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A Review of New Micro-Extraction Methods: A Comparison of Techniques and
Applications

Fatemeh.Yazdankhah Alireza. Ghiasvand

Abstract Solid phase microextraction and liquid phase microextraction methods have been considered due
to the elimination of the use of toxic and harmful solvents for the environment and human health. For this
reason, modification and enhancement of micro-extraction methods is also one of the important topics in
research. Microextraction methods, in addition to removing toxic solvents, have increased efficiency,
accuracy, and greatly reduced the time and cost of analysis. But these methods have two serious limitations.
First, in solid samples such as soil and medicine, the analytes are firmly attached to the tissue and do not
separate easily. it is difficult or impossible to catch highly volatile materials with these methods. The best
approach to overcome these limitations is to cool the adsorbent and simultaneously heat the sample tissue,
atechnique that dramatically increases the extraction efficiency. Another method to increase the extraction
efficiency is vacuum-enhanced micro-extraction technique. In this system, the pressure inside the vessel is
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drastically reduced and the extraction speed and efficiency are significantly increased compared to normal
SPME, leading to an increase in sensitivity and a shorter sampling time. With this device, all types of solid
and liquid samples can be easily extracted and analyzed directly without manipulation and change in the
sample. In this research, we will have an overview of micro-extraction methods and their enhanced
techniques and a general comparison between these techniques

Keywords: Microextraction methods, vacuum-enhanced micro-extraction technique.

PRV

5ol daa Ll 0l K5 sm Slale 5 s g ls dalie LS 3 15 SlLS 5 385 e 65 o3l
g 5 e S 03330, S B 4 L sl sty VT ldde paS 05 g 3015 Sl oaal S
Sla ) Oldalils e 3558 5 e f0 50 S5 eSSl B ok 215 Solew 5 a3 Ol T
St AT 5 Wiles 8 iy oS 5 A4S abeaed SladUT plonil sl i ol sla Sl 53 il o s
won oS 3L el e i Jol SJUT 5y a0l VU s Shas b e (3lold la 255 5l (655
S el el enls 0LE3 (V) USE 5s ol e Al SO ol e S e S8 T b JS s Shes 4 >
oo s a5 S S bl il e sile (oS eslalir i sas (s3la s3lel (sl W gad Jals Jl e ol
S AT e 5 1 el g (5l 3ol e il o 58 I35 5 e LBl e S ) L)
Alpendurada., ] 454 e i 5IUT sla2ss ) (sl Sl L oSG w38 oS 5 el g e S lwoslel
5833 ol (S pdy S o U o St e 3l asbel is, S ol copl L esdle [2000
Sl S S Sl p3lis ond S ol @508 S3lueslel T3 S gl s Gl s K Coms

..L'Sk;e  yon 2 '“.b._?ujs I @L"‘“'““.. o

P PR A PR W [ PR e R U

1Fe) ¥ 6 lads it Sl _;ﬁ"fj&jjy/’ﬁﬂjjj L



¥\ Lle Lol -ol mils 3 aabls

ol quiw.x};wd@ljwu& & gai S5 5o 51 Gua gla CIUT & pad (5lw o3bel a0 s
ST L pd oo 55 o3Il 8 IS 5les S Joo pwlom 5 pds 2058 Sl Glealans Jav g 0l ) St
Sl an 53 5 S a b pae e T sla DD (3l il (mlem mle gl e g e ] il sl
oo ol 03 remen (Wisd e 050l AY Culis Al 5 Ol o Dol Gl 5 Jasee Cs 3 O e sl
512t Sl 5 Sadl 5l AT .0l o Vb @ (il o3l Oloj 5 el 5L5 5550 (5305 & 505 lis Lo
Gilwoslel gla 5y 53 Son dpes SGosbml 5 > pl Gl (gl pla iy e s Sol s Bl
el gl i, ahex 31 (SPME) wil> 56 o)Al S s (SPE) wil> ;U zl Al sl 450

[Pawliszyn, 2002] wib o ol
(LLE) GLG—GLA C‘fr.'.’wJ

mlmpbe Zlsnal dal e wged 53 Sl il bt sla Sl el (3l a3 S 2l e
S 53 Ll lalr 45L& s 658 o 2zl LB I 55 b loes G 51 bl Lz (LLE)
oS ol 3 pd o LS5 56 53 (I 53 Ll s 4 B I e g e (ST Vsana ) SN
3B T 5B S e 68 D el 5 plend SLS 5 S (B D e sloby s bs
33 el Lol I o 4 BT g L 31 Oluabsl jskine 4 conlie M= Ol 3 L S o iz
AV sl oasl a5 5 odipd o gl 055 i ol e JWEH & Odens Gl s onl 02 2 5e
655 4 0aS I Cid S Sl oslinnd b Vgmne mlemmile sl )0 5185 Ol av b 5o 4 5 2l saal aul 3
S sl 4 Sy B ol g (Y JS8) 3,8 e plasl 053 e 55 D s e O3 s e
s s e gﬁjsﬁ)d;w,\syé@u-@u le;:.dlo\;;;\ Syl calses gl D= s 68 S
b bl ol a8 4 (ol 4 splibiad sla 5gs S Sl 53 Zlmnal 2y () 5 AL e 2l Sl
Lsud%j\d;lijﬁo-\{glﬂéuclfﬁ.ﬂl.g;.ﬂlo.,\.iﬁﬁ-\olgl.ﬂﬁ&.:&.?w\sﬁ)\sui.mliwﬁz)b
L sy b D355 o3l ped gl LS5 imen ABL o 1S S35 5 e a3 OLS VL ol b T
Lea3ls JT IV Sl 5S4 S 48 o 4y D e 5 Ol o  sla s 0 5 el S L5 4 by s el
ARl e 4 gl 5 S sl ST 5 ol 1 IKTlger et al, 2011 s e a4 (5555 Al

.,\J\a.x..idéﬂﬁ}\dudb);LLE sla Gy sl oide Ly

o psle sl o ey 4 TFel oF o ylas o Sl



Yy

s )8 5 b ST amslie izl Sl 9 Ko 58 Sl 2 oo

o3l 5 gad (S3lueslel (sla LSS S an 5 5 O1 (3L S & i e LLE 90ty e 4 50
S sl cble asis JUls 5 L8 e 8wl 58S adsl sl LSSl il ol SOU51 5 5
L;u&C;QJ,;;dadﬁmétﬁ&jt&,sﬁ&@;qui‘&suéu&,ﬁ ol o3 s 1 Ul oS
Glr b sl mle SU a5 S'sole sk e el mle 6 2l 5 S LLE s o) sl
A 5 ST 55l STl A B me BB sl 5 S 53 (36 5 Gl s oo
Jeannot et ] i b me (5L 5 Sb L by 1445 Jlo 55 &S il o €500 5 (T I 5l gl o kad)
Sl Gl L gls LT (6,8 o310 5 Lasis SUls 5 odd 5 S S & gad o3l (i, ool 5> [1996, al.
ol S ekias @ 08 5B ez s S S 4 s LPME (eSS an sl il al 3 oS
bl gl (L2 L gl sl e G L (M sl 5 SC) el LB mle (slasls Sl aslinal L Il
LPME (sls b= ¢l sl ol LLE (g5l S 58 s (sla o, AT o oy sdins —oli S (slajle
b -zl glial 5500 DLLME (s S 2l sl 5,500) SDME el ol 51 5 il o
ok o pae mle 56 2l sl 5,80) LPME-SFO (mbe - mle —mle 215l 5 S0o) LLLME (2
35 ) il —mle gl 5 S ol mlimal LB 2 mle @b 5l eslinal b 2l sl 5,8 (sl Ao

&;.:LA} 6“&) SLM L(LS)b dw V.:.w.:..u) L;'}Lf}: C‘fd.w‘ )‘ oalaul l; @Lﬂ —dlﬁ —CLA C{\f::.w\ _5);\:"‘ c(é)b

1Fe) ¥ 6 lads it Sl _;ﬁ"fj&jjy/’ﬁﬂjjj L



Ang Lle Lol -ol mils 3 aabls

g:,.i)_i: GLA—@LG C‘j}v.lw‘ jjg:.d) VALLME 9 (J.zbcla (_;L:.\P LJ @Lﬁ —@Lc C‘)P::.\N\) MMLLE g(dLﬁ ol
[Jeannot et al., 1996] s> » olzs |, LPME (gl s, 51 IS Sl ¥ IS8 idl o (L2 o Lol

