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& . PSSR R AT 144 Fh A4 B AU TG HE A RIES TR Ho A A A TR T . SR
40% ZWERERAEAPREGA, LLE 25 mmol/L WY T IEIRALEL (TBA) I H - /KIEE (S : 95, AR RIZHE-H
RER AT (2« 3, IRFRLL) AU s AHBE VRN . 25 R 3R0H, B AR 7 R WaEEHE L RIZE 0. 5 ~ 200 pg/mL
TEEINERIERRBIF, PR T0.999, #HHR40.03~0.08 pg-ml™", EETHRA0.11~0.28 ng-ml™"; 3
AR EDIFRAKFE T BF IR A 92. 1% ~ 108%, FHXFFRIE (25 (RSD) A 1. 6% ~ 5. 9%, TE 144 i A4 5 EI4R
R 3 RS R, A A FEEI AR BBU . VBL I MST, A48 Fe2H B A )45 40K R T 43 H 8 AN K
25, 45ANZE, BLEAEBENER, X0k s3RhsR, MHESMAS K, wEARR, FrEdekiiith
H5EEA—EMEL, 1LI895 . 20528 SHE AL, ELIMUPES B 10K, 2 KME—K, 3FEDLR
KA A RN S B B A K AR LR R, ERH T R R A 0 IR S0 SR R B ) B T A T . % TR
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Determination of Fluorescent Whitening Agent in Copy Paper by
UHPLC and Its Application in Authentication of Documents
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Abstract: In this paper, the fluorescent whitening agents in 144 types of A4 copy paper, along with
their identification and aging patterns, were investigated using the ultra-high performance liquid
chromatography method, laying a research foundation for further determination of the production time
of the documents based on the aging patterns of the paper. A 40% aqueous acetonitrile solution was
employed as the extractant, while a methanol-aqueous solution(5 : 95, volume ratio) containing 25
mmol/L tetrabutylammonium bromide (TBA) and an acetonitrile—methanol mixed solution(2 : 3, vol-
ume ratio) were utilized as the mobile phase with gradient elution. The flow rate was 1 mL/min, the
column temperature was 35 °C, the detection wavelength of the ultraviolet detector was 350 nm, and
the injection volume was 10 pL. The results indicated that a good linear relationship was observed for
the seven common fluorescent whitening agent standards in copy paper within the range of 0. 5-200
pg/mL, with all 7* values greater than 0. 999. The detection limits of the method ranged from 0. 03 to
0. 08 pg/ml, and the quantitation limits of the method were 0. 11-0. 28 pg/mL. The average recov-
eries at three spiked levels were 92. 1%-108%, and the relative standard deviations (RSDs) were
1. 6%-5. 9%. Among the 144 types of A4 copy paper, a total of three fluorescent whitening agents,
namely BBU, VBL and MST, were detected. Based on their composition and proportion, the paper
samples could be classified into 8 major categories and 45 minor categories. Combined with the mea-

sured whiteness values, 53 types could be distinguished. It was discovered during the experiment
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that for the same brand and model of paper, if the grammage differed, the dye ratio and content con-
tained might not be the same. Copy papers numbered 89, 29, and 28 were selected and underwent
transmission aging in an ultraviolet instrument for 10 days, with measurements taken once every two
days. The contents of fluorescent whitening agents and the whiteness values of the three copy papers
decreased significantly, demonstrating the feasibility of using fluorescent whitening agents to test the
production time of the documents. This method features simple pretreatment and stable and reliable
data, providing a certain reference basis for the authenticity identification of documents.

Key words: UHPLC; fluorescent whitening agent; forensic science; paper identification; paper
aging

TEECEAETR, Rk VR LS5 B3R R A VETE R TAE AR v Be i —3 0, Tz F&47
ol Hop S ENARRDE SRR . ATEVRCRIFRIRR E tEm St (R JC AN, flE T LA ED
MM S B 2 EPeT FONRRIETT P AR T &, AW 4tk b A 7= TR s,
A0 T ARG IERS I S MRS, XN AR T R

