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Determination of Fourteen Fluorescent Whitening Agents in Cosmetics by HPLC-MS/MS

WANG Xia, LIN Liqin*, YANG Zhi, GAO Liqiong, WANG Xiuxiu, JIN Mengna, CHEN Hongjian(Hangzhou
Institute for Food and Drug Control, Hangzhou 310022, China)

ABSTRACT: OBJECTIVE To establish a method for the determination of fourteen fluorescent whitening agents in cosmetics by
HPLC-MS/MS. METHODS Samples were extracted on a Waters ACQUITY UPLC ®BEH Cis(2.1 mmx50 mm, 1.7 um) column
after ultrasonic extracted by DMF with the mobile phase consisted of methanol-0.1% ammonia water solution by gradient elution.
The flow rate was 0.3 mL-min~'. The column temperature was 40 ‘C. MS was performed using triple quadrupole mass spectrometry.
Electrospray ionization source was operated in the positive/negative mode using multiple reaction monitoring scanning mode.
RESULTS The results showed that there were good linear relationships for the fluorescent whitening agents in a certain
concentration range with correlation coefficients(r) greater than 0.99. The limits of quantification were 0.01-20 pg-g~! and the limits
of detection were 0.004—8 pg-g~'. The average recoveries at three spiked levels were in the range of 85.4%—108.9%, and the relative
standard deviation were in the range of 0.3%—7.2%. CONCLUSION  The method has high sensitivity, strong specificity, simple
and convenient operation, and is suitable for the detection of fourteen fluorescent whitening agents in cosmetics.

KEYWORDS: HPLC-MS/MS; fluorescent whitening agents; cosmetic
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Tab.1 Information of 14 fluorescent whitening agents standard

EYHFE  CASH R EilR=2 4l /%
C.I1.135  1041-00-5  ANPEL G1990025 99.8
C.L140  91-44-1 TCI USEEE-NT  99.9
C.LI85  12224-41-8 1IL 344109 99.6
C.1367 5089-22-5  TCI LEI3L-EA 99.6
C.1368  5242-49-9  TCI QQTAB-LT  97.9
C.1378  40470-68-6 ANPEL T9730020 99.2
C.I393  1533-45-5  ANPEL 52790025 97.6
OB-2 2397-00-4  TCI V85RG-IM  96.5
C.IL162 3271-05-4  ANPEL-Trace 2104225 97.6
C.L184  7128-64-5  ANPEL 76300005 99.9
C.I85 12224-06-5 MACKLIN C10093508  100.0
C.L71 16090-02-1 ANPEL 54090025 99.2
CI113  12768-92-2 1L 371592 99.5
CI1351 27344-41-8 TCI YDE7K-JP 99.1

2 FEEER
2.1 g

{6 3%+E . Waters ACQUITY UPLC ®BEH
Ci5(2.1 mmx50 mm, 1.7 pm); i : 0.3 mL-min';
. 40 C; PEEEE: 3ul, Wsht: AN 0.1%
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Fig. 1 Chemical structures of the 14 fluorescent whitening agents
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Tab. 2 Cosmetic sample information

5 K T A TR IF3 dit
[ EGF {8 E R 1L I BRI T HE VS A R B (TP A5 B AT B MFD20170114
2 Z B PR AN K 26 1 1T B I M BRAR Pt A RS ) 191102X11
3 S TR S EQEiq)/ RIS R A PR F 20180309ABAZS
4 A I 2 72 L A0 LA T VT S AR T (L9 ) A7 BR 23 ) 20221014
5 LaVIVO ACR /NF TG PEIRIEI R 22 TS ) AR LB A R ) 1701074A
6 TEAEYE SR K 5 A T M2 ekl it A R ) Y1904015
7 T i 56 2R AR T FMbA ST K (i) BRA 16IN
8 B T R S PR A 24 T R T T SR Aot o A PR ) 20191118
9 BW WESRT K E B I ARERR SRS A4k T4 FRA T 2JA0403

