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Abstract

A sample preparation technique using a hollow fibguid phase microextraction (HF-LPME)
coupled to the liquid chromatography has been dgesl for selective extraction and analysis of
atrazine (ATZN) and its major degradation produatsluding desethylatrazine (DEA),
desisopropylatrazine (DIA), didealkylatrazine (DDAnd hydroxyatrazine (ATOH) from
environmental water and human urine samples. Bxtraconditions have been optimized as
follows: membrane solvent, d-hexylether; acceptor pH, 0.0; donor pH, 7.0; sammlume,
200 mL; extraction time, 5 h; stirring rate, 150m;pand ionic strength, in terms of NaCl added,
20% {w/v). The analytical method developed has been vali&ioth in reagent water and
environmental water and human urine samples. Tieed detection as well as linearity, with
coefficient of determinations 9r ranged from 0.994 to 0.999, was obtained for ttiezine
compounds over a wide range of analyte concenmsi@tween 10 and 5Q@ L™, using peak
area as the response variable. The repeatabilityeproducibility of the method were less than
11 and 17%, respectively, at the concentrationOgfig L™ for each analyte. Limits of detection
and quantification ranged from 0.03 to 1@ L™* and 0.10 to 3.73g L™, respectively, using
HPLC with UV detection. This confirms reliabilityf dhe developed technique for further
application in trace level enrichment of the resslof the target analytes and other polar,
ionizable and structurally related contaminantsemvironmental waters and human urine

samples.

Keywords: Liquid phase microextraction; Hollow fiber, Tracenrichment; Atrazine;

Degradation products; Environmental waters; Huntameu
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1. Introduction

The use of chemical pesticides for various purpases as forestry and railway management,
protection against infections with parasites tratigoh to humans by and against insects and
weeds in agriculture is very common all over theldidoday. Effective use of pesticides for
agricultural purposes, in particular, has been kmtavimprove the quality and quantity of food.
Advances in pesticide technology have increasedalfi@y to sustain and improve the health
and well-being of the ever growing human populatidowever, most of the pesticide residues
that are released to the environment are knowrnrgmaited to be toxic to humans, aquatic lives
and inhabitants of the ecosystehiBhere are many pathways for exposure: in drinkirager
from contaminated well, in food from household pedé use and from residues on plants as
they are picked, or machinery as they are beinglledror repaired, from pesticide drift as it is
being sprayed, from spills during transport andnfrdermal exposure during mixing, loading and
application’

Out of the several classes of pesticides knowret use frequently for various purposes,
are herbicides. They are mainly utilized either Kdling or severely injuring weeds and have
been applied for elimination of unwanted plant gitowr killing the plant pests since the mid-
twentieth century. Symmetricab-J traizines, introduced in the 1950s, are one ef lHrgest
classes of agrochemicals produced and are alsogathermost commonly used herbicides.
report from world pesticide market indicated thhbat 30% of the herbicides produced are
triazines? They are used extensively for selective pre- awat-pemergence control of leafy and
grassy weeds in different agricultural crops inatgdcorn, soya bean, wheat, maize, sugar cane
and barely”

Herbicides applied to the environment are ususinsformed into their degradation
products which are mainly more polar than the pammpounds and thus having greater
tendencies to stay in aquatic media and the pestiof soif The half-lives ofs-triazines in
different environmental compartments, for exampeey from few weeks to several momhs
which may be caused by various biochemical prosesseh as dealkylation, dechlorination,
hydroxylation, deamination and ring cleavage ofpiaeent compoundS.Atrazine, for example,

degrades in soil through both biotic and abiotiact®on mechanisms to the dealkylated
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degradation products desethylatrazine (DEA), destguylatrazine (DIA) and the hydroxylated
metabolite (ATOH).’>*? Further dealkylation of these compounds has alsenbreported
resulting in the opening of the triazine ring anetr@ual mineralization to carbon dioxide and
ammonia:!

Trace quantities of-triazine residues and their degradation prodwdi®se environmental
fates and effects have not yet been sufficientlgisd, are found in various complex matrices of
environmental, biological, food, etc origins, atvlooncentration levels. Consequently and due to
the occurrences of the residues and their trangfdrproducts at trace levels, their analysis
mainly require the use of pre-concentration andrclep techniques in order to bring their
concentrations, in the extracts, to a level detgethy the available conventional instrumefits.
Furthermore, overall detection levels of such trpcHutants seem to depend more on the
isolation and enrichment procedures chosen tharfitlaé quantitative determination method
employed-**°