5552 EDARAH R B RAFA T 4R b EISCEIR M RHIERAIE, IR K AR5k AR B FMIURFAE Ak 224 it i)
PO, nhRAEEE SR E . (BRI ARk ANIARL, A IR SR TEHE R RRAE 22 00) , AR MEVE Hh R L 5
XG5 ARoK SN — R ER S U BT R, Qin 55 ] B 2R GG Al & HOR KL T L fi by 8
S ARG AE B I AR B 2T AN A5 HE B 200 ANRE S )G I B B T A ARG, SR 3R B L
FRAEAS &, A DU ) 40 284858, SEl T “UESk-T K- XSy Lee S50 U4 F AR B 2L AR SE
P (GLCM) J7 i IS B 22 24 (CNN) 46 1) (€145 Hr B BRI AR5k SCHUARRAE 5 CNN it HH AH Im] % 48 R
NFEEUY 55— BRI A, SEBL T 6 74 EACK MR 73 2% . B SR 8 NSO i 12k 0 e 46
HORRRSY T, W gEs . VN . WETE SRR 34 Iy ARk A T AL X 4 o P RAEET LK
W | PRI AR SR FARE A ST 2 i TR S, S 2 P T RS A, SEBL T 26
Atk EE 0] . RIS SR B - ik ikl 1 4Gk shi WL S FRRHE -, 4% 60 BRI RAF=HA
] SRR BN ARy R 42K, SLE R 8 FhEH &5 TS E BN ARy 41925 0 Kumar 55 FH 2 ol 4 S S8 HEL A 46
ZIHM(ATR-FTIR) S i 6t 24 FpAS 5] 52 B AR Hp (1) 27 2 R AN TCHLIERL 3R T 7 R AE , 3@ 1553 70 Bt (PCA)
LA RIR Sy o Tanase S FENL T — PP T4 8 TR T & 10 HUBHE A 55 TR B (ICP-MS)
ik, WIECEWIEX R S PR ESE R LK. sk 2Pl S RS - S 7 v 4Rk
H BRSNS R (AKD) , il AKD JSURHECEL | RFAED 0t LU B2 45K Hh S & 24 40 FhaRAE o
3RZE. [FEEARHBAE K W E AP 4R . BOEHESEFERE " (LIBS) RIS EHE ik r S
O B TR T (LA-ICP-MS ) i 52 43k v e 25T TAE.

FICEARGK I 1, R B SRR IR I AR (FWA) , DIRISAR L R s aid' ™,
PSE FIRBIBHSE . WA BROER . FIR, JE6HE AR L IME K I RISk AR, SEEkZ
B, ARSCR A SRR AR RS (UHPLC) 20T 117 B WLEY) 144 Fp A4 B ENARH 961 A ), il (o
TR I 45E B B R AR AT AN BUX Sy, FRIRAER 52 68 3 R0 e ST Sl it ) e aT A1, LAY
RN SR AR RF B
1 SKIeERs
1.1 FEHIEE

Thermo U3000 2 i AH 214X ( 3£ [E Thermo Scientific 2y &) ) . AL204 HL R (H 1 Mettler—Toledo X
28 T]) . HC-3018 il & 0L (P B RS A BR A F] ) . KQ-300DE A4 das e mA (R 1L
ERE AR E]) . WD-9403F KM (AL 5L/ — W BHE AR E) . WSB-1 B (B 578X
AT . XW-80A S 2 i liE T A CHLAR DRSS A TR 2] ) o
1.2 AFNEHEHR

FENHE AR A LB R A . 28 B 5 BBU(CAS: 16470-24-9) . 9614 A 5% SH
(CAS: 28950-61-0) . Z&YEHE K] VBL(CAS: 12224-06-5) . 7GR FAKIBSU(CAS: 76482-78-5) . #¢
G ) 134 (CAS: 3426-43-5) . 2% 0639 3 77 MST (CAS: 55585-28-9) . #¢ 3 1 7 CXT (CAS:
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Ko SCARG IR M 78 23 2R e S 5 (O R 00 ) FEAR I 144 Fh A4 BB ENAR, ARG R ILE
1, HENARTE 202343 HIW B4 — I HE, (&M% Fa R . RIECHRNE R AR5 64 4~ 5 kg,
FESFEHU A TEZEM . LR RS 134 ET .

