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Flow-based extre veloped for determination of

selenium sulfide in cog c""'d hod was based on iodometry,

where selenium(IV) ™ $™odide ion producing iodine
that was then on-li® W and detected by the fiber
optic spectrophotoe: extraction units using
polypropylene hollc tor were investigated. The
tubular extraction ur, N the best performance. The
extracting solvent was % in place of chloroform. The
ioMictand filled in the glass tube of

ved 1nside the membrane. The iodide

sample solution was firs' Jlixe

' A )
the extraction unit while the A

ilF’

#.."l-".l" = I_I-;

concentration, extractios vembrane, the cleaning system,

" reuse of membra) ;,
processes except weg [ = cromintroller on a computer. The

.": ’ idied and optimized. All
working range of 80" to 373 mg L selenium was obtained with 60 sec extraction
time provi ﬁr mﬁl n luded washing). The
recovery fi ﬁ m ti nﬁﬂ‘ Hm ‘ielemum dioxide and
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Group Public Company Limited. The results obtained from the developed method
were similar to those labeled on the products with the relative error less than 2%;

especially, it showed less error than the standard titration method.
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CHAPTER|

INTRODUCTION

1.1 Motivation of Proposer

Selenium is an essential element, which is important to living organisms.
Jse toxicity in the body [1-2]. Selenium

However, the excess level of selea

rubber and electronic g% | ceesed selenium compounds are
selenium dioxide (Se®%) #* 3 AR Srganic compounds, selenium
oxychloride (SeClO.; ' 0 (Ses;) as an anti-dandruff
agent in shampoos [ 2! .

Selenium disulf; ' .um sulfide, which is bright
: d in both the United States

pcel’ %alis and Specialties (Canada) as a

orange colored powaer.

Dispensatory and the Caim idil |
treatment for seborrheic derm'

T

fungus infection of the skigaEs == ssezia genus fungi [2]. Selenium
sulfide inhibits the
Yy

Wdruff and tinea versicolor (a type of

‘: ite of cell turnover on the

scalp, helps regulate l,l S ' i and hair follicles cells, and

inhibits the developmu nt of dermatophytes which causes mycoses of epidermis, hair

. “ﬂii;gum NENINAI DT o e i
AT Al A T 2:5:3?;:‘;:

and Iotlon must be controlled for appropriate quality [2-4, 7]. The quantity of
selenium sulfide in cosmeceutical products recommended by the United States, are
1% strength that is available over the counter, and 2.5% strength that is available with
doctor’s prescription for treatment of tinea versicolor [2, 8]. Thus, determination of

selenium sulfide in cosmeceutical products is important because it can indicate the
quality of cosmeceutical products for treating skin diseases.



Sample preparation is one important step in the analytical processes, which
lead to reliable results. It depends on the sample, the matrix and the concentration
level at which the analysis needs to be carried out. Generally, sample preparation for
quantitative determination of selenium in medicine, shampoo, food and soil has been
prepared by acid digestion with various acids, such as nitric acid, perchloric acid or
agua regia. Moreover, there are many methods for the digestive process, such as
Kjeldahl [9], microwave [10-11] and hot plate [7, 12-13]. The simple and inexpensive
equipment easily found in the laboratqnyg i

Selenium can be determg /nethods such as hydride generation —

é ga , inductively coupled plasma -

atomic absorption spectron. S-AAT

optical emission spectrOE ) [J—ﬁﬂ.uctlvely coupled plasma - mass
spectrometry (ICP—My 7\ s, require advanced analytical
instrument, which are e 4 ! N v provide good sensitivity that

is suitable for measuring gfe, - \esfore, these methods may not be
necessary for such a k#n - 4l€3 ; » Wsi®eutical products.

: o is iodometric titration. The
analyte in oxidizing forr e Ne excess iodide (1) generating
iodine (1) that can then be gfirza== fal Ising starch solution as indicator
[7]. However, this method is t| l; ', ‘or-intensive and subjective because
it is hard to tell the %05 '
In addition to the .';r:?
yielding purple colo{solutiCiss welled g} quantified by the visible
spectrophotometric mettpﬂlB]. The proc@;re is highly selective for iodine and no

interferences. ﬂ%ﬂ%r%%@%%ﬁ%s has been eliminated,

it is still time-c8lhsuming and labor- mtensuve that it would not be suitable for routine
o

YR 04 WY 105

that later merges with a reagent and moves towards a detector. It can also be either

W lor became orange color).
) J cted with organic solvent

automated or semi-automated, which is suitable for routine analysis.

Incorporation of extraction with flow-based analysis must have an extraction
part and a phase separator, which must be designed and suitably chosen. There are
several types of phase separators such as T-type separator, gravitational-based
separator and membrane separator. The membrane separator has become popular
among phase separators because membrane can do both extraction and phase



separation [17]. There was an application of using hollow fiber membrane as a phase
separator for determination of copper in water by continuous liquid-liquid extraction
in flow system [18]. In this work, the hollow fiber membrane has been used in
extraction and as a phase separator. The extraction involves two phases that are
aqueous sample solution containing analyte and organic extracting phase impregnated
and located inside the hollow fiber membrane, called microporous membrane liquid-
liquid extraction (MMLLE) [19-24]. Because of its hydrophobicity and porosity, it
can be used as a phase separator.

In this research, an on—' # 4 extraction system using hollow fiber
i }fd iodometric method has been

membrane as a separator_ W
iU sul S hecautical products.

developed for determi nal™®

!

1.2 Objective , AN
. w-y A\ \
\\ \
h Ny
To develop &ilc ' 'ln-..ne liquid liquid extraction
system using hollow 4 \ \r determination of selenium

sulfide in cosmeceutical

1.3 Scopes of this resear czz75 ,,,

k
e

The metho ; V:'"

'F

-'. eloped in flow based on

iodometric method n the iodine exiuraction instecd of titration. Polypropylene
hollow fiber rﬁvbrane‘fsamd for on-lin@#&xtraction of iodine as well as a phase

separator intHEobthisd i Secaboh bbb s used for detection

and determi nan%ln of iodine extractgParameters that may affect gxjraction efficiency

- = QA ARG AR oo

seleniunfin cosmeceutical samples after acidic digestion. The results between our
developed method and the titration method (standard method) are compared.



1.4 The benefit of thisresearch

A new method for determination of selenium is obtained, that is simple,
convenient and reliable providing high sample throughput, which is suitable for
routine analysis and quality control laboratory of cosmeceutical products.

AULINENINYINT
IR TN ININY



CHAPTERI I

THEORY AND LITERATURE REVIEW

2.1 lodometric method

< a major substance for quantitative analysis

The method that iodine is use
has two categories which ar" “ 4 iodimetric methods [25]. lodimetric
method is the method for | }9 e quantity of iodine, which is

stoichiometrically used = act®h. ‘ﬁe, iodometric method is a

quantification method th= : N ian of amount of iodine formed
from a reaction betwer g A 444 ¢ , ' \x iodide. The amount of the
obtained iodine is stOich##f i ,_\ te in the sample. However,
IUPAC (International N Wry) system currently defines

both methods to be sin 4

thiosulfate solution in neu g F p Cildition with starch solution as an
indicator. The thiosulfate sol andardized by titration with iodine
generated from t B

dichromate (Eq.1) (428

Bitfard of acidic potassium

Y Jexcess potassium iodide.
] |

CrO7” @y + 6l e * @4 @ =  2Q0 @ + 3lae + 7TH20) (1)

o-FNBIRUNIHBNT o
’m“’! SNIGr e R enin]

titration, where iodide in acidic solution can be oxidized by oxygen in air to sowly
generate iodine (Eqg.3) or iodine can react with iodide solution to form triiodide ion
(13) (Eg.4). Therefore, titration should be quickly done for decreasing of the oxidation
of iodide.



A (aq) + Oz + 4H30+(aq) =  2lyag + 3H20q) 3

e+ 12 = 130 (4)

As mentioned above, iodometric method is based on the reaction between the
analyte and a slight excess of iodide ion to produce iodine, which is determined by
titration with thiosulfate solution. The amount of generated iodine is
stoichiometrically related to the amount of analyte originally present in the solution.
In case of determination of selenium g gnium(1V) is reduced with excess iodide ion
to form selenium(0) and prodiy / fhat can be determined by titration
with thiosulfate (Eq.6). e

86032_(aq)+ 41 (gt Rl 'y ‘ \ N 3H20) ©)
oo + 25 A A NN ©®

; .. .ed by another method such
/ A \ .
as extraction with o4 e 2288 det the colored extract with

2.2 Liquid-liquid extractzZigi: 2

i
oo —— -

]

Liquic-liquit4 dalled solvent extraction, is

the separation of the « il hstituents of 1iquia solution ( L ble) by contact with another
insoluble liquid,, It usualf two @&#erent immiscible liquids, water and an

i o] A Q) DI TUL T2y e o st 3

certain time, pa?t‘monmg of the analyte between o phases reachgg equilibrium. This
tradltuﬂlwrﬁc@ n@ﬂ W%Mlg’gwwtgaﬂﬂ EJe of extraction.
Althougﬂ it is simple, easy to use, and employing inexpensive equipment, it has many
disadvantages such as tediousness, laborious procedure, consumption of a large
guantity of organic solvent, which is often highly toxic to human, and environment,
difficulties to separate when emulsion is formed, and uncomfortableness to handling.



