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ABSTRACT

DEVELOPMENT OF A SIMPLE, SELECTIVE AND SENSITIVE
FLUORIMETRIC METHOD FOR THE DETERMINATION OF

BISPHENOL A IN WATER FROM DIFFERENT SOURCES

CHONG YEW WENG

It is suggested that in hydrochloric acid mediungré is a competition
between BPA and Rh6G for the reduction of hydraxglicals. Fluorescence
guenching of Rh6G is therefore inhibited. Combinedh fluorescence
spectroscopy which offers excellent detection kmit the determination of
trace amounts of organic compounds, the conventiBeaton-like reagent
was applied to the determination of BPA in real gke®. The fluorescence
spectrometer was operated at excitation waveleBd¢th nm and emission
wavelength at 547 nm was used for detection. Amoped reaction condition
was obtained by investigating the optimum conceioima of reagent
concentrations and reaction condition. The optishizencentration of HCI,
Fe(lll), H,0, and Rh6G was 9.38 x 10 M, 0.1953ug/mL, 4.59 mM and
23.49 x 10 M, respectively. The optimized reaction time wasi@utes and
reaction temperature was 60 °C. A gquenching step imaluded in the
development of methodology in this project by tldeiton of pentetic acid at
the end of the reaction, which greatly improves iiasurement precision.

The calibration curve was rectilinear using the hodtof Least-Squares and



the linear regression formula produced is 4.3912x8842 with a coefficient
of determination,R? value of 0.9966. The method presents an instrurhenta
LOD and LOQ of 4.2 and 13.9 ug/L, respectively.i®ghase extraction
(SPE) was developed with a two step washing stepetoove as much
impurities as possible employed using 20 % metha8®I|% water solution
and 5 % ethyl acetate: 95 féhexane solution. Then, a 20 % ethyl acetate: 80
% n-hexane solution was used for elution. The SPE phaeeshows high
recovery of 89 + 5.5 %. The developed method wasessfully applied to
BPA residue in PC bottles and environmental wabertsfailed for canned
foods. Then, the measured results were cross-vadldaith the results using

HPLC/FLD and identification of BPA presence usinG/@!S.
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CHAPTER 1

INTRODUCTION

Bisphenol A (BPA) is now deeply imbedded in thequats of modern
consumer society, not just as the building bloakgolycarbonate plastic but
also in the manufacture of epoxy resins and othstips, including
polysulfone, alkylphenolic, polyalylate, polyessyene, and certain
polyester resins. Extensive research on BPA has teeducted in the last 50
years (Nagelet al, 1997; Newboldet al., 2009; Oehlmanret al., 2009;
Palanzaet al, 2002). The pharmacological test results fromamajtudies
indicates that consumer exposure to BPA at comagois normally
experienced in daily living does not pose a riskhtonan health (USFDA,
2008; European Commission, 2010; EFSA, 2008b).@nother hand, minor
toxicological studies indicate potential risks tantan health (Petret al,
2002; Vom Saal & Welhsons, 2006; Zoelkgral, 2005; Akingbemiet al,

2004).

1.1 Bisphenol A

Bisphenol A or 4,4-dihydroxy-2,2-diphenylpropane&ommonly
abbreviated as BPA, is an organic compound with pkenol functional
groups. It is a difunctional building block of seakimportant polymers and

polymer additives. BPA is one of the highest voluohemicals in the world



(Burridge, 2003). The molecular structure of bigmhleA is shown inFigure

1.1

CH3

CHs

Figure 1.1:  Molecular structure of bisphenol A

Bisphenol A is used primarily to make plastics, aptbducts
containing bisphenol A-based plastics have beeommerce for more than
50 years. It is a key monomer in production of gpsins(Ubelacker, 2008)
and in the most common form of polycarbonate pta@iliance Polymers,
Inc., 2009). Polycarbonate plastic, which is claad nearly shatter-proof, is
used to make a variety of common products includialgy and water bottles,
sports equipment, medical and dental devices, Hdifiitags and sealants,
eyeglass lenses, CDs and DVDs, and household @hgzdr Epoxy resins
containing bisphenol A are used as coatings orirtside of almost all food

and beverage cans (Erickson & Britt, 2008).

1.2  Bisphenol A Based Polycarbonate

Polycarbonate is mainly a condensed polymer of Heispl A and
carbonyl chloride or diphenyl carbonate. Polycadies are an unusual and
extremely useful class of high heat polymers kndamtheir toughness and
clarity. Since it is transparent, has excellentthessistance and impact

resistance; polycarbonate plastic is suitable taded in both beverage and



food containers. There are two polycarbonate matwufag methods. They
are Solvent Method (Interfacial Polycondensationyl Melt Method (Ester
Interchange Method). In the solvent method, polyoaate was produced by
the reaction of BPA with carbonyl dichloride ami the melting method,
polycarbonate was produced by reaction of BPA aimhethyl carbonate

(Polycarbonate Resin Manufacturing Group, 2007).

In the polycarbonate resin production process,ethera stage to
remove non-reacted BPA and other non-reacted sulestabut they cannot be
removed completely. It should be the reason thatetramounts of BPA
remain in polycarbonate products. During the mactufing process of
polycarbonate products, free BPA residues mighgresent in the product due
to improper manufacturing condition standards oobfgms during the

manufacturing process (Polycarbonate Resin Manufiact Group, 2007).

1.3  Bisphenol A Based Polymeric Coatings

Food and beverage cans often have an internal golgncoating to
protect the food and prevent undesirable interastioetween the metal from
the can and the food. The polymeric coatings ataliyshighly cross-linked
thermoset resins that can withstand typical prasgssonditions (1.5 hour at
121°C). BPA is a starting substance used in theufiaature of most types of
epoxy resins, which are then cross-linked and usedoat food cans.

However, if bisphenol A diglycidyl ether (BADGE) waised as an additive to



scavenge hydrogen chloride in these coatings, uesiof BPA, as unreacted

starting material in the BADGE, may be present d@mnet al.,2002).

1.4  Human Exposure and Detrimental Effects of Bispheno”h

The widespread exposure of BPA to humans is maiadgyto its use in
the production of a large variety of consumer potgluChildren, infants and
unborn babies face the greatest risk from expogutkis endocrine disruptor
as they do not have the biological resistance ofadnlt human. As
polycarbonate is commonly used in making drinkiggipments such as baby
bottles, water bottles and water containers whidphenol A derivative based
epoxy resin is used in can line coating and desgalants, it has been shown
that BPA leaching can occur when they are beingteéce with high
temperature or extreme pH (let al, 2008; Bredeet al, 2003 Munguia-

Lopezet al, 2007).

The first evidence of the estrogenicity of bispHeAocame from
experiments in the 1930s in which it was fed torm@omized rats (Dodds &
Lawson, 1936; Dodds & Lawson, 1938). The affinify BPA for estrogen
receptor is about 10,000 to 100,000 fold weakem that of estradiol, so it has
been considered a very weak environmental estrogwever, a large
number of recentn vitro studies have shown that the effects of BPA are
mediated by both genomic and non-genomic mechanisitts the disruption
of cell functions occurring at doses as low as (Mdm Saal, 2006). Recent

studies also indicate the potential of BPA at jper-trillion levels to cause



disruption of thyroid functions (Zoelleat al., 2005), proliferation of prostate
cancer cells (Wetherilet al, 2002) and blocking testosterone synthesis

(Akingbemiet al, 2004).

In its risk assessment on BPA, the European Foddtysauthority
(EFSA) set a Tolerable Daily Intake (TDI) of 0.0%llgram/kg body weight
for BPA. The TDI is an estimate of the amount ciudstance, expressed on a
body weight basis that can be ingested daily ovelifedime without
appreciable risk (EFSA, 2008a)n 2008, EFSA reaffirmed this TDI,
concluding that age-dependent toxicokinetics déifees of BPA in animals
and humans would have no implication for the defantertainty factor (UF)

of 100 and in turn for the TDI (EFSA, 2010).

The specific migration limits (SML) specify the aomd of a chemical
that is permitted to migrate into foodstuffs. Therré@pean Commission
Scientific Committee on Food (EC SCF) has estabtish specific migration
limit (SML) in food of 0.6 mg/ per kg of food in ¢hCommission Directive
2004/19/EC (The Commission of the European Comnait2004). In
August 2004, the European Normalization Instit@&N) published a testing
standard containing a requirement for a migrationit lof BPA of 0.03ug/mL
from thermoplastic drinking equipment (European @Guttee for
Standardization, 2004). Debate continues on whahdssafety limit of this

compound.



1.5 BPA Exposure to the Environment

BPA can contaminate the environment either diyect through
degradation of products containing BPA, such asawdmrne plastic trash
(Barry, 2009). As an environmental contaminants tbtompound interferes
with nitrogen fixation at the roots of leguminouamts associated with the
bacterial symbionSSinorhizobium meliloti Despite a half-life in the soil of
only 1-10 days, its ubiquity makes it an importaoliutant (Foxet al.,2007).
Studies also indicate that it can currently be &um municipal wastewater

(Barry, 2009).

A 2009 review of the biological impacts of plastieis on wildlife
published by the Royal Society with a focus on #idee(both aquatic and
terrestrial), molluscs, crustaceans, insects, disth amphibians concluded that
BPA have been shown to affect reproduction in @itlied animal groups, to
impair development in crustaceans and amphibiams taninduce genetic

aberrations (Oehlmaret al.,2009).

1.6 Problem Statement

At present, separation, identification and quacsifion are carried out
using expensive chromatographic methods such asM&C-GC-MS, LC
coupled to fluorescence or electrochemical detecti®he high costs,

time consuming and need for trained techniciansehaade it difficult for



popularization especially in the small/medium indas$ sector that wants to

run indoor screenings for BPA.

1.7  Objectives of the Research

The main aim of this work is to determine the antaafnleaching of
bisphenol A in water from polycarbonate drinkinghtaners, canned foods
and also from different water sources. For this,dha following objectives
are deduced;
> To develop the simple, selective and sensitive otktlior the
determination of BPA.
> To develop the method of sample extraction fronfed#int matrices
using SPE.

> To validate the developed method by determining lthearity,
range, limit of detection (LOD), limit of quantitah (LOQ).

> To cross-validate the outcome achieved using theeldped

spectrofluorimetric method and SPE by RP-HPLC/FLD.



CHAPTER 2

LITERATURE REVIEW

In recent years, researchers from government aggnatademies and
worldwide industries have studied the remains oARB#the environment and
the potential for low levels of BPA to migrate fropolycarbonate products
into foods. These studies consistently show thatdigtection level of BPA is
extremely low.Because of the carcinogenic, aberrant and mutademio to
human and nature, special attention has been pattiet determination of
BPA. Therefore, due to the high volume, wide spraa€e of BPA, further
development of method should be focused in termsimplicity, cost,

sensitivity and selectivity.

21 Review on Methodology Used In Determination of Mjrated

Bisphenol A

The polarity and the low concentrations of bispheAothat are
normally encountered causes significant problemdavising appropriate
analytical methods. The literatures on the analgdibisphenol A and its
derivatives reveal a wide array of techniques usepkending on the type of
sample. InFigure 2.1, the chart sums up the techniques used in detatimm

of BPA.



SOLID LIQUID

Infant formula, pasta, meat, vegetable, fruit, Soft drinks, water, soup, sauces, milk, food
fish simulants, environmental waters
SAMPLE PRE-TREATMENT
Homogeneization Filtration
Freeze drying Centrifugation
Protein precipitation
EXTRACTION
Solvent extraction (SE) Liquid-Liquid extraction (LLE)
Microwave Assisted Extraction (MAE) Solid Phase extraction (SPE)
Pressurized Liquid Extraction [PLE) Solid Phase Microextraction (SPIME)
Matrix- Solid Phase Dispersion (MSPD) Stir Bar Sorption Extraction (SBSE)
CLEAN -UP

SPE, LLE, Freezing lipid fikration

INSTRUMENTAL ANALYSIS
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LC GC IMMUNOCHEMICAL METHODS
[ |
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Figure 2.1:  Analytical methodologies for determinaion of BPA

(Ballesteros-Gomeet al.,2008)




2.2  Sample Pre-treatment

There are a wide variety of BPA sources includingsii food, canned
solid/liquid samples and environmental waters. &péeatments can be required
depending on the matrix composition; for examplebonated drinks are
degassed, protein in food requires removal thrqarglipitation and meat tissues
are crushed and freeze-dried before homogeniza@amned food containing
liquid and solid portions are usually filtered amdated separately (Ballesteros-

Gomezet al.,2008).

2.3 Extraction

Solvent extraction and solid phase extraction (S&€)the most widely
used techniques for isolation of BPA from solid digadid samples respectively.
Other techniques although scarcely used so far, impyove extraction of BPA
in terms of sample size, automation and solvenswoption (Ballesteros-Gomez
et al., 2008). Both solvent-based extraction (e.g. SE, LMAE, PLE and

MSPD) and solid phase extraction will be discusadtiis Section.

2.3.1 Solvent Extraction (SE) and Liquid-liquid Extraction (LLE)

Solvent extraction (SE) is still the most commorhtaque for isolation of
BPA from solid foodstuff, being the most effectimay to extract BPA trapped
inside the solid matrix of food using acetonitr{l@oodsonet al., 2002). Other

solvents like acetone, methanol and ethanol magp & used efficiently
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(Ballesteros-Gomeet al., 2008). Goodsort al. (2002) proposed a method for
extraction of BPA and isomers of bisphenol F fromaaety of canned products,
including fish, fruit, vegetables, beverages, sadgssert, infant formula, meat
and pasta, which were subsequently applied by Thoresal. (2005) to a wide

array of foodstuffs.

Liquid-liquid extraction is a method to separatenpounds based on their
relative solubilities in two different immiscibleéquids, usually water and an
organic solvent. Liquid foods are extracted witihyktacetate, chloroform or
dichloromethane (Ballesteros-Gometzal., 2008). Sodium sulphate anhydrous is
often added to remove trace amounts of water irthanic layer. Because of the
limited selectivity of LLE, samples with complex triaes often require extensive
clean-up. LLE can also be used in removing liplist tmay affect the stationary
phase of LC columns and also accumulating in GCil\ition port, column and
ion source. Fat removal is mainly done by liquiglild extraction with n-heptane,

trimethylpentane and n-hexane (Goodsobal.,2002).

2.3.2 Microwave Assisted Extraction (MAE)

Microwave extraction (MAE) has been used for mamarg to extract
compounds from plastics, biological samples, foodsjmal feeds, paper,
wastewater and many other types of samples. MAiased on the application of
microwave energy to the sample during extractidmctvis subsequently agitated

and heated quickly. Compared to Soxhlet extracéind sonication, it requires
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lesser solvents and also is faster and cheaper arechgo pressurized solvent

extraction (Tatke & Jaiswal, 2011)

2.3.3 Pressurized Liquid Extraction (PLE)

Pressurized liquid extraction (PLE) involves the w$ liquid solvents at
elevated pressures (1000-2500psi) and temperad@€d0 °C). Under these
conditions, solvents have enhanced solvation poavet increased extraction
rates. The use of PLE for extraction of BPA is rabet its suitability for
extraction from animal or vegetable origin has bpeoved. The solvents used
have been dichloromethane for meat (pork, meabitattuck and chicken) (Shao

et al.,2007a) and acetone- n-hexane (1:1, v/v) for figr(Tavazziet al.,2002).

2.3.4 Solid Phase Extraction (SPE)

SPE is by far the most used technique for botregteaction of BPA from
liquid foods and clean up of crude extracts aftdvent extraction. The types of
SPE are typically categorized by the type of stetig phase sorbents used. The
selection of the appropriate type of sorbent isallgudetermined by the sample

solution matrix (Ballesteros-Gomet al.,2008).

2.3.4.1Non-Selective Type of Solid Phase Extraction

There are non-selective type of stationary phadeests which are able to

separate the analyte from the matrix based on tharify. The following are
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some of the types of non-selective sorbents thatheen used in extraction of
BPA,

. Reversed-phase silica (§g SPE sorbent features a highly retentive alkyl-
bonded phase for nonpolar to moderately polar camgs®. It has been proposed
for the isolation of BPA from mineral water and @génLambert & Larroque, 1997) and
powdered milk (Maragoet al.,2006).

. Divinylbenzene/N-vinylpyrrolidone copolymer The hydrophilic N-
vinylpyrrolidone polymer affords good wetability ¢fie sorbent and acts as a
hydrogen acceptor, while the hydrophobic divinytbeme polymer provides
reversed-phase retention of BPA. OASIS HLB cargiglfrom Waters has been
applied to the isolation of BPA from the leachatigioated from empty pet food
cans with distilled water (Kang & Kondo, 2002) addnking water and soda
beverages (Shaat al.,2005).

. Multi-mode phases (Isolute multi-mode catridges) have also been
proposed for isolation of BPA from instant coffé@afg & Kondo, 2002). Isolute
multi-mode catridges combine cationic, anionic amah-polar functionalities.

Recoveries in coffee ranged from 85 to 89% (Badiest-Gomeet al.,2008).

2.3.4.2Selective Type of Solid Phase Extraction

A variety of highly selective SPE sorbents havenbdeveloped that are

suitable for determination of BPA from complex saesp thus performing

extraction and clean-up in one step. The followamg some of the documented

selective sorbents that have been used;
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. Restricted access materials (RAMsS)RAMs combine size exclusion of
protein and other macromolecules with the simulbbaseenrichment of low
molecular mass analytes at the inner pore, whiehretained by conventional
mechanisms (hydrophobic, ionic or affinity intefans) (Souverairet al., 2004).

A RAM (Lichrosphere RP-18 ADS from Merck) has beesed for the
simultaneous on-line SPE-LC-MS/MS analysis of BPAther phenolic
compounds and triclocarban in breast milk etel, 2005).

. Immunosorbents (ISs)are made by covalently bonding antibodies onto
an appropriate support. They provide unique sefiégtbn the basis of molecular
recognition, which is particularly suited to compk®od matrices. Recoveries of
BPA strongly depend on the food matrix, 103% indansoft drink (Braunratiet

al., 2005) and 74-81% in wines (Brenn-Struckhofova &Hhdia-Markl, 2006)
have been reported.

. Molecularly imprinted polymers (MIPs) are synthetic polymers having
molecular recognition ability for a target analy¥@Ps offer some advantage over
ISs such as stability against organic solventsngtiacids and bases and heating.
This technique has been used by Ztual., (2009) from Nanjing Medical
University with recoveries of BPA from shampoo,tbhttion and cosmetic cream

were 97.3, 92.1 and 87.3% respectively.