543 3%

1 144 P ENARAY LA B,
Table 1 144 Basic information on photocopying papers
No. Brand.—series— CIE white- Manufacturer No. Brand.—series— CIE white- Manufacturer
weight/g ness value weight/g ness value
1 A B -HR3-80 79.2  INAFEERAVARRAF || 73 WEA-52-80 83.9  VTIRE I IRHE A BRA F
2 Double A-100-80 85.9  IMEIA{AIER AT A 74 HIE-FREK-T0 81.9  LIgHEBRHEATBRAF
3 DoubleA~ premi- 85.2  RiEIAMARE A R 75 SRR FE-HUH 84.7  JUARERIMFRFAGF LA AR
um—380 -80 NG
4 Staples—F14:-80 86.6 i AREARLAH 76 HHEE-bRE-70 84.9  VHLIRM A MR H]
5  Staples—ZEHf#-80  84.0 LS HIEATIRAF 77 W CAk-FREK-80  85.8  AdLE I AN SCAL AT BR
|
6 Staples—%2Ki%-70  78.9  LiF AR 78 I Ak AR -70 81.0 b3 TN STk A BR
|
7 BM-LAR-T70 82.8 LM ATBRAF] 79 I SCib- AR 82.9 LI I AN SCAL AT R
-70 |
8 EM-ERER-T0 84.3 LI A FRAFE 80 i -ii-70 79.0  HEEGHEME CEABRAT
9 GN-HFE-T70 84.3  BIFEALINABRA 81 i -ii-80 81.2  HRIA NN E SCHA R
10 HERE-4r3K-70 85.1 VLA E EGAAUHI M T || 82 MK -4%-70 79.2  HRCE MM E SCRARR AT
HIRAF
11 ERE-#aR-85 86.3  JUARILITIRARMAOL AR || 83 MiE-4%-80 81.3  ZHRUANMHSCHABRAT
VNE
12 HHRE-2£-70 86.6  JUARILIIW KRARIHLACIAFR|| 84 MK -#-70 80.8  EHIANEMH SCHABRA
|
13 HE-4175 77.0  dbmWREERERFE AR || 85 MiE-H#-80 80.0  EHRUENMESCHABRAT
NE
14 RI-4:-70 86.0  LRIGCCHBMABRAF || 86 BIE-"KIkR-70 85.9  WHVLATIHBHE ALK A BR A ]
15 JRIG-5%-70 86.1  LRIGCCHRRABRAF || 87 BHE-f-70 85.8  WrVIBUMBH [ 4LTKA PR F
16 JRIE-%-70 86.0  DMFRIGCAMAMRAH || 88 FFlLo—fmik £-70 86.6  JTARIEYIST LA R R
NI
17 J=2-959-70 86.4  DFROGCEMAIRAT || 89 Fl-A4-70 80.8  JUARIEYIFE LR F I AT R
aEia|
18 JRJE-S16D-70 85.9  LRICCHBMARAF | 90 FFO-JH-70 86.0  JUARIRINGT O A B A7 BR
NI
19 j2t-S17D-80 86.2  LilERIESCHBMARRAR || 91 FL-ftih-70 86.5  JUARIRINST O B4 BR
I HEA ]
20 JRIE-EEI-70 86.0  LIERICSCHBMARRAF || 92 FFL-fMai-70 81.9  JTARIEYIST LA HI I R
NIV
21 RIE-EEI-80 86.8  DMFROGCEMARAT || 93 Ioit-brik-70 81.3  EEAILIG ST 4Rl A FRA
7l
22 JRIE-4-70 86.2  LRICCHBRMMABRAF || 94 HFEE-A4001-70 85.8  WIVLHUIMEHEENRIA BRA
23 JROL-H-80 85.7 D RIESCHBMARAT || 95 15 1-HiE-70 83.5  WHLT IR IR ABRAF
24 RM-ARE-70 79.6  JUARBVLRMADYARAF || 96 W RE-F-70 85.6  WIVIAUMNBAR TRABRAH
25  BERHM-EE-70 80.0  LifFAEARACI AT BRA 97 HFHE-LH-80 80.4  RHEEL R FRSAMRA
]
26 3 h-4AE41-70 82.5  WLT UM NERAMARE || 98 LA H-12-80 80.3 RS AR TR 45 A
i
27 fRH1-HE4A-70 83.6  WILTUAFHAEMARRAF || 99 #F2-4320-70 80.2  URBIEREAABRAF
28 1§J1-H4-70 86.4  WIVLT U JIERAGRAE || 100 B A-FRK-80 86.5  YLIRERIIAAZRA0I A A
Gl
29 33 -70 83.8  WHLTUAFIAEMARRAT [ 101 B A-FRE-70 86.9  VLARERGAMIRARL A FRA
]
30 AH-BiAR-80 85.8  WIVLTUEAF AEMARRAF] || 102 Wrik-tr#-70 86.3  WIVIAUMNAK R LA BRAF]
31 AJ-fHEE-70 80.8  WILT AT IERABRAF || 103 KE-FrE-80 82.9  JUARJTIM EHEE BRI AR
NG
32 RA-#8I-70 86.3  WILT AT HAEHARRAF || 104 Kik-£1-70 76.4 RSN TR AR A BR S F
33 BH-#EH-70 85.4  WILT IS HERARAE || 105 Kik-1#-70 77.1 TR ERMN KR AR A BR A
