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Abstract 

Rapid determination of trace toxic metals using on-line preconcentration: 
The sorption properties of the chemically modified silica gel having amidoxime and 
benzothiazolyl moieties towards trivalent and hexavalent chromium were studied. The 
determination of chromium was carried out on flame atomic absorption spectrometry 
(F AAS). Cr(lll) sorption on Si-Benzothiazole and Cr(VI) sorption on Si-Amidoxime 
were quantitative within the pH ranges 4.0-7.0 and 1.0-7.0, respectively. Adsorption 
behavior of Cr(IlI) and Cr(VI) obeyed Langmuir adsorption model. A simple method for 
the preconcentration and speciation of chromium was developed using dual mini-column 
system (2.79 mm i.d.) packed with 20 mg of Si-Amidoxime and 50 mg of Si
Benzothiazole, respectively. The preconcentration factor of20 was obtained. The method 
detection limits were 2.4 and 2.1 ~g Lot for Cr(lll) and Cr(VI) , respectively. The spiked 
synthetic samples showed high accuracy and precision. The application of this method to 
determine CrOll) and Cr(VI) in drinking water gave high accuracy with % RSD less than 
10(n=6). 

Development of determination method for polycyclic aromatic hydrocarbons 
(PARs) in cooking oil samples: Two sample preparation techniques, low-temperature 
cleanup and sweep co-distillation, which are simple, fast , inexpensive and using small 
amount of organic solvent have been developed for the determination of 16 PAHs in 
refined and used cooking oil samples by high-performance liquid chromatography with 
fluorescence detection (HPLC-FLD). For low-temperature cleanup method, freezing time, 
extraction solvent, number of extraction and SPE cleanup affected the extraction 
efficiency. This method was effectively determined all 16 PAHs. The recoveries were 
45.88 - 118.47%. Limit of detections (LODs) and limit of quantitations (LOQs) were 
0.13 to 3.13 ng/g and 0.25 to 6.25 ng/g, respectively. In sweep co-distillation method, 
distillation temperature and time had an effect on the extraction efficiency. LODs and 
LOQs values were about two times higher than low-temperature cleanup method. Finally, 
both methods were successfully tested for determination of PAHs in reference materials 
of olive oil (RM FAPAS T0631) and real cooking oil samples. 
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m::1J1'U,nT'H.J~~ ~ \I ~1'\.4'VIii\l1)l'ilL~ tmY1)\1 nu nl''l1i~11Lflij ~\I~1)\1 ij nl1ml'il ~1)U LLliI::l Lml::~'Yll\l Lflij 1) riL~:IJ 1)
'II 

Lvi 1)11Kmlull~:IJl ill Lvi1)mufl :lJll~:IJl illLLliI::m\l,fnVl 'VI11JL vi 1) nl1Lt1l1::1\1 nl1ll'U,Lti1)'\.4LLliI::Lvi1)ml:IJlllil1)~.nrJLLri 

~u~tl1f1 LLliI::~\I LL l~~1):IJ ~\l1'U,nl1~11'ill Lml::~~\1 mill'il::~1)\1 ~l:lJl1(1)\l1u<ill mh\l i.~'VIliIl n'VIlill!'J ~l:lJl10 
'II 

1 Lml::~<ill1)ril\l'illm'U,:IJl n i.~1 'U,L llil15'U,11~ L~l LLliI::Ul\lflf\l1)l'il~1)\1 nl1mlU~liIl1'U,'Yi'VI11) LLUU~ 1JLii1)\1 .J\ldL vi 1) 

mru~'U,'\.411K.ff'U,~ 1)'U,nl11i!'JLLliI::~~'U.l~l:lJl10~1 LU'U,nl1i.~1)ril\l11~ L~l Lvi1)~\1~ 1)1'U,m::1J1'U,nl1~~~i.~l1'U,Yi LiJ'U,• 
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'VI11)~1ll'U,Lti1)'U, ~n~1)\l1)li!'JL11f1Uflnl1~11'ill~~1!'JLfI~1)\liJ1).ff'U,~\I [1, 2] ~1lli.(i)~\I~11l\l
'IJ • 

~ '" l~'lu\l3Ju mi3Ji.'tl'l• 
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Spectrometer (ICP-OES)/lnductively Coupled Plasma 

Mass Spectrometer (ICP-MS) 

h'VI::, h'VI::'VI'un , i.1)1)1)'\.4 (~l:lJl101Lml::~'VIliIl!'J"l!it~ 

Vl11):lJn'U, LLliI::ijml:IJi.l~\I)
'II 

UV-Vis I Fluorescence Spectrometry h'VI::, i.1)1) 1)'U" ~118'U,111rJ 

(ijml:IJ'illLVll:: L'ill::'il\l) 

LfI~1)\liJ1)l'1l\l Lfliii.vh~l tlil'VI::, i.1)1)1)'\.4 (ijml:IJ'illLVll::L'ill::'il\l) 

Gas Chromatograph (GC) 
A A f>' , A Q 6"d I 

~111)'\.4111!'J1::L'VI!'J\ll!'J ~111)'U,111!'Jm1::L'VI!'J\ll!'J (LL!'Jn 

~11~~:IJ) 

