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CHAPTER1

INTRODUCTION

1.1 Introduction and Literature Reviews

Currently, sulfonamides (SAs) were widely used as broad-spectrum synthetic
antibiotics due to their low cost. They were used for therapeutic, prophylactic and
growth-promoting purposes in animals. Drugs«€onsisting of SAs can be employed to
prevent and treat various.discases and infections.in the urinary, digestive, and
respiratory tracts not only in_hutans but also in animals. The use of SAs can cause
residual problems in meat becatise of éxcessive or uncontrolled dosages to animals
before sales to consumerss The hazardqus SAs can cause allergic reactions and
antibiotic resistance, and be carcinogeni__e in humans [1, 2]. The European Union
(EU) has set a maximunyresidug limit (MRL) of 100 ng g for SA residues in original
animal food [3]. In addition, each country has set different limits for antibiotic
residues in food. In Thailand, shrimp isj{!o_ne. of the top ten exports sent to other
countries. To overcome the lmmitations G:f;-%i%.de based on SAs residues, a rapid,
accurate, selective and sensifive method fdf‘fh'e'quantiﬁcation of SAs in shrimp is
necessary. Several nictheds-have-been-developed-ior-ihe determination of residual
SAs including thih-layer chromatography (TLC), high-performance liquid
chromatography  (HPLC), high-performance  liquid chromatography-mass
spectrometry (HPEG/MS)-{4+1 Il,ogas chromatography (GC);y gas chromatography-
mass spectrometty (GC/MS), capillary electrophoresis (CE) [12, 13] and the enzyme-
linked immunosorbent assay (ELISA)_ [14]. The common method used for the
separation /of sulfonamides is HPLC-coupled with ultraviolet ' (UV) [15-22] and
fluorescent detectors [1, 23], which exhibited high sensitivity and selectivity.
However, there is a high cost for the equipment and laboratories and a requirement for
significant labor and analytical resources, which can potentially cause substantial
delays in obtaining results. The electrochemical (EC) detector [24, 25] is an
alternative method for SA determination that has the benefits of simplicity, speed,

sensitivity and low cost.



The conventional column employed for the separation of these analytes is
particle-packed, which has disadvantages, such as high flow resistance, high back-
pressure and particle splitting at elevated flow rates. These drawbacks can lead to
non-reproducibility, low separation efficiency and reduced sample throughput [26].
Recently, the monolithic column was discovered and verified as an alternative
material for a conventional column. This column was classified according to its base,
such as a polymer-based or silica-based monolithic column [27, 28]. The polymer-
based monolithic column was prepared by a polymerization process of a monomer
[29]. The excellent properties of the polymer-based monolithic columns were suitable
for large molecule separation and can be used.ever a wider pH range than the silica-
based monolithic columns.  However, these polymer-based columns were easily
swollen or shrunk in organie'solvent. ‘The silica-based monolithic column is prepared
by the sol-gel process [30] and was used for the separation of small or medium
molecules. The advantagefof this ¢olumn over the polymer-based monolithic column
was that it provided#a high folerance for organic solvent, which led to a longer
lifetime. Therefore, in this work, we sclec‘t(_ad a silica-based monolithic column for the
separation of analytes. Both'classical moﬁ?ﬁthic columns had pore sizes that were
controlled by porogenic solvents such as-i;:otl,)ﬁc_;thylene glycol. The characteristic of
monolithic columns were single piece, throﬁgh;pore and cross-linked skeletons. The
silica-based monolithic column had smallj-s-i_iéc-l skeletonn and bimodal pores (both
macropores and mesopores in one structure). The mesopores had an average diameter
of 13 nm, and large macropores had an average diameter of 2 um. The total porosity
in a silica single piece issmore than 80 % with a lower back-pressure than a particle-
packed columny even at high flow rates, the sepatration can be performed by silica-
based monolithi¢ column with a shorter analysis time and higher sample throughput.
Becausey of this, strong performance;) the fmonelithie) column «was» applied for the
separation of several analytes in food [31-34], cosmetics [35], pharmaceuticals [36,

37] and environmental samples [38].

A critical problem for the determination of residual sulfonamides in animal
tissues and environmental was the matrix. Therefore, sample extraction techniques
were required before analysis. The sample preparation techniques have been reported
for SAs consisting of liquid-liquid extraction (LLE) [19, 24], matrix solid-phase
dispersion (MSPD) [39], solid-phase microextraction (SPME) [20] and solid-phase



extraction (SPE) [1, 4, 6-10, 21]. SPE was used for simultaneous extraction and
cleanup analytes. The advantages of SPE were selective, simple and short time-
consumption. Among the SPE materials reported, Oasis HLB was attractive. It was a
hydrophilic-lipophilic balanced sorbent in SPE that was composed of two monomers
(N-vinylpyrrolidone and divinylbenzene). This material has exhibited excellent

retention capacity for a wider polarity of analytes [4, 10].

In this work, a method for the determination of sulfonamides in shrimp
samples by monolithic column couple with' amperometric detection using a boron-
doped diamond thin film electrode has beetideveloped. It is one part on the use of a
diamond electrode for sulfonamide (iuantiﬁcation in ‘real world’ contaminated
samples. The analytical figures with limits of detection in the low ppb range, good
sensitivity, excellent respense/precision: and stability were observed. The proposed
method has provided a rapidy highly sensitive and aecurate method by exploiting a
monolithic column ceupled with a diaﬂiogd electrode and validated it through a
comparison measurement Ausing HPLCiMS. The methodology was applied to
determine residual  sulfonamides (suiféi;'gﬁ-anidine (SG), sulfadiazine (SDZ),
sulfamethazine (SMZ), sulfamonomethd;ir-—iﬁe_h (SMM), sulfamethoxazole (SMX),
sulfadimethoxine (SDM) and sulfaquinoxalﬁ@j(jSQ)) in fresh shrimp using Oasis HLB
cartridges for sample extracfi(;ﬁ. The struct;lres of the¢ seven sulfonamides were

presented in Figure 1:1—-
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Figure 1.1 Chemigal structutes of the studied sulfonamides.

1.2 Research Objective

The target of this research is to develop a method with rapidity, accuracy, and
low detection limit for-the determination of seven SAs contaminated in shrimp using

the monolithic column-coupled with amperometric BDD-detector.
1.3 Scope of Research

The,monolithic'column coupled with amperometric detection using boron-doped
diamond electrode was used for separation and detection of seven SAs. The effect of
pH of mobile phase and extraction solution, flow rate of mobile phase, detection

potential, linearity, limit of detection, and limit of quantitation were studied in detail.



CHAPTER 11

THEORY

2.1 High Performance Liquid Chromatography (HPLC) [40, 41]

High performance liquid chromatography is widely used for separation of two
or more compounds in a mixture by distributing themselves between two phases: (a) a
stationary phase, which can be a solid or liguid*Supported on a solid; and (b) a mobile
phase, which is liquid and flows continuously.around the stationary phase. The
separation of individual'compencat results primarily from differences in their affinity
for the stationary phas€. Figtire2.:1 sho{Yed the four most widely used types of HPLC.
These methods include: (1) partition or liquid-liquid chromatography; (2) adsorption
or liquid-solid chromategraphy: (3) on exchange chromatography; and (4) two types
of size exclusion chromatography; 1nclud5ng gel permeation chromatography and gel

filtration chromatography. rhdp 4
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Figure 2.1 Types of liquid chromatography.



2.1.1 Types of HPLC [42]

The schematic of the four modes of liquid chromatography are demonstrated in

Figure 2.2.
2.1.1.1 High Performance Partition Chromatography

Partition chromatography (Figure 2.2 (B)) has become the most widely used of
all liquid chromatographic procedures. This'teechnique can be subdivided into liquid-
liquid and liquid bonded-phase chromatography. The difference between the two
types is that the stationary phasc is held on the supported particles of the packing. For
liquid-liquid, the retention.as controlled by physical adsorption, while bonded-phase;
covalent bonds are involyed. [Early partition chromatography was exclusively liquid-
liquid. Presently, bonded-phasg packings were also predominated because of their
greater stability. Thef€ awe two typed b?fseQ on the relative polarities of the mobile
and stationary phase. Firstly, they Weref’based upon highly polar stationary phases
and a relatively nonpolar golyent was used -és}nobile phase. For historic reasons, this
type of chromagraphy is so calied norméiﬁhgse chromatography. Secondly, they
were reversed-phase chromatography, whi_c___if ,‘c;)nsisted of nonpolar stationary phase

o el

and polar solvent mobile phase.;
2.1.1.2 High Performance Adsorption Chromatography

Adsorption chromatography. (Figure 2.2 (C)), often referred to as liquid-solid
chromatography, is based on interactions between the solute and fixed active sites on
a solid“adsotbent 1sedias the: stationary (phase. ~The adsorbent canl be packed in a
column or spread on'a plate. The adsorbent is generally an active, porous solid with a
large surface area, such as silica gel, alumina or charcoal. The active sites, such as
silanol groups of silica gel generally interacted with the polar functional groups of
compounds to be separated. The nonpolar portion of a molecule showed only a minor

influence on the separation.



2.1.1.3 High Performance Ion Exchange Chromatography

Ion exchange Chromatography, depicted in Figure 2.2 (D), is based on the
affinity of ions in solution to the oppositely charged ions on the stationary phase. Ion
exchange packing consisted of a porous solid phase, usually a resin, onto which ionic
groups are chemically bonded. The mobile phase is usually a buffered aqueous
solution containing a counter ion whose charge is opposite to that of the surface
groups on stationary phase. Anyhow, they had same charge as the solute which is in
charge equilibrium with the resin in the forra’of an ion pair. Competition between the
solute and the counter ion for the ionic site"geverns the chromatographic retention.
Ton-exchange chromatography has found to be useful for the application in inorganic
chemistry for separating metallic ions, and in biological systems for separating water

soluble ionic compounds such.asproteins, nucleotides and amino acid.
2.1.1.4 High Performance Size Elxc,lusion Chromatography

The mechanism ofisize exclusion ch-'r:ofﬁatography, also classified to gel
permeation or gel filtration chromatograpﬁgr; is shown in Figure 2.2 (E). Here, the
stationary phase should be chemically ineﬂ.fSi%e exclusion chromatography involves
the selective diffusion, of solufe molecules 1nto;md out of/mobile phase filled pores in
a three dimensional, fietwork, which may be a gel or pofous inorganic solid. The
degree of retention depends on the size of the solvated solute molecule relative to the
size of the pore. Small _molecules will be permeated into the smaller pores,
intermediate sized molecules will be permeated only part of/the pores and be excluded
from other, and the very large molecules will be completely excluded. The larger
molecules twill“bestraveled, fasterithrough thestationary: phaserand ¢luted from the
column first.  Thus, size exclusion chromatography is especially useful in separation

of high molecular weight organic compound and biopolymers from smaller molecules.
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2.1.2 Instrumentation [40, 43]

HPLC is frequently used in biochemistry and analytical chemistry to separate,
identify, and quantify compounds. HPLC utilizes a column that holds
chromatographic packing material (stationary phase), a pump that moves the mobile
phase through the column, and a detector that shows the retention times of the
molecules. The variation of retention times depend on the interaction between target
analyte, the stationary phase, and the solyent used. Figure 2.3 depicted a diagram of

important components for a typical HPLC instcument.