2.3.5 Less Common Extraction Techniques

Miniaturised sorptive extraction techniques sucls &olid-phase
microextraction (SPME) (Chanet al., 2005; Nerinet al., 2002; Changet al.
2005) and stir bar sorptive extraction (SBSE) (Kgweahi et al., 2004) have the
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capability of improving the isolation and clean-ofpcontaminants from food in
terms of solvent consumption, automation and sant@edling reduction.
Likewise, matrix solid-phase dispersion (MSPD) Hzes potential of simplifying
the extraction of solid samples (Fernandagzal., 2000; Shacet al, 2007b).
However, these applications on the extraction oAB®m food are still limited

to date (Ballesteros-Gometz al.,2008).

2.4  Separation and Detection

Due to the trace levels at which BPA is frequefdiynd, the detection and
guantitation of BPA requires the use of highly e and selective techniques.
The determination of BPA is mainly carried out byltC/FL, HPLC/MS and
GC/MS. Other techniques like LC-electrochemical edgon (LC-ED) and

immunoassays have been used in a lesser extendg@abs-Gomeet al.,2008).

2.4.1 Liguid Chromatography

Determination of BPA using HPLC is usually carri@at using reversed-
phase Gg columns. Mobile phase varies according to the typdetector used.
Water in mixture with acetonitrile or methanol i@ tcommonest solvents used for
fluorescence detection. Elution conditions highlgpend on the type food
matrices and gradient elution is frequently usedemwltomplex matrices are

encountered.
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2.4.1.1High Performance Liquid Chromatography with Fluorescence

Detection (HPLC-FLD)

BPA shows native fluorescence with excitation wamgth at about 230
nm and 275 nm, and emission wavelength at aboun&f5vhich keep constant
in the solvents frequently used in LC mobile phasesnely water, acetonitrile
and methanol. The fluorescence intensity of BP/igh higher in organic media
(Figure 2.2) and thus the sensitivity of the LC will be depentddon the mobile

phase composition (Ballesteros-Gone¢al.,2008).

2500 —

1500 —

Relative Intensity

500 —

I

220 300 380

Wavelength (A,nm)

Figure 2.2: Fluorescence spectra (excitation wavelgth 275 nm) for
bisphenol A in (1) water, (2) acetonitrile and (3)methanol.
BPA concentrations : (1) 25 mg/L and (2 and 3) 1 nig

(Ballesteros-Gomeet al.,2008)

The identification of BPA in sample is only based retention times, so

the possibility of interference from other fluorest species, for example,
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bisphenol A diglycidyl ether (BADGE), bisphenol ilycidyl ether (BFDGE) or
novolacs glycidyl ethers (NOGE), should always besidered since they may
produce false-positive results. Indeed, confirnmabyg LC/MS after quantification
by LC-fluorescence detection has sometimes beerogew (Ballesteros-Gomez

et al.,2008).

2.4.1.2High Performance Liquid Chromatography with Electrochemical

Detection (HPLC/ED)

Electrochemical detection (ED) of BPA is based be well known
electroactivity of the phenolic groups presenthie tnolecule. LC-ED has been
used for the determination of BPA in biologicalidls (Inoueet al, 2000). Inoue
et al. (2000) compared the instrumental detection limit¢ained for BPA with
LC coupled to electrochemical, fluorescence and dé¥ectors. They reported
superior method detection limits for the electraulwl detector which was 3000
and 200 times lower than those obtained by UV dndréscence, respectively
using the same injection volume (Q). The main drawback of ED is that
isocratic elution is used, otherwise rather largeilédorium times will be required

for measurements if gradient elution was used @radwal, 2000).

2.4.1.3High Performance Liquid Chromatography with Mass Spectrometer

(HPLC-MS)

The use of mass spectrometry combined with HPLE remluce sample

treatment and even may enable the extraction @natyte at the detection stage
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of the method by selection of specific ions or &iians. Furthermore, clean
extracts are preferred to extend the column lifd apend less time on the
instrument maintenance. HPLC/MS based BPA methdies bigher confidence

in identification than HPLC/FLD and HPLC/EC. Comgdrto GC-MS, the time

consuming derivatization step of BPA is not reqii(Ballesteros-Gomeet al.,

2008).

2.4.2 Gas Chromatography with Mass Spectrometer (GC-MS)

GC/MS provides higher resolution and lower detectimits than LC-MS
for the determination of BPA, although the needdaderivatization step makes
the GC-based methods labour intensive and intraduesv sources of errors,
mainly due to contamination (Ballesteros-Gonatzal., 2008). Quantitation of
BPA by GC-MS requires the derivatization of the Igteain order to improve its
separation and detection. However for the confilomaof the presence of BPA,
GC-MS with electron ionization (El) has widely beesed and no derivatization

of BPA is required for this application.

Since the presence of lipids can significantly ues the analytical
performance of GC (Dodo & Knight, 1999), extensolean-up is required for
fatty foods, such as fish. Like LC-MS methods, tise of an internal standard is

common, being deuterated BPAs@nd BPA-d, are most common.
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2.5  Fluorimetric Method for Determination Bisphenol A based on Its
Inhibitory Effect on the Redox Reaction between Hydbxyl Radical

and Rhodamine 6G

Fan et al. (2006) found experimentally that hydroxyl radic@lOH)
produced by Fenton-like reagent (Fe(lll) +Cd) oxidized Rhodamine 6G
(Rh6G), causing the fluorescence reduction of Rh&@&;addition of trace BPA
has an inhibitory effect on the redox reaction. &h®n this observation, an
inhibitory kinetic fluorimetric method has been posed for the determination of

BPA.

In the work done by Faet al (2006), hydroxyl radical produced by
Fenton-like reagent oxidized Rh6G in acid mediunusea the structure
destruction and the fluorescence reduction of RH6G. possible that BPA was
involved in the reaction and competed with hydrosadicals, which slows the
reaction rate of hydroxyl radicals with Rh6G. Thesgible reaction mechanism

was suggested as follows:

Fe(lll) + H,O0, > Fe(ll) + HO, + H* 1)
Fe(ll) + O, + H 2 Fe(lll) + OH + H,0 (2)
"OH + Rh6G> P, (3)
"OH + BPA> P, 4)

Equation (1) shows the redox reaction of Fentke-lieagent, and the
hydroxyl radicals (OH) are produced in the reaction indicated by Equal). R

is the product of the oxidized Rh6G, this oxidatieffect results in the
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fluorescence reduction of Rh6G. When the BPA isedddeaction (4) occurs,
where B stands for the products of the oxidized BPA by rbygll radicals
(Katsumateet al, 2004). In a definite condition, the concentratad adding BPA
has a linear relationship with the recovery of sistem’s fluorescence (Famal,

2006).

The reactivity of iron is highly dependent upon ligand environment.
For example, chelators that contain oxygen ligaedd to stabilize Fe(lll), while
chelators that contain nitrogen or sulfur liganeisd to stabilize Fe(ll). Ligation
of iron by chelators that stabilize the ferrous nforof iron, such as
phenanthrolines, results in an increase in theatémtu potential of the iron<(+
1.1 V). Conversely, ligation of iron by chelatahat stabilize the ferric form of
iron, such as deferroxamine, results in a decrgadee reduction potential of the
iron (= -0.4 V) (Miller et al., 1990). In a study done by Graf al. (1983) and
Yoshimura et al. (1992), various types of iron chelators like
Ethylenediaminetetraacetic acid (EDTA), Diethylei@hine pentaacetic acid
(DTPA), phytic acid, and Desferal has been shown ingreased or
decreased/inhibited the generation of hydroxyl gadi Recognizing the
importance of aquo sites in transition metal caialyGrafet al. (1984) postulated
that iron requires at least one coordination di@ is open or occupied by a

readily dissociable ligand such as water or azide#talytic activity.

The use of Fenton or Fenton-like reagent has brtmsvely applied to
the degradation of environmental pollutants. Durthg time when the work

published in Faret al. (2006), it was stated that to the best of theirvkiedge,
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there is no report in the literature of Fenton-likkagent on their applications in
the analytical determination of environmental ofiggpollutants. Later on, Fan
and colleagues have also published fluorimetrichodt based on the inhibitory
effect of the redox reaction of methomyl and pehtophenol on the
fluorescent reduction of Rhodamine B as reporteBanet al. (2009) & Guoet
al. (2007) respectively. It was observed that the nebtiged in both papers also
share the same principles as for the determinadfoBPA (Fanet al., 2006),
whereby methomyl and pentachlorophenol show intibit effect in the
fluorescence reduction of Rhodamine B instead obd&mine 6G by Fenton
reagent.

A method for determination of iron in chinese hénedicine based on
the fluorescent reduction of Rh6G was also repoitedVang et al (2009),
although the method uses KI instead of hydrogewxi@e to producds anion
which subsequently reacted with Rh6G, but the jplacof the measurement is

similar with only difference in the oxidant.
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CHAPTER 3

MATERIALS & METHOD

Application of fluorescence spectrometer to detaemihe fluorescence
intensity change of Rh6G due to the effect of redeaction by Fenton-like
reagent as well as in the presence of BPA, BPAaettn by SPE, cross
validation of BPA determination by RP-HPLC and G&Mre described in this

chapter.

3.1 Reagents and Apparatus

The following are the reagents and apparatus usedonduct the

experiments shown ifable 3.1 and 3.2

Table 3.1: List of reagents

Reagent Manufacturer
bisphenol A_2,2-bis(4-hydroxyphenyl)propane Fluka

(> 99 % purity)

methanol HPLC grade (> 99 % purity) Merck
ethyl acetate analytical grade (> 98 % purity) Merc
n-hexane analytical grade (> 98 % purity) SYSTERM
acetonitrile HPLC grade (> 99 % purity) Scharlau

Filtered using Sartorius

Ultrapure water, Type | Arium DI system

rhodamine 6G chloride (> 99 % purity) Fluka
ammonium Iron(lll) sulphate dodecahydrate (> 99 % SYSTERM
purity)

hydrogen peroxide (30 % in water) Merck
sulphuric acid (97 %) Fisher Scientific

Table continue on next page
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hydrochoric acid (37 %) Fisher Scientific
sodium sulphate anhydrous) (> 98 % purity) R & Me@licals

pentetic acid (DTPA) (> 99 % purity) Merck

phytic acid (50 % in water) Nacalai Tesque

disodium salt of Ethylenediaminetetraacetic acid

(EDTA) (> 99 % purity) SYSTERM
phosphoric acid (Analytical grade 85 %) R & M Cheails
Table 3.2: List of apparatus and instruments

Apparatus Manufacturer
Volumetric flask (5 mL, 10 mL, 25 mL, 50mL andWite

100 mL) 9

Schott bottle (500 mL and 1000 mL) SCHOTT
Measuring cylinder (100 mL, 250 mL and 500 BOMEX

mL)

Transfer pipettes (1-1,0L, 20-200pL, 100-1000 GILSON

pL, 100-5000uL and 1000-1000QL)

Glass HPLC injector syringe (26.) Agilent

Reverse phase HPLC column
LiChroCART® 150-4,6 HPLC- Catridge MERCK
Purospher® STAR RP-Ehdcapped (fm)

SPE vacuum manifold set (12 port) Phenomenex
SPE cartridge (Strata C-18E, 500 mgy® 70 A, 6

Phenomenex
mL)
Cellulose acetate membrane filter (04B) Sartorius
Fluorescence Spectrometer LS
FLWinlab

4 sided Quartz cuvette (10 mm pathlength) Perkin Elmer

High Performance Liquid Chromatography 1100 Agilent
Series with Fluorescence detection (G1321A)

Analytical Injection Valve- 2QL loop (7725i) Rheodyne

Gas Chromatography with Quadruple Mass

Spectrometer Varian WS (3800GC/4000Ms) 212"
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3.2 Sampling

Three different classes of samples were chosesstahe effectiveness of
the proposed method. They are namely polycarbodiatding bottles, canned
foods and environmental water. In total, 3 typesP@f drinking bottles and 3
types of canned food were purchased whereas 5 typesvironmental water

were collected from different localiti€$able 3.3).

Table 3.3:  Samples and their designated code

Sample Brand/
picture

Description Sampling date Sample code

Location

Po%?c?aorl;?)hate PC2000A
drinking bottle Fuguang ) PC20008
PC2000C

Pogigrg‘(';nate Athletic PC650A
- Water - PC650B
drinking bottle Bottle PCB50C
250 mL PC250A
Polycarbonate - - PC250B
baby bottle PC250C

Table continue on next page
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Manufacturing/
. GPA
Expiry date:
- Green peas ST 20Nov200e/  CFB
- Tuna chunks in Mg;gifricé:;gg/ TUNAA
water TCBOY 5May2010/ UNAB
5 May 2013
- Manufacturing/
Expiry date: SHROOMA
Mushroom HOWEI 6 May 2009/ SHROOMB
5 May 2012
Tap water UTAR ™
Laboratory 1 June 2010
Lake water UTAR Lake 1 June 2010 uw
. Lata
. Riverwater — iniang  3June2010 K

Table continue on next page
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Tasik

Titwangsa 24 July 2010 'V

Lake water

Port
Sea water Dickson 24 July 2010 i

3.2.1 Food Sample Preparation

3.2.1.1For Spectrofluorimetric method

The whole content was homogenized using a Wariegdar, then kept in
glass bottles and stored at 4 °C prior to testiige to six grams of food were
weighed and shaken with 40 mL of acetonitrile iR5amL conical flask for 25
minutes on an orbital shaker at 150 rpm. The weajtgample used was noted.
This mixture was then filtered through a filter papnto a 250 mL separating
funnel. After rinsing the conical flask with 10 mif acetonitrile, 75mL ofn-
hexane was added. The mixture was shaken for 20tesrand allowed to stand
for 25 min. The acetonitrile layer was removed taiained in a 100 mL beaker,
and the n-hexane layer was extracted twice withoadeile (30 mL; 20 mL). The
solvent was evaporated from the acetonitrile extuaog an oven preset at 70 °C

attached to vacuum suction. The residue was ratatest with 50 mL water and

26



sonicated for 30 minutes. They were then loaded 8&RE cartridges. After SPE
standard operating procedufection 3.4.2 the eluent dried at 70C was
reconstituted with 10 mL deionized water before lapgon to the

spectrofluorimetric method.

3.2.1.2For RP-HPLC and GC-MS

The sampling procedure was the same as describexk.albfter SPE
standard operating procedufection 3.4.2,the eluent dried at 70C was
reconstituted with 1 mL deionized water. The retituied sample was equally
divided into two portions. One portion 50Q was kept at 4C before HPLC. For
another 50QuL was dried in a vacuum oven at 70 and reconstituted with 500

UL ethyl acetate before GC-MS measurement.

3.2.2 BPA Migrated Water Samples from Polycarbonate Bottles

Preparation

3.2.2.1For Spectrofluorimetric method

European standard EN14350-2 (European CommitteStaordardization,
2004) approach was applied to incubate water samiplethe polycarbonate
bottles. Each newly purchased bottle was first ims@e in boiling water for 10

minutes without touching the walls of the contaiteeremove the surface coating
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arising from the manufacturing processes and erthatethe materials used are
stable in boiling water. Half of volume of eachttmtvas filled up with deionized
water and incubated for 24 hours in an oven piEséd °C. After that the solution

was transferred into screw capped glass bottle.

For BPA migrated water samples from PC 650 an@5® without using
SPE, stored at°4C and designated as “whole water samples”. Foemsdample
from PC2000, solid phase extraction was carried@gbncentrate the volume of
water sample. After SPE standard operating proeeflaction 3.4.2 the eluent
dried at 70°C was reconstituted with 10 mL deionized water dadignated as

“aliquot samples”.

3.2.2.2For RP-HPLC

After incubation of water in PC bottles accordinghe European standard

EN14350-2, 1 mL each of all water samples from RID20PC650 and PC250

were kept in the sample vials without treating WBRE method and it will be

direct applied to the RP-HPLC.

3.2.3 Environmental Water Samples Preparation

3.2.3.1 For Spectrofluorimetric method

Eleven liters of environmental water sample fronthedocation was

collected and stored at 4 °C prior to testing. Fiuadred milliliters of the water
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sample were filtered through a 0.45 cellulose acetate membrane filter with
vacuum suction. The filtrate water samples undetw&PE to concentrate the
water sample volume. After SPE standard operatinggulureSection 3.4.2the
eluent dried at 70°C was reconstituted with 10 mL deionized water and

designated as “aliquot water samples”.

3.2.3.2For RP-HPLC and GC-MS

The procedure was the same as described éeatton 3.2.3.1The dried
residue from environmental water was reconstitwtgti 1 mL deionized water.
The reconstituted sample was equally divided into portions. One portion 500
uL was kept at £C before HPLC. For another 5QL was dried in a vacuum
oven at 70°C and reconstituted with 50QL ethyl acetate before GC-MS

measurement.

3.3 Fluorimetric Analysis

Characterization of the standard Rh6G and the ®eiécBPA to the
fluorescence intensity of Rh6G were investigatedingus fluorescence
spectroscopy. The investigation was carried ou@t temperature usirigerkin
Elmer LS 55 Fluorescence Spectrometeata acquisition was performed by

using FLWinlab software.
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3.3.1 Preparation of Stock Solutions for Fluorimetic Analysis

Bisphenol A first stock solution(5.05 mg/mL) was prepared by dissolving 125
mg of BPA in 25 mL of methanol. Then, 24k of the stock solution was diluted
with deionized water in a 500 mL volumetric flagkgroduce thd8PA second

stock solution (2.578 mg/L)

Rh6G stock solution (0.1 mM)was prepared by dissolving 47.90 mg of Rh6G

chloride powder with deionized water in a 1000 nallLvmetric flask.

0.6 M HCI solution was prepared by diluting of 25 mL of 37 %] with
deionized water in a 500 mL volumetric flask to quwoe 0.6 M HCI stock
solution. Thenp.06 M HCI stock solution was prepared by diluting 10 mL @ 0

M HCI solution with deionized water in a 100 mL voietric flask.

0.1 M H,SO,was prepared by dissolving 5.5 mL of 97 %58, with deionized
water in a 1000 mL volumetric flask. Then, 50 mLtbhé HSO, solution was
diluted with deionized water in another 1000 mLuwnuktric flask to produce 5

mM H,SO, solution.

