R B R O bR it sV i i, QSRR R 25 i B ik B X 208
10 wg/mL B XIS 250 S AREIR T . 20 A S B = 2RIR SRR TROE &, T 2SR BH) 45 1 62 b
EDCs it S8R 254 1000 ng/mL AR SRR FTEW . S IR AR T -18 "CIREE T IR 17

FEVCTL R AR A bR TARVS W : /0 | B SR A b il I, BN 28 B Akt il 2 i i
PEATHRE, 5362 FhEDCs TR EZ40.5, 1, 2, 5, 10, 20, 40, 100 ng/mL [KFEFITHEL R 51
BRI AR, I P
1.3 WRHEBIEEE

{4354 . Luna Omega Polar C18 (100 mmx2. 1 mm, 1.6 wm); FEL: 40 °C; PEFHATR. 5 ul;
& 0.3 mL/min; FaHHHA: 5 mmol/L ZMREREW, WahtHB: HWEE, BEEVHFEF . 0~0.5 min, 10%
B; 0.5~14.0 min, 10%~95% B; 14.0~17.0 min, 95% B; 17.0~17.1 min, 95%~10% B; 17.1~20.0
min, 10% B,

1.4 RIEEH

B WBIEE TR (ESD; BES. 1B, A e B FIREE: 450 °C; RERES: 8
psi; A 40 psi; IR 50 psi; HHEIIIIAR: 50 psi; HABIZEHE: 5500 V. (IE & A0 |
4500 V. (F & PR s WA 1B, fE T2 ROV (MRM); 62 Ff EDCs Wil & 7% S Al 2
W1,

F 1 62FPEDCs TS A B it 1)

Table 1 Mass spectrometry parameters and retention times of 62 EDCs

Retention time/ P i
EDCs No. Compound CAS No. aen 10.n e rec(urjo; o Product ion (m/z) Collision energy/eV
min m/z

1 PFBA 375-22-4 3.33 212.9 168. 9% -12
2 PFPeA 2706-90-3 5.99 263.0 219. 0% -10
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(8:3%)
Retention time/  Precursor ion . .
EDCs No. Compound CAS No. . Product ion (m/z) Collision energy/eV
min (m/z)

3 PFBS 375-73-5 6.99 298.9 80.0*, 99.0 -65, -36
4 PFHxA 307-24-4 7.93 312.9 268.9%, 119.0 -11, -26
5 TH-PFHpA 1546-95-8 8.21 344.9 280.9*, 130.8 -16, -34
6 BPS 80-09-1 8.42 248.9 92.0%, 107.9 -36, -26
7 PFHpA 375-85-9 9.09 362.9 168.9*%, 119.0 -21, =27
8 PFHxS 355-46-4 9.40 398.9 80.0*, 99.0 =75, =79
9 PFOA 335-67-1 9. 87 412.9 168.9*, 218.9 =25, -15
10 6: 2 FTSA 27619-97-2 9.96 426.9 407. 0%, 387.0 -30, -40
11 PFHpS 375-92-8 10. 08 448.9 80. 0%, 99.0 -104, -88
12 PFNA 375-95-1 10. 47 462.9 218.9%, 168.9 -22, -25
13 PFOS 1763-23-1 10. 62 499. 0 80.0*, 99.0 -108, -97
14 PF-3, 7-DMOA 172155-07-6 10. 68 513.0 469.0*, 268.8 -13, -25
15 BPE 2081-08-5 10.93 212.9 198.0%, 119.1 -22, -36
16 PFDA 335-76-2 10.95 512.9 218.9%, 268.9 -24, -23
17 8: 3FTCA 34598-33-9 11. 14 491.0 367.0%, 387.0 =25, -15
18 PFUnDA 2058-94-8 11.34 563.0 519.0%, 319.0 -16, -28
19 PFDS 335-77-3 11.43 599.0 80.0%, 99.0 -124, -110
20 BPA 80-05-7 11.46 227. 1 211.9%, 132.9 -23, -32
21 BPF 620-92-8 11.47 199.0 93.0*, 104.9 -29, -29
22 BPAF 1478-61-1 11.49 335.1 196. 9%, 176.9 =50, -60
23 PFDoDA 307-55-1 11. 67 613.0 569.0%, 169.0 -18, -36
24 N-EtFOSE 1691-99-2 11.68 569.9 168.9%, 318.9 -33, -26
25 PFTriDA 72629-94-8 11.96 663.0 619.0%, 169.0 -20, -38
26 BPB 77-40-7 12. 15 241.1 211. 9%, 147.0 -25, -38
27 PFTeDA 376-06-7 12.21 713.0 669. 0%, 169.0 -20, -38
28 BPC 79-97-0 12.47 255.2 147.0%, 238.9 -40, -41
29 BPSIP 95235-30-6 12. 68 291.0 183.9*, 108.0 =32, -48
30 MeFOSA 31506-32-8 12.71 512.0 218.9*%, 168.8 -34, -34
31 N-MeFOSE 24448-09-7 12. 84 556. 1 122.2%, 535.9 -40, -38
32 BPAP 1571-75-1 12.99 289.0 273.9%, 211.0 -27, =37
33 BPp 6807-17-6 12.99 269.2 212. 0%, 117.1 -25, -58
34 EtFOSA 4151-50-2 13. 03 526. 1 168. 8%, 219.0 -36, -34
35 BPZ 843-55-0 13.33 267.0 173. 1%, 223.0 -37, -43
36 4-1-0P 140-66-9 13.72 205. 1 132.9%, 92.9 -28, -52
37 BPFL 3236-71-3 13.91 349.0 256. 1%, 215.0 -35, -35
38 TCBPA 79-95-8 14.02 364.9 313.8*%, 285.9 =37, -45
39 NP 25154-52-3 14.22 219.2 133.0%, 117.0 -45, -80
40 BPM 13595-25-0 14.28 345. 1 251.2%, 93.0 -41, -39
41 BPP 2167-51-3 14.53 345.1 315.1%, 133.0 =52, -49
42 TBBPA 79-94-7 14. 65 542.8 419.7*, 290.9 -54, -49
43 AO-BBM 85-60-9 14.71 381.3 338.3%, 163.0 =37, -42
44 A0702 118-82-1 16. 16 423. 4 407. 4%, 393.4 -61, -61
45 DMP 131-11-3 4.96 195.2 163.0*, 133.1 15, 30
46 DMEP 117-82-8 5.19 283.3 207.1*%, 58.9 10, 17
47 DEP 84-66-2 5.46 223.1 177. 1%, 149.1 12, 24
48 DAP 131-17-9 5.82 247.2 189. 1%, 149.1 19, 28
49 DiPP 605-45-8 5.84 251.2 167. 1%, 209.0 16, 13
50 DPrP 131-16-8 6.15 251.2 149.0*, 191.1 16, 10
51 DBEP 117-83-9 7.49 367.3 249. 1%, 101.0 11, 18
52 DPhP 84-62-8 7.50 319.2 225.0%, 77.0 16, 50
53 BBzP 85-68-7 7.57 313.2 149. 1*, 205.2 17, 11
54 DAPeP 131-18-0 7.90 307.2 149.2*, 219.1 21, 11
55 DMPP 84-63-9 7.94 335.3 167.2%, 251.1 17, 11
56 DBzP 523-31-9 8.21 347. 1 181.2%, 239.3 14, 9
57 DCHP 84-61-7 8. 66 331.2 167.2%, 249.2 19, 13
58 DHP 84-75-3 8.78 335.3 149. 1%, 233.1 25, 11
59 DnHP 3648-21-3 9.59 363.2 149.2%, 247.2 21, 12
60 DEHP 117-81-7 9.92 391.3 167.2%, 279.4 16, 12
61 DOP 117-84-0 10. 32 391.3 149. 1%, 261.1 23, 13
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(gk)
Retention time/  Precursor ion . .
EDCs No. Compound CAS No. . Product ion (m/z) Collision energy/eV
min (m/z)
62 DIDP 84-77-5 11. 60 447.3 149. 1*, 288.9 24, 13

