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Abstract

A method for the determination of distyrene styrene fluorescent whitening agent in flour and
starch by reverse phase high performance liquid chromatography with fluorescence detector was
developed. The HPLC method was performed on column of Agilent XDB-C18 (250 mm x 4.6 mm, 5
pm) by gradient elution using methanol and 0.02 moL /L ammonium oxalate solution as the mobile
phases, and detected by the fluorescence detector at an excitation wavelength of 350 nm and an
emission wavelength of 430 nm. The experimental results indicated that the ten kinds of distyrene
styrene fluorescent whitening agents were separated well. Under optimized test conditions, the
linear ranges of the method for FWA210, FWA220, FWA264, FWA353, FWA85, FWA113, FWA357,
FWA5bm, FWA134, FWA71 were 0 to 200 pg/L, respectively. The correlation coefficients for all 10
target compounds were higher than 0.999. The limits of detection (LOD) (S/N = 3) were 0.020
mg/kg, 0.020 mg/kg, 0.020 mg/kg, 0.020 mg/kg, 0.020 mg/kg, 0.020 mg/kg, 0.010 mg/kg, 0.010
mg/kg, 0.005 mg/kg, 0.005 mg/kg for FWA210, FWA220, FWA264, FWA353, FWA85, FWA113,
FWA357, FWA5bm, FWA134, FWA71, respectively. The limits of quantification (LOQ) (S/N = 10)
were 0.050 mg/kg for FWA210, FWA220, FWA264, FWA353, FWAS85, FWA113, FWA357, FWA5bm
and 0.050 mg/kg for FWA134, FWA71, respectively. The recoveries rate were between
80.2%~99.4% for 5~1000 pg/kg additive levels and the relatively standard deviations (RSD, n = 6)
were between 1.8%~6.7%. The proposed method was simple, accurate, high recovery rate, sensi-
tive for determination of 10 kinds of illegally added distyrene styrene fluorescent whitening
agents in grain processing products such as flour and starch.
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BE SR 1], 0K L5 (7R 0K 0GR R K AT, DL EE S NEE
ARIFIEM LA, R MERR AR, WU, SRR, ARZEBIGIN, IR OEIR I A
FIEAE ANFE RO ERYE . i BRI MRS . Ot R A (A ORAE R Z 3 28OS R 5 A 6 AT
W 80%MIT A . H5ILFEIR, SREAREE. H3E. K. BRI, g PHN 2K 2T A
FUSTAREEDD . TS e I B, ANV WA 22 BOORM R 1 2B S0 A 7 2R 1) 5t o 48 2% 6 38 1 7703 SR 11
A2 A I G RO AR 2 R . R SIS R (FWA) I 3l 5 76 28 2 M B S5 0 R0 0% By JHe 45440
REI N BRHIT A% 1) A 2 B8 R 25, 5 AR R TER E0EE . £ RIF[3]1% AN UPLC-FLD #
AREGI BT . ARG, &M EE5E FWA Sbm. C.L133. C.I1.353. CI1.220. CI.357. C.I1.210. C.1.264
I A ZERR[4)5 NN T RORA i - = B U AR AT B AR I T R RS S FWAL3S,
FWAI184 . FWA185. FWA393 %t (A7), At IE[5]55 AR iy BORAH Gl - = 5 DUARAT Il 52t & i
IR B AEAE S Ml ARIIER, H B VAR DORIE BTG G ba g . e [6]5 AR H
o R B T R o B R AR R LR R AEAE 9 RO TR, LRSI B e A NI
RRERVERL 2002/72/EC FIHTHR (GB9685-2016 £ it 2e 4> [E bl £ S flubA el A il i FH s in 51 4s A
FRUE) B RILE B A B FWALR4 R R I B & (SML)A KT 0.6 mg/kg, A0 AR
AN RVHE DO BPI 7] (HS2, H RIS BRIE D2 £ B R Rk B K B & A ks (2 A & i i)
TR S AN, MR A T F R B a0 st B 2 A 5 A B R G R e At L,
IR £ BRI B i 3 BT e I XU Rl TR R R B (4 B AR I8 B AT, B I AR
LR IE ATV I 7 v E BRI R AMTIE[9]. AN OB T Te e BT, AR
e AR ETE - SORAME[10]-[15] BANE vk S0 20 JBOR (o 8 156 = 3 DUAR AT [4] [16] [17].
SAMTRI A B g AT, 580650 B VE R R E = E AIANRE X 7 FWAs BRI, AR Rt — &
DUBR AT V246 I R A 12 FLE A IR R ARSI o JB0AR RV A I S 36 == 0 A — Rl s %, A& b, i
& LRI A A B R, & G e e BRI BRI . A AR 10 FRE L 2R 2
F 618 (7Y FWA220 (CAS:16470-24-9), FWA210 (CAS:28950-61-0) FWA264 (CAS:76482-78-5).
FWA353 (CAS:55585-28-9) . FWAS85 (CAS:12224-06-5) ~ FWAI113 (CAS:12768-92-2) . FWA357
(CAS:41098-56-0). FWASbm (CAS:13863-31-5). FWA134 (CAS:3426-43-5). FWA71 (CAS:16090-02-1)
TERNIRFERT G, 56 FHOSRRE, TR SRR G5 B, B AR BRI, 0 T A ek
W IR GRS LV R B ORI T v, TR R AT, S A RHE AR S 1 IE S A