High Performance Liquid Chromatograph (HPLC) ~118'\.4111rJ, i.1)1)1)'\.4 (LL!'Jn~11~~:IJ) 

<ill1)ril\l'il~\I ~nVluiJru'VI1'l] 1) \I ml:IJ 0 n~1)\I'l]1)\1 nl11Lml::~Lii1) \I 'ill n ~11L'VIl.'hd~nij L:lJl1~n.n~'\.4 ") 1Und'U,'VI11)1) ri1'U, 
~ 'IJ 'IJ 

1::~uml:IJ LojJ:IJ,r'U,~l:lJl n 'il'U,Lfli1)\liJ 1)Ul\l"l!it~~ij<] ~'illn~nl1ml 'ill~i.~~lVl1)'il::i.~~l:lJl10ml'ill~i.~ ~\I@l1)\liinl1 
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Q..<I <V Id dd v 
~n~1LYHHEll ~l'Hfl3J'Yl<11El>lnl'lEl Elmn n<111 Elm>l 

lliil::l~El~~Ell rJ nl11'li>llU'llEl>llfl~El>liJEl lLiil::nl1L~3Jml3Jl'li3J'liUl~ El1i~lm1f:l<111T;)1~liil mfl~El>liJEl, 
~>ln~lllillri nl1~n~ilrJ~111liil::iillrJ (solvent extraction) [3] cloud point extraction [4, 5]lliil::nl1~n~ilmvl~ 

'llEl>lLL-ll>l (solid phase extraction, SPE) [6-8] L1Juiu ~>llJl>lL'YlflUflHniillUlU ~>lliiJnl'l~V1Jmnl1iLml::Vll~tJ 

EllirJnl11Vliil'llEl>l'llEl>lLVIiill (Flow methodologies) L'lilmH113JnlJl'YlflUflnl1""n~l~El1i<11dT;)1~liLh~ru L'llU 

:"1 " .r 1 " AFlow Injection Analysis (FIA) LLiil:: Sequential Injection Analysis (SIA) LuU<11U [9-13] UElmnnUnl1 "lH'YlflUfl 

Ultra-performance Liquid Chromatography (UPLC) rhVl~lJiLml::lK~l13Jiil~~1.h::lJl'Yl""l1~u'Yl-:S6rhtr>ll~lJml3J 

UtJ3J L.a.El>l~l nH~l1LfliiLLiil::niill1Unl1iLfldl::lKUElrJ nilL'YlflUfl HPLC [14] 

L'YlflUfl'Yll>l Lfl iilvlV:h L iJU8 n'Yll>l L~ El nVl rt>l~UtJ3JH L'lluin-~11~1~ilmYll vlvhill L'yn:: (Ion Selective 

Electrode, ISE) [1, 15-16] ~>ll1l1i11~L11 lLiil::iil~iJtyVll'llEl>l matrix 1u""l1iil::iillrJ~lmh>l Ll~hrU~'llEl>lillvl~l~ 

~llYn::~El""l1~~El>lnl1<1111~1~:ihhn~ in- stripping voltammetry [1, 17] ~>lii'liEliEltJ~mRmnj,V\1El~lU1UElUmfl, 
'll El>l""l1~~El>l nl1<1111~1~ii nl1"lfl~ ElU~l'lilmLnl::~illvl~lH>llU1ULL~ iil::flf>lElrJl>ll3.i""Jll~3JEl ,f>lu-1fUEl rJ nlJ 

" 
11.l LllJlJ'll El>l nl11VI iil'll El>l""l1iil:: iill tJ1uiu<11 ElUnl1Lnl::~~ ""l1iltJl vl~l1ULL~ iil::flf>l LiJU~ iil1i'liEl3J iil~liii nl1m::~l tJ 
" " 
~1~>I lliil::~>I~iil~ El reproducibility 'll El.;jin-nl1iLml::lK ~Elm~.;jiinl11.l1::rJ n<111'linl1<1111~1~'Yll.;jlvl~lLflii113J nlJ" , 
L'YlflUflilml::lK~EllirJ nl11Vl m ~ El1i nl1iLml::lKl1lM",,::m n 11~ L11 LLiil::LL3.iU£h-1fu [17] 'Iim~U~~lf1ty'llEl>lln-

'Il11~1~'Yll>llvl~llflii~El Ell.lmru~1'liiiml3J'YlU'YllU 1lfll13.i~.;j LLiil::""lm1f:lEl ElnLllJlJ 1 iLiJuLfl~El.;jiJmLlJlJ~ n~l , " 

nl1<1111~1~~EllitJ m1Ly;Unl1L1.l~ rJUti~l tJ<11l Ll.l ~l'll El>l ~l1lflii L 'lfUL 'lfElf (chemosensor) Ld mn~l.l~n1m 

Lf1iinlJ~1~~El>l m1<1111~1~liJU8 nVl.a..;j'Yll>ll~Eln~lVl~lJm1i Lml::,{~11~ L11 l 'llu nl'l<1111~1~hVl::Vlun [20-21] 

