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ABSTRACT

The method of determination of fluorescent whitening agents (FWA) in paper containers
for food was studied. Samples were assessed in accordance with official procedures. The treat-
ed gauze was extracted by dimethylformamide, evaporated to dryness, and then analyzed by
HPLC. The extracted FWAs were separated with Prodigy 5 pm ODS (2) column using acetoni-
trile: 0.01 M sodium dihydrogen phosphate (35:65) as solvent. For spectrofluorimetric detec-
tion, an excitation wavelength of 340 nm and emission wavelength of 430 nm were used.
Applying the above HPLC method, fifty samples of paper containers for food were analyzed.
No residue of FWA was detected in any sample .

Key words: high performance liquid chromatography (HPLC), fluorescent whitening agents,

paper containers for food.

INTRODUCTION

Fluorescent whitening agents (FWAs), which
are a class of synthetic dyes, are capable of
absorbing UV light at the range of 350~360 nm
and emitting visible blue fluorescence at 420~450
nm. Using these dyes, not only the bluish hues in
white color are compensated but also the intensi-
ties of visual reflection are enhanced. In terms of
whitening mechanism, FWAs optically increase
the feeling of whiteness but do not show any
bleaching effect, a chemical destruction of pig-
ment(D. Because of these properties, FWAs have
been widely used in textile, paper-making, soap,
and detergent industries. FWAs are categorized

into six groups by their basic chemical structures.
They are (1) stilbene, (2) coumarin and quinolone,
(3) pyrazoline,(4) naphthalamide, (5) benzoxazole
and benzimidazole, and (6) distyrylbiphenyl.
Many derivatives from above basic structures
have been found and most of which are from stil-
benes. FWAs are safe due to their low toxicity®.
The acute toxicity study showed the LDso of
FWAs were higher than 7000 mg/kg. Subacute
and chronic toxicity studies as well as other spe-
cial toxicity tests indicated no tumor and intoxifi-
cation symptoms occurred. Besides, no data
showed the immigration effect on derma when
human body exposed to the textiles treated with
FWA:s.
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FWAs as food additives are prohibited
although they are low in toxicity®. For chemicals
serving as food additives, the safety and necessity
issues need to be addressed. However, FWAs are
mainly used as dyes rather than food additives.
They are, therefore, restricted from being used in
food. Furthermore, FWAs are not allowed to be
used in food packages or containers for fear of
contaminating food matrix. According to the regu-
lations of food hygiene in Japan, FWAs are
restricted as additives in any packaging materials
that may come in contact with foods®. Therefore,
in Japan FWAs are strictly prohibited from being
used in paper containers such as paper plates,
paper cups, and meal boxes.

Qualitative analysis of FWA was routinely
performed using a spectrofluorometric method in
accordance with Chinese National Standard® and
a method announced by the Department of Health
®, Test sample was soaked in ammonia water in
which a gauze was placed to absorb the com-
pounds of interest. The treated gauze was adjusted
to pH 3~5 followed by a heating process prior to
spectrofluorometric detection at UV 365 nm. This
method, however, only gives a qualitative data.
The identification of individual FWA need to be
further carried out by either Thin Layer
Chromatography (TLC)"-'9 or High Performance
Liquid Chromatography (HPLC)(!-1%), The pur-
pose of this study was to search for an ideal ana-
lytical method based on TLC or HPLC. The
developed method was expected to be an official
method for the identification of FWAs in food
containers. The commercial paper containers
including paper plates, paper cups, and meal
boxes were also sampled and analyzed for the
FWAs residues. Analytical results could be a ref-
erence for the consumers and related authorities.

MATERIALS AND METHODS

L. Source of Test Samples

Fifty test samples including 20 paper plates,
25 paper cups, and 5 meal boxes were purchased
from supermarkets and retailers in Taipei during
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October, 1996 and May 1997.
IL. Source of FWA Standards

FWA standards were obtained from various
sources as listed in Table 1 and were numbered as
FB24, FB28, FB71, FB85, FB90, FB119, FB121,
FB257, FB263, FB266, and FB351 based on a
color index.