2. RIS
2.1. HRLSRH

10 7 FWAs Ar#EXD 7 : FWA113.FWA264 (CATO), FWA220 (JEH4:47), FWA353.FWA210.FWA71
(ANPEL), FWA357. FWAS5bm (IL). FWA134. FWAS85 (MANHAGE).
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VU T WA A (i 4l T MACKLIN; = ZH-FR I G . DY T Bl B SV W T ] 24 4 (A1 AL 2
AF.

REUR SR HWEE. K. =2 IE60+39+ )RR A .

22. UBEFE
Waters €2695 =30 LG4 : FCH 2475FLR 2% Y66 4% ;

DOI: 10.12677/hjfns.2019.84036 275 5 E R


https://doi.org/10.12677/hjfns.2019.84036

X 55

SB-25-12DT AR A d:  THOH Z MR R A B A 7 5

QL-866 ImliEi & v 1T HAR DURA S HliE A PR A A5

XA205DV K1 BEE B4 0.000 1 g, HEREH);

RE-52B Jie#% 25 KAX

CT 14RD TECHCOMP & 02 Hl;

JFSD-100 #REHL;

DCY-24G ZMWAL;

Agilent Cary Eclipse %676 E 1t

Agilent XDB -C18 250mm X 4.6mm, Sum #¥£; Diamonsil C18 250mm X 4.6mm 5um £,

2.3. 5k

2.3.1. FERREE

PR 4. RIBGE B S PR i FWA210. FWA220. FWA264. FWA353. FWAS85. FWAL13,
FWA357. FWASbm. FWA134, FWA71, FMRFE 75 0.1% = Z W53 3 Be il Bk BE 4 100 mg/L 1)
PGS, 0 C~4CREEIRIF. BRIH3 MH.

TRAEARUE R I TARE: OSSP R AR A 2 I, AR BORARRE A 1.00 mg/L TR A ARt TAER
W, 0C~4CRYGIRAT. AR 3 ANH . LR ICE RIRAPRE TAEEWR, RIS H R A 0.005
mg/L. 0.010 mg/L. 0.020 mg/L. 0.050 mg/L. 0.100 mg/L fIkrHE RS TAEW, I FH A A i o

2.3.2. AT

1) il &

HU 500 g MM ECE TERRE R, PRI /- IR ST, S0 it 0 e N T 1 25 3 i
HH, IHARbRId. BAREE TR RAT .

2) FEHTAbEE

HERFRE 1 g PRI 0.01 ) B TR E.OEF, IASERGHE 10 mL, JWIEEH 1 min, 75 HEE
10 min 5, A 4000 r/min 2.0 5 min, HBUEJZIEW, 0.45 pm AL I I8 5 2O i A AT 0BT

2.3.3. RHEEIERESEE

ik C18 A, 250 mm x 4.6 mm (i.d.), 5um

WMEAH: WS A FONEHEE, B A4 0.025 moL/L [P T IR E (TBAYATR, I ShAHAS B e i 2% 1
mEE 1.