While methods for separation and determinationla¥ concentration levels of the
untransformed compounds are available, methodseiective enrichment of the metabolites in
the presence of their parent compounds are limitSdme of the methods reported in the
literatures, in the past few years, used for seledeparation of the mixture of these compounds
from various sample matrices include: classicauitigliquid extraction (LLE)® supported
liquid membrane extraction (SLM). solid-phase extraction (SPE)'° supercritical fluid
extraction (SFEY® dispersive liquid-liquid microextraction (DLLMEY;*? liquid phase
microextraction (LPMEJ? solid phase—microextraction (SPME)and coupled extraction

technique$>?°

Hollow fiber—liquid phase microextraction (HF-LPMbBas several advantages over the
other membrane techniques used for trace andralteatevel enrichment of pollutants in various
sample matrice¥. Extensive applications of the technique, in aetgrbf analysis areas and its
friendliness, both for safety of the environmentagl as in operation, have been reviewed by
several contributof$=° with the major focus on the pesticide pollutatiswever, use of the
HF-LPME method for simultaneous extraction and anrient of atrazine and varieties of its
degradation products is limited. One such applicativas reported by Perayal (2007)?* for
extraction of atrazine and two of its metaboli@b) and DEA, in environmental water samples.

4
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However, the major hydrolysis product, ATOH, andoaDDA, which are also available in
various samples as successive degradation produft\ and DEA, have not been considered
in their study. Similarly, Megerset al. (2001} have reported an automated supported liquid
membrane (SLM) extraction procedure for trace émnent of s-triazine compounds and a
number of their metabolites in environmental andldgical sample matrices. The method
offered selective sample preparation and cleanrup, continuous flow system, and exhibited
low detection limits for both the parent compouiadsl their degradation products. However, it
required a specially automated SLM set-up with éhpemps and four valves, not commonly
available in the laboratories of the developingldiolt has been noted that no literature report on
simultaneous extraction and clean-up of atrazing i most common degradation products
utilizing HF-LPME in the matrices considered.

Thus, in the current study, polypropylene baseym hollow fibers impregnated with di-
n-hexylether in the micropores of the fiber andrgl its lumen with 1 M HCI, as the acceptor
phase, forming a very simple and stable extractievice was developed. Major experimental
parameters influencing the efficiencies of the a&otion processes have also been investigated
and optimized. The proposed miniaturized technigas successfully applied for efficient and
guantitative extraction of trace level residuestwézine and its major degradation products from

samples of environmental and biological origins.

2. Experimental

2.1. Chemicals and materials

The s-triazine herbicide and their degradation produatsed in this study, include atrazine
(ATZN), desethylatrazine (DEA), desisopropylatrazi(DIA), didealkylatrazine (DDA) and
hydroxyatrazine (ATOH). Relevant physicochemicalgarties of the target analytes are given
in Table 1. All standards of the herbicides weréenmence materials for residue analysis
purchased from Dr. Ehrenstorfer GmbH (Augsburg, nizgry). Organic solvents used for
immobilizing into the hollow fiber membrane poregren-undecane, dirhexyl ether and 1-
octanol; all obtained from Sigma-Aldrich Chemiediheim, Germany). Humic acid (Aldrich,

Germany) and sodium chloride (Labmerk Chemicals PMd., India) were used during
5
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optimization of the developed technique. Other dbals used include phosphoric acid, obtained
from Sigma Chemical Co. (St. Louis, USA); potassidiimydrogen phosphate, the product from
Fluka Chemie AG (Buchs, Switzerland); dipotassiwdrbgen phosphate from Alanar® BDH
laboratory supplies (Poole, England), and HPLC-grsalvents; acetonitrile and methanol, used
as mobile phase, were purchased from Techno Phammdiaryana, India). In addition,
analytical grade NaOH and HCI were used to adjustsample pH. All reagents and solvents

used in the study were either of analytical or HRjrt&de.

Table 1 suggested here

Polypropylene hollow fiber membranes (50/280 Aet®r PP) tubing (50um wall
thickness, 28Qum inner diameter, 0.um pore size) was obtained from Membrana GmbH
(Wuppertal, Germany). BD MicroFine Syringes (witkedle of 0.30 mm outer diameter and 8
mm length, 0.5 mL prepared for U-100 insulin injec) ordered from BD Consumer Healthcare
(Franklin Lakes, USA) were used to fill into therlan of the hollow fiber (the acceptor) and to

flush out the acceptor solution into a small gldss (200L) after extractior™

2.2 Water and urine samples collection and pretraenent

Tap water samples were collected from three samg@ites within the surrounding of Addis
Ababa University campus, Addis Ababa, with geogieghlocations: latitude ®202.11'N,
longitude 384545.79'E and at elevation of 2,448 m above sea level. Ssmgf river water
were collected from Awash River; located at abo2® km southwest of Addis Ababa, with
geographical locations: latitudé5%12'N, longitude 480233.65'E and at elevation of 2,007 m
above sea level. Urine samples were obtained fromexposed volunteers of our research
group.