2.3 Membrane extraction

Membrane extraction was introduced in 1999 by Jonsson et al [28]. A
membrane is applied as a selective barrier between two phases; one is called the donor
phase, the other is called the acceptor phase. The membrane facilitates the two phases
coming into contact with each other without direct mixing; moreover, it can also help
eliminating problems such as emulsion formation and high solvent usage. The

membrane functions are a separatQ! gk ji\wo phases and control the mass transfer

between them. The factors affass / across the membrane are the types
of membrane extraction i o1 éextraction process. Therefore, it
needs to choose a suitable , — 0. The species of the analyte of

. =3 by a concentration (AC), a
L\ e iskich depends on each process
[20, 24]. The process of b7 o \\\ lly in Figure 2.1.

A.N

‘ F-% annﬁrcﬁ the process

&@mma ANEINT e v
ff"m[%iwwmn‘smmwmmaﬂ

T e membrane is a synthetic product of different chemical natures exhibiting
different properties. Generally, membrane characterization is based on its porosity,
which can be porous and non-porous membrane [20-21, 24, 28]. In porous membrane,
analyte is partitioned from one phase to second phase by moving through the porous
membrane. The separation is based on size-exclusion; therefore, only particles smaller
than the pore size can pass through the membrane, which leads to clean up matrix
from sample. Hence, the size, shape and distribution of pores in the membrane and



size of analyte molecules play an important role in mode of this separation. Porous
membranes are used in dialysis, microfiltration and reverse 0smosis process.

On the other hand, non-porous membranes have been widely used for
extraction. Non-porous membranes do not have pores in their structures. The
operation is based on the differences in solubility and diffusion coefficient of
individual analyte in the membrane material. Non-porous membranes act as interface
between two liquid solutions, which can be a liquid or a solid phase. A liquid-

impregnating porous membrane mey used either two-phase extraction called

microporous membrane quuid" a\ (MMLLE) or three-phase extraction

ALY ) égﬁ absolute solid membranes are
also available, which are® 7 on thi(d silicone rubber.
2.3.1 Membran~ \ \\
v N \
N N

called supported liquid me e

. N
The naflo ' o ‘\::' extraction (MMLLE) is a
' LoMnic phase immobilized in
‘ ' be water or sample solution
containing the analyte of; |t In MMLLE, almost the same
extraction principle as LLE can analyte is extracted from an aqueous
solution into an org M |r G 2.2,

‘ ; A ‘
,I — - orans

W
g Aquecus

.,
AUL NGNS
IRAY ANYIaY

Figure 8.2 Schematic representatlon ‘of MMLLE when analyte diffuses across a
microporous membrane and partition coefficient (K) of the analyte of two phases [20].

In this technique, analyte to be efficiently extracted should have low
solubility in the aqueous phase. The moving of analyte molecules from agueous to
organic phase is driven by the concentration gradient of the analyte and is limited by



its partition coefficient. MMLLE is typically used for neutral and/or more
hydrophobic organic compounds.

The partition coefficient (K) controls the diffusion of analyte
molecules across the membrane. The partition coefficient is defined as the ratio of the
concentration of analyte in the membrane to the concentration of analyte in the
matrix, which is shown in (EQ.7).

Where C, and C, rep?' , NS az in the organic and aqueous

‘ : B\ S\ m percentage of extraction,
which may be called p Of radia% LoMbercentage may be defined as

the ratio of the analyte ¢, ol .l hase after extraction, C, to the

analyte concentration in th ##ni % » solution), Cq4, which is shown in
(Eq.8). 2R

M)

AI iv

2.3.2 Mode of exéragtion

ﬂUEJ’J'VIEWl?WEJ’]ﬂ‘i

Wode of extraction cgn be classufled into two mod%a static mode and
a dyn LW ﬂtﬁ Wtﬂ &} ﬁjo one batch of
accepﬂhaseﬂand the rt?mmum amourﬁ'?xtracﬁ m will be limited by its
distribution constant between the two phases. In dynamic extraction, it is possible to
pass a continuous stream of fresh extracting phase through the system, so increasing
the amount of extracted analyte. Although acceptor phase is fresh all the time for the
dynamic mode, the static mode is easier.
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2.3.3Kinds of membranes

Membranes may be classified into several groups depending on a mode
of classification [20-21, 24], which are listed in Figure 2.3.

Meanbrane
1
[ [ T T 1
Fanctiom Morphology Material Struchure
= Roverac omnnsls - dicroporons ‘ - Delyviw Homogenon:s:
- Pervaporation = i ey - Medal - Asvmimenic
- Cleranuc - Conp g ike

- Crag suparatlon
- Hemodialysis
- Ulwaliliralicn
- Exraction

= bheralilatien

Figure 2.3 Membranes

0 tion functions, which depend
4 \ id the properties of the analyte.
Morphology of membrane ef Le and distribution of pores in the

membrane. They can be divizaba/s 24 norous membrane and non-porous.

Geometrically me .;+ﬁ 4~ Jneet or hollow fiber. Flat

sheet membrane is 17 : ’ ' holder to keep it in place.

Typically it is thin s= =t which Is 1ess than 1 pm ti&#<ness shown in Figure 2.4.

Hollow fiber o ar fnembrane is tubelike structure as illustrated in Figure 2.5.
Donor and acgw ﬂﬂ ﬁde and outside of the
membrane dep&dmg on the desigw of the extragtion system. Gggerally, the hollow

o RPN I RH WARNHAR Bhroerae

Figure 2.4 Flat sheet membranes [29].



11

In addi’, / )\ s several materials such as
polymer, metal and cegfi4 ils used in fabricating hollow
. | \yicirafluoroethylene  (PTFE),
polyvinylidene fluorids S ' ) \ ne (PS). These materials are
stable at al pH range "t / \ micals and resistant to high
temperature [20, 24]. Howdferiiiase. - = d _)on usage. Moreover, membranes

can be classified into three tveis i < 4 asymmetric, and composite based on

the structures. Strugs: 431 pores and the membrane

material. Homogen » A 1aving variable pore sizes,
where the size cited . -E normally an avaaye. hey adldusually used for extraction,

reverse osmosis and peﬂ'/ ration. Ho ous membranes, shown in Figure 2.6,
consistof micfBfolal ek o g okl |
U

I ILAT

OV Yorel e
q I: L.:I I.. 4 _. £

Microporous Non-porous

Figure 2.6 Homogenous membranes [20].
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2.4 On-lineliquid liquid extraction flow analysis system

On-line liquid liquid extraction is the introduction of the extraction combined
with flow system [17, 31-33]. Flow injection analysis (FIA or Fl) was firstly
presented in 1975 by Ruzicka and Hansen [34]. This method is based on the injection
of sample into a carrier solution and later merged with the reagent solution. The
reaction developed along reaction coil (R) is transported towards a detector that

continuously records the absorbengy plectrode potential or the other physical

NN\ T/ /ysage of the sample material through
the flow cell. The signal e _ ./ﬂs* a function of time. The height

m— ccntration of the analyte present

in the samples. The tirsg ; o~ iection (S) and the highest of
ction takes place). The basic

components of a flow s\ 4 ‘ - = ure2.7.

Carrier

Reagent

r,. Time
]

Figure 2.7 Schematic gliggram of a floy jinjection system. R, reaction coil; D,

= B4 INUNINYING
i DL AR T TRV e

the system with the pump and the injection valve, respectively. Some reaction cail

-

and connector may be necessary for mixing reagent carrier and the injected sample
zone. The detector is used for data monitoring. In addition, mode of Fl has two
modes: continuous and stopped-flow. The advantage of the stopped-flow mode is that

the residue time is increased resulting to higher sensitivity of measurement [34].
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The introduction of flow based liquid-iquid extraction was purposed by
Karlberge and Thelander [32]. This on-line extraction needs the extraction section and
the phase separation section within the system. In general, on-line LLE consists of
three essential parts. a segmentor, an extraction coil and a phase separator [17, 33]. A
typical on-line liquid-liquid extraction flow analysis system is depicted in Figure 2.8.

The operation of each is described:

5
R 1 Wior)
Aq
F \ -.\.
Figure 2.8 Schemes o ' analysis system manifold. S
sample; R, reagent ion valve;, Ag, agueous phase
Org, organic phase; DB, %« gimientor; EC, extraction coil; SP.

1. The segd= l

two immiscible ph

d regular segments of the
' ' «c. minichamber or confluent
point. The %gmentor s several configurations based “‘ “three different designs (Y, T

and W). Th zj ﬁm i mixing process. They
are made of h aﬁﬁ ﬂm‘ Wﬂjﬁ %nless steel and Teflon.
The agueous and organic phase sttam can m frontally or dgrerally at different
e LN G H N VA VLA e o e sc
openi ngé Choosing the type of segmentor depends on the density ratio between two
phases.