Liquid Phase
Microextraction(LPME)

Single Drop Hollow Fiber lspom.wc.quul
= < = < Liquid
Microextraction Microextraction Microextraction
(SDME) (HF-ME) LLME

DLLME
DI-SDME HS-SDME SEOoL: HF-LPME HF-LLLME (solvent DLLME
SDME heave) (solvent light)

LPME slgdyg, 3l (IS sy atws -V S

(solid-phase microextraction (SPME)) s> ;U ) Al 5 S

LBy A3 gl I O 150l 3l ol gy S Olya 1440 Jlu L3 (SPME) sl 56 21 sl S
Pawliszyn, Jooul o551 ces 1) ool ol o3 Jaes 5 5505 i 5JUT o1 s a3 51 (g5l 3 35,50!
S 58 lie K SSS opl s il oo o SO s Ladis 5 (g5l ((g5ls 0 455 31 oS 5 SPME [2000
Oley Sde G sl el ol onls il g a8 S il ol (6 0l SO (655 oS ol Sl 6
55k SPME s o w55 503 oSl 5 (o) el 56 o Ul 5 03,8 o 13 65w G pme 5o e
S GC ol&aws Go)35 S 53 et sl Sl drls Go b 31 e UT 0T 55 &8 GC LS 5 s pene
e 553 JT LS 5 o5 (US55 oy b 6l el g sy 5 ol 0 aslizal 355
Sa S o i B8 e dd SIS ledissy Aol b gy cpl ol a8 B @ ooy sl WS 5L
S bl saae 5 sline slade 5 IS gols 5 Sl esls 13 ade sls andy 31 (6ol L5 Qi
oS o Vb ods 5 Canlar (s D20 I Sl Ol G o 5153 5 (5 g tSLe g5 opl S sle
GLISE s S sl 0T (gl 1y ikises (glade 503 gad O dmw 5 55 _mw Olhieils (O 355 Colls 5 Slles
13 o O3l L s sl (FIDEN) i osls 2ty o8 lau s 2l sl 3l aile ST ) il
Gl O3l slse sy gl el (Vessel wall) o b Jsls mny s 2l (IN-Tube) oy

5 (Stirrer bar) blis Ojes doo S ol mhw iy 53, gl Al (Suspended Particles)

o psle sl o ey 4 TFel oF o ylas o Sl



\Ri

s )8 5 b ST amslie izl Sl 9 Ko 58 Sl 2 oo

Gl @l Gl Sliios 3 5 IS cpl Sl plas s [0] (F JSC5) (Disk) les SKews v s
o) o somiam (Solwasls s et Wil Cilsee gla a3 (godate Olids 5 L a.)\,;:(,.m..d silsea

SPME i s sl 5 ¥ s

SPME) dpel 5 5555

Il Ol 31 5,8 o 18 Gses oS5l b pwled 3 aside Oloy Sode gl |l 56 SPME s
Sl s SPME by Sl 35 50 o sl Sl Joles 505 oS5 5 b o o2k Sy IS
5 (630 S5/ Jols Vsana) (630 53 T3 G Wil oo or 8 ol (5306 i a5 il 3 G 46500
c,.;uf@jsas;,;&ys&uj SPME sl (6 ye5 oS5 5l / GB35 (5L / 128) (36 am Ayl 3 S o
ST S 6l il Oloy Sl OT 51 e s A5l sy S5l & 5o 235 5 €ped Sl o
S 5 b b e s LT 55 Wb SPME clsal sl 2 33e ool elil 3l el ] s

[Bagheri et al., 2012] il o 4 se

Kes = Cr/Cs o)

TFe) P et oot Sl o pale sl s Jtags &t



Yo Lle Lol -ol mils 3 aabls

LT sl cdale 1 Cs i g5, » s BT sl clake : Cy ‘ﬂ?éjajjg&ﬁq,.gﬂdb: ot Krs
4.’!}05).)&-23.)0!
[Bagherietal.]s s o cios () alan L por sl 050 L Gillae Jalas oyl 15 (31 53 s 3550 3

__ CoVsVyrKyps

n=-—m"m——— M)
KpsVtVs

Mﬁ&Vf‘MWJMJJQLT@ﬂM&Co‘ﬁlﬁ.nj;ev\.;c‘fd.ﬂ\@:sbirfn U:L:ud“Jéc\s
“WJJ"’J)”WJGJML’@“}*’ﬁJ‘?u"’*‘“‘ﬁuﬁ‘C‘;u@J};“‘iﬂKfs)‘“}*’r""Vs‘f:‘g
3 a5 0 el ST e A 0y oSl 5 B (sl il 36 ol iy 3L 530

.»dea deles (V) dslas

_ KrnKnsV Vs
thKhSVf +KpsVp+Vs

)

b/ SB35 lad oy CIUT w5 i Kt B 55 (lad /i gad o SBT3 5 g o Ks slae ol 3 8
Soosle 53 Sy s 4 dalae KgKfo KL Vsl g)ﬁ&dﬁﬁ&ﬁ\ AL e S éwre&th
ity

n = COVfoS )

o Wsed 53 O ke b lize 5 wged o ) Jites b Ja i sl sl esle jltie alslae ol U Gullae
P 53 b i 35 513 LSPME s 2l sl anl b el il e el U ol sl 5 o ST
@jbjtﬂgw.gﬁ@;um,;@,;maﬁﬁ}aﬂwquisgs@\ﬁ@w@g@uaﬁ
&k}‘uqb]w)}éﬁ:ﬁvﬁ&)chO&NJJM‘MMJQFJOMJSPME&IN
[Bagheri et al., 2012] (0 X&) X5 o 50T 5 wdols 5o~
6M¢Jl>nléél>u6Li.bK{SPMEgmi;MClPL:.dl:)‘\J;})L:pAS(f‘Jﬁ&)wl;ﬂ:ﬁnm«wt;)bubj)w\
RS EPE
jJJggfa)‘f;d"’}“"Jjbud)):ﬁhd)fl‘”}”ﬁ‘w#b-)bc‘ﬁ”‘)&)bWC‘#‘“QB
ol a5l e DS 5 Sl s ol s e Jie ]l SU 4 @l Sl andies sy L LT
Wiw;ww\%w;\.;,;e>ﬁ)ts@<&gy>oylﬁc\y\jﬁm%@;mu@l}@gwu

o psle sl o ey 4 TFel oF o ylas o Sl



vs

s )8 5 b ST amslie izl Sl 9 Ko 58 Sl 2 oo

CSPME 18 B b g gl il 0 JSC5

G sS lin sLie G5l eslizal b b ablme (sLa b el B 2l sl s S s Sl sLié by SPME
oslital ol e 3,8 o 513 4 gad U plomn 0555 paions sy s 5 358 gn 03l (5 (ST 4
S s 6smd TSI A0 o llaal DI 53 e iy Sl s 5 oSl e (bl slis
s ol il e s sl 5 50 (6 Kt ol sl b sl e s (ol (S3 T ol
ols Bbleee (LA 05535 w38 4 Sl G S 4 Odewy Sl JE GNP

S5 slad (hss 03T L ey el (sls @i sas 5IUT 6l SPME 25, (K2 0 5 e 1 S0 5 (sliad S
Sld /& g5y LT s e 53 beld B sl 5 SPME (6l 5 wiped 3L o b S5l eslinal L
35 b Osr 5 ol amilio 13 a5 13 ls ged LT g iy cpl Bl e pud / SUg glias 5 SBs
Koziel ] oS o claslbne oSG 5l sla Coamlie conl 511 b iy G €500 oS5k b it il
[etal. 2001

