


D
ﬁ'ﬂ’
%53%’)
(Ph.D.) s yiss dals Ll
Wi (sasd
$Soill g s jlalua sl pabe U gl At g sSae slagi gy s S ls 4
(HPLC) YU al,l8 b aabo 31 )S gile 9,8 (g 5 ouliiicnl b Ly slaoasis lgo
shaae Cuwy slad gas o
Laal, oGl
S35 J P e yisa
5 slie olicl
Slawl G355 yisa

oSS 5 (383
Sale Lo,y sans



salalss

dole plé 53 0)lsen 9 9908 Uas (po ds |y (IS S 395 &5 1) Gl wlw 9 do>
555 ol @ik S

dilul died )yl sloleisly 9 da89(» LI @10 Olaz) 3 @330 uzlg 395
Gidgd ol plodl gliwly 5o Blowl 78> @35 S8 9 G35 I8l 550 GBI Ll (oI5
W I g SUs

93193 Dbyl 555 GBI g jluez 83 GBT (Agy 755 GBT Ll 4985 wSlul ) Huioes
SISl plodg 0dlitwl BT (wyd pase 31 duasd glflw ool Jgb 58 &5 Gilise ple
NS

9 Guslus J &5 Ologd usly oSl B3 oBLESIS 58 pilgSi 5 236 Olwgd oL 3
prSdiie Cols 1 plody 0,4 T 650

(S ol plé 53 &S @aléoe piye 03lPle W 1y 395 ol (Wl 9 SIS GLL 5o 9

bl lisly CSp b ses Job 9 ol iglus 31 9 didgs ayLS 5 diljguds



£155)38 3% pemye Ob 4

sl g Cumo 9 Bdie 3l 3y Conl Al pusljw 0929 &S o3l yole
IS 4 Iy il 9 Bds ime dg5 jpa b 45 ©lste ruod
Cawl Oy

OLidgzg 199 9 0394 iy o |y pISW) juww pw §L &5 STCINIEGIY

sl oy 553 slogls |y pliuwd



o gl Jad
d olds
N e Creusy bans slasais¥T (V-
F e eeseeeeaseseses e 5 R G gai (g lewsalo ] slys g, ()
ettt a5 Sae (slgad s, (Y-
0 TS (SPME) wols 5 b )il 5 Suo (-
A e SPME 4 (s,l0 545 g3 (slgi gy (V=€)
VY ceeteveeessees s sala 30 L zloatel g Sae culas 5 Llbe (Y-£-
VY coreeesressss s (LPME) pobs 56 b gloaiol s Sue (slgti g, (0-
€ et s,5bd S5 s 3l AT 5 e (V-0
Y et S 5 s o ol 50 L gl oAt 5 Saa (Y-0-)
L sat 80SHy pule — pule gloAteul 5 Sua (Y-0-)
15 (OO be 5B b 3 2l 5a0il 5 Ko sl g, 950 Lo LB o laadls (1)
VY e 5306 90 slionnns 5o ol 50 L £loa%ul s Sae (B stk olilas (V=12
VY e 50 o (slgaionan 5o pole 5B L gloatal s Sae (s, sholy olialas (Y12
F 0 ettt sttt s RS ARt (CNT) u S slad ol 55 (V-3
YN eeeeesssossee s esss e ess e s ense s nss s S slad g 50 gl sl (A
YV e oteeeesssees s snse s oS sl sl gl Al (A=)
TQ cereeeeeese et ess st s st s st s e saen oS cladd o b w3 gla s, (Vo)
§ + retere ettt e R AR AR b Rt suS clad o b alsa (VY-
2 SO oS sladl o 5l slan LIS (VY-
2 SO suiiS o ol ) gie s S sladd of b (V=YY
2 S S s o suS sladd sl b 5 sl (Y=) Y-
2 Slge oadacs Cia Lo s S sladd sl 5l s, lE (F-1 Y-
0 % et etu ettt s et s bR AR B sunS 5l (slag,la (VY-
O % worteeeseseeseses e ee iR AR (2!580505) S ga (V-
O/ tereeersesssesesssssssssss st s sttt saen B slasasSlgs (gslalaa (Vo
O eeeeeeeeeeeeeeseessmeeeees e ssmneeeees e HPLC Liuss B slasai€ les 5lalaa (V=Y o)
OO etrtertaeeseesseesesset sttt sa st s e asnnes s sla e 53l (golulaa (Y=Y o)


file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928247
file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928248