2. The extraction coil is the unit that the extraction takes place by
transferring of analyte from one phase to the other. However, some extent extraction
can also be done in the segmentor or phase separator. Efficient extraction depends on
the sample residence time within the extraction coil, which is affected from length and
inner diameter of the extraction tube and the flow rate. The efficiency of extraction is
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increased with decreasing the inner diameter of the tube. The length of the tube
should be sufficiently long to prevent transfer kinetics being the limiting factor, which
isusually a helically coiled tube. The material of coiled tube is commonly constructed
by either glass or Teflon.

3. The phase separator is the important component of on-line extraction
systems. The phase separation process involves a partition of the segmented phase
and transfer of analyte containing organic phase to the detector. The phase separators
can be classified into three broad catenosies according to their operational principle,

1
‘ ‘ _of separator, which formally
resembles a separatory fi:z N segmented flow from the top or
through one of its side i~ d a separation is established
from density differeriCes #fn , \ W€ separator depend on gravity

b

shown in Figure 2.9, L1 (79 x;:t ith liquid-liquid extractors
incorporated into Fl/#r Id. i "k heavier phase leaves the
> emerges from the top or one

side. However, this type he, w , = are the poorer reproducibility and

the larger volume resulted in ot .?f' 7

Figure 2.9 Scheme of different types of gravity-based separation [17].
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(2) T-type separators

This separator type is congtructed from Technicon
connectors. The efficiency can be increased by inserting a Teflon piece or a
hydrophobic paper into the tube end, through which organic solvent emerges. The
segmented flow enters through one side of the separator and the phases are
continuously separated at the confluent point. There are many models for T-type
separators shown in Figure 2.10, which first design (Figure 2.10A) is general T-type
while the last two designs have been ui

~ in the incorporation of a LLE system into
7 arator should remove air that may

an automeatic continuous Segme s
be formed in the segmentect It g)lutron into the outgoing organic
“1 toT ne '-Qrsrty of the two phases. Figure

2 jeous phase, while the Figure

solvent. They are appliee
2.10B is used when oro=
2.10C isused in the opr 4

Figure 2.10 Scherr.: -

.,I

<'embrane separators A
liquid-liquid flow
separator is sﬂ uﬂra ﬁﬂﬂiﬁoﬁffﬁ%ﬁs it is based on the
permeability of membrane that is wetted by one plgse. Sandwich gygpe phase separator

VTS DU NRIAEI YRS oo i

holes tH¥t allow entry and exit of the organic and agueous phase flows. The
membrane is inserted between the two blocks, which are tightly squeezed together by
screws in order to avoid leakage (Figure 2.11). Normally, this type uses a
hydrophobic membrane, which is compatible to the non-polar organic solvent. The
membrane separator is easy to use and inexpensive so that it is much more frequently
used at present.
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Figure 2.11 Scheme of <! — ' éﬁ phase separators. (A) grooved
chamber and (B) cylindi™® - m== and (2) top view: LP, lighter

phase; HP, heavier phase ™ a7/ | 40 a2, support [17].

Efficiency of ey .20 oW e of extraction as follows:

% Extre J# (9

AT

i ) o

Where C, ; — =~ p tor phase after extraction
and Cy is theinitial -_-E e T e or donor solution. Several

factorsinfluencing the

L EUEANHNIYENT
WAL @Mﬁp’l@iﬁn&lﬁ Bertics in orcer

to get good extraction efficiency. Selection of membrane is based on the properties of

tractlon eff|C|ency must be optn ized.

the analyte (polar or non-polar); otherwise, the analyte cannot be properly extracted.
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2.5.2 Selection of extracting solvent

The selection of extracting solvent is of major importance in liquid
membrane extraction in order to obtain an efficient extraction. Choosing a suitable
organic solvent is based on like-dissolved-like in order to reduce the risk of losing
analyte.

2.5.3 Extraction time

Mass transfe® .y S é’.with extraction time due to the
rise in contact time betw? = sol L‘iortor solution. However, it must
be compromised betwes itivity and sample throughput

(number of samples hr

Generally # & ol ith slow flow rate of solution
owing to the rise in cont, mbrane surface and the analyte.
However, the lower flow rate m:
be extracted back A A0

7
2.6 Literaturerevijv

s AN G WA Ao e vt

Selenium sulfi®® cannot dissolve P the water, so it is usuall repared by acid

o0 OYTART U UV N e v

sulphuriq and hydrochloric acid or agua regia. Furthermore, there are many methods

alytical precision because analyte may

for digestive process such as Kjeldahl [9], microwave-assisted wet digestion [10-11]
and hot plate [7, 12-13]. The simple method for digestion is hot plate, which is easy to
use, inexpensive and the equipment is commonly available in the laboratory.

The selection of the method for determining the analyte of interest is
necessary. The method should provide accuracy, precision and reliable results;
besides, time, complexity of the method, cost and concentration range should also be
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considered. Several methods for determination of selenium have been used. One
typical method was based on catalytic kinetic spectrophotometry, where the selenium
ion was the catalyst and the color of complex solution was measured with a
spectrophotometer. These methods were based on the catalytic effect of selenium on
the reduction of nile blue [36], azure A [12], mixilon blue-SG [37], toluidene blue
[38] or sulfonazo [39] with sulfide ion. These methods have been applied for
determination of selenium in water, Kjeldahl tablets and health care products.

Although these methods were simple giying good accuracy and sensitivity, they were

complicated because the workinas ey /s\ be controlled.
Another method w2 SN e g% tethod, which could be meastred

sctrometer (ICP-OES) [15] and
MS) [16] etc. These methods
provide good sensitivity 4 2 W a trace level of selenium but

inductively coupled placg
inductively coupled pla g -

they require advanc#® & car 8=xpensive and need skills.
: ' ily applied for high level of
selenium content sample 0 e85 =0 Wilts

Furthermore, iodon gic== 3 teltive method for determination of
selenium. Typically, selenium(= ‘ ; .. A ed to selenium(0) with iodide to
generate iodine, ang™elg “ ) here the amount of iodine
quantitatively refer‘ d ily being present in the
sample. In iodometri :| titration,
generating iodine that ismediately titrateﬁi)vith sodium thiosul fate [7]. Thetitration
IS Iabor-intenﬂ % ﬂj%l\ﬂﬂm %W ﬂ @Jtine analysis.

Anotherfiinethod based on iodometry is that the generated iodine is obtained

¢ o
T A R
extrac:a: had™tor etermi f anti odic . Selenium was

reduced with iodide ion to generate iodine that was extracted with chloroform. The

soluti L'J reacts with excess iodide

extracts were collected and measured by a spectrophotometer. It was found that the
concentration range was 102 — 5 10° mol L™ and the relative error was 1-4 %.
Although the procedure is highly selective for iodine, no interferences and uses
relatively inexpensive reagents, this method is usually a batch method that is time-
consuming and labor-intensive so that it would not be applicable for routine analysis.
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According to the disadvantages of extraction procedure mentioned above, the
flow analysis system may be able to help resolving this weak point because it can be
automated, provides relatively high sample throughput and may be suitable for routine
analysis. Flow injection systems have been applied for the determination of selenium.
One was based on the catalytic reduction of thionine with sulfide ion in the presence
of selenium [9]. Thionine was fed and mixed with sulfide in the tubing and merged
with the selenium solution in another tube. After that the solution was pushed into the

UV-Vis spectrophotometer. All progasges might be temperature controlled. The

of selenium in anti-dandruff shampoo
'-fy The sample throughput of 25
'—ﬂnj on the reaction between 4-
aminoantipyrine (4-~ Saithalene-1-yl)ethane-1,2-diamine
dihydrochloride (NEDA® 0 [41]. A 4-AAP was fed and
merged with seleniuniio g ¢ - I W&DA in another tube. After that

— 30 samples hr! was ™=

sdenium in vitamin, migh s o ). The method provided high
precision, accuracy and sar gfe - 30rig to these works, the flow-based

analysis system could be u%d TS involving time-consumption and

|abor-intensiveness; ,,

Incorporati .';rl? i Jow injection system for
determination of selefffm mass #EZ00N siffion and the phase separator
section. Severd reeearclge&employ hollowdber membrane in the extraction section

e NG AR oo o

one phase, tWAl phases or three phases. Mlcroporous membrane liquid-liquid

Y Wi b mied 11

solution and organic solvent, which inside the membrane is impregnated with organic
solvent. Membrane extractions have been applied for both on-line and off-line mode.
For on-line mode, the combination of membrane extraction with capillary gas
chromatography for studying model compounds in blood plasma sample. The
extraction unit consisted of two titanium blocks and a porous PTFE flat sheet
membrane that was placed between the both blocks for blood plasma samples [42].
An agueous sample (blood plasma) was fed to the donor side of the hydrophobic
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microporous membrane while an organic solvent (hexane) was in the membrane pores
as an acceptor solution. The analyte in the sample was extracted into the organic
acceptor phase which was transferred directly to the injection loop in the gas
chromatographic system. Another application was membrane extraction for
determination of organotin compounds prior to analysis by GC-MS [43]. The
extraction unit was similar to the previous one but the blocks were made of PTFE. For
off-line mode, the hollow fiber membrane was impregnated with the organic phase (2-

heptanone) and was placed into the argequs sample for extraction and was shaken for

