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3.1.6

3.4.7
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consists of automatie"dcgasser, inar; tosampler, column thermostat,
diode-array dete ahd fluor e detector;and mass selective detector
with electrosprz i72 nterface. Agilent, Technologies, USA.

Milli-Q, Ultrap atér Sysiemsy with\Millipak® 40 Filter Unit 0.22 pm,

A ‘G Ca@ge Hol¢ o@ies USA with C18 High
Performance guaré lumn, E. Merc&})armstadt Germany.

A Watﬁ %&l@% E 46l DOMWVIIOBN, |With Pressure Regulator,

MllhporalI USA.
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7 mm Spring Clamp) for HPLC mobile phase filtration, Millipore, USA.

3.1.9 Volumetric flasks 10.00 and 25.00 mL.

3.1.10 Beakers 10, 50, 150, 250, 600, and 1000 mL.
3.1.11 Round bottom flasks 50 and 100 mL.

3.1.12 Conical-bottom glass centrifuge tubes 15 mL.

3.1.13 Round-bottom glass centrifuge tubes 50 mL.
3.1.14 Graduated cylinders 10.0, 50.0 and 100.0 mL.
3.1.15 Volumetric Pipettes 10.00 mL.
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3.1.16 Micro-pipettes and tips.

3.1.17 Glass column with PTFE stopcock.

3.1.18 TLC aluminum sheets, silica gel 60 F254, E. Merck Darmstadt, Germany.

3.1.19 Filter Membrane 47 mm, 0.45 um, type Teflon and Nylon, Agilent
Technologies, USA.

3.1.20 Syringe filter, Nylon 13 mm, 0.45 um, Agilent Technologies, USA.

3.1.21 HPLC vials 2 mL with caps, Agilent Technologies, USA.

3.1.22 N; Gas 99.99% purity, TIG, Thailand.

A/
All glass apparatus & in detergent, rinsed with double

_J

distilled water and then Wluﬁﬂn sw used.

3.2 Chemicals

Bisphenol-A-(3-chloro-2-
hydroxypropyl) ~ glycidyl /" ethée<

hydroxypropyl) ether (BADGE@})% E nol-A-(2,3-dihydroxypropyl) glycidyl

ether (BADGE.H,0) Bisphenol-A-bis(2.3-dihydroxyptody)) cther (BADGE.2H;0),
Bisphenol-A-(3-chlord-2-h

(BADGE.HCL.H,0), Iisphenol-F-g ycidyl ether (ﬂTDGE), Bisphenol-F-bis(3-

chloro-2-hydro )EI;“ gﬁe mgl;ilh Bisphenol-F-bis(2,3-
dihydroxypropqﬁ 3 gzm c pe ﬁrity of 97, 95, 99, 97,
97,98, 97, 95, and 97%, respectively were supplied.by Fluka Chemika, Switzerland.

ARIANTIIUAATIVE TR E

3.2.2 Organic Solvents

droxypropyl) ether

Hexane, ethyl acetate (J. T. Baker Chemical Company, Deventer, Holland),
tetrahydrofuran (E. Merck, Darmstadt, Germany), and fert-butyl methyl ether (Fluka
Chemika, Switzerland) were analytical grade (AR Grade). Methanol and acetonitrile
were HPLC grade purchased from J. T. Baker Chemical Company, Deventer,
Holland.



28

3.2.3 Reagents

Hydrochloric acid, acetic acid, di-sodium hydrogen phosphate dihydrate, and
sodium chloride were analytical grade supplied by E. Merck, Darmstadt, Germany.

Anhydrous Sodium sulfate was purchased from J. T. Baker Chemical Company,

Deventer, Holland.

3.2.4 Silica gel 230-400 mesh, E. Merck, Darmstadt, Germany

3.2.5 Bisphenol-F-diglycidyl @ W (Thai Epoxy CO., LTD.)

3.3 Preparation metwnct.ﬂwmncn, and
BFDGE.HCL% - v

The non-symme

ether (BFDGE.H;

(BFDGE.HCI) and I opyl)-(2,3-dihydroxypropyl)

ether (BFDGE.HCLH, not com i lable. They were prepared and

purified in-house for use.

lycidyl-(2,3-dihydroxypropyl)
-2-hydroxypropyl)  ether

BFDGE.H;0

BFDGE (6.24Q 0.02 mol) was dissolved in tettahydrofuran (THF) and added

to 20 mL of 3:éf e 'cgaii ﬂ EIMF %(ﬁture was stored for 3 days at ambient
temperature ( ng t elexiract dﬁl';l f‘llﬁS mL tert-butyl methyl
ether (MTBE). The combined extrdcts were washed three timesgwith 10 mL each of

8% solony Wickiphad ik vipbisd 1 st b spidu b dhining BFDGE,
BFDGELZO and BFDGE.2H,0 was separated on a silica gel (230-400 mesh) column

using hexane/ethyl acetate (1:6 v/v) as eluant.