S W (GC) 58 81 S silog S bavusi Gy (slasaii€ lgs (shlulan (F-Vo0-)

NS L slasaii€ Slgs (gl ys suliinl )50 £loadul slags g, (V1)
70 5090 Jad
8 I
44 S5 0 b @lo 3B 1 2ty S0 g ) 41 By S0 jleo Luuddisler 21 Cunmsd
LY ettt A seeAEA ekt AR s e b s nee doado (V=)
VA eoeeseeessessssessssse s ssse s hiasd ol ge s Lo KaSIy (Y-)
0 O 6o sledslan 5523 sled glas g3 (Y-
DG S saliiel o) 90 sleal&isn (6-3
Ve HPLC Ll (0-)
Yt e sleaio slginlel (-
Vo eoeeeeeesssssssssssss s LacsdBT Guslis s 5518 520 5 masgd aas 3Sbo £ g0 Jsb Guand (V1)

VY cettteeeramessenessessssessssssesesssesssase s sessessssssssssessens SIS sl 5 S sl yi (o5 budings (Y1)

VY e LPME !5 (V-
V' trteetmeetae st sssse s s s Ohey Balad 5 el 5 cdbnl wes 5o uulas (A
V2 T il 5o Se slasialyl s oluding (A-)
V0 ceeeereeeeesssesssseese s esssesss e e ST D (V-2

VA ettt gl oAaial ole )y (Y-4-

VA oereeeceveeeeessmssseessssnssoeeens syl 3B Lo HCI clale o susas 5l o NaOH cbale (Y-4-Y

AN et O ooy (8-

AY ettt R R Lasli ana (0-4-)

AY e &uw\ﬁ\f\(w«\

A& et eS8 g (2l 5380 50 (V-

AV et HF-LPME-HPLC 5, shuas o Slae (V-3
AV ot shia slad gay 5alBT (

A% 3PS Caowd
M 1797 0,515 baugi (538 dw @alo 1yt S0 g 4 L3 (SLRONS ylg0 Laukii i
ettt bt ol go 5 La K<l (V=¥


file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928278
file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928279
file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928280
file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928302
file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928303

L S oS ldslas 98,080 sled slas 4ugs (Y-

Q t oo msess s soliial o) 50 (slealiny (Y-

Qe oot erss s AR HPLC L, (¢~

Qe e nnnnnssnns (DSD-LPME) ¢ |fatapmy6,um@uc|wb,smww(
QY oot issss s gloaiad 5 e slasielsl (soludings (Y
QY e sseesss s seeA RS ST D (V1=

A8 eeeeeeeeereeteeseeae s saeeaenane 883 3l 5B Lo HCI clale 5 swian 31 ,u NaOH wdale (Y-1-Y

0 et eereeu et es et st e R R R bbbttt Lasls ana (V1Y
W (T2) St gloaieal Loy 5 (T1) AT 5 saian 36 g0 Gu gloadiad ,(z -y

QA eereeeee e essessssssssssee s O9) pb Sae yus (0-1-Y

A oo ssmssssssssssssses s saias o 50 & Sa Gl sl (=Y

A oo mmssssssssssssssseee s DSD-LPME-HPLC (5, slu3a3 o Slac (V=Y
N e eeeR AR Shia slad g 5uBT (A=Y
YR YT OO PP PP OO OO P TSP OP PO OPEOPROPRO sS4 (A-Y
B4 3P 9w uomd
\o¥ o5 SLUIPL b ows Cagll I g gud iy 4 By oS ylgo Ladid s
Y+ £ tiiesssss s RS RRRRRRRS suSa (\—v
N & 0 ittt ettt A AR R et R AR AR et A e s R s s s s e st enansenas ado (Y-
Y2 Attt S slad gl 56 o S lakele (Y-
Y+ A ieieesssssssssses eSS olias ol ge 5 La Sl (6-
Y+ A ortteeessssssssssee e sssss s sssssnnes 6ol sledslas 5o nad sled slas ags (0-
NN ittisssssssssss s soliinl o) 50 slealing (-
) tttttess s aaAR AR S AR RR R s HPLC L, (V-