Except for filtration and pH adjustment, no furthgretreatment was carried out on tap
water samples. Actually, the samples were takear aftowing the tap to flow for about ten min,
to discharge soluble cations which can possiblgdikected at the tip of the faucet. Samples of

the river water were all filtered, mainly to remostespended impurities and particulate matters,

6
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followed by rinsing of the filter paper, repeatediyth distilled deionized water in order to
facilitate quantitative transfer of the target ated to the filtrate. Then, The filtered water
samples were kept in the refrigerator when not idiately extracted.Urine samples, on the
other hand, were stored in the refrigerator, & 4for at least 48 h to ensure sedimentation of the
precipitates formed, may be as a result of the atenmteraction between the various species
found in the complex matrices of the urine sampt@sally, the upper clean portion (ina 2.5 L
bottle) was membrane filtered and rinsed as abflleextractions have been carried out at

ambient temperature; 20 £€.

2.3 Instrumentation

The HPLC system used for the analysis was AgiletiOlseries equipped with Quaternary
Pump, Agilent 1200 Series Vacuum Degasser, Agil&Qi0 series Autosampler and Agilent
1200 Series Diode Array detector Purchased fronteAgiTechnologies (Waldbronn, Germany).
Chromatographic separation of the compounds wakorpsed on a & analytical column
(Techsphere 50DS, 25 cm x 4.6 mm ID; HPLC Technglddacclesfield, Cheshire, UK). The
samples were shaken using HT Infors orbital sh&ken Infors AG (Bottmingen, Switzerland).
A pH meter, Hanna Instruments (Portugal) was usetjust the sample and buffer pH and data

manipulation was carried out by B.02.0x revisiorilé&gt ChemStation software.

2.4 Preparation of the standard solutions

Standard stock solutions, 100 md, lwere prepared from the standardssfiazine herbicide
and its degradation products as follows: AtrazDEA and DIA were dissolved in acetonitrile,
and DDA was dissolved in 5 mL acetonitrile and 5 m&lagent water. Hydroxy product of
atrazine (ATOH) was first dissolved in 1 mL of MOHCI and then in the mixture of the solvent
used for DDA? All the resulting solutions were diluted to thexdi required volume with
acetonitrile. All stock standard solutions werebktaand stored at%€ when not in use.
The working standard solution of 20 mg,Lcontaining each of the target analytes, was

prepared every week by mixing appropriate amounthef stock solutions and diluting with

reagent water to the required volume. A seriesaoicentrations of the standard solutions for

7
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calibration were prepared in the concentration eanfj 10 to 500ug L™?, at five points. A
mixture containing 0.5 mg Lt of each analyte was prepared from the 20 nigstandard
solutions for spiking. Evaluation of precision waased on triplicate injections and peak area
was taken as instrumental response, which waslfir@nverted to enrichment factor for
comparison. The acceptor solution was prepared 86% HCI acid, in 50 mL, and dilute to the
final volume with reagent water. The donor sampletton was prepared in phosphate buffer at
pH 7.0

2.5 Extraction procedures

The extraction procedure followed is briefly deked as follows? the hollow fiber was cut
manually into approximately 20 cm length and the tands were looped together to give
appropriate shape, leaving both ends free for sues# use. Then, the lumen of the hollow fiber
was flushed and filled with the acceptor soluti@ing the BD Micro-Fine syringe. Afterwards,
the fiber was dipped into the organic solvent few fminutes to impregnate the pores of the
hollow fiber wall forming the organic liquid memim@ The lumen of the fiber was then slowly
flushed with more acceptor solution, composed 0fM.HCI to remove any organic solvent left
in the lumen and also remove air bubbles from timeeln and thus filling it completely. The two
ends of the fiber were folded and enveloped wittrgp of aluminum foil and inserted into a
small piece of glass tubing. Then, the filled aedled fiber was rinsed with reagent water. The
HF-LPME device, which was ready for use at thiggstavas transferred to 200 mL sample
solution. After shaking the whole set-up, usingoabital shaker at 150 rpm for 3 and 5 h, the
acceptor solution containing the extracted analyt@s collected into vials with 2Q€L inserts.
Collection of the extract was performed as folloase end of the sealed fiber was cut and
connected to a needle of a retracted syringe amdttier end was then cut and put into the vial.
Then, the syringe plunger was pushed in to dispeéhgeacceptor solution, containing the
analytes, into the vial. The collected acidic esttravhich was 1.0 M with respect to HCI, was
neutralized by 7.0 M NaOH solution to pH 7.0. Itasbe noted that precise measurement of the
volume of NaOH solution, has got a decisive effaaninimizing the variability in the replicate
analyses. After capping, the vial was kept on theosampler of the HPLC for injection.
8
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Approximately, 10-12uL extract solution was collected anduh was injected to the HPLC

system for analysis.