0.06 M of Iron(ll) was prepared by dissolving 143.95 mg of

NH4Fe(SQ),- 12H0 with 5 mM HSQ, solution in a 500 mL volumetric flask.

0.1958 M HO, was prepared by diluting 2 mL of 30 %® with deionized

water in a 100 mL volumetric flask. This solutioasvprepared fresh everyday.
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10 mM pentetic acid stock solution was prepared by dissolving 3933¢p ah

pentetic acid with deionized water in a 1000 mLuwoétric flask.

10 mM of phytic acid stock solution was prepared by diluting 9.217 nil5@%

phytic acid with deionized water in a 1000 mL vokinic flask.

10 mM Na-EDTA stock solution was prepared by dissolving 3722¢ ah
disodium salt of ethylenediaminetetraacetic acieb{EDTA) was dissolved with

deionized water in a 1000 mL.

10 mM H3PO, stock solution was prepared by diluting 0.684 nfilpleosphoric

acid (PO, was dissolved with deionized water in a 1000 rolumnetric flask.

3.3.2 Characterization of Rhodamine 6G (Rh6G) with Fluorescence

Spectroscopy

Rhodamine 6G solution (0,2M) was produced by diluting 0.05 mL of
Rh6G stock solution (0.1 mM) with water in a 25 nablumetric flask. This
solution was then scanned with fluorescence spaetier from 200 to 800 nm to

obtain the excitation and emission spectra.
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The emission spectrum was obtained while the smutias excited at 345
nm. The emission peak wavelength at 547 nm wasdféorbe most intense and

was chosen to investigate the optimum excitationelength.

Then, the excitation spectrum was obtained by atioit of the solution
from 200 to 800 nm and the intensity of floresceeodission at 547 nm was

measured. The operating conditions for the anabfsi#h6G were stated below;

Excitation slit ; 10.0 nm

Emission slit : 3.0 nm

Scan mode : Accumulation mode, average of 3 regeszizn
Scan speed : 500 nm/min

Cuvette : 4 clear sided quartz (Suprasil), stashetatume

size 10.0 mm pathlength. Cuvette holder

temperature set at 25 °C.

3.3.3 Optimization Procedure for Fluorimetric Method

For optimization of procedure, the operating riegctvas set by adding
the stock solutions in the following order; 1.0 mL.BPA (2.578 mg/L), 0.6 mL
of Rh6G (0.1 mM), 0.40 mL of HCI (0.06 M), 0.15 noff Fe(lll) (0.06 M) stock
solutions Gection 3.3.)1. Water was added to the mark in the volumetasKl(25
mL) and it was shaken to mix well. At the same tiohenk solution was prepared

without addition of BPA.
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After the flask has been incubated in a water bat0 °C for 10 minutes,
0.6 mL of HO, stock solution (0.2 M)Jection 3.3.)1 was added to initiate the
reaction process. Finally, after 40 minutes incigbaat 60 °C, 1.0 mL pentetic
acid (10 mM) stock solutiorSgection 3.3.)1 was added, shaken and cooled down
with running water for 10 minutes. Then, the santiwas scanned with
fluorescence spectrometer from 200 to 800 nm wi80nminutes after cooling
down to room temperature. The fluorescence intgraditc47 nm was recorded.
The concentrations of the reagents and BPA werilzdéd based on the volume
of 25.6 mL (after addition of 0.6 mL of J@, stock solution) where the reaction

takes place.

3.3.4 Study of the Reagents Involvement in the Faah-like Reaction

In order to study the mechanism of the reactiodatermination of BPA,
the effect of the different reagents on the fluceese intensity of Rh6G was
tested. Five different mixture solutions were prepaby addition of the following
reagents as shown Trable 3.4 The addition of the reagents is as according¢o t
procedure described iBection 3.3.3 The excitation and emission spectrum of

these solutions was obtained between 300-400 nrd30x00 nm respectively.
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Table 3.4: Preparation of Rh6G in different reagens

Reagents

Rh6G  HCI H,0, Fe(lll) BPA

AN v ~ O O
B-B VN v O
c-c v N N O
D-D VN NN
E-E Voo N A

\/ - Sign indicates that reagent have been added
O — Sign indicates that reagent was not added

pentetic acid
(DTPA)

Designation

O|=<lol|=<lo
2lel2le 2

3.3.5 Optimization of Concentration of Reagents Involvedin Fenton-like

Reaction

The concentration of HCI, Iron (Ill), #,, Rhodamine 6G and reaction
time were optimized by varying the individual contration of reagent while
other reagent concentrations and reaction conditi@pt maintain to determine
the highest fluorescence intensity differemde between the reaction mixture in

the presence of BPA (F) and in the absence of BffA F

3.3.5.1 Optimization of HCI Concentration

Reaction mixture solutions in the presence anérates of BPA as shown
in Section 3.3.3were prepared with the addition of various voluaied.06 M
HCI as shown in Table 3.5. The end concentratidnd@ in reaction mixtures
were from O to 30.82 mM (in total volume of 25.6 nlThe fluorescence
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intensity of reaction mixture solutions with 7 @ifént HCI concentrations were
scanned with fluorescence spectrometer in the rémge 400 to 700 nm. The
fluorescence intensity at 547 nm was recorded. diffierence between the
fluorescence intensityAF of reaction mixture between in the presence and

absence of BPA were calculated to plétagainst — log [HCI].

Table 3.5: Optimization of HCI concentration for both blank and

standard solutions

Volume of HCI stock solution added Concentration of HCI

No. into reaction mixture solutions in 25.6 mL (mM)

1 0.00 0

2 0.02 0.047
3 0.10 0.234
4 0.40 0.938
5 1.20 2.813
6 4.00 9.375
7 13.15 30.82

3.3.5.20ptimization of Fe (Ill) Concentration

Six set of Fe (lll) solutions were prepared by digiig ammonium iron
(1) sulphate dodecahydratd gble 3.6 with 5 mM sulfuric acid solution in a

500 mL volumetric flask.

Reaction mixture solutions in the presence anérates of BPA as shown
in Section3.3.3were prepared with the addition of various conein of 0.15

ml HCI as shown iTable 3.6
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Table 3.6: Preparation of Fe (lll) standard solutins

Standard Amount of NH4 Concentration of Fe(lll)
solution Fe(S04).12H,0 (mQ) standard solution (mg/L)

Fe 1 143.95 33.33

Fe 2 287.82 66.67

Fe 3 431.78 100.00

Fe 4 575.69 133.33

Fe 5 719.64 166.67

Fe 6 863.55 200.00

The end concentration of Fe (lll) in each reactmixture was varied
between 0.1953 to 1.1719 mg/L (in 25.6 mL) as shownTable 3.7. The
fluorescence intensity was recorded at 547 nm.ditference of the fluorescence
intensity, AF, in the presence and absence of BPA in the reasbtutions were

calculated to plot against concentration of Fe.(lll

Table 3.7: Optimization of Fe (Ill) concentration for both blank and

standard solutions

No Addition of 0.15 mL of Fe(lll) standard Concentration of Fe(lll)

solution into reaction mixture solution in 25.6 mL (mg/L)
1 Fel 0.1953
2 Fe 2 0.3906
3 Fe 3 0.5859
4 Fe 4 0.7813
5 Fe 5 0.9766
6 Fe 6 1.1719
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3.3.5.3 Optimization of HO, Concentration

A hydrogen peroxide solution with a concentrat@in391.6 mM was
prepared by diluting 2 mL of hydrogen peroxide 38&tution with deionized
water in a 50 mL volumetric flask. In the optimimat procedure shown in 3.4.3,
the volume of hydrogenperoxide added to initiate ¢kidation reaction was set
0.6 mL. Therefore, different concentration of hygka peroxide was prepared by
mixing different volume of 391.6 mM 4@, with appropriate volume of water as
shown in Table 3.8 to obtain total volume of 0.6.mliter addition of 0.6 mL of
different concentration of #D; into the reaction mixtures prepared according to
3.4.3, the end concentrations of(d in 6 sets of reaction mixture were varied

between 1.58 9.18 mM (in 25.6 mL).

The difference between the fluorescence intenaiypf the solutions in
the presence and absence of BPA were recorded 7atngv to plot against

concentration of kD..

Table 3.8:  Optimization of H,O, concentration for blank and standard

solution

. Requiredvolume  Concentration of
Required volume

L E L T et i
1 0.10 0.50 1.53
2 0.20 0.40 3.06
3 0.30 0.30 4.59
4 0.40 0.20 6.12
5 0.50 0.10 7 65
6 0.60 0.00 0.18
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3.3.5.4 Optimization of Rh6G Concentration

The concentration of Rh6G was varied between 01893.131uM (in
25.6 mL) by addition of various volume of 0.1 mM & stock solution into the
reaction mixture solution as shown Trable 3.9 The difference between the
fluorescence intensityAF, in the presence and absence of BPA of reaction

mixture were recorded at 547 nm to plot against&®béncentration.

Table 3.9:  Optimization of Rh6G concentration for koth blank and

standard solutions

Volume of Rh6G stock

solution added into the Concentration of Rh6G
No. . : .
reaction mixture solutions (uM)
(mL)
1 0.10 0.391
2 0.20 0.783
3 0.30 1.174
4 0.40 1.566
5 0.50 1.957
6 0.60 2.349
7 0.70 2.740
8 0.80 3.131

3.3.5.5 Optimization of Reaction Time

Seven standard and blank solutions were prepared@ained irSection
3.3.3. The reaction time was varied between 10 to 70 reswwith 10 min
intervals. The difference between the fluorescantensity, AF of the standard

solution and the blank solution at 547 nm was ptbdgainst time.
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3.3.5.6 Selection of Chelating Agents

As chelating agents disodium salt of EDTA, pesté&cid, phytic Acid
and phosphoric acid were selected to determinébdis¢ chelating agent to stop
the catalytic function of Béion (Section 2.5. Stock solutions of disodium salt of
EDTA, pentetic acid, phytic acid and phosphoricdaat 10 mM concentration

was prepared as describedSaction 3.3.1.

A standard solutions containing 1Q@/L of BPA was prepared and the
reaction was undergone as showrection 3.3.3 Then, 1.0 mL of the 10 mM
pentetic acid was added into the volumetric flesthkaken and cooled down to
room temperature under running water. The soluti@s then scanned with
fluorescence spectrophotometer at the range betd@@r 700 nm. The intensity
at 547 nm was recorded at every 30 minutes interuatil 150 minutes. The

intensity at 547 nm was plotted against time fahesolution.

The same procedure was repeated for phytic agdddim salt of EDTA,
and phosphoric acid standard solution. As experiatenontrol, the same

procedure was repeated with addition of water dnbtead of chelating agent.

3.3.5.7 Optimization of the Concentration of Seleed Chelating Agent

Pentetic acid was found to be most suitable becdusan slow down the
reduction of florescence intensity compared to otielating agents. The effect

of the selected chelating agent concentration wasstigated by varying the
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concentration of solution at 10, 1 and 0.1 mM. Thibe same experiment was

repeated using the different concentrations ofgtenacid.

3.3.6 Sample Analysis Procedure for Spectrofluorimetric Method

This section describes the analysis procedure uspagtrofluorimetric
method for each type of sample after preparatioBeation 3.2.1.1, 3.2.2.1 and

3.23.1

3.3.6.1For Food Samples

The dried residue from food sample prepared asritbestcin Section
3.2.1.1were reconstituted with 10 ml water and sonicaiéls “aliquote sample”
was transferred into 25 mL volumetric flasks thaswreviously added with 0.6
mL of Rh6G (0.1 mM) , 0.40 mL HCI (0.06 M) and 0.t of Fe(lll) stock
solution (0.06 M), topped up to the 25 mL mark withter and shaken. After the
flask has been heated in a water bath at 60 °@Famninutes, 0.6 mL of D,
stock solution was added to initiate the reactimtess. Finally, 1.0 mL pentetic
acid stock solution (10 mM) was added after 40 ne@sushaken and cooled to
room temperature with running water, scanned witioréscence spectrometer
and the emission intensity at 547 nm was recortlbed procedure was repeated to

obtain triplicate results.
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3.3.6.2 For Water samples from PC bottles (PC650 drPC250)

Firstly, 0.6 mL of Rh6G, 0.40 mL HCI and 0.15 mL Bg&(lll) stock
solutions were transferred into 25 mL volumetriasks, then the “whole water
sample” from PC650A (described $ection 3.2.2.1was used to top up to 25 mL
mark and shaken. After the flask has been heatedwater bath at 60 °C for 10
minutes, 0.6 mL of kD, stock solution was added to initiate the reacpimtess.
Finally, after 40 minutes, 1.0 mL pentetic acidc&tsolution was added, shaken
and cooled to room temperature with running wageanned with fluorescence
spectrometerand the emission intensity at 547 nm was recordé® same
procedure was repeated to obtaitriplicate result. The overall procedure was
repeated for water sample from PC650B, PC650C, BE23C250B and

PC250C .

3.3.6.3For Water samples from PC bottles (PC2000)

The dried residue from PC2000 samples preparetsibed irSection
3.2.2.1were reconstituted with 10 ml water and sonicatéiis “aliquote sample”

was used for spectrofluorimetric method as desdrib&ection3.3.6.1

3.3.6.4For Environmental Water

The dried residue from environmental sample pegbaas described in
3.2.3.1were reconstituted with 10 ml water and sonicatéls “aliquote sample”

was used for spectrofluorimetric method as desdrib&ection 3.3.6.1.
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3.3.7 Preparation of Calibration Solutions to Prodee Calibration Curve of

Bisphenol A for Fluorimetric Method

Six standard solutions with different concentrasiof BPA were prepared
as described ir8.3.3. Standard solutions containing BPA at concentratioh
10.0, 20.1, 40.3, 60.4, 80.5, and 100g7L were prepared by addition of 0.1, 0.2,
0.4, 0.6, 0.8, and 1.0 mL respectively of BPA secstock solution (2577.5
ug/L). Five separate preparations for each standaldtion was measured.
Eleven replicates of blank solutions (without BPWgre also prepared as

described irSection 3.3.3.

All the solutions were then scanned with fluoreseespectrophotometer
at the range between 400 — 700 nm. The differemterden the fluorescence
intensity, AF of the standard solution and the blank solutiorb4f nm was

plotted against BPA concentration.

The limit of detection (LOD) is defined as LOD =885 where &is the
standard deviation of the regent blank (n = 11) largdthe slope of the calibration
curve. The limit of quantitation (LOQ) is defined &0Q = 10§k (Fanet al,

2006).

3.4 Solid Phase Extraction (SPE)

The SPE cartridges with 500 mg of;sC(endcapped) packing were

purchased from Phenomenex. A 12 port SPE vacuumifoidrattached to a
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vacuum pump was used to process up to 12 sampterat The sample loading
volume of the SPE cartridges was extended usingmb®yringe tubes attached

together with adaptor.

Standard BPA solutions used for the developmerBRE were 20, 200
and 500ug/L. To prepare these standard solutions of BPi§uats of the second
stock solution (1026ug/L) were diluted with deionized water in 25 mL
volumetric flasks as shown ifiable 3.10 Weight of bisphenol A stock solution
transferred to prepare these standard solutiosiso@n inTable 3.11(Appendix
A). Each of the solution was injected into HPLC/FLDrice before SPE

extraction (operating condition of HPLC/FLD 8ection 3.5.

Table 3.10: Preparation of bisphenol A standard saitions for development

of solid phase extraction

Standard Volume of BPA (1026ug/L) Final BPA

solutions concentration (ug/L)
SPE 20 0.5 mL 20.0
SPE 200 5.0 mL 204.9
SPE 500 12.0 mL 499.8

3.4.1 Development of Sample Pre-treatment using $lPhase Extraction
(SPE)

There are 4 steps in SPE extraction procedurehwaie CONDITION,
LOAD, WASH and ELUTE. The method development of 8fE focuses on the

optimization of the WASH and ELUTE step.
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For the CONDITION step, initially the conditioningf the packing
involves activating the sorbent ligands by flowittgough 6 mL of methanol,
then conditioning the sorbent with 6 mL of watestlbsteps at a flow rate of 1-2
mL/min under vacuum suction. Then, 1.0 mL of SPB &@s transferred into a
50 mL beaker and diluted up to 50 mL with watereTweight of SPE 500
transferred was noted. This solution was then ldad® the cartridge at a flow

rate of 2-3 mL/min for the LOAD step.

The development of the WASH step involves usinghaweol: water and
ethyl acetate: n-hexane solution. methanol: waikitions at a ratio of 0, 10, 20,
30, 40 and 50 % (v/v) were prepared by dissolvirty 0.0, 2.0, 3.0, 4.0 and 5.0
mL of methanol, respectively with deionized waterai 10 mL volumetric flask,
respectively. ethyl acetate: n-hexane solutiorssratio of O, 5, 10, 15, 20, 30 and
40 % (v/v) were prepared by dissolving 0.0, 0.9, 1.5, 2.0, 3.0 and 4.0 mL of

ethyl acetate, respectively with n-hexane in a 10volumetric flask.

For the first WASH step, 6 SPE cartridges pre-loagiéh 1.0 mL of SPE
500 were washed with 5 mL of 0, 10, 20, 30, 40 &Ad% methanol: water
solution, respectively at a flow rate of 1-2 mL/mirhe cartridges was then dried
under vacuum air flow for 40 minutes, then BPA vehsted into 10 mL glass
vials with 5 mL ethyl acetate at a flow rate of r2/min. The eluate was then
dried in an oven set at 70 °C attached to vacuuatiosu One milliliter of
deionized water was used to reconstitute the resahd shaken in a sonicator

until the residue completely dissolved and the Wemf water was noted. Each
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sample was then injected into the HPLC/FLD andrdwvery percentage from

the procedure was calculated.

It was found that cartridges washed with 20 % mmthaolution still
retains > 90 % percentage recovery of BPA and vhasen to proceed to study

the second WASH step.