Table 1. Instrument gradient elution setting

=1 UERBERRRE

A 8] (min) JiLBN#H Flow phase
Time A (%) B (%)
0 60 40
15 70 30
25 90 10
25.1 60 40
30 60 40

Jt#: 1.0 mL/min. AR: 30°C. Rrill#s: UG 350 nm, KOG 430 nm. #EFEE: 20 uL.
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31, KRS

A v iR B 68 IR AE R B BT =R "R LRI B T A5, DRI S AL
A, X 0.10 mg/L AR BT OO . WL 350 nm YFCR B AT, R EE RSB,
P[] 5 i B R SR R A B HEAT F3 48, SR A de B A S KRR A o R B e KA A
KPR EEAR—F, AT PO, EEL 350 nm BRI, KEHL 430 nm AR ST E =
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Figure 1. Absorption and emission wavelengths from 0.10 mg/L Standard concen-
trations of FWA210, FWA220, FWA264, FWA353, FWAS8S, FWA113, FWA357,

FWASbm, FWA134, FWA71
E 1. 0.10 mg/L iR ERER FWA210. FWA220, FWA264. FWA353. FWASS,
FWAI113, FWA357. FWASbm. FWAI134, FWA71 BIIRMCR K F1% 55 K

3.2. FTTERHRLE (pH)R BT FRIRIE S

A, BRI EK LM = LT ) SR EGBOGS bR ) BRORIRE i 2 A )
S JERLINE A R, FOLHE AFIE S A VUR R BOR T BERRE,  HAET BN g 2 L L EUK
PE R BOR T I Bk, HEAKAESERILR . SR T AL U A Zot 5 C18 A L[ MK
MRS R, B AR AR . RN TERE S 5 . AR BURIE R, TN, = ARERGE RO
FEA R AR E R, PR SEIR 8 = LRI Dy B BB P TR B L 18 15 77

3.3. BFIAFERREBRIERE
A 2 (TR B TR A D T AL . = 2 G DU T MR b, BB (1 5
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PG A FRRN ] A 45 A B BB B, SR sh TS MR R b e B 2 I, B B - B e e 1 77
DL TR AFEE R, B NUE RIS =RE, REE WA M8, wiE 2 fos, BLFWA220 Jyfil,
HH UGN [RIAR S o 2 a0 o B 5 A A T i K 1 5 0T, B B A o e KRS o A [ 5 A )
G571, REIR T HUERTE], TAR R AP BB . ARSI PR SR R R 1 P RS T ALY T R R A
VB SEBAE FH BB T o SRIGERE, MR NI & 2 &k 60%~70% M1 0L T, 261 F177 FWA220
(1 HH DEE R[] 1 BB 4% I 7E 5~7 min, A RCHS 20 BT T 40 B9 (R B 25 20 2 el m R 88 ) 20 S 1 1 70 s e
THEOLRTEEIA, R IURE A BRI B R0, ORI 0, B xR A B — @ IR, fREE R
AR AR, ASEEG 25 18 21 55 1 XA FITE Sk A AL AN AE 264 5 7= BT B, A e e B 1
Xk 5 AR A58 R B2 AE 0.025 moL/L.

EU0.61 I
04!

0.24
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Figure 2. Chromatography of styrene fluorescent whitening agent FWAS 220 when ion pair reagent
is not used in mobile phase

2. RENMARERBEF AR RSO B R & i E

3.4. SEFHHMRL

AR S5 BT FH ¥ 4 ve SR Cis RO B A A ML s A AT = Fh, R IUERRm . . R, &
SIGIE W FH DU SRR VR IR B AEI, FWALL3 5 FWA357 Ao &4 5, FWASbm 5 FWAI34
AReTE RS ey . A IEIEREAE, Ens iR i R A R AR Ae 8 ST R 4 00 2, (HUR it R 5%
SRR, BUI RS 55 o AT I 5K . Agilent XDB -C18 250 mm x 4.6 mm, Sum 4% 5 Diamonsil C18 250 mm x 4.6
mm 5 pm AXF L, Agilent XDB -C18 250 mm x 4.6 mm, 5 pm F:JE 50 B BT, &R ERL &0
J&i 5 2.3.3 T IR S AT T AT SRAS S A B AR - 10 P 63 AR A ARAEA I 70 B ik B i 3 fos .