TFe) P et oot Sl o pale sl s Jtags &t



Yv Lle Lol -ol mils 3 aabls

il LS b gl Sl (€SB sld gl sl (D cpuitios 1 Sl (@ :FiDEr-SPME Cilies (sloss 7 IS5

(NTD) 55 5m o S

A5 el 055 2 sl 3l (Jsams SPME g 55 L3l Lo sls (ks s sl S0l K Olss
Sl K,V Ll sl e sdool Shpm ad Jlpl a8 Ad Ldgy Bome a4z 5 A 03 K O St
s S V498 b 53 0T 51 g LS B me dpa 53 g g0 ame LS 5 2 pls 4 sl TONAX Lo
S eslizal b Oll S 5 s 5 anb lpp sl G0 3 36 3mb I ol 5 Ll i ol wlia
G5 e 53 ol 5 i sl 4 5L s onl (ol Cunsdome Al 00 5 I8 4 S5 5 U5 sle 3l
oS B ol O 5148 Ad iy Sl S5 sm A ST 5 8 L e 05 Sz ple W0 GC
Pl b ple 3l L 5 SuellS s G a0 5L B3 03 8 eslinad ) siSomisl s 53 i 4 3L 05
oJ5) [Ghiasvand et 2016 al.,] i osls axce 55 paid 56 Jae 5 (NTD) S5 s 1l o) b s zé
S Sl sl ls 4 sl SJUT Sy (sl s a3 514V L s oS NTD wles O3l sl o
BNTD s G b s 1) e ol ceid 8l b s ot (320 NTD i a5 ety SLsl Ll 58
ol 5B STl s il e sl e s D O 45l Sleesle] SSG S SPME wiles
535 o SO sla ol 2l 53 0T 035 pslie Sty o8 3,8 oo Jl 3 Jotel 03 g G 0305 0l 2 ) g
S 303 (6 g Sl ol 0 el gy a8 Sk (555 2 3l &8 SPME 25, 5 b 0 o
o2l b s a8 Llas i Josly 55,8 13 NTD O, Lls o (ol el 56 51 655 o SPME &
S e NTD Solas (v) IS8 3k ke Jolas 5 JolS 2l sl ST 9350 gl 358 o el &S S
o ol gl BT e b e O lesl 5l s e Sl ¥ Akl sl S L G K S el
L3l o (53135 @500 o b it it Sl (5l 00 S 5 LT ikt &8 B35 NTD L

o psle sl o ey 4 TE) o &l sl L



YA

s )8 5 b ST amslie izl Sl 9 Ko 58 Sl 2 oo

g;éd)bf@}wwﬂbwmuﬂjgn))qubiw‘jubbbQ“JLTL;%‘S}J-:A‘&)J.AQJJJnM

s e 0L |y O s Slbas » SPME sle 0SS sled VS sk

JIn-tube SPME :E , NTD : D .SPDE :C (INCAT B [FIN-SPME ‘A .5 gu sts » SPME sl K-V s

SPME oo q,és ‘_gl.éui'v‘”

Al S 13 bl s s Ll edal s sl sla ST 1t SPME. iy 21 sl i <) sl
Cooling-) il o b ot cusis SPME:icosl sdel aslsl 55 oas o slgdis, ool 8lp IS o axwes
L s oo 55 SPME ((Electro-Enhance SPME);L; Jls! L sws oo 555 SPME.(Assisted SPME
«(Ultrasonic-Assisted SPME)= sul 2 L sus <o SPME (Vacuum-Assisted SPME) s
Solvent-) g~ L sz <o 555 SPME «(Microwave-Assisted SPME) 4. 55 Sob b s <o 55 SPME
sl o s SPME (Salt-Assisted SPME, SA-SPME) i L s o 55 SPME (Assiated SPME

(Total-Vaporization SPME, TV-SPME) LI =5 L

(CA'ME)&L‘}«' L’ [ "4 sL.&}a.? C‘ﬁm'}ﬁ?‘:

.u@ﬁl;\)vpgﬁy@,popﬁs;“%6ucﬁ}gu1ak§ﬁlSPME&:&s&suﬁéwuu
Lo (5T 3 gdomn o SO bty (36 A ot SO 55 W50 VL B3 (sLas 5 SPME (615 5 a0 s
O3 apes VL By slas 5 ,me 53 SPME 3 ¢ SB35 (sliad a5 2l suand 5 oo s ol (sl al> o
Lt o e (g e olSas 4 IUT 5 il (sl e 5 50 e Al 1S T gl LTS

555 Gad b ol sl 5B 5 B g (glss & ged) 0 aw m < JUT ol =5 L1, HS-SPME o\ |

VE) o 5 las e Lo o pale sl oo asy 4



¥4 Lle Lol -ol mils 3 aabls

b Ul 555 b 0313 D13 51 J sl o (b / G658 b 5 SB35 (b /4 5e) S i s 55 555
S g S o 03 B8 LA S me 53 i oS bl Sl o ol G655 sl 5 sl
sl 5 &S o bsie Lo 4y SBs5 slab s CIUT Clale w53 S e (3 56 S LT la IS5
had S e gl g JUSH dpens sl 250 o U5 sLab @ e Sl e Jite gla CUT g
N N LW NG Cy U ¥ VR B e G P P ENN RNt JERC IR i P
Sl 3 BT HLasl Gl L g (gl oalises gla ol il o 553 (sl 4 & gas WSS 5o 51 e LT
Fieadaen oy pl bl g o sb S O3 pen dlesl b Jalas Ol Jgane sk 3005 352 SB35 (SLas 4 &y
2348 b gl gl St 53 a5 BB ST SG b led (1Al 5 sl sled Olo o (R ¢ man Lo
DS 5 A e gl slos Rl )l e e 3 STzl S 18 eslil ) 5e 5585 4 ol DLW
Sl s 2 gl Al Cusl gl b Sl 5l S asd e s SLS 5ol b sl - 4 el
3 Sl SR onl o gl easl 5 GbIS AL e Bl 058 s e SUSTSU B lad Sl 2l
Ky S5 5l 3l e U G5l 4 e a8 051 )= HS-SPME il 5 s st e J sene SPME
Wl S 3l g5, BT ol 6 bl 51l 3 pd e ]l Olaj (halS 4 53 5 JB s gliss «
e 03 5 @ISt P el ) S apd e p S 0 23l Wsed 055 28 L Olges (il e LS
b ol 1980 Jl s s 5 pidsL [ Zhang et al,1995] s 8 e ol sl LS sl
Ul et 53 T o 3 5m g S5 ales M) G 5 355 0 3w b @iped 055 5 L Olojon oS X5 S
235 o w55 ot RIPI el G (sLad 5 b i G e bl les BV 530 e S 0
4355 CA-SPME (less, 5% s sty ik CA-LPME ,CA-SPME s w5 55 4 CA (less,
SPME (C(TEC),!; S S15S 5 5heslizad LSPME (& cmle CO2 3l oslinad L SPME (il wes Sl
CA- (W iazws Llgr 4 CA-LPME Ly, 5 5w slie 5l estizad L SPME (5 o3 e Jlw 5l eslizal L
(5 3w dlw 2552 Sl eslizul L LPME (7 TEC 3l stz L LPME (& (2l CO2 5l eslint L LPME

.wbﬁ_@w@;ﬁau.45%;&6,\;{@om;ﬂij@qﬁjmmePME
zb CO2 3l eslinul L CA-SPME (I

Tl s Son b o3 e ST (65 0 S 5 L b s & Jtle s bsdd ot SPME 2,5
sl IC-SPME 5, s b me Sidil 5 K5 Lo & 55 (IC-SPME) o 5,00 505 51 sl 56
Il 53 OF 5l s 28 5 13 eslinal 5550 0341 la S 3 (BTEX) o1y 5 050 Ll el 05 s
S o3l sl S A 5 ,me (CF-HS-SPME) 5 10 13 5l eslinal b sl 56 2 sl SCo J2s, S Yoo P
0s S af.:)}lé;.an\_g@b LS| g C)'-’JSJ.‘(’:““?"'OZ’\)J b S 5 eslatal 54 ebjﬂ s s s PAHS

U wgad O8ls Oyl Ologen 5 ol slos U sle s 5 (gold (sla b 03 S 5 B 5 il ol oslin]

o psle sl o ey 4 TFel oF o ylas o Sl



s )8 5 b ST amslie izl Sl 9 Ko 58 Sl 2 oo

5 S e Sl e nl 358 o Jlesl 1 S5y p e sk 038 S AT s sl 1 VL sles
)ng‘ L;j;f Mb&wu J.AL?- ﬁv\.:?;t::): L;LA wﬁijﬁb JG)ﬁ (5\..,4_5)1)‘)34.4::‘})\}36@ 4.))5 C\f:l.w\
b sle3 (05 S 8555 el (w0 K5 s Y 5 gla g Sl eslinad (LS la B, a4 s