10 T 2L A BB L R 5 3 IR AR TN E A BRA 633603868C
11 LT/ NG 35 TC R K B TR i H A B B/ N Tolk el X 3 skt i A RS /] K8180101XS
12 TR S BT T #EFE IR AE MR (W) A B2 ) 20200703

13 LRI T IR AR BN FLIRE fotte i A LA ) 1529706

14 AR 2 B & ol K AR T AT A MR B A LA ) 20151206

15 OLAY 7KJg% [ 6 MRS 1R % TN 2 Bk A B A 32620386Y0
16 K HIRBENE TG BRI 15030518
17 BEN R 3D % RENR A TN T RFSE At i AT BR 2 ) 2016/10/6
18 RRRF I8 BBk 15 R IR 7 WV IR Y R Aot i A R A ) EG04565

19 T 4 S TR I SRR A PR ) KM2020/04/01
20 /NI RE LB R 4 IR TR I 4 B R GRAA R A X1J04WY

21 I SRS AE P TR 2 0 AP B - TR L) B A A R A 253

22 TETEAG U AR A0 7] 2 A AP AT BR A ) 5G121311

23 fklok  REZERBEAE K TLIFARTE Z A A R A ) AL2709

24 UNEE Y REISEHIISIS BN /N A R A LA ) SH8011227
25 P TES IRV T 5 B Ak 3 (i) AT BRA 20200509

26 e S P A T B K IR A A AT BR A ) AGARS

27 T-AF 22 KK BN -+ o B MR R A PR ) 17051303

28 AW WS AR S LT R FL JoINTT R AR A BRA LGXC41

29 RRHFIE B ER LR 3P As A 5L WL IR Y R Aol i A R A ) DS90023

30 RERIREZE L LR oK Al A R ) BISI1217NA
31 KK ETE I HE LT M RHRE At SR R A ) 20230104

32 240 52 52 AR A Ik R I ML Pkt A B F (H) HYT19128
33 HAE2 7 SOD K H IR 4 B A B FH R 93 A PR ) UD:12-2495
34 KF SOD # iR A A RA ] 190728AA
35 PRV IR AE AL I8 11 RIS R = DRI A W R R A IR 9 A PR A ) 220214K1Y

12.1 min, 90%—10%B; 12.1~15 min, 10%B,
2.2 ikt

B FUR . FmESE B UR(EST UR), IE B
5 BT UREE : 300 °C; 5 b iiig: 3.0 L'min';
TE W : 10 Lomin 5 JIFRH: 10 L'min '
FBRRE . 400 °C; DL &UEE: 250 °C;
7 ZRNETI(MRM), 14 F FWAs B2
L 3,
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2.3 IS

2.3.1  FRUERGEAIRTRATECH]  MERRFREC 14 Fh
FWASs FRyEY) I, B C.1.85 e il ik B 5 2 mg-mL!
FIBRAERE A UAD , HEAY 13 Tk il o J5c il e J32
A 0.1 mg-mL™" MUFRERAR(C.1.135, C.1.140,
C.L185,C.1.367.C.L.184, C1.162, C.1.351, C.1.113
Ji DMF ¥%fi#, OB-2, C.1.393, C.I1.378. C.1.368
=5 Bk, C.185 1 10%My DMF ¥%fi#,
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Tab.3 MS parameters of 14 fluorescent whitening agents