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No. Brand.—series— CIE white- Manufacturer No. Brand-—series— CIE white- Manufacturer
weight/g ness value weight/g ness value
34 BI-5H-70 86.2  WITLT IS AERIARAH || 106 Kik-4-70 76.4 AR IR AR AT B2 ]
35 HBI-BiE-70 80.3 WL T U IAERIARAT || 107 Kik-4-80 76.8  EARIN TR AR A BRAA T
36 IR E-70 85.8  WHILT AT IIAEHARR/A T || 108 REE-HitE-70 83.6  JUARERIMERE(E B ANNAT R
NEll
37 HBJ-8l8i-70 86.4  WILTUAF AEMARRAF] || 109 KEE-HiLk-70 85.9  JURIRI KA BACHAT IR
|
38 RI-#Ei-80 80.6 WL T AT IIEEHARRAR || 110 KRFE-JE-80 84.9  JUARERIERE(E B AN AR
N
39 15 5-4iKHK-80 86.1 WL TUfS HEMAGRAH || 111 KEFE-FH-80 83.6  JUARIRIF KA BACHAT IR
|
40 1B -tEE-80 87.0 WL TUAFIEHARRAF || 112 RFE-L1JE-80 84.3  JUARERIE R (G B AN AR
NG
41 H-PR-75 81.9  WIVLTUWAF AEMARRAR || 113 JIFAEM -$5r3k-70  80.9 DU AR#ARERA R A RA
Gl
42 [{H-2AK-0 83.0  WHLTHATNEMARAF || 114 PHEIA-KE-70  83.8  INARZLHFEIPAA0INA R
NG
43 HI1-ZIHE-70 83.3  WIHLTUAFHEMARRAF || 115 JRE-HR#E-70 87.4  YLIVEBASFRGLN (DA
FRZA ]
44 1871-3652-70 79.4  WHLT IR SIERARAF (| 116 #Hihr—k-70 86.3 VLI HEASFRGCN (hED A
P28 ]
45 1971-#R-80 81.1 Wi T HERARAHE || 117 JBRF-ZHKRI 81.3  JUARGEIILA FEL A FRA
-70 ]
46 1FEI-FR3K-80 83.5  dtmtdrIVAFRATE 118 WARFRIE-FZm-70 85.6  JUARYLITWE K AR LR A BR
NE
47 EE-BRER-T70 80.8 IRV E EFTENERARR|[119 W R - IR 86.3  JUARITITIE KR RAC AT BR
| -70 N F
48 JTE-BE-70 82.9 WL T UELEHIMN A MR || 120 WK AR+ T 86.7  JUARYLITWE K AR LR A BR
R-70 NE
49 MZER-£1-70 81.2 AKX FERHEARRAR || 121 WRARIE-HESC-70 85.9  JUARYLITWE R AR AR A BR
|
50  MZREK-1-80 82.0  JNESBRIAFEEMHEARAR  |[122 WRARME-55-70  84.6  JTRILI T KARIEFLOI A R
NG
51 HWH-HREK-T70 80.8  HEIRVIMA/RIERLINABESR || 123 WK AR - KB 86.4  JUARYLITW A AR L0 A BR
IR -70 |
52 T —28-70 87.1  VILAHBIFEILN(FFEDA || 124 WRAM-HIE-70  86.2 T ARILITW KR A R
FR25 ] AT
53 HTFR-RE-80 81.1  J ARMILIRRAVLABRAF [|125 WK R4 E-80 86.1  JUARYLITW R AL A R
|
54 FFR-PRE-70 81.1  JUARMBILZRCAVLABRAF || 126 ZFFE-F-160 84.0 AL G IR HA A HE]
55 HAF-HR#EK-70 81.2  HEAMAVI A FRAF 127 #4E-£1-70 86.1  LUGHLHINA A A BRAF
56 HAF-#-70 78.9  EERSAOLA R 128 PEAE-£1-80 86.9  LFHILHINA A A BRAF]
57 KA—FRIK-70 80.7  JUARAZE AN MHIE) T || 129 HEAE-TE-70 80.8  LiFBILHINA A A BRA H
58  fERE-fE-70 87.3  dtnUERE(RPEDARAHR |[130 mfE-tr#E-70 84.0  INZRIFTHRYILABRA
59 AW HE-KB-70 80.0  JUARGINEHASAE HICAH IR || 131 L7 r-#rer-80 85.4 VLRI ALK ABRAF
N H
60 SMALIE-M1104-  81.2  JUREIIGUE EBCARR || 132 M#E-$r3-80 80.0  ZHUAAES IE AL BRA F
70 |
61 SMIE-FRE-80  81.0  JTREIIGSUWETBCABR|| 133 HE-$rE-70 80.9 AL IE AT IR T
N H
62  &R-PriK-80 82.2  JTARKRZEEENBLHION|[ 134 AT A-FHEN 86.4  RHAITCINA W47 BR
HIRAH f£-70 |
63  &R-FRE-70 80.6 [ ARAZEEERBLMIL|| 135 JuiE-BiE-70 83.7 L2505 R o A BT
R A
64 SIHEA-IELk-70 84.2  VLHRIW A AR || 136 Joik-Hi5-80 82.8  LIFZLIE A G A BRA
65 & KBH-f-70 84. 1 INARTE T FHOGARH A R || 137 Jaifh-EE-70 76.3 gL A B A BRI
Gl
66 4 KBH-%%-70 84.5 IRV T PHRAUH A PR [ 138 =4 -FRrak-70 78.5  LIEEAUTHA RAFE