[ Haddadi et al., 2009 ] ol 518 < s 5 VL @505 glos 5 ol

(CF-HS-SPME) s ju 1 b 55 slish el 56 1 il Son i A IS5
olad e a2l Sl os0n U3 13 slse (5,8 o3Il sl (503 wlie sla e CF-SPME i es
e 53 S S LS 5 6,8 3l sl GC-MS s L e i CF-HS-SPME iss
S5 8 o300 &l GC-FID U sas cir CF-SPME s (J il S (5,5 o311 51 CF-SPME
Sl plod i S 5 eslinal 3550 DS 5 p150 (658 83181 sl e CR-SPME (s (im0 sl
CO2 0550 dlas oS J 28 ¢ LS 30 5 (s sk 08) sz Sl b 5l olacys sde s1,1s CF-SPME
sdry D of e S CF-SPME (oo (il o bos 335 J 55 0351 (Sae b 5 (Uil sla 41
ol R e Y10 Tl s (LK 5 L5k L das e sl 56 4 L b i JU) OIS
[Huangetal. . eslinad o3 1 Skt 53 PAHS (5,8 o3l sl 0F 5l 5 43 cir GC-FID olKans b s

Aas g DL ) pte S Lot A IS5 [2007
(TEC) J5 S48 5 51 eslzwl L CA-SPME (o
G35 ssb il S A3 e TEC S 5 S8 015, e & CF-SPME s ol 35 51

e (L B yme (LIS 5 63l3 e L3 Yo 08 Jlu 53 TEC-SPME o (5l a8 J 25 1 Lo

e S A 5 da sl Il s 4 sl i Jame SLS 5 6,8 oIl sl 01 Sl 5 45 i GC-FID

1Fe) ¥ 6 lads it Sl _;ﬁ"fj&jjy/’ﬁﬂjjj L



gl Lle Lol -ol mils 3 aabls

Mo s S35 ST 31,5 O3l 5L LSPME Sl s 58 G (2es 515 ( TEC a5l 002
.[Ghiasvand et al., 2016]sls 1 3 eslizl 5,550 T sls €505 55 PAHS (5,8 o300 gl OF 5l 5 sl
sy onl e A3l 3 s, (B Canles Sl ptegw ol 15 TEC oS 5t &8 bl3e 3575 b
B3 gealie Sb e lpal SB sd e pe 5 SL  lpl 5B Lo e o L
D ) i A Ry sles 535 o p S (9050 B s b Ry il o R s sles (B 0nl b

I PSR o i W RS PO I IR B

3 o Jlw 31 eslizal L.»CA-SPME (C

pph gr eslinal ol gl 5B 03 S St sl mle 055555 53 2 (S SITEC 5 0l CO2 4 o 53e
Al 5B 03 S 5 0 g2l pl gl Ll (oo JUEH ol pnal 5B 4 s o8 5k 4 Lo e sl pled 2
oeb e s, ool Gl by 5 3L o Al 5B 5 & ged 3L conlie _ples Ml sl 4 36
S s\ [ Safdarian et al.2012 ] <8 55 oS J 28w b ol ol G 51 (6,503 Godows L3 AL 0
Gl s ol 3150 (6 S o311 (gl OF 5l 5 A eslized Olojen [ ob 4 | Setal 5B 03 S 5 5 g5 055
b O A3l o 5550 OF L3 ol il 5B 038 5 digl b s ) el 51 QLS 55 (555 02
13 e b S G o el 5B 5 AL e e s 50 03 S 3 4l S aged 035 0 S
Sl e S e il Sl s 35S o ol i slar | Al 5B 05 S 5 e izmes 35S

AL e VL i

5 g Lis 3l eslizul L (TFME) S50 ol 2 el Son G5
CF- 5 (TFME) S3U ol olsual 5 Sen (s 53 Gadls 313w slid b S50 o ol sunul 5 Son s
b ateer ol el 03550 35 50 [, (CMD) 5 sl Pl it b S5 ol ool 54> 5 SPME

A sl Jame LS 5 (6,8 o5l gl o 5l di cus GC-MS oKanes
2L CO2 5l oslizul L CA-LPME (I

oL HS-LPME 5, 55 13 JTsls I3 05 5 St (512 CO2 oS St 51 1ISs 5 582
A5 S o3linad (CA-HS-HF-LPME) tile oo Lot o i Jls 5 o8 SB35 slaas mlo 5U 2 sl 5 S
L5 eslizad (Opl) o a3 651065 sl (HF) s b (s tle G anlsd K51 s 02l 2
oz O 31 g g3 8 oslizal o301 (sla St 55 PAHS (6 8 o5lul 61 0T 51 5 s S ir GC-FID ol
SIS gl S s b e (CA-HS-IC-LPME) _5 05,5 555 glas =le 36 sl 5 Sn ol (5 505

Olyie 3 55 JUlale (6,8 o3Il gl O 515 ad eslizal IS5 bs See el L Jbs G 51 (U gilee) T o Jas

o psle sl o ey 4 TFel oF o ylas o Sl



Y

s )8 5 b ST amslie izl Sl 9 Ko 58 Sl 2 oo

wuww\gﬁyww.wummwmqJ&;ﬁuww\gséw.,\.:uumv;lﬁ\du
L@.‘JASa.,\;'S&;;'-dé.&xa_<i)'\n:Li:M\L{Jﬁ,..ooi\ASMQL;Q;.-\J&;A\)'LAQLAJMWJLEMMC\}J@

AL a iy Ol sl 03 S abll 1 ol sl 56 Gl

CA-HS-IC-LPME (i Siilacs -4 JSC3

TEC 5l sslizl L CA-LPME (o

A e YoV dle 3 LPME 255 55 >l sl DM 03 5 5,0 6l 2 TEC Sleslizal o ,Lss 5158 o))
3 e A e3lial b O3 5 IS (68 o310 (sl el sl 50 Ol g 513 T sl I Sl e o) 3
oslizul L PAHS 1 sl ¢l 5 (GP-HS-LPME) 58 4l ol s o b 36 sl s Koo ol KOS Lo
S o3l sl s s cdr DLLME 55, L TEC s (5 K5 oo 55 3 3,20 GC-MS s
Ol 13 JT sls I 5l g, opl 4en s [Psillakis et @l.2012] ws eslizal o1 sle €50 53 pmesS 5 5S
5V Sl Las I 18 sl I Sl eslisel HS-LPME 555 53 o8 ol el A sslizul ol saad 56
5B HS-LPME 5 5 b 5l sls 52y 0 kel 0 Loes Jlaisl 0o G ol O ool 25 alais
5 Sy Sligen dlazl OF 5 5003 3525 (6503 Coudsdons 353 0 o3linel HPLC 5 GC (la oo
o 4l 2ol Wl den & 552 e oslizel HS-LPME 5 JT b oS slaws 51 cpl plo il o U1
e D Sl aslinal OISl 5l 035 w85 1) SISKs CA-LPME e 31 03lial a2l anils YL

w\c.};ﬁ.l.ld&ﬂ\bu::})ui\)))‘ﬁ

1Fe) ¥ 6 lads it Sl _;ﬁ"fj&jjy/’ﬁﬂjjj L



\ag Lle Lol -ol mils 3 aabls

CA-HS-INCAT o JS Silad -1+ IS

3 J\:..« g:"ﬁ 5 ealau! b CA-LPME (C

dch;iJ)‘CA'LPME 6‘)” g;t?ﬁ}jjg':‘)‘ oJLL’;.«:\juTJZ}ﬁ .L\.aLA)ii.: c.kms&.}cl.w)\ oaleiul

AT e 35 | Sl b5 4 e s ples LD

oS 3w o L 58 s 5l sl b CA-LPME (5

L B glad mlo 36 ol sals Sen wios olas w5 6l (GP-MSE) (53K alss 2l sl 5 Seo 5,
SLS 5 oS Oleily (I o a8 03l 5 (Lt oAISCie (a3l oS ) sel) (GF-HS-LPME) 58 oL
Ko 53y JSIT 5 PAHS LS 31l 6l 5 4 cr CA o U i 0l i e (0l ol 3 L
bolsee Lol mool s pn glop 5 pmdl S S oy ol 53 0l SO (s (238 15 eslitad 5550 LS sla
AL o b Gy ol Sl W sad et T (51 8 Gl el ol e Bl e m S
oo b gyl 38 ome |y ol s wised 6l GP-MSE o & 1S 5 S ol