EW 2K i B} (m/z) FEF(mlz) Q1 FUATfii e vl S/ V fill4 e A Q3 TUATfii e vl S/ V
C.I1.135 + 291.0 158.15" 21 -34 -29
107.15 -11 -28 -20
C.I1.140 + 232.1 188.20" -17 -28 -13
203.20 -12 -19 -22
C.I1.185 + 318.9 226.10" -23 -32 -25
200.20 -12 42 -22
C.1.367 + 363.0 270.20" -18 -35 -19
244.20 -13 -39 -26
C.1.368 + 429.0 321.20" -12 —42 -23
221.20 -16 =37 24
C.1.378 + 419.2 203.20" -15 -23 -23
121.20 -12 -20 24
C.1.393 + 415.0 321.20" -15 —41 -22
207.20 -15 =37 -23
OB-2 + 443.0 221.20" -16 —40 -24
336.20 -16 -38 24
C.1.162 + 242.1 185.20" -16 =22 -20
127.15 -26 =37 —24
C.1.184 + 431.1 415.10" -20 —45 21
399.20 -16 -55 -28
C.1.85 - 413.3 311.00" 20 23 23
271.00 20 26 19
C.171 - 439.2 129.00" 12 45 13
284.10 21 29 13
C.I.113 - 457.1 293.10" 16 31 14
333.20 16 26 16
C.1.351 - 258.1 226.00" 20 17 20
194.20 28 21 22
Ve ChEEE T
Note: “meant quantitative ions.
C.L71 I WA ), 12 BOREGIRAT o 233 FEMEBIHIE % (el Z et

2.3.2 CRHABEFUIMbREECHIPRE TAEME&A® o
NG R 14 Fh FWAs R & IARGE &2, 5T
100 mL 34, F§ DMF fid i C.I85 W JE Ny
500 ug-mL™!, C.1.378 ¥ &/ 10 pg'mL™', C.1.368,
CL71 #EHy 5 pgrmL™", OB-2 #E Jy 2 pgrmL',
C.1.351 ¥JE N 2.5 ug'mL ™", C.1.393, C.I.113 K&
M 1pgmL™, CILI35, CI185, CI1.367. C.I.162
W R 0.5 ugmL™!, C.I.140 ¥ M 0.2 pg-mL!,

C.L184 ¥ M 0.1 pg-mL~' ATR A brvfe i L it 515
W5 RS BRSSO DL A B PR 29 0.5 g,
SEIMAR AR A & sl , 5
R i[RI R4

R E A 242 2023 4F 12 A4 40 245 23 1)

i) 2015 R, BUoK . mlE, FLk. A
KA h 2y 0.5 g, HEHFRE, & 50 mL &,

Bl DMF 40 mL, #7543 30 min, fil DMF Fi kg
B, 5], L9435 xg B0 10 min, BRI
W2 0.2 um JENE(PTFE JE)gEid, BUEEERIE 1T
N

2.4 JiikeEEsg

24.1 LEMERE HEEIME254, 357 nm) PR
R IRk . R, FLIR . BRIk
b, FE€2.3.37 TR S IR A8 v B
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FE R FBIPERE S 2 TR
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O, BRELUEWR, & (217 WT Ak
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Tab. 4 Linear equations and correlation coefficients of 14 fluorescent whitening agents in different matrices
oy il etk [ L AR