) ttetiessss s s s RS RR e oS sl s s (M-
LR P (HF-SLPME) A 55 a8 b pole fasla 56 aleal £l paiil s Sue (g, (A=Y
AT eteesssssssssssee s loaienl 5 Sae Lol i (g5 ludings (VoY
VN & nneeeeessmmsese e nsns s s s s salaial AT Pl (V=Y -y

VN £ rmeessssssssssssseee e MWCNTS laio 5l (Y=Y +-Y

YN0 trrvvvveeseenssssmmeeeseesesesssssssssssassssannsees oAl 5 S Wil 5 s sian S ana 31 (Y)Y


file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928320
file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928322

1) Y OO gloAiel s Sae aul 58 s saias 5 5o NaOH cbale 31 (8-y--Y
VANA ettt gl oaial s Sae ainl 53 s Loy 31 (0= - Y
1 5 OO gl oAt s Sae ainl 53 s Cdaly P S5 (=Y -
AT+ errvveeeeesssmeseseesess s gloaiel 5 S Wl 58 5 Glals Pla asa 31 (V=YY
AV Y cerrrrrnnssessssmmmeeesssesesssssssssssssesesssnanses gl oAt s Sae ainl 53 s Cdaly Loy S5 (A=Y
Y ) ettt es s Sad Siulnsl 30 (A=) -y
AYY cetreerrrsssseessseesessssssssss s ssssssssens oAl s Ko aisT 53 53 o yad e e S (VoYY
VY € ettt bbb bbb Ghey 3 Slae Lo, (VYT
AT € ettt shi8a 45 gad 433 (VY-Y
Y T et eeetes e R Slalgidng 5 oS (WY
YA 30 3le2 Cuowd
YA 0 o iy (g g S S0 49 g UV/Vis (somimn el g 5 4 L3 slaouisS 5lgo (s 5’0 510!
T et eeetesss R AR R saSa (V¢
AT ittt ettt ettt R AR A AR AR AR AR A AR ARt AR bt n st aesnee doudo (Y-¢
AT & ettt R AR ARt oSG yie 58 s 523 (Y-¢
A} 15 YOO OT PP lusas G, LIS slagh g,y (gaudiog 5 (oS yie saS slag, (E-¢
L1 1 J OO (MVC) & puiie win sl 5ullS 5 A g5l o lagis, (0-¢
AW 0 orereeveeeeessssssse s semssse s (PLS) Sia olasye Jslaa (s, (V-8
VYTV ettt seaseneas Jsl s 5a08 5 Jodssesie Glosean (g ,Se Ml (V-¢
ATV e suldiul o) 50 slalhdla s Las iy (V-V-¢
VYV coeeetsveeeeessssssseessssssssessssmssssssesssssssesesssnes Ladslas o La RSty ¢ pliarits o go (Y-V—¢
Sk Some 4 Jol Bl o Jslsnsie LGS lo Gl ullS Jate (Y-V-¢
ATV ettt eeesesasse e ssassss e R
[ 5 PPN Ol € 5o lads gad ool jbs (A€
LY (R PLSL ba & seal pnll€ (o, SaS s Lasaly bl g & saesl 5allS (A€
Y £\ teteeeeeeesmmssss e laculb] Hasd i3 aa dalas (Vo8
YEV toveeeeusssssssssssnsesesesssssssssssssssssssssssss s ss e s2ools slads gad 5uIBT (V-8
VEA werreeeeeremsismsssessssssssisssssssssssnes HPLC (g, SaS s 6 yuate i gl pull€ (g, adl (VY-¢

Y27 A S soldicul o g0 N (IR (\—\Y—i

(»


file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928347
file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928348