LLiil::~l11.l1::nEllJ LLElhm~n [22] in-d1i~lJml3J~uhLLiil::~V1JUl El rJl>l~ ElL.a.El>l1U'lll>lVliillrJtJ~ ~,hum L.a.El>l~l miJu 

l~l3.i~El>lHlf1~El.;jiJElilml::,{ 1i~iil'Yl'll~EllJdl~L11 LL~ii'liEl'hn'll~El1i'll '~'hn'll~l""~'llEl.;jnl1<1111~1'll"".;j 13.i~m1f:l , " 
~11~1~~l11 U 1::~lJml3JL'li3J'liu~l ') li LLiil::~l1Lf1iil6J!UL'lfElfii1m>l""~l>l'lllJ'liElU i>lLml::Vll~mn UElml nUv>I'\.b 

m::lJlUm1""n~ Lwn ~liJu~iill~~lnm1~V1Jmin-iLml::lKm1.l1::rJn'll1,num::lJlum11h1T~Jl lYlElrJm::~lJ, 
f1rnm~Jll~'1iniltJ, 

<1111~1'll ""l1lfli1LllJlJi~iill11 rhVl~lJ1-nluiEl>ll.l~lJ~m'.i"lLml::,{ 

2. ~V1JUl-n~<1111~ ""EllJ~EllirJ nl1Ly;um1ll.l~ rJUti~l rJ<11lLl.l ~l, 
3. ~V1JmEll.lmru<1111~1'll""l1Lf1iimfl""mmLlJlJ~n~l, 
4. ~~m~1~~'lllJ1,~lVl~lJm1nl~'Il""l11.lUltiElu1uJl

" 
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.cl 
lJ'Yl'Yl 2 

1.1 n1 ';11' F/';I1::'jI/1a'jl/::iJfi!frfih::~uci11urPl'Jeuh" DU1" ';I'J!PI' ~'J;'Ju1En1 ';I' ;i/lJF/ 'J1/lJ'V/lJvU'21 D"if1 ';IUUU 

DDu7au .... 
1 ) nTH<il~rJ:lJ:a~mb,;)fl'nb"lHJ:lJGi1l~lrJ amidoxime (Si-Amidoxime) bbfl:: benzothiazolyl (Si-Benzothiazole) 

nTH~','J bm1::~:a~mb,;)fl~b;1l:lJGi 1l~lrJ amidoxime (Si-Amidoxime) : m,,u·mmld"l1l,'Jru:a~mb,;)fl1.J1m ru 

25 nr:lJh toluene 250 iJfl~~m ufl::'hh1n'151u"lJl<ilnUnfl:lJ~€l,'Jf)1l~1lru'VIlliJ1.Jd::mru 90-100 1l,'Jl'Ilb'15flbtnrJ~ 
, 	 'U 

lllrJlI'lUddrJlmf'lhl<ildb';)u 'VI~,'J,;)lmfu 1 ,Tl1:lJ,'J b@l:lJ 3-aminopropyltri-ethoxysilane bbfl::~~~n.n~1l~n 24 il1:lJ,'J 

m1l,'JbWmJ~<il.nru'l'f"lJ1l,'Ju-iJ,'J (AP-Si02 ) bbfl::~l,'J~lrJ dichloromethane ,;)lmrmb AP-Si02 :lJ1~~~n.nGi1lh 

toluene mmru 150 iJfl~~m ~1lru'VIlliJ1.Jd::m ru 90-100 1l,'Jf'l1 b'15i:HtnrJ~ dJUbdfl1 1 ,Tl1:lJ,'J b@l:lJ methylcyano 
, 	 'U 

~l,'J"lJ1l,'Ju-iJ,'J~l~ (CA-Si02) ~lV ethanolbbfl:: dichloromethane <il1:lJGh~u .ffuGi1lmf..J~:lJ CA-Si02 fl,'J1U~ldfl::fl1rJ 

f..J~:lJ"lJ1l,'J ethanol bbfl::~ldfl::fl1rJ hydroxylamine (H2NOH.HCI 4 .6 nr:lJ f..J~:lJrlU NaOH 2.7 nr:lJ hti'lnk'U 75 

1Jfl~~<ild Ufl::1.Jru pH lidJ'U 7 ~lrJm<ill.,l<ildf)fl1ln~m"ll:lJ"ll'U) YhmTI~tn.n~1lru'VIlliJ 78 1l,'Jf'l1L'15flLtnrJ~ lllrJl~ 
, 	 'U 

UddrJ1mf'll'Ul<ildL,;)'U L;J'ULlfl1 24 ,Tl1:lJ,'J m1l,'JLbfl::t1,'J~ld1l,'Jru~1~~lrJti'lnk'U ethanol LLfl:: dichloromethane 

<il1:lJ~1~U ';)::l~~ld1l,'Jru:a~m~ijmjw,'Jni'UdJ'U'VIll1l::iJ<il€lntn:lJ (Si-Amidoxime)
'U 'U 