For the second stage of the WASH step and ELUTIR, st@other 7
cartridges washed with 20 % methanol: water satutibhen, BPA was eluted
with 5 mL of each 0, 5, 10, 15, 20, 30 and 40 %letlcetate: n- hexane solution
at a flow rate of 1-2 mL/min. The eluates were tdeed in an oven set at 70 °C
attached to vacuum suction. One milliliter of deren water was used to
reconstitute the residue and shaken in a sonicetitlrcompletely dissolved and
the weight of water was noted. Each sample was tinggcted into the

HPLC/FLD and the recovery percentage from the piooewas calculated

3.4.2 Standard Operation of SPE Procedure

Samples solution was loaded onto SPE cartridges fdw rate of 2-3
mL/min that were previously conditioned with 6 mtmethanol and equilibrated
with 6 mL water at a flow rate of 1-2 mL/min. Afterashing the cartridge with 5
mL of 5 % ethyl acetate in n-hexane (v/v), the gealvere eluted with 5mL of
20% ethyl acetate in n-hexane (v/v) into 10 mL secapped glass vials at a flow

rate of 1-2 mL/min. Then, the solvent was evaparai®ng a vacuum oven preset
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at 70 °C and attached to vacuum suction. The desidue in screw capped vials

was stored at 4 °C prior to testing.

3.5 Reverse Phase High Performance Liquid Chromatogphy with

Fluorescence detector (RP-HPLC/FLD)

The aqueous sample from the PC bottles or recoteditafter SPE
extraction were analyzed using a High Performariqail Chromatography with
fluorescence detection. The following column andraging conditions have been

found to be suitable for the determination of bespdl A.

Column ; Reverse phase HPLC column LiChroCART®
150-4,6 HPLC Catridge Purospher® STAR RP
18 endcapped (&n)

Column temperature : 30°C

Mobile phase : methanol : Deionized water (65):(&®cratic)

Flow rate ; 1.0 ml/min

Pressure : Approximately 163 bar

Injection volume : 2QuL

Detection ; Fluorescence detector (FLD); excitation
wavelength Ex=228 nm, emission wavelength
Em =313 nm

PMTGain for FLD 12

Detector response : 2 seconds

The peak for bisphenol A has been found to haveetention time of

approximately 5.1 + 0.2 minutes (referRigure 4.16in Section 4.7)
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3.5.1 Optimization of RP-HPLC/FLD Operating Conditions

Adjustments to the HPLC such as flow rate, mobileage ratio and
column temperature were performed. The settingth¢ofluorescence detector

were done to achieve the lowest instrumental detetmit of BPA.

The most sensitive detection wavelength in detgdtie presence of BPA
was investigated. A standard BPA solution of 1@fL was injected into the
HPLC to determine the most intense excitation amisgon wavelength in the
200-400 nm range. To determine the wavelength okiimam emission, an
emission scan was obtained in the range of 280RBOMY setting the excitation
wavelength at 230 nm. Then, an excitation scanokéasined in the range of 200-
285 nm with 313 nm as the emission wavelength. &tation and emission

scan spectrum were analyzed using 3D Plot in thenGlkation software.

For determination of suitable detector response tithe peak width at
half height of the BPA peak was measured. A detetine constant that is
approximately 10% of the minimum peak width at hha#ight in a normal
chromatogram was chosen to obtain the highest Isigrreoise ratio of the

analyte peak, (Hinshaw, 2001).

3.5.2 Preparation of BPA Stock and Standard Solutios for HPLC Analysis

To prepare the first BPA stock solution, 12.50 nigosphenol A was

dissolved with HPLC grade methanol in a 25 mL vadtmc flask. A second BPA
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stock solution was prepared by diluting pD of the first stock solution with
water in a 25 mL volumetric flask. The first stosédution (0.5014 mg/mL) and
second stock solution (1.025 mg/L) were stored & 4and free from light. In
order to determine the accurate concentration ®BRA solution prepared, all
volumes of liquid transferred were weighed and tbem temperature was

measured.

To produce the calibration graph of peak area agaioncentration of
BPA, 14 sets of standard BPA solutions ranging frbrh to 501.1ug/L were
prepared by transferring aliquots from the secaidkssolution (1025.6ug/L)
into 10 mL volumetric flasks and topped up withaezed water as shown in
Table 3.12.The weight of liquid transferred and calculationsdietermine the

concentration of the standard solutions are showippendix A (Table 3.11).

Table 3.12: Preparation of bisphenol A standard solutions

Volume of BPA stock 2 Final BPA
Standard solutions  solution diluted to 10 mL concentration
with water (pL) (ng/L)
Call 10 1.1
Cal 2 30 3.2
Cal 3 50 5.2
Cal 4 70 7.2
Cal5 100 10.2
Cal 6 200 20.6
Cal7 400 41.8
Cal 8 800 81.9
Cal 9 1400 143.3
Cal 10 2000 204.5
Cal 11 2650 268.8
Cal 12 3700 380.0
Cal 13 4900 501.1
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3.5.3 Determination of Standard BPA Concentration a Peak Area using

HPLC/FLD

The standard solutions from 1.1 to 50igIL of BPA in deionized water
(as described i®ection 3.5.2 were injected into the RP-HPLC/FLD. Each of the

solution was injected 5 times into the HPLC/FLD.

A calibration curve for the quantitation of bispbém was generated
based on peak area measurement against BPA camtc@mtrThe peak area
measurement from BPA standard solution with correginhs of 5.2, 10.2, 20.6,

41.8, 81.9, 143.3, 204.5, 268.8, 380.0, and 50d/ll were used.

The limit of detection, LOD was determined using telibration curve
constructed from BPA standard solutions of fivded#nt concentrations near the
estimated LOD (1.1, 3.2, 5.2, 7.2 and 1(dL). Using these data, a regression
equation Y = mX + C of the area under peak Y versascentration X is
calculated. The limit of detection, LOD is calceldtby the formula LOD =
3.3(SD/b), where SD is the standard deviation ef filee term, C and b is the
slope of the main calibration curve (Epshtein, 2004e SD was obtained by
using the LINEST function in MS Excel 2007. The ilirof quantification, LOQ

was calculated by the formula LOQ = 10(SD/b).
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3.6  Validation of Sample Preparation Procedure

After the optimized SPE procedure was establisheSlection 3.4.1 the
SPE extraction efficiency and precision were ingased when applied to

environmental, food and PC bottle samples.

3.6.1 Validation of the Sample Preparation Procedw for

Spectrofluorimetric Method

To validate the extraction procedure for environtaewater samples, 200
pL of second BPA stock solution (2.578 mg/L) weransferred into a 500 mL
beaker and diluted up to 500 mL with deionized waied filtered through 0.45

um cellulose acetate membrane.

To validate the extraction procedure for cannedi$o@00uL of second
BPA stock solution (2.578 mg/L) was added to 40 ehiacetonitrile with 10 g of
anhydrous sodium sulphate in a 25 mL conical flis&n shaken for 25 minutes
on an orbital shaker at 150 rpm. The mixture wasn tfiltered through a filter
paper into a 250 mL separating funnel. After rigsine conical flask with 10 mL
of acetonitrile, 75mL oh-hexane were added. The mixture were shaken for 20
minutes and allowed to stand for 25 minutes. Thetaadtrile layer was removed
but retained in a 100 mL beaker, and the hexaner layas washed twice with
acetonitrile (30 mL; 20 mL). The solvent was renwvieom the acetonitrile
extracts using an oven preset at 70 °C attacheddoum suction. The residue

was reconstituted with 50 mL water and sonicate@@minutes.
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To validate the extraction procedure for water bated in PC bottles
(PC2000), 20QuL of second BPA stock solution (2.578 mg/L) weransferred

into a 100 mL beaker and diluted up to 100 mL wigiionized water.

The procedure for each type of sample as mentidoeenvironmental
water, canned foods and PC bottles were repeatad Qs 500 and 100QL of

second BPA stock solution (2.578 mg/L). Each samale produced in triplicate.

For solid phase extraction, standard operating quoe 3.7.2 was
conducted. After elution, the eluate was dried gisam oven preset at 70 °C
attached to vacuum suction. Then, 10 mL of deiahizater were added to re-
dissolve the residue. It was shaken in a soniaatal completely dissolved. The
solutions were then processed for spectrofluorimetrethod as described in
3.3.3,and then scanned witPerkin ElImer LS 55 Fluorescence Spectromatet

the recovery percentage of BPA was calculated.

3.6.2 Validation of the Sample Preparation Procedw for HPLC method

The procedure is same as state®eéction 3.2.1.2, 3.2.2.2 and 3.2.3.2
except that the entire procedure for both type ahmes (canned food and
environmental water) was tested with the sampl&aoep with equivalent volume
of deionized water to investigate if there is amgifering peak arises at the same

retention time for BPA.
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3.7  Gas Chromatography with Mass Spectrometer Anakis

All the samples that were identified to contained¢tble amounts of BPA
were confirmed with GC/MS analysis. As only a snpalition of the sample was
used during HPLC analysis, 5@Q of the same sample was transferred into 10
mL glass vials and dried at 7@ under vacuum suction. The dried residue was
then re-dissolved in ethyl acetate for GC/MS analy8 Varian WS GC-MS
(3800GC/4000MS) gas chromatograph coupled to a quadropole mass
spectrometer with an electron impact ionizationrsewas used. The following

Table 3.13shows the operating conditions of the GC/MS.
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Table 3.13:

Operating conditions of GC/MS

Component Parameter
VF -5ms fused silica column (5% phenyl, 95%
Column dimethylpolysiloxane, 30m “ 0.25 mm I.D., 0.25
Hm)
Injection Split ratio 20 at initial, split ratio off after @1
mode min and split ratio 50 after 1 min
Injection 250°C
temperature
60°C for 1 min, raised to 120°C (30°C rifjrfor
GC Oven : . o o~
temoerature 3. Min: then raised to 320°C (15 °C m)rfor
P Ur® " 21.33 min and held for 5 min
Carrier gas Helium gas
Flow rate 1 mL/min
Transfer
line (GC-
MS 280 °C
interface)
temperature
Injection 2 uL
volume
Auto . .
sampler Syringe size 10 pL
Injection :
mode split mode
lonization external electron impact ionization positive
mode
lon source 220 °C
temperature
Emission 25 mAmp
Quadrupole current
mass Scantype  Full scan m/z 100:300
spectrometer
Scan time 1.00 seconds/scan (8 mcans)
Scan speed Normal
Run time 23.33 min
Library NIST MS search 2.0
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CHAPTER 4

RESULTS & DISCUSSION

4.1  Characterization of Rhodamine 6G with Fluorescenc&pectrometry

Rh6G emits a very strong yellow-green fluorescearua has a remarkably
high photostability, high quantum yield (0.95) (Kub& Fletcher, 1982). The
excitation and emission spectra of Rhodamine 6G:wéttained as described in
Section 3.3.2and are shown irFigure 4.1 The characteristic excitation and
emission peak of Rhodamine 6G at 345 nm and 547respectively was
identified to be almost similar as the detectiorv@angth used by Faet al.
(2006), which uses 345 nm and 551 nm as the excitadind emission
wavelengths, respectively. In the excitation speuirit was observed that there
were 3 peaks at around 240 nm, 270 nm and 345 hmwhvelength at 345 nm
was more specific for Rh6G and thus chosen as xlogaton wavelength to
produce the emission spectrum. The emission specsiiowed a maximum

intensity peak at 547 nm and was chosen as thesemispectrum.
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4.2 Reaction Mechanism of the Fluorescent Reductiomf Rh6G by

Fenton-like Reagent

When Rh6G is oxidized, its molecular structure estcoyed and the
fluorescence intensity decreases. From the exaitathd emission spectra shown
in Figure 4.2 (A-A’, B-B’ and C-C’), it can be observed that BPA has little
inhibitory effect on the redox reaction betweesOk and Rh6G. InFigure 4.2
(D-D’ and E-E’), after iron(lll) was added to the mixture, a sfgant
fluorescence reduction of Rh6G was observed, whichicated that Fe(lll)
influences the production of hydroxyl radicals giigantly. Comparing the
spectra oD-D’ with E-E’, it is clear that BPA has significant inhibitorffext on
the redox reaction of Rh6G with Fenton-like reagehlhese results are in

agreement with the results from Fetral. (2006).

From its chemical structure and the characteristigghenolic compounds,
it is known that BPA could be oxidized by strongdizing agent. It is possible
that BPA was involved in the reaction and compeigith hydroxyl radicals,
which slowed down the reaction rate of hydroxylicats with Rh6G (Fart al,

2006). The possible reaction mechanism was sughdstd-anet al. (2006) as

follows:

Fe(lll) + H,0, > Fe(ll) + HQ, + H* 1)
Fe(ll) + O, + H = Fe(lll) + OH + H,O 2
"OH + Rh6G~> P; 3)
"OH + BPA> P, 4)
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Equation (1) shows the redox reaction of Fentoe-likagent, and the hydroxyl
radicals (OH) are produced in the reaction indicated by Equaf2). R is the
product of the oxidized Rh6G, this oxidation wowdéfect the results in the
fluorescence reduction of Rh6G. When the BPA isedddeaction (4) occurs,
where B stands for the products of the oxidized BPA by rbygll radicals

(Katsumateet al, 2004).

4.3  Optimization of Reaction Conditions for Fluorimetric Method

In order to obtain an optimized system, which iss#ieve and selective in
detection and quantitation of BPA, various experitak parameters have been
investigated. The reagent concentrations and mracnditions were optimized
by setting all parameters to be constant and opingione at a time. The
concentration of BPA was kept constant at 1Q@/L. Each parameter was tested

twice to confirm the results.

4.3.1 Optimization of HC| Concentration

Several types of reaction medium have been triedrdayet al. (2006)
such as hydrochloric acid, sulfuric acid, phospha@cid and perchloric acid.
Among them, only hydrochloric acid shows a strikieffect on the inhibition
effect of BPA. Since Fe(lll) hydrolyzes at pH > 3Ranet al., (2006) studied the

effect of HCI concentration at a range of 2.4 X 402.88 x 1G M.
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In this study, the effect of HCI was studied in thage of 0.00 to 308.20 x
10* M. The difference between thHe and F, is insignificant when no HCI was
added which indicates that HCl were needed asehetion medium for BPA to
have any inhibitory effect on the fluorescence otidm of Rh6G Table 4.1 and

4.2 in Appendix B).

By observing the trend iRigure 4.3 it shows the highestF (F-F,) at —
log [HCI] = 3.0, which is when 0.4 mL of 0.06 M HG@dded to the reaction
mixture (9.38 x 18 M). As the H concentration increases, the rate of hydroxyl
radicals produced increases and Rh6G oxidation iatseases as shown in the
Equation (1) and @) (Section 4.3, however when the pH value is very low, the
excess H quenches the produced hydroxyl radicals (Eaal, 2006). Thus, the
concentration of 9.38 x 0OM of HCI was selected for the next study. The

duplicate results match each other and thus corfienmesults.
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Figure 4.3:  Effect of HCI concentration on the flusescence reduction of

Rh6G (first replicate, refer to Table 4.1 in Appendx B)

59



4.3.2 Optimization of Fe(lll) Concentration

In the present system, Fe(lll) is used as thdysita drive the production
of hydroxyl radicals, there should be a close rmfship between its
concentration and hydroxyl radicals generated @aad, 2006). It was noted by
Fanet al (2006) that Fe(lll) has the similar charactetistas Fe(ll), but it offers
advantages such as good stability and no partiquiatection is needed. The
effect of Fe(lll) was studied in the range of 0.2 0 pg/mL using
NH4Fe(SQ),- 12H0 as the source for Fe(lll) by Fan al. (2006). In this study,
the concentration of Fe(lll) was studied in thegaof 0.1953 to 1.1719 mg/L (in
25.6 mL) The intensity of the emission at 547 nm for ea@mddard solution is

shown inTable 4.3 and Table 4.4 (Appendix B)

By observing the trend ifigure 4.4 increase in Fe(lll) concentration
results in the decreasedt (F-F,). The figure also shows thatandF, decreases
with an increase of Fe(lll) concentration. As thencentration of Fe(lll)
increases, the generation of hydroxyl radicals elsceased which accelerated the
fluorescence reduction of Rh6G, as shown inEgeation (1) and @) (Section
4.2). The concentration of 0.1953 mg/L of Fe(lll) wesdected for the next study
as it gives the highestF (F-F,) value. Although lower concentrations of Fe(lll)
could be used, the concentration of Fe(lll) woubévitably affects the other
parameters. For example, the reaction time hasetdehgthened as Fe(lll)
concentration would affect the rate of reaction.@Ascreening method, it would

be impractical for the reaction time to be too l@syit would hinder the number
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of samples that can be tested in a day. The duelresults match each other and

thus confirm the results.
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Figure 4.4:  Effect of Fe(lll) concentration on thefluorescence reduction of

Rh6G (first replicate, refer to Table 4.3 in Appendx B)

4.3.3 Optimization of H,0, Concentration

As the precursor of the hydroxyl radicals, the aartration of hydrogen
peroxide may greatly influence the hydroxyl radicahcentration (Famet al,
2006). The effect of b, was studied in the range of 0.012 — 0.0192 % byeffa
al. (2006). In this study, the influence of hydrogemgxide has been investigated
in the range of 1.53 to 9.18 mM (in 25.6 mLThe intensity of the emission at
547 nm for each standard solution is shownTable 4.5 and Table 4.6

(Appendix B).