II1. Analytical Methods
(I) Thin-Layer Chromatography (TLC)

1. Device

UV lamp (Chromato-VUE, C-70G, UV
Viewing System) was a product of UVP Co.
(USA)

2. Reagents

The reagent grade Ammonia water, hydrogen
chloride, dimethylformamide, acetone, benzene,
diethanol amine, tetrabutylammonium iodide,
acetylacetate, and 1,4-dioxane and LC grade ace-
tonitrile and methanol were obtained from E.
Merck Co. (Germany)

3. Preparation of Sample Solutions

A TLC method based on the Health
Department Ordinance No. 762034 was adopted
®). Test samples were soaked in ammonia water
(pH 7.5~9) containing a FWA-free gauze (2 x 4
cm) at room temperature for 10 min. The ammo-
nia water was then acidified to pH 3~5 with one
drop of hydrogen chloride followed by a bath in
water at elevated temperature for 30 min. The
treated gauze was then washed with water and
extracted with 50 ml of dimethylformamide for 5
min. Dimethylformamide phase was evaporated to
dryness under vacuum. The extract was then
reconstituted with 30% acetonitrile solution,
which was then filtered through a 0.45 um mem-
brane. The test solution was thus prepared and
ready for TLC analysis.

4. Identification of FWA
A silica gel plate (silica gel 60, Art.5748, E.
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Merck, Germany) and six solvent developing sys-
tems were tested in this study according to the
method of Ganz et al®. Developing solvent sys-
tems were as follows: (1) acetone: benzene: water:
25% ammonia water: tetrabutylammonium iodide
(70/20/7/4/2, viviviviw); (2) acetone: water: 25%
ammonia water: tetrabutylammonium iodide
(90/4/10/2, v/viviw); (3) acetone: benzene: water:
25% ammonia water: tetrabutylammonium iodide
(90/5/4/10/2, viv/viviw) (4) 1,4-dioxane: benzene:
methanol: 25% ammonia water (40/50/20/10,
v/viviv); (5) acetone: benzene: 10% diethanol
amine (90/25/10, v/v/v); (6) benzene: acetylac-
etate (95/5, v/v). After developing, the spots were
located under UV light and those developed com-
pounds were tentatively identified by comparing
the relative mobility of samples with that of stan-
dards.

(II) High Performance Liquid Chromatography
(HPLC)

1. Device

(1) Spectrophotometer: Spectronic 300 (Milton
Roy Co., Oostende, Belgium)

(2) Fluorescence spectrophotometer: F-4500
(Hitachi Co., Tokyo, Japan)

(3) High performance liquid chromatography:
Shimadzu LC-10AT solvent delivery system
equipped with a Shimadzu SPD-10A UV-VIS
detector and a RF-530 fluorescence detector
(Shimadzu Co., Kyodo, Japan)

(4) Integrator: Shimadzu C-R4A (Shimadzu Co.,
Kyodo, Japan)

(5) HPLC column: Prodigy ODS-2, 5 pm 4.6 mm
x 15 cm, Phenomenex Co. (CA, USA)

2. Mobile Phase Preparation

The mobile phase was prepared by mixing
acetonitrile and 0.01 M sodium dihydrogen phos-
phate (35/65, v/v) followed by filtered through a
0.45 um membrane prior to injection.

3. Preparation of the Standard Stock Solution

FB266 (100 mg) and other FWAs (10 mg of
each) were individually weighed into a 100 ml of
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brown volumetric flask. A solution of acetonitrile:
water (30/70, v/v) was then added to the volume.
The standard stock solutions of FB266 with a con-
centration of 1000 wg/ml and other FWAs each
with a concentration of 100 pg/ml were thus pre-
pared.