BFDGE.HCI

BFDGE (3.12 g, 0.01 mol) was dissolved in THF and added to 10 mL of 1.5%
v/v HCI in THF (0.005 mol). After 2 minutes, the products were extracted and washed
as in previous procedure. The extract containing BFDGE, BFDGE.HCI, and
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BFDGE.2HCI were separated on a silica gel column using hexane/ethyl acetate (4:1

v/v) as eluant. The fractions containing BFDGE.HCI] were combined and evaporated
to dryness.

BFDGE.HCLH,O

BFDGE (6.24 g, 0.02 mol) was dissolved in THF and added to 20 mL of 1.5%

v/v HCI (0.01 mol). The mixture was stored for 3 days at ambient temperature. The

products were extracted and washed as f ined previously. After evaporation to

l columa in order to remove the

The fractions bined and tested for their

chromatographic pro detection, excitation and
emission wavelengths d UV detection at 227 nm.

Characterization was

95%water-acetonitrile (10 mM anmnf T2 2 ate) and (B) 5%water-acetomtnle (10
= ..-—,f —
mM ammonium ag}te) at flow rate{ ‘

positive-ion mode elgCtrospray ionizatiol lows: the drying nitrogen gas
OC.

the capillary was held af a=constant potential of 3,500 V relative to the potentlal of

o G 1) BN ) B G o i

fragmentatlon

ARAINITUURIINYIAY

3.4 Praparatlon of Standard Solutions

temperature was set a&SO - capill@ region equaled 10 L min™;

3.4.1 Stock Standard Solutions in Acetonitrile

The 1,000 ppm stock standard solutions of each compound were prepared by
dissolving 0.0100 g of each standard and diluting them to the mark with acetonitrile in
10.00 mL volumetric flasks.
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3.4.2 Stock Synthesis Solutions

The synthesis solutions were prepared by dissolving all of the obtained paste
(0.0623, 0.2057, and 0.1652 g for BFDGE.H,0, BFDGE.HCI, and BFDGE.HCIL.H,0

respectively) with acetonitrile in 25.00 mL volumetric flasks.

The 1000 ppm synthesis solutions of each compound were prepared by

pipetting 602, 182, and 227 pL of BFDGE.H,0, BFDGE.HCI, and BFDGE.HCL.H,0

respectively into each stock solu%‘uﬂ} a 2 mL vial and diluting to 1,500 pL

with acetonitrile.

'—'

3.4.3 Mixture Solution '

The 10.0 ppm of

of mobile phase in . der to obtain the optimum H conditions. 5 pL of the

:;i“r;i;‘tf‘mﬁ?mm’ Wi “if’“iiii;‘;‘ifi;i,;“f;
P m%ﬁ“ﬁ“é“% ASElmiAnuqay

3.6 The Study of Selectivity Evaluation of the HPLC Condition

The selectivity is the ability of an analytical method to differentiate and
quantify the analyte in the presence of other component in the sample. In this study,
the selectivity of HPLC was determined by the peak retention time, resolution, and
UV spectra at 227 nm of each analyte at the optimum chromatographic condition in

Table 4.3. The results are shown in Table 4.4.
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3.7 The Study of Standard Calibration Curves

The procedure to study the calibration curves of standard BADGE, BFDGE

and their derivatives can be described as followed:

3.7.1 The concentrations of standard solutions: 0.0160, 0.100, 0.200, 0.400, 0.600,
0.800, 1.00 ppm were injected respectively into HPLC under the optimum
condition (Table 4.3).