Mobile phase

TESCTVOIF |

‘ Injector

d

44 Waste

N Detector
. S

Printer

F igﬁre—2.3 Components of a typical HPLC finstrument
2.1.2.1 Mobile Phase Reservoir

The resérvoirs are a storage container made of material resistant to chemical
attack /by ithe mobile phase~ Inymost \common size bottles, ata b or 2 liter glass
reservoirs. Mobile phase is often necessary to remove dissolved air before the mobile
phase is fed to the pump. This procedure is called mobile phase degassing.
Degassing can be achieved by helium dispersion, applying vacuum to the mobile
phase, ultrasonification, or heating. Therefore, degassing mobile phase prior used is
preferred. The bubbles cause the operation of HPLC pumps unreliable, leading to
fluctuations in flow rate. Bubbles can also get trapped in the detector flow cell,

causing problems with this module as well.
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The mobile phase used a single solvent or a solvent mixture of constant
composition is isocratic elution. In gradient elution, two (and sometimes more)
solvent systems that significantly different in polarity are used. The ratio of the two
solvents is varied in a preprogrammed way during the separation, sometimes

continuously and sometimes in a series of steps.
2.1.2.2 Pump

The requirements for liquid chromatographic pumps included (1) ability to
generate pressures of up to 6,000 psi, (2) pulse-free output, (3) flow rates ranging
from 0.1 to 10 mL min™", (4) flow repréducibility of 0.5 % relative or better, and (5)
resistance to corrosion of solvents.  The types of pumps used in liquid
chromatography can be divided into two categorics according to the mechanism of
dispensing the mobile phase; constant volume pump (e.g. reciprocating pump and
syringe pump) and consStant pressure pumif;s ge. g. pneumatic pump)

d

Syringe pumps employ solvent diéi)lacement by a mechanically controlled
piston advancing at a constant rate in a ﬁxég ;folume chamber (250-500 mL capacity).
The pump output is relatlvely pulse frees Very hlgh pressure can be obtained, and
gradient and flow programmmg are quite stralghtforward The disadvantages of this
pump are high cost limited solvent reservoir capacity and problems with solvent

compressibility.

The reeiprocating pump is the most widely used.” 'This device consists of a
small cylindrical'chamber that is filled and then emptied by back-and-forth motion of
a pistofiy (Fhe pumpingmotion:produces fa pulsedifloe that mmstibe subsequently
damped.; Advantages of reciprocating pump include small internal volume, high
output pressure (up to 10,000 psi), ready adaptability to gradient elution, and constant
flow rates, which are largely independent of column back-pressure and solvent

viscosity. Most modern commercial chromatographs employed a reciprocating pump.
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Some instruments use a pneumatic pump, which it consists of a solvent
container housed in vessel that can be pressurized by a compressed gas. This pump is
inexpensive and pulse-free. The limit of solvent capacity and pressure output are
major disadvantages and the pumping rates depend on solvent viscosity. In addition,

they can not adapt to gradient elution.
2.1.2.3 Injector

The most commonly used sample injector in HPLC is the loop injector. A six-
port, high-pressure, external loop injector” and its basic operating principle are
illustrated in Figure 2.4. Tn the load p6§iti0n, sample is forced through the loop by a
syringe. Once the loop is.eompleicly ﬁ-lled, the valve core is rotated either manually
or by an automatic air-gperated Ii_ar electrically operated actuator. The
chromatographic pump thén forecs mobile phase through the loop and displaces the

load to the column. Te refill the loop, the—,:co,re is rotated in the opposite direction.
LN

Sample a Sample dut B Samplein Sample out

Figure 2.4 Schematic diagram of a loop injector in the (A) load and (B) inject

positions
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2.1.2.4 Columns

Typically, there are two types of columns: an analytical column and a guard
column. The guard column is placed before the analytical column to protect it from
contamination. Guard columns usually contain the same particulate packing material
as same as the analytical column, but they are significantly shorter and less expensive.
Analytical columns, the conventional columns are particle packed column. The most
widely used type of particle packed column is bonded-phase packings. Bonded-phase
packings are a liquid film coated on a packing material consisting of 3—10 mm porous
silica particles. The stationary phase may be_partially soluble in the mobile phase,
causing it to “bleed” from the Columit over-time. To prevent lossing of stationary
phase, it is covalently bound i the silica particles. Bonded stationary phases are
attached by reacting the silicaparticles with an organochlorosilane. The general form

is Si(CH;),RCl, where R is an‘alkyl or substituted alkyl group.

N o

O =
# Si(GH),R0I by’
—Si—OH ——== =—5/— 0 —Si(CHj3),R + HCI
©) ' G
AT £

Figure 2.5 Reaction of Bonded stationary phase

The disadvantages.of.particle packed.column ,are high flow, resistance, high
back-pressure and particle splitting‘at'€levated flow rates.— These drawbacks can lead

to non-reproducibility, low separation efficiency and reduced sample throughput.
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Recently, the monolithic column was discovered and verified as an alternative
material instead of using a conventional column. Monolithic column is classified
according to its base, such as a polymer- or silica-based monolithic column. The
polymer-based monolithic column is prepared by a polymerization process of a
monomer. The excellent properties of the polymer-based monolithic columns are
suitable for large molecule separation and can be used over a wider pH range than the
silica-based monolithic columns. However, these polymer-based columns are easily
swollen or shrunk in organic solvent. The silica-based monolithic column is prepared
by the sol-gel process and is used for the separation of small or medium molecules.
The advantage of this column over the polymer-based monolithic column is that it

provides a high tolerance for organic solvent, which leads to a longer lifetime.
2.1.2.5 Polymer-Based Monolithic Columns [27]
2.1.2.5.1 Synthesis Approacﬁles,and Characterization

To synthesize an organié fnonolitﬁé a mixtute of monomers, CO-monomer,
initiator, crosslinker and porogenie solvent;_-i-s; poured in to a mold. The porogen acts
as an emulsifier, creating the porous structufé_'.r i’he mixture is either heated or treated
with UV light to initiate polyfnérization. Th-e- _r_ééﬁlting morolith is washed to remove
any remaining mongrfier or porogen and subsequently fuiictionalized. The interstices
generate a macroporous system with pore diameters in excess of 100 nm. The
reported specific surface area is much smaller than those of monolithic silicas
(<50 m* g"). [Ehe pore-size depends on thesolvent and the swelling properties of the
material. One major advantage of polymeric monoliths over silica monoliths is the
fact that, theysurface  functioniality [can |befgenerated, and| controlled| by the use of
appropriate co-monomers. Thus hydrophobic, hydrophilic, polar and charged surfaces
can be obtained. Also polymeric monoliths are manufactured in a wide variety of
column formats as thin membranes, disks, capillary columns and large bore

preparative columns.



14

2.1.2.6 Silica-Based Monolthic Columns

2.1.2.6.1 Formation Processes and Pore Structure Control of Silica

Monoliths

The starting silica sources are tetramethoxysilane, tertracthoxysilane or
n-alkyltrialkoxysilanes which are subjected to acid catalyzed hydrolysis and
condensation in presence of water soluble polymers such as polyethyleneglycols and
polyacrylic acid and surfactants as additives. The multicomponent solution converts
into a sol—gel system by a nueleation and grewth mechanism in which small fractions
of a finely dispersed phase grow in size (sec Figure 2.6 (A)) being limited by a
thermally activated diffusion” proceéss. A second process, called spinodal
decomposition, takes place leading to a co-continuous domain structure, which
remains stable over an extended ‘period of time (see Figure 2.6 (B)). The gel
morphology is controlled by the kinetics-_‘ oﬁ two competitive processes: the domain
coarsening and the strueture freezing by {he sol=gel transition. The resulting gels are
aged and a solvent exchange is perfarmed to tailor the pore structure. The
macroporous gel domains are filled with the polymer which has been burned out by
calcination after drying. The MESOPOre structure and mesopore size is adjusted by
hydrothermal treatment condltlons In this way the process enables to generate two
continuous pore systems and to adjust and control the pore size, and porosity of
macropores and mesopores independently. The manufacturing process of monolithic
silica rods with 4.6mm LD, comprises the following consecutive steps: preparation of
the starting solyphase Separation and gelation, aging and drying. After drying the rods
are cladded with poly (ether ether ketone) (PEEK). Surface functionalization is
performedtifi situ.~Thel product s, ¢alledtChromolith /Performantce @and marketed by

Merck, Darmstadt, Germany.
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Figure 2.6 (A).Nucleation and growth (diffusion limited) of silica-based

monoliths (B) Spinoidaliddecomposition (spontancous) of silica-based monoliths

The bimodal pore staicture of a\ Chromolith column is characterized by a
distinct bimodal pore strucgure: macropores of 2 um in diameter and mesopores with
an average pore diamefer of approximately 13 nm. The total porosity of the
monolithic column amounts to.80% and higher, the larger proportion accounts for the
macropores. The mesopores -generate a speeific surface area of approximately
300 m> g, Silica monoliths (rods) of 4.6 mm. L.D. size. were characterized by the
classical pore structur€ analysis such as nitrogen sorptionat 77 K, mercury intrusion,
scanning electron microscopy (SEM) and transmission electron microscopy (TEM).
SEM photographs for the.bimodal pore stfucture of silica-based monolithic column
are illustrated in Figure 2.7 As a result the mesopore volume-and macropore volume
distribution wer€ assessed to detect the size of diffusive pore and the size of flow

throughypotes.

Characteristics of monolithic columns have single piece, through-pore, high
porosity, and cross-linked skeletons. Advantageous of monolithic column are a lower
back-pressure than a particle-packed column, even at high flow rates, the separation
can be performed in monolithic column with a shorter analysis time and high sample

throughput.
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Mesopores: 13 nm ~ Macropores: 2 um
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The detector m Jisures the signal correspondlng ‘[0 the concentration of sample

bands that they moved from the analytical column and pass through the detector flow

cell. An ideal. qetlkctdr Pf ﬁny‘ l}ypelvii t se S[jh‘vé" o Tow T;oncentratlons of analyte,

provided linear response, and did not broaden the eluted peaks. It was also insensitive

to chang@ peptk‘rc andsgl’s/eflt‘icemgpstglo o preveTt pqu broadening, the
detector lror !n hould'be less than'20% of 'the V:Jumj ofthe chrorﬁatographlc band.
Gas bubbles in the detector create noise, so mobile phase must be degassed
beforehand. Table 2.1 listed some of common detectors and their properties. The

popular detectors are spectroscopic detectors and electrochemical detectors.

Spectroscopic detector, the most popular HPLC detectors are based on

spectroscopic measurements, including UV/Vis absorption, and fluorescence.
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Electrochemical detector, another common group of HPLC detectors are those
based on electrochemical measurements such as amperometry, voltammetry,

coulometry, and conductivity.