4. Preparation of Sample Solutions

Sample preparations were carried out by TLC
method as described above.

5. Standard Curve Plotting

The standard stock solutions of FB28, FB90,
FB119, FB121, and FB257 were diluted to series
concentrations of 0.01, 0.02, 0.05, 0.1, 0.2, 0.5,
and 1 pg/ml; and those of FB24, FB8&5, and
FB263 were diluted to the concentrations of 0.02,
0.05,0.1,0.2, 0.5, and 1 pg/ml. Stock solution of
FB71 was diluted to the concentrations of 0.005,
0.01, 0.02, 0.05, 0.1, 0.2, and 0.5 pg/ml; while
stock solutions of FB251 and FB266 were diluted
to a series concentrations of 0.001,0.002, 0.005,
0.01, 0.02, 0.05, and 0.1 ug/ml and 25, 50, 100,
200, 400, and 800 pg/ml, respectively. Ten pul of
each diluted solution was injected to HPLC and
each injection was carried out in triplicate. Eleven
standard curves on the basis of peak areas vs. con-
centrations were thus plotted.

6. Compounds Identification

Ten pl of sample solution and standard solu-
tion was individually injected and compounds of
interest were tentatively identified by comparing
the retention times of unknown peaks to those of
standard peaks. Analytical conditions for HPLC
were as follows.

Column: Prodigy ODS-2, 5 um 4.6 mm X 15
cm

Mobile phase: acetonitrile: 0.01 M sodium
dihydrogen phosphate (35/65, v/v)

Detector: fluorescence detector with excita-
tion wavelength at 340 nm and emission wave-
length at 430 nm; and UV detector at 350 nm

Flow rate: 1.0 ml/min

RESULTS AND DISCUSSION
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Table 1. Color index, chemical class, commercial name and source of fluorescent whitening agents

Color index Chemical class Commercial name Source

FB 242 Bistriazinylamino-stilbene BB Taiwan Sugar Industry
Co., Ltd.

FB 28 Stilbene - Aldrich Chem. Co.

FB 71 Stilbene DMS-X Ciba-Geigh Co.

FB 85 Bistriazinylamino-stilbene ~ — Formosa Chemicals &
Fibre Corp.

FB 90 Bistriazinylamino-stilbene ~ BS Kuang Chuan chemistry
Co., Ltd.

FB 119 Stilbene Blankophor REU Bayer Taiwan Co., Ltd.
FB 121 Stilbene Blankophor DCB Bayer Taiwan Co., Ltd.
Ultra Fine
FB 257 Coumarin Blankophor ANR Bayer Taiwan Co., Ltd.
FB 263 Triazinylamino-stilbene Blankophor BRU Bayer Taiwan Co., Ltd.

Fluessing (liquid)
FB 266 Pyrazoline Blankophor DCR (liquid) Bayer Taiwan Co., Ltd.
FB 351 Distyrylbiphenyl CBS-X Ciba-Geigh Co.

FB24: 4,4’-bis[(4-3-sulfoanilino-6-dihydroxyethylamino-1,3,5 triazin-2- yl)amino] stilbene-2,2’-disulfonic
acid disodium salt.
FB 28: 4,4’-bis[(4-anilino-6-dihydroxyethylamino-1,3,5 triazin-2-yl)amino] stilbene-2,2’-disulfonic acid dis-

odium salt.

FB 71: 4,4’-bis[(4-anilino-6-morpholino-1,3,5 triazin-2-yl)amino] stilbene-2,2’-disulfonic acid disodium
salt.

FB 85: 4,4’-bis[(4-3-anilino-6-hydroxyethylamino-1,3,5 triazin-2-yl)amino] stilbene-2,2’-disulfonic acid dis-
odium salt.