2.6 Chromatographic conditions

Chromatographic separations were carried out enmgayradient elution composed of 3.5 mM
agueous phosphate buffer at pH = 7 and acetonigdenobile phase. The flow rate was 1 mL
min™ and the column temperature was maintained 8€2Fhe injected extract was eluted using
gradient program for a total of 28 min runtime. T¢@adient program was as follows: 10%
acetonitrile was increased to 15% during 5 min #&meh kept constant until 10 min. The
percentage of acetonitrile was further increasetDfb until 33 min and again kept constant until
35 min. Thereafter, the composition was restoretiO# acetonitrile, initial condition, during 2
min followed by a 3 min equilibration time. Quantdtion of the analytes was achieved using
UV-DAD detection at the wavelength of 235 nm.

3 Results and discussion

3.1 Performance of the extraction system

It has been experimentally verified that with themfrane extraction very high concentration
enrichment factor can be achievédhe same also holds true for HF-LPME since thegie
volume in the lumen, is generally much lower thha volume of the bulk sample solution.
Analytes are enriched into the stagnant acceptas@particularly when the chemical conditions
can be appropriately worked out in order to seketyiand irreversibly trap the target analytes in
guestion. Experimental parameters governing trenatient of maximum enrichment also need
to be optimized which include the membrane solvealytion pH for both phases, extraction
time, shaking speed, ionic strength and presentbeeohumic substances. The extent to which
the target analytes quantitatively transferred aocumulated in the acceptor solution is often

evaluated by using the enrichment factar/ B="1t is defined as the ratio of the concentration
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of the target analyte enriched and collected frbendcceptor phase {ao the concentration in

the bulk of the extraction sample solution)(@nd given by the following equation:

Ee = GJCs

3.1.1. Selection of the membrane solvenOne of the prior crucial steps, during
optimization of the membrane extraction proces#héschoice of organic solvent that is used to
immobilize into the lumen of the hollow fiber. Sefien of the solvent is mainly based on the
proper immobilization of the pores of the fiber, nmscibility with water and the solvent
stability®® and analytes permeability through the fiber depeond the physical properties and
chemical nature of the solvents. Extensive disomssion selection of the organic solvent,
physical parameters and other similar importantiiregnents the solvent of choice should fulfill
are documented in several literatufes?

In the present study, three organic solvevits, di-n-hexyletherh-undecane and 1-octanol
were tested for use in the pores of the fiber viattraction of the analytes was performed from
0.5 mg L* standard aqueous solution of each compound utjittie three solvents. Extractions
were carried out for 3 h, during the initial stagas the shaking speed of 100 rpm and the
acceptor acidic solution of 1.0 M HCI. Atrazine aitsl major degradation products, used as
model compounds, were not appreciably enrichechyodatectable levels when 1-octanol and
undecane were used as the membrane solvent. Hovedvitle compounds of interest have been
guantitatively enriched better in the acidic acoepthen din-hexylether was utilized, due to the
relatively better polarity that allows improved pmation of the analyte compounds though the
lumen. The results obtained in this study are indgagreement with those documented in the

literature for pesticide compounds of similar chesthproperties!=°

10



Page 11 of 30 Analytical Methods

©CoO~NOUTA,WNPE

O 00 N o u b W N

W NN N N N N N NN NN N R P B B B B B o p oy o
O © ® N o U1 B W N P O O W N O U B W N L O

3.1.2 Effect of the acceptor and sample solutiopH. Detailed theoretical and
guantitative treatments of the membrane extradbomonizable analytes have been provided by
Jonssonet al. (1993§° along with the conditions for attaining maximurnriehments factors,
particularly for the pH of both the donor and adoepphases. Accordingly, for efficient
extraction of basic compounds, the acceptor trgpgwlution pH should be at least 3.3 units
below the lowest pKof the compounds in the mixtut&®>’ The compounds investigated, in the
current study, have pialues ranging from 1.30 to 5.15, Tabl& This means that the acceptor
solution ideally should have a pH of at least kess —2.0. However, pH below 0.0 was not fully
met for some of the compounds and they could tbezafot completely be trapped. On the other
hand, in one of our earlier studies, it has beestrilged that even under incomplete trapping
situation significant maximum enrichment factors) dee attained” Based on these facts, the
effect of pH of the acidic acceptor solution wasdgtd in the solutions consisting 50 mM, 100
mM, 250 mM, 500 mM and 1000 mM HCI, results of whare shown in Fig. 1. As can be seen
from Fig. 1, the highest signal responses wereiddawhen 1000 mM (or 1.0 M) HCI was
used. Therefore, 1.0 M HCI was used as the accsptation was utilized throughout the study,
giving a pH of approximately 0.0. The resultingraxt was then neutralized to pH 7.0 using 7 M
NaOH.