7 hrs. After the extraction, the, \ # i fiber membrane was placed into a

GC vial for further analy<si<™s 2 _ e . these methods were good which
demonstrated that merrim— d lici mmm==¥od for extraction of interest
analyte

Phase separators : | % i ch as T-connector [45], glass
gravitational phase sepP"l vJ/ ' ator [17, 33]. Nevertheless,
membrane separator M P ' Di™%e separator. There was an

- eparator for determination of
on in flow system [18]. After
extraction process, the se .)| ‘:J il phase separator unit where the
colored complex contained in = s2se passed through the membrane to
reach the acceptor [Mpsg g '
the stopped flow L7

polytetrafluoroethyler i jrol IOV

J72 process was operated in
..‘;d of a 75-cm length of
meniserteiflinto a helically coiled glass
tube containing one inlegg_pgl one outlet foUhe flow of the DCE acceptor stream. It

v toma o By PRI AN o e pson

Therefore, the §hembrane, especiall ‘y hollow flber membrane could excellently be

= IETINIUIMNININ e e

flow system have several advantages. From this reason, the flow analysis system
along with the extraction is interesting technique. This research attempts to develop
an automated analysis method for determination of selenium in cosmeceutical

products by incorporation of on-line liquid-liquid extraction using the hollow fiber

membrane extraction with flow-based analysis system.



CHAPTER I

EXPERIMENTAL

3.1 Instrument and equipment

N

o g~ w

10.

11.
12.
13.
14.
15.
16. B

Spectrophotometer model V-325-XS (Shanghai LW scientific, China)
Fiber optic UV-Visible spect | ith micro flow Z-cell (path length 10
cm) (Aventes BV, the g

Syringe pump (Prosss

Peristaltic pump (C®¥=

Stabilizer (LEON®ES ‘

Polypropylene hasw 4 £ 4 £it Seg\ N W)3/2 with 1D 600 um, wall
thickness 200 um ) I - - | SkVuppertal, Germany)
Tubing with 0.8 mr 4 i

Tubing with 1D x O Jf fad&: "_ "\ \ochurch Sdientific)

Glass syringes 10 mi- ( gy s o -

Hypodermic needles W|th % 4 ):' 0.55 x 25 and 0.9 x 40 (NIPRO,
Japar) | N,

Autopipettes & ;
Hot plate (Sci Lurm i
Stirrer (IKA, Geran )
Volumetr

Flasks 15@31815 WW?W 11
PRI Inenay

i)

¥

3.2 Chemlcals and Reagents

> 0w D RE

Selenium dioxide (SeO.) (FLUKA, USA)

Selenium sulfide (SeS,) (Aldrich, USA)

Potassium iodide (KI) (QReC, New Zealand)

Sodium thiosulfate (Na,S;03) (Ajax Finechem, Australia)
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5.  Sodium carbonate (NaCOs) (J.T. Baker, USA)

6. Sodium hydrogen carbonate (NaHCOs3) (CARLO ERBA, France)
7. Potassum dichromate (K.Cr,O7) (CARLO ERBA, France)

8. Urea(Sigma-Aldrich, USA)

9. Hexane (MERCK, Germany)

10. Nitric acid 65% (MERCK, Germany)

11. Hydrochloric acid (MERCK, Germany)

12. Starch (purchased locally) :
13. Cosmeceutical samples _o_@ \ ' ned from PAN Radhevee Group

3.3.1.1 Preparat

3.3.1.1.1 StockzeZibs/s 2.4 dioxide solution

e ——— ..v
el

._ A ] . . .
v : .lum dioxide solution was

prepared by digesting .70141 g Or selenium ioxidé . 1 25 mL of the conc. nitric
acid (65%). Th soluti@newas boiled ab@kt 50-90 min, transferred to a 100-mL
B S IOE T T ikl
¢ o o/
A WHRTRIRIRE 18 E

The stock 100 mg L™ selenium sulfide solution was prepared
by digesting 0.0181 g of selenium sulfide with 25 mL of the conc. HNO3 (65%). The
solution was boiled about 50-90 min, transferred to a 100-mL volumetric flask and
made to the volume with deionized water.
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3.3.1.1.30.005 mol L Sodium thiosulfate solution

The 0.005 mol L™ sodium thiosulfate solution was prepared by
dissolving 1.24 g sodium thiosulfate and 0.05 g of sodium carbonate in 1 L of cooled
boiled deionized water. The exact concentration of sodium thiosulfate solution was
determined by standardization with potassium dichromate as described in 3.3.1.2.

atacgum iodide solution

3.3.1.1.410% (w/v) P

.ﬁiolution was prepared daily by

dissolving 25 g potassiur™ 25 ‘nL‘vvater.

3.3.1.2 Standar 4, S e solution with potassum

e
,

dissolved with 30 mL of
ydrogen carbonate was added.

=N

The solution was shaken il === = ol yWlissolved. Then, 5 mL of 6 mol

n -
(YA

assium iodide solution was added,
1CgT0in and then immediately
i¥] solution became a pale
audec ' he blue color appeared), and

L™ hydrochloric acid and 5
respectively. The §oWtig
titrated with the ';«;‘
yellow color, afew driijs or &
continued titrating until‘tg blue color di@)peared. The equation of reaction was

described in ﬁuﬁ @W Hcﬂﬂt% w/\Ei}ﬁ]tﬂ@centranon of sodium

thiosulfate solufibn was calculated as follows.

PIAINTUNN NG Y

»[S 0 Tmol L = 6moleS,0,” . gof K,Cr,0,” 1000
i 1moleK ,Cr,0, MWK _Cr,0." mLof SO~

Where MW K,Cr,0O; = 294.19 g mol™
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3.3.1.3 Determination of selenium

A 10 mL of sample solution was pipetted into a conical flask. A 2 g of
urea was added and boiled to eliminate excessive acid in the solution. After it was
cooled, a few drops of starch solution and 5 mL of 10% potassium iodide solution
were added, respectively. The solution was immediately titrated with the thiosulfate
solution until a dark brown colored solution became a bright orange colored solution.

gted as follows.

The concentration of selenium was calcyl

[Se*]mgL® AW e’ 1000ML
1L
Where AW Se=79.1 07,
3.3.2 Deter minati I&axtraction method
3.3.2.1 Preparat
3.3.2.1.1 Stock 5_;;-_
\Z . .51 utions of both selenium

dioxide solution and Llenium soroermeens enared 1) described in 3.3.1.1.1 and
3.3.1.1.2, respectively. ¢ g,

ﬂNEJ’J'VIEWl?WEﬂﬂ’i

38212 Working st@ndard selenlum dioxide sol tion

q Wf] aiﬂ iﬁyﬁgnjdw;]enlum Sz)gu'!lons 13, 25, 38, 50, 63,

75, 88 and 100 mg L ™* were prepared by pipetting 0.25, 0.5, 0.75, 1.0, 1.25, 1.5, 1.75
and 2.0 mL of 100 mg L™ stock selenium dioxide solution into each vial and made up

the volume to 2 mL with deionized water.
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3.3.2.1.3 Potassium iodide solution 0.10 mol L™

The 0.10 mol L™ solution was prepared daily by dissolving
1.66 g of potassium iodide in 100 mL of deionized water.

3.3.2.2 Determination of selenium

A 1 mL sample was Rinetted into 12-mL vial. A 1 mL of deionized

water and 1 mL of 0.1 mol L™ g 1 was added, respectively. A 3 mL of

Aiig iodide solution. The vial was

™ aliquot of organic solvent was

organic solvent was imm
capped, shaken, and k
taken for measurement h m for chloroform and 521 nm
for hexane. The amot'~

method.

™\ad by using linear regression

retween the absorbance and the
concentrations of selenium wa afhe éoncentrations ranging from 13 —
100 mg L™, The lingay rg
(7 - ) J
3.3.23 Types || brg- — s

I
i Wi slope, intercept and R

¥

ﬂ %8{; Wy Wt%ma“a”a“"e solvent to

chloroform befduse it is more enwronmental friendly than chloroform. Both

chlor m nml REG 6 " yg] he chloroform
extract d 521 nm.
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3.3.3 Determination of selenium by flow based iodometric extraction
method

3.3.3.1 Preparation of chemical solutions

3.3.3.1.1 Stock standard selenium dioxide solution

:“"a.\ suifide solution was prepared
»_ of the conc. HNO; (65%).
o® to a 100-mL volumetric flask

by digesting 0.0362 g
The solution was boilecd -
and made to the volume wi# d

b =~

i Jle solution

f"d

1e working Starnuara selenium 3 utlons of 80, 107, 160, 213,
268, 320 and 37 repared by ettln 0.3,0.4,06,08,1.0,1.2and 1.4
B 1 X 1T T TfaTo T R
volumeto 1.5 n’l! with deionized wagter.

ammnﬁmummmaﬂ

313.3.2 Selection of membrane

In several reports, membrane has been used for the extraction [43-44]
and phase separator [18]. Polymer membrane has many advantages such as its
stability in all pH ranges, its inertia to many other chemicals and its thermal
resistance. In this work, polypropylene hollow fiber membrane, which is hydrophobic

and suitable for extraction of non-polar compound with organic solvent, was used as a
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phase separator. The membrane was impregnated with organic solvent prior uses with
syringe pump.