Figure 4.5 shows that an increase in,®} concentration results in the
decrease offF (F-F,). The graph also shows th&t and F, decreases with

increase in KO, concentration. As the concentration ofQH increases, the
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generation of hydroxyl radicals also increased Wihaccelerated the fluorescence
reduction of Rh6G, as shown in tiimuation (1) and @) (Section 4.2. The

concentration of 4.59 mM of J@, was selected for the next study. Although
lower concentrations of 4D, could be used, it would be impractical for the sam

reasons as explained for Fe(lll). The duplicatelltesnatch each other and thus

confirm the results.
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Figure 4.5: Effect of HO, concentration on the fluorescence reduction of

Rh6G (first replicate, refer to Table 4.5 in Appendx B)

4.3.4 Optimization of Rh6G Concentration

The effect of Rh6G starting concentration wasistliéh the range of 3.91
x 107 to 31.31 x 10 M (in 25.6 mL) compared to 4.0 x 100 4.0 x 1 M by
Fan et al. (2006). The intensity of the emission at 547 nm dach standard
solution is shown iTable 4.7 and Table 4.8 (Appendix B)TheF andF,values
increase with the increase of Rh6G concentradi®rshown inFigure 4.6. A

maximum indF (F-Fo) at 23.49 x 10 M was observed and was selected for the
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next study. The duplicate results match each adhnerthus confirm the results

(Table 4.7 and Table 4.8 in Appendix B
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Figure 4.6: Effect of Rh6G concentration on the florescence reduction of

Rh6G (first replicate, refer to Table 4.7 in Appendx B)

4.3.5 Optimization of Reaction Time

The effect of reaction time was investigated in thage of 10 to 70
minutes compared to 1-16 min as studied by (€aal, 2006). The intensity of
the emission at 547 nm for each standard solusoshbwn inTable 4.9 and
Table 4.10 (Appendix B).It was observed that an increase in reaction time
caused a decreased in fluorescence intensity tbrfbandF,in Figure 4.7. This
was anticipated as a longer reaction time wouldeanore Rh6G to be oxidized.
But, since both blank and standard solutions hafferent rates at which the

Rh6G was oxidized, a point in which tH& (F-F,) is maximum was observed at
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40 minutes and was selected for the next study.dlipdicate results match each

other and thus confirm the resul&@ble 4.9 and Table 4.10 in Appendix B
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Figure 4.7:  Effect of reaction time on the fluoresence reduction of Rh6G

(first replicate, refer to Table 4.9 in Appendix B)

4.3.6 Optimization of Reaction Temperature

In Fanet al. (2006), the effect of temperature was studied enringe of
30 to 65 °C and the temperature at 60 °C was chasethe temperature
dependence ofF shows a maximum at that temperature. In our st6dyC was
found to be hot enough for the reaction to takeglapidly enough yet it is still
safe for bare hands handling of the volumetrickBas/out of the water bath.
Higher or lower temperatures can be used to cotiieoteaction time, in this case,

40 minutes was the desired reaction time.
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4.3.7 Further Optimization of Reaction Condition

During the initial testing phase using the metheddiby Faret al. (2006),
attempts to produce precise results were unsuate$sie fixed time method that
was used by Faet al. (2006) would have to include exact time sequenaghich
the reaction was initiated, quenched and subselgusranned with fluorescence
spectrofluorometer which the fixed time sequenceetisequences was not
specified in his journal. In consequence, errotinme accuracy for each step is
inevitable. To improve this situation, extra stépdhe initiation, and quenching

part of the reaction was included to enable udttoraa better level of precision.

4.3.7.10ptimization of Initiation of Reaction

For the initiation step, after HCI, Rh6G, Fe(lliacasample were added
into the 25 mL volumetric flask, the flask was fifeated (60 °C) in the water
bath for 10 minutes. This will allow the flask atim# content to reach temperature
equilibrium with the water bath before the reactiaas initiated with the addition
of H,O,. This would prevent inconsistent heating rates tdugmall variations in
mass and shape of the volumetric flask as well rétgali room temperature

variations from causing inconsistent results.

4.3.7.20ptimization of Chelating Agents

In the methodology used by Faat al. (2006), after the mixture was

reacted for 12 minutes at 60 °C, the flask wasexbdb room temperature by
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running water and then the fluorescence intensag determined under a fixed
time method. Previous attempts to use the sameoadhettere unsuccessful at
getting precise results. It is because precisemgpoate was not attainable due to

the same reasons as mentioned for the initiategest

Other attempts to reduce the reaction rate aldades by cooling down
the reaction in ice bath to quench the reactionasal by adding excess NaOH to
convert Fe(ll) and Fe(lll) into hydroxide form. Thatter method decolourized

Rh6G instantly. These attempts were failed for ¢jtetion.

For catalytic activity, iron requires at least armordination site that is
open or occupied by a readily dissociable liganthsas water (Gradt al, 1983).
To fully inactivate iron from reacting with hydroggeroxide to perform radical
formation, the chelating agent would have to occalbyhe coordination sites of

the iron ion.

In the study by Graét al, it was shown that chelation of iron by phytate
(Grafet al, 1983; Graf et al., 1987) and pentetic acid (@tadl, 1983) excludes
iron-associated water and uncouples the oxidatfoRe® from the formation of
"OH. However, EDTA was shown to be unable to fullppgress the formation of
"OH as aquo coordination sites are still availaBIBTA possesses 6 centres to
form coordination bonds with metals; however ikwn that the structure of
Fe’* EDTA complex includes a seventh coordination siteupied by water (Lind
et al, 1964). Pentetic acid can be viewed as an exphwvelsion of EDTA and it

is used similarly efer to Figure 4.8. The conjugate base of pentetic acid
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(DTPA) has a high affinity for metal cations. Thuke penta-anion DTPAis
potentially an octadentate ligand (Liet al, 1964). The formation constants for
DTPA (pentetic acid) complexes are also about I@@atgr than those for EDTA

(Hart, 2005).

Chelation is the formation or presence of two orenseparate bindings
between a polydentate (multiple bonded) ligand a@andingle central atom
(IUPAC, 1997). The effects of several iron chelatorere tested namely
ethylenediaminetetraacetic acid (EDTA) in its disoad salt form, phytic acid,
pentetic acid (DTPA) and phosphoric acid. Theirmoloal structures is shown in

Figure 4.8.
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Figure 4.8: Chemical structure of (a) Phytic acid(b) Pentetic acid, (c)

disodium salt of EDTA & (d) Phosphoric acid

Firstly, these chelating agents were tested asdinee concentration dose.
When 1.0 mL of the chelating agent solution (0.0LWhAs added into the 25.6
mL reaction solution, the volume would increase2606 mL and the chelators

concentration would be 3.76 x 40M. This concentration is about 100 times
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higher than the concentration of Fe ions (0.1880Lnag 3.37 x 1 M) in the

resulting solution. The intensity of the emissian5d7 nm for each standard
solution is shown imable 4.11 (Appendix B).In Figure 4.9, all the 4 types of

chelators still show the trend of fluorescencernsily decreasing with time, but
the slope of the graphs shows that the rate ofedser has slowed down when
chelators were added. The slope with the lowestignd was observed for
pentetic acid and it was chosen to be used thraughe project. For a period of
60 minutes, the fluorescence intensity only dropsbout 9 AU and it equals to

about 2.1ug/L of BPA.
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Figure 4.9: Effect of different chelating agents onthe fluorescence

intensity with time

The effect of the concentration of pentetic acabwalso studied at pentetic
acid/Fe(lll) ratio of 111, 11, and 1 times. Tlesults are shown ifable 4.12

(Appendix B) and plotted inFigure 4.1Q The figure shows that the slope of the
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graphs for 11x remains the same compared to 11llknwhe concentration of
pentetic acid was reduced from 111 times to 11 ginmegher than the
concentration of Fe(lll), but becomes steeper wihenratio was reduced to only
about 1 times (1x compared to 111x). This showg tha concentration of

pentetic acid was high enough and had reacheditatuh.

None of the studied chelating agents was able toptetely quench the
oxidation of Rh6G as shown by the slope of the lgrapflat graph would be
shown if otherwise. Nonetheless, the use of chejatigent in combination with
cooling the volumetric flask with running water gtly improved the precision of

the results as compared to just cooling with rugmvater alone to stop the

reaction.
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Figure 4.10: Effect of pentetic acid concentration on the changein

fluorescence intensity with time
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4.4  Calibration Curve for Detection of BPA using Fluorimetric Method

In Table 4.13 (Appendix B) the results for the 11 blank replicates are
shown. The mean value (28.0605 AU) was used asdhalue throughout this
project and was used to deduct the F value of atalsd The standard deviation
value (6.1157 AU) was used for calculation of LORIA.OQ as shown iifable
4.13 (Appendix B) The LOD and LOQ calculated were 4.2 and 13¢2L,

respectively.

The results for the 10.0, 20.1, 40.3, 60.4, 80l #00.7ug/L standard
solutions are shown ihable 4.14 (Appendix B) The calibration curve shown in
Figure 4.11 was generated from 5 times replicate preparatibrstandard
solutions at each concentration level. The calibnaturve was rectilinear using
the method of Least-Squares. The linear regresiomula produced is y =
4.3912x + 3.8842 with an acceptable coefficientdefermination,R? value of
0.9966 considering all the replicate standard swistwas separately prepared.
The linear concentration range is 10.1 — 1Q@/L. The error bars on the points
of the calibration curve was shown as the stan@ardr of the mean estimate

(SEM).
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Figure 4.11:  Graph of AF (F-Fg) against concentration of bisphenol A

standard solutions

4.5 Overview of Optimized Reaction Conditions

The optimized conditions and range of study in praject as well as in
comparison with the method used Banet al (2006)are shown inTable 4.15
Compared to the method in Fanhal (2006), the method proposed in this project

uses lower concentrations of acid and Fe(lll) wigotes a longer reaction time.

Reaction is initiated at every 1 minute intervat &mch sample in this
project, so a 40 minutes reaction time would allopy to 39 samples to be
processed at a time. The longer reaction time ireneal as more samples can
be tested at a time in this project and might beemsuitable for industrial
application. The use of chelating agent in the ghamy step also greatly

improves the precision of the method in this prbjec
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Table 4.15: Comparison of optimized conditions andange of study

Fan et al (2006)

Current study*

Parameters of study Range of study Optimum condition

Range of study Opnum condition

Hyd“zr‘;:gsrl_i;: acid 5 4x10°t0 2.88 x 16 8.4 x 10° 208 20 19 9.38 x 10
Fe(lll) (pg/mL) 0.2t0 1.0 0.6 0.1953 to 1.1719 0.1953
H»0, 0.0048 to 0.03366 0.0144 % 1.53t0 9.18 x Tom 4.59 x 10° M
Rh6G (mol/L) 4.0x10"to 4.0 x 1C¢° 1.6 x 10 3.91x 10 t03.13x 10 23.49 x 10
Temperature (°C) 30 to 65 60 - 60
Reaction time (min) 1to 16 12 10to 70 40
Use of chelating i Phvii Pe_ntetic acid, : : Fom)+*
agent ytlcpﬁc;;l, rI]\la_ZED'_I'O,IA\, and Pentetic acid (3.76 x )
phoric aci
LOD (pg/L) - 2.0 - 4.3
LOQ (pg/L) - 6.7 - 14.2
Linear concentration i 24 - 400 ) 10.1 — 100.7

range (ug/L)

* Concentration in 25.6 mL mixture

*x Concentration in 26.6 mL mixture (after additioh 1.0 mL chelating agent solution)
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4.6 Development of Sample Pre-treatment using SPE

Solid-phase extraction (SPE) is a separation psodeg which
compounds that are dissolved or suspended in @ ligixture are separated
from other compounds in the mixture according &irtphysical and chemical
properties. Determination at the trace level rexpia pre-concentration step

and sufficient purification especially for food aedvironmental samples.

The use of SPE cartridges were considered to lbebdeiito be used in
this project because it is less labour intensive @me saving method which
has been widely used in the purification of a wid@ge of samples for
determination of BPA. The use of SPE in the puaticn of samples for
determination of BPA has mainly been used prior aoalysis with
chromatographic techniques like HPLC/FLD, LC/MSG/MS but it has not
been applied prior to determination using a fluatine method like the one

proposed by Faat al (2006).

In the work done by Faat al. (2006), the purification of samples has
been accomplished by pre-separation using strorignianand cationic
exchange resins. The removal of interfering phenmimpounds by the use of
XDA-1 (Xi'an, China) absorption resin was also nienéd. Based on this
study, a comparison between the use of SPE compalied exchange resins

used by Faet al (2006) is shown ifTable 4.16
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Table 4.16: Comparison of sample preparation method

Fan et al (2006) Current study

Pre-separation using strong anioniere-separation using SPE cartridges
and cationic exchange resins, the u€e18E (endcapped)

of XDA-1 absorption resin was also

mentioned

Requires acidification prior to loadingNo acidification required
into resin

Requires manual packing of resinBre-packed cartridges are used
which could lead to inconsistent

packing and compromise the

precision of the method

Only single sample could beJp to 12 samples can be processed at

processed at one time one time using 12 port vacuum
manifold significantly improving the
automation and efficiency of the
method.

Does not use organic solve Methanol, -hexane and ethyl acet:
is used in this study. But the
consumption of organic solvents in
SPE method is relatively low
compared to other techniques like
liquid-liquid extraction.

Anionic and cationic resins can Single use onl
regenerated for re-use

Sample was not pre-concentrated Has the ability for pre-concentration

the study of samples, offering higher sensitivity
in detecting BPA in very trace
amounts

SPE cartridges with 500 mg of Octadecyl;s C(end-capped)
functionalized silica sorbent were selected fodgtun this project. Compared
to ion exchange resins which are based on there#tatic attraction of
charged functional groups of the analyte to opptsitharged functional

groups on the sorbent, the stationary phase ofersed phase SPE cartridge
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is derivatized with hydrocarbon chains which usealrbphobic (van der
Waals) interactions to retain compounds of micot@ polarity. The use of ion
exchange resins by Faat al (2006) was for removal of interfering ions as
some metal ions are known to catalyze the Fentantio;n. The use of a
reversed- phase sorbent will only retain mid to jmelarity compounds while
metal ions and highly polar molecules will not etamned. But, since the
reverse phase coating also retains many mid to potar compounds that
could also be oxidized by the Fenton reagent, stepsemove these
interferences was included during WASH step prioelution of BPA from

the sorbent.

A reversed- phase SPE sorbent is commonly activatth methanol
or acetonitrile then conditioned with water. Thehe aqueous sample is
loaded and the interferences were washed with 542@¥anol/acetonitrile in
water without prematurely eluting compounds of iege. Then elution of the
analyte was accomplished with organic solvents wfficient non-polar

character.

A two step procedure in the WASH step of the splidse extraction
was employed using a highly polar solvent mixtureihanol in water) for the
first step and a non polar solvent mixture (ethgétate in n-hexane) for the
second step. Then, BPA was eluted by using an asexk polarity solvent
mixture from the second wash step. The volume d¥esd needed for
sufficient activation of sorbent and elution is degdent on the volume of

sorbent used. A general guide of a minimum 3 mLcfarditioning, wash and
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elution was recommended by the manufacturer (Phenerinc., 2010). The

results are shown ihable 4.17 — 4.19 (Appendix D)

The graph inFigure 4.12 shows the effect of increasing methanol
concentration as the wash solvent on the recovérBRA. The aqueous
solvent could remove residual metal ions and sorn¢he polar organic
compounds. The recovery of BPA remains stable aB6% when up to 20 %
methanol were used but the recovery reduces witthdu increase of
methanol concentration. Thus, 20 % methanol in mates chosen to be used

for further development of the method.
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Figure 4.12: Graph of percentage recovery of BPA ainst concentration

of methanol for first WASH step

It was observed that BPA has low solubility inanfpolar solvent like
n-hexane but highly soluble in a more polar solviet ethyl acetate. Thus, a

second step of the WASH step was included to rentawepolar organic
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compounds using non-polar solvent.Higure 4.13 it can be observed that
the % recovery was still above 90 % when up to &thyl acetate was used
but BPA was almost fully eluted when the concerdrabf ethyl acetate were
increased to 20 %. Thus, 5 % ethyl acetate wasechas the second WASH
solvent and 20 % ethyl acetate is used for elutfoBPA. This will lessen the

possible interfering compounds from being co-elwigt BPA.
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Figure 4.13: Graph of percentage recovery of BPA agnst concentration

of ethyl acetate for second WASH step

4.7 Optimizing RP-HPLC/FLD System for BPA Separation ard

Detection

Bisphenol A is a nonionic polar molecule and distary phase ¢
column [LIiChroCART® 150-4,6 HPLC Catridgeurospher® STAR RP-18
endcapped (@m)] was suitable for use. In order to choose the rajution
condition to obtain well resolved bisphenol A sep@an, initially some trial

and error were done by testing with different melphase composition such
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as methanol:deionized water in the ratio of 608&35 and 70:30 with the
flow rate 1.0 mL/min at ambient temperature. Ancrstic mobile phase

consisting of methanol: deionized water at a rafi®5:35 was chosen as all
the compounds eluted were well resolved and wdle dluted in a reasonable
time. Table 4.20shows the complete sequence of mobile phase cotigposi
and flow rate for elution, column flushing and dipation. The retention

time for the peak corresponding to bisphenol A appe at approximately 5.1

minutes.

Table 4.20: Elution conditions for HPLC/FLD

. . Methanol o Flow rate i

Time (min) (%) Water (%) (mL/min) Condition
0.0-6.0 65 35 1.0 Isocratic elution
6.1-8.0 100 0 1.0

8.1-10.0 100 0 1.5 Column

flushing

10.1-20 100 0 2.0

20.0-30.0 65 35 1.0 Equilibration

Fluorescence detection is highly suitable in datgcbisphenol A as
the 2 benzene rings and a symmetrical structurbisghenol A give it an
exceptional fluorescing ability. As most of the quounds do not fluoresce,
this becomes an advantage to detect limited spemiesompound. The
optimization of detection wavelengths and respaise of the detector is

crucial to attain the most sensitive detection baiha
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The excitation and emission spectrum of BPA wasiokd using 3D
Plot in the Chemstation software. To determinertigst sensitive emission
wavelength, 228 nm was set as the excitation wagébewith the emission
scanned in the range of 280-500 nm. The 3D pgtigufe 4.14 shows the
chromatogram with the highest intensity betweenpibak maxima compared

to the baseline was observed when the emissionlerayé is at 313 nm.

313 nm

Where,
x-axis = emission wavelength (nm),
y-axis = time (min)
z-axis = intensity(LU)

Figure 4.14: 3D Plot of emission scan (280- 500 nm)excitation

wavelength 230 nm
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To determine the most sensitive excitation wavelenthe emission
intensity at 313 nm was scanned with the excitatreavelength varied
between 200- 285 nm. The 3D plotkigure 4.15shows the chromatogram
with the highest intensity between the peak maxtorapared to the baseline

was observed when the excitation spectrum is an228

228 nm

Where,
X-axis = excitation wavelength (nm),
y-axis = time (min)
z-axis = intensity(LU)

Figure 4.15: 3D Plot of excitation scan (200- 285 nm, emission

wavelength 313 nm

A too-fast response time permits excessive noise timre
chromatographic signal, and a too-slow response timstorts peak shapes,
potentially reduces peak resolution, and makes psait- and end-point

identification more difficult. In order to obtaihe highest signal-to-noise ratio
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of the analyte peak, a detector time constantishapproximately 10% of the
minimum peak width at half height in a normal chedogram should be
chosen (Hinshaw, 2001). The peak width at half itefgr the BPA peak is
about 0.13 to 0.14 min and a detector responsedfr@eseconds was suitable
according to the Chemstation software.