VEA oo HPLC Lal s (Y-VY—¢
Y EQ et esssesssee s sess s eSSt HPLC _isle)l og, (Y-VY-¢
N 0 % ettt R e bR e R st anen G4 5 sapan (VW-E
oY S0P Cuowd
Sl 4939l b okds gl (HF-SLPME) (195 e b &ilo /ol 56 (ooléd! 1 5kt sSao Tl i (53l
1aY (DOE) Gista3T o213 g 4 G SlooniS slgn 45
N O ettt e R R bbbt douds (V-0
Y 00 et eieese ettt a e AR ettt s NL e (Y-o
Y 00 tttureureeestse sttt ssse s s b s b s e s et oS LIS alsk (V-Y-o
YO wrtererereresesessse et e e e e e e S JaosiSl al b (Y-Y-o
LY SE OO OT PP E PPN o — oSy ol b (Y-Y-0
Tt ettt R bbb s Sbwdings (Yo
1710 ettt b e Jol€ o 586 4 b (VY0
1700 ettt S ola gs slga sl (Y-Y-0
AU ettt (BBD) (S — (uSL g5k (Y-Y-0
NI oo oo e e $3S e Lalids £k (8-Y-0
NIV ittt bbb s S 5 slay ., (80
A N et P A (0-o
AVY ettt ettt s2bands ol 50 o La SasIy (V-o0
AV ottt ssese s s nens oS ledslae 9o uad slgd slas 4ugs (V-0
AVY ettt ssse bbb e soldiiul o 50 (slgalKins (A-0
VYV e HPLC Ll (-0
L sud ey g8 (HF —SLPME) JA 53,08 b lo/asla 51 oleul £loail s Sae (g, (V-0
AVY ettt s ssse bbb e e R e oS ol sk
R £loatl 5 Sae bl b (g 5lautings (V1-0
N7 EoSdast 5 Eay (VY-0
AV0 ettt sttt bbb culio Jao LK (V-VY-0
VA S ettt sl o5 Jae Sall) (Y-VY—o0


file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928370
file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928371
file:///C:/Users/Atena/Desktop/payannameh%20abedi.docx%23_Toc325928371

§ eerreeeeesssie st s s G gad (s5lwsale] Jolid 0T auT (8 S Jalye (V) K
V teerserienieeseessesaesasesssesanes Sola 5 oAt 5 5Sae g, Hu saliinl oy e stli g (Y-) K&
A cevereenseenisesssssissessenes (anlsE D 5 £la3wl C B A Jalse) SPME wisl 3 Jal e (Y- JS
LR B8 slad (ag,y (D) asiiene By, (8) wala 3 L gl Aty S (6-) JS
N & e oad clidlas jud g aela JU L plhatal s Sae (0-) K&
LT W s S Judo ookl aliune b zloatal 5 Sie () K
LR O (HS-SDME) 36 55 (slid L o3 gl ,aieal 5 Sao aleasen b (V-) JSa
Woeneereeeeenneene (B) Sl sbsd Jus 5(A) Joloo Jals Juo ookd b plhatind s Seo (A-) K&
LY. SO L5 s so bl £l At s S Al glad (A-) Kb
A Coukd S5 ) soliinl b pule (630 4w oAl 5 S waa aleanc ok (Vo) Kk
OO sl B 5 s S pdalle rehas HISEM o g3 (V=) St
L JOVOO O B 5 5l saliied b gloaiel 5 Sue atin S b (VY- K
L5 SO A5 b i g pole 56 L glaiel g Sue sl b ui Sa (V- JS2
VOummrerrern SBoad b 5 (Saelis gloAwl 5 5Sae Gl Ho suliial o) 50 alay (VE-) S
YT et S5 58 LLPME (suis S p 98 S (Vo) K
L7 N SlEs slad o A 55 5 b gt 5 Sae abean (V1) S
Y e emeveeeeeeessssssmssseee e snnsssssesees e HF- LPME (35, 59 o o saias slasls (\W-\ [
118 YOO Cpele 5 gloatil s Sue sledg, ol subanads (VA-Y S
YN eeeeeessmssee s S oo sl gl (Va-y K
L1025 MWCNT —_ SWCNT —all s < (sladd o1 55 gl 53l (Y--) S
OF o edra s 532 (L) 0558 (5151 — il 1y (slaeiiSlee K plians Jgasd (TV-) U<
WA teevrmimmsesssessssasssessssssssasnssssseses Jslossie 5 Jol sl (sl slnsn ol 3 Htale (V=) Ka
V§ erterreenss e e sess s s e e e e LPME &lagat (Y- S
VA oeeesoeeesseesssses et (N=Y) Sap 5 oo 5o JT s 51 (Y=Y S
VO oo essveeeessssssssesesssssssseesssmssssessssssssees oo Sap ) s 590 2 gloaieel oloy 31 (8- K