3.3.3.3 Signal acquisition

Absorbance (AU)

20 25

Figure 3.1 Typical sgnal € f| €% ber optic spectrophotometer.

. -F/i-" / ._ v_‘-'-'_

Fig o - 7 Jbtained when the purple
colored extract o : 3 hotometer The highest
absorbance was acqtzd and processeu Dy using w sheet software such as

o Excf,ff 03 unsnens

3.3.3. 4 ign and setup of¢he extractigg unit

Qﬂﬁﬂﬂﬂifuﬁﬂﬂﬂmﬁﬂ

3.3.3.4.1 The U-type extraction unit

The U-type extraction unit consisted of a vial and an open-hole
screw cap with silicone septum. Two needles were pierced through the septum. The
membrane was attached to both ends of the needles (U-type). The sample solution
was contained in the vial closed with the membrane-attached cap. One needle was

connected to the syringe pump to carry an organic extracting solvent. The other was
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connected to the fiber optic spectrophotometer. There were two lengths of membrane
studied; 2 cm and 32 cm. The solution was agitated with stirrer while an acceptor
phase (hexane) was gradually flowed through the membrane to the detector for
measurement at 521 nm with syringe pump. The schematic diagram of the U-type

extraction unit was illustrated in Figure 3.2.

(a) Organic solvent in

Speclrophommeter}

Spectrophotometﬁ}

Figure 3.2 Schematic diag' f !% acHn unit. (a) 2-cm; (b) 32-cm.

E N

Y]
Je tubular type extraction unit @nsisted of glass tube where
both ends wer’eﬁfude(f\ﬂ\ T-connector@M he hollow fiber membrane was inserted

through the sl 4QEbt thell | oiitlord AR biabdedba) At both ends o the T-

connectors wera'lsealed as illustrategin Figure 3.2, There were tvgo,setups; horizontal
o YO T WA NG Her o e
summarited in Table 3.1. The sample solution was pumped into the tubing (outside
the membrane) by peristaltic pump while the acceptor phase (hexane) was gradually
flowed through the membrane to the fiber optic spectrophotometer for measurement

at 521 nm with syringe pump.
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Table 3.1 Specification of tubular extraction units.

Horizontal setup Vertical setup
Glass tube
- OD (mm) 51 6.1
- ID (mm) 3.25 3.8
- Length (cm) 30 4.4
Total membrane length (cm) 36 155

Sealed with T-connector Nut and ferrule

(a)

(b)

Samples
infout

Organic soly 1

o
"o HFM

Syﬁnge“u TSI ’] |
ARIANNTUNRIING

Figure 43 Schematic diagram of the tubular type extraction unit. ( Horizontal; (b)
Vertical.

Ay iy



30

3.3.3.5 Determination of selenium

The hollow fiber membrane extraction unit was constructed and
installed in the flow analysis system as illustrated in Figure 3.3b. The sample (donor
solution) was pipetted into 4-mL vial and made up tol.5 mL with deionized water. A
0.5 mL of 0.1 mol L™ iodide solution was added and mixed well. An aiquot of 0.5
mL was immediately pumped to fill the glass tubing (outside the membrane) with

peristaltic pump. The iodine generf from the reaction was extracted into the

hexane (acceptor) that was f,il e turning into the purple colored

solution. After desired extr™ \ ere turned on. The extract was

carried to the fiber op . : ueasurement while the sample
solution in glass tubino o ‘ SSsearocesses except washing were
controlled by a compir 4 VA RNt of selenium obtained was

Between rui g th=== ‘ d = extraction line were cleaned by
flushing with deionized water ectively. The tubing of the sample line
was also cleaned byhg e B £ ernight after finishing all

the analyses. ‘ Vi N ‘

.,I k,,
¥ iF §

3.3.3.7 Method @ptimization

F’T‘UEJ’JVIEWI?WEJ’ﬂ‘i

4B.3.7.1 Concentratlon of |od|de

0" NS IHHNI AN IAY s

The amount of iodide should be in excess so that the amount of iodine determined
was proportional to the amount of selenium. Too much amount of iodide might react
with some iodine generated to form triiodide, resulting in that less amount of iodine
was extracted into the organic solvent. Various concentrations of iodide were studied.
The iodide concentration that gave maximum of response factor was considered as
optimal.
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3.3.3.7.2 Extraction time

The amount of iodine extracted into organic solvent depends on
the contact time or extraction time between donor phase and acceptor phase, which is
corresponding to the sensitivity of method. Therefore, the extraction time was
investigated. Thus, longer extraction time would increase a contact time between
donor phase and acceptor phase resulting in more iodine was extracted into the

organic solvent. The time that oth sufficient signals and more sample

‘\

\\ affect extraction efficiency
because the different’ \ \ aea between donor phase and

acceptor phase, whit i t \L t - iodine extracted into the

-
"> mass transfer of iodine into

be broader than the shorter
sufficient signal was considered

organic solvent. The lcy
the organic solvent bu
membrane. The size of ex’,

asoptimal.

3338MealLZ ‘..!" J
J
3.3.3.8.1 @alibration curvegnd linearity

AULINUNINEINT

The linear callbratlon curve between the absorbance and the
’TW! ST i7p WY 113015 A
373 he'i m 0@ cept and R%.
3.3.3.8.2 Precision and accuracy

The 200 mg L™ of selenium in the forms of selenium dioxide
and selenium sulfide was determined. It was prepared by pipetting 0.75 mL of 400
mg L™ stock selenium dioxide solution and 1.5 mL of 200 mg L™ of selenium sulfide
into each vial and made up the volume to 1.5 mL of deionized water. Then, 0.5 mL of



32

0.1 mol L™ iodide solution was pipetted into the vial of selenium solution prior to
analysis. The recoveries and the standard deviation of replicate analyses were
reported.

3.3.3.9 Real samples

3.3.3.9.1 Shampoo sample (2.5% SeS;)

as purchased from local store. The

sample was weighed and A . < /ﬁcid. After it was cooled, it was
transferred to a 100-mL "= < o m=== to the volume with deionized

water.
samples) (1.02% SeS,)
N\ Wained from Pan Rajdhevee
Group Company Limite dfi ff < ‘v . I"enized, weighed and digested
A _f = *
with 85% nitric acid. Afte #& v = gS Winsferred to a 100-mL volumetric

flask and made up to the volum

334 Vi ‘ .‘" Ztenting in samples
| |
Tlge %Selenium sulﬂds(SeSg) obtained was calculated as

follows ﬂUEJ'J‘VIEW]?WEl’]ﬂ‘ﬁ
ammnmwm% el

weight sample mg

Where MW SeS, = 143.1 g mol™
AW Se=79.1 gmol*



CHAPTER IV

RESULTSAND DISCUSSION

4.1 Theiodometric titration method

The method was applied for determination of selenium in the forms of

selenium dioxide and selenium ¢ elenium solutions were treated with the

same process. Table 4.1 5
mg L *of both selenium sg

obtained from determining 100

The %recover > L \‘E&\\ Centage of the final selenium
concentration found % commation (Ci). The equation of

recovery percentage v

3
) -~
-

F = _
Table 4.1 The average amount % ed from the titration method

TS . .
ZE TR o)) Selenium sulfide (SeSy)

Concentration (mg ; - '\:,' | 100
Found (mgL?) i ~ 98
% Recovery ‘ 95 “ 08
-
%RSD ‘ ‘ 3 (N=21
0 ﬂ | . (N=21)

LI |

U
probab qd ito th tltrigti i Pj/ here the iodine
generated might be affected from oxygen in the air, light or unsuitable acidity in the

selenium solution. Although less than 100% of recoveries were obtained, they werein
the acceptable range, which should be in the range of 90 to 107% and 5.3%RSD [47].



4.2 Theiodometric extraction method

Extraction method was another method based on iodometry. The principle was
similar to the titration method. The iodine generated was extracted into an organic
solvent producing the purple colored extract that could be measured with the fiber
optic spectrophotometer. Typically, the extraction method employed chloroform as an
extracting solvent. In this research, hexane was studied as an alternative extracting
ompared with that using chloroform. The
/‘3-100 mg L™ using both organic
émpared in Figure 4.1. The linear

22 as extracting solvent was. y =

solvent. The extraction efficiency v &

calibration curves of seleniyziNN
solvents as extracting solva e
regression equation when
0.0115x — 0.0013 and
(R% >0.99.

. with correlation coefficient

10 - | ‘ i

09 - | 4 / G
08 - y= X '

07 -
06 -
05 -
04 -
03 -
02 -

01ﬂqwﬂwswawri W
AN

Figure 4.1 Calibration curves for determination of selenium when using chloroform

+ Chloroform
o Hexane

Absrobance (AU)

and hexane as extracting solvents.