" ngmL! LHE r Lt r b i r etk r

C.I.135 0.5~50 y=212723x+112 098 0.999 6 »=222417x+83 998 0.999 6 y=143 327x+77 607 0.999 7 »=94 226x+11 027 0.999 8
C.I1.140 0.2~50 y=543 150x+10 896 0.9999 »=670 989x+27 748 1.000 0 y=489 907x—43 391 0.9999 =213 071x-573 1.000 0
C.I.185 0.5~50 y=198 408x+90 125 0.9997 »=204 536x+63 212 0.999 8 y=112 083x+100 122 0.999 4 »=73 583x+17 996 0.999 7
C.1.367 0.5~50 y=262 860x+126 605 0.999 6 =249 084x+19 525 0.999 8 y=147 546x+48 045 0.999 8 »=37 106x+15 441 0.999 4
C.1.368 5~200" y=70227x+180309 0.999 8 =49 880x-39 507 1.0000 y=35477x+206 352 0.999 2 y=23 469x+50 922 0.999 5
C.1378 5~20092  y=21322x+126 688 0.9973 =19 151x+164817 0.9954 »=19151x+164 817 0.9954 y=569x+6 128 0.999 5
C.1.393 1~40Y y=234 244x+521 415 09979 »=117382x-83 561 1.0000 y=2 894x+19 565 0.999 7 y=54 725x—42 858 0.999 1
OB-2  2~80Y y=159 067x+422 425 0.998 1 »=116356x-72190 0.999 8 y=87 683x+95284  0.9995 =9 239x+15719 0.999 3
C.I.162 0.5~50 y=179 475x-2 724 0.999 8 y=164 120x—-16 958 0.9999 »=72 196x-21 816 1.000 0 y=75 030x—15 531 0.999 9
C.I.184 0.1~10Y y=877450x-13 872 0.998 8 =755 495x+45824 0.9999 y=1 132 370x+54 720 0.999 9 »=173 033x+88 658  0.995 6
C.I.85 200~20 000 y=65x+13 427 0.9994 y=133x+35 818 0.999 7 »=91x+11 370 0.9999 y=87x+13 105 0.999 6
C.IL71 5~500 y=3 612x+7 289 0.9999 y=6 661x+26 280 0.999 8 »=2571x+12 612 0.999 7 y=3 522x+17 294 0.999 7
CI.113 1~100 y=47 492x+132300 0.9997 »=104 554x+356 901 0.999 7 y=170 322x+224 626 0.999 6 y=172 897x+228 377 0.999 5
C.I1.351 2.5~250 y=31047x+173 509 0.997 8 »=29 825x+103 713  0.999 7 y=22 219x+99 569  0.999 3 =16 963x+55 046 0.999 5

T WA RS R LM S 12 A AR

DFRE R C1368, C1.378, C1.393, OB-2, C.1.184 MYLRIEL 4314 10~200, 20~400,

2~40, 5~200, 0.2~10 ng'mL™'; PFR/RFLEH C.1.378 WL METEH A 10~400 ng'mL',
Note: Linear range in some matrices was slightly different from the ones listed in the table above. VIndicated that the linear ranges of C.1.368, C.1.378,
C.1.393, OB-2, and C.1.184 in the cream were 10-200, 20-400, 2—40, 5-200, 0.2—10 ng-mL"!, respectively; ?indicated that the linear range of C.1.378 in

lotion was 10-400 ng-mL"".

RS54 RAEaRETFEER T BT ERM &R
Tab.5 Limit of detection and limit of quantitation of 14 fluorescent whitening agents in different matrices pgg’!
EY E BEFR e BR EY R K R

C.I135 0.05 0.02 OB-2 0.29 0.08"Y
C.I.140 0.02 0.008 C.l.162 0.05 0.02
C.I.185 0.05 0.02 C.1.184 0.01Y 0.004
C.1.367 0.05 0.02 C.I1.85 20 8
C.1.368 0.59 0.29 C.I71 0.5 0.2
C.1.378 0.5 0.2 C.I.113 0.1 0.04
C.1.393 0.19 0.08" C.1.351 0.25 0.1

TR WML BT P ARG tH R R 3RE M A AR DFRTTRR R C1368 . C.1378. C.1.393 . OB-2. C.1.184 i BR41 510 1,2, 0.2, 0.5 ngg?,
0.02 ng-mL~!, BRI 0.4, 0.8, 0.08, 0.2 pg-g™, 0.008 ng'mL™'; IFE/RILWH C.L378 FIERR M 1 pg-g™, KRN 0.4 pgg s