A chromatogram of 501.4g/L BPA solution is shown ifrigure 4.16

The column and operating conditions is showB8eation 3.5

FLD1 A, Ex=228, Em=313 (BPARECO\VIAL0472.D)
Lu

100—:
] Bisphenol A
807 5.115 mln \ 7
60
40—3
20—2
D T T

0 —
L A |

T T
0 1 2 3

Figure 4.16: Chromatogram of 501.1Jug/L BPA solution

4.8 Calibration Curve for Determination of BPA using HPLC/FLD

The calibration curve shown iRigure 4.17 was generated from five
times replicate injections at each concentratiod tre peak area from the
injections are shown ifable 4.21 (Appendix C) The calibration curve were
generated using BPA standard in the range of 10.5001.1 g/l and
rectilineared using the method of Least-Squareé Wit linear regression
formula of Y=2.1444X + 1.5981 and coefficient ottefenination,R? value of
0.9995 which shows excellent linearity of the ate&f method under

examination.
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Limit of detection, LOD is the lowest quantity ofsabstance that can
be distinguished from the absence of that substaitbén a stated confidence
limit (95%). Limit of quantification, LOQ is the West amount of analyte in a
sample that can be quantitatively determined wititable precision and
accuracy. The standard deviation of the y- intereapasured according to
Section 3.3.4is 1.2909 Lu*s. The LOD and LOQ calculated is ar@l 6.0

ug/l respectively Appendix C).
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Figure 4.17: Graph of Peak Area against Concentratin of bisphenol A

Standard Solutions

4.9 Determination of Samples

The results from the PC bottles, canned foods amdramental

waters determined using the fluorimetric method aABLC/FLD are
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summarized imable 4.21 All the data recordings and calculations are show

in Appendix E.

Three types of polycarbonate drinking bottles wersted, among
them; only the water sample from PC2000 which haslame of 2000 mL
contained enough sample volume to be tested uss&PE procedure in the
fluorimetric method. All the other samples wereedetined directly using
both methods. As can be observedrable 4.22 the concentration of BPA
tested using both methods are quite similar ford@@les. The results from
direct determination of PC650 and PC250 using finetric method show
slightly higher concentrations compared to HPLC edeination which
suggests that other compounds may have leacheflooutthe polycarbonate
that also shows inhibition to the fluorescent reduc But since the reaction
condition has been optimized to show highest selgcttowards BPA, the
effect of other interferences was minimized. UsBBE for the PC2000
sample, the concentrations detected were very disseg both methods.
However, we could not conclude that the use of 8RiId provide more
accurate results as comparative results betweeplsarnreated with SPE and
without SPE using identical samples was not avhildbr these samples.
Nonetheless, the use of SPE is advantageous tadprgre-concentration
capability to the method and enabled the conceéotrabf SPE2000 be

determined at higher than LOQ level.
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Table 4.22: Determination of BPA using Fluorimetric and HPLC

method
BPA concentration + Standard deviation
Sample : :
Fluorimetric HPLC/FLD
PC650A 79 + 15 58 + 0.7
PC650B 89 + 0.4 45 + 1.0
o PC650C 59 + 0.8 31 + 1.0
2 PC250A 117 + 2.7 42 + 04
é PC250B 86 + 0.8 25 + 0.4
@ PC250C 56 + 2.6 ND + -
O PC2000A 9.4 + 0.1 9.1 + 05
PC2000B 96 + 0.3 9.0 + 0.7
PC2000C 105 + 05 85 + 0.3
9 GPA 142.02 + 7.31 12.38 + 0.28
2 GPB 147.26 + 2.47 1141 + 0.24
g TUNAA 412.72 + 9.72 17.25 + 0.70
g TUNAB 419.72 + 10.39 17.64 + 0.36
g SHROOMA  176.65 + 10.37 322 + 0.29
S SHROOMB  186.41 + 8.89 2.96 + 0.07
5~ T™W ND + 0.085 + 0.009
c > uw 0.543 + 0.055 ND + -
%‘S’ LK ND + ND + -
= = TT 0.642 + 0.045 ND + -
w = PD 0.377 + 0.110 0.023 + 0.003

ND - Not detected
* Concentrations stated after corrected with preeemtration factor

Three types of canned foods were tested in thisraxent. The major
components like protein, fat, carbohydrate, mirseeald fiber composition are
varied for each type of food. These samples wemnddd to ensure
homogeneity. Then, 5 grams of sample was extraictied acetonitrile and
water residue was dried off with anhydrous sodiunfiage. Lipid removal in
food samples is essential since it affects thevacurface of the stationary

phase in HPLC and degrades the resolution powéreotolumn. In GC/MS,
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lipids accumulate in the injection port, column aod source (Ballesteros-
Gomezet al.,2008). Lipid removal is made by liquid- liquid exttion (LLE)
of the acetonitrile extract with n- hexane (Saral, 2006; Munguia- Lopeet
al., 2005; Yoshidat al, 2001). Due to the moderately polar nature of BPA
is highly soluble in polar solvents like acetomérbut poorly soluble in non-
polar solvents like n- hexane. The results for ¢aaned foods show a large
difference between the two methods. As the matrifoods is very rich and
complex, the SPE extraction method was not captbleurify the sample
enough. The impurities had competed with Rh6G alaiilp BPA to be
oxidized by hydroxyl radicals and contributed te tiigh concentration in the
measurement. In addition to that, there are ots@sans such as the presence
of co-eluted compounds that emit light at the sameelength as Rh6G at

547nm contributing to the high concentration in teasurement.

As observed in the results for canned foods and@mwental waters,
the fluorimetric method is highly sensitive to inmpiies which the SPE could
not fully removed. As the method was only developsohg deionized water
to represent the wide range of samples, bias ierchtation caused by
uncertainties in the sample matrix was unavoidabie. prevent this, the
samples could be developed in a representative btet resembles closely to
the specific type of sample. Thus, this methochly cecommended to be used
as a screening procedure unless it was developée tesed in one specific
type of known sample. So far, the results only stebwigher concentration
compared to determined using HPLC, thus it sugghatsthe compounds that
co-eluted were compounds that competed with Rh@&@&galvith BPA to be

oxidized by hydroxyl radicaldn addition to that, there are other reasons such
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as the presence of co-eluted compounds that eghitdit the same wavelength

as Rh6G at 547nm contributing to the high concéptran the measurement.

The spiking recoveries using both methods are shiovirable 4.23
The percentage recoveries for all the samplesdestelose to 100% and
means that there was no interference or factorswilacause the results to
deviate from the accurate value. Results and caions are shown in

Appendix E.

Table 4.23: Spiking recovery of BPA using Fluorimaic and HPLC

method
Percentage recovery + Standard deviation (%)
Sample - :
Fluorimetric HPLC/FLD
PC650A 92.64 + 7.35
PC650B 88.38 + 4.57
" PC650C 93.73 + 3.30
= PC250A 9590 + 5.84
2 PC250B 94.38 + 2.67
O PC250C 93.43 + 5555
PC2000A 90.78 + 7.86
PC2000B 89.01 + 4.1
PC2000C 92.71 + 3.55
" GPA 97.87 + 2.90 86.26 + 2.39
§ GPB 10424 + 1.91 91.13 + 2.34
ha TUNAA 101.14 + 4.54
g TUNAB 97.38 + 4.37
8 SHROOMA 96.99 + 4.19 84.67 + 2.59
SHROOMB 92.00 + 3.58 87.65 + 5.05
Ic TW 10391 + 3.22 89.42 + 4.12
g uw 101.00 + 4.84 91.76 + 4.24
%% LK 98.27 + 6.42 93.93 + 7.37
= 3 TT 102.48 + 7.22 88.96 + 1.91
0 PD 91.98 + 0.89 87.10 + 3.15

* No result for TUNA A and B for fluorimetric metldoas the concentration

detected is above the calibration range
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4.10 Validation of the Sample Preparation Procedure for

Spectrofluorimetric Method

The precision and accuracy of the sample preparatiod SPE
extraction for canned foods, environmental watet amater incubated in PC
bottle fefer to Section 3.6.) were validated at different concentration levels
covering the range of the calibration cur¥able 4.39shows the percentage
recovery of the sample preparation method for cdrfoeds, environmental
waters and water incubated in PC bottle (PC2000)tha accuracy of these
methods was similar with an average recovery dd®86, 87.95 % and 88.60
% respectively. The standard deviations of the odghare within 5.41 %

which shows good precision.

Table 4.40shows that the found concentration was close to aad
that the deviation can be assumed to be causeanidpm errors that occurred
in the measurement process. Thus, it can be coedltitat the preparation
procedure for all 3 methods does not contribute laiag in the quantification
of BPA. The raw result and calculations are showitable 4.41 and 4.42

(Appendix D).
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Table 4.39: Percentage recovery of canned food, éronmental waters
and water incubated in PC bottle sample preparation

method

Percentage recovery, mean + std. deviation (%)

Added BPA
concentration Samole Sample Sample
(in 25.6 mL) re arati%n for preparation for  preparation for
(ng/L) pcarr)med foods environmental PC bottle
waters (PC2000)
20.1 89.71 + 541 8592 + 474 87.94 + 2.90
60.4 88.31 + 1.70 89.63 + 2.10 90.39 + 2.35
100.7 86.12 + 2.13 88.29 + 247 87.47 + 1.93

Table 4.40: Concentration found without BPA added

BPA concentration founds, mean_+ std. deviation

Added BPA (ng/L)
concentration Samole Sample Sample
(in 25.6 mL) re aratirc))n for preparation for  preparation for
(ng/L) pcaﬂned foods environmental environmental
waters waters
0 -0.8 + 0.6 -0.8 + 1.2 03 + 1.8

4.11 Validation of the Sample Preparation Procedurefor HPLC

Method

The sample preparation procedure for canned foddeanironmental

water (refer toSection 3.7.2 was evaluated to check if any impurities that

arise from the sample preparation method, may tatfez determination of
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BPA. Figure 4.18shows that there are no overlapping impurity pdsgta/een

4.5 to 5.3 min with the retention time of BPA (4:95%.25 min).
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Figure 4.18: Chromatogram of blank samples using saple preparation

procedure for a) canned food and b) environmental aters
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4.12 Confirmation of BPA using Gas Chromatography wh Mass

Spectrometer (GC/MS)

The canned foods and environmental waters tha¢ wested positive
for detectable levels of BPA were also tested ush@MS. Detection using
scanning mode between m/z 100 to 300 was usedsgdwrum of a standard
390 pgul of BPA in ethyl acetate is shown Figure 4.19 (Appendix F)
Figure 4.19ashows the Total ion chromatogram (TIC) which reprgs the
summed intensity across the entire range of m/@3=-1300 being detected at
every point in the analysis. In the Extracted Idiwd@natogram (EIC)Rigure
4.19b) the total intensity at m/z = 213.0 is plotted akemvpoint in the
analysis. By obtaining the EIC at m/z = 213.0, ristention time for BPA was

found to be at 18.000 to 18.050 min.

The mass spectrum in the range of m/z 100 — 300obtsned at the
retention time of BPA (18.026 mirlrigure 4.19c) Only a very small relative
abundance (%) for the molecular ion was found at m228.3 amu. The loss
of a methyl radical generates the base peak at=m243.3 amu Kigure
4.209. The second highest intensity peak was observed/a= 119.2 amu
which is equivalent to the ion structure proposadFigure 4.20h By
calculating the molecular weight iRigure 4.20h a molecular weight of
119.14 was obtained and is very close to the m/£1€.2 obtained. For
identification of BPA in the samples, the preseatthe peaks at m/z at 213.3
and 119.2 had to be found and the ratio of % redabundance of the peak at
m/z 119.2 to 213.3 is also used for identificatidmich is 365/1207 x 100 % =

30 % (refer td-igure 4.199.
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Figure 4.20: Proposed ion structure of mass fragmenat m/z a) 213.3

and b) 119.2.

The GC/MS results for the samples are showAgpendix F (Figure
4.21) All the samples showed characteristic peak inrtdrege of 18.000 to
18.050 min with the EIC measured at m/z = 213&chEof the TIC also
showed both the peaks at m/z 213.3 and 119.2. &he of % relative
abundance of the peaks at m/z 119.2 to 213.3 vsaskatween 25 to 34 %.
Thus, the samples detected to contain BPA usingifleC was also validated

using GC/MS.
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CHAPTER 5

CONCLUSIONS AND FUTURE STUDIES

It is suggested that in Fenton-like reaction atrbghloric acid
medium, there is a competition between BPA and Rf@Ghe reduction of
hydroxyl radicals. Fluorescence reduction of Rh&Gtherefore inhibited.
Fenton-like reagent was applied to the determinadBPA in real samples,
combined with fluorescence spectroscopy which effexcellent detection

limits.

The fluorescence spectrometer was operated abéraitwavelength of
345 nm and emission wavelength at 547 nm was usedidtection. An
optimized reaction condition was obtained by inikgding the optimum
concentration of reagent concentrations and reactimdition. The optimized
concentration of HCI, Fe(lll), 0, and Rh6G was 9.38 x 10 M, 0.1953
ng/mL, 0.0141 % and 23.49 x TM, respectively. The optimized reaction
time was 40 minutes and reaction temperature 8C6@ quenching step was
included in the development of this project by #uelition of pentetic acid at

the end of the reaction which greatly improvesrtteasurement precision.

Compared to the method in Fahal (2006), the method proposed in
this project uses a longer reaction time. The lomgaction time is more ideal
as more samples can be tested at a time and aee suibable for industrial

application. The linear regression formula produised.3912x + 3.8842 with
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a coefficient of determinatiorf value of 0.9966. The method presents an

instrumental LOD and LOQ of 4.2 and 13§/L, respectively.

Due to the high sensitivity and selectivity of RPIC with
fluorescence detector, it is a widely used instnoirie detect the very small
concentration of bisphenol A migrated into the oas types of samples
without undergoing derivatisation. It serves asamdy benchmark for the
fluorimetric method to be compared with. The exwaita and emission
wavelength for fluorescence detector were operate?28 nm and 313 nm
respectively. An isocratic elution of HPLC gradethaol: deionized water of
65: 35 as mobile phase and a flow rate of 1.0 mil/ati30C were used. The
injection volume was 2(il. A reverse phase;gcolumn [LIChroCART® 150-
4,6 HPLC Catridgd’urospher® STAR RP-18 endcappednty] was used for
elution of bisphenol A. The retention time for tpeak corresponding to
bisphenol A in the calibration curve has been idiedt to be eluted at

approximately 5.1 minutes.

The calibration curve were rectilinear using thahod of Least-Squares
and the linear regression formula produced whiclY4#2.1444X + 1.5981
with a coefficient of determinatiofi®’ value of 0.9995. The instrumental LOD

and LOQ is 2.0 and 640y/1, respectively.
Solid phase extraction (SPE) provides a fast arsy &ay to purify

large numbers of samples prior to determinationtwé step washing step to

remove as much impurities as possible was emplogaty 20 % methanol:
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water solution and 5 % ethyl acetate: n-hexanetisoluThen, to limit the co-
elution of impurities with BPA, a 20 % ethyl acetah-hexane solution was
used for elution. The relatively low amount of argasolvent used in SPE
technique means it is also friendlier to the enwinent. The SPE procedure
has good accuracy with high recovery of about 89aftl the standard
deviations are within 5.5 % when applied with thefimetric method. The
SPE technique also provides the ability to pre-ceotrate samples that
otherwise contain too low amounts of BPA to be clet# especially for BPA

migrated from PC bottles into water and environrabwaters.

The fluorimetric method is sensitive to impuritigs which without
purification using SPE it would not be feasiblddet real samples. The results
for PC bottles show very close results between Zhemethods. For
environmental waters, some of the samples were®etgositive for BPA but
in actual fact the BPA levels were too low to béedted using the fluorimetric
method. But the concentrations detected were \@my(k LOQ level), so it
was still acceptable. As the sample becomes marglex and highly dense
with interferences like food samples, the SPE watsadlequate to purify the
samples enough for the fluorimetric method. Altho@®PE removed most of
the interferents, there is still a small amount @@eluted during elution of
BPA. It was observed that the results determineithigushe fluorimetric
method would frequently shows a slight higher com@ion compared to
using HPLC which was able to separate the compotardguantitation. Thus,
this method is only recommended to be used aseasicig procedure unless it

was developed to be used in one specific type oivknsample.
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Another shortcoming of the fluorimetric method tsetlower pre-
concentration factor it could achieve as the sarhpieto be reconstituted to
25 mL after SPE extraction compared to using lbeas tL mL for injection
into HPLC. However, for the purpose of screening,uitra trace detection
capability may not be necessary as the methoddlrpasses a competitive

instrumental detection level comparable to HPLGMlilorescence detection.

On the other hand, the SPE procedure works exdtgllér all the
sample types tested when using HPLC/FLD as thenudwmgrams showed
that the peak for BPA was able to be separated fiearby impurity peaks
and baseline integrations were attained even usinhg isocratic elution. A
SPE procedure prior to determination of BPA with UGALD that was
suitable for a wide range of sample matrices wasessfully developed. The
percentage recoveries for all the samples tested both method were close
to 100% and means that there was no interferentacturs that will cause the

results to deviate from the accurate value.