Although extraction with hexane exhibited less sensitivity, it provided good
linearity range. Alternatively, hexane might be used in place of chloroform.
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This method was applied for determination of selenium in the form of
selenium dioxide and selenium sulfide. Both selenium solutions were treated with the
same process. The results obtained when using chloroform and hexane as extracting
solvents were summarized in Table 4.2.

Table 4.2 The average amount of selenium obtained when using chloroform and
hexane as extracting solvents

Chloroform Hexane

SeO, 51
50
98

3 (N=9)

50
53
105
3 (N=8)

1d hexane as extracting solvents
different (P>0.05, Paired t-Tegt).
Therefore, hexane A3 WA because it was more

The recoveries obt er

were in acceptable range ang= ’_,,,.. A

environmental frier 4 AY )
sl ]

4.3 The Flow based #gdpmetric extrg@etion method

ﬂUEJ’J'VIEWl?WEJ’]ﬂ‘i

4.3.1 D gnsand setup of gxtraction un

ARIAINIUNATINY 1A

4.3.1.1 The U-type extraction unit

The U-type extraction unit was operated in continuous flow
mode for extraction of 100 mg L™ of selenium solution. The extracting solvent was
continuously pumped into the inside membrane at 0.5 mL min™. First the 2-cm length
of membrane was tested for 20 min. It was found that the color of the extracted

solution was not significantly turned purple, probably because there was not enough
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iodine extracted into the hexane. Apparently, the membrane was too short that there
was less contact area and the iodine was slightly extracted into the membrane.
Therefore, the longer membrane was employed in order to increase the contact area
for extraction. The 32-cm length of membrane was used. Since it was so long that it
could not fit in the vial as a U-shape. The setup was coiled and used for extraction for
15 min. The extracted solution turned much purple. Apparently the longer membrane
provided the more contact area allowing the more iodine to be extracted. However,
leakage of hexane and air bubbles ware abserved. The coiled membrane might have

re. This model suggested that the

caused fracture of membrane

was first operated in a
the glass tube (outside the
ned into the membrane (inside
e lingth was 36 cm. The extraction
time was about 15 min. Daspl ﬂ“ t the extracted solution turned purple,
»llen when contacted with
) l' s contracted and touched

wesing tI ' ' Tlembrane with T-connector

there was still somgqdjaw
organic solvent an :;rll
the glass tube wall. U {jof tric"CHsg
might be difficult to sirgtgthe membrana;\fter SNoIIen Moreover, there were air

gaps found dﬂqueHQt%WM rE}ﬁa Wube since there were

differences in iflher diameters between the tubing and the glass tube. The extraction
unit w. ﬁ ﬁ( the membrane
after ﬂwmﬁ m&m mr;] ﬁ mode and the
donor solution was filled the glass tube in the vertical direction to avoid the leakage.

4.3.2 Optimization of extraction efficiency

Several parameters affecting the extraction efficiency or sensitivity
were investigated and optimized.
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4.3.2.1 Calibration curve

Although selenium sulfide is the compound we intend to
measure, but preparation of the standard requires treatment with acid. Normally,
selenium dioxide has been used in preparing standard selenium solution because it is
easily dissolved in water. Therefore, in this experiment, calibration curves constructed
from selenium dioxide and selenium sulfide were compared in Figure 4.2. The results

1:sing selenium dioxide and selenium sulfide,

presented that the calibration curves

both of which were digested & gere not different. Therefore, in this
experiment, the calibration.. Jete jﬁf selenium might be constructed

using selenium dioxide i h oy, S—

107 .- Cc N
0'9 4 e . /

0.8 -
0.7 -
0.6 -
0.5 -
0.4 -
0.3 -
0.2 -
0.1
0.0 -

"¢ 10t ThefdNpdDa

Absorbance (AU)

..I
!

o QRARARE AN TSN oz e

seleniunfistandard solutions.
4.3.2.2 Flow rate of the solution
Since the extraction was occurred in a stopped flow mode, the

flow rate of both donor and acceptor solution might not affect extraction efficient but
it might affect the pressure when feeding donor or acceptor solution. Flow rate of both
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solutions was studied in order to avoid a high pressure during loading the donor
solution into the glass tube with a peristaltic pump and carrying the acceptor solution
to the inside of the membrane with a syringe pump. A 100 mg L™ of selenium
solution extracted for 9 min was determined. A 1.95, 3.10, 4.70 and 5.56 mL min™ of
the donor solution were investigated and flow rate of the acceptor solution was
studied at 0.75, 1.00, 1.13 and 1.25 mL min™ when used a peristaltic pump and
syringe pump, respectively. Figure 4.3 and Figure 4.4 showed the absorbance

Uition at various flow rates of the donor and

obtained from 100 mg L™ selenium 3

acceptor solution, respectivelv /ed that the increased flow rates did
not affect to the amount_c “ .hf e hexane that was held in the
membrane. On the other 1|gr r flyﬁthe donor solution could cause
some air bubbles while g , N 0 the higher inner pressure.
Therefore, the 4.70 ml v ‘ 1 | Ias employed because it was

Absorbance (AU)
o
~

2.50 ¢ 3 50 2450 6.50

QWW mnmummma d

Figure 4.3 Relationship between the absorbance obtained from 100 mg L™ selenium
solution and various flow rates of the donor solution when extracted for 9 min and

using 1 mL min™of acceptor solution.
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< 050 - yu T 1
8 f— T b1
8
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<

030 ‘ ‘ ‘
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Figure 4.4 Relations™ Mined from 100 mg L™ selenium

solution and various f, en extracted for 9 min and

Figu N rate of the acceptor solution of

more than 1.0 mL min™ coul igher flow rate could produce high

=

pressure leading to .M_c : eneewhile the lower flow rate
could cause broad ¢ y By | Hence, the acceptor flow

rateof 1.0 mL mintw | empie L ES

¥

AULHANENINYINT
ol mmmmm 52013

excess so that the amount of iodine obtained is proportional to the amount of selenium
refer to (EQ.5) in chapter 1. Nevertheless, excess iodide might react with iodine to
form triiodide (seeing (EQ.4) in chapter 11) resulting in less amount of iodine extracted
into the organic solvent.

Effect of iodide concentration on response factor (the ratio of
absorbance to concentration of selenium) at each selenium concentration was
illustrated in Figure 4.5. The response factors were increased as increasing selenium
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concentrations. As the fixed volume of iodide solution was added to various
concentrations of selenium solutions, the mole ratio of iodide to selenium was
decreased as increasing selenium concentrations; consequently, the formation of
trilodide was lessened resulting in that the more iodine could be extracted into the
hexane. The 0.1 mol L™ iodide concentration provided sufficient iodide. Too much
iodide concentrations could increase the chance for triiodide formation. Therefore, 0.1

mol L7 iodide solution was chosen in the extraction.

0.0035 ~Na\\ :
0.0030 - = K —.’E/_i
: e~ R
S 0.0025 - -
8
8 00020 - -——2
o
L%- 0.0015 ~ —o— 0.05 M KI
—a—0.10 M Kl
0.0010 ~
- =a- =015 M K|
0.0005 + —o =-0.20 M Kl
0.0000 \ |
0 =t . 300 350 400
Figure 4.5 The respclJ= factOrwemmmmg®SiiGe at |f}rious concentrations for the
determination of seleniug. o
AB.2. 4 Extraction tlﬁpe
Q wf] ﬂ gﬂe extrac;mnJ tﬂlrJnJvﬂals.] an’thhZ]rr;Eauj n:)]ar@ngJ that had to be

investlgated. Since the extraction efficiency depended on the contact time between
donor solution and acceptor solution, a long time of stopped flow resulted in that
more iodine could diffuse into the hexane. The amount of iodine extracted was
corresponding to the sensitivity of the method. Extraction times of 30, 60, 120, 180
and 300 sec were investigated, which was shown in Figure 4.6. The longer extraction
time exhibited the more sensitivity (slope) but it provided smaller working range. On
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the other hand, shorter extraction time showed wider working range while it gave
relatively less sensitivity. In addition, another factor that should be taken into account
was the sample throughput. The relationship between the sensitivity, extraction time
and sample throughput was shown in Figure 4.7. Evidently, about 90 sec was the
optimum extraction time owing to that the sensitivity and the sample throughput were
compromised. For the quality control of cosmeceutical products, which usually
contain high selenium content, the extraction time of 60 sec might be chosen. Despite

it provided somewhat less sensitivity tha sample throughput was considerably useful

“z

for routine analysis.