Note: Limit of detection and limit of quantification in some matrices were slightly different from those listed in the above table. VIndicated that the
quantification of C.1.368, C.1.378, C.1.393, OB-2, and C.I1.184 in the cream were 1, 2, 0.2, 0.5 pg-g™' and 0.02 ng-mL~!, respectively, with limit of
detection of 0.4, 0.8, 0.08, 0.2 pg-g~' and 0.008 ng-mL"!, respectively; 2indicated that the limit of quantification of C.1.378 in lotion was 1 pg-g!, limit of

detection of 0.4 ug-g'.
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Tab. 6 Recovery of 14 fluorescent whitening agents in different matrices(n=06) %
N | ik A
am mARKT feiox Ll ik ik
SEH DR RSD S R RSD S R RSD S A R RSD
C.L135 1% 96.9 23 101.3 0.7 99.1 1.6 86.0 4.1
L 99.3 22 104.2 2.8 100.2 1.1 95.2 0.9
= 103.8 2.1 105.2 3.4 103.2 3.4 101.3 33
C.1.140 1% 96.9 2.7 102.2 1.4 100.2 0.8 100.6 3.7
H 99.3 22 101.8 0.8 99.5 1.1 99.3 2.2
= 104.8 1.7 100.6 0.6 99.1 0.9 100.1 22
C.L185 1% 96.9 33 99.1 22 93.6 28 91.1 2.0
CR 99.3 3.1 105.5 22 103.8 2.0 100.2 1.7
= 103.8 0.9 104.5 1.7 105.4 2.0 104.8 3.6
C.1.367 1% 96.9 0.9 105.7 1.3 98.8 1.8 85.8 3.8
CR 99.3 3.6 103.9 12 102.2 1.9 87.5 3.1
= 103.8 15 1023 0.9 107.2 0.6 102.0 2.9
C.1.368 1% 98.5 1.9 101.1 1.7 96.0 0.6 98.4 7.2
CR 94.7 1.8 96.7 0.5 103.1 22 108.9 6.6
= 104.0 13 99.1 0.4 1013 3.0 101.1 2.0
C.1.378 1% 95.0 1.6 85.4 2.6 102.9 3.7 93.4 7.2
CR 107.6 15 102.9 1.0 100.4 1.4 100.0 3.7
= 105.5 0.7 100.0 1.6 101.8 18 95.6 0.5
C.1.393 1% 98.1 2.1 104.1 1.6 94.9 3.2 94.9 33
CR 101.1 1.6 101.9 1.0 100.9 1.8 103.8 13
B 105.1 22 99.1 1.0 104.3 2.8 95.4 2.6
OB-2 1% 96.0 2.4 103.7 2.1 99.5 43 101.3 3.4
CR 107.7 14 98.2 0.9 103.3 13 97.6 29
B 101.3 1.0 98.2 1.4 103.9 1.4 101.3 2.4
C.L162 1% 102.8 2.6 102.6 0.9 99.2 1.4 95.7 43
CR 102.6 1.7 100.6 2.1 105.9 3.1 975 5.0
B 103.7 2.0 98.2 0.3 106.1 48 99.3 55
C.1184 1% 99.4 3.9 96.9 2.4 95.5 1.9 96.7 5.9
CR 942 12 99.3 2.1 97.6 24 99.2 48
= 98.4 26 103.8 0.3 99.6 3.0 101.4 3.5
C.185 1% 96.9 22 94.8 3.6 102.4 29 90.5 43
H 99.3 0.9 99.4 2.8 100.6 0.4 96.9 4.0
= 103.8 2.0 101.6 1.4 102.4 0.9 106.3 3.6
C171 1% 97.5 3.4 97.0 29 92.3 24 96.6 4.1
H 99.6 4.4 98.8 2.1 98.5 2.1 99.3 3.9
=] 100.1 0.9 100.4 2.7 101.6 1.4 101.5 23
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Fig. 2 Effect of flow phase on response values of 4
fluorescent whitening agents
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Fig.3 Total ion chromatograms of 14 fluorescent whitening agents
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Fig. 4 Extraction efficiency of 14 fluorescent whitening
agents with different solvents
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Tab.7 Matrix effects for 14 fluorescent whitening agents
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