L, 4 325 gl 555 5 NaOH clile 31 (o-) K2
AY cooeeesseeessssees s S ) paes (50 52 Ouded & pew (W) S
adtine o5k s pble o3l d gloATal s Sue Ghigs 5o solitul uype diay (VY J<a
Y bbb (Ol
AV ceetrerireerneenseseensesseesaesaesaessnens gloaial 5K Lol (555 e Tr gloadal Gley L3I (Y-Y K
A eeeeraermensenmeesnesasesaane gloaial 5 Sue Gleily (550 e T2 o sSas glhainl Gle ,:(v Y Ka
VY oo s sl b g Sl S s S g (Y-

VY 0 e seeseseses s ses st esrs st 2loaial Olise g5 s MWCNTS Jlaiie 31 (Y- J<
VAT ettt Eloaial Oliae (s 90 s saias L ana S (6-F S
VAV sttt gloaial e 555 5 NaOH clale 3 (o-y <&
VYA oo sneee e 2loaial laae 555 oo oled 31 (WY S
X EloAiel Olase g5 e wialy a3 (V-T Ko
L 2 loaid Glie (555 0 Sab Gialdl 3 (A-Y JSa
X A S g Laulpd ot B slasui€ g s3lulun al S5l s S (A-F
VWA (0 MG L) J sl 310500 5 (V- MY L) Jdsosia (UV) il slssle i (V-8 S
VYA oo Jslsilaase o Jsdssesie wudie LA & (gl (sl HullS Jaie (Y-8 K
5 Jslosie 48 50 @l La,siSh ulasd s 53 RMSE s Jade (Y-8 JS&
R Jsd 505055
Vemg LT 5 slsseste 0o Mg L bglis Ve UL Gau35 3 Jeola al Sl S (-8 JS
VEQ et sl 5
ou s o8 sala slas sl Guate d gl oS iy ok (Sul S Gl (Voo Kk
Y OA ceertteeieee ettt bbbt teea L iale )] Cyae wasa



BBD
CCD

CE

CLS

cMC
CM-LPME
CNT

cs

CVD
DHF-LPME
DI-SDME
DLLME
DOE
DSD-LPME
EF

FL

GC
HF-LPME
HF-SLPME
HPLC
HS-LPME
HS-SDME
HS-SPME
ILS

LLE

LOD

LOQ
LPME
MVC
MWCNTSs
OFAT
PCR

PF

PFE

PGC

PLS
RMSEP
RSD

RSE

RSM
SDME
SFE

SME

SPE
SPME
SWCNTs
TS

uv

uvC

Box-Benkhen design

Central composite design

Capillary electrophoresis

Classical least squares

Critical micellar concentration
Carrier-mediated liquid phase microextraction
Carbon nanotube

Calibration set

Chemical vapor deposition

Dynamic hollow fibre liquid-phase microextraction
Direct immersion single-drop microextraction
Dispersive liquid -liquid microextention
Design of experiment

Directly suspended droplet liquid-phase microextraction
Enrichment factor

Fluorescence

Gas chromatography

Hollow fiber liquid phase microextraction
Hollow fiber solid-liquid phase microextraction
High performance liquid chromatography
Head space - liquid phase microextraction
Head space single-drop microextraction