*: quantitative ion
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B FLB. AKFIZEFES : FERFRELO. 2 gFESh CRETE 0. 0001 g) T 10 mL B EEPFRE .0
N1 mLZJE, HWERA SRS EORS), BT mL ZHEE30 s, 5@ REHEE 20 min,
WE30 s JE O E A ZhRZE, T 10000 r/min %53 F &0 5 min, B EIEWZA0. 22 um JERESUE, I8
VSR SH RN
1.6 REEH

SEOG AR N R R A S R A SRR BEARINETS Y s NS . A SR A F 4 i
EARESINE) 62 R EDCs V55, HBRASLI R 6 45 3 R 2s VbR S AXES TR B, A2 6 4
FERIEN VEHERIZ B, HT W 62 F EDCs 7RSS RAEENERE . BFE A SERZE Qb s Bz
EDCs & BT ERIR
1.7 HFmilE

TE 1. 3G RS S D 1. 4 BTSSR T, BOERICE R AR A bRifE TAR e, S5 it sy
B, LIBLRVCHES R 9IRS bR TR 62 Fh EDCs TSR UR BE MR AAAR (v), IEEAURIALFR (1),
oxtlbRiE 2. BORE SR ERE , AR 0T AR, AR bR Hh 2615 200kt SR SRR 62 Fh EDCs
) ST
2 HREITR

2.1 FiEFMHRMmE

BRGNS B i 20 TR 280 By 2 SRk, 24 R 20l M 2 Ui S 28 Tty B2 SR
B BEIRRALSEIRTER M, SR T RUE SR — P R AR M M pKa, W SR THBT TR BUE . IR
JSCTE ESUA WL T s AR 2 AR ST BB, AR b AT i BE R AUE ) [M-H] &, 1EESI BT A
SIRA A BRI o 18 P AR BRI R B ik R A 5 N PR 5 -, A TEAE TR BT 111
PRVERLA, T T BB RCRARAIG . (H AR AL U IO L, R 3R ESTRR S b 30 S5 5T -,
RAAEIL AN R AT, TR FRER [M+H] "5, 12 ESIARESUT A7 9 i W i BE 2 -
B € ESIHL AT BE 2 1 )5, AR B 7 & F LR BA & T W s e RE . SE90 & 1) 62 i
EDCs ERE T ERBE T EVES T WS RS RIEFGE SO 1 R hidiie i 5 s i
Hbree %, AR AR LU 5y 0 R B i . A & 5FE . F5 T 62 R EDCs £E /5
e R 5 BE SRR E VERRAE, AT R AT IE 00 1 B R AR
2.2 REBBEZHFHMRL