238 )5 eslinal syse olAe gl 4sed 53 (APS) b Jss 1S 6,8 o510 sl 5 4 et HPLC-UV

Bloyan 03,5 ¢ 8 5 0355 po b ) pialy Koo o 55 ol

o psle sl o ey 4 TFel oF o ylas o Sl



¥

s )8 5 b ST amslie izl Sl 9 Ko 58 Sl 2 oo

o e Olgan 035 05 5 ol B 05 8 s hB L gl sl 5 S olRaas” e gl s
308 B 5 o ol Kgad 5 has a sdoe olais (pl oDy el Ol L3 (SOl sl sl &S 3L
6 Leas (iasn 5 Geies Jle o> Jsb 3 il o LPME 5 INCAT NTD SPME- sless, aan s
PR CH ISR, S0 PUUNNCH PR P PP IS I WP v PSS S JpC e i PW P
ol ol b L O ¢ sl o5 s Heating/Cooling-Assisted Microextraction Device o(S-...
o3ls il 6 S ssk |, ME (leds, ST 5 ol olSaus ol ol o 1l CHA-ME-2015
wupa b 2l s Sl amm s mle 5 debr sy sla 508 gl LTS 33l e 536 1 Ol
KBy S e ol Ll las )8 51 (S s pladl 50 (65180 2S5 obsS Oles 3 oS Dl
OF plil 4y 3B ol Sos (sldss o5 il o Ol dile 23l o sla (S3las (alisy 8 3131 s

5515 aalsl e o s 8_‘)"‘ Cle gl Clidss Lo

SPME holder
- SPME fiber
)
l —_‘_ _—
S — T
=z ’ o= f o j—
s g e g—g £ = E—'E
Switch _| 8 [— -
= = —
]
- Temperature sensor Heat sink

Element

Temperature sensor

-

P

Switch

12|00

Al Block

Heater stirrer

.QL‘}QA QJJS r;}‘)b;:ﬂbc‘fdﬂbﬁf (;.3}23 AK:.—!:JS«S:SLQJ—\\ JS-:J
(VA-SPME) 35 U st <y g5 SB35 (sLiab ol 56 ] il 5 S

d@,g/@tsydwj@uydwmﬁQﬁqui@jsu;t,,;&ugupéwySPMEd)t;ﬁ‘uﬁ;
Jyeme sk A3l o SBs5 (gliad @ 4 es 3 ST Uil Cs o oS 3 5o al o DL 5 2i (gl i
534S Sl g g0 S, CR-SPME 55 s S adien (55 ool bl 05 o 0B S 0350 b sl Ol
oo S 5 o Sl el LS 5o 55 e bl el 48 S 13 eslinad 5550 b5 40 el O
G55 45 5 aaimms 3l 1pn i U 5y opl 03 A3l o VASSPME 15l (K ool I (6l el o551

L;‘)JlaﬂLﬁ&@g‘}ﬁdwb)b)eﬁl.ﬁ)@ﬁb)jb@hb—uwwbj‘@lﬁsj c)@f&\f}

VEe ) 6l ccasii Sl o pale sl oo asy 4



fo Lle Lol -ol mils 3 aabls

5l LTS e sy b g5y p Ul Ol LaS ole 65 Lo 5 1en ol 5050 slins 2alS S
S5 sl Ll el w1 el ledle 3 a8 M Lol o sl glgds, b pl bsgd o e dr e b
S e g 5 el pll ot Ll o sl s wle (Gla sl @ 2 sdome 5 axdls (305 62,208

3,03 555 01 3550 5
aw)mﬁts;tagﬁ@uﬁtﬁf@usxsﬁguy,\onj&uj(Brunton) O3l Yooy Jl s
Gobw ged 038 Wlol 5l da Bsy cpl s Lol &l &Idu;,mu”u CbsS Slss glas 5l gols
L0 2D anglie (23,5 ol 4Ra T 5o (ol a3l 5 adod B 1 050 5l ol J5S05e 455 kg
S10LKes 5 (dArrouzes) ;pols Yord s 500 Aol 1y JLid 2als e 30 (g ksl HLas S b (gols
G35 S s S mle 633 3l sy al 53 A5 5a3 AuB HS-SPME (6,8 i gad 15 JLis 2als ot
ol 3 G (PSIAKIS) LSS Y4VY Il 55 135 gad Aol 15 LS 288 3 s 5 A5 eslizul 55 VA-SPME
b (Saeals & W3S ) (6055 e L ol sl s A plnil St Ll s el U sl S
mb sl w5 Gl LVA-HS-SPME 51, 5 oaSSe YO Jle 55 ls e 0l |, HS-SPME
Lo Dl (mle sls e 5110 Gl 48 s 5o VL L 2D s 4 iy opl s S il S
Lee et] 15 8 » os b 50 (1 D Lo o5 gl Al Son s 551 Y10 L s s S 4315
a,gggid,t,uﬂm}_@@;patﬁﬂjmymClﬁwlq}gwg.utzaj‘,;uzbiﬂt,;[zms,aI.
SRl gl BB 055 JLid & gad 5 gl 55 e 3 8 Clo 3 S s o lg 4 gal oS ) 05K s S LS
Sl o 5 S s S Al 1 5LEs 1Al e 36 (5 el LS Lyl s Wlie 3 b e il 2L
O Sl oLad Bl 53 e Gl i 35 e Esl s pl Al s el a3 HLEE eSS ol
L SO S O 5 sl IS pl 1) sl 03 S 0Ll sl ) ol el b 5 0
Sl ses 48 a adl s el gls @ged (gl aS W ged Sl 1 S L edd S 4i gl 585 sy sl
sl o3ls QL (1)) JSC5 53 0T 51 pled &S 55 ol 53 S o G b 1) ety (Sl s ilan 5 3503 5 )08
Gz S By O s 5l bl St s Ol Ol )l 4d) (6) aled s B b S o
A e Vo by S e A ey 5 008 403 SPME 3 G5 6 gt G O das U3 6 5580k
w2 el ot e b DB 0 s dgad BB Ol 4 sk 03 L SPME s e
A o a5 5L BB S 3 0553 5l 5 K55 Al SV i Sl e G B g gl OB
Il VA-HS-SPME (g2 s fate oS g 5 05 4 (Al w22 SO G b 50 B b ol 55
ﬁj;&)\;gw@@\;ﬁgwqyw.sﬁgMJ%;,W,C\,;@(JQ};,\,M@«;F