Head space - solid phase microextraction
Inverse least squares

Liquid liquid extraction

Limit of detection

Limit of quantification

Liquid phase microextraction

Multivariate calibration

Multiwalled carbon nanotubes

One factor at a time

Principal component regression
Preconcentration factor

Pressurised fluid extraction

Porous graphitic carbon

Partial least square

Root mean squared error of prediction
Relative standard deviation

Relative standard error

Response surface methodology

Single drop microextraction

Supercritical fluid extraction

Solvent microextraction

Solid phase extraction

Solid phase microextraction

Single walled carbon nano tubes

Training set

Ultra violet

Univariate calibration




suSa

EXRCEN

G (OSOh B) B s lee a5l BuliS iy 5 solusslel sledy), s uala Galal 5l aa

le DB sleal il g Sue pulial 5 g lasns oy slad g 5o Jolsiliasn 5 Jslsnsie Jolsst sleels
o9 foaeul sa S Jumd g 5o 4als Lk ol el oo HPLC &5 U 3T (6586500 5 (shlslan Guges 5
S g Jeod oo ol sud alail Lad gad BalaS i 5 Olwsalel sledigs plosl 5 (Jlaal 55550 ) Jund
Sl oot b mle 5B £loatal s Sae waa o Aliae (gledig) B tadils oo las iy Jold 9 il (o503 Juad
ol Balis i 5 solwsalel sl S slad ol bosad e sl JA S sad 5 Glae ookl (A5 Hud

it soliieal B glasuis e

J3 (HF-LPME) JA 55 5ad b 5 0T e 51 B slassisS Slge gloatal (ooas Jhad Jo) (B33 50

G (St SBS, s @lhatul Glesil) g s e ol 48 S 513 s 5e a5 50 HPLC sl 4 52358 )
555 0 Jolsiloasn 5 Jolsnsie Jalsil (sl Laulis 5 iS mael s 505 olel i ad dlal & ya
sladslae Ko 5 pobs cablie sy b bS5 ol sl GumlnllS Sate asl g YE0 5 YWY/ YY/A
4 osShe Ll (gl Ghss shba s,1uS 5 Wud ay Las il clle s £l ATl 51 Gy o plabi
[AAV 5 - /4847 ¢ - /A%AY (Siwsad cups bR a S Sue /¥=0 s 5 VYN YV-0ee s S S
an el e Gole)T 1SS 5L cda b (SIN =Y) cuws jo ae sk 4 (LOD) (i, panadd as .adb o
0 obss @B b sl LSS s S s a S See foA 5o /8 AY G o 5 S0 LT (6l pandas
(0 S dlae 0fY 5 £/4 ©/A G 4 Gale)T LSS JL g b s (RSDY) (oad o lilinl a0 g
T 6hys) amns AN G A0/Y Gu o Lida gladisa Lo Ghay ol b G slasai€ les Lt ob3b
(e o Gy 5l) wees0 AF/0 B A/ g 5 (Pleslan o Gy s15) a0 AE/V B A+ /0 (28l

R )

oAl S G, b OF Ggas ) L slasasiS Hlgs gloatal (osaS Juad g GhAs 5o

5 Jossesie (Jolsnl gl Bulis €6 .l 468 8 158 s 950 (DSD-LPME) sl ki (556
—0r e iS4 5 Se sLellT sl (Bl (el o 1€ aml o WA/ S AYAL X E/A G5 4 J sl
s adlige +/A9RY 5 /A48T ¢ /A8A (Siuwed cuyes bl e a S5 Sie /800 5 VTN (Y
© B ol LIS g S e SesSee /) 50/ N s @ 5 Sie sleRllT sl (LOD) aniis
S daslae 0/A 5 0/T VY G 4 GlabelT 1SS 5L ey by (RSD%) (paests o plaslical Llsadl o) sum
Sl o) wmss AVIY B At/0 Gu O B8 sladisa o Ghys ol b B slassiSlee s L3
(e oF oy 1) wmss AV B ALY G 5 (Slasban o Gug sloz) memss AVA B A/Y (284l