FB 90: 4,4’-bis[(4-anilino-6-methoxy-1,3,5 triazin-2-yl)amino] stilbene-2,2’-disulfonic acid disodium salt
FB121: 4-[3-(4-chloro-phenyl)-4,5-dihydro-pyrazo-1-y1]-benzene sulfoniamide.
FB351: 4,4’-bis(2-sulfostyryl)biphenyl disodium salt.

L. Detection of FWAs in Paper Containers by TLC FB71, FB85, FB90, FB119, FB121, FB257,
' FB263, FB266, and FB351. Among 11 FWA stan-
(I) Selection of FWA Standards dards, 7 of which were well-defined with com-

plete chemical nomenclature, while the other 4
were in patent-pending and their chemical names
and structures are not yet disclosed. Based on the
color index, however, the structures of these 11
FWA standards were capable of being classified
into 8 stilbenes, 1 coumarin, 1 pyrazoline, and 1
distyrylbipheynl as listed as Table 1.

Of various FWA products, only one reagent
grade FWA made by Aldrich Chem. Co (USA)
was found. Seven imported FWAs were obtained
from Ciba-Geigy and Taiwan Byer Co. Five
FWAs were obtained from two chemical plants in
Taiwan and four FWAs were commercially avail-
able. Eleven out of 17 FWAs were determined to
be standards in this study after HPLC analysis of (I) Extraction of FWAs from Samples
those 17 collected FWAs and an exploration of
related references. According to the color index
for synthetic dyes, these eleven FWAs were num-
bered as FB24 (Fluorescent Brightener 24), FB28,

Health Department Ordinance No. 76203 ©®
was used as the method for test of FWAs in 11
standards. Four solvent systems including (1) ace-
tone, (2) methanol, (3) acetone: water: 25%
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Table 2. Rf values of fluorescent whitening agents in TLC with six kinds of developing systems?

FWA Rf Value

1 2 3 4 5 6
FB24 0.04 0.24 0.03 0.19 0 0
FB28 0.22 0.29 0.61 0.85 0.29 0.40 0.57 0.82 0 0
FB71 0.28 0.48 0.72 0.91 0.39 0.56 0.66 0.90 0 0
FB85 0.21 0.32 0.57 0.83 0.29 0.40 0.51 0.81 0 0
FB90 0.27 0.43 0.74 0.91 0.38 0.53 0.70 0.89 0 0
FB119 0.47 0.45 0.50 0.22 0.31 0.09 0.22 0 0
FB121 0.88 0.88 0.85 0.87 0.79 0.07
FB257 0.35 0.44 0.13 0.08 0.15 0 0.12
FB263 0.16 0.19 0.48 0.55 0.12 0.18 0.03 0.05 0 0
FB266 0.88 0.85 0.85 0.87 0 0.21
FB351 0.35 0.84 0.37 0.83 0 0

al: Acetone:benzene:H,0:NH,OH:tetrabutylammonium iodide (TBAI)= 70 ml:20 ml:7 ml:4 ml:2 g.
2: Acetone:H,O:NH,OH:TBAI=90 ml:4 ml:10 ml:2 g. .

3: Acetone:benzene:H,O:NH,OH: TBAI=90 ml:5 ml:4 ml:10 ml:2 g.

4: Acetone:benzene:10%diethanol amine=90 m1:25 ml:10 ml.

5: Dioxane:benzene:methanol:NH;OH=40 ml:50 ml:20 ml:10 ml.

6: Benzene:ethylacetate=95 ml:5 ml.