For further studies, SPE technique using seledyipe of sorbent like
immunosorbents (ISs) could be used. Imunosorbentsides unique
selectivity on the basis of molecular recognitiomd acan be designed for
targeting just BPA, which is particularly suited ¢@mplex matrices. The
method has been tested on food samples by Braudraftichna (2005).
Another type of class of sorbent called molecularyprinted polymers

(MIPs) also has the recognition ability for a tdrgmalyte. MIPs permits
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larger sample volumes and reusability comparedSw An application has
been developed for the MIP-based extraction of Biedn food by Martin-

Esteban & Tadeo (2006).
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APPENDIX A
Calculations for the preparation of standard BPA s¢ution for calibration
(section 3.5.2) and standard BPA solutions for delapment of SPE
(section 3.4)

Table 3.11  Weight of liquid transferred in preparing BPA standard

solutions
Weight of Weight of Final BPA
Standard solutions  second stock water added  concentration
solution (mg) (mg) (ng/L)
Call 10.21 9880.84 11
Cal 2 31.10 9907.89 3.2
Cal 3 50.55 9887.39 5.2
Cal 4 70.08 9871.87 7.2
Cal 5 99.89 9904.02 10.2
Cal 6 199.37 9735.78 20.6
Cal7 403.18 9497.44 41.8
Cal 8 792.48 9137.24 81.9
Cal9 1389.10 8554.44 143.3
Cal 10 1992.16 8001.25 204.5
Cal 11 2646.72 7451.35 268.8
Cal 12 3702.10 6289.33 380.0
Cal 13 4876.21 5103.76 501.1
SPE 20 495.97 25001.26 20.0
SPE 200 4998.23 20023.54 204.9
SPE 500 11545.93 12148.62 499.8

109



Example of calculation to prepare Cal 14,

Room temperature =28.5°C

Density of water at 28.5 °C =996.0926593 mg/mL*

Weight of second stock solution =4876.21 mg

Volume of second stock solution = Weight of second stock solution

Density of wate

=4876.21 mg / 996.0926593 mg/mL
= 4.895338 mL

BPA added = Volume of second stock solution x

concentration of second stock solution
4.895338 mL x 1.025612&/mL
5.020721g

Weight of water added =5103.76 mg

_ Weight of second stock solution + water added
Density of wate

Total volume **

4876.21 mg + 5103.76 r
996.092659 mg/m

=10.019118 mL

Concentration of BPA - Weight of BPA

second stock solution Total volume
=5.020721ug / 10.019118 L x 1000
=501.1ug/L

* Density data is provided by National Institute &cience &

Technology standard reference database
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Table 4.1:

APPENDIX B

Optimization of HCI concentration for blank and standard
solution (first replicate)

Concentration of

Fluorescence intensity at 547nm (AU)

Hol (x10%M)  1O9HCT g F.  Standard,F  4F (F-Fy)
0 - 607.7071 637.1499 29.4428

0.47 4.3 467.2682 493.1499 25.8817
2.34 3.6 8.7282 147.4525 138.7243
9.38 3.0 45.8111 280.7835 234.9724
28.13 2.6 159.6565 351.6253 191.9688
93.75 2.0 198.0501 373.0593 175.0092
308.2 1.5 295.0370 388.0662 93.0292

Table 4.2:  Optimization of HCI concentration for blank and standard

solution (second replicate)

Concentration of

HCI (x 10 M)

Fluorescence intensity at 547nm (AU)

- log[HCI]

Blank, F, Standard, F AF (F-Fy)
0 - 595.1949 607.2196 12.0247
0.47 4.3 460.0627 471.2195 11.1568
2.34 3.6 8.2938 140.1225 131.8287
9.38 3.0 38.9897 266.1688 227.1791
28.13 2.6 154.1295 317.8574 163.7279
93.75 2.0 213.5283 329.3896 115.8613
308.2 15 299.3593 371.0442 71.6849
Table 4.3:  Optimization of Fe(lll) concentration for blank and

standard solution (first replicate)

Concentration of Fluorescence intensity at 547nm (AU)

Fe(lll) (mg/L)

Blank, F, Standard, F AF (F-Fy)
0.1953 55.7941 959.3125 903.5184
0.3906 45.6202 486.4374 440.8172
0.5859 19.8563 245.5474 225.6911
0.7813 21.5192 111.3149 89.7957
0.9766 10.4839 53.8166 43.3327
1.1719 17.8349 24.1166 6.2817
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Table 4.4:  Optimization of Fe(lll) concentration for blank and
standard solution (second replicate)

Concentration of Fluorescence intensity at 547nm (AU)

Fe(lll) (mg/L)

Blank, F, Standard, F AF (F-Fy)

0.1953 93.4605 922.5626 829.1021
0.3906 45.4534 468.2264 422.7730
0.5859 20.9649 244.5000 223.5351
0.7813 18.2287 123.5719 105.3432
0.9766 12.0552 61.1986 49.1434
1.1719 12.6016 51.1436 38.5420

Table 4.5:  Optimization of H,0,concentration for blank and standard
solution (first replicate)

Concentration of Fluorescence intensity at 547nm (AU)

H,0, (x 10° M)

Blank, F,  Standard,F  AF (F-F,)

1.53 104.2928 715.5162 611.22
3.06 47.1835 563.0168 515.83
4.59 46.8528 480.3423 433.49
6.12 23.0929 428.0851 404.99
7.65 17.9013 366.9416 349.04
9.18 18.0380 262.2748 244.24

Table 4.6:  Optimization of H,0O,concentration for blank and standard
solution (second replicate)

Concentration of Fluorescence intensity at 547nm (AU)

H,0, (x 10° M)

Blank, Fo Standard,F  AF (F-F,)

1.53 100.9961 712.7986 611.80
3.06 55.1516 559.5753 504.42
4.59 44.7440 473.2737 428.53
6.12 21.0170 418.3238 397.31
7.65 16.6794 352.0140 335.33
9.18 16.7194 261.4438 244.72
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Table 4.7:

Optimization of Rh6G concentration for

standard solution (first replicate)

blank and

Concentration
of Rh6G (x 10’

Fluorescence intensity at 547nm (AU)

M) Blank, F, Standard, F AF (F-Fy)
3.91 4.1980 73.8207 69.62
7.83 2.5536 166.3098 163.76
11.74 9.3904 283.2980 273.91
15.66 13.3996 393.3771 379.98
19.57 33.7289 604.1320 570.40
23.49 56.5352 668.2846 611.75
27.40 165.7955 715.1650 549.37
31.31 386.9185 864.8554 477.94

Table 4.8:

Optimization of Rh6G concentration for

standard solution (second replicate)

blank and

Concentration of
Rh6G (x 10" M)

Fluorescence intensity at 547nm (AU)

Blank, F, Standard, F AF (F-Fy)
3.91 3.9045 66.7769 62.87
7.83 3.6002 157.8171 154.22
11.74 7.0737 278.2838 271.21
15.66 12.4127 379.4090 367.00
19.57 31.2985 523.2187 557.59
23.49 52.8311 632.1631 609.33
27.40 159.4602 707.8232 548.36
31.31 375.0320 827.6089 452.58

Table 4.9:

solution (first replicate)

Optimization of reaction time for blank and standard

Reaction time

Fluorescence intensity at 547nm (AU)

(min) Blank, Fo Standard, F AF (F-F,)
10 847.9182 901.6939 53.7757
20 611.0358 746.2637 135.2279
30 319.3050 584.7097 265.4047
40 89.4799 451.6427 362.1628
50 36.4771 368.8679 332.3908
60 16.9606 308.8925 291.9319
70 6.2974 243.3819 237.0845
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Table 4.10: Optimization of reaction time for blank and standard
solution (second replicate)

Reaction time Fluorescence intensity at 547nm (AU)
(min) Blank, F, Standard, F AF (F-Fy)

10 837.7484 877.8161 40.0677

20 601.7501 732.1296 130.3795

30 308.5431 606.8216 298.2785

40 82.9844 443.4993 360.5149

50 33.5067 370.1925 336.6858

60 14.8585 303.9278 289.0693

70 4.9978 234.2929 229.2951

Table 4.11: Fluorescence intensity of 100g/L BPA standard solution
added with different chelating agents

Luminescence (AU)

Water Phosphoric Pentetic
Time  (without EDTA Phytic Acid SP .
: . acid (0.01 Acid
(min) chelating (0.01 M) (0.01 M)
M) (0.01 M)
agent)
0 427.2. 437.8: 418.8: 436.9: 432.3¢
30 415.28 435.07 421.75 426.48 424.56
60 398.7 427 416.33 420.59 420.9
90 390.94 410.37 409.7 411.71 415.27
120 372.37 409.15 394.35 402.36 414.58
150 358.29 400.99 390.46 389.59 404.06

Table 4.12: Fluorescence intensity of 100.ig/L BPA standard solution
added with pentetic acid at different ratios

Luminescence (AU)

Time (min) Pentetic Acid Pentetic acid Pentetic acid

(0.01 M) (0.001 M) (0.0001 M)

0 432.36 425.39 430.28

30 424.56 421.96 421.58

60 420.9 417.48 411.38

90 415.27 413.22 399.73
120 414.58 408.36 392.57
150 404.06 403.22 381.47
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Table 4.13: Results for 11 blank replicates

Replicate Luminescencelo (AU)

25.2165
32.6770
27.5097
24.9388
18.7720
40.5449
34.5863
23.4114
30.7861
26.4174
11 23.8059
Mean 28.0605
Std. Deviation 6.1157

© 00 N O o A W DN P

=
o

The limit of detection (LOD), LOD = 3%, where $is the standard deviation
of the regent blank (n=11) and k is the slope efdalibration curve.
LOD =3(6.1157)/4.3912

=4.2 ug/L

The limit of quantitation (LOQ), is defined as LGQLOS/K.

LOQ =10 (6.1157)/4.3912
= 13.9 ug/L
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Table 4.14: Results for BPA calibration solutions

Luminescence AF (F-FO0) (AU)

Con(C:uegr}E)a'tion Replicate Mean Deiitgt'ion E”f)t:j()f
1 2 3 4 5 Mean
10.1 40.6355 62.1571 56.9904 37.3014 49.4864 49.3142 5310. 4.7
20.1 57.7618 85.0933 92.245 73.2234 99.5798 81.5807 16.4865 7.4
40.3 164.092 176.933 219.136 154.597 209.265 184.80 28.1979 12.6
60.4 291.524 261.477 280.504 288.753 298.467 284.14 14.2119 6.4
80.5 376.263 348.1592 359.06 355.352 325.273 333.82 18.5435 8.3
100.7 459.978 430.292 445.464 428.721 441.626 461.2 12.7052 5.7




APPENDIX C

Table 4.21: Peak area measurement of BPA standard solutions
[BPA] Peak area (LU*s) WU
(no/L) 1 2 3 4 5 an s
2.99184 +
11 318497 280186 307368  2.87926  3.01945° ) oc-
7.63695 _+
32 885673 746137 761131  7.30707 6948283, >
1.82374 +
52 1115286 1393479  11.15467 1158694  11.28044 >0t
72 17.99257 1920901  16.65650 1571113  17.41356 5 2>
102 2683229 2608072  27.25895 2804032  32.65588) ¢ >3
206 47.68242 46.14620 4522810 4518847  49.98208) 0 0%
418 87.11948  93.08643  87.11600 8553171  98.682800 0 2ot
5.50059
C
81.9 166.90506 170.28175 164.88303 172.84306 167.81416% %%
1433 29522742 308.23074 307.04111 302.32419 3056137100 %
2045 465.66406 45389175 442.13550 437.53857 445.78558° 00K
268.8 561.82391 574.66101 583.75171 566.65753 578.19470° 017"
3800 846.46063 82516119 822.23016 817.11810 855.18087° 220
1065.4004¢

501.1

1056.99207 1108.47168 1099.86096 1048.26196 1013.41559

+

To calculate Limit of Detection (LOD) and Limit @uantitation (LOQ),

LOD

LOQ

= 3.3(SD/b)
= 3.3 (1.2909 Lu*s / 2.1444 Lu*s lug )
= 2.0pg/L

= 10(SD/b)
=10 (1.2909 Lu*s / 2.1444 Lu*s lug )
= 6.0pg/L



APPENDIX D

Table 4.17: Peak area of SPE20, SPE200 and SPE5@hdard solutions
Standard BPA . L Peak area Average Peak
recovery concentration Retention time . N

. (Lu*s) area (Lu*s)
solution (ng/L)
5.083 42.5273
SPE20 20.0 5.089 38.71493 40.54779
5.054 40.40113
204.9 5.041 445.99905
SPE200 ' 5.036 432.39871 440.26805
5.054 442.4064
5.062 1045.86951
SPE 500 499.8 5.059 1030.02502 1042.43420
5.044 1051.40808
Table 4.18: Development of first WASH step
% Peak area  Average SPES00 Wat_er %
added  reconstituted
Methanol (Lu*s) peak area Recovery
(mg) (mg)

970.10114

0 984.15906 977.13010 1001.72 1003.17 93.60
977.70013

10 987 60492 982.65253 1001.14 1001.58 94.22
989.03662

20 974.49298 981.76480 1000.83 1002.18 94.05
886.58337

30 933.21100 909.89719  1002.55 999.53 87.55
779.69965

40 774.87708 777.28837 1001.61 1001.45 74.58
755.33679

50 26225989 758.79834  1000.87 1001.73 72.73
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Table 4.19:

Development of second WASH step

% Ethyl Peak area Average Saljjiggo recvc\)/r?éﬁiute %
acetate (Lu*s) peak area (mg) d (mg) Recovery
970.5949
0 987 37329 978.98410 992.42 1005.23 92.72
923.56097
5 93481042 929.18570 1004.26 993.55 90.10
211.13725
10 205.60287 208.37006 999.28 999.91 19.98
56.04556
15 60.28495 58.16526 1006.3 1000.57 5.61
20.36334
20 20.42659 20.39497 1003.9 1000.94 1.96
39.08356
30 20.56052 34.32204 1004.76 1001.75 3.30
16.64519
40 13,338 14.99190 992.83 997.65 1.43
Table 4.41  Concentration found without BPA added (Riorimetric
method)
Fluorescence
Sample  Added __Intensity (AU) Found . 4
preparation [BPA] AF [BPA] deviation (pg/L)
method (ng/L) F (ng/L)
(F-Fo)
S, 0.0 31.2686 3.2081 -0.2
§§ 0.0 26.3163 -1.7442 -1.3 -08 + 0.6
o 00 271075 -0.9530 -1.1
8 g 0.0 30.8434  2.7829 -0.3
C +—
e g 0.0 31.5873 3.5268 -01 -08 + 1.2
> —
Eg 0.0 222960 -5.7645 -2.2
_ o o o 0.0 24.2486 -3.8119 -1.8
U ® Q@
g .(-g DC- E 0.0 37.7581 9.6976 1.3 03 + 1.8
= QO
2 0.0 37.7581 9.6976 1.3
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Table 4.42:

Percentage recovery of canned food, eronmental waters and
water incubated in PC bottle sample preparation mediod

(Fluorimetric method)

Fluorescence

Sample  Added . i Found %
prepargtion [BPA] intensity (AU) [BPA] Recovery mean x sgd.
method  (ug/L) AE (ngll) () | deviation (%)
F
(F=Fo)

20.1 115.4822 87.4217 19.0 94.50
20.1 112.1921 84.1316 18.3 90.78 89.71 + 5.41

§ 20.1 106.0608 78.0003 16.9 83.85

e) 60.4 271.0488 242.9883 54.5 90.14
ko 60.4 262.0914 234.0309 52.4 86.76 88.31 + 1.70

% 60.4 265.4963 237.4358 53.2 88.04

o 100.7 401.9316 373.8711 84.3 83.69
100.7 416.6591 388.5986 87.6 87.02 86.12 + 2.13

100.7 419.4822 391.4217 88.3 87.66

20.1 104.6815 76.6210 16.6 82.29
g 20.1 106.3576 78.2971 16.9 84.18 85.92 + 4.74

§ 20.1 112.6346 84.5741 18.4 91.28

IS 60.4 263.3161 235.2556 52.7 87.22
o 60.4 273.5640 245.5035 55.0 91.08 89.63 + 2.10

£ 60.4 272.2306 244.1701 54.7  90.58

.g 100.7 434.7039 406.6434 91.7 91.10
LE 100.7 414.0966 386.0361 87.0 86.44 88.29 + 247

100.7 418.0313 389.9708 87.9 87.33

O 20.1 109.3792 81.3187 17.6 87.60
o 20.1 107.2846 79.2241 17.2 85.23 87.94 + 2.90

-_E 20.1 112.3786 84.3181 18.3 90.99

% © 60.4 265.7293 237.6688 53.2 88.13
< E 60.4 278.1882 250.1277 56.1 92.83 90.39 + 2.35

2=s 60.4 271.2847 243.2242 545  90.22

§ 100.7 427.3789 399.3184 90.1 89.44
g 100.7 418.2887 390.2282 88.0 87.39 8747 + 1.93

100.7 410.2878 382.2273 86.2 85.58
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APPENDIX E

Table 4.24: Concentration of BPA from water incubaéd in PC bottles
determined using Fluorimetric method
Samples Standard, AF [BPA] Mean Corrected iéi?gt?(;g
F (F-Fo)  (ng/L) (mng/L)  (ng/L) (ng/L)
PC650A 57.1211  29.0605 5.7
PC650A 67.3192  39.2586 8.1 7.4 7.9 15
PC650A 68.2554  40.1948 8.3
PC650B 68.1010  40.0404 8.2
PC650B 67.0127  38.9521 8.0 8.3 8.9 0.4
PC650B 69.8992  41.8386 8.6
PC650C 54.0183  25.9577 5.0
PC650C 53.8211  25.7605 5.0 55 5.9 0.8
PC650C 59.9048  31.8442 6.4
PC250A 85.6625 57.6019 12.2
PC250A 86.4707 58.4101 12.4 10.9 11.7 2.7
PC250A 67.0860 39.0254 8.0
PC250B 66.7483  38.6877 7.9
PC250B 64.3185  36.2579 7.4 8.0 8.6 0.8
PC250B 70.7483  42.6877 8.8
PC250C 43.0520 14.9914 2.5
PC250C 58.1006  30.0400 6.0 5.2 5.6 2.6
PC250C 63.8191 35.7585 7.3
PC2000A 194.8325 166.7719 37.1
PC2000A 190.6801 162.6195 36.1 36.7 9.4 0.1
PC2000A 193.4656 165.4050 36.8
PC2000B 193.0312 164.9706 36.7
PC2000B 195.1458 167.0852 37.2 37.5 9.6 0.3
PC2000B 201.6248 173.5642 38.6
PC2000C 210.4877 182.4271 40.7
PC2000C 220.0512 191.9906 42.8 40.9 10.5 0.5
PC2000C 204.4217 176.3611 39.3
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Table 4.25:

Percentage recovery of BPA from waterncubated in PC
bottles determined using Fluorimetric method after spiked
with 40.3 ug/L of BPA

Sar_nples Standard
splked Standard, AF [BPA] Recovery Mean deviation
with 40.3 F (F-Fo) (na/L) (%) (%) (%)

(ug/L)