Fig. 1 suggested here

The extraction efficiency in LPME of the weak angabases and acids also depends on the
pH of the sample solutioff:*® The sample solution pH was thus varied in appaderalkalinity
to deionize atrazine and its degradation productrder to facilitate efficient extraction.
Accordingly, 200 mL of the sample solution contami0.5 mg [* each of the compounds was
spiked with 5 mM phosphate buffer, ranging in pbinfr2.0 to 8.3" The buffers were prepared
from HPOJ/KHPO, (pH=2), KH,PO, (pH=4) and KHPQOJ/K,HPO, (pH=6.0-8.0). The
enrichment factor exhibited rapid increasing temmgenithin the pH ranges of 2—4 and then the
increase was gradual up to pH 7.0, and then staleetining, Fig. 2. Therefore, pH 7.0 was
chosen as the optimum sample solution pH for tihseguent studies. The decreasing tendencies
of the enrichment factors beyond pH 7.0 may bebatid to the degradation of the target

11
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analytes at extreme pHsSimilar observations have also been noted by otiankers for

compounds possessing similar chemical nat(tes’32°

Fig. 2 suggested here

3.1.3 Effect of the sample volumeFindings of the earlier studies signify that forttbo
two-phase and three-phase LPME, high analyte engclts can be achieved, since the volume
ratios of the acceptor and donor phases, VgV, respectively, are normally high.Thus,
sample volume is one of the major factors, makifjME very attractive, especially for
relatively small sample volumes, as similar enriehtrmay not be obtained with SPE or L.

In order to investigate the effect of sample voluare the enrichment factor, four different
volumes,viz,, 50, 100, 200 and 500 mL, using phosphate bufflutisa, (pH=7 adjusted by 5
mM phosphate buffer) was employed and extracteddracceptor solution of 1.0 M HCI for 3 h
while shaking at 150 rpm. The enrichment factor ¥easd to increase with increasing sample
volume up to 200 mL, and then begins to declinee @acrease in the enrichment factor, after
200 mL, may be attributed to the lowered flux dsitan through the large volume of the sample
solution®! The sample solution was thus adjusted to a constlome of 200 mL for all the

subsequent extractions, in order to enrich maxiraomunts of the analytes under study.

12
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3.1.4 Effect of shaking speed and extraction timeOnce the parameters governing
maximum enrichment in the donor and acceptor ph&se® been optimized, it may be
reasonable to consider investigation of the infagenf hydrodynamic conditions. One dynamic
process which may critically affect the enrichmfaator of the extraction process is the speed at
which the sample solutions are agitated. Agitatan be done either by stirring or shaking. A
preliminary study was carried out comparing stagiaying and shaking conditions. Extraction
efficiencies were compared and found to be thedsgiwhen the samples were agitated using
orbital shaker. Enrichment gain during shaking rhaycaused by movement of the fiber through
the acceptor solution in the lumen, which as refaudliitates efficient transfer of the analytes to
the acceptor phase. On the other hand, very lowtenent factor has been obtained when the
static mode was employed, as movement of the awalytay greatly be slowed down. As
shaking gives the best enrichment, within the $gettime interval, the effect of shaking speed
was investigated by varying the speed up to 150. fprwvas observed that with increasing
shaking speed, the enrichment factor also increagds a certain maximum value. This is so
because the diffusion in the aqueous phase in@ewg increasing agitation rate and
furthermore faster agitation rate decreases theasiliin layer in the aqueous phase around the
surface of the membrane. This may be resulted ¢re@se of the mass transfer which also
facilitating continuous exposure of the extractioambrane surface to the fresh agueous sample.
Sufficiently higher enrichment factor was obtainelden shaking speed is adjusted to 150 rpm.
Although higher enrichments could be expected withreasing the shaking speed, the
experiment was not continued for higher speed lsecaf the instrumental limitation, i.e., 150
rpm is the highest speed attained. However, this s@@npensated by increasing extraction time,
at the speed of 150 rpm, since under diffusion reletl conditions, it is possible to reduce
shaking speed by increasing extraction time toinbteaximum enrichment factdt.