"'" G'.co.A .d. d I 'l-I 

md~,'J L~dl::'VI'15flmL,;)fl'Yl L"l51l:lJ<il1l<ill rJ benzothiazolyl (Si-Benzothiazole) 

benzothaiazolyl acetate l<ilrJ,T,'J ethylcyanoacetate 'VI'un 6.00 nr:lJ l~l'U"lJl<iln'Unfl:lJ"lJm<il 250 mL LLfl::L@l:lJ 2

aminothiophenol mrn 6.63 nr:lJ f..J~:lJliL"lllrl'ULbfl::'\-bl1.Jlim1:lJf1l'Uu'U~1,'Jti'1~'U:a~1~'U~1lrulliJ 120 1l,'Jf11 
, 'U 

b'15flLtnrJti b;J'ULdfl1 2 ,Tl1:lJ,'J lllrJhiUddrJ1mf1untihl<ildb';)'U f..J~<il.nru<yj'~l~ij~m~ru::L;J'Uti'l~'U~L'VI~1l,'Jlti ,;)lmr'U 

'ih AP-Si02 25 nr:lJ :lJl~~~n.nGi1l1'U toluene m:lJlru 150 iJfl~~<ild ~1lru'VIlliJ1.Jd::mru 90-100 1l,'Jl'Ilb'15flbtnrJ~ 
, 	 'U 

L;J'Ubdfl1 1 il1:lJ,'J L~:lJ ethyl 2-benzothaiazolylacetate 1 nrlJ Ufl::~~~n.n~1lru'VIlliJL~rJ1rl'UlllrJl~UddrJ1mf1 
, 	 'U 

hl<ildL,;)'UL;J'ULdfl1 24 ,Tl1:lJ,'J m1l,'JLLfl::t1,'J"lJ1l,'Ju1i,'J~1~ (Si-Benzothiazole) 

2) 	 mdtirl<il Cr(lll) LLfl:: Cr(VI) ~lrJ Si-Amidoxime Lbfl:: Si-Benzothiazole lm::uuLLu'Yli 

,T,'JLy.j~1l,'Ju1i,'Jti'l'VIunln~L~rJ,'J 20 'VI~1l 50 mg 1~'VIfl1l<il'Yl<ilfl1l,'J"lJ'U1<ilL~mhuf1'UrJnfl1,'J 13 mm L<il:lJ 
'U 

~ldfl::fl1rJ Cr(lll) L"ll:lJ"ll'U 5.0 mg/L (~dfl::fl1rJ Cr(Vl) L"ll:lJ"ll'U 8.0 mg/L) mm<ild 5.00 mL ~ pH m:lJ~1l,'Jmd ~'U 
I 	 I..... 

~dfl::fl1 rJ~l m~~1l,'J~'ULL1lL'VI~n (magnetic stirrer) ~1m lfl1-nL 'VI:lJl::~:lJ -n1l ru'VIlliJi1l,'J UrJni'Uff1dfl:: fl1 rJ rlU 
, 	 'U 

"lJ1l,'JLbojj,'J~lm~~1l,'J'VI:lJ'UL'VI~rJ,'J~ 3500 rpm L;JULdfl1 5 m-n Lnu.ff'U~ldfl::fl1mlil1llbl1.J<ildl';)l<ilmm rulfl'VI::'VI~,'J, 
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3) 	 nT.l~n~ Cr(lll) LL~:: Cr(VI) <illt1 Si-Amidoxime LL~:: Si-Benzothiazole 1'U.J::tJtJfH)~:lJU 

'\.1.1fl1J~:lJU'lJ'U.1~Li'U.t,h'U.~'U.tJn~1-Jth:::lJ1 ru 2 .8 mm ~tJJJ~<illmyj ~'lJ 1J\lLL-Ti,:",hWtrmL'I-i'U.1J'U.~1:lJm1:lJ 
~ , 

L'VI:lJ1::~:lJ:lJ1t-i1'U.~lJ~::~ntl Cr(lll) 'VI11J Cr(VI) ~ pH ~<ila\lmJ 1~t1ii5<llJ1mJ1'VI~ (flow rate) 'lJ1J~mJ~::~1t1t-i1'U. 

fl1J~:lJU<lll:lJ<il1J~mJ~~mtJfl:lJl'i1t1 peristaltic pump ~1Jru'VIllil'i1J~, 	 , ~ 

nlJ"ll'::L1J1J1J'U.h'VI::~[)n'il'il'J5tJ1'U.fl1J~:lJUYhL'ill~tlt-i1'U.mJ~::~n tI~l"ll'::~L'VI:lJ1::~:lJm:lJ1<llJ 5.00 mL l'i1t1ii 
~ ~ 

5<llJ1nlJL'VI ~~L'VI:lJ1::~:lJ L'lhu~ rn n'U. 

'\.1.1 mJ~::~l t1L1J 1Jm" 1 ~'VI ::~t-i1m1nfl1J ~:lJULL~:: mJ~:: ~1 t1~"ll'::L<il LtJ <llJl~1~m:lJ1 ru<ill tI L 'YlflUfl F AAS 

1~ tI~f1\1m1yj:lJ1<llJ~1'U.L'll'U.L~t11ntJnlJ~n'il1m::tJtJ LLtJ'Yl'lf.. 