Table 3. The excitation and emission of the high-
est fluorescent intensity of the fluorescent whiten-
ing agents in mobile phase

FWA Excit. (nm) Emiss. (nm)
FB24 336.4 430.0
FB28 3354 431.6
FB71 336.4 431.0
FB85 332.0 431.2
FB90 334.8 429.8
FB119 333.6 428.2
FB121 362.6 452.6
FB257 358.6 445.0
FB263 335.0 429.0
FB266 363.8 441.8
FB351 345.0 426.0

ammonia water (90/10/5, v/v/v) and (4) dimethyl-
formamide were used to extract solutions from the
soaked gauze. Solvent selection was based on the
method of Ganz et al®, who used acetone and
acetone: water: ammonia water mixture to extract
FWA from mud and plant; the method of Micali et
al1? who used methanol for FWA extraction
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from detergents; and the method of Ito et al?,
who developed a FWA extraction procedure using
dimethylformamide as extraction solvent. Results
showed that FWA recovery was inconclusive
when gauze was soaked in standard solution fol-
lowed by solvent extraction with above four sol-
vent systems. However, a solution with strong flu-
orescence was observed under UV 365 nm using
acetone: water: ammonia water mixture as well as
dimethylformamide as extraction solvents.
Conversely, with the other two solvent systems,
the solution with only slight fluorescence was
detected. Acetone: water: ammonia water mixture
resulted in foaming during vacuum rotary evapo-
ration, therefore not suitable in this study.
Dimethylformamide was the best choice because
it could yield a satisfactory TLC as well as HPLC
chromatogram, and it was used in this study.

(I11) Identification by TLC

Table 2 presents the results of FWA analysis
by TLC. Solvent systems 5 and 6 failed to devel-
op 11 FWA standards, while the others were capa-
ble of developing those FWAs. The Rf values of
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11 FWAs were close, implying that TLC method
cannot be used for identification purposes but for
determining if FWAs exist in test samples.

Il. Detection of FWAs in Paper Containers by
HPLC

(I) Selection of Detection Wavelength

Eleven FWA standards were dissolved in
mobile phase and then scanned with fluoresceme-
ter and spectrophotometer. The results are shown
in Table 3 and Figure 1. In nature, FWAs exist in
trans form. However, when exposed to sunlight,
they tend to be tautermerized to cis form, which
loses the fluorescence characteristic and can only
be detected by UV detector(!3 15, Eleven FWAs
showed difference in maximum excitation and
emission fluorescence wavelengths (Table 3).
HPLC analysis achieved the best sensitivity with
excitation wavelength at 340 nm and emission
wavelength at 430 nm. Therefore those wave-
length were used in this study (Figure 2). UV
detection at 350 nm was also selected because
FWAs gave the maximum absorbance at this
wavelength as shown in Figure 1.

(I) Optimization of the HPLC Conditions

HPLC was performed based on the report of
Micali et al('?), who demonstrated an ion par chro-
matographic method, and of Tsuji et al(!®,
Reverse phase column coupled with UV and fluo-
rescence detector was adopted based on these two
publications. In the preliminary study, UV 350 nm
and fluorescence with excitation wavelength at
340 nm and emission wavelength at 430 nm were
selected. A Hibar Lichrosorb 5 um RP-18 column
kept at 60°C and a mobile phase of methanol:
water (43/57, v/v) containing 0.005 M triethyl
amine, 0.0025 M sodium acetate, and 0.0025 M
acetic acid (pH 4.5) pumped at 1.5 ml/min flow
rate were performed. In this HPLC system, FWA
standards were detected by UV detector prior to
fluorescence detector resulting in discrepancy in
retention times of peaks detected by these two
detectors. Furthermore, the sensitivity of detection
on FB257 was low. The column used in this sys-
tem was poor in FWA selectivity. As shown in
Figure 3, a satisfactory resolution between FB90
and FB266 was not achieved and the broad peaks
on FB351, FB121, and FB71 were observed.
Another HPLC system, in which a Prodegy 5 um
ODS(2) column and a mobile phase of acetoni-
trile: 0.01 M sodium dihydrogen phosphate
(35/65, v/v) were carried out, was capable of

1
[
09 ¢ FB90
08 | o FB24
a FB28
0.7 r x FB7I
§ 0.6 x FB85
_‘.é’ 0s k- o FB351
2 + FBI119
<04 - FBI2I
03 | - FB257
02 | ¢ FB266
o FB263
0.1
0 1 1 1 1 1 L L 1 1 1 )
300 310 320 330 340 350 360 370 380 390 400 410 420
Wavelength (nm)

Figure 1. UV absorbance spectra of fluorescent whitening agents.
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2
) 03]

Intensity

300.0 350.0 400.0 450.0 500.0
Wavelength (nm)

Figure 2. Fluorescence spectra of FB90 in mobile

phase.