3.7.2 The relationships betwe

and peak area were plotted. The

intercepts, slopes, - icients from each curve are

The procedure for '7 6 i standard BADGE, BFDGE

3.8.1 The concentrations Andard sc utions: 0.0160, 0.100, 0.200, 0.400, 0.600,
0.800, 1.00, 3 00, 5. %1.9_94 and 10.0.ppm were injected respectively into

3.8.2 The relationsHips

I
intercept, slope :

area were plotted. The

and correlation coefficient of al¥’compounds are summarized

mmﬁﬂﬂﬁﬂﬂﬂﬁWﬂﬂﬂi
K iﬁ%&‘ﬁ“%ﬁﬁrﬂﬁwﬂﬁ"s

The detection limit and quantitation limit of the instrument were defined as the
amount of analytes in standard solution that yield as peaks at signal-to-noise ratio

equal to 3 and 10, respectively. The procedure can be described as followed:

3.9.1 The 10.0 ppm standard ﬁﬁxture soluticn was prepared from respective 1,000

ppm stock solution.
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3.9.2 The 1 ppm standard mixture solutions and of concentration below 1 ppm were
prepared by diluting 10.0 ppm of standard mixture solution from step 3.9.1
with methanol.

3.9.3 The standard mixture solution from step 3.9.2 was injected into HPLC system
under the optimum condition (Table 4.3). The peak signals of each compound
were measured from the chromatograms.

3.9.4 The detection limit and quantitation limit of each'compound were determined

from the concentration that gave the peak signal as high as 3 and 10 times of

the baseline signal, respecti ,
3.9.5 Thae detection limit @J &) each compound are illustrated in

Table 4.7. —

3.10.2 10.00 mL of the extractpd sferred into a 50 mL round bottom

e __, .
flask and extrﬂted again with 1{ 00 mL of vl methyl ether.

3.10.3 The new fraction (10.00 mL) was h the fraction from step 3.10.2
and removed tlgsolvent on a rotary evaporator tairyness at 34 °C.
3.10.4 The remdte was éxtracted three times-with 5.00 mL methanol.

3.10.5 The m &Lt%%e&lcmlﬁew g(ﬂrﬂgnd bottomed flask and

the solvent was removed on & rotary evaporator to drynessat34 °C.

3.10.6 %%a alﬂlﬂg ws%s’ﬁﬂ@%qal Hd then filtered
tl?rough 0.45 pm filter for HPLC analysis.

3.11 The Effect of Acidity on Aqueous-Based Samples

The effect of acidity on aqﬁeous—based samples was studied in lychee in syrup

matrix by comparing sample blank, spiked sample, sample bank (adjusted pH), and
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spiked sample (adjusted pH). Sample preparation procedure can be described as

followed:

3.11.1 Sample blank was prepared by extracting 10.00 g of homogenized lychee with
15.00 mL acetonitrile and 10 g sodium chloride.
3.11.2 10.00 mL of the extracted solution was transferred into a 50 mL round-bottom

glass tube.

3.11.3 After extracted as per step 3.11.2, the sample was extracted again with another
ion was combined with the fraction
as added to the solution.
dary@t 34°C
ar a ;

3.11.5 The dried residue was¥e-dissolved in 1.00.mL methanol and filtered through
0.45 pm filter for HPL.C 3 -

15.00 ml of acetonitrile.

from step 3.11.2 an

3.11.4 The solvent was

3.11.6 Spiked samples wgfe §

d mixture solution to 10.00 g

homogenized sample of standard equal 10-fold
MQL.
3.11.7 Each spiked samp by procedure in step 3.11.1 to

3.11.8. |
3.11.8 For sample blank (adiuste L | spiked sample (adjusted pH), the
homogenized samples were ad| o pH 7.0 by 1.0 M di-sodium hydrogen

a1 o 3.11.5.

ey AT ’1ﬂ 3

The matrix calibration curve§ were studiedsin fish matrices./The procedure for

e sudblaibe e aionead] 117174 VIEL V6 E)

3.12.1 Blank solution was prepared by the extraction procedure according to the
procedure in 3.10.

3.12.2 Standard mixture solutions at 0.0160, 0.100, 0.200, 0.400, 0.600, 0.800, and
1.00 ppm were prepared using the blank solution in 3.12.1 as diluting solvent

instead of methanol.
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3.12.3 Standard mixture solutions in fish matrix from 3.12.2 were injected
respectively into HPLC under the optimum condition (Table 4.3).
3.12.4 The matrix calibration curves were constructed by plotting concentration

versus peak area. Calibration parameters of all compounds are summarized in
Table 4.8.