4) 	 nlJ~mn speciation analysis LL~::mJ<llJl~~1JtJm1:lJ1i'l<il'lJ1J~lTI 

~mnmJ1Lm1::'j.htJLLtJtJ'Yl1~Lflii (speciation analysis) l'i1t1nlJ'Yl1 dual mini-columns 
'II 

mJ"::~lt1l:.j~m::'VIi1\1 Cr(lll) LL,,:: Cr(VI) ~~JtJ~ 1 1l1t11~1l11::nlJ'Yl~"1J~<il~<lllJ1~~ 
'II 

Si-Amidoxime ) -C) Si-Benzothiazole )Sample -C) 
~ Elution 	 ~ Elution 

FAAS 	 FAAS 

..'JtJr1 1 dual mini-columns LV;1JLLtJn~lJlil::lil1t1~~:lJ 

Parameters 	 Optimized conditions 

Sorbent 20 mg Si- Amidoxime LLlil:: 50 mg Si-Benzothiazole 

Starting concentration 150 ~g/L Cr(llI) LL,,:: 250 ~g/L Cr(VI) 

Sample volume 100 mL 

Sample flow rate 0.5 mLlmin 

Eluent 5.0 mL of 10% H20 2 1," 0.1 M NaOH 

Eluent flow rate 0.5 mLlmin 

Preconcentration factor 20 
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1.2 	 nnW@lUl1E1lWn~HiJllJ'tVai!i1'liAi!inuaFmaJ~n 1f1r~JATflJau (PAHs) lUJ,aJUlh~nalJal'H1J 

1) 	 md'Vil~m1::~L'VIm::~:lJ1'U.mdllfld1::~ PAHs ~1m'YlflUfl HPLC 


'tllmdllml::~ PAHs 16 'l5UIiI l~llri naphthalene (Naph), acenaphthene (Ace), fluorene (FI), 


phenanthrene (Phen), anthracene (Ant), fluoranthene (FI), pyrene (Pyr), benzo(a)anthracene (BaA), 

benzo(e)pyrene (BeP), chrysene (Chry), benzo(b)fluoranthene (BbF), benzo(k)fluoranthene (BkF), 

benzo(a)pyrene (BaP), dibenzo(a,h)anthracene (DiahA), benzo(g,h,i)perylene (BghiP) llGl:: indeno(1,2,3

c,d)pyrene (123cd) ~d::~'lJml:lJl,r:lJ,r'U. 1 ng/mL ~1m'YlflUfl HPLC ~ij~1Ii1d1~1Iilll'lJ'lJvlGltlmd~l'll''U.~
'U 

2) md~~'U.1mdlIil1[J:lJ~1tlcil,'j~1[Jl~ sweep co-distillation llGl:: low-temperature clean-up ~lw~''lJmd 

llml::~ PAHs 1mrl3Tm.h::ntl'lJtl1'Vild~1m'YlflUfl HPLC 

mdl~1[J:lJ~1tlcil,'j~1[Jl~ sweep co-distillation 1ilfl~tl,'j universal trace residue extractor (UNITRE£M 

II system, SGE, USA) tlil[JiJ.ff'U.~tl'U.tlil[J~,'ll'lJ1J ~,'jii' 1ciJl3T'U.~1tlcil,'j 1 n1:lJ 1'U.'151i1 fractionation tube ~iJ florisil• 
'lJdd"~tlci1'U. trap (~l:lJTI1~ 2) Ul'15li1 fractionation tube it11.l1ci1'U.lfl~tl,'j UNITRE£M i,'jtlrn'Vif1illlGl::d::[J::l1Gll1'U.md 

q 1.1 \I q 	 't q,J 

~nlil l~ m~1~~'U.md"~nlil'j,bci1'U. trap m'15::~1m.ml'll'wlli1flGltlhiil'Yl'U. (70:30, v/v) ulci1'U.~nlil~11i1'1.l1lfld1::~ 

PAHs ~1[J HPLC 

/ 

d"t1~ 2 'l5~ fractionation tube ~1'Vi1'lJmd~n~~1mfl~tl,'j UNITRE£M 
.. q 

md"l~1[J:lJ~1tlcil,'j~1[Jl~ low-temperature clean-up ii.ff'U.~ tl'U.tlil [J~,'jl'lJl.l~,'jii' l~:lJ~1'tllGl::Gll[J1l'U.'Yl1rJ~H 

dJu~1~nlil (extraction solvent) 1'U.Jl3T'U.~1tlcil,'j 1 n1:lJ l'lJcil1v1~~:lJn'U. llGi'1Ul~ldGl::Gll[J~1~t1llilL-iJ,'j~tlrn'Vif1il
q 	 'U 

_18°C t),'j _25°C ~l:lJl1Gll~nl'Vi'U.1iI ~lmr'U.LLVnci1'U.~n~~dJ'U.~ldGl::Gll[J1~tltln~lnl'lJ3T'U.~ll-li,'j~1 Ulhh::l 'Vimlvl,'j 

llGl::'Vil %fat ~L'VI~ tl1'U.ci1'U.~n~ Gl::Gll [Jci1'U.~n~~d::L'VI[JLlvl,'jii'~1m.ml'll'wlli1flGltlhiil'Yl'U. (1: 1, v/v) llGl::Ul11.le..il'U. 