EU
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Figure 3. High performance liquid chromatography from 10 pg/L Standard concentrations of
FWA210, FWA220, FWA264, FWA353, FWASS5, FWA113, FWA357, FWASbm, FWA134, FWA71

B 3. JRER 10 ng/L RAEBFIRER RN SHRE & IEE
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3.5. MEXR. WHRFMEEREER2)

Table 2. Linear relationships, limits of detection (LOD, S/N = 3) and limits of quantification (LOD, S/N = 10) of the ana-

lytes
; 2. BIRINGMXRSKRER, EER
H x4 o EbiNe| AT AR R Hr HA BR T FERR
Analyte Linear range/(png/L) Linear equation Correlation coefficient (1°) LOD/(mg/L) LOQ/(mg/L)
FWA210 0~200 y =2693x — 1490 0.9992 0.020 0.050
FWA220 0~200 y =2845x — 1479 0.9999 0.020 0.050
FWA264 0~200 y =3338x — 3388 0.9998 0.020 0.050
FWA353 0~200 y=3201x—1013 0.9994 0.020 0.050
FWAR5 0~200 y=3150x — 1510 0.9990 0.020 0.050
FWA113 0~200 y =4147x — 2351 0.9992 0.020 0.050
FWA357 0~200 y =3965x — 1654 0.9994 0.010 0.050
FWA5bm 0~200 y=15625x — 748 0.9999 0.010 0.050
FWA134 0~200 y =4650x — 2556 0.9994 0.005 0.020
FWAT71 0~200 y=7636x — 3816 0.9995 0.005 0.020

y: peak area; x: mass concentration, mg/L

3.6. FFEEERNEEE

B R SR EAT bR D 5 (RIS ARG 2 5 o MERAARECZS AT . JERREdh 1 g, Al d. %
3K HINR A PRERI, 1208 2.3.2. 2R ACEE 7V AT AR, IR I8 2.3.3 TSI T, 5
— IFRACEPATINE 6 K, HHE-F R . 153 10 Fi H bR (FWA210. FWA220. FWA264. FWA353.
FWAS5. FWA113. FWA357. FWASbm. FWA134. FWA7D) IR ESCRAKE R E, 48R 0LE 3. 7R
FIRINFR KR, 10 F H RGP SR T e, % E R, w2 10 B FWAs W 5E 50 Hr

Table 3. Recoveries and precision of 10 FWAS from flour samples

3. 10 BRI AR RIS EE

N I THIAR [ e A EENES TECASY AP X s fhv 22 TN AT X s #E A 22
ol Add th i i Relati dard Relati dard
Analyte the recovery rate in recovery rate in f: qtlvg standar 'e E}th? standar

amount/(pg/kg) flour/% starch/% eviation in flour/% eviation in starch/%

10 95.4 96.4 6.6 42

FWA210 100 96.3 95.3 32 2.8
1000 98.2 922 5.0 4.5

10 87.2 88.0 4.4 5.6

FWA220 100 97.6 96.3 3.8 42
1000 953 90.1 59 25

10 90.7 95.4 4.7 4.2

FWA264 100 96.3 93.2 4.9 32
1000 99.2 98.2 5.0 59

10 92.7 95.4 4.1 5.0

FWA353 100 91.0 92.3 32 6.1
1000 98.4 96.7 3.6 4.7

10 93.2 98.2 32 39

FWASS 100 98.6 99.4 35 2.1
1000 91.1 90.0 42 3.0
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Continued

10 88.8 90.2 54 4.6

FWAI113 100 84.5 86.3 3.6 4.4
1000 82.0 84.2 5.1 5.0

10 94.5 88.4 42 2.6

FWA357 100 93.5 87.6 32 33
1000 90.1 89.2 2.7 5.0

10 94.6 99.0 4.8 4.5

FWASbm 100 95.7 92.1 32 4.5
1000 97.0 94.2 35 5.0

10 93.5 80.2 3.5 3.6

FWAI134 100 94.7 81.5 3.8 4.0
1000 88.0 89.0 4.8 1.8

10 88.4 87.4 2.0 1.8

FWAT71 100 84.0 86.0 32 32
1000 80.7 90.0 5.5 5.6

3.7. ELERERBAHT

R FE BB ST 10 F7 330 T4 40 SRR BULE TR AR « 10 LV LS A LA 15 LU TS . 10 HE
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AR IRIE, BiH%S 152102310429,
SE ik
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1007-1010.
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162-168.
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29(12): 3014-3018.
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4, 2013, 29(11): 275-2761.
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2014, 26(6): 592-595.
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