2545 2 EDCs H73 TARYE . 25t 2R, ARSI 08 3 3K S AH B v 2 C 18 i HETF I 43 B PR RERS
kb, 43324 Luna Omega Polar C18 (2.1 mmx100 mm, 1.6 ;Lm) . ACQUITY UPLC BEH C18 (2.1 mmx
100 mm, 1.7 pm) 45 ZORBAX Eclipse Plus C18 (2.1 mmx100 mm, 1.8 wm), Luna Omega Polar C18
JRTFRAEN A CI18 S0k, [ e A S AR VEBE M B RERT,  nT ]I SR AR A S AR AR I BCE (R B L
s —J7 IRESS A SOE R 2E . A TR 2 S B 2R A AR P e (A PR B 5 o — J TR S AR P 4R
AR RIS R B B g R A E AR AGE ST, al A X PR TCHE R A A 0 . ZR5 R ACQUITY
UPLC BEH C18, ZORBAX Eclipse Plus C18 WK C18 (A 8AE M) SR 2 5 508 . A 52 SR8 5 3L e 2
71, Luna Omega Polar C18 ] S8 62 Fi iR 4185 B2 72 R4 R Y EDCs [F]25 73 185 AR e, IR A S i
2 iz

RT EMRAB) BT 28 S 0 (il , REEHE ARG SAHLALERT 62 7 EDCs BTk Bz, 1%
TE B3 SRR M0 o SRI DL CREAAIEEA LA, X HL AR 0. 19 B R /KPP R AORE 1k 2R B A
PERE. 45RNIR, 0. 19 B A & vl 2RI 4R08 W BRER S BT AR, HARY R o BB 5 (H
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TRPERIE MBI 28 . 2RSS Wb R, LA RER [M-H] &1, P2y
JofE T BRI U, PRI A e i /K A Lk /K AH

EMIER I, B S, 10, 20 mmol/L ZERHOKERAERCTE . 45588, 5 mmol/L LRk
KV T A =28 H AP 0155 B2 X, [l I 25 o e i 2 . RIS ARIETE , i e 8 & 50
BrdasRo [ KAHA 5 mmol/L LTRELHS L, MHCHEE . CHEMPA PN 73 25 S0 i 22 5. BIFaHL
AEDRE 25 E bR S5 i i 57 568 P55 TG S 5 5 (H SO G i ik R b B R RGO A, S A o S TR,
HAEAR ORI BIE . ZR 555N Ak SRR 50 I, e B i%-5 mmol/L LR
BRSO R LI AR R o EPAI BOS ARG ST, EST AU 44 B EDCs 189 585 i BRI
ESIHi0AY 18 Fh EDCs BB P WK 1,

64 A 2.4 B 61

5 1 '13-17 4 55_ 60
< 5 M8 o 54( 759
Y alo 1911|1253 s3] ?‘T
g 3 3| 25 = 50 |57
g, | "|‘ Fz%f;l 72 w4 53 |
= 7 [7532:34 g 47 L '

1 I | I ‘ |[35-43 ) 4 46| 5152 4

. | N| ” N 45) II' h
0 - R 011 PR 0 L Ll
0 4 8 12 16 20 0 4 8 12 16 20

fimin f/min

1 62FPEDCs 1B T
Fig. 1 Total ion current chromatograms of 62 EDCs
A: 44EDCs (ESI ); B: I8EDCs (ESI'); The numbers at the peaks correspond to those in Table 1.

2.3 EISEFHHML

TEPEIUA R IERT, AW E SIS 7 CIERE T . FLIH . 7K B 700G 2 b i RS T 1) 4 Bk
e, 45REM, CHEHERIUREER . FLREOKFIEE SR R AR, (H SR P 22 E R
By i B AR (<50%), Joikif IR SRl i) ik Bk . s HIER, 5 lRIZEE AR P
ZERECR, MELLSEIURE S0 X 51008, BRI L TR, Je ik S E A R e o e fhin o8 R
T TR O LU DA SR B R R A R, IR SR BRI BT IR B
FLH BOK R =2 AL TP R

WHCE TR . FLI . KR =280 S s Rl S, WP LGS . &M P2 A HILI 7% 62 Fi
EDCs IS B . 258w, B =R R sh e i, DL REVE A3 BUA IR, 43 H bR
BARPEB R T HEE R R . (EHEERE b, 2B 5 T 90%., 75%. 50% LW -/K I
PEECHERE, DIFLHIE O IR 5 H PR ICREE RILE 2, 455K, %25 EDCs 3R BUA I i 52
WAL . WEZEH, BPA, BPB. BPCTER /KM ZHEMRR TR ZE, HA HIRYITE 4 FieBus
FH A SR SRRELE 70. 0%~110% 2 1), 232 RE 271, PFBA, PFPeA, PF-3, 7-DMOA .
PFBS LAl CHETRBUSCR ietE:, HoaR bR E CHERRR BUR T T 75% Wik R b iR 22 R A B 3
50% Z i K2 18 18353 PRAS [IWCR IR FFE, MeFOSA ISR 54. 0%, 4B7E — B FRMAG 2L DAP
DPrP, BBzP#b, HAx Hbr¥y SRR FIKH & e BT B PG, Z2ams, ARG T,
{XDMPP, DCHP % 2 Fp 4128 — HIREE Y 0 MIWSCRAR T 75%,  HAR4E K ZHEDCs I E 2 5 T 75%;
Rl P UK 2R KA T PRI, DSCRAR T 75% B B AR 3 B R 2, BN IRBU R B TR, H
RIS ) B — B . ZE A S S H bR PR B iR |, S0 4l O A AR S B Jee e
JREUAR