SPE cartridge lvltlnl..ijIil~,'jd'lJn1'U. Ul~dGl::Gll[J~l~'Ullml::~ PAHs ~1[J HPLC 

1'U.mdl~1[J:lJ~1 tlcil,'j~1 [Jl~ sweep co-distillation 'tllmd~m!l-ltl rn'Vif1ilLlGl::l1Gll~h"l'U.md~n~~ l'Vim::~:lJ 
q 	 'U 

http:i,'jtlrn'Vif1illlGl::d::[J::l1Gll1'U.md
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f11 % recovery 

3) md'1ldT;)~eJUml:lJ1ii.i'lJeJ.:I1TI 

1'1i1TImd~n~'lJeJ.:I1TI sweep co-distillation bLiiI:: low-temperature clean-up ~~ml::~L~m::~:lJlumd~l 

<]~~ln~'lJeJ.:Imd'1ldl,;)'WU (limit of detection, LOD) <]~~ln~'lJeJ.:Imdl~L;.:Im:lJ1rn (limit of quantitation, LOQ) 

ml:lJnn<;)eJ.:IbLiiI::ml:lJLL3.I'U (accuracy and precision) ml:lJ~:lJ~'UULLUULlI'ULtr'U'1ld.:l (linearity and working range) 
'U 

4) md1'li'nUc,;ll eJcil.:1,;)~.:ILLiiI::'Y'hmdLilitJULYi tJut.JiilnU1TI1Lml::~~'U 

'Ill1TI~~~'UltmLfld1::~~lm:lJ1rn PAHs 1mtl3T'U:lJ::neJn~LlI'U standard reference material (RM 

FAPAS T0631 , olive oil) LLiiI::,tl3TWW'lf'lfii~~l.:1") hl1eJ.:I~iill~ tiuri ,tl3T'Uklm~eJ.:I ,t13T'U'Yl1'U'1l::1'U canola oil 

,t13T'U:lJ::n eJ nLLiiI::,t13T'Ulh~:lJ 

~.:ILml::~ 2-[3-(2-Amino-ethylsulfanyl)-propylsulfanylj-ethylamine (AEPE) ,;)lmJ5mtJ1d::w:h.:l ~~Yiij'U 

tf11~dfliileJh~nu 1,3-t~lUdl:lJl'WdL'W'U iltJ5'1ldltil'Ul~tJl:lJmyhnu 2:1 c,;l.:ldtJ~ 3 
'U 

('I 
EtO' / EtOH 

Br~Br ..+ (H)1.3-dibromopropane 
2 2 

cysteamine hydrochloride 

dtJ~ 3 md~.:ILml::~ 2-[3-(2-Amino-ethylsulfanyl)-propylsulfanylj-ethylamine (AEPE) 
OJ 

. ~ 

2.3 "duri 3 : md-nlmulidl9ll9l~lJ~lV11lJnTnhul9l'\.h 
OJ 

'\hLml'IJlJl,h~l,rff::m~ ~'1Mu,r'l i'llJ140 n5lJ LL'lilum~i~ 1~·H;H'Itl5nt~lJ.fi'W I M U5lJll9lJ I ii~'j 'Wl'W 4 

il1lJ'I 'I11tl'IJ1,r1t,r'l''W~tlUL1J'Wnm 21'W 'Ulmi'WLml'Wl~lLH1~f,Jf:U'l1iJii 700 tl'lfl'l19lm9iuff 6.rh IlJ'I [23] 
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3.1 	 ci1'H~ 1: ";i~1J1JnT'H~1I~1111L,y1l,y"'2IeJ\laT'm1JUn(Plb~1 al'V1~1Jl.;tWHeJ\I:Ui:iiT&in1";i1bA";il::lf 

1. 1 n1 "i?! A "i1::l'I1"~l'I::iiWy.;{ih::cijVi1 i,ucij?fJY1\J fJ Y1\J "i1CP1! !f?&i?El?Nn1 "it riaJA?1aJ! vmiu7I fJ\J 611 "i 

UVVfJfJU7~u 

1) 	 nl1b~!rJ:lJ'Bi'inlbliltl~b;a:lJ~a~rw amidoxime (Si-Amidoxime) bbtl:: benzothiazolyl (Si-Benzothiazole) 

M'Bi'inlbliltl~l;a:lJ~a~rw amidoxime (Si-Amidoxime) bbtl:: benzothiazolyl (Si-Benzothiazole) ~·mJ~ 4 
'U 

~~dJU'lJa~lliJ~~l'V\~aeimtbbtl::a-nTJ ~l:lJ~l~U 

Si-Amidoxime 	 Si-Benzothiazole 

~:U~ 4 lm~i:rSl~'lJa~'B~nll'iltl~l';mJ~a~lrJ amidoxime (Si-Amidoxime) lltl:: benzothiazolyl 

(Si-Benzothiazole) 

2) 	 nl1,nl~ Cr(lIl) lltl:: Cr(Vl) ~lrJ Si-Amidoxime lltl:: Si-Benzothiazole lu1::uubbU'Yli 