3.13 The Study of Matrix Effect
1 H y using fish matrix as a representative
S tlon curve of standard mixture in

methanol solution (sec:@as rfo@st the matrix solution curve

(section 3.12) using two nﬁdence level. The t-value is

reported in Table 4.9.

The matrix effect in sam:

of all samples. The statistic:

3.14 The Study of Me
The method quantitation t of analyte in spiked standard
solution that yields a peak io equal to 10. The procedure can be

described as follows:

3.14.1 The spiked

solution into

ach volume of standard

0.00 g of homogenized fish extracted by procedure in

Section

165 aﬁummm VELT st bt ot b

added to the standard solutiof.

3165 TSRk M b e RV D YR e s
Pﬁ’LC system under the optimum condition (Table 4.3). Peaks of each
compound were measured from the chromatograms.

3.14.4 The MQL of each compound was found from the concentration that gave the
peak signal as high as 10 times of the baseline signal. The result is described
in Table 4.10. ‘
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3.15 The Study of Method Detection Limits (MDL)

The method detection limit is considered the lowest concentration that can be
detected after samples have gone through the entire sample preparation scheme prior
to analysis. In this research, the method detection limit were obtained by calculation

from the method quantitation limit by using the signal-to-noise equal to 3 in Section
3.14. '

3.16 The Study of Method PWA‘W ///

Precision is thew S mults obtained from multiple
analyses of homogeneous ; i Wsion was divided into intra-

y-analyzing the same sample in

assay precision or repea
one day and intermedi i\bj;_)iamed when the assay was
performed on differ by extraction of spiked
its (MQL) and 5-fold MQL

xtractions at each level was

standard solutions at
concentration levels, as
repeated 6 times within {c]
extraction at each level was repagf@',or; 3 diffe

f f 11 A E
study. (A

5

The procedure for the l;ldy <;f metho 'pfemswn can be Mscribed as follows:

3161 For i UAINUNTNYINT

) Six spxked samples weresprepared by pipetting standard mixture solution at
RO 3 W HBAFIEAR ¢

23 Each spiked sample in step 1) was extracted by procedure in Section 3.10

3) The final concentration of each compound was calculated by using linear
equation and showed the recovery as percentage of the original spiked
concentration.

4) The intra-assay precision of this method was calculated and reported in
form of percent relative standard deviation (%RSD) of each compound.

The percent recoveries are shown in Table 4.12-4.14.
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5) For the intermediate precision, the extraction at this level was repeated on
another 2 different days. The summary of the results of 3 different days is
illustrated in Table 4.15.

6) For the higher level concentration (5-fold MQL), spiked samples were
prepared by pipetting standard mixture solution into 10.00 g each of

homogenized fish.
7) The extraction and calculation were similar to the step 2) to 5). The results
are described in Table 4.16-4.19.

3.16.2 For aqueous-based s \\\X\ ,//
1) Six spiked sa? preﬁ\redilg standard mixture solution at
5-fold MQL into ' ogenized lychee in syrup.
0 : ;

2) Each spiked s

3) The extracti
4) The calculati

3.17 The Study of Method Agmg:a;
‘:1

=l
The accuracy-of a method is

Y,

) | easured values to the true
value (concentratlon)& the samp e [C are severaaways for determining of the
method accura éssuch adfunl% e method o analyze a Certified Reference Material,

uﬂw’a 'QJ 3&'5 w&lqlmeﬁods analyzing a blank

sample spiked w1th known addition of analyte,.etc. In this rqigarch spiking was

choser e B e e Cofid P iy il nd e

second aaalytical method were unavailable at time of study.

companng Ies

The accuracy was performed by spiking analytes into fish matrices at two
level concentrations for the method of oil-in-water-based sample and extracted by the
procedure in Section 3.10 on three occasions. For the method of aqueous-based
sample, the accuracy was obtained by spiking analytes in lychee in syrup matrices and

extracted by the procedure in Section 3.11 on three different occasions. The accuracy
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of method was determined by the mean recovery for each compound and the results
are described in Table 4.24.