Table 2.1 Performance of HPLC detectors*

HPLC Detector Commercially Mass LOD+ Linear Range ;
Available (typical) (decades)
Absorbance XS 10 pg 3-4
Fluorescence el 10 fg 5
Electrochemical Yes 100 pg 4-5
Refractive index i of L "ng 3
Conductivity Yes ‘_ 100 pg-1 ng 5
Mass spectrometry Yjes _ <1 pg 5
FTIR Y ¢s ) ' ug 3
Light scattering ¥es. 4 [ ug 5
Optical activity No N 1l ng 4
Element selective No _ 1 ng 4-5
Photoionization -No _ <1 pg 4

+ From manufacturér’s literature; Hand book of Instrumental Techniques for
Analytical Chemistry, F. Settle, Ed. Upper Saddle River, NJ: Prentice-Hall, 1997; E. S.
Yeung and R. E¢Synoyee, Anal -Chems, 1 986,58, 123 7A.

+ Mass LODs, (limits~of detection) are dependent on ‘compound, instrument, and
HPLC conditions, but those given are, typical.values, with commetcial systems when

available.

+ Typical values from the sources above.
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2.1.2.8 Flow Cell
2.1.2.8.1 Flow Cell for Spectroscopy [43]

The Z flow cell for HPLC using a UV/Vis spectrophotometer as a detector is
showed in Figure 2.8 (A). Careful consideration must be given to the design of the
detector flow cell as it forms an integral part of both the chromatographic and optical
systems. A compromise between the need to miniaturize the cell volume to reduce
extracolumn band broadening and the desirg'to employ long path lengths to increase
sample delectability must be made. The Z-cell.design was used to minimize stagnant

flow regions in the cell and to reduce peﬁk tailing.
2.1.2.7.2 Flow Cell.for: Electrochemistry [44]

The thin-layer"amperometric ﬂovs?_‘ cgll showed in Figure 2.8 (B). The thin-
layer channel is defined by a gasket hi;_ld between a stainless-steel block and a
polymeric block. The stainlgss-steel block!ls the auxiliary electrode and provides a
compartment for the reference electrode. 'i“h—e jpolymeric block contains the working
electrode. This design and, in fact, nearly aT_l_"_g:je-_il designs incorporate three electrodes:
working, auxiliary, and refeféﬁée. The -p.(:)-t_gn_ti-al selected by the user is applied
between the referenéc and working electrodes while the Surrent is passed between the
auxiliary and working electrodes.  Detection occurs at the working electrode in the
thin-layer region. Ele(,;trodes of the same or different Iﬁaterials may be interchanged
by simply swapping the working electrode halfof the thin-layer cell. Carbon pastes,
glassy carbon, mercury on gold, platinum, and silver have all been used. This design
allowsreasy - collection: of ysolute’ bands twithout “appteciable, dispersion. The cell
volume ¢an also be reduced for microbore LC to less than 300 nL by simple gasket

changes.
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2.2 FElectroanalytical chemistry (EC)

Electrochemistry encompasses chemical and physical processes that involve
the transfer of charge. There are two categories of electrochemical processes,
potentiometic and electrolytic methods, that are applied to quantitative measurements.
Potentiometry is the field of electroanalytical chemistry in which potential is
measured under the conditions of no current flow. The measured potential may then
be used to determine the analytical quantity of interest, generally the concentration of
some component of the analyte solution. 'Unlike potentiometry, where the free energy
contained within the system generates the analytical signal, electrolytic methods are
an area of electroanalytical chemistryJ in which an external source of energy is
supplied to drive an electrochcmical reaction which would not normally occur. The
externally applied driving force is either an applied potential or current. When
potential is applied, the rgsultant ¢urrent is the analytical signal; and when current is
applied, the resultantpotential is, the af_falytical signal. Techniques which utilize
applied potential are typically referred tof’e_ls voltammetric methods while those with
applied current are refemred to" as galviﬁésji-atic methods. Unlike potentiometric
measurements, which employ only two ele&r&}qs, voltammetric measurements utilize
a three electrode electrochemical cell, The ﬁe ;)f three electrodes (working, auxillary,
and reference) along with th;crf)-dtentiostat irié_t;'ﬁr-llent allows accurate application of
potential functions Van—d fhe measurement of the resulfant current. The different
voltammetric techniques are distinguished from cach other primarily by the potential
function that is applied to_the working electrode to drive the reaction, and by the
material used @as the 'working electrode. ' Some voltammetric techniques used in this
work such as €yclic voltammetry, hydrodynamic voltammetry, and amperometric

detection aré'considered reéspectively.
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2.2.1 Mass transport [40]

Reactants or charges are transported to the surface of an electrode by three
mechanisms: (1) diffusion, (2) migration, and (3) convection. Products are removed

from electrode surfaces in the same ways.
2.2.1.1 Diffusion

When there is a concentration diffesenee between two regions of a solution,
ions or molecules move from the more coneenérated region to the more dilute. This
process is celled diffusion and ultimatel§/ leads to a disappearance of the concentration
gradient. The rate of diffusion is'directly proportional to the concentration difference.

2.2.1.2 Migration
),

The electrostatie” process by whieh ions move under the influence of an
electric field is celled migration. The rate ié}t which ions migrate to or away from an
electrode surface generally increases as thé}féggrode potential increases. This charge
movement constitutes a current, which a1_s—_o,‘ -_)increases with potential. Migration
causes anion to be attractedr 7t'(7)-7the positi\./é__g:l_e-ctrode and cations to the negative
electrode. Migration— of analyte species can be mifimized by having a high
concentration of an inert electrolyte, celled a supporting electrolyte, present in the cell.
The current in the cell 4s_then primarily due to charges carried by ions from the

supporting electrolyte.
2.2.1.3 "Conyection

Reactants can also be transferred to or from an electrode by mechanical mean.
Forced convection, such as stirring or agitation, tends to decrease the thickness of the
diffusion layer at the surface of an electrode and thus decrease concentration

polarization.



22

2.2.2 Voltammetry [42, 45, 46]

Voltammetry comprises a group of the electroanalytical methods in which
information about the analyte is derived from the measurement of current as a
function of applied potential. It is based on the measurment of a current that develops
in an electrochemical cell under conditions of complete concentration of polarization
of working electrode. In the presence of the electroactive (reducible or oxidizable)
species, a current will be recorded when the applied potential becomes sufficiently
negative or positive for it to electrolyze. + The recording result is called a
voltammogram. The potential exeitation signalas imposed on an electrochemical cell
containing an electrode. Three waveforms of most common excitation signals used in
voltammetry are shown inFigure 2.9, The classical voltammetric excitation signal is
a linear scan shown in Figurc/2.9(a). The potential applied to the cell of this
excitation increases lineagly as a function of time. The two pulse excitation signals
are shown in Figure 2.9(b) and 2.9(c). -Thg: current responses of the pulse type are
measured at various times during the lifetiine of these pulses.

' #

Voltammetry is widely. used for tfied fundamental studies of oxidation and
reduction processes in various hqedia, adsc@ti;)n process on electrode surfaces, and
electron transfer mechanisms;{relectrode Sﬁffa}'éés. In the mid-1960s, several major
modifications of cléséibal voltammetric techniques were déveloped that enhanced the

sensitivity and selectivify of the method.
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Type of
Name L Waveform 3 voltammetry
i e Polarography,
() Linear B Hydrodynamic
scan e voltammetry
Time —wa
. . Differential
®) Differential pulse
pulse
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© Square Square wave
wave voltammetry
Time —

Figure 2.9 Typical excitation signals for voltammetry

2.2.3 Cyclic voltammetry [47]

Cyclic voltammetry (€V) is an"important and’ widely used-electroanalytical
technique. Although CV is infrequently used for quantitative analysis, it finds wide
applicability in study of oxidation/reduction reaction, the detection of reaction
intermediates, and the observation of follow-up reaction of products formed at
electrodes. In CV apply the triangular waveform in Figure 2.10 to the working
electrode. After the application of a linear voltage ramp between times ty and t;
(typically a few seconds), the ramp is reversed to bring the potential back to its initial

value at time t,. The cycle may be repeated many times.
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The initial portion of the cyclic voltammogram in Figure 2.11, beginning at to,
exhibits a cathodic wave. Instead of leveling off at the top of the wave, current
decreases at more negative potential because analyte becomes depleted near the
electrode. Diffusion is too slow to replenish analyte near the electrode. At the time of
peak voltage (t;) in Figure 2.11, the cathodic current has decayed to a small value.
After t;, the potential is reversed and, eventually, reduced product near the electrode is
oxidized, thereby giving rise to an anodic wave. Finally, as the reduced product is

depleted, the anodic current decays back toward its initial value at t.

Figure 2.11 (A) illustrates a reversible reaction that is fast enough to maintain
equilibrium concentrations of reactant and product at the electrode surface. The
anodic peak and cathodic peak eutrents have equal magnitudes in a reversible process,

and

2303RT) 4 6004

E_-E - (mV) (at 25 °C)

T

Where Epa and Eg are the potentials at which the anodic peak and cathodic
peak currents are observed and n is the nuﬁ'ﬂie_r_ of electrons in the half-reaction. The

half-wave potential, Ey/p, lies midway bctweenjﬂ:le two peak potentials.

The formal reduction,potential (E”) reversible reaction is given by

~ E e HEW
2

EO

For anjitrevetsible feaction, the cathodic/and anodic peaks are drawn out and
more separatedFigure 2.11 (B)). At the limit of irreversibility, where the oxidation

is very slow,.no.anodic.peak is.seen.
For a reversible reaction, the peak current (l,, amperes) for the forward sweep

of the first cycle is proportional to the concentration of analyte and the square root of

sweep rate:

I, =(2.686x10°)n**ACD"*y""? (at 25 °C)
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Where n is the number of electrons in the half-reaction, A is the area of the
electrode (cm?), C is the concentration (mol/cm®), D is the diffusion coefficient of the
electroactive species (cm?/s), and v is sweep rate (V/s). The faster the sweep rate, the
greater the peak current, as long as the reaction remains reversible. If the
electroactive species is adsorbed on the electrode, the peak current is proportion to v

rather than \/; .

Wz,
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Figure 2.10 Waveform fi lic voltami /, \‘; sponding times are indicated in
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Figure 2.11 Cyclic volta m‘-'- (A1

(CoHs)sN"ClOy4” electrolyte and (3)0.060 1 M 2-nitropropane in acetonitrile with 0.10
M (n-C7H;5)4N"Cl

2.2.4 Amperomgry [48] m

e BUEIDINIWEIDT, . s s

Either an oxidation or reduction was forced tooccur by judicieus selection of the

wotenMITARID I U WIRAFI YV St wavetom o

amperon%try is shown in Figure 2.12. The electrode acts as an oxidizing or reducing

" O, in acetonitrile with 0.10 M

agent of variable power. In order to use amperometric measurements effectively, it
was important to recognize that electrochemical detection was a surface technique,
which means molecules not adjacent to the electrode must be moved to the surface to

react.
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Amperometry had an advantage over most analytical detection techniques in
that it involved a direct conversion of chemical information to an electrical signal
without the use of optical or magnetic carriers. If a reduction takes place, electrons
flow from the electrode to the molecule in a heterogeneous transfer; conversely, an
oxidation was the transfer of electrons in the opposite direction. Under steady-state
conditions, the current measured was contributed from three sources: the background

electrolyte, the electrode material itself, and the analyte.