2.1 ~tl'lJa~ pH 'lJa~tn1tl::tlltJ~:Ij~alh::~'Yl~JllYm11~n~ 


d1tJ~lulm:U'lJa~ml:lJlilnl1~~'llU (capacity, mg/g phase) ~~1tJ~ 5 

<u ,,'U 	 'U 

2.00 
1.80 
1.60 

C.., 1.40 
.D... 1.200 

~ 1.00 
I::; 
u 0.80 
E0.60 

0.40 
0.20 
0.00 

-+- Cr(lIl)-Si-Amidox ime 

--- c r( VI)-Si·Amidoxime 
...... Cr(III)·Si·Benzothiazole 

""*,Cr(VI)·Si· Benzothiazole 

2 3 4 5 6 7 
pH 

0 
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Cr(VI) i.~~ :\llb~ pH 1 n\l 7 LiteJ\I~ln1u Si-Amidoxime iifflU~dJU anionic receptor (~\lL~m:::ff:IJ~eJ Cr(VI) ~\I 

eJl~eJci1waJ'lJeJ\I HCr0 -4 ~1eJ Cr2 0 7
2
-) i.~lbri ~1i amine ueJn~lnd rT\liitflU~ClnltJ'Jl~m~i.~lh:::~Uln rh1i 

cu 'U '\I 'lI 'l 

L~:IJ1::: ff:IJ~ eJ m'JLn~ 5u~'Jmr.nnu LbeJUi.eJ eJ eJU 

tflU Si-Benzothiazole ffn~ Cr(lll) i.~~~ pH 'lll\l 4-7 LiteJ\I~lnffl'Ji:l:::i:llrJ~dJum~mnrh1i~u~1'lJeJ\I 