e SaS a3 0T 5l 33 8 o a3 St a3 B Ll g ol s (gl i gl o g s 1

o psle sl o ey 4 TFel oF o ylas o Sl



\ls

s )8 5 b ST amslie izl Sl 9 Ko 58 Sl 2 oo

aad 5 g edd sl b G e P T G0 [ Y e P P I I 1 gl A dbs s Y g8
s S bl 5l pd e Gy GBS sl p gt 35k I SPME 105 0LL 0 s e saiSTy s S0
5> LT CBlE s A8 e 3 56 1 CIUT sl JpSTse il w g b Sl U5 slad 5 me s
D) ..U,;‘:doﬂ.vJL'éjéL;L.é.é4{4.3}‘,.3)'(@.@Jbu@tibjnjgjajﬁ@bpwﬁygﬁﬁdw
GC- oS> o5 o a0 T (slp ol 5058 o S e o s JulS ] sty S (65 650
Sl oled i sl s e asilis 535 Oste 31y 5 el il CJUT G sss e sl FID
GLH_;LAAJ}AJ&\J{J\;;\):d«Jafzé‘La;ﬂ);omgﬂduwés)b;ﬁ-)VA-SPMEg§:;§3>)j.a)>
IS S0 Il b 03 S IS (3 b 51 als (6 mi sl Sl dalr oS0 5L Sl 2| sl 4 s g5 IS
K303 05 oo LS 5 e, 3 5m 5 S sl 5 Ay (s i gad (5 ahiioe 4 50l 3555 Sl AL O el
o el (gls a1 M o (9l gl (gl e (b s 53 350 35l S A 1 e sl
LS el 53 Kipd e ba SJUT 3, e Sl o3l e 4y 5 axils 3k 63,00 5 S5 Lall
o St sl (Jseme SPME & o 1 ol sl Olokily 5 s 5wl S s G5 05
Oy o sl p g oKius P b asd e g)ls sed Ol S WU S 5 Cowles Auldl a4 e g ols
vno);.;u););u)df@\;,yma;m.,),@aﬁﬁﬁggﬁwmmw\,@u)ML?LM;}‘.;&;\
Zarghami, ] (V) J52) L3505 Aol HS-SPME (5,13 » w505 5 1, JLis J2alS e I O Kan 5 5505
3| HLa3) Calis slaslid 5o 5 b 5 s S 5 SIHS-SPME (6 ls s 4 505 &S 5 5 ol 4 [2016
S B slab [Lid 2alS b oS sls QLS )l S 38 513 s 3spe Gl F 50 0
3,03 352 s VA-SPME (iS5 555055 (5158 (goled oSOl sl A ala> e il by oo 5l 331 ) 5
J&;u)\dﬁJ&gt},;.J;j),ts‘g@u6u«;rgdtﬂm};¢uLugi,“,\.:dsﬂéuws
aaios 4 el 39,5 Sl Al O (ol K0 5580 Sl L Os S B 5l sls (6 i sy Coeal el
(e 33 23305 3505 Ko s e |y o (o 4505 055 o L5 210 35 st sl 1 dny (6l wged s
e a5 axdls (6305 63,00 5 SESS Ll 5 el sl @ sed 5 S (6l aged sl ekd b
Lo s oM e 3 4 S s Ll Sl gl aots s pl 3 s e bs LT oy s Esl gl

w\ ol ‘Uﬁb\ \ J}J}- L Q‘w‘) J.LL.A

TFe) P et oot Sl o pale sl s Jtags &t



\°V -\3}3\3‘9 L.bﬁlﬁ 'cb,u‘bﬁ Mbb

S ead g U sliad el 56 gl il 5 Soe at p 5a90) sk

Jle adllas ¢ 5

lad 5l zlpal LS amlis 5 bl tals L Ll s o HS-SPME i

il ‘_QL&‘)L.:J BL dB}s

Yoy Sl s mle sl @sas sl b Li> Vac-HS-SPME 6 S wnn 5 -F
HS-SPME jLes Sely ol 6l 6555 Je

Y0 3 e G b b el 5O o (sl gl we 53 anlllae ol —F

ol (6la & gad (6l Dt (655 andllas i 4 gas 5 pi 5 Dt Jles

Yog 5 bl sla 650 1y elis VARHS-SPME i3l 5le g 5 <l o1k —A

.GLa

ol gl 903 gl VA-HS-SPME (5,15 3 4 905 gl (s ok (1 ,b 150 —VY s

‘;’/’J"j‘bu‘ijj"fj"ﬂjﬁé’f@ ’f":ro‘JL«»j‘M’JLﬂ



A

s )8 5 b ST amslie izl Sl 9 Ko 58 Sl 2 oo

L e el 5 S50 50) 33 8 o0 SEF 5 aned L s S5) ol S cpl 4 B
3 5 e By o geatie b 0550 K503 =Y LGl bl U155 S 50 S 050 e L LS (S
YL U3 o pasn poal b s = 3 1S e 5l 3OS S 50l Loy oy SO & e Y 33 o ¢S O
g0 S5k 4 Dy 48) T 5 S 13 D o 5a3 B st e Sl T e el B s
5,50 SPME S8 8 B (VU 55 0l aend p st Go b 310 3,8 513 B 55 (slad 53 535 sy Godemnr
b 5SSl sl s edd ol g Sl b —F L pd Ol LSk CT b LS ol SBgs glas s
Gla wsed Sl okd b e 55 e sla Cuse 51 [Yiantzi, 2014] 555 s G ) e oS
G132 4 ges §lp ool s ) VA-HS-SPME e =V 13503 LS 5 3510 4 Ol e el
& yoi abaies 51 1 pa adss Y .J)lJJbLge-)bd@.Li.c@jJJQL&B’\L|LT,¢k}w\Jab-J&JJLAL§(ﬁS&>’CA
o 1 ST 53 i 658 el 5 03 500 eadss 5 (620001 ,5 VAHS-SPME ol 3 J b s 6,8
HS- © s 2l sl S (258l 5 155 S 350 Eatl (3 2 @ 500 alaies 0553 JLid 2aS-Y 1S
HS-SPME 51 i Jbes Joa) (pl b b by sl 15 Ul Jlais =¥ 55 5 s Jsens SPME
L olsp wied Oloy 503 Vb bl 1) Sl 5 | Sl o330 VA-HS-SPME i) -0 .l Jsans
ot Sl 5 O3S ol Sl & gad Sl oMl (0l =P 358 0 S A ST S5 Sl oMy LS e ol S
OF 35008 5 o35 a3a oS 5 osle sl ods =1 b VA-HS-SPME oo v 55l 05Kl 5 03 50 il
Sled il oo 1yl (g0 sshy O 5 OWLS dde (S 3 513 DS 5 LT S e ol A el 0L

el 0 03l DL VY IS 55 B, o]

1Fe) ¥ 6 lads it Sl _;ﬁ"fj&jjy/’ﬁﬂjjj L



f4 Lle Lol -ol mils 3 aabls

el b 4 gad gl p VA-HS-SPME (5,15 5 4 gai oKy o2l K3V K2

ple sl S8 gl S5 (5,05 (A

Sl s Dl 45 35 ol b Bl e bl 6 5L 5 o0 (5L a5 pmd) S e s 53 20 53
..,\JJa s 5 Jgep 3l b oo gl ol C\P::.w\ CJUT Slade Al azils S5y dalad 4 Odewy gl 26

KeKgVsV s o
KeKgVs+KgVg+Vs

CPVy = ©)

g_,gfpchMbyﬁwﬁjé)gjbum‘fuéuv»ijl{g LI/S c(@ébi)o&ﬁd}@}\w C;
Al o B sl 5 b R e Ul s s K 5 (658 56 5 6 T 58

K, =C/C *)
Kf =C7/Cy V)
Bl o 38 B b iged s VT ol clile L5 0 G 5 G G0

<! A.L;-JA.L}J...JJﬁ S slyls ngl.émw;ii): HS-SPME u’;j)..a)l.'\f{;\HS-SPME S5 5 4 gl
Ghiasvand] [Groenewold et al., 2011]., 552 o408 L s @ﬂ#x{u&“@l}jﬁ las s e

o psle sl o ey 4 TFel oF o ylas o Sl



s )8 5 b ST amslie izl Sl 9 Ko 58 Sl 2 oo

oy oS el e SUgh glad w4 sl 3l CIUT s s aes LS 5 6l [2020, 2018, et al.

sl

sl Lok b mle 56 s ke i 5 ool ol s (2S1s G ol 51 T Gla aipd o s S sk

1) ol 63l
C, = Cie ¥t )

k :T CY)
T o ey 5 by Grob Sl Ol sl S50 BT s e o 43150

dCg
Vo o= K A(C=G) )

sl o o K 5 638 36 /8 500 o o Cmloe A g /O 20 a3 cJUT clale (C dsles ol o
5 (HEK) o a1 (A=) sl (V=) Wslae IS0 A5k oo (538 51 /e gad S 2ie mlaws 55 S o
33 655 sl eslinal L &S W g SLuS sl (limonene) - s 5 (Maki) sb Laae 5 (Slaughter) s
S8 S50 ks 53w sle Canslis Sl e JUasl IS caeslie sl 23 L 5 50 ki b illas L S 5 WL

15 g o 5 sl s 4 1 K] U...i,a@gh—jlfg}&l,\i Q)jl?&ﬁ)-;(@lﬁ)

-1
1 1
KL— k_L+KHkg] \Y)

S S Sl s sy s ) Al o s CB K 5 mle 5 58 Gl e Uil o o kg Sk
Ky s a0 ates ol slpe o5 Cas a5 03ls OLES @w,uuﬁ)&{o,\,’ﬁqy oo 3l g0
iF e Sekipd Jo bl ps d xS 538 51 oS 5 L 3 56 (e 56 55 o Uil Cuslie L Lls
b VL JusT5e 055 L sle 655 Wl o 53 35 o men L OF Sl LIS B sdas sk il s
chle Cons b anils OF 3 WS CI ol S (Lls il (8 kel gl b 4 45 5 5l b
Ll o w55 )l S oS Sl LS s Lol S (pn /0] 55 p0) STz 5o
Ol s e JISG o JUESH anglie 515U S ge s G S 258 Ol s Dok s 050 il Ol s