4
— - : 30 sec, y = 0.0023x , 4 o - oc, y = 0.0051x - 0.0646, R?=0.9998
—— 1 60 sec, y = 0.0037x - 112 TR 20 gec, y = 0.0060x - 0.0244, R? = 0.9995

1.0
0.9 1
0.8
0.7
0.6 1
0.5
0.4 -
0.3

02 - %
011 ¢ (5

0.0

Absorbance (AU)

600 700 800

‘o Y,

RIANNIUNMAINYAE
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0.0050 H T35 ~
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_ 0.0040 + %_
8 T 25 %
2 0.0030 T 1o =
£ 2
= il 5
% 00020 T 153
c% T 10 =
QO
0.0010 T . g_
0.0000 0
300
Figure 4.7 Sensitivity or g5 5 extraction times.
4.3.2.5 >
The | a j IS operated, so it had to be cleaned
between runs to assure that thz ﬁ,g— ; 7 gy effect from the previous run. The

time of washing syiiz
throughput. The wek.4:

extraction line. The ¢ '7| Iple [INe oo .nembrat“‘ was studied by comparing

e included in the sample
RX )5 the sample line and the

between just soaking andgrigsing the samplg line before soaking with deionized water,

where the soﬂg“r&jzv% %W @W Hﬂaﬂ ﬁtume of the extraction

line. The extra&lon line (msude the membrane) was washed W|th hexane for 10, 20

and 3 w jjg L selenium
solutionggfter so ing and rinsing before so ing with deioniz ater while the

extraction line was washed with hexane at various times. The results exhibited that
washing the sample line by soaking was not sufficient because there was still the
memory effect, but rinsing before soaking could solve the problem. For washing the
extraction line, it was found that there was no memory effect after washing for more
than 20 sec. Therefore, the cleaning procedure was that the sample line was rinsed and



soaked with deionized water while the extraction line was washed with hexane for 20
SeC.

0.8 1
0.7 -
_ 06 . Signal of Seat 213mg L™
) E‘ 4 B o
<E 05 -~ L, - | [ et -
g : :
8 04 -
g 1 10 sec
_2 0.3 1 B 20 sec
0.2 - B 30 sec
0.1 -
0
Figure 4.8 The absorban At . Jelenium solution after washing
the sample line and the ext: g : = i 8 water and hexane, respectively.

4
ig || affect extraction efficiency
because the longer extrq;tlon unit would |Egease both membrane length and donor

volume Ieadl ﬁﬂ rganlc solvent due to
the more faﬁng analyte and t e more contact area Table 4.3 showed the

— RN A TINg T4 Y



Table 4.3 The characteristic of extraction units

Short extraction unit Long extraction unit

1. Glasstube

- Length (cm) 4.4 8

- ID (mm) 3.8 3.8

- OD (mm) 6.1 6.1
2. Total length of membrane 155 195
3.Volume of donor phase 0.91

/J G 107, 213 and 320 mg L of

selenium solution extrac:™ 1 @, <raction units for 60 sec was
illustrated in Figure 4.0 4 NN maslonger extraction unit did not
significantly improve t- asting with Paired t-Tedt, there
was not significantly absorbance obtained from the
longer and the shorte#xt 47 JF gite( = 4>g ; B extraction unit was chosen

because it used less me

© ok
0 © O
[

©
\‘
|

0.6 -

Absorbance (AU)
o o
n oo

0.3

o
N
|

107 213 320

Concentration of selenium solution (mg L ™)

B short extraction @ long extraction

Figure 4.9 The absorbance obtained when using short and long extraction unit at
various selenium concentrations.
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4.3.2.7 Reuse of membrane

Reuse of membrane was another factor, which should be
considered because it could save cost and time. To evaluate the reusability of the
membrane, a 200 mg L™ of selenium solution was extracted at 60 sec and repeated
several times. The results were demonstrated in Figure 4.10. It was found that the
membrane could be reused for more than 100 times without significant loss of signal.

0.75
0.70 -
0.65 |
0.60 |
0.55 -,
0.50
0.45 -
0.40 -
0.35 |
0.30 |
0.25 -

0

Absorbance (AU)

120

Vd

Figure 4.10 The abs Jance obtained from 200 mg " selenium solution when the

BTN eI NeINg

Q :11328Ma‘ﬁ|xeffecﬁ' wf] ﬂﬂf] EJ
RIAINTUUNIINGA

Since the cosmeceutical samples typically consisted of polymer
matrices that might interfere with the analysis, therefore matrix effect should be
considered. Figure 4.11 showed the calibration curve obtained when using selenium
dioxide and mixture of selenium dioxide and placebo. Both types were treated with
acid in the same process. The slopes obtained from two types were not different
indicating that the placebo did not disturb the analysis. So the calibration curve could
be prepared using selenium dioxide solution treated with acid.
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1.0 | — : Se0, + Placebo, y = 0.0027x - 0.1110, R*= 0.9978
0.9 | --- :Se0,y = 0.0027x - 0.0918, R*= 0.9958 2
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The optimal parameters of on-line hollow fiber membrane extraction
iodometric method for determination of selenium were summarized in Table 4.4. The
total analysis time was about 180 sec providing sample throughput of approximately
20 sample hr™.

Table 4.4 Optimum condition of flow based membrane extraction for determination

of selenium.
Parameters Optimum

Concentration of iodide soluti 0.1mol L™
Extracting solvent (accepto: Hexane
Size of extraction unit : Short

- Glasstube 0D 3.8mmID” 4.4cmlength

- Total membrane . 15.5cm
Tota analysistime 180 sec

- Sample loading# 15 sec

- Extractiontime 60 sec

- Extract discarding | 25 sec

(1 mL min®)
- Wash the sample line witk= 60 sec

—'/#

(rinsing befor=3p if nd out 15 sec each)

- Wash the extre & -"i" 20 sec

[
ﬂﬂEl’J‘VIEW]?WEl’Iﬂ‘i
qmmnmummmaa
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4.3.3 Method evaluation for on-line extraction

4.3.3.1 Calibration curve for determination of selenium

1.0
0.9 1
0.8 - y =0.0028x - 0.1203
0.7 1
0.6
0.5
0.4 -
0.3 1
0.2 1
0.1+

Absorbance (AU)

00— : ‘ |

Figure 4.12 Working ran¢ ##0 % ir" by on-line membrane extraction
iodometric method.

. -F/i-" / ._ v_‘-'-'_

A i Jfrom selenium  dioxide
solutions after on-linel Jctraction. e e iearityil fetween the signal responses
of iodine extracted and gelgpium concentrggipns ranging from 80 to 373 mg L was

verified. anuﬂpu &}@dﬂeﬂm w H(ﬂtﬂ @thod plotted between

absorbance ver&8lks selenium concent‘;atlons A worklng range of 80 to 373 mg L™ was

obser ﬂ ﬂjﬂﬁ'ﬂ I.T'I) ﬁ)ﬂ 0.1203 with
correlatign coefficien 9) rthermor he calibration curves that were

established over five-day period gave the %RSD of slopes less than 3%, suggesting
that the method was robust for routine analysis.
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4.3.3.2 Precision and Accuracy

Evaluation of the precision and accuracy of the proposed
method could be done by applying for determination of selenium(lV) in forms of
selenium dioxide and selenium sulfide. Both selenium solutions were treated with the
same process. The results were compared between the on-line membrane extraction
(the proposed method) with the standard titration method and summarized in Table
4.5.

Table 4.5 The average am«
the titration method.

Thetitration
method

102
96
95

2 (N=21)

SeS, Concentrat ## ( . Z 100
Found (mg L™ = i 98
R u ] 'g: 4 4 ) 98
%RLZ X 3 (N=21)

‘| B |
Alghgugh the recovery pbtained from the proposed method was

relatively hlglﬂ % ﬁz}’ﬁt%oﬂt@tﬂ:ﬂ ﬂatme average recovery of

both methods Wke within the accepizble range, WhICh should be i in, the range of 90 to

RRTRIN I UNIAINYAY

4.4.4 Method performance in samples application

The flow based extraction method was applied to determine
selenium(1V) in the form of selenium sulfide in real cosmeceutical samples such as
anti-dandruff shampoo and cosmeceutical samples. The results were compared to the
results obtained by the standard titration method. These experiments were performed
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in 7 replicates. The results obtained from both the proposed method and the titration
method was summarized in Table 4.6.

Table 4.6 The average amount of selenium obtained in shampoo and cosmeceutical
samples (bead samples) from the proposed method and the titration method.

The proposed Thetitration
method method

Shampoo® Found (%) 2.54 2.31

102 93
éﬁ =7) 3(N=7)
Cosmeceutical — 0.93
samples’ 91
1 (N=7)
2 Anti-dandruff shamporg
P Cosmeceutical samy# M 1.0296SeS,)
The amol ##= F sl r'a® both methods were compared

with the amount of seleni, J: 7 = land cosmeceutical product. The

relative errors obtained by thi° o0 2d were 1.6% and 0.2%, respectively
i #Me errors obtained by the

for shampoo and 'y
titration method we&Z8 A )osed method showed less
error than the titratiof JnethoG. rerememmEllid bdlipplied for determination of

selenium as alternative tg the titration methggd in quality control of selenium sulfide in

asa ) INENTHEINT
PAATUAMINYAE



CHAPTER YV

CONCLUSION AND SUGGESTION OF FUTURE WORK

5.1 Conclusion

A flow-based method with on-

determination of selenium ,S""

line liquid extraction was developed for
2eceutical products. The method of

/ énere the amount of selenium was

proportional to the amcwss ‘_ lines¥yen===ms— ) the reaction with excessive

) e 7\]
an organic solvent thal w_ g ; '[.