=i
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No. Brand.—series— CIE white- Manufacturer No. Brandh—series— CIE white- Manufacturer
weight/g ness value weight/g ness value
67 S HE-2%-70 80.6  JUARRFEEFILHATIL || 139 EE-FRE-80 79.9  VLIRES L FOR SCHE B A B
HRRA |
68 ittt 4k 80.4 |1 42 i AR A BRI 7] || 140 FUR-FRE-T70 80.9  VLIREL Ll HOB SCH I R
-70 2\ H
69 7R ntiE R 86.4  JUARILIIW KRARIHLACOI AR 141 EFE-7018-70 80.8 VLRI EESCHBM AR
=80 | |
70 AEI-$RE-70 81.9 18 SCR G A RA T 142 B F-#-70 83.8  HIRVTER LR A PR
71 AEI-EZ-80 83.5  LFESCRASAH R 143 BLHEEI-4R3-85 85.8  VLARHBIFRALN (DA
PR\ ]
72 itk Ep -8 -70 84.1  WWRFEFTRELAONA A || 144 sl fEE- 4 JE-85 86.3  YLIWE BASFRGLIN(hEDE
R )

1.3 USFITIEEH

Waters Nova—Pak C 4% (3.9 mmx150 mm, 4 wm), FZ0A A & 25 mmol/L Y T FEjR Ak 4%
(TBA) B HFE /KBS (5 0 95, PRRREL) , WA B A CHE-HBHR G (2 « 3, B . Telife)?
: 0~5min, 56% B; 5~6min, 56%~60%B; 6~ 10 min, 60% B; 10~ 13 min, 60% ~ 62% B; 13 ~
15 min, 62% B; 15~ 16 min, 62% ~ 56%B; 16~ 19 min, 56% B; HiE K 1 mL/min; FEiEM 35 °C; £
AR ARG I 38 K4 350 nm; HEREAAFN R 10 WL,
1.4 KIWHZE
1.4.1 WRERBHOEIE  WEEIFRELT ML A FIFRES S 10 mg, 503 H 40% OB KiGTH R G
BT 50 mLE OSBRI REEZE, BRI EIRE N 200 we/mL TR EShRE TR . W LR R iR
EARE AR, M 40% CIEKESIRZ RAGRE ST REIR B 0.1, 1. 10, 50, 100, 200 pe/mL IR GHR
WE TR, 4 CROGEERER .
1.4.2 HKAEERE SHIAECER™, M H WSB-1 [H BT E &R T 48k 60 B B, 12
WCHENS , AR SK, ATRACERE NS 3K, mAHCFIME, 4L,
1.4.3 RKBERPRAEEFARN HELN 15 mm AFTFLEELGREES H BN A S, BT 5 ml
WL BT, 40% ZIEKEIRE, €A E2 mL, WEIRY 1 min, #7540 min, L1 10 000 r/min
B0 S min, BTSN, SCORiR R T
1.4.4 FHEEHEMBEEER HRIERE AN REIERREMN, WERERER L, 6. 11,
16, 21, 26 5 6 M ENAR, KHHLIH 1 5RAR, FERRKRACHY L T 3B BORE ;. MRS BN AR B BLAH
65K A%, TEAHEALEBORE . WP AR | OR R IR B A TR, 25 R A B ARAIS g B B AR
ETE
1.4.5 HMKHEM/AALBELE BI85 | 29528 SHENLR, 435Kk & A REZEEHE A 74
SRICE AR IMU B A, FEIR 104,37 AbHLERE, 2 RBURE 1 IRASKE, FR A B