Wl B ALy A A, AEZARE S S AR R il . KeEEIE L 2
DhRetEsE . LRSSy T 5 H AR EDCs R A LA RIBEPEE, BEN B FIRIG 551 % B 1Pl s
TR, TR E R T, AR TR E Bk e e & BAHAER (SPE) FIRE b
FER ] KB PRI, (HATHATISCIR 25 S, 550 SPE SEDREX A [F] BRAL P4 i) EDCs 77 7E 1%
PEVEWZ IR )T . S92 . 00 2 R 5L 28 R S ek DR R IR O, AR PR AR — IR IR 28
FEN) S 0 AR, RS A I MR TR, 52 AN, SRS ERBORTR R, vk
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FEEEREG H bR abi, W RASE PR TEAE, PR SET R F O ELHE R U Bip A 2 7 2K
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Fig. 2 Recoveries of 62 EDCs with different extraction solvents
A: bisphenols; B: per—and polyfluoroalkyl substances; C: phthalate esters.

2.4 ERIMA

BE RGN 2 o A I v ks A A LG, FERE SR IR T RO AN RS, AR
BN B AR & 55 e AR T SO m . At BT IR R B AR L IR E R, M)
B R, FEER 2 HERARE 24150 € B4 R MEIRE . AT ERER . . KFI=24bik
mn A E R, RGEIEAG LRI AT 62 B EDCs B B () FHERREE . APFFT e, BRSO i iR A
FIME= (25 bt i 28 T 2 A A LS DN TR S PRI A 21 6 04 T B UL BUA 77 LRI TR B AR
WAREIERIFR-1) x100% =, IMEEUERAR, RFEEFTTFHA/EHBR, 6270 EDCs fEREEEN) =FhEE It
HMEM W E2, 4588 8R, WK E YT, BPp., BPFL, NP HARGRAYEL RGN, HAHR
WIAE = 2B X SR I H 5 9 0 5 o i R ST R, o 4 RN 22 U B 2R AR K AR I v 24 6 K
FETHE RN, HWR R o 3 B SRR, BB bR R 55 I TRV A, B
RIAAEA I R B () B O o s N o APK Z H RIERZR S BN B T s By, B bR i 25 ST s A 7 i
SF A BRERKTIW, KRR 555

62 7P EDCs 78 =284l L B B IME I3 A T 5. 6%~31. 8% 2 18], 248 H AR R AEAS 0] 200 B 5t
R Homl— SR A s R B 7 R LA ], IR I AE L 22 55 . I BR A RN b
EAE R A2, PRUERTIZE SRYETI T 52, AT E RSB S (B . AL, KD, SRAXT
N7 P 5 S5 DT P b i 27 67 5 0 BT o
2.5 ZMHEXRMKHR., TE TR

BUEE T PCIC R AN A b TAR, ARIHFFEINE o DL BAREDCs BT RE AL PR (x), XM
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0.995, MBI BB B VC BCR RIS OB A REBERE, ISR REAEMELL (S/V), IRl S/N=3 . S/N=1043
AT E TR R (LOD) 5E& TR (LOQ). Z5REM, =Mt 62 Fh EDCs HfS H R
B4 0. 008~0. 033 pe/g, & FHRIEHE A 0. 025~0. 100 pe/g. 45H0H# 3,