Potential

A

> Time

Figure 2.12° A typical wavé:férgl employed in amperometry
2.3 Sample Preparation [49]

Sample preparation was a technique used to clean-up a sample before
analyzing and/or to congentrate a sample to, improve its detection. The important
problem of analysis was intérferences that led to the low, sensitivity as well. Sample
preparation is usually needed to eliminate interferences and to increase the sensitivity.
Samplesyconsisted of twe-distinetparts, the analytes) and matrixy Thé analytes were
the compounds of interest that must be analyzed, while the matrix was the remainder
of the sample, which did not require analysis. Sample preparation may include
dissolving the sample, extracting analyte from a complex matrix, concentrating a
dilute analyte to a level that can be measured, chemically converting analyte into a
detectable form, and removing interfering species. The purpose of sample preparation
was to have a processed sample that led to better analytical results compared to those

of the initial sample.
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2.3.1 Solid-Phase Extraction (SPE) [50, 51]

Solid-phase extraction is a technique of sample preparation that concentrates
and purifies analytes from solution by sorption onto a disposable solid-phase cartridge,
followed by elution of the analyte with a appropriate solvent for analysis. SPE
techniques have been developed to replace the traditional liquid-liquid extraction
method. The solid-phase cartridge is shown in Figure 2.13. The mechanisms of

retention include reversed phase, no phase, and ion exchange. SPE techniques

# n quickly, use less solvent, isolate
{ gal or no evaporation losses, and

provided a way to perform s

—
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2.3.1.1 Mode of solid-phase extraction [47-48]
2.3.1.1.1 Reversed phase

The interested analytes are usually moderate to non-polar. The hydrophobic
interactions are non-polar interactions, Van-Der Waals or dispersion forces. The
secondary interaction between silica-based and analytes present. The endcapping is
useful to reduce these interactions. However, secondary interaction may be useful in
the extraction of highly polar compounds of matrices. Reversed-phase sorbents are
packed with more hydrophobie material. The agueous sample is commonly analyzed
by reversed phase SPE. The reversed phase sorbents are non-polar fuctionalized such
as C-18, C-8, C-2, cyclohexy! and phenyl functional groups and bonded to the silica

or polymeric sorbent.
2.3.1.1.2 Normal phase

Normal phase SPE refers to the sorpi_jdﬁ of an analyte by a polar surface. It is
a standard type of separation. The meachéill;i-srgl__ is polar interaction such as hydrogen
bonding, dipole-dipole interaction, n—n:i—_l_lt-graction and induced dipole-dipole
interaction. Polar-functionalized bonded silibé— (LC-CN,/LC-NH;, and LC-Alumina)
are typically used in mormal phase conditions. For example, silica base is extremely
hydrophilic. This material adsorbs polar compounds from non-polar matrix and elutes

compounds with a more polar organic solvent,than the original sample matrix.
2.3.1.1.3 Ion exchange

Ion exchange can be used for compounds that are changed in solution. The
hydrophobic ion exchange is capable of exchanging both a cations and anions with
free cation or anion functional groups. Strong cation-exchange sorbent consists of
interaction sites like sulfonic acid groups and weak cation-exchange sites like
carboxylic acidic groups. Strong anion-exchange sorbents would be quaternary amine,
primary, and secondary. Tertiary amines refer to weak ion exchange. The secondary

non-polar interaction with non-polar portions can be provided. A decrease in the
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balance of pH, ionic strength, and organic content may be necessary for elution of
interested analyte from these sorbents. The strong sites are always shown as an
exchange site at any pH. Weak sites present are only at pH levels greater or less than
the pKa. It has found many applications, for example, it is used for natural products,

protein, cellulose, and trace enrichment.

2.3.1.1.4 Mixed mode

The deliberate use of tw

called “mixed-mode SPE”.

in polarity and ionizati@

alkyl group cartridge. T

V on groups on the same sorbent is

ents | for complex samples that differ

od sorl@ co-bonded ion exchange and
s eliminate the complex sample

matrix. The initial hyd | tion of the chain length, with

shorter chains (C-4) bein éss ; ins (C-18). An example of the

mixed-mode is sho i , With ey _ (hydrocarbon) and cation-

‘-?L_IO ' 8 }- /)ﬁ@
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Ion exchange excha.n
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Figure 2.14 Mixed-mode SPE
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In current, Oasis HLB cartridges are interested for sample preparation. It is a
hydrophilic-lipophilic balanced sorbent in SPE that is composed of two monomers
(N-vinylpyrrolidone and divinylbenzene). This material has exhibited excellent
retention capacity for a wider polarity of analytes. Figure 2.15 shows structure of

Oasis HLB cartridges

1S HLE\'rjartridges

AUSININTNYINS

2.3.1.2'1|Step of solid-phas& extraction [52]
=

, o/
AN ARSI NN . oo
our steps o process, which comprised ot conditioning, loading, washing,

and eluting are illustrated in Figure 2.16.

Conditioning step is the first of the solid-phase sorbent (step 1). This simply
means that a solvent is passed through the sorbent to wet the packing material and to
solvate the functional groups of the sorbent. Furthermore, the air present in the

column is removed and the void spaces are filled with solvent. Typically the
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conditioning solvent is methanol, which is then followed by water or an aqueous
buffer. The methanol followed by water or buffer activates the column in order for
the sorption mechanism to work properly for aqueous samples. Care must be taken
not allow the bonded-silica packing or the polymeric sorbent to go dry. In fact, if the
sorbent dries for more than several minutes under vacuum, the sorbent must be
reconditioned. If it is not reconditioned, the mechanism of sorption will not work

effectively and recoveries will be poor for the analyte.

In the next step, the sample and analyte are applied to the column (step 2).
This is the retention or loading step. Dependingon the type of sample, from 1 mL to
1 L of sample may be applicd to the column cither by gravity feed, pumping,
aspirated by vacuum, or by«an atitomated system. It is important that the mechanism
of retention holds the amalyte on the! column while the sample is added. The
mechanisms of retention include van der Waals (also called non-polar, hydrophobic,
partitioning, or reverséd-phase) interaction, hydrogen bonding, dipole-dipole forces,
size exclusion, and catign and anion exchair_lge). This retention step is the digital step,
or “on/off mechanism”, of solid-phasc ex-'t_;re{(-:tion. During this retention step, the
analyte is concentrated on the sorbent. SO;l__:lé,S)_f the matrix components may also be
retained and others may pass through, Whichf—gi\;es some purification of the analyte.

In the washing step, this step 1s to rinse the column of interferences and to
retain the analyte (step3). This rinse will remove the sample matrix from the
interstitial spaces of the column, while retaining the analyte. If the sample matrix was
aqueous, an agueous buffer or a water-organic-solvent mixture may be used. If the
sample was dissolved in an organic solvent, the rinse solvent could be the same

solvent:

In the last step, step 4 is to elute the analyte from the sorbent with an
appropriate solvent that is specifically chosen to disrupt the analyte-sorbent
interaction, resulting in elution of the analyte. The eluting solvent should remove as
little as possible of the other substances sorbed on the column. This is the basic
method of solid-phase extraction. There is an alternate method where the
interferences are sorbed and the analyte passes through the column. The analyte is

collected and assayed directly.
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Figure 2.16 Steps of solid-phase extraction
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CHAPTER III

EXPERIMENTAL

3.1 Chemical and Reagents

3.1.1
3.1.2
3.1.3
3.1.4
3.1.5
3.1.6
3.1.7
3.1.8
3.1.9
3.1.10
3.1.11
3.1.12
3.1.13
3.1.14
3.1.15
3.1.16
3.1.17

Sulfaguanidine (ICN Biomedical Inc)

Sulfadiazine (Sigma-Aldrich)

Sulfamethazine (Sigma-Aldrich)
Sulfamonomethoxine (Sigma-Aldrich)
Sulfamethoxazole (Stgma-Aldrich)
Sulfadimethoxined(Sigma-Aldrich)
Sulfaquinoxifing(SigutaAldrich)

Potassium dihydrogen orthoph?esphate (BDH)
di-sodium hydrogen pho-sphate ‘jt}iﬁydrate (Merck)
Citric acid (Caglo Brba). ‘-

Sodium hydroxidé (Merek) 44
Ethylenediaminetetraacétic acidﬁ;si(';_{lium salt dehydrate (Sigma-Aldrich)
Ethanol (HPLC Grade, Merck)

Methanol (HPLE - Grade,-Merel)

Acetonitrile(HPLC Grade, Merck)

ortho-phosphoric acid 85% (Merck)

A stanhdard buffer, splution pH 4-and pH:7;(Metrohm)

3.2 Instruments and Equipment

3.2.1
322
3.23

324

Autolab potentiostat 100 (Eco-chemic, Netherland)

HPLC compact pump model 2250 (Bischoff, Germany)

Rheodyne injection valve, Model 7125 (Altech), with a 20 pL stainless
steel injection loop (0.5 mm. i.d.)

RP-18e monolithic column silica base Chromolith® Performance (100 mm

x 4.6 mm i.d., Merck)



3.2.5

3.2.6
3.2.7
3.2.8
3.29
3.2.10

3.2.11
3.2.12
3.2.13
3.2.14
3.2.15
3.2.16
3.2.17
3.2.18

3.2.19
3.2.20
3.2.21
3.2.22
3.2.23
3.2.24
3.2.25
3.2.26
3.2227
3.2.28
3.2.29
3.2.30

RP-18e monolithic column silica base Chromolith® guard cartridge kit
(5 mm x 4.6 mm i.d., Merck)

Electrochemical flow cell (Bioanalytical System Inc., USA)

Teflon cell gasket (Bioanalytical System Inc.)

PEEK tubing (0.25 mm. i.d.) and connecting (Upchurch)

Teflon tubing (1/10 inch i.d., Upchurch)

Silver/silver chloride (Ag/AgCl) electrode (Bioanalytical System Inc.,
USA)

Platinum wire (Bioanalytical System Inc., USA)

Boron-doped diamend (BDD) clectiode (Toyo Kohan Co., Ltd., Japan)
Glassy carbon (GC) clectrode (Bioanalytical System Inc.. USA)
Stainless steel clectrode (Bioanalytical System Inc.. USA)

Polishing set off0.3/and I micron alumina powder (Metrohm)

Oasis HLB SPE cartridges 200 mg, 6 mL (Water, USA)

12 position'vacuum manifold E&sjtgm (Phenomennex, USA)

4
Mobile phase filter set included 300 mL glass reservoir, glass membrane

holder, 1000 ml. flask and metal chp (Millipore, USA)

Milli Q water system (Mllhpore USA R >18.2 MQcm)

pH meter (Metrohm 744 pH mete£ Metrohm Switzerland)
Analytical balance (Mettler AT 200 Mettler Switzerland)
Ultrasomc bath (ULTRAsonik 28H, ESP Chemlcals Inc., USA)
Centrifuge, CENTAURA 2 (Sanyo, U.K) |

Vortex mixer(Mixer Uzusio LMS, Co. Ltd., Japan)

Nitrogen evaporator model 1'12 (Organomation Associates Inc., USA).
Autopipette and tips (Eppendorf, Germany)

Rilters miembrane (0. 2-uM 47 mmmyWhatman)

Nylon Syringe filters (0.45 pum, 13 mm (www.vertichrom.com)
Beaker 10, 25, 50, 100, 250, 500 and 1,000 mL

Volumetric flask 5,10, 25, 50, 500 and 1,000 mL

35
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3.3 Preparation of Chemical Solution
3.3.1 Preparation of Solution for Cyclic Voltammetry
3.3.1.1 Supporting Electrolyte
The phosphate buffer solutions (pH 5-7.2) were prepared from weight the ratio
of 0.05 M potassium dihydrogen orthophosphate and 0.05 M disodium hydrogen
orthophosphate in 100 mL volumetric flask. /The Milli Q water was used to adjust the

volume to 100 mL. The recipes of each pH solution were shown in Table 3.1.