3.18 Sample Stability

The stability of the analytes was determined by using fish matrix spiked with
12 compounds followed by normal extraction procedure in Section 3.10. These

extracted solutions were divided into 8 v1als stored under the same conditions, and

then analyzed on different day ,\ ys period. The concentrations were
back calculated using lmear of ared standard solutions and the
recoveries were reporthtag of al spiked concentration. The
recovery results are sum i Table. 7. illustrated as control charts in

Figure 4.14-4.25.

3.19 The Study of

Robustness is t i 7 o remain unaffected by small
variations in method p Hisa sutement of the reliability of a method
Method robustness can be evaluated by vai in method parameters throughout

a known range and:determine the effect as percent retoveries of spiked standard
: evaporation temperature and

tert-bul methyl ether) wereQudled by comparing percent

e EA L TR P
3.19.1 axclgl:e]i &ﬂﬁimmwﬂ ’tg ?]1%1’1 ﬁxﬁl solution at 5-

fo1d MQL into the 10.00 g each of homogenized fish.
3.19.2 Each spiked sample in step 3.19.1 was extracted by procedure in 3.10

number of extraction Wi

3.19.3 The extraction was repeated as step 3.19.2 but changed the following
parameters:
1) Rotary evaporator was set at 40 °C.
2) Extract with fert-butyl methyl ether 1 times (30 mL).
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3.19.4 The final concentrations of each compound were back calculated using linear
regression. Percent recoveries of the original spiked concentration are
summarized in Table 4.27.

3.19.5 The data were compared with normal procedure by two tailed paired r-test at

95% confidence level. The t-values are reported are reported in Table 4.28.

3.20 Determination of BADGE, BFDGE and Their Derivatives in Canned
Foods

‘were randomly selected from

s were divided into 4 parts:

3.20.1 Analysis of oil-in-w#

Fifteen types of canned fog

Sardines in tomato Saucg % ,.1 ‘
. 2 .. J‘l all £

Green curry fried sardine éqtfx :

Tom Yum sardines .;"“ jﬁ" "'*

o

Pork green curry TG < g
Tuna steak 3 _,,L.n;ﬁ-r.f ‘Y \/

Tuna with ginger :—?_ _
Seasoned vegetariz
Chuchee sardines
Vegetarian

s Veﬁmmmmm NS

11. Chicken red thlck curry

e SN I NRINYIN Y

13. Beef I\/?asman curry
14. Tuna steak in brine
15. Tuna with chilli basil leaf

2 B Py e B e

The procedure for determining of BADGE, BFDGE, and their derivatives in each

canned food sample can be described as followed:
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1) The whole content of each can was homogenized and a portion of 10.00 g of
the homogenized sample was extracted according to the procedure 3.10

2) The peaks obtained from the chromatogram were matched against the
retention time and the UV spectra of standard compounds.

3) The concentration of each compound was calculated using the external

standard calibration method. The results are summarized in Table 4.29

3.20.2 Analysis of aqueous-based foodstuff

Ten types of canned foods were ¢ ’ ,//
1. Orange juice /

. Tomato juice
. Coffee

2

3

4. Carbonated beverages
5. Lychee in syrup
6. Mustard green le
7. Rumbutan in heavy
8
9

The quantitation procedure w Section 3.20.1 while the
whole content of eaeg can was homogenized and Jlaomon of 10.00 g of the
homogenized sample was'extracted accordi %ﬂo the procedure in 3.11. The results are

st in B b4 /) EJ NINEINT
NURIINYIAY

1)1 Lids were opened less than half and rinsed with soapy water. After drying,

f?‘up yicar

rinsed with hexane to eliminate fat or oil.

2) Filled can with acetonitrile to known proportion of 50% internal volume,
so that the solvent was in contact with half of the surface of all parts.

3) Extraction was performed for 24 hours at room temperature.

4) The extract was injected into HPLC and calculated the concentration by
using the external standard calibration method. The results are described in
Table 4.30 and 4.33.
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3.20.4 Beilstein test

Beilstein test was used to check the presence of chlorine in the coating. Some
lacquer was scraped from the metal surface. A copper wire was heated above the blue
flame and then the lacquer was picked up and burn on the flame. A green color flame
showed that the coating had chlorine or “Beilstein-positive” as shown in the
APPENDIX C compared with the Beilstein-negative. The Beilstein test results are
shown in Table 4.31 and 4.34.

AULINENINeINg
ARIANTAUNNINGAE
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