K2 2P EDCs FEA R ket i A T %,

Tab. 2 Matrix effects of 62 EDCs in different cosmetics

ME ME
EDCs No. - EDCs No. -
Cream Emulsion Toner Cream Emulsion Toner
1 10. 4 -4.7 15.2 32 29.5 18.8 30.5
2 13.5 10. 4 20.3 33 26.3 30.3 20.6
3 17.1 20.5 25.8 34 32.5 22.7 31.1
4 9.7 -6.8 18. 1 35 12. 4 16. 8 19.5
5 6.6 14. 4 30. 8 36 -9.3 -7.3 -18.5
6 5.6 6.0 6.9 37 27.6 28.7 15.8
7 8.0 7.6 11.6 38 7.8 5.8 5.6
8 -6.4 6.1 20.9 39 19.4 23.3 27.2
9 7.7 6.7 15.8 40 8.8 7.3 9.6
10 16.6 5.8 22.6 41 10. 1 15.6 13.9
11 -13.5 -10.5 14.5 42 6.5 8.2 13.4
12 10. 1 13.2 12. 1 43 6.2 5.9 -6.3
13 22. 4 15.6 20.9 44 =7.2 5.8 -5.9
14 25.9 20.3 31. 8 45 13.2 16.9 6.2
15 10. 8 14.9 8.6 46 16. 6 7.5 8.5
16 19.9 18.0 24.7 47 10.3 8.1 6.8
17 17.1 16.5 25.0 48 19.2 6.0 10.2
18 -6.5 -6.8 17.2 49 15.9 15.8 5.7
19 6.2 7.7 13.4 50 6.7 8.4 -5.9
20 -5.7 15.8 -6.0 51 9.1 -10.9 -6.8
21 6.3 10.3 9.6 52 18.3 16. 8 9.5
22 8.8 11.9 5.8 53 15.4 8.2 8.6
23 22.2 25.5 19. 1 54 20.7 11.9 14.2
24 11.6 19.5 25.5 55 15.0 12.3 8.0
25 -9.3 26. 8 16. 4 56 7.6 7.2 9.3
26 10. 1 9.6 15.3 57 14.6 9.6 8.5
27 -13.4 9.2 26.3 58 8.5 8.8 -6.8
28 11.8 10.3 17.0 59 -13.8 -9.7 =7.4
29 18.9 13.2 17.8 60 12.7 11.1 6.4
30 16.0 12.3 20. 1 61 17.6 5.8 13.1
31 12.3 -9.9 29.7 62 12.5 7.2 -6.7
#3  62F EDCs TEAN e i B e A DG R B R PR A E & IR
Tab.3  Correlation coefficients, detection limits and quantification limits of 62 EDCs in different cosmetics
EDCs No. Linear range/ (ng-mL™") d ; LOD/ (pgeg") LOQ/ (ng-g")
Cream Emulsion Toner
1 2-100 0.999 9 0.9990 0.999 8 0.033 0. 100
2 1-100 0.999 8 0.9990 0.999 7 0.015 0. 050
3 0.5-100 0.999 6 0.999 4 0.9989 0. 008 0. 025
4 0.5-100 0.999 4 0.999 7 0.999 2 0. 008 0. 025
5 0.5-100 0.998 4 0.9973 0.998 8 0. 008 0. 025
6 0.5-100 0.998 8 0.999 1 0.9993 0. 008 0. 025
7 1-100 0.999 1 0.999 4 0.999 0 0.015 0. 050
8 0.5-100 0.9990 0.998 0 0.999 4 0. 008 0. 025
9 1-100 0.999 4 0.998 2 0.9989 0.015 0. 050
10 1-100 0.999 1 0.999 5 0.999 4 0.015 0. 050
11 0. 5-100 0.999 3 0.999 1 0.999 1 0. 008 0. 025
12 1-100 0.998 8 0.998 0 0.999 2 0.015 0. 050
13 0.5-100 0.999 1 0.999 4 0.9993 0. 008 0. 025
14 0.5-100 0.999 5 0.999 2 0.999 7 0. 008 0. 025
15 1-100 0.9979 0.999 7 0.999 0 0.015 0. 050
16 0.5-100 0.998 9 0.999 4 0.9999 0. 008 0. 025
17 2-100 0.999 5 0.999 8 0.9999 0. 033 0. 100
18 0.5-100 0.999 5 0.998 2 0.9993 0. 008 0. 025
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(8:%)
EDCs No. Linear range/ (ng-mlL™") : ; LOD/ (ug-g") LOQ/ (pg-g™)
Cream Emulsion Toner
19 0.5-100 0.998 1 0.999 4 0.999 0 0. 008 0.025
20 2-100 0.9959 0.998 9 0.9995 0.033 0. 100
21 2-100 0.999 5 0.999 8 0.9989 0.033 0. 100
22 1-100 0.999 4 0.998 4 0.9989 0.015 0. 050
23 0.5-100 0.999 8 0.999 2 0.998 8 0. 008 0.025
24 2-100 0.998 5 0.999 4 0.999 4 0.033 0. 100
25 1-100 0.999 9 0.999 3 0.999 7 0.015 0. 050
26 2-100 0.999 6 0.999 5 0.999 4 0.033 0. 100
27 1-100 0.999 1 0.999 4 0.9993 0.015 0. 050
28 2-100 0.999 5 0.999 5 0.999 4 0.033 0. 100
29 2-100 0.999 8 0.999 7 0.999 7 0.033 0. 100
30 1-100 0.998 4 0.999 1 0.999 5 0.015 0. 050
31 2-100 0.9956 0.996 7 0.9956 0.033 0. 100
32 2-100 0.999 7 0.999 8 0.999 7 0.033 0. 100
33 2-100 0.9990 0.999 7 0.9999 0.033 0. 100
34 1-100 0.999 6 0.999 2 0.999 7 0.015 0. 050
35 2-100 0.999 5 0.999 6 0.9989 0.033 0. 100
36 2-100 0.998 9 0.998 4 0.999 8 0.033 0. 100
37 2-100 0.999 6 0.999 9 0.999 6 0.033 0. 100
38 2-100 0.999 6 0.999 9 0.999 6 0.033 0. 100
39 2-100 0.999 9 0.999 6 0.9999 0.033 0. 100
40 2-100 0.999 3 0.9979 0.998 4 0.033 0. 100
41 2-100 0.999 6 0.999 5 0.999 2 0.033 0. 100
42 2-100 0.999 6 0.999 6 0.999 1 0.033 0. 100
43 2-100 0.999 1 0.999 9 0.999 8 0.033 0. 100
44 2-100 0.9975 0.9954 0.9959 0.033 0. 100
45 2-100 0.997 5 0.998 4 0.999 6 0.033 0. 100
46 2-100 0.999 4 0.998 7 0.999 5 0.033 0. 100
47 2-100 0.999 9 0.999 3 0.9989 0.033 0. 100
48 2-100 0.999 8 0.999 9 0.998 0 0.033 0. 100
49 1-100 0.999 8 0.998 9 0.9993 0.015 0. 050
50 1-100 0.999 2 0.999 0 0.999 5 0.015 0. 050
51 2-100 0.999 9 0.999 7 0.999 6 0.033 0. 100
52 2-100 0.999 7 0.9956 0.999 7 0.033 0. 100
53 2-100 0.999 9 0.999 7 0.998 4 0.033 0. 100
54 0.5-100 0.999 4 0.999 8 0.999 5 0. 008 0.025
55 0.5-100 0.998 2 0.9975 0.998 0 0. 008 0.025
56 2-100 0.999 5 0.999 9 0.999 8 0.033 0. 100
57 1-100 0.999 6 0.998 3 0.998 8 0.015 0. 050
58 1-100 0.999 1 0.999 6 0.999 7 0.015 0. 050
59 0.5-100 0.999 0 0.998 1 0.997 7 0. 008 0.025
60 2-100 0.996 4 0.999 6 0.997 6 0.033 0. 100
61 0.5-100 0.999 6 0.999 0 0.999 4 0. 008 0.025
62 1-100 0.999 2 0.998 7 0.9989 0.015 0. 050