Table 3.1 Recipes of phosphatebuffer preparation.

oH Potassium dihydrogel_l Di-sedium hydrogen
phosphate (g) phosphate (g)
5 0:891 ” J 0.0094
6 0.798 0.1304
7 0371 - 0.6896
72 0.2659 = 0.8270

The phosphaté buffer solutions at pH 2.5, 3 and 4 were prepared by weighting
potassium dihydrogen phosphate 0.8982 g, dissolved with MilliQ water and after that
transferred into a 100 mL volumetric flask and the volume was adjusted to 100 mL
with MilliQ water. | Each pH 'of the| phosphate buffer solutions were adjusted by
phosphoric acid'to make the pH ranging from 2.5 to 4.

3.3.1.2 Stock Standard Solution

Each stock standard solution (10 mM) of seven SAs was prepared by weighing
SG 0.011 g, SDZ 0.013 g, SMZ 0.014 g, SMM 0.014 g, SMX 0.013 g, SDM 0.016 g,
and SQ 0.016 g, dissolved each SAs with 50 % acetonitrile, and after that transferred
into a 5 mL volumetric flask and the volume was adjusted to 5 mL with 50 %

acetonitrile. All of the stock standard solutions were stored at 4 OC in amber glass.



37

3.3.1.3 Working Standard Solution

The volume of electrochemical cell for cyclic voltammetry is 3 mL. The
concentrations for cyclic voltammetry were prepared by pipetting of each stock
standard solution 10 mM into a 3 mL electrochemical cell. The concentration and

volumes required for preparations are shown in Table 3.2.

Table 3.2 Composition of each concentration for seven SAs in a 3 mL

electrochemical cell of cyclic voltammetry,

Final Concentration of | Volume of stock Volume of
concentration of Eaeh SA stock solution supporting
each SA standard solutions (nL) electrolyte

solution (mM) X (uL)

(mM) \

0.02 10 ‘ _ 6 2994

0.04 10 ek \ 2988

0.06 10 = N 2982

0.08 10 i 24 2976

0.10 10 L 2970

3.3.2 Preparation of Selution for HPLC-EC

3.3.2.1 Mobile phase

The mobile phase for HPLC condition consisted of the phosphate buffer
solution, acetonitrile and ethanol in the ratio of 80: 15: 5 (v/v/v). The phosphate
buffer solution of pH 3 was prepared daily by 0.05 M potassium dihydrogen
phosphate that adjusted pH by phosphoric acid. The phosphate buffer solution was
filtered through a 0.45 um Nylon membrane filter and degas by ultrasonic bath.
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3.3.2.2 Stock Standard Solution

A stock standard solution (500 pg mL™') of each SAs was prepared by
dissolving 5 mg of SA in 10 mL of an acetonitrile: Milli Q water (50: 50; v/v)

solution in a volumetric flask and stored at 4 °C in the dark.

A stock standard solution of seven SAs mixture (500 pg mL™") was prepared
by dissolving 5 mg of SG, SDZ, SMZ, SMM, SMX, SDM and SQ in 10 mL of an
acetonitrile: Milli Q water (50: 50; v/v) solution in a volumetric flask and stored at

4 °C in the dark.

The mixed workingsstandard solution was pirepared by suitable dilution of the

stock standard solution with the mobile phase.
3.3.3 Preparation’of Solution for Sample Preparation

3.33.1 Na,EDTASMellvaine’s Buffer Solution

Na,EDTA-Mcllvaine buffer was the?x:t%action solution. The pH range from 3
to 7 of NazEDTA-Mcllvainer buffer was Ia-fél;;r_ed by mixXing of disodium hydrogen
phosphate dihydrate, Gitric acid and 0.186 g of Na,EDTA in 50 mL volumetric flask
by using Milli Q water for dissolution.  The weight ratios of disodium hydrogen

phosphate dehydrate and.citric acid were shown in Table 3.3.

Table 3.3 Thelweight ratios of disodium hydrogen phosphate dehydrate and citric

acid

pH Na,HPO, (g) Citric acid (g)
3 0.844 0.351
4 0.651 0.676
5 0.515 0.908
7 0.1996 1.442
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3.4 Procedure

3.4.1 Cyclic Voltammetry

Electrochemical measurements were performed in a single compartment three-
electrode glass cell, with a volume of 3 mL. The BDD electrode was pressed against
a smooth ground joint at the bottom of the cell, and isolated by placing the backside
of the Si substrate onto a brass plate. The GC electrode was also used as a working
electrode in a comparison study. A platinum wire and Ag/AgCl electrode with a salt
bridge were used as the counter and tefetence.electrodes, respectively. Cyclic
voltammetry was carried.out by an Autolab Potentiostat 100. The electrochemical
equipment was housed in'a faradai€ cage to reduce electronic noise.

3.4.1.1 pH Dependency

The pH of phosphate buffer solutién; at2.5,3,4, 5,6, 7, and 7.2 were used to
study the effect of electrochemical reaction 0f 0.1 mM SG, SDZ, SMZ, SMM, SMX,
SDM and SQ. These experiments svere p’ei?fprmed to obtain the optimal pH for SAs
detection. The potential was scanned from 0;6?/ to 1.3 V at scan rate of 50 mV s™.

| el

3.4.1.2 Comparison between BDD and GC electrode

The BDD and GC electrode was used to study the electrochemical reaction of
SDZ. The 0.}=mM;SDZ was inyestigated- by: cycliec-yoltammetry. The phosphate
buffer solution at pH 3"was used as‘€lectrolyte. The potential was scanned from 0.6 V
to 1.3 V for_both electrodes.  The scan rate of*50 mV. s wa§“ised. The results

obtained from cyclic voltammograms for both electrodes Wwere campared.
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3.4.1.3 The Scan Rate Dependence

The effect of the scan rate on the electrochemical behaviors of SAs was
investigated by variation of the scan rate using cyclic voltammetry. The phosphate
buffer solution (pH 3) and 0.1 mM SG, SDZ, SMZ, SMM, SMX, SDM and SQ were
used in these experiments. The potential was scanned from 0.6 V to 1.3 V at a scan
rate of 25, 50, 100, 150 and 200 mV s'. The peak currents obtained from cyclic
voltammogram at each scan rate were plotted as a function of the square root of the

scan rate.
3.4.1.4 The Concentration Dependence

The variation of SAs eoncentration was investigated by cyclic voltammetry.
The 0.02, 0.04, 0.06, 0.08"and 0.10'mM of seven SAs standard were studied on the
electrochemical behaviors at BDD electrode. The potential was scanned from 0.6 V
to 1.3 V at a scan raie of 50 mV. s . The peak currents obtained from cyclic

voltammogram at each concentration were plotted as a function of concentration.

3.42 High Performance Liquii_l Chromatography-Electrochemical

Detection

The thin-layer flow cell consisted of three clectrodes: a BDD working
electrode, an Ag/AgCl reference electrode and a stainless steel tube counter electrode.
The geometriciarea of the BDD electrode in the flow cell was estimated to be 0.37
cm’ by using a%l mm-thick silicon rubber gasket as a spacer. Figure 3.1 shows the
thin-layer flow celly . The experiment) was performedjinra Copper faradaic cage for
reducing the electronic noise. An Autolab Potentiostat 100" was used for amperometric

controlling and signals processing.
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i

The flow rate of mobﬂe 'ﬁh—ase for—‘@n’ymg SAs to the electrochemical flow

-

-'! .

cell was studied 1n t}}e range from 0.5 to 2 0 ml min f The peak areas for three
— 4

injections of 10 pg mj‘, of mixture SAs standard were m__ ficasured for each flow rates.

The results obtained t(_)}se in HPLC-EC for separation gnd determination of SAs.
3.4.2.20:/Optimum Potential of Amperometry

Hydrodynamic woltamimetry waslemployed toioptimize,thtidetection
potential.for SA detection before use in amperometric determination. The detection
potential ranging from 1.0 V to 1.3 V versus Ag/AgCl was investigated at BDD
electrode. The data were obtained by recording the background current at each
potential and then injecting a series of three replicate of 20 pl of 10 pg mL" SA
solutions, respectively. The peak current after each injection was recorded, together
with the corresponding background current. These data were plotted as a function of

applied potential to obtain hydrodynamic voltammograms.
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3.4.2.3 Linearity

The concentration range from 0.01 to 120 pg mL" of the mixed standard
solution of SAs was injected in three replicates of each concentration on optimal
conditions of HPLC-EC at BDD electrode. The results were used to plot the

calibration curve and to obtain the linear range.
3.4.2.4 Limit of Detection (LOD) and Limit of Quantitation (LOQ)

The calibration of the peak arecas -against concentrations generated linear
functions for all of the analytes within a range between 0.01 and 120 pg mL™". The
slope of the linearity to obtain from section 3.4.2.3 was used to calculate of the limits
of detection (LOD) andlimits /of ‘quantitation (LOQ). The LOD and LOQ were
calculated from 3Sy/S and 10Sy/S, where Sy is the standard deviation of the blank

measurement (n=10) and Siis the sensitivffy of the method or the slope of the linearity.