2 GRS

2.1 BEFHMNL

2.1.1 @iEHEMERE ALBmESE, EMEIRFRNHSEET, I T Syncronis C, (250 mmx4. 6
mm, 5 wm) ., Waters Nova—Pak C (3.9 mmx150 mm, 4 pm) . diamonsil C,;(200 mmx4. 6 mm, 5 pm) .
Shim—-pack vp- pheny1(250 mmx*4. 6 mm, 5 Mm)}d‘7f4‘%j’ﬁimlél SIS Ege f, g5 F e, % H diamon-
sil C, Fl Shim—pack vp—phenyl 73 & It H bRy (I TEHE 2 ™ 8, 92638 |1 7] VBL A BSU Je ik A 24050 5 .
Syncronis C,, il Waters Nova—Pak C B EIFH 53 B56ET1, I8R5 K AFE 7o mt H v, B H] Wa-
ters Nova—Pak C, fEA 4B AEAE(ILE 1)
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59 1) A . BRI R S ED AR b I 1 0 B SO LS S o 4 7 R 1403
2.1.2 REHERERHRMEME SLREH NS 60 3 6
hK-HEERUK -2, R4 DI SRR, 7 BLAHE

R I B 2 RS AR SE I 2800 1 . 25 DU He I ,

i) H BN S BEIR SIS R A LA, LRI 2 - H 40 5

BRI (2 3) Sy B R e, IE/EA AL .

H 58T BT RHRAFT H bR A5 . ARSLER 7

FhENEHG 1 B A =R R B, JR T B -

THIGeR, SHERLZE TN, i

S R R0 40 S, e (AT . T A UJbUJUL
ZNAH AR N TR . SEE0 RHH SR RN TR

feBxt e (R EF R R OSA —sEee, Ho T : 2 i s
%ﬁ%%%ﬂ%%ﬂoH%xEMT%ﬁ%%Wﬁﬁ BIL T i s
AfAH R G Fig. 1 Chromatogram of seven fluorescent whitening

57 AR (25, 30, 35, 40, 45 C)XF Hibx agent standards
Yoy BRI o S5 SR R, AEHER 35 Cit oy 1 BBUs 22 SH: 32 VBL: 40 BSUs 50 1345 62 MST
SRR, PRI ERER b 35 C. e
2.2 REEHMmL
2.2.1 REFIAEE 8T RERBGNE B4R 26 AR IR BUSCR , & IR BRI T
K< Bl < 25 <N, N-ZH BB (DMF) < 40% Z 5K, H DMF & P £ 4%, FiR
HH 40% CNE KA R BGH)

2.2.2 REBTEAIERE HE TR (10, 20, 30, 40, 50 min)XF U EHE A FIPEBCER B 0
L5 IR, 40 min BHPREUCER B OR M, PRI RESR T )24 40 min.

2.2.3 HUFXANEE WS pe/mLIRAPRHERE, i T 6 PSR (0. 45 pm) FIEL 5 min(10 000 1/
min) Xt H AR ORI 50 . 45580, J2 18 66(Nylon 66 ) FlIZE VU 245 5 /K JERE (PEFE ) %1% (A 145
RERAVZIAE R, RS EF4EZF B (MCE) . ZREEIAE K BRI (PES hydrophilic) . 28 VU % £ 4 SR /K DR
(PTFE hydrophilic) . B{IELF4EIENE (Glass fiber) F1E5 07 R HA IR B 0y i 2, 2 18 30 SEI6 i A Fl i
WEPE, SR B O TS

2.3 EIMMBREMN

FEER “1.4.37 Jrik, DIBRESHHOS A ZEEHE A R 2200, Xt 6 Sk AR H- S5 ENARAY b
T I EIATERE, EALOAT. A5RER, DR R B Ta) RN T AR A AR bR AR 22 (RSD ) 4351 47 0. 030% ~
0. 85%F10. 12% ~ 2. 4%; M 6 PRS-S54 PR P S RELIME 6 5Kk 4%, FEAH RN B EURE, (58 i m) A
FLH RSD 43 31147 0. 030% ~ 0. 84%F10. 19% ~ 3. 7%.

FEHE “1.4.27 J5ik, 0 Bk 6 sk R SR RGARaR G iR 3N B T (I R, RSD 470, 040% ~
2.2%; M6 RIS A5 ENARAR S S REHLIME 6 5K AR, FEAH IO E M &, RSD 40.47%~3.3%, LLL
Bn R, R B AR AR R B T S A v A T, BOREA B B 2R A St i
2.4 FHEZFWIE

F MR T 0 RVIVPRERS A T , DI (X, pe/mL) AEEAAbR, WERIAR (Y) APk bR2s:
bR £, T 7 FhE 6 A RIB L I R AAR 5 R, S5 RN 2 . T Rhae e (B e
0. 5~200 pg/mLEH N &R ZRR I, HXZHA KT 0.999, KR 40.03~0.08 pg-ml", &
&= 0. 11 ~0.28 pgeml