2.6 MMEREIEFNEEE

WHE TR . FL . KR =2 A, it =K P bR e 7 ik e i SRS . K
PRIV R AT 0. 2 g, 23 AR A IER BE ) 62 Fh EDCs TR AR TARW, EAR. o, &34 bR
K, BT & 6 it . 2RSSR 1. 5 TR AL PRI ARG 25 FRII, R H ST B 8 e R
AH AT — H DT VR AT R, R S DUV B T SR A B R bR [l Wi 28 5 0 R 25 SRAH R b o s 22
(RSD), tHREIEWE 4. 450K, 62FEDCs £ =28 B B IbR SR X 1) 45 76. 2%~107%, RSD
$70. 75%~6. 6% (n=6), HEHHIZKN 5 i%iE H T 2 2R e, B R i i SR % . (B
RN, AB2E RN R M ZE RSD 4 1. 9%~6. 6%, B& e TH AWML HEY , 5%k 55
NI s B BR8-S A R R B A, T it i A B 4 i A 7 RS ek 4 ol HH SR
H oS Y5 BRI
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Tab. 4 Recoveries and RSDs of 62 EDCs

Added/ (0.10, 0.25, 1.0ug'g")

EDCs -
Cream Emulsion Toner

No. Average recovery/% RSD/% Average recovery/% RSD/% Average recovery/% RSD/%

1 98.6, 90.2, 105 2.9, 2.4, 1.9 98.8, 90.3, 106 4.3, 2.9, 2.3 93.3, 90.8, 97.2 1.9, 2.1,

2 88.6, 90.7, 86.3 4.2, 1.6, 5.1 88.6, 92.9, 8.6 1.5, 1.9, 4.8 95.4, 89.5, 92.3 3.3, 3.3,

3 98.5, 88.4, 104 4.7, 2.9, 2.0 101, 89.9, 100 4.3, 1.6, 2.8 94.7, 88.8, 99.2 3.6, 3.8,

4 88.8, 83.9, 89.1 4.9, 1.6, 3.4 858, 90.0, 86.5 4.3, 2.9, 2.7 84.4, 89.8, 83.3 2.8, 2.6,

5 100, 89.9, 103 3.8, 2.7, 3.4 98.8, 90.1, 98.0 3.5, 1.9, 2.2 94.1, 89.5, 95.9 2.8, 4.7,

6 97.3, 90.8, 96.4 3.1, 2.5, 3.8 97.5, 90.6, 98.0 3.1, 4.4, 3.5 93.3, 90.1, 94.5 2.5, 0.75,