(1) Excitation spectrum at 430 nm emission, (2)

Emission spectrum at 340 nm excitation.

ey

0 s 10 15 20 25 30 35 40
Retention (min}

Figure 3. Chromatograms of a standard mixture
of fluorescent whitening agents determined by
HPLC using Lichrosorb RP-18 column.

(1) Detection with excitation 340 nm and emis-
sion 430 nm, (2) Detection with UV 350 nm.
HPLC conditions: column, Lichrosorb RP-18 5
um (4.6 mm x 250 mm); mobile phase, methanol:
H,0 (43:57) containing 0.005 M triethylammoni-
um chloride, 0.0025 M sodium acetate and 0.0025
M acetic acid; flow rate, 1.5 ml/min; temperature
60°C; detector, (1) fluorescence detector (Aex:
340 nm, Aem: 430 nm), (2) UV detector 350 nm;
injection volume, 10 pl.

Peaks: 1, FB24; 2, FB119; 3, FB263; 4, FB85; 5,
FB28; 6, FB90; 7, FB266,; 8, FB351; 9, FB121,
10, FB71.
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Figure 4. Chromatograms of a standard mixture
of fluorescent whitening agents determined by
HPLC using Prodegy 5 pm ODS (2) column.

(1) Detection with excitation 340 nm and emis-
sion 430 nm, (2) Detection with UV 350 nm.
HPLC conditions: column, Prodegy 5 um ODS
(2) (4.6 mm X 150 mm); mobile phase, acetoni-
trile: 0.01 M NaH,PO, (35:65); flow rate, 1.0
ml/min; detector, (1) fluorescence detector (Aex:
340 nm, Aem: 430 nm), (2) UV detector 350 nm;
injection volume, 10 pl.

Peaks: 1, FB24; 2, FB119; 3, FB263; 4, FBS8S5; 3,
FB28; 6, FB257; 7, FB90; 8, FB351; 9, FB71; 10,
FB121; 11, FB266.

yielding a satisfactory resolution and detection
sensitivity on these 11 FWAs as demonstrated in
Figure 4. Figure 5 shows the effect of acetonitrile
on capacity factors (K’) of FWAs. K’ value
decreased with increasing acetonitrile concentra-
tion. A tailing effect on peaks was observed when
30% acetonitrile was used (data not shown).
Figure 6 demonstrates the effect of sodium dihy-
drogen phosphate concentration over the ranges of
0.005~0.05 M on the K’. Results showed that K’
decreased when the concentrations of sodium
dihydrogen phosphate were lower than 0.01M.
While in higher concentrations (> 0.01M), the
orders of some peaks in retention time changed,
resulting in a confusion in peak identification.
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Therefore, a concentration of 0.01M sodium dihy-
drogen phosphate was selected in this study
because it was capable of giving an optimum K’.

(III) Solubility and Stability of FWAs

40

30 F

25 F

20

Capacity Factor (K")

10

25

ing agents.