HF-LPME is a three-phase extraction system witb lguid—liquid interfaces; as a result,
the analyte molecules require sufficient time téfudie through each phase and cross all
interfaces to get into the acceptor phase. Therefoptimizing the extraction time is critical
when working in the kinetic regime. The amount oBlgtes extracted increases with longer
extraction time before equilibrium is attained uatmaximum enrichment may be obtained near

equilibrium. Hence, the influence of extraction ¢inon the enrichment factor of the five

13
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compounds was studied. Fig. 3 shows the effectvhetion time on the enrichment factor of
the compounds in HF-LPME. For the current studyy &xtraction time, which is also in the
linear range of the enrichment curve, was obsetodze the optimum time and thus chosen for
the subsequent experiments. The requirements g lnger extraction time is not unusual with
similar membrane material$ particularly when the mass transfer processeslave. To this
end, extraction time was extended to 7 h, in oateserve the behavior of the curves. However,
the curves were found to level off after 5h, mayirmiicating that equilibrium has already been
attained around 5 h for the analyte compounds etij@dis can also be seen in Fig. 3. It is evident
that though the extraction time, in this regardeistively longer, with the type of set up used in
current study, which are simper and available im@mn laboratories, it is possible to arrange

several parallel extractions within the specifimalet

Fig. 3 suggested here

3.1.5 Effects of the ionic strength and humic acidin most conventional extraction
processes, analytes enrichment can be enhancethaded by addition of saffs depending on
the nature of analytes. Similarly, in this studgrigus amounts of sodium chloride were added to
the sample solution to investigate the effect ofdcstrength on extraction. This was performed
by varying the amounts of sodium chloride addeth®sample solutions, from 0, 5, 10, 15, 20,
25 and 30% (iw/v). Fig. 4 depicts the ionic strength variation effen the enrichment factors,
for the five target compounds in reagent water.idannents of the more hydrophobic analytes;
atrazine and hydroxy—atrazine, were increased fgggnily during the initial extraction period
and gradually declined as more salt was addedoptiemum being 20% sodium chloride. This
could be due to the increased electrostatic intieras between the salt molecules and the
analytes as the salt concentration increased furtffech may contribute towards the diminished
availability of the analytes moving to the fiber.

Humic acids are dissolved organic carbon (DOQG3rofiresent in natural waters at various
concentrations? The presence of such compounds might affect antemes complicate the
extraction processes. The influence of three differconcentrations of humic acid, on the

enrichment factors of the target compounds, wadiesuin the concentration range of 0-50%

14
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(w/v). The experimental results obtained have alsoeenidd that addition of humic acid has not
significantly affected the enrichment factor. A omay ANOVA test also revealed that there is
no statistically significant difference between thean enrichment factors of each analyte from
one level of humic acid concentration to anothethie range tested at 95% confidence 1&%el.
This may be because humic acid, % 5)?* occurs mainly in ionized form at pH 7.0, and thus
its transfer through the hollow fiber supporteduldy membrane device is significantly
prohibited. Moreover, ionization of the humic aaldo lowers its binding ability to the analytes
which is again a favorable condition for its insfgrant effect on attainment of maximum

enrichment.
Fig. 4 suggested here

3.2 Optimum values

Upon optimizing the experimental parameters of ke LPME of the model compounds, the
following optimum values have been obtained: memébrsolvent, di-hexylether; an acceptor
pH of 0.0; a donor pH of 7.0; sample volume of 200, extraction time of 5 h; a stirring rate of
150 rpm; and ionic strength, in terms of NaCl addg®0% (/v). These values were employed
in preconcentration and extraction of the targetlygas from environmental waters and human

urine samples.

3.3 Method validation

Linearity, limits of detection and quantification, repeatability and reproducibility

Analytical performances of the developed membrachartique was studied in reagent water, in
order to investigate the characteristics such msatity, limit of detection (LOD), limit of
guantification (LOQ), repeatability and reprodubitpi The results are shown in Table 2.

Limit of detection is the concentration derivedrir the smallest response or signal that can

be detected with reasonable certainty for a givealysical procedurd’ In chromatographic

15
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analyses, LOD and LOQ are usually defined as cdratgons that give a signal to noise ratio of
3:1 and 10:1, respectively, and are expressed esdhcentration of the analyt&s' In the
current study, the LOD and LOQ values were caledldty analyzing blank spiked samples,
obtained from peak height measurements, as thisarasenient at lower concentrations. For the
target analytes, the values obtained were foundaty from 0.03 to 0.7fig L™ for LOD and
0.10 to 2.5Qug L™ for LOQ.