3.4.3 Sample Preparatioh ' !

The proposed method was applied to?éjaii samples. The real samples were
fresh shrimp in local supeﬁharket. The--s;c_a_l—i;iérd addition method was used to
determine the amoufit of SAs in the real sample. The developed method was
compared to Laboratory Center for Food and Agricultural Products Company Limited

(LCFA) by using LC-MS:

3.4.3.1 pH Dependence of Na,EDTA-Mcllvaine’s Buffer Solution

The optimal pH of the Na,EDTA-Mcllvaine buffer solution for extraction of

seven SA residues in shrimp was studied over the range of pH 3 to 7.
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3.4.3.2 Comparison of SPE

The comparison between the CI18 and Oasis HLB SPE cartridges was
investigated. The conditions of the use of SPE procedure were 5 mL of methanol,
equilibrated with 5 mL of Milli-Q water and 5 mL of Na,EDTA-Mcllvaine buffer
solution, pH 4. Then, 10 mL of a 10 pg ml™' SA standard mixture solution, prepared
in a Na,EDTA-Mcllvaine buffer solution, was loaded and 7 mL of methanol was used
to elute the SAs from the SPE cartridge. The eluted fraction was dried under a gentle
stream of nitrogen and reconstituted with/ 10 mL of the mobile phase. That injected
into HPLC-EC system. The peak area obtain€d«rom both SPE cartrides was used for

comparison.
3.4.3.3 Sample Preparation of Shrimp

Shrimp were “purghased from 5 local supermarket. Two grams of a
homogeneous shrimp sample was placed m a 20 mL-amber glass bottle, and 10 mL of
Na,EDTA-Mcllvaine’s buffer solution Was-':aaded nto the bottle. The mixture was
well mixed on a vortex mixer for 5 min at-ﬁi;g}_}-__speed. Then, the mixture was placed
in an ultrasonic water bath following centrﬁﬁéation at 3500 rpm for 10 min. The
collected supernatantiwas cohtinually extr-éc-t_e_a andieleaicd up with 200 mg Oasis

HLB SPE cartridges,connected to a 12-position vacuum Manifold system.

For the solid phase extraction, the SPE, cartridges were conditioned with 5 mL of
methanol and equilibrated with 5 mL of Milli-Q water, 5 mL of Na,EDTA-Mcllvaine
buffer solution."'The supernatant was loaded on Oasis HLB cartridges. During this
step, the, SAvcompoundssaresretained) onithe cartridgesi [TPhe £A ©ompounds were
eluted with 7 mL of methanol at a flow rate of 1 mL min™. The eluted fraction was
evaporated under a gentle stream of nitrogen and reconstituted with 10 mL of the
mobile phase. The solution was filtered through a 0.45 pm nylon membrane filter

before injection into the HPLC-EC system.
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3.4.3.4 Accuracy and Precision

For intra-day precision, the repeatability of analysis of spiked sample was
studied in one day. For inter-day precision, the repeat ability of analysis of spiked
sample was studied on different days. The concentration of 1.5, 5 and 10 pg mL™" was
used to spike in the sample. Each level was injected in triplicate. The precision is
assessed in terms of the relative standard deviation (%RSD), using the following

formula:

% RSD = standard deviation < 100

Mean

The accuracy is assessediin terms of percent recovery (% recovery), using the

following formula:

Yofrecoverys= . S x 100

1 8pike blank
Recovery is then calculated as the i)efjénentage of the measured spike of the
matrix sample relative to_the measured spike of the blank control or the amount of

spike added to the sample.
3.4.3.5 Comparison of Methods between the HPLC-EC and HPLC-MS

The' gptimal~conditions“of HPLC-EC were ‘applied to determine SAs in
shrimp. The blank shrimp, and spiked 5, 10 pg nil' was detected.” The results of the
proposed method were. compared to those obtained by HPLC-MS from Laboratory

Center for Food and Agricultural Products Company Limited.



CHAPTER 1V

RESULTS AND DISCUSSION

4.1 Cyclic Voltammetric Investigation

The cyclic voltammetry was used to investigate the electrochemical behavior
of SG, SDZ, SMZ, SMM, SMX, SDM and:SQ. This technique is very useful for
studying electrochemical characteristic of scven SAs. The Ag/AgCl as reference
electrode, platinum wire.as.counter eleétrode and . BDD or GC electrode as working
electrode were used for cychic woltammetry. The results obtained from cyclic
voltammetry were found to b€ suitable as condition for using in HPLC-EC such as pH
of phosphate buffer selution, the range iof,l.potential detection and working electrode
type. —-

4.1.1 The Electrochemical Characté}dj-istics of SAs

o
v ol

Figure 4.1 showed irreversible oxidégi&ﬁ;’peak of 0.1 mM SG, SDZ, SMZ,
SMM, SMX, SDM and SQ in-phosphate buffer solution (pH 3) at BDD electrode.
The response obtaincd-was-observed-on-the positive-sean from 0.6 to 1.3 V versus
Ag/AgCl at a scan rate'of 50 mV s'. The BDD exhibited a well-defined irreversible
oxidation peak of SAsat ~ 1.0 V. "
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4.1.2 pH Dependence

The influence of pH on the electrochemical oxidation of 0.1 mM SG, SDZ, SMZ,
SMM, SMX, SDM and SQ was investigated by cyclic voltammetry using BDD
electrode. A phosphate buffer solution was employed as a supporting electrolyte.
The optimal pH of phosphate buffer was studied at pH 2.5, 3, 4, 5, 6, 7, and 7.2. The
relationships between current of seven SAs and buffer pH were shown in Figure 4.2.
The phosphate buffer at pH 3 was selected as optimal solution for all analytes because
this pH provided low background current and also gave the best precision. Therefore,

this pH was set for all subsequent work.

-

1.8 ~ x 4 —=—SDM
1 - —0—SDZ

1.6 -

1.4 -

Current (nA)
o
1

1.0 +

0.8+ -

0.6 T d T ' T ’ T 1 T g7 d 1

Figure 4.2 The current of (. ltimM seven SAs in phosphate buffer solution pH 2.5,
3.0,4.0,5.0,6.0, 7.0 and 7.2, scan rate 50 mV ! using BDD electrode



4.1.3 Comparison between BDD and GC electrode

The background current obtained from BDD electrode was compared to those
of GC electrode in phosphate buffer solution (pH 3) by cyclic voltammetry. Cyclic
voltammograms of phosphate buffer solution (pH 3) at BDD and GC electrode were
shown in Figure 4.3.
electrode was seven times lower than the GC electrode.
explanation this result was that the relative absence of electroactive carbon-oxygen

functionalities on the hydrogen terminated diamond surface as compared with glassy

carbon.

It was observed that the background current for the BDD

The significant reason for

Current (nA)

— Batkgroundicurrent BDD

— —Backerotind curfentGC

v — T v
0.7 08 09 1.0 1.1 1.2 %

Potential (V veyAg/AgCl)

Figure4.3) Cyclicvoltammogramof phosphate buffersolution (pH 3) at BDD and

GC electrode. The scan rate was 50mV's™.
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The comparison of the voltammetric data of 0.1 mM SG, SDZ, SMZ, SMM,
SMX, SDM and SQ obtained for BDD and GC electrode were shown in figure 4.4,

4.5, 4.6, 4.7, 4.8, 4.9 and 4.10, respectively at the BDD and GC electrode. It was

found that the peak current of seven SAs at the BDD electrode is higher than the peak

current at the GC electrode. Thus, the use of the BDD electrode for studying the

electrochemical oxidation of seven SAs was more sensitive than the use of GC
electrode.
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Figure 4.4 Cyclic Voltamlggram of 0.1 SG in phosphate buffer solution pH 3 at
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Figure 4.5 Cyclic volfta _
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Figure 4.6 Cyclic voltammogram of 0.1 mM SMZ in phosphate buffer solution pH 3
at (A) BDD and (B) GC electrode. The scan rate was 50 mV s™.
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Figure 4.8 Cyclic voltammogram of 0.1 mM SMX in phosphate buffer solution pH 3
at (A) BDD and (B) GC electrode. The scan rate was 50 mV s
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Figure 4.10 Cyclic voltammogram of 0.1 mM SQ in phosphate buffer solution pH 3
at (A) BDD and (B) GC electrode. The scan rate was 50 mV s™.
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Table 4.1 The electrochemical data obtained from cyclic voltammograms of 0.1 mM

seven SAs in phosphate buffer solution pH 3 at the BDD and GC electrode. The scan

rate was 50 mV s

Analyte BDD electrode GC electrode
Potential (V) | Current (nA) | Potential (V) | Current (nA)
SG 0.994 1.950 0.997 1.107
SDZ 1.015 2.647 1.012 1.613
SMZ 0.984 1:588 0.981 1.141
SMM 1.061 1.621 1.015 1.264
SMX 1.021 2585 1.042 1.825
SDM 1.036 11.802 1.046 1.495
SQ 1.046 1.688 1.006 1.119

4.1.4 The Scan RatgDependence Study

_—

The effect of the scan'rate on the efe_cfrochemical behaviors of SG, SDZ, SMZ,

SMM, SMX, SDM and SQ were investigated by varying the scan rate from 25 to 200
Jo

mV s™. The relationship begween the current and the square root of the scan rate were
. de s Ao

observed. It can be seen that the current response is directly proportional to the

square root of the scan rate. From these results, it ¢an berconcluded that the reaction

of these analytes is éc:);ritrolled by diffusion process. Figu're_r4.1 1 to 4.17 showed cyclic

voltammogram of seven SAs at scan rate 25, 50, 100, 150, 200 mV s and the

relationship between the current response and the square root of scan rate was shown

inset. The équation"uséd for explanation'the' relationship between the current

responses and square root of scan rate for the irreversible reaction is shown below.

I, (diffusion) = (2.686x10)n" > ACD"*""
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SDZ in phosphate buffer solution
. The

relationship of the curren  to the squ he sCan rate is shown in inset.
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in phosphate buffer solution

A as ied from 25 to 200 mV s, The
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4.1.5 The Concentration Dependence Study

The relation between voltammetric responses and concentration of SG, SDZ,

SMZ, SMM, SMX, SDM and SQ were investigated by varying the concentration of

these analyte. The results were shown in Figure 4.18 to 4.24. Cyclic voltammograms

illustrated that the current signal increased with increasing concentrations of seven

SAs. It was found that the peak current was linearly proportional to the concentration

ranging from 0.02 to 0.10 mM. The linear regression analysis yields R* > 0.995.

354
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Figure 4.18 " Cyclic voltammogram of 'SG in phosphate buffer solution (pH 3) at the

BDD electrode. The concentration was increased from 0.02 to 0.10 mM. The

relationship of the current signal to the concentration is shown in inset.
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4.2 High Performance Liquid Chromatography-Electrochemical Detection

In order to enhance the performance of separation, the monolithic column
(Chromolith® Performance RP-18e silica-based 100 mm x 4.6 mm i.d.) was used to
separate SG, SDZ, SMZ, SMM, SMX, SDM, SQ and detected by amperometry. The
time for separation and detection was less than 8§ min. The optimal condition of

HPLC-EC was applied to determine seven SAs in a fresh shrimp.
4.2.1 Optimal Potential of Amperometry

Hydrodynamic voltammetiy was employed to obtain the optimal the detection
potential for SA detection, Fhe deiection potential ranging from 1.0 V to 1.3 V versus
Ag/AgCl was investigated. +The hydrodynamic voltammogram obtained was an
average of three 20 pL-injections of a 10'ug mL' SA standard mixture at the BDD
electrode. Figure 4.25(A) showed the hy{frqdynamic voltammetric i-E curve of seven
SAs and the background current at each f;ptential. The oxidation current of the SAs
and the background currént were mgmﬁcaptly affected by the detection potentials.
Therefore, the ratio between curré;ht and ;f;r:a::_lgground (S/B) was considered. Figure
4.25(B) showed S/B ratios Versﬁs the potenfﬁf éetection. The signals increased when
the potential increased up to 12V versus Ag/AgCl for SMX, SDM and SQ. These
three SAs had IOWefrv oxidation signals than the rest rc)rf the SAs. In order to
compromise the highlyﬁr sensilive detection of scven SAs in one injection, a detection
potential at 1.2 V versus_Ag/AgCl was selected as the optimal potential for the

amperometric detection-of SAs following their HPLC separation.
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() : SMX, (V) : SDM, (X) : SQ, (e) : background; (B) hydrodynamic

voltammogram of signal-to-background ratios. The mobile phase was phosphate
buffer (0.05 M, pH 3), acetonitrile and ethanol in the ratio of 80:15:5 (v/v/v). The

injection volume was 20 pL, and the flow rate was 1.5 mL min™.
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4.2.2 Optimal Flow Rate of Mobile Phase

The flow rate of mobile phase (phosphate buffer (0.05 M, pH 3), acetonitrile
and ethanol in the ratio of 80:15:5 (v/v/v)) for carrying SAs to a thin-layer flow cell
was studied in the range from 0.5 to 2.0 mL s. The 10 pg mL™" of seven SAs
standard mixture was used to study the optimal flow rate. Figure 4.26 showed HPLC-
EC chromatogram of a 10 pg mL™ of seven SAs standard mixture at various flow rate
of mobile phase. As expected, the analysis time decreased when increasing the flow

min"! was selected for the HPLC-EC

rate of mobile phase. The flow ra

experiment due to good sep )’ne and low reagent consumption.