R



suSa

sloe (HF-SLPME) Ja 5 5ud selampole 5B £loatul s Sae (s 3 (pons Jead g Gl 5o

s sd AT B (slasuii€lpe ot suliind Jaine ey slad sas 5o Gy suiiSles ol oAkl
5 eleba (olulia Gulu, bl Olu,KaT b (HPLC) YL ol L gule 31 Sgles S s
Ll b b osad cugs JT Pla b osad 5 Alssl a5 S Ghys ool 5o b 5 5Se)lwl
S e Jae (o sladisad 51 s (slaosii€ jles Balil hay (slhs a5 S5 ol ghas «S (MWCNTS) &l 00 win S
JAIs dlicn s Cpl 0 g o 9 gae saud 8B S 0S4 ) s 99 b 5 A 95 58 sLgl gu A 0 g o suliil
(Sad g e LRl S e Jae unbline (en dlie St 5 u g oo 89l LIS (T Gsad Jolas
i gloalial dug bl i S oS e 5uas AYY B Yo/Y ) Bulas iy 56586 oS wias e lis il
w555 0 Jolsilnan 5 Jolssasie (Jslsnl Gandds as 5 sum Lhusd s sl b dals 51§ sl ullS
o o Ghiin sladipa 5o B slasaiSlee s oL3L ol sug Sl s aSSae Ve g V/r Ao/
AY/A B AVY G g (Slwslan o Guy s153) ama 44V BAAA (2SS gl T (s1m) am,a AY/Y G AR/Y

.JJ:AAJAJJ/\/Z Gv/a QﬁRSDJJﬁ(@@AQTLﬂG‘x)MJJ

0ot Jleilnsn 5 Jslssusie (Siass bolie loden (oSellil «osad Juad aslen (i Lo
e b aladl & suiie wig (el pullS SaS g UVIVS il (hg 5 suliind by 45 503 (s5Lwsale]
nl o8 o (o +/o=Y - Mg LT a3l 5o Jslsilnsse 512 5 V=V M LT 5k Lo Jslssasie sl OmlullS
JJJAUV‘&LGLAQ.A‘J(PLS) ‘;\»QL’JJAJZ‘A}}ALATJ‘QJ&M‘LJJé\ﬁh&éo\ﬁw‘w‘s&\s‘)&.@
Koate 3 KaS @y GusSas 56 G sicn b HPLC (b, 5 conliinnl o) 50 Ghsy anls caga oS 13 soliiel
sad i Y/ (555 S¥ e V Sisdend w3 O PH &) S¥ 50 /0« NaH PO, Jslae Lslie Jol
(Sl oul o &y s (solgiaing (B, ol 8 K S 01801 ana ws o b o yis sl 5 Jsilie ool
IV ISR ) g P B S SP I IR KV P

@l» (HF-SLPME) Ja & sud wslammle 5B glhadul g Sue Gy (oad Jead pady (has o

OlbesT abib i, b ains ey gladigai 5o (Jsdsslnss o Jslssasie) L saiiS)les o gloasnl
coniay S aaa ey glhatil g Sue wild cnl 5o S Glal Sielly gy (B Gl 5o ad (s5luding (DOE)
a2 b 5 (CCD) (350 Lalids rhla () 4 laly Dla ana 5 Goded oie s (Kb as o gl ol
s lol glayielly o Balis Gy 556 LIS 4 bgs e dolae s 5dlay wad (g5l dings Aliae mlaws

el



suSa

Abstract

The main aim of this research is to develop the preconcentration and sample preparation
methods, based on liquid phase microextraction procedure prior to HPLC. This thesis consists of two
chapters. In the first part, some of sample preparation methods were reviewed. But in the second part,
which has five sections, new methods of some liquid phase microextraction techniques, such as hollow
fiber liquid phase microextraction (HF-LPME), directly suspended droplet liquid phase
microextraction (DSD-LPME) and hollow fiber solid/liquid phase microextraction (HF-SLPME) were
introduced for the determination of three S-blockers in environmental water samples.