N\ " the extraction unit. The U-

uid membrane extraction with
ow fiber membrane as a phase
. /ith continuous and stopped

D WAt operated with stopped flow

mode in a vertical directi g floaes= = the extracting solvent that was
used to be chloroform v g a = o by hexane, which was more
environmental friendly without Tee=———=="5itivity.
e b . L
Parameters sgat LS sffigéancy or sensitivity were

studied. The ;, ..‘: h the sample could affect

ersne 'rrt 1 be in excess of the amount

i¥ |

of selenium in the samp&e; ‘however, too m‘u‘gh amount of iodide might have reacted
r-3

with the iodiﬁW}i%iﬂWdﬁlmq nt? the less iodine was

extracted. The gxtraction time was a mainp er, which affected the sensitivity

N WIS NTATAI M0 TS

the sensitivity of the r§ hoG:
W

showed the more sensitivity but it provided smaller working range. The size of
extraction unit might affect extraction efficiency because the longer extraction unit
would increase both the length of the membrane and the volume of the donor solution
resulting in increased mass transfer of the analyte into the organic solvent. Since the
system was operated continuously, it was necessary to be cleaned in order to ensure
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that there was no memory effect from the previous run. Cleaning the system by
rinsing and soaking the sample line with deionized water and flushing the extraction
line for 20 sec with hexane was recommended to ensure that there was no memory
effect. In addition, the system was tested that the hollow fiber membrane could be
used for more than 100 cycles without losing any performance.

The flow-based iodometric extraction method was applied for determination
of selenium sulfide in shampoo and cosmeceutical samples (bead samples). The

amounts of selenium obtained were coppared between the proposed method and the

titration method. The proposed, 0 ' less Yorelative error than the titration

method. The proposed meth ™% / w for determination of selenium
in shampoo and cosmect \du S (lﬁeﬁ) In addition, the proposed
method was simple, in— = «s that be suitable for routine
analysis. It suggested - : \ i, be used as alternative to the

titration method in quaiit: #£0; g 2 \n\ eutical samples.

s still semi-automated so it could

The on-line membr e

be developed to fully automatzz7577 <7

e improved by using the switching
valves to connect| ¥ !' Jhe extraction unit. The
applications of hosd: ,'-r“ for extraction of other
compounds; i.e., met ,I Of OfJa e corpoaius could“ > explored. In addition, the
design of the hollow #fag membrane ggraction unit, the incorporation of the

earecton il VA RS PSSR o the system using

other desired dé¥ctors could be chal}enges

Qﬁﬁﬂﬁﬂ‘imﬂﬁﬂmﬂﬁﬂ
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APPENDIX A

Table A.1 Average amount of selenium obtained from 100 mg L™ of selenium
dioxide with the titration method.

Found (mg L™) %Recovery %RSD
Se0, 94 93 1
94 93 2
92 3
1
1
1
1
1
2
1
1
1
2
2
i 1
3 o 1
[} — o5, 1
¢ o 95 o/ 95 1
AUSIRENITNEANT -
Y B ¢ a9 v 1
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Table A.2 Average amount of selenium obtained from 100 mg L™ of selenium sulfide
with the titration method.

Found (mg L™) %Recovery %RSD

SeS, 94 95 1
98 98 1
99 97 1
97 97 1
1

1

1

1

1

1

1

1

1

1

1

2

1

1

1

1
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Table A.3 The average amount of selenium obtained from 50 mg L™ of selenium
solution with the extraction method.

Chloroform Hexane

Found %Recovery %RSD  Found %Recovery %RSD
(mgL™) (mgL™)

SeO, 51 101 1 51 99
55 107 1 49 96
51 48 96
51 104
52 94
52 101
99
95
100

100
106
109
110
107
103
103
103

W 01 0 W N N W Ol kP P N N WO N DD DN D

N=3 observations per maags,

ﬂumwﬂmwmm
QW'WMﬂ?fNNWTmEﬂﬂEJ
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Table A.4 The average amount of selenium obtained from 200 mg L™ of selenium
solution with on-line membrane extraction method.

Found (mg L™) %Recovery %RSD
Se0, 198 99 3
206 103 4
194 97 3
213 106 2
198 99 2
| 3
2
1
Ses; 2
0
3
1
2
2
3
1

N=3 observations

V.
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Table A.5 The average amount of selenium obtained from 2.5%SeS,; in shampoo and
1.0%SeS, in cosmeceutical samples solution with on-line membrane extraction
method (the proposed method) and titration method.

The proposed method The titration method
%SeS, %Recovery %RSD @ %SeS,; %Recovery %RSD
Shampoo 25 101 2 2.3 91 1
(2.5%SeS,) 25 100 3 2.2 0 1
25 3 2.3 0 1
2.6 2.3 94 1
25 24 95 1
2.6 2.3 9 1
25 2.4 95 1
Cosmeceutical ;9 91 1
sample \ .9 90 1
(1.0%SeS,) £ 2R AN\ N\ N o1 1
@ W\ oo o1 1
0.9 91 1
1.0 0.9 91 2
0.9 91 1

N=3 observations y
X

ol o

AULINENINYINT
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APPENDIX B

Table B.1 A datistical test for difference between %recovery of selenium obtained
from extracting with chloroform and hexane by using Paired t-Test at P=0.05.

t-Test: Paired Two Sample for Means

SeO; Ses,

Chloroforg i Chloroform Hexane

Mean recovery 107.8171 105.1147
Variance 52.65629 12.95847
Observations 8 8
Pearson Correlation 0.697509

Hypothesized Mean 0

Difference

df 7

t Stat 1.415109

P(T<=t) one-tail 0.099974

t Critical one-tall 1.894579

P(T<=t) two-tail 0.199948

t Critical two-talil 2.364624

AULINENINYINT
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Table B.2 A statistical test for difference between absorbance of selenium obtained
from short and long extraction unit with on-line membrane extraction method by
using Paired t-Test at P=0.05.

t-Test: Paired Two Sample for Means

Selenium 1 1 1

) 107 mg L 213mg L 320mg L
concentration

Short LR Short Long Short Long

Mean absorbance } - 0271 0.595244 0.838624 0.863377
Variance OSSO\ 04 114E-04 187E-05 4.92E-04
Observations 7 : 3 3 3
Pearson Correlation -0.88056
Hypothesized Mean
Difference 0
df 2
t Stat -1.6453
P(T<=t) one-tail 0.120823
t Critical one-tall 2.919986
P(T<=t) two-tail 0.241646
t Critical two-talil 4.302653

AUEINENINYINS
RN ITUUMING AT
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Table B.3 A datistical test for difference between %recovery of selenium obtained
from selenium dioxide solutions when using the on-line membrane extraction method
and the titration method by using F-Test at P=0.05.

F-Test Two-Sample for Variances

The proposed method The titration method
Mean SD 2.393583 0.938071
Variance 40,909957 0.563681
Observations | 21
df 20
F

P(F<=f) one-tail
F Critical one-tail

Table B.4 A statisti Wovery of selenium obtained

from selenium dioxide embrane extraction method

t-Test: Two-Sample Assumlno T

. . The titration method
Meanrecovery &0 A 9453282
Variance [ ——ros il 4.120673
Observations 21
wesvnnf | UH 3 ﬂwwmn‘s
Hypothesuzed
o RRIAINTUUNYINY 1A
t Stat 7.199179
P(T<=t) one-tail 4.82E-08
t Critical one-tall 1.703288
P(T<=t) two-tail 9.64E-08

t Critical two-tail 2.05183
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Table B.5 A datistical test for difference between %recovery of selenium obtained
from selenium sulfide solutions when using the on-line membrane extraction method
and the titration method by using F-Test at P=0.05.

F-Test Two-Sample for Variances

The proposed method The titration method
Mean SD 1.663717 0.869628
Variance 40.884518 0.199702
Observations | 21
df 20
F

P(F<=f) one-tail
F Critical one-tail

Table B.6 A statisti Wovery of selenium obtained
from selenium sulfide |

and the titration method |,

N nembrane extraction method

t-Test: Two-Sample Assumlno T

g EER—— The titration method
Meanrecovery &8 2 _ 97.78859
Variance [ : L 7.155448
Observations 21
Poo'edvmﬁml’mtmiw e
Hypothesuzed
. R ANN I NM’; NYIRE
t Stat 0.011319
P(T<=t) one-tail 1.795885
t Critical one-tail 0.022638
P(T<=t) two-tail 2.200985

t Critical two-tall 101.0761 97.78859
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Table B.7 A datistical test for difference between %SeS, in samples from on-line
membrane extraction method and the titration method by using Pared t-Test at
P=0.05.

t-Test: Paired Two Sample for Means

Shampoo Cosmeceutical sample

Theproposed Thetitration Theproposed Thetitration

method method method method
%SeS, found N 1.022409 0.927321
Variance 8.04E-05 2.05E-05
Observations 7 7
Pearson Correlation -0.20159
Hypothesized Mean
Difference 0
df 6
t Stat 23.2287
P(T<=t) one-tail 2.09E-07
t Critical one-tall 1.94318
P(T<=t) two-tail 4.17E-07
t Critical two-tail 2.446912
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