40F

Capacity Factor (K')
— N [3o] w w
w o w o w
T T T T T

o
T

45
Acetontrile (%)

Figure 5. Effect of acetonitrile concentration (in mobile phase) on capacity factor (K’) of fluorescent whiten-

50
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Acetonitrile: water (30/70, v/v) solution
showed best solubility of FWAs, followed by
methanol, water, and acetonitrile. The solubilities
in above solvents were 96, 85, 74, and 30 mg/ml,
respectively. Among FWAs, FB266 gave the low-

—o—FB24
—8-FB119
——FB263
~—+—FB85
—6—FB28
—e—FB257
—=—FB90
—+—FB351
-—»—FB71
—+—FB121
—»—FB266

60 65

——FB24
—8-FB119
—&—FB263
—e—FB85
—o—FB28
—e—FB257
—=—FB90
——FB351
—»—FB71
—+—FB121
—%—FB266

<-tL.'I ©

0.01

0.02

0.03
NaH,PO, Conc. (M)

0.04

0.05

0.06

Figure 6. Effect of NaH,PO, concentration on capacity factor (K’) of fluorescent whitening agents.
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Time (day)

Figure 7. Stability of fluorescent whitening agents exposed to sunlight.

Table 4. Linear response of fluorescent whitening
agents determined by HPLC

FWA Slope Intercept r

FB24 1712436 27684 0.9995
FB28 3613161 34656 0.9983
FB71 4913520 62211 0.9990
FB85 894576 15444 0.9995
FB90 1788919 38147 0.9992
FB119 3183552 14965 0.9997
FB121 2738073 17343 0.9998
FB257 2450804 24949 0.9994
FB263 804820 18906 0.9994
FB266 2618 1024 0.9996
FB351 52152403 7117 0.9991

est solubility. HPLC detectable level for FB266
was higher than 10 ppm due to low solubility of
this FWA.

In terms of stability, fluorescence intensity of
FWAs decreases with the exposure time under
sunlight due to a tautomerism from trans to cis
form, an isomer with lower fluorescence intensi-
ty(13: 19, The light effect is more pronounced on
coumarins(") and triazin-amino stilbenes. In this
study, stability of these 11 FWAs was tested in the
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same solvents as solubility study. Stability of
these FWAs under sunlight exposure is demon-
strated in Figure 7. Results showed FWAs were
poor in stability, especially FB85 and FB257,
which reduced down to 2% after exposure to sun-
light for only one day. Our study showed that
standard solution can be stock for one week when
kept in brown bottle at refrigerated temperature.

I11. Standard Curve Plotting

Table 4 shows the linear response of FWAs
over the range of 0.01~1 pg/ml for FB24,FB28,
FB85, FB90, FB119, FB121, FB257, and FB263,
of 0.005~0.5 pg/ml for FB71, of 0.001~0.1 pg/ml
for FB351, and of 25~800 pg/ml for FB266. A
satisfactory linearity with regression coeffi-
cience(r) higher than 0.99 for all FWAs was
achieved.

IV. Detection Limit of Instrument

The limits of detection (S/N = 3) for HPLC by
fluorescence detector to FWAs with 10 pl injec-
tion were 0.01 ppm for FB24, FB85, and FB263,
0.005 ppm for FB28, FB90, FB119, FB121, and
FB257, 0.002 ppm for FB71, 0.0005 ppm for
FB351, and 10 ppm for FB266.
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Our study showed that TLC could only be
used to determine the existence of FWA in sam-
ples. Further identification of FWAs requires
HPLC. HPLC with UV detection was not capable
of revealing all tested FWAs compared to HPLC
with fluorescence detection. The satisfying analyt-
ical results were obtainable when fluorescence
detector coupled with a Prodegy 5 um ODS(2)
column and a mobile phase of acetonitrile: 0.01 M
sodium dihydrogen phosphate (35/65, v/v) were
used.

V. Investigation of FWA Residues in Commercial
Paper Containers

The method developed in this study could
efficiently identify the FWAs in samples.
Investigation of FWAs in commercial products
were also carried out. No FWA residues were
found in 50 collected samples including paper
plates, paper cups, and meal boxes. A periodical
or sporadic inspection of commercial containers is
strongly suggested in order to prevent FWAs from
being illegal used although there was no FWA
found in this investigation. The current HPLC
method can still be used for the identification of
other FWAs, which are not analyzed in this work.
The extraction method needs further refinement in
order to accurately quantify FWAs in samples.
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