25 ARG, . & 3R EEACFAOARIEZSR, ST IbRIEICsLss:, AR AT 6 1K,
I J7 7 i A RSD, £ 5 WL 3. 7 Fha@ Se3E | 70 09 Dbs [l i 284 92. 1% ~ 108%, RSD A7 1. 6% ~
5. 9%, FEHHARJ7TARENS I e SERRASI ) B
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K2 TR A R | KR B e ' PR (LOQ)

Table 2 Linear relations, limits of detection, limits of quantification of seven fluorescent whitening agents

Compound Regression equation Linear range/( ug mL™") r LOD/(pwg mL™") LOQ/(pg-mL™")
BBU Y=0.3343X+0.098 8 0.5~200 0.999 7 0. 05 0.18
SH Y=0.3831X+0.1126 0.5~200 0.999 0 0. 04 0.11
VBL Y=0.4129X-0.3341 0.5~200 0.999 4 0.07 0.26
BSU Y=0.3288X-0.3963 0.5~200 0.999 1 0. 06 0.16
134 Y=0.3027X-0.279 6 0.5~200 0.999 2 0. 04 0.11
MST Y=0.428 8X - 0.279 6 0.5~200 0.999 1 0.03 0.12
CXT Y'=0.4062X +0.493 2 0.5~200 0.999 3 0. 08 0.28

3 HENGRP 7RIS A R BRI AR bR R 22 (n=6)

Table 3 Spiked recoveries and RSDs of seven fluorescent whitening agents in copy paper(n=6)

C d Added 1 pg/mL Added 20 pg/mL Added 200 pg/mL
PO Recovery/% RSD/% Recovery/% RSD/% Recovery/% RSD/%
BBU 93.8 3.3 107 2.2 94.5 1.6
SH 106 3.0 105 3.3 95.8 3.3
VBL 93.4 3.1 94.2 3.0 95.5 3.7
BSU 92.1 1.7 108 2.8 93.7 4.8
134 106 5.9 103 5.0 101 4.8
MST 102 4.3 103 3.5 103 4.8
CXT 99.0 3.2 98.5 2.0 101 3.7
2.5 EMHRPHEAEFFIEDH
2.5.1 BREAEEF RHEELHSTIEN 144
Pl A4S EDARBE TN E , 5 7 FhbRuE XS, 3T i1
EVEE BHT, EIAE BBU, VBLAIMST 3 fh2% 5% — i
WP RE W, HI3E AR AT m AN e e, et
S48 KL TREGAZINEI AR 1L A o0 —aiety
R Atk (DLE 2) o AEah R BBU B4R B i % ' .
437, 5%; HUKHE VBLAMST RS, [ 25%, feim b, >
BBU ZYAl VBL+MST RS EN4C I 2 i 55 . Kl VBL W
HEH, Seargl 2 618 A F 0 HRaE £ B 58 VBL J#
FF2 0 MARSCRE S VBL S ERAR A 9. 7%, H 6.9%
N N 7.6% 0, 7%
LS (BT AR I A, PR, A 6% W -
ST BB R 958 e % LI 3. 15 53 40 3 g B 46 A B2 144 FREL VARSI ISR b

Fig. 2 Percentages of fluorescent whitening agent types

e, 41 5 RMEERT IS, AR in 144 types of copy paper

2.5.2 {RIBWAREAFIMENKSZE LMK
AMUEH B3PI AR, B EH HA YR,
AN[E] SRS v EEARR 1) Ge Rt b 22 A K, k1
EFRAH B RSy AR SRS s ARk, By
—8, BRI o T 4 SR T AR I3 — 25 X 5,
DI | OSORIIGE LU E R X A i, AN B0 mi A
A S E R A2, 4504, DI SRR
KZ&, W1 FRARBBURS, NI H£/RVBLE, FHRERRK
KRN, AP 415550 143 Rl ENGRIy A 44 4
AINGS, SRR 4, [R]I RT AR SR AR N AN I 4R gk 0 T AR
FIASIE], (e — 5325

SCIG % UM ) SR A S B 4Rk, AR, S

&3 4N ENARI SR AN

Fig. 3 UV fluorescence charts of 4 types of copy paper
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Fig. 4 Chromatographic peak types of 144 fluorescent whitening agent for copy paper
A: BBU type; B: VBL+MST type; C: BBU+VBL type, BBU+MST type, BBU+VBL+MST type; D: VBL+MST type

2.5.3 EMEBAERS “2.3" WgRELEN, S0
4R R AR R B R . DR B B AR A Atk X Ay
B —AN L AR B AR, S B 5
Fis, FESEAREK A A B EE DL 83 AR, /AT
W B 144 FhE ENAR A EE(E A AL 83. 2, FHATK
SroMWIRE, <83.2°—2%, >83.2 85—, 4ifK4
SrREER VBB HEMR) /32K, MEAPIR, >83.2
ARk 5 Bl ok gt fa . R — 1T RS A
RBAAJFS, PO —/DNEPEE2RI; B RARA
B, WX /N HAEAE 1Rt BT ol
JE B AR5K 7 R 53 FP . MST B34 A R i i, At
MST R ENAR A FEE &, PR 2TE > 83.2; H AR