PC650A 242.0790 214.0184 47.9 100.80

PC650A 217.3896 189.3290 42.2 86.55 92.64 7.35
PC650A 224.4813 196.4207 43.8 90.55

PC650B 234.0635 206.0029 46.0 93.65

PC650B 219.5247 191.4641 42.7 85.43 88.38 4.57
PC650B 220.6386 192.5780 43.0 86.06

PC650C 219.5807 191.5201 42.7 92.48

PC650C 217.3896 189.3290 42.2 91.25 93.73 3.30
PC650C 228.4087 200.3481 44.7 97.47

PC250A 256.9896 228.9290 51.2 100.16

PC250A 237.6690 209.6084  46.8 89.24 95.90 5.84
PC250A 253.6690 225.6084 50.5 98.28

PC250B 230.6429 202.5823 45.2 92.32

PC250B 239.6278 211.5672 47.3 97.40 94.38 2.67
PC250B 232.5782 204.5176 45.7 93.41

PC250C 219.2667 191.2061 42.7 92.83

PC250C 230.6429 202.5823 45.2 99.26 93.43 5.55
PC250C 211.0705 183.0099 40.8 88.20

PC2000A 369.6869 341.6263 76.9 99.85

PC2000A 345.0883 317.0277 71.3 85.95 90.78 7.86
PC2000A 346.1648 318.1042 71.6 86.55

PC2000B 361.5979 333.5373 75.1 93.24

PC2000B 353.6771 325.6165 73.3 88.76 89.01 4.11
PC2000B 347.0670 319.0064 71.8 85.03

PC2000C 368.4738 340.4132 76.6 88.62

PC2000C 379.3391 351.2785 79.1 94.76 92.71 3.55
PC2000C 379.3666 351.3060 79.1 94.77
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Table 4.26:

Concentration of BPA from canned fooddetermined using Fluorimetric method

. Amount of Standard

Samples StandardF AF (F=Fo) Concentration Sample used BPA per kg Mean deviation

(ng/L) (mg) of sample  (ng/kg) A (ng/kg)

(nglkg) Hos
169.4651 141.4045 31.3 5329.36 150.43

GPA 166.9834 138.9228 30.8 5732.48 137.33 142.02 7.31
160.6809 132.6203 29.3 5427.41 138.28
161.1328 133.0722 29.4 5198.43 144.88

GPB 176.7532 148.6926 33.0 5739.22 147.09 147.26 2.47
168.9964 140.9358 31.2 5333.26 149.81
455.8201 427.7595 96.5 5839.48 423.18

TUNAA 437.2411 409.1805 92.3 5849.30 403.95 412.72 9.72
435.8449 407.7843 92.0 5728.44 411.05
421.8447 393.7841 88.8 5285.41 430.06

TUNAB 437.6612 409.6006 92.4 5634.16 419.81 419.72 10.39
427.7640 399.7034 90.1 5637.97 409.29
200.7546 172.6940 38.4 5218.43 188.59

SHROOMA 180.7082 152.6476 33.9 5058.30 171.45 176.65 10.37
182.9897 154.9291 34.4 5182.40 169.92
192.8029 164.7423 36.6 5320.43 176.26

SHROOMB 200.0819 172.0213 38.3 5083.47 192.82 186.41 8.89
197.4316 169.3710 37.7 5073.50 190.16
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Table 4.27: Concentration of BPA from canned fooddetermined using Fluorimetric method after spiking

Amount of

Samples  SwandardF AR (Fg  COMCEnUaion - Sample BPAperkq  Mean i,
(ng/kg) B (ng/kg)
GPA 327.976 299.9154 67.4 5287.2 326.41
331.292 303.2310 68.2 5032.9 346.75 334.38 10.86
339.656 311.5957 70.1 5436.3 329.99
347.239 319.1786 71.8 5332.4 344.71
GPB 356.093 328.0328 73.8 5423.4 348.44 345.17 3.07
357.13 329.0696 74.1 5537.5 342.35
347.384 319.3236 71.8 5029.5 365.64
SHROOMA 364.4 336.3394 75.7 5198.4 372.84 371.96 5.93
364.001 335.9405 75.6 5129.4 377.40
350.868 322.8078 72.6 5038.5 369.01
SHROOMB 355.121 327.0607 73.6 5089.3 370.20 373.00 5.91
365.518 337.4569 76.0 5120.4 379.79




1A

Table 4.28: Spiking recovery of BPA from canned fods determined using Fluorimetric method
Amount of BPA added per kg of

sample fg/kg)

Volume of Amount of

BPA added BPA used Spiking Standard
Sample (2577.5pug/L)  for spiking A B recovery (%) Mean (%) deviation (%)
(mL) C
GPA 0.4 195.00 326.41 94.56
0.4 204.85 142.02 346.75 99.94 97.87 2.90
0.4 189.65 329.99 99.11
0.4 193.35 344.71 102.12
GPB 0.4 190.10 147.26 348.44 105.83 104.24 1.91
0.4 186.19 342.35 104.78
0.4 204.99 365.64 92.19
SHROOMA 0.4 198.33 176.65 372.84 98.92 96.99 4.19
0.4 201.00 377.40 99.88
0.4 204.62 369.01 89.24
SHROOMB 0.4 202.58 186.41 370.20 90.72 92.00 3.58
0.4 201.35 379.79 96.04
To calculate spiking recovery for first resultTiable 4.4Q
Spiking recovery = ([BPA] in spiked sample — [BRA]Jsample) / [BPA] added for spiking x 100 %

=(B—-A)/Cx100 %
= (326.41ug/kg — 142.0219/kg) / 195.0Qug/kg x 100 %
=94.56 %

Same formula is used to calculate spiking recoirefyable 4.43
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Table 4.29: Concentration of BPA from environmentalwaters determined using Fluorimetric method

Amount (.)f Standard
Samples StandardF AF (F-Fy) Concentration (ug/L) BPA per Liter Mean deviation
of sample (ng/L) A
™ 41.5385 13.4779 2.2 0.112
36.33 8.2694 1.0 0.051 0.078 0.031
37.9257 9.8651 14 0.070
73.0539 44.9933 9.4 0.479
uw 80.7159 52.6553 11.1 0.569 0.543 0.055
81.6609 53.6003 11.3 0.580
37.4272 9.3666 1.2 0.064
LK 45.0273 16.9667 3.0 0.153 0.132 0.061
47.4357 19.3751 3.5 0.181
83.6501 55.5895 11.8 0.603
TT 86.0558 57.9952 12.3 0.631 0.642 0.045
91.2345 63.1739 13.5 0.691
75.0474 46.9868 9.8 0.503
PD 57.643 29.5824 5.9 0.300 0.377 0.110

60.2256 32.1650 6.4 0.330
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Table 4.30;:

Concentration of BPA from environmentalwaters determined using Fluorimetric method afterspiking

Amount of
_ BI_DA per Mean Standard
Samples StandardF AF (F-Fo) Concentration (ug/L) Liter of deviation
sample fg/L) (ng/L) (ng/L)
B
T™wW 225.7544 197.6938 44.1 2.260
215.789 187.7284 41.9 2.144 2.220 0.066
225.5202 197.4596 44.1 2.257
266.497 238.4364 53.4 2.735
uw 255.0541 226.9935 50.8 2.601 2.625 0.100
249.7481 221.6875 49.6 2.540
211.2297 183.1691 40.8 2.090
LK 209.8544 181.7938 40.5 2.074 2.159 0.132
230.1859 202.1253 45.1 2.311
269.6182 241.5576 54.1 2.771
TT 280.2311 252.1705 56.5 2.895 2.755 0.149
254.8046 226.7440 50.8 2.598
225.1699 197.1093 44.0 2.253
PD 227.7229 199.6623 44.6 2.283 2.274 0.018
228.0291 199.968 44.7 2.286
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Table 4.31: Spiking recovery of BPA from environmeral waters determined using Fluorimetric method

Amount of BPA added per Liter of
sample fg/L)

Sample Volume of Amount of
BPA added BPA used Spiking Standard
(2577.5pg/L) A B for spiking recovery (%) Mean (%) deviation (%)
(mL) C

0.4 2.26( 2.06: 105.8:

TW 0.4 0.078 2.14¢ 2.06: 100.1¢ 103.91 3.22
0.4 2.257 2.062 105.70
0.4 2.735 2.062 106.32

uw 0.4 0.543 2.601 2.062 99.85 101.00 4.84
0.4 2.540 2.062 96.85
0.4 2.090 2.062 94.96

LK 0.4 0.132 2.074 2.062 94.18 98.27 6.42
0.4 2.311 2.062 105.6¢
0.4 2.771 2.062 103.21

TT 0.4 0.642 2.89¢ 2.06: 109.21 102.48 7.22
0.4 2.598 2.062 94.90
0.4 2.253 2.062 90.96

PD 0.4 0.377 2.28: 2.062 92.4] 91.98 0.89

0.4 2.28¢ 2.06: 92.5¢




Table 4.32: Concentration of BPA from water incubaéd in PC bottles
determined using HPLC/FLD

Retention Peak , Standard
) Cencentration Mean .
Sample Time area (ng/L) (ng/L) deviation
(min)  (Lus) Ho Ho (ng/L)
5.215 13.00869 5.3
PC650A 5.8 0.7
5.090 15.19687 6.3
5.080 12.81092 5.2
PC650B 4.5 1.0
5.076 9.66300 3.8
5.072 6.85678 2.5
PC650C 3.1 1.0
5.132 9.82236 3.8
5.082 11.16207 4.5
PC250A 4.2 0.4
5.085 9.93655 3.9
5.076 6.42872 2.3
PC250B 2.5 0.4
5.033 7.66835 2.8
5.010 5.56740 1.9
PC250C 1.9 0.1
5.022 5.86772 2.0
5.010 21.92856 9.5
PC2000A 9.1 0.5
5.014 20.41390 8.8
5.083 19.96763 8.6
PC2000B 9.0 0.7
5.049 21.98329 9.5
5.004 19.22685 8.2
PC2000C 8.5 0.3
5.013 20.27775 8.7
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Table 4.33:

Concentration of BPA from canned fooddetermined using HPLC/FLD

. Average Concentration Water useq for Sample Amount of BPA Mean Standgrd
Sample Replicate Peak area (ng/L) reconstitution used per kg of sample (ng/kg) deviation
(Lu*s) " (mg) (mg) (ng/kg) A (ng/kg)
1 136.73925 63.02 996.83 5231.72 12.05
GPA 2 148.16287 68.35 998.37 5454.95 12.56 12.38 0.28
3 137.90028 63.56 999.47 5096.13 12.51
GPB 1 122.31025 56.29 998.61 5038.73 11.20
2 122.92784 56.58 1000.59 5003.57 11.36 11.41 0.24
3 136.60462 62.96 1000.87 5422.66 11.67
1 231.91312 107.40 999.38 5982.41 18.01
TUNAA 2 179.98456 83.19 1000.34 5026.88 16.62 17.25 0.70
3 208.17267 96.33 1000.55 5648.89 17.13
1 211.20932 97.75 1001.27 5587.34 17.59
TUNAB 2 187.76178 86.81 999.43 5031.36 17.31 17.64 0.36
3 226.82267 105.03 999.85 5845.73 18.03
1 39.47488 17.66 989.72 5487.79 3.20
SHROOMA 2 46.65930 21.01 999.67 5973.23 3.53 3.22 0.29
3 33.25332 14.76 999.79 5029.45 2.95
1 34.79357 15.48 1001.15 5175.92 3.01
SHROOMB 2 39.39839 17.63 1002.25 5948.41 2.98 296 0.07
3 32.77731 14.5¢ 1001.30 5070.68 2.88
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Table 4.34. Concentration of BPA from canned fooddetermined using HPLC/FLD after spiking
Average . Water used for Sample Amount of BPA Standard
Sample Replicate Peak area Concentration reconstitution used per kg of sample Mean deviation
(Lus) (no/t) (mg) M)  (mgkgB 9% ugig)
1 240.63064 111.47 998.12 5473.91 20.40
GPA 2 224.24624 103.83 998.31 5034.67 20.67 20.58 0.15
3 234.52542 108.62 999.57 5276.64 20.66
GPB 1 234.66970 108.69 1000.00 5646.79 19.32
2 238.98660 110.70 1001.20 5764.24 19.30 19.42 0.18
3 239.26123 110.83 1000.40 5673.46 19.62
1 408.45233 189.73 995.53 5023.10 37.75
TUNAA 2 392.68920 182.38 998.48 5017.31 36.44 37.21 0.69
3 415.08296 192.82 999.39 5164.82 37.46
1 398.45918 185.07 995.65 5018.39 36.86
TUNAB 2 430.86128 200.18 998.27 5539.44 36.22 36.42 0.38
3 392.82544 182.44 995.36 5038.26 36.18
1 126.95538 58.46 993.48 5164.38 11.29
SHROOMA 2 125.79055 57.91 995.13 5083.62 11.38 11.46 0.22
3 130.20628 59.97 996.87 5129.45 11.70
1 139.94982 64.52 997.91 5982.30 10.80
SHROOMB 2 126.81494 58.39 998.62 5167.27 11.33 11.15 0.30
3 123.29960 56.72 998.69 5026.23 11.32
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Table 4.35:  Spiking recovery of BPA from canned fods determined using HPLC/FLD

Amount of BPA added per kg of
sample fug/kg)

Amount of Sample Amount of Spiking Mean Standard
Sample Replicate  SPES500 (499.8 used (mg) BPA used for A B recovery (%) deviation
ng/L) spiked (mg) spiking C (%) (%)
GPA 1 99.32 5473.9: 9.1C 20.4( 88.1¢
2 99.55 5034.67 9.92 12.38 20.67 83.58 86.26 2.39
3 100.09 5276.64 9.52 20.66 87.01
1 100.60 5646.79 8.94 19.32 88.54
GPB 2 98.85 5764.24 8.60 11.41 19.30 91.75 91.13 2.34
3 99.72 5673.46 8.82 19.62 93.10
1 198.87 5023.10 19.87 37.75 103.18
TUNAA 2 199.96 5017.31 20.00 17.25 36.44 95.93 101.14 4.54
3 199.38 5164.82 19.37 37.46 104.30
1 200.02 5018.39 20.00 36.86 96.09
TUNAB 2 200.51 5539.44 18.16 17.64 36.22 102.26 97.38 4.37
3 198.48 5038.26 19.77 36.18 93.80
1 99.73 5164.38 9.69 11.29 83.23
SHROOMA 2 99.43 5083.62 9.81 3.22 11.38 83.11 84.67 2.59
3 98.85 5129.45 9.67 11.70 87.66
1 100.21 5982.30 8.41 10.80 93.37
SHROOMB 2 100.5¢ 5167.2° 9.77 2096 11.3¢ 85.7:2 87.65 5.05
3 99.9: 5026.23 9.98 11.32  83.84
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Table 4.36: Concentration of BPA from environmentalwaters determined using HPLC/FLD
, Average Concentration Water u.sed. for Amount. of BPA Mean Standard
Sample Replicate Peak area (ng/L) reconstitution per Liter of (ng/L) A deviation (ug/L)
(Lu*s) 19 (mg) sample fug/L) g 9
W 1 100.34271 46.05 990.91 0.092
2 81.61283 37.31 991.96 0.074 0.085 0.01
3 97.51340 44.73 993.73 0.089
1
uw 2 - ND - - ND -
3
1 -
LK 2 ND - - ND -
3
1 2.99952 0.65 997.52 0.001
TT 2 2.88981 0.60 997.22 0.001 0.001 0.00
3 3.51950 0.90 995.44 0.002
1 29.33134 12.93 996.81 0.026
PD 2 25.86639 11.32 993.50 0.023 0.023 0.00
3 22.98294 9.97 995.19 0.020
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Table 4.37: Concentration of BPA from environmentalwaters determined using HPLC/FLD after spiking
Sample Replicate IQV;IIZ?:a Concentration Watef uged for ATﬁg?to?fsgrzglg ” Mean gé?/?zgt?org
(Lu*s) (ng/L) reconstitution (mg) (ng/L) B (ng/L) (ng/L)
W 1 291.67845 135.27 998.15 0.271
2 276.62429 128.25 998.98 0.257 0.267 0.008
3 293.33330 136.05 996.54 0.272
1 190.49622 88.09 998.52 0.177
uw 2 205.92112 95.28 999.34 0.191 0.187 0.009
3 206.95513 95.76 997.63 0.192
1 200.78322 92.89 994.89 0.186
LK 2 196.59578 90.93 996.31 0.182 0.192 0.015
3 226.63640 104.94 995.20 0.210
1 194.50101 89.96 996.87 0.180
TT 2 202.79255 93.82 998.27 0.188 0.184 0.004
3 198.29718 91.73 995.32 0.183
1 208.96767 96.70 998.40 0.194
PD 2 219.86904 101.79 997.57 0.204 0.201 0.006
3 221.99563 ~ 102.7¢ 993.65 0.205
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Table 4.38:

Spiking recovery of BPA from environmetal waters determined using HPLC/FLD

Amount of BPA added per
Liter of sample (ug/L)

Amount of SPE200  Amount of Spiking Standard
Sample Replicate (204.9ng/L) spiked BPA usedfor A B recovery  Mean (%) deviation
into 500 mL (mg) spiking C (%) (%)
1 495.21 0.204 0.271 91.32
W 2 494.22 0.203  0.085 0.257  84.69  89.42 4.12
3 493.16 0.203 0.272 92.24
1 494.19 0.203 0.177 86.86
uw 2 493.58 0.203 0.000 0.191 94.15 91.76 4.24
3 494.70 0.204 0.192 94.25
1 497.24 0.205 0.186 90.70
LK 2 498.35 0.205 0.000 0.182 88.72 93.93 7.37
3 497.91 0.205 0.210 102.37
1 498.37 0.205 0.180 87.12
TT 2 498.84 0.205 0.001 0.188 90.93 88.96 1.91
3 497.73 0.205 0.183 88.82
1 498.22 0.205 0.194 83.45
PD 2 495.46 0.204 0.023 0.204 88.84 87.10 3.15
3 497.78 0.205 0.205 89.00




APPENDIX F

Figure 4.19: GC/MS analysis of standard BPA 390 ppl in ethyl acetate
a) Total ion chromatogram (TIC) at m/z 100 - 300, p
Extracted ion chromatogram (EIC) at m/z 213.0 and tMS
spectrum at retention time 18.004 min (m/z 100 — 8))
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Figure 4.21: GC/MS Extracted ion chromatogram (EIC)at m/z 213.0 for
sample a) TW, b) PD, c) GPA, d) GPB, e) SHROOM A)
SHROOM B, g) TUNA A, and h) TUNA B
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