7 99.6, 90.4, 94.8 4.5, 1.6, 1.5 98.2, 89.5, 93.4 2.7, 3.8, 0.89 93.4, 91.1, 94.6 1.5, 2.8, I.
8 97.7, 88.8, 105 3.5, 5.8, 2.5 96.7, 88.2, 107 4.3, 3.3, 2.5 94.4, 89.9, 102 2.8, 3.1, 2.6
9 98.1, 89.7, 98.5 3.3, 1.1, 2.6 98.6, 89.1, 99.5 4.4, 3.8, 2.2 93.7, 90.3, 102 2.2, 1.5, 3.2
10 98.6, 89.2, 98.6 3.4, 0.97, 2.8 97.3, 91.6, 101 3.3, 1.8, 2.7 94.6, 89.4, 101 3.5, 2.4, 3.4
11 97.3, 90.4, 98.6 2.6, 1.5, 2.2 99.1, 90.2, 102 4.7, 2.8, 2.6 91.5, 91.1, 98.1 1.9, 1.7, 2.8
12 97.5, 89.5, 102 2.4, 4.5, 2.9 99.6, 89.4, 99.7 3.5, 2.4, 3.8 93.6, 90.8, 97.2 2.5, 2.6, 1.9
13 102, 90.7, 103 4.0, 2.9, 2.8 99.3, 91.6, 98.7 2.3, 2.5, 3.7 94.1, 90.1, 97.5 2.8, 2.7, 2.5
14 99.5, 92.5, 97.9 3.8, 1.2, 1.8 97.0, 88.0, 103 2.0, 4.8, 3.8 94.6, 89.3, 98.3 1.5, 2.5, 3.9
15 95.8, 91.8, 96.7 4.6, 2.9, 3.9 93.8, 91.4, 98.7 2.7, 3.4, 2.9 92.7, 90.2, 95.2 3.0, 1.6, 1.7
16 100, 89.6, 99.4 2.5, 5.6, 3.6 99.9, 88.7, 99.2 4.0, 3.9, 2.3 93.5, 89.4, 99.1 2.4, 1.8, 2.2
17 101, 90.4, 94.6 3.5, 2.1, 1.5 97.2, 91.3, 94.9 3.6, 0.96, 2.2 94.4, 90.7, 95.2 2.6, 2.1, 1.4
18 100.5, 88.3, 95.0 4.4, 3.3, 1.6 100, 89.3, 94.0 4.5, 3.8, 1.9 94.6, 89.9, 95.1 2.5, 2.4, 1.4
19 97.9, 89.6, 98.1 2.7, 2.0, 1.6 101, 88.9, 101 4.4, 3.2, 2.8 92.5, 89.0, 99.7 2.2, 4.6, 3.1
20 94.1, 89.9, 89.9 2.9, 0.92, 3.9 86.6, 8.0, 92.8 4.4, 3.9, 3.2 83.4, 85.3, 94.4 3.9, 2.3, 3.2
21 98.6, 91.1, 103 3.8, 1.4, 4.2 95.1, 91.5, 97.7 3.3, 1.8, 45 95.7, 91.5, 93.4 1.8, 3.3, 3.6
22 94.5, 91.7, 96.3 4.8, 1.8, 4.2 99.4, 90.6, 101 1.0, 4.1, 3.2 93.2, 90.4, 96.1 1.6, 1.7, 1.9
23 98.5, 89.3, 96.1 2.9, 3.3, 2.5 98.2, 89.8, 98.2 4.4, 4.3, 2.2 947, 89.6, 97.9 2.3, 3.2, 1.8
24 99.8, 90.6, 101 3.3, 1.7, 3.4 98.0, 89.3, 103 2.8, 3.5, 2.4 95.2, 88.1, 99.8 2.4, 3.7, 3.4
25 95.0, 91.3, 99.4 1.4, 1.5, 4.3 99.2, 89.6, 100 4.0, 2.1, 3.1 93.4, 90.2, 98.4 1.4, 2.8, 0.91
26 96.1, 93.0, 98.8 4.1, 1.0, 3.2 96.7, 92.4, 95.2 2.4, 1.4, 3.9 93.7, 91.2, 92.7 2.7, 1.1, 3.1
27 97.9, 89.3, 101 2.5, 2.8, 3.3 98.3, 91.6, 98.2 3.8, 2.8, 2.9 954, 90.4, 97.8 1.6, 1.2, 1.8
28 98.7, 91.4, 98.0 1.9, 2.2, 4.2 95.8, 89.8, 98.5 5.1, 2.4, 2.4 94.4, 91.8, 95.1 3.2, 2.5, 2.5
29 94.8, 90.5, 93.9 2.6, 1.2, 2.2 99.4, 91.3, 99.0 2.6, 3.2, 2.2 953, 91.4, 92.8 2.3, 2.7, 3.5
30 97.5, 88.6, 104 2.7, 3.7, 3.1 98.8, 91.4, 99.5 3.9, 1.7, 3.3 95.1, 88.8, 101l 1.5, 4.2, 3.3
31 100, 89.9, 102 3.1, 2.8, 1.8 100, 89.1, 97.5 3.2, 5.3, 2.1 92.6, 90.4, 102 1.9, 2.3, 2.8
32 97.8, 90.7, 95.6 3.4, 2.8, 4.3 93.8, 90.6, 9.1 4.2, 1.3, 2.9 92.5, 91.9, 93.6 3.5, 3.4, 3.1
33 95.5, 91.2, 96.6 3.7, 1.2, 4.6 98.2, 90.8, 96.2 4.8, 2.6, 4.1 93.9, 92.4, 95.2 2.5, 3.7, 3.3
34 99.2, 91.4, 98.7 3.1, 2.4, 2.5 98.5, 91.5, 101 4.8, 1.6, 1.6 93.8, 89.1, 101l 2.3, 4.1, 3.1
35 98.2, 90.9, 104 3.8, 2.3, 3.9 95.6, 90.6, 96.5 6.1, 1.9, 43 91.3, 91.7, 93.6 1.8, 3.9, 2.1
36 98.1, 91.4, 95.0 4.2, 3.6, 4.2 96.3, 90.2, 97.9 4.8, 1.7, 3.2 93.2, 91.1, 91.0 1.2, 3.5, 1.9