AU INENTNEINS
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4.2.3 Optimal Conditions of HPLC-EC

The optimal conditions in HPLC-EC (Table 4.2) was utilized for separation of SG,
SDZ, SMZ, SMM, SMX, SDM and SQ using monolithic column. The analysis time
for separation and determination was less than 8 min. The chromatogram for the
separation of a standard solution of seven SAs was presented in Figure 4.27. The
retention times were 1.15, 1.52, 2.01, 2.79, 3.56, 6.59 and 7.35 min for SG, SDZ,
SMZ, SMM, SMX, SDM and SQ, respectively. The proposed method was rapid
because of the monolithic column has a total porosity higher than 80% thus it could
use a higher flow rate, which leads to a faster mass transfer between the stationary and

mobile phases. ~

Table 4.2 The HPLC-E@ conditions -for the detection of seven SAs

.

HPLC parameters - : HPLC conditions
Column Ch_ro_rnolith(?-_gqformance RP-18e silica-based
(100 mm x'4.6 mm i.d.)
Phosphate bu_ffer (pH 3):acetonitrile: ethanol

Mobile phase = ;::.'(»8-0:-15:5’ VIVIV)

Flow rate 1.5 ml/nfin

Injection volume Y=~

Temperature 1 25°C

Detector: Amperometric detection.at 1.2 V
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4.2.4 Comparison column between particles packed column and monolithic

column

The 10 pg mL" of seven SAs standard mixture were separated by
Inertsil C4 (particles packed column, 4.6x150 mm.) and Chromolith® Performance
RP-18e silica-based (monolithic column, 4.6x100 mm.). The optimal conditions for
monolithic column were followed by Table 4.2. The best condition for Inertsil C4
column was 0.05 M phosphate buffer solution (pH 3): acetonitrile in a ratio of 82: 18
(v/v) and flow rate was 1.0 mL min . Theamperometric detection was set at 1.2 V vs
Ag/AgCl at BDD electrode. Figure 4.28 illustiatéed HPLC-EC chromatogram of a 10
ng mL" mixture of seven standard SAs using a particles packed column and a
monolithic column. It cansbe ebscrved that the use of monolithic column provided
faster analysis time when.eompared to these of particles packed column. The analysis
time was reduced from ~ 28 min'to = 8 min because the low back-pressure at elevated

flow rates for monolithic celumniwas found..
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4.2.5 Calibration and Linearity

The calibration of the peak areas against concentrations was plotted. The
linearities for all of the SAs within a range between 0.01 and 120 pg mL™ were
observed. The coefficients (R”) were higher than 0.99. These calibration curves of
seven SAs, shown in Figures 4.28, were obtained from triplicate analyses of each SA.
The slope and y-axis intercept together with correlation coefficient of each SA were

calculated according to a regression equation, y = mx + b, and was shown in Table

4.3.

Table 4.3 Calibration characteristics of SG, SDZ, SMZ, SMM, SMX, SDM and SQ
by optimal conditions of HPEC-EC at BDD electrode

.

Analyte | Linear dynamie Siope Intercept R’
range (ugml')| (peak areas units/ (nA)
pgmL")

SG 0.01- 50 g 41019844 0.0638 0.9982
SDZ 0.01- 50 240.2616 0.0659 0.9988
SMZ 0.01-100 a0k 0.1348 0.9977
SMM 0.01-100 0.2239 0.2375 0.9961
SMX 0.01-50  _{- 2/ 0.2285 = 0.0448 0.9995
SDM 0.01=120 0.1582 0.1413 0.9985

SQ 0.01126 Lo == 02244 0.9980
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4.2.6 LOD and LOQ

The limits of detection (LOD) and limits of quantitation (LOQ) were
calculated from 3Sy/S and 10Sy/S, where Sy is the standard deviation of the blank
measurement (n=10) and S is the sensitivity of the method or the slope of the linearity.
The slope of the linearity was obtained from Table 4.3. The LOD and LOQ were

summarized in Table 4.4.

Table 4.4 LOD and LOQ of seven standard S As at BDD electrode.

Analyte LOD LOQ
(ng mL'l) (ng mL'l)

SG 34 11.3
SPZ. 1.9 0.2
SMZ 27 7.3
SMM 14 4.6
SMX 2% 4.1
SDM 2.0 6.8
SQ 199 6.4

4.3 Application to Real Sample

The optimal conditions of HPLC-EC was applied to determine SG, SDZ, SMZ,
SMM, SMX, SDM and SQ in shrimp after sample preparation by solid-phase
extraction. The Na,EDTA-Mcllyvaine buffer solution (pH'4) was used to extract SAs
in shrimp and Oasis HLB SPE was employed in cleanup step.

4.3.1; pH of Extracting Solution

Na,EDTA-Mcllvaine buffer solution is a popular extracting solution employed
for extraction of residual SAs in animal tissues due to its enhancement the percentage
recoveries. EDTA, within the Na,EDTA-Mcllvaine buffer solution, acts as a
chelating agent that binds with metals and cations in the matrix sample. This binding
is useful for the prevention between metals/cations and the SPE cartridges, which

also results in the improvement of the extraction efficiency [7, 53]. The optimal pH
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of the Na,EDTA-Mcllvaine buffer solution for the extraction of seven SA residues in
shrimp was studied over the range of pH 3 to 7. At pH values higher than pH 5, the
mixture was a jelly-like solution. It may be concern high protein and lipid
concentrations in the shrimp samples. Moreover, the sample cannot be deprotonated
or eluted through the SPE cartridges when using the Na,EDTA-Mcllvaine buffer
solution at high pH extraction. The highest percentage recoveries of the seven SAs
were obtained at pH 4. At this pH, the seven SAs were kept in their neutral form
because the pH of the extracting solution was lower than the pKa values of the SAs
(SG: 11.3, SDZ: 6.4, SMZ: 7.5, SMM: 6.5,/SMX: 5.6, SDM: 6.0 and SQ: 5.5), and
had enhanced retention on the Oasis HLB" Carfridges. Therefore, the Na,EDTA-
Mcllvaine buffer solution at pHL4 was selected as the optimal pH for the extraction of

seven SAs contaminated inshrimp:

4.3.2 Comparison of SPE

Typically, SPE imaterials signiﬁce‘u_ltly affected the recovery. Thus, the C18
and Oasis HLB SPE cartridges wete comf)_!.ar-.éd. The conditions of the use of SPE
procedure were 5 mL of methanol, equilibf;_-téd_;with 5 mL of Milli-Q water and 5 mL
of Na,EDTA-Mcllvaine buffer solution, pH 4 Then, 10 mL of a 10 pg ml" SA
standard mixture solution, prepared in a Né;EDTA-Mcllvaine buffer solution, was
loaded and 7 mL of methanol was used to elute the SAs from the SPE cartridge.
Figure 4.29 demonstrated the percentage recoverics obtained from the C18 and Oasis
HLB cartridges for seven SAs. The Oasis HLB and C18 cartridges provided high
recoveries of SMZ, SMM, SMX, SDM and'SQ.| For SG and SDZ, the C18 cartridges
provided lower percentage recoveries than Oasis HLB cartridges, which can be
explained byithe polarity-differencéstof SG and"SDZ) Because of (SG and SDZ are
more polar than SMZ, SMM, SMX, SDM and SQ, the C18 cartridges were not
suitable. In contrast, Oasis HLB can be used for a wider polarity range of analytes
because it contains a mixture of hydrophilic N-vinylpyrolidone and lipophilic
divinylbenzene in its structure. Therefore, Oasis HLB cartridges were used for

sample preparation in order to maximize the sensitivity.
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4.3.4 Method Accuracy and Precision

The precision of the analytical process was calculated by determining the
relative standard deviation for the repeated injection of solutions containing the
complete set of standard compounds. To evaluate the repeatability of the analytical
process, three concentrations (1.5, 5 and 10 pg ml™") were studied. These three
concentration representative of low, medium and high level were investigated. The
accuracy of method was calculated from the percent recovery of spiking blank shrimp
at 1.5, 5 and 10 ug ml"'. The intra- and dnger-day precision and recovery of the
proposed method were shown in Table 4.5 and Table 4.6, respectively. For each
concentration, three meastrements were performed. The intra- and inter-day relative
standard deviations (R.S.D)"and recoveries of seven SAs were determined over the
ranges of 1.0 % to 4.6 %@and81.7 % to 97.5 %, respectively. It can be seen that the
proposed method presented a percent recovery and % RSD value less than the AOAC
International recommended value. Thus-—; the proposed method was accuracy and

precision.