Linearity is the proportional relationship betwee amount of the extracted analyte and
its initial concentration in the sample matrix. éarity is determined by calculating the
regression line using the mathematical treatmenhefresultsi(e., least mean squares) versus
the analyte concentratidh. The linear regression with proportional weightimgas thus
calculated for the plot of the peak height versoscentrations of the analytes. To this effect,
linearity of the method was tested by running figplicate extractions, containing the analytes
with concentrations ranging between 10 and H@OL™, in reagent water. All the analytes

exhibited good linearity with coefficient of detdmations (f) ranged from 0.994 to 0.999.

Table 2 suggested here

Reproducibility and repeatability studies were adueted in order to evaluate the precision
of the extraction method. Repeatability (intra-giagcision) of the method, expressed as relative
standard deviation (RSD), was investigated by ektrg the reagent water spiked with the
standard solution containing 5@ L™ of each analyte. Three replicate extractions veereied
out in the same manner, during the same day. Th2 \R&ies obtained were below 11%, which
is fairly acceptable. On the other hand, reprodiigib(inter-day precision) of the developed
analytical technique was also evaluated using spsa@mple solutions, prepared as described
above, and extractions and analyses were perfodndadg four consecutive days. The RSD
values determined were below 17%. Relatively ladgriations observed in the reproducibility
studies which could possibly be originated fromdiféerences in wall thickness and pore size as
well as manual handling of the fibers. Besides, ghssible dilution effect, while working in
microliter range, during pH adjustment of the réagl extracts may also contribute towards the

observed variability of the RSD values, as has &lsen reported by other workérs. The
16
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method showed very good repeatability and reasenajplroducibility at such low concentration
of the analytes, Table 2.

3.4 Applications

The optimized and validated HF-LPME method was iegdpb the extraction of parestriazine,
atrazine and its major degradation products (DEM, DDA, and ATOH) in environmental
water samples; tap water, river water and humarelgamples.

It was observed that the chromatographic signajseaks obtained for the matrices spiked
with the target compounds, peaks representing tssilply co-extracted interferents were not
eluted, confirming that the resulting peaks of @nalytes were similar to those of the extracts of
the reagent water. As a consequence, the diffeseotéhe resulting enrichments were found
insignificant, compared to the extracts obtainenimfrspiked reagent water, analyzed under
similar conditions. These findings have coined Hart experiments to be considered which
enable comparison of the parameters governingdhdity of the extraction technique; both for
the extracts of the reagent water and that of #pewater, river water and urine samples.
Accordingly, linearity, limit of detection and litiof quantification of the method were
compared with that of the reagent water, Tablel#& fesults obtained for both extracts were not
significantly differing from each other, as hasoalseen depicted in Tables 2 and 3. Thus,
reasonable conclusions could be drawn from the ativabservations describing that the
analytical HF-LME method developed is reliable araoh efficiently be applied for trace level
enrichment of the residues of the target compouwmtsidered in this study and other polar,
ionizable and structurally related contaminantsemvironmental waters and human urine

samples.

Table 3 suggested here

17
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3.5 Selectivity of the proposed analytical method

According to the latest IUPAC recommendation, ‘stiéty refers to the extent to which the
method can be used to determine particular analytesmixtures or matrices without
interferences from other compounds of similar cleamibehaviord® To experimentally
demonstrate and come up with high selectivity, meamé extraction has a clear advantage over
other sample preparation techniques, as the comdgotimt reach the analytical extraction
systems have to selectively cross the membranesanched in the acceptor phase. Enhanced
selectivity has been achieved since the technidfgsoboth enrichment and clean-up, during
any one extraction, as all charged species aretegjérom entering the membrané.

The selectivity of the membrane extraction techegyfurther depends primarily on the
membrane material (physical state, morphologyctire and polarity), on the properties of the
donor and acceptor phases (pH value, polarity, atd) on the properties and concentration of
the analyte$® Utilizing the optimized parameters, validation ukts, satisfactory enrichments
and appreciable separation of the target analybtesmatrices considered in this study were
spiked with known concentrations of the target coumgs. The retention time for each target
analyte obtained from chromatographic signals efairious extracts is given in Table 2, for the
analytes eluted under gradient programs, similath® reported worR$™. Absence of the
interfering peaks, around the retention times & tompounds, in the matrices considered,
confirmed the potentials of the proposed extracticathod to be utilized as attractive alternative
analytical technique in trace level analysis of tagget analytes and other pollutants having

similar physicochemical properties.