[ /

15.0%
5 10.0%
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’\\/// TTiI T
B nr N N |

e (1R RENNE Y
77~78 79~80 81~82 83~84 85~86 87~88

CIE whiteness value

Quantities Percentage

5 144 FPEENAR A REE AR e oAl
Fig. 5 Frequency distribution of whiteness values of 144

kinds of copy paper

MST £ B3 R, EENEARE A B WAL, 48RARS: > 83. 2. BBU MY FH &LRAS I MST Al VBL,
BBU B ENARHY H FEAE R T3 <83. 2. ARsKHY FH BEEAMN 5906 AR R R A 5, 18 53 A B
DEAHSE, AR AR, TEARI TP ARSI R T LU S ARsk 1 . BEBE IR A 3G I, 4Rk
HesArERE i, BRI, EEREDE AR A S

2.5.4 SHRPEAEAFNSEETNENVSAR

ARSRACIS TR QREFAESE A IRSRAT T, 203

HRI SRR, S, SEEGKERZE . nTIRIEZEOEE B R AR TS DL EARSK A AL ]
SISO B 1) 8558 A BRI o R 3 P AT BN RO 4RSK , 7RSS AMSO P BHLUR FHDEUE T2



1406 SRR 9434

s, 10 d, BINARH IO AR E RIS, M 6 R, ERIMTHERIES T, 3
TR A ARk LU B T LR R AR B, I R & B AR s, EE AR R8N . 295 VBL
RIAGKREVE R R, VBLEE TRE T 74. 7%, HEE TR T 9. 20 SCRUEN] 1 FI SO0 A R W4tk E
JCHSS TR B T A

K4 144 FE ENLRIY 73 825 2R
Table 4  Classification results of 144 copying papers

FWA Number Chromatographic peak type
BBU 57 [-a
93 I-b
6 I-c
54, 60, 62 [-d
70 [-e
78, 80, 82, 84, 129, 132, 139, 140, 141 1-f
68 I-¢
111 I-h
1, 4, 24, 25, 26, 27, 38, 44, 47, 51, 55, 56, 67, 68, 74, 81, 83, 85, 89, [-i

97, 98, 99, 104, 105, 106, 107, 113, 117, 133

137 |
43, 79, 103, 135, 136, 142 I -k
VBL 12, 123 I-a
11, 49, 53, 95 I-b
118 I-c
7, 116 I-d
29, 52 II-e
50, 76, 114 -
MST 34, 39, 90, 102, 124, 125, 128 M-a
144 -b
28, 110 M-c
BBU+VBL 101 V-a
2, 3, 35, 59, 63 V-b
61, 138 V-c
45, 100 V-d
46 V-e
BBU+MST 10, 42, 64, 72, 73, 92, 112, 131 V-a
65, 66 V-b
VBL+MST 19, 22, 32, 33, 94 Vi-a
16 VI-b
36, 37, 77 VI-c
17, 58, 69, 87, 120, 127 VI-d
15, 18, 71 Vi-e
30 Vi
121 VI-¢
48 VI-h
119 VI-i
14, 91 VI
20, 21, 23, 40, 86, 88, 96, 115, 122 VI-k
75, 108, 130 VI-1
BBU+VBL+MST 109, 126, 134 VI-a
8, 9 VI-b
5 VI-c
143 VI-d
13 VI-e
VOID 41 -

*: the whiteness value of the paper sample greater than 83. 2 is marked green in the table

2.6 =BIMHA

202442 H3 H, RARINEMER: AR 5E R TIEESITMHTARGES ), $nh
ZHINBEAR B, WEERIR T, SRR R 2. 47 BZRIERNA TR, AR 26 A
R EE . TE45 U A E e U Y BBU (18, 415 pg/mlL) , (A REERART 1-i, A0 A BESOU A 1 B



559 BN R RO A R AR I FN AR SO 1 7R B HAE ST TS S vp Bl I T 1407

B 479, /NT83.2; Hp4 i RIMAIEEIRRE, SHMNZEHE B RMIAEE, WEEII/N, il
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Fig. 6  Graded diagrams of fluorescent whitening agent content and whiteness value of the progression of the graph
A: No.89-BBU; B: No.29-VBL; C: No.28-MST
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Fig. 7 Comparison of the chromatograms of the first (A) and second pages(B) of the employment contract
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