In section one, hollow fiber liquid phase microextraction (HF-LPME) was utilized to extract
three p-blockers namely atenolol, metoprolol and propranolol in environmental waters. The drugs
were enriched by a factor of 21.8, 232.6 and 245 for atenolol, metoprolol and propranolol,
respectively. Linearity was obtained in the range of 37-5000 pg L for atenolol (r?, 0.9997), 1.3-1000
pug L for metoprolol (% 0.9996) and 0.3-500 pg L for propranolol (r?, 0.9997). The detection limits
were 12 pg L™ for atenolol, 0.4 pg L™ for metoprolol and 0.08 pg L™ for propranolol. Relative
recovery of p-blockers in real water samples were between 95.3 - 98.1 for tap water, 90.5 -94.1 for
clinical waste water and 90.6-93.5 for industrial waste water.

In section two, directly suspended droplet liquid phase microextraction (DSD-LPME) was
utilized to extract these three S-blockers in environmental waters. The drugs were enriched by a factor
of 34.8, 138.6 and 171.6 for atenolol, metoprolol and propranolol, respectively. Linearity was obtained
in the range of 30-5000 pg L for atenolol (r?, 0.9998), 16-1000 ug L * for metoprolol (r?, 0.9996) and
0.4-500 pg L for propranolol (r?, 0.9997). The detection limits were 10 pg L™ for atenolol, 5.0 pg
L* for metoprolol and 0.1 pg L™ for propranolol. Relative recovery of S-blockers in real water
samples were between 94.5 - 97.2 for tap water, 90.1 -96.8 for clinical waste water and 90.2-92.7 for
industrial waste water.

In section three, hollow fiber solid/liquid phase microextraction (HF-SLPME) was utilized to
extract three g-blockers; atenolol, metoprolol and propranolol in environmental waters. The extracted
S-blockers were then separated, identified, and quantified by high performance liquid chromatography
with fluorescence detection. In HF-SLPME a porous polypropylene hollow fiber filled with MWCNTSs
reinforced organic solvent that acts as an analyte trap to pre-concentrate S-blockers from water
samples. Both ends of the hollow fiber segment are sealed with magnetic stoppers. This device is
placed inside the aqueous feed solution and plays the rule of a pseudo-stir bar. The effective
parameters are optimized. The results showed that practical pre-concentration factors varied from 25.2
to 822. Under the optimized extraction conditions, the method showed good linearity and low limits of
detections, 15.0, 10.0, 1.0 pg L™ for atenolol, metoprolol and propranolol respectively. Relative
recovery of p-blockers in real water samples were between 89.7 - 93.1 for tap water, 88.9 -90.7 for
clinical waste water and 91.2-93.8 for industrial waste water with RSDs between 7.9 to 8.4%.

In section four, simultaneous determination of metoprolol and propranolol in binary mixtures
without sample pre-treatment has been successfully achieved, using chemometric-assisted
spectrophotometry. The method describes the use of multivariate spectophotometric calibration by
using partial least squares (PLS) analysis of UV spectral data. Calibration curve was linear in the
range of 1-70 mg L™ for metoprolol and in the range of 0.5-30 mg L™ for propranolol. The proposed
method was validated by high performance liquid chromatography (HPLC) method. HPLC was
performed by using reversed phase column and a mobile phase composed of 0.01 mol L™ NaH,PO,
(adjusted to pH 3.0 with phosphoric acid) - methanol - acetonitril (45:45:10, v:v:v). The proposed
method was validated and results obtained by the method was statistically analyzed.

In section five, hollow fiber solid/liquid phase microextraction (HF-SLPME) method was
optimized using design of experiments (DOE) to extract two f-blockers namely metoprolol and
propranolol in environmental waters. The effective parameters such as donor phase volume, extraction
time, salt percent, volume of desorption solvent and stirring speed were optimized using central
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composite design (CCD) with five levels. In addition, equation relating preconcentration factor to
main parameters was derived.
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1 Non-steroidal anti-inflammatory drugs
2 Antiepileptics

3 X-ray contrast media

4 Antineoplasics

5 Sample Preparation

6 Matrices
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1 Sample preparation
2 Clean up

3 Specifity

4 Selectivity