JﬁliKHLﬁjLg\fjcwu\4:;.@_,C_La)l.e):er-JLE.:.JJ.,\JJJ;&L,;\u;ﬁﬁngiaxﬁyd‘%KH gg.:d‘f

TFe) P et oot Sl o pale sl s Jtags &t



o Lle Lol -ol mils 3 aabls

S5 Sl ol S ane (38 5 53 g5 (slab s wiged 3l o QUi ol s sl T sls 05 I
uwmkg fﬁd@;‘%ﬁQHJ‘V.@J)J]A)@)@lﬂ)bffdu‘b\ujw‘MLM\bbﬂKH )Uﬁ.«;g.i

Ll

k, « DI ()

AL e S L L clite o Se 5k Dy s sl a5 L

1.75 T .1
0.001=T i +Mc

D, = L Ov)
T PV v |

SN es 5508 Jpe omem Ve s Vair 5 IS5 5108 JsS0se 035 w5 & Me s Mg Gl sles T
GRS e IS L5 e 5 LB sk mle 650 3505 31 S (1 a5 e Sl 1ga o Ll e
w53 5 e oo Gl Dyt IS L5 a8 48 00 8 4 Ol 5 o calalrs cpl el 5Ll g
aglis o p e JUEl g ol IS G151l ol Ky oolin L 0liS 5 sl 05 o Ko Sal30 sy
536 15 aad SUS 5 6l e 5 (KL = KK /RT)s 55 0 DS 5 0l sl e o0l (5 el LIS
S5 slad JLis [ials pd o 58 (538 50 gz JUasl a5 OF 55 (slab okt L5 56 51 s O
Ll s HS-SPME (gl dl> o i 2T 3 Jsb 3 a8 s ls cIVs Lesl opl 35 8 o ol Co o (il il 0 e
Slr ol s 258 JB g glad 53 CIUT Clale 2alS 4 gad el O im0 e L sl hals Lis
HS-SPME (ol s s 0aiiS cpons a0 SB35 (5Las 0 4 ga5 S o Uil oS ol Ky slis L LS 5
[Beiranvand et [Ghiasvand et al., 2018] 5,5 o 55, e e 4l 2als [lid Ll b cos ol

[Piao et al., 2011], [2020, al.

Lol (sls @ 503 (51 M (5,55 (o

St s S il o 5 e oSl b i o el oS 5l 53 65 31 Ul i S e JS b
S 1 A3l o mle sls ped 5l S Sl b CUT pliond S el (sla 550 3 5 ol ol sy
e OF Jodsune e s ST 5 s 355 e 555 ST 0¥ S gl oS5l D3 oS 350 0 0
LT Sty £5  m 5 1p0s el (gla wigad 53 oSG 5l LT 1S oy (S Sr col 0l e
S35 S 5 0T b HLad ey (Ko dol 503 51 IS 5 Gl b bl sl e osline (oS 5l
S b (Jlsle (O Gl ) dolr Sl past o Sl a el (5 (S (35 s o e
e gt s 058 b ol s S ) DS S plard Sleopas (alr slpe 358 5 il gl

.J)\b (La} J‘.«.’La) j-)b- .la_i\J.Jl 9 (u\a‘l}

o psle sl o ey 4 TFel oF o ylas o Sl



oy

s )8 5 b ST amslie izl Sl 9 Ko 58 Sl 2 oo

dolor pehans 51 JT LS 5 s HLa8 Kaly (2

.u,;u@L;thgmu“@uﬁ.x;w\;m”;gmzcjwijl&gwjéuqm
bl L3 el (anmlS 53 ) Jge sl JLi3 (Y aw Ols 51 L CJUT 08 1 e e (V23,5 0 o il B
DLl OBy a8 U5 Se AL byl 53 S sen b5 35k L el mlan 4 LT S e (7 ol 0
Sl Ul S oK 6l ke la A ey O S S e 50 Sdes
Gyes 53 b ST S o 5 s gl Ghen 5 (JBIMTY) 6 o b5 Jibo O ol 4Bl amen 5 ol 4 50
,\,,L?;LutiJu)><d;@jdj1>u‘omf@g&)@uuggu}‘dmd\ﬁ.ucpsudu
(booed S sy (el Sl s I gl Jshome b a5 mlo LAl Gl Sl o 5 08 - (gl 5 005 513
d»oguﬂjuj@us,utwo\j&ysw\(h) auycwm;:j(h))uqﬂx&w

235 daly (VF-)) doles b (FAKE) s 056 b b Jla s

Jo = —ecDE" j0z 9)

I35 Ol Al (gl el 5 (St g Ol €6 5 1sm 0> S 5 JpSse 358 oy o DGl
sle Lis 5 (8 Us bglss gl 3580 s il o bl S Sl s 8 s J S0 gs 3588 5 Uk
JS L UDET i was o 0LiS s Jie ol aes 53 33 e 035 (e siliies sla Joe Sl eslizal b ol

133 g 0313 L 5 &y gemy Kol S— lim— S Talaly b Saoly cpl ajls o sSae alal

0.001+7175 |1 4 1

Dair _ Mgir Mc
G

P|Evan v V|

(\0)

IS5 s s o Ve 5 Vair 5 IS5 51 IS5 035 o5 4 Mo 5 Myir (Gl glos T
43_}‘,.'..)\;4“1).'9)'\L}?fad)bﬁaj_,ajA.E.bu)'l\).aa4.:l>'u"Lg&:mébu&):ASJA;@QW(\G—\)AJ;&».ML@
L Al RIS e S L e 5 B sk s Al e Rl el e 53 b SUT Sy LS (s
S 3l 3 a1 DET e IS SLE 2l oS 23 8 et 015 e cslas ol el

AL o+ 25 HS-SPME 1 e
S /ol bgses 31 JTolS 5 s jlis Sawaly (o

Sl HS-SPME s osl 25, 5 T 03,5 6l Il Olsimy el oS5k 4 oS -3l 035331 S sha

D TS 5 5 ol Gl JsSge o5 des o il 3311 &g ol 351 CIUT (g5lo bay (g Kair sk oS

2 Fuller-Schettler-Giddings

1Fe) ¥ 6 lads it Sl _;ﬁ"fj&jjy/’ﬁﬂjjj L



ov Lle Lol -ol mils 3 aabls

b ol gl O ls JsS0ss 53,8 o g b S5l Jle sls ol 05 5 Jldl (gl (G
D ol /S bglsne 53 33 8 by agad SB 55 sl 53 ol s BT 55 o el 5 aB 51, S0 5
35 5 Skl cJBT Gl Sl 5 (J2) 5655 slas oo 0 BT Lo Lo (J1) o i gy Coanw 40 LT
o o dmea s by O s oS jub o Sl 3 A b e 58 3,8 el 8 6 o (J) T 5L o
3 s 5l SIUT sla JpS35e HS-SPME b 55 3,8 o &ppe SB35 slas &0 LT s L2
s o Ll el 638 56w O e CJUT sl Lo s (638 56w 55 5 s oo ud ol (38 S0
S5l 31 BT Cdrly (g i 53 5335 o daled Sl 51 Gl il 4 e O s a5 LB 2alS
S 53 A3 a0 diS el e OF 51 CIUT s 18 aed OS5 sl S e e T S
Lo @uju@mz;\u;,,;ui Claly Cs e S bl DTS I JE Y LT Gl
Sldelr U5 (6 eadl JLEE o (GLid 2al) Dt lasl b ax il o JU s lad J5 )Lad 5l i
S Sator 3k 4GB sl s oS bl 5l Al DLy CIUT Sy 51 ghome 05 S Lsl (s
VA-HS-SPME Uk )3 Cs e 0iS 5 500me al> o S 51 CIUT Clirly clbl o o e 5D Lol L5 s