Table 4.5 Intra-day precisions and recoveries of spiked level 1.5, 5, and 10 pg mL™

&3

by proposed method
Analyte | Spiked level Recovery of Intra-day (%)
(hgg)
1 2 3 mean + SD* | R.S.D
(%)
SDZ 1.5 84.8 85.9 83.9 84.8+1.0 1.1
82.0=£1.5 1.8
83.3£1.0 1.2
SMZ 946 +1.1 1.1
88.7+1.5 1.7
823+1.0 1.2
SMM 93.6+1.0 1.0
86.3+2.3 2.6
= 84.3+ 1.4 1.7
SMX {5 90.7+ 1.3 1.3
92 87.9+2.3 2.6
o 843+ 1.3 1.5
SDM 97.5+1.6 1.6
95.7+1.0 1.0
94.1+1.6 1.1
SQ 1955+ 1.6 1.6
A 95.1+2.2 2.3
1 93.6 95.9 969~ 95.0+1.6 1.7

- AUEANES AT .
AN TUNN NN Y
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Table 4.6 Inter-day precisions and recoveries of spiked level 1.5, 5, and 10.0 pg mL™

by proposed method
Analyte | Spiked level Recovery of Inter-day (%)
(ngg')
1 2 3 mean = SD* | R.S.D
(%)
SDZ 1.5 84.9 86.7+23 2.7
5 85.3+3.0 35
10 833+1.6 2.0
SMZ 1.5 949+0.9 1.0
5 889+1.9 2.1
81.7+£1.2 1.5
SMM 1. 952+1.5 1.6
88.3+1.7 1.9
86.2+1.6 1.9
SMX 89.1+1.9 2.2
92.1+43 4.6
10 85.6+2.5 29
SDM 1.5 954+1.8 1.9
973+13 1.4
922+1.8 1.9
SQ 957+1.5 1.5
, 08.6 97.3+1.8 1.9
10 92.1 93.0+2.1 2.2

¢ o

* mean oriri elcolveiry (;o)

e * . o . o
standard deviation of triplica

ARIAN TN ING 1Y

€ measurements.
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4.3.5 Comparison of Methods between the HPLC-EC and HPLC-MS

The proposed method using monolithic column coupled with amperometric
detection (HPLC-EC) for determination SDZ, SMZ, SMM, SMX, SDM and SQ of
fresh shrimp in local supermarket. The optimal conditions of HPLC-EC in Table 4.2
were used to detect SAs in shrimp. The results of the proposed method was compared
to those of HPLC-MS from LCFA. Three shrimp sample (blank shrimp, shrimp
spiked SAs at 5 and 10 pg g™') were determined SAs for comparison of both methods.
The results obtained by both methods are shewn in Table 4.7. For comparison, a
paired t-test at the 95% confidence interval was performed on the results obtained
from shrimp spiking at level 5, 10 ug é"l (n=3). The statistical t-value (4.303) was
significantly higher than the"experimental t-values between the two pairs of assays.
The experimental t-valuegsobtained by the proposed method were 0.710, 2.737, 0.306,
1.106, 2.722 and 0.702 for'spiked concentrations at 5.ug g and 0.550, 0.262, 3.051,
0.055, 0.577 and 0.169 for spiked concefjtrgtions at 10 ug g of SDZ, SMZ, SMM,
SMX, SDM and SQ, respectively. Table 7’4_.8 summarized value of SAs concentration
and t-test for both methods. /It was sucéei;és;fully found that there is no significant
difference between the two sets.of results égtzli_glpd from the proposed methodology as

compared with HPLC-MS, suggesting that ﬂl_ese results are acceptable.

i



Table 4.7 Comparisons results of two methods in shrimp sample

Concentration of SAs found *
Analyte

HPLC-EC HPLC-MS "
Blank shrimp
SDZ ND° ND*
SMZ ND¢ ND¢
SMM ND° ND°
SMX ND¢
SDM ND°
SQ ND¢
Spiking at
SDZ 4.60+0.41
SMZ 495+0.25
SMM 4.88 +0.48
SMX 4.69 +0.46
SDM 5.12+0.20
SQ 5.01+0.16
Spiking at
SDZ 8.78 £0.61
SMZ 9.07+1.06
SMM 8.83 +£0.25
SMX 8.84 £0.76
SDM 8.88 £0.37
SQ . 8.68 +0.69

86

* Mean + standard dev1a?on (n=3)

b (liecsult of Laﬁwq ‘;6' %};ﬁﬁj«%ﬂzq ﬂdﬁjt Company Limited
CN"”’-’FW’] ANNIUNAINYIAY



Table 4.8 t-test values of comparison two method

Concentration of SAs found *

Concentration of SAs found *

Analyt S 1 ©C ke g-l) [~test (10 ve g-l) {-test
nayte AMPE '"HPLC-EC | HPLE-MS 7 HPLC-EC HPLC-MS es

Shrimp 1 | 4.39+0.10 4 12750.24 8.17+£0.22 8.20 £ 0.60

Sulfadiazine Shrimp 2 | 4.75+0.10 4 38" 030 0.710 9.39+0.32 9.42+0.30 0.550
Shrimp 3 | 5.12+0.22 38 #0081 | 8.89 +0.32 8.72+0.29
Shrimp 1 | 4.36 +0.18 46610728 8.03+0.13 7.98 £0.27

Sulfamethazine Shrimp 2 | 4.95+0.23 5.06 £0.T6F | 4737 9.94+0.17 10.1+£0.26 0.262
Shrimp 3 | 4.83 +0.16 SP2E0.19 931+0.17 9.12+0.29
Shrimp 1 | 4.49 £0.02 438+ 037 - 8.74 +0.23 8.65+0.42

Sulfamonomethoxine | Shrimp 2 | 5.04 + 0.24 5034 2031 480.306 9.17+0.08 9.11+0.24 3.051
Shrimp 3 | 5.24+0.28 4,92/%0.49 #2230 8.90 £0.22 8.72+0.23
Shrimp 1 | 4.59+0.17 442013 - 8.41 £0.30 8.60 +1.87

Sulfamethoxazole Shrimp 2 | 5.15+0.06 5.22+0.26 106 9.64 +£0.09 9.69 +0.26 0.055
Shrimp 3 | 4.54£0.157 444035 T 845+£0.29 8.23£0.26
Shrimp 1 | 4.92+0.13.) 5.18+0.13 9.21+£0.16 9.28 +£1.36

Sulfadimethoxine Shrimp 2 | 5.08 £0.14 528 £0.22 2.722 9.06 +£0.12 9.06 +0.27 0.577
Shrimp 3 | 4.790:22 4.894+ 0.40 8.68 +0.15 8.68£0.27
Shrimp 1 | 4.93 £10.21 5.03+0.28 9.16 £0.27 9.28 £0.82

Sulfaquinoxaline Shrimp2 | 4.92+0.24 4.84 + 0:20 0.702 8.11 £10726 7.93 +£0.26 0.169
Shrimp 35| 528 £ 0:23 5.16 £0.33 8.71 #0.15 8.82+£0.26




CHAPTER V

CONCLUSIONS

5.1 Conclusions

A monolithic column (100x 4.6 mm) and a boron-doped diamond electrode
were used to determine  sulfaguanidine, sulfadiazine, sulfamethazine,
sulfamonomethoxine, sulfamethoxazole, sulfadimethoxine and sulfaquinoxaline in
fresh shrimp. This work demonstrated!that the.imethod was rapid, highly selective,
highly sensitive, and low deteetion limit due to the advantages of a monolithic column
and BDD electrode. A monolithic column had high porous more than 80% that can
be used high flow rate leading to fast mass transfer of analytes between mobile and
stationary phase and low back-pressure. _;Thus, the analysis time was less than 8 min
that it was faster than Ingrtsil C4 packed é‘(_)liimn about 20 min for separation of seven
SAs standard. Comparison results of seveﬁ:-SAs using cyclic voltammetry found that
the BDD electrode provided higher sigr{ai, than GC electrode. Owing to the
background current obtained from the BDIiciébtrode was smaller than that obtained

from the GC electrode. Thus, BDD electrode offered the higher sensitivity.

To obtain the optimal HPLC-EC conditions, the mobile phase of phosphate
buffer (0.05 M, pH3): acetonitrile: ethanol in a ratio of 80:15:5 (v/v/v) on a
monolithic columnmat & flow mate of 1¢S5 mk min ' rat 25 %G, was set. The potential of
1.2 V versus Ag/AgCl'was selected as the optimalvalue 'for SAs determination. For
the validation of this method, the linearity was ffi*the range of 0:01-50 pg mL™" for
SDZ, and SMX/ 0:01°100 pg:mL:Y for/SG, SMZ; and SMM, 0.01=120 pg mL™" for
SDM, and SQ. The correlation coefficient of seven SAs was > 0.995. The LOD and
LOQ of this method were in the range of 1.2-3.4 and 4.1-11.3 ng mL"", respectively.
The limits of detection obtained from this method were lower than previous research
as well as a maximum residue limit of EU. The recoveries of the sulfonamides in
spiked shrimp samples at 1.5, 5, 10 pg g™ were in the range of 81.7 to 97.5 % with %
RSD of intra-day between 1.0 and 2.6 % and % RSD of inter-day between 1.0 and

4.6 %. The percentage recoveries and RSD of proposed method were corresponding
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to AOAC International. It was found that the method provided good accuracy and

precision.

The proposed method using HPLC-EC and HPLC-MS of Laboratory Center
for Food and Agricultural Products Company Limited (LCFA) were compared for the
quantitative analysis of SDZ, SMZ, SMM, SMX, SDM, and SQ in fresh shrimp. The
t-test method was used to compare the results obtained from both methods. The
experimental t-test values were smaller, than the statistical t-test. This indicated that
there was no significant difference between the results obtained by the proposed
method and HPLC-MS. Therefore, the ptoposed method could be used as an

alternative method of conventional procedure.
5.2 Suggestion for Further Work

In this study, the sreal samples -Etu,died were only shrimp samples. Other
samples such as milk, meat and animal fé_ed should be of particular interest for this
study as well. Moreover, the prorporsed met-f}'oa can be developed for determination of

other antibiotic groups, suchas chloramphe}a:iz:ql_, nitrofuran, and tetracycline.
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APPENDIX A

The Scan Rate Dependence Study at GC Electrode
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Figure A2 Cyclic voltammogram of GT\;‘lj_mM SDZ in phosphate buffer solution

4
(pH 3) at the GC electrode. T'he scanratewas from 25 to 200 mV s
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Figure A4 Cyclic Voltammograf}l of O;fl mM SMM in phosphate buffer solution

(pH 3) at the GC electrodes The scan'rate _W’as‘from 2510200 mV s,
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Table A1 Linear equation of relation between current response and scan rate at GC

electrode of 0.1 mM SAs

Linear equation® of relation

Analyte R
between current and scan rate
SG y =0.1453x + 0.0989 0.9879
SDZ . +0.2459 0.9834

SMZ 0.9890
SMM 0.9849
SMX 0.9978
SDM 0.9849

SQ 0.9964

* y is current response‘and

{
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APPENDIX B

Results for various volume of methanol in elute step of solid-phase

extraction
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APPENDIX C

Precision and Accuracy

Table C1 Acceptable RSD values according to AOAC International

103

Analyte % Analyte ratio Unit RSD (%)
100 1 100% 13
10 10-1 10% 2.8
1 10-2 1% 2.7
0.1 w=—ME | 0:1% 3.7
0.01 104 100 ppm 53
0.001 0577 ) 10 ppm 73
0.0001 JOL 04 5 1 ppm 11
0.00001 ¥ DA | 100, ppb 15
0.000001 10-8 v 10 ppb 21
0.0000001 109 J o Y ) 30

el b
—

i -

Table C2 Acceptablérecovery percentages asa mgtigni‘pf the analyte concentration

_Analyte ratio

Analyte % Unit Mean recovery (%)
100 1 100% 98-102
10 10-1 10% 98-102
1 10-2 1% 97-103
0.1 10-3 0.1 % 95-105
001 10-4 100 ppm 90-107
0.001 10-5 10 ppm 80-110
0.0001 10-6 1 ppm 80-110
0.00001 10-7 100 ppb 80-110
0.000001 10-8 10 ppb 60-115
0.0000001 10-9 1 ppb 40-120
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