37 97.1, 90.5, 98.6 4.6, 2.4, 6.6 96.8, 92.7, 97.8 3.0, 2.9, 5.0 92.5, 90.8, 98.1 2.8, 3.5, 3.1
38 96.7, 90.1, 96.6 4.9, 1.5, 4.8 94.8, 91.1, 94.5 3.8, 2.3, 3.1 93.3, 90.4, 91.7 3.6, 1.5, 1.5
39 96.3, 92.0, 99.4 2.3, 4.3, 2.6 93.5, 92.4, 98.5 2.4, 3.4, 3.2 951, 91.1, 93.1 2.9, 1.7, 3.8
40 96.7, 90.3, 98.8 5.0, 1.4, 4.6 93.5, 92..4, 93.5 2.3, 4.1, 2.2 93.0, 91.5, 95.6 2.0, 3.4, 3.8
41 96.5, 90.9, 101 4.4, 1.9, 2.2 96.6, 90.5, 93.8 2.4, 1.6, 2.4 93.5, 90.3, 95.0 2.7, 0.92, 2.6
42 97.0, 91.2, 99.7 4.7, 1.3, 3.5 96.5, 89.8, 97.7 4.1, 2.2, 3.4 96.0, 91.3, 94.2 3.3, 1.8, 3.6
43 95.1, 90.8, 97.9 2.6, 4.9, 46 98.3, 91.8, 96.0 3.1, 1.6, 5.7 94.1, 92.1, 97.8 2.2, 3.2, 3.1
44 93.7, 91.1, 96.6 4.0, 1.7, 3.9 94.4, 92.2, 95.4 3.2, 4.0, 4.5 96.2, 90.8, 94.8 1.9, 1.5, 2.8
45 88.4, 89.4, 89.6 3.6, 2.3, 2.6 89.7, 8.1, 91.0 2.4, 4.4, 3.1 854, 79.8, 84.4 3.2, 3.8, 5.2
46 89.7, 90.1, 87.1 3.9, 2.6, 5.4 89.8, 89.5, 87.6 2.1, 2.1, 4.9 84.3, 79.6, 84.1 4.7, 4.4, 3.9
47  85.8, 90.3, 89.4 4.4, 2.5, 2.8 87.1, 90.5, 89.4 3.5, 3.5, 3.6 8.2, 79.1, 81.1 2.7, 4.1, 4.4
48 87.3, 90.3, 91.4 4.2, 2.3, 3.2 86.8, 91.8, 8.1 3.2, 2.1, 2.2 84.9, 79.3, 81.6 3.5, 4.9, 4.7
49 88.5, 89.5, 93.7 3.3, 2.3, 2.2 87.8, 8.9, 87.1 3.0, 4.3, 3.5 83.8, 79.3, 8.1 4.9, 4.4, 6.6
50 89.0, 90.1, 92.6 4.1, 2.7, 4.3 87.7, 89.3, 91.1 3.1, 4.6, 4.8 83.4, 79.1, 82.8 3.7, 3.7, 3.9
51 88.7, 88.8, 90.8 3.6, 2.4, 2.8 87.3, 90.8, 81.4 2.5, 2.6, 3.6 84.5, 81.7, 78.4 4.2, 3.5, 3.2
52 89.2, 88.7, 92.3 3.8, 4.4, 2.7 86.0, 8.8, 8.3 3.6, 1.7, 2.9 83.8, 80.9, 83.3 4.1, 3.6, 3.6
53 87.8, 89.0, 93.7 3.7, 4.2, 3.4 88.4, 90.5, 90.9 3.4, 1.3, 3.7 82.4, 79.6, 83.6 2.6, 3.4, 4.9
54 87.4, 90.8, 89.9 2.9, 1.9, 5.5 87.9, 8.5, 92.7 3.9, 2.9, 2.6 8I.1, 80.1, 82.2 3.2, 1.9, 4.6
55 88.6, 91.6, 92.2 3.3, 1.9, 2.6 88.3, 89.3, 91.2 3.5, 4.8, 4.0 82.4, 81.0, 76.3 2.7, 3.8, 5.1
56 87.9, 90.0, 90.5 3.6, 2.5, 3.5 87.2, 89.0, 91.8 1.9, 2.1, 2.6 86.3, 78.2, 81.6 4.6, 2.8, 4.2
57 87.5, 89.3, 87.6 3.6, 5.2, 3.8 87.8, 90.1, 87.8 3.5, 4.6, 2.6 82.3, 77.9, 82.5 4.2, 2.1, 5.7
58 88.5, 91.5, 8.5 3.4, 5.7, 3.7 859, 90.2, 8.4 2.6, 2.0, 1.9 84.3, 79.1, 83.9 3.7, 3.6, 4.8
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(8:%)
Added/ (0.10, 0.25, 1.0pg-g"
EDCs e/ ( , be'g)
N Cream Emulsion Toner
o Average recovery/% RSD/% Average recovery/% RSD/% Average recovery/% RSD/%

59 88.8, 90.0, 87.8 3.5, 2.2, 3.8 88.2, 89.3, 90.8 3.8, 4.3, 4.3 86.4, 79.4, 81.9 4.5, 5.2, 5.3
60 88.5, 87.9, 91.2 3.6, 4.2, 4.7 88.3, 90.2, 89.7 3.8, 2.4, 5.8 83.8, 82.2, 8.3 4.2, 3.3, 3.9
61 87.9, 87.5, 88.3 4.5, 4.1, 2.2 87.6, 88.5, 87.4 4.6, 2.9, 2.6 84.1, 79.1, 81.6 3.8, 52, 3.4
62 87.4, 89.2, 91.4 2.8, 3.1, 5.7 86.1, 90.2, 89.0 4.8, 2.0, 3.8 83.2, 81.6, 80.4 2.3, 4.2, 4.8

2.7 SREREmNE

T ARSI T R T 45 el CRERE 1641k FLI 21k AR 8 4Iik) EATIE
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