4 Conclusions

The HF-LPME techniqgue has been developed for sedecéxtraction and quantitative
determination of trace level pollutants of atrazamel its major degradation products in drinking
and environmental water samples as well as theeusamples. Experimental parameters
influencing the extraction efficiency have beenimpted and applied to samples containing
complex matrices The advantages observed includgeusf minimum organic solvent

18



Page 19 of 30 Analytical Methods

©CoO~NOUTA,WNPE

O 00 N o u b W N

P
w N B O

14

15
16
17
18
19

20
21
22
23
24
25
26
27

requirements, low cost and simplicity for use comepgato other liquid membrane extraction
techniques. The only limitation of the method ie thng extraction time. However, this aspect
could offset by the cheap materials and simple lagdpermitting the extraction of many
samples in parallel.
The developed method was validated and found td@xdood linearity, low values of

LOD and LOQ thus reliable for trace analyses, geatability and reasonable reproducibility
at trace level concentrations of the analytes cmmed in the present study. Based on the
experimental findings, general conclusion could dsewn concerning the suitability of the
proposed technique for selective extraction of @ombants form environmental and biological
samples. Furthermore, by modifying the techniqueusing automated-online HF-LPME
extraction, which is the recent trends in sampkparation and offering several advantages, it
could also be possible to obtain even better seteeixtraction with higher enrichment factor

and much lower detection and quantification limits.
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Figure Captions
Fig. 1

Effect of the acceptor pH on enrichment factorhaf target analytes. Experimental conditions:
concentration of each analyte extracted, 0.5 fiigshaking speed, 150 rpm; sample volume, 200

mL; and, extraction time, 3 h. Error bars are egpes in terms of standard deviation, SD.

Fig. 2

Effect of the sample solution pH on enrichmentdaci the target analytes. Experimental
conditions:concentration of each analyte extracted, 0.5 ifygshaking speed, 150 rpm;

extraction time, 3 h; acceptor solution, 1 M HOltdE bars as in Fig. 1.

Fig. 3

Effect of the extraction time on enrichment facibthe target analytes. Experimental
conditions: concentration of each analyte extraddesimg L'; extracted sample volume, 200

mL; shaking speed, 150 rpm; acceptor solutionM.HACI. Error bars as in Fig. 1.

Fig. 4

Effect of the ionic strength of the extraction dmo on enrichment factor of the target analytes.
Experimental conditions: concentration of each yraéxtracted, 0.5 mg't; shaking speed, 150
rpm; extraction sample volume, 200 mL; extractiomet 5 h; acceptor solution. 1.0 M HCI.

Error bars as in Fig. 1.
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1  Table 2Validation of the performance of the HF-LPME devad for the model compounds in

2 reagent water including their retention time

Analyte Retention LOD,

time, min pg Lt

LOQ,
ug L™

r2’a

Rept?, 50pgl RepdS, 50pug L

(%, n=23)

(%, n=4)

DDA 4.7 0.18
DIA 9.2 0.75
DEA 15.1 0.40
ATOH 16.8 0.08
ATZN 25.5 0.03

0.60
2.50
1.33
0.27
0.10

0.997
0.998
0.999
0.999
0.996

3.1
6.2
8.5
10.5
4.6

15.9
13.8
16.1
16.2
11.3

3 3regression coefficient repeatability® reproducibility; LOD & LOQ - limit of detection ahquantification, respectively.
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Table 3 Linearity, limit of detection and quantificatiorf the optimized analytical method for
extraction of thes-triazine compounds in tap water, river water anch&n urine samples

Matrices Analytes Conc.range LOD LOQ Correlation Enrichmen % RSD
(MgLD  (ugLY) (ugL™h coefficient Factor (E) (n=3)
DDA 10-500 0.20 0.67 0.9991 982 5.8
DIA 10-500 0.82 2.70 0.9990 106 9.1
Tapwater DEA 10-500 0.44 1.47 0.9994 298 8.6
ATOH 10-500 0.09 0.30 0.9986 1261 11.1
ATZN 10-500 0.03 0.10 0.9924 2343 5.2
DDA 10-500 0.20 0.67 0.9993 982 8.9
DIA 10-500 0.84 2.80 0.9991 101 6.1
River wate DEA 10-500 0.45 1.50 0.9998 2901 10.5
ATOH 10-500 0.09 0.30 0.9986 1256 7.0
ATZN 10-500 0.03 0.10 0.9950 2351 5.9
DDA 10-500 0.27 0.90 0.9997 983 134
DIA 10-500 1.12 3.73 0.9961 103 11.6
Human urine DEA 10-500 0.48 1.60 0.9978 291 9.9
ATOH 10-500 0.12 0.40 0.9992 1265 13.5
ATZN 10-500 0.05 0.17 0.9907 2351 6.1
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