[Beiranvand et al., 2020], [Brunton et al., 2001]. ail o oIS b s s

S5 wom

cg.,.LC«J;.o.hMJ;‘w;)\f.é&f))}A)lnnwculwu‘@y\m)cﬁ.ﬁjwé‘f]w}WLQLAJ)A?)‘oJLM\
CMJ‘LSL@J:})@‘QM}JV}J))}AV{JQBM}A)\JQC\f:iw\j&ék@.ﬂj)@);ﬁjcw|o)j)ﬂ‘
w5 5 pm Sl Oy Lo 1l e Ll s 5 D L il S el S gl 5 S 0
6@})&?)6}%@}&&&@‘ sl e.,\.ifll..ﬁ&:ngjjh w‘)‘ L;"ﬁ\ﬁ LSLA &Aﬁﬁ}.}q‘ &5}?)()5
ijL>- °"\Z‘>»:‘3'-’; 6LA 4.:)»..: af‘JJLTASJJLNL;c)JG \)()L&.&;ﬂjaé‘h u,:...ib.e\ 6}\{.«‘2;;)‘)144 b C\JM‘jjgcﬁ
é“)fl}u‘ 4.’),4)46)&7«4.} wjiasbjclj)sdlﬁ)).ﬁ ‘VSJL:W.! L{‘Jhb&\&j‘;‘})b cg}h.‘:m—cm...;) GL&
A3l o Ol e Lile Yl Cno (sla (Solan Slias Sl ol 31 s Lol s () L gl 0

yls “""‘Wiﬁ‘ Jf.p ﬁ\y\ Cole gl olides Ao of rl;_;?lyﬁlé o J-<i> sledgy S
23 ged oslal 53 lse 4 Ol e ave cpl 5 Sbslglly
o:L&;..:l;(;)b— w) \}A@;JW)\ oslaul Qj.l.a S 6‘.&&...:..«: &;}Lﬂj‘-;ej&“ u.pj..,v-)b alas —)

o 4o (sl ol 400 sla S5 S

o psle sl o ey 4 TFel oF o ylas o Sl



0¥

s )8 5 b ST amslie izl Sl 9 Ko 58 Sl 2 oo

g,szjuﬂpaggﬁjswouwjmm\)él@%duwgﬂ&Wﬁwuﬂ-r
Lile s 4 gad planad 5o 2 (S5 0 S (U sl S0 pl Al 5 Sen ns gle ps 4l Y

SPME 5, 55 eslital 5550 gla bl ctlu gl 55U g5k 51 eslixad

@L:.a

M.F Alpendurada, (2000). Solid-phase microextraction: A promising technique for sample preparation in
environmental analysis, J. Chromatogr. A, 889, pp. 3-14.

J. Pawliszyn, (2002). Sampling and sample preparation for field and laboratory: fundamentals and new
directions in sample preparation. Elsevier, Amsterdam,.

O. Kriger, G. Christoph, U. Kalbe, W. Berger, (2011). Comparison of stir-bar sorptive extraction (SBSE)
and liquid—liquid extraction (LLE) for the analysis of polycyclic aromatic hydrocarbons (PAHS) in complex
aqueous matrices, Talanta, 85, pp. 1428-1434.

M. A. Jeannot, F. F. Cantwell, (1996). Solvent microextraction into a single drop, Anal. Chem., 68, 2236-
2240.
J. Pawliszyn, (2000). Theory of solid-phase microextraction, J. Chromatogr. Sci., 38, pp. 270-278.

H. Bagheri, A. Aghakhani, M. Baghernejad, A. Akbarinejad, (2012). Novel polyamide-based nanofibers
prepared by electrospinning technique for headspace solid-phase microextraction of phenol and
chlorophenols from environmental samples, Anal. Chim. Acta, 716, pp. 34-39.

J.A Koziel, M. Odziemkowski, J. Pawliszyn, (2001). Sampling and analysis of airborne particulate matter
and aerosols using in-needle trap and SPME fiber devices, Anal. Chem., 73, pp. 47-54.

A.R. Ghiasvand, S. Hajipour, N. Heidari, (2016). Cooling-assisted microextraction:comparison of
techniques and applications, Trends Anal. Chem., 77, pp. 54-65.

Z. Zhang, J. Pawliszyn, (1995). Quantitative extraction using an internally cooled solid phase
microextraction device, Anal. Chem., 67, pp. 34-43.

S.H. Haddadi, J. Pawliszyn, (2009). Cold fiber solid-phase microextraction device based on thermoelectric
cooling of metal fiber, J. Chromatogr. A, 1216, pp. 2783-2788.

Y.-C. Huang, Y.-S. Su, S. Muniraj, W. Zhang, J.-F. Jen, (2007). New cloud vapor zone (CVZ) coupled
headspace solid-phase microextraction technique, Anal. Bioanal. Chem., 388, pp. 377-388.

A.R. Ghiasvand, F. Yazdankhah, S. Hajipour, (2016). Use of volatile organic solvents inheadspace liquid-
phase microextraction by direct cooling of the organic dropusing a simple cooling capsule, J. Sep. Sci., 39,
pp. 3011-3018.

M. Safdarian, P. Hashemi, M. Naderlou, (2012). In-line cold column trapping of organic phase in dispersive
liquid—liquid microextraction: Enrichment and determination of curcumin in human serum, J. Chromatogr.
A, pp.1244, 14-19.

VE) o 5 las e Lo o pale sl oo asy 4



00 Lle Lol -ol mils 3 aabls

E. Psillakis, A. Mousouraki, E. Yiantzi, N. Kalogerakis, (2012). Effect of Henry's law constant and
operating parameters on vacuum-assisted headspace solid phase microextraction, J. Chromatogr. A, 1244,
pp. 55-60.

C. Lee, Y. Lee, J.-G. Lee, A.J. Buglass, (2015). Development of a reduced pressure headspace solid-phase
microextraction-gas chromatography/mass spectrometric (rpHSSPME-GC/MS) method and application to
aroma analysis, Anal. Method, 7, pp.6504-6513.

F. Zarghami, 2016. M. Sc. Thesis, Vacuum assisted extraction coupled with solid phase microextraction
using fibers coated with nano particles for analysis of organic compounds, Thesis for the degree of Master
of Science in Chemistry, Department of Science, Lorestan University,

E. Yiantzi, (2014). Ph. D. Thesis, Microextraction under vacuum conditions, Technical University of Crete,.

G.S. Groenewold, J.R. Scott, C. Rae, (2011). Recovery of phosphonate surface contaminants from glass
using a simple vacuum extractor with a solid-phase microextraction fiber, Anal. Chim. Acta, 697, pp. 38-
47.

X. Piao, J. Bi, C. Yang, X. Wang, J. Wang, D. Li, (2011). Automatic heating and cooling system in a gas
purge microsyringe extraction, Talanta, 86, pp.142-147.

N. Brunton, D. Cronin, F. Monahan, (2001). The effects of temperature and pressure on the performance
of Carboxen/PDMS fibres during solid phase microextraction (SPME) of headspace volatiles from cooked
and raw turkey breast, Flav. Frag. J, 16, pp. 294-302.

M, Beiranvand, AR. Ghiasvand. (2020). An ultrasound-assisted pressure-regulated solid-phase
microextraction setup for fast and sensitive analysis of volatile pollutants in contaminated soil.
Environmental Science and Pollution Research 27.29, pp. 36306-36315.

Ghiasvand, Alireza, Farzaneh Zarghami, Mohammad Beiranvand, (2018). "Ultrasensitive direct
determination of BTEX in polluted soils using a simple and novel pressure-controlled solid-phase
microextraction setup.” Journal of the Iranian Chemical Society 15.5, pp. 1051-1059.

AR.Ghiasvand, Alireza, F. Yazdankhah, B. Paull. (2020). Heating-, cooling-and vacuum-assisted solid-
phase microextraction (HCV-SPME) for efficient sampling of environmental pollutants in complex
matrices. Chromatographia 83.4, pp. 531-540.

M, Beiranvand, AR. Ghiasvand, (2020). "Design and optimization of the VA-TV-SPME method for
ultrasensitive determination of the PAHSs in polluted water." Talanta 212,120809.

AR. Ghiasvand, F. Zarghami, M. Beiranvand. (2018). Ultrasensitive direct determination of BTEX in
polluted soils using a simple and novel pressure-controlled solid-phase microextraction setup. Journal of
the Iranian Chemical Society 15.5, pp. 1051-1059.

o psle sl o ey 4 TFel oF o ylas o Sl