L~ff'lJeJ\llbiJ\liilh:::~Uln (proto!1ate) 1U'lJru:::~ffn~ Cr(VI) i.~~1Uff1'Ji:l:::i:llrJ~dJum~• 
~~~tbff'U.h~eJ ~ pH 4 Si-Amidoxime ffn~ Cr(VI) i.~1immL~ffn~ Cr(lll) ttmJmn 1u'lJru:::~
• 

Si-Benzothiazole ffn~ Cr(III) i.~~~ pH 4 ~\I,fu L~eJtJ'J:::rJn~lum'J1Lml:::~ili:lJ1ru Cr(lll) lbi:l::: Cr(VI) ~~ff:IJnU• 

Cr(III) 

2.2 Adsorption kinetics 


Optimum contact time i.%l~~U Cr(III) =30 min (Si-Benzothiazole) 


Optimum contact time i.%1~~u Cr(Vl) =5 min (Si-Amidoxime) 


~Lli:ll~\llb~ 5 mri,rui.tJ Si-Amidoxime ff1:1J1'JCl~~iu Cr(VI) i.~fl\l~ 1U'lJ ru:::~ Cr(III) 1ini:ll1um'Jffn~ 

" 

2.3 Sorption capacity 


~mn i.eJl'll'LYif:IJ'lJeJ\lm'J~~iu L~eJ~mn'l'-l~~m'J:IJ'lJeJ\lm'J~~im:::~11\1L~ff'lJeJ\llbiJ\lnu Cr(III)/ Cr(VI)

" " 

~ ~d Q d 
L:lJrJ'J'Yl~ru~;]:lJfl\l'Yl (langmuir Adsorption Isotherm) 

Lbi:l:::i.eJ eJeJUh~::: ~\liiff:IJm'JLUU 

C 1 C 
-=--+-- (1 )
Nf bNfs Nf s 

~ eJ ml:IJL"JJ:IJ"JJUi.eJ eJ eJuh~:::1Uffl'Ji:l:::i:ll rJ (mol/l) 

~eJ ,hmul:IJi:l'lJeJ\Ih~:::~Cln~~iuum~ff'lJeJ\lLLiJ\I 1 n~:IJ (sorption capacity, mol/g) 
" " 

Nt s ~eJ filml:IJ~m'J~~iuff\lff~ (maximum sorption capacity, mol/g) 
't 'U 'U ~ 

http:mri,rui.tJ
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0.9 

0.8 

0.7 

0.6 
<2 OJ ~ 

0.420 
u OJ 

0.2 

0.1 

0 0 

• 	 7.0 

6.0 

5.0 
....l 
~ 4.0 ; 
:zU 30 

2.0 

1.0 

0.0 +---~-----,,------,-------.----, 

00 	 1.0 2.0 30 4.0 5.0 6.0 00 1. 0 2.0 30 4.0 5.0 
C(X 10·\ mol L·') C (XIO·] mol L·') 

(a) (b) 

..':itl~ 6 Langmuir adsorption 'lJel-J (a) Cr(III)-Si-Benzothiazole U~:: (b) Cr(VI)-Si-Amidoxime 

NSEquation f 	 b r 
-4 	 4 

(mol/g) X10 (Llmol) X10 

Cr(III)-Si-Benzothiazole y = 14398x+0.0623 0 .69 23 .3 0.9961 


Cr(VI)-Si-Amidoxime y =14126x+0.0268 0.71 52.6 0 .9993 


3) nT:Ja-n<il Cr(llI) ~~~:: Cr(VI) <lllti Si-Amidoxime ~~~:: Si-Benzothiazole 1m::uuflel~iJ'lr 

3.1 Solution flow rate 

i'1n'bJ-15mln1'JL-",\~~1-Jn'U,1'U,il-J 0.5-5.0 mLlmin l'lUll 5<il'Jln1'Ji,'V\~i,:JJljt.Ji.'1'1\elm'Ja-n<il Cr(VI) <lllrJ Si

Amidoxime l<ilrJn1'J'Yl<ili.'1el-J~eli,t1~::~~eln~5<il'Jlm'Ji,'V\~ 2.0 mLlmin 1'U,'lJrn::~5<il'Jlm'Jh~ljt.Ji.'1~elm'Ja-n<il Cr(lll) 

<lllrJ Si-Benzothiazole ~-J5<il'J1m'Ji,'V\~~a-n<il Cr(lIl) i,~~a-<ilelci~ 0.5 mLlmin 
• '\J 

3.2 Type of eluent 


i'1mnm'J'll':: Cr(lll) elelmlmyJa- Si-Benzothiazole i,~t.J~~-J<ill'Jl-J~ 4 


. 
(;l1':i1\1l1 4 'll'tt<il'lJel-J~l'll'::LL~::ltlelfl."fi'U,~m'J'll':: 

nitric acid (1-10% v/v) 35-50 

a-1'J~::i.'11rJ EDTA (0.0005-0.1 M) 1-10 

10% HP21ll. 0.1 M NaOH 100 
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3.3 Sample volume 

mdYl~L'l€J.:Jd"il:::~m~lml3J~lmdn1 'U.mdL YlmrnlJ Li3JiWlJ€J.:JTvmii [J3J~l[J Lv-Ji.'i'lJtl.:JuiJ.:J 

mmru. Cr(lIl) UL'l::: Cr(Vl) LiJ'U. 15 LLL'l::: 25 J.lg ~l3Jih~lJ 1'U.mm~d 5-500 mL l~~L'l~.:J~ldl.:J~ 5 

19I1d1\1TI 5 ~L'l'lltl.:J Sample volume ~tl Recovery 

Sample volume (mL) Recovery* (%) 

Cr(III)-Si-Benzothiazole Cr(VI)-Si-Amidoxime 

5 89 (3) 

10 95 (3) 

25 98 (1) 98 (1) 

50 86 (3) 98 (4) 

100 92 (0) 98 (1) 

250 95 (1) 

500 96 (1) 

* Mean value (SO). n = 3 

3.4 Effect of interfering ions 

~J)11:::mdYl~L'l€J.:J 

20 mg Si-Amidoxime 'V11tl 50 mg Si-Benzothiazole 

100 mL ~ldL'l:::L'll[J Cr(lll) 'VI~tl Cr(VI) ~el~dlmdl'VlL'l~ 0.5 LLL'l::: 2.0 mLlmin ~l3Jih~lJ 

5 mL of 10% H20 2 1'U. 0.1 M NaOH ~el~dlmdl'VIL'l 0.5 mLlmin 

,.:S + + 2+ - - 2-.:01.... 'V .d """ I d.q,., 

f'lmn~L'l'lltl.:J Na • K . Ca . CI. N03 • S04 Yld:::~lJml3JL'll3J'll'U. 10. 100 LLi.'l::: 1000 ppm Yl:IJ~€JmdL'tw 

ml:IJli:IJi'U. (preconcentration) 'llfl.:J Cr(III)/Cr(VI) l~~L'l~.:Jmdl.:J~ 6 
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V11~1"ri 6 e..J~'lJ€l\li.€l€la'UJlJn1'U 

Interfering ions Recovery* (%) 


no interfering ion 10 ppm 100 ppm 1000 ppm 


Cr(lll) 92 (0) 

Na+ 

K+ 

Ca 2+ 

Cr(Vl) 98 (1) 

cr 
NO; 

S02-
4 

90 (7) 

84 (1) 

90 (3) 

93 (3) 

103 (9) 

16 (1) 

92 (7) 

91 (2) 

93 (3) 

87 (2) 

91 (5) 

6 (1) 

95 (3) 

90 (1) 

92 (4) 

31 (7) 

17 (2) 

2 (1) 

* Mean value (SO), n = 3 

4) 	 mJ~mn speciation analysis bb~:::mJ@1J1';lb'l'alJml1Jlii.~'lJa\llli 

i.~e..Jl'lmJ'YHiI~€l\l~\I@11Jl\l~ 7 

V11~1\J'n 7 Recovery ';llnmJ~m~n speciation analysis 

Cr species Recovery*, % RSO,% 

Cr(llI) 83 4 


Cr(VI) 99 2 


*Mean value, n = 3 

4.1 Method development 

m1';lb'l'€llJ Limit of detection (LaD), Limit of quantitation (LOQ), Method detection limit (MOL) ~1£Jlli 

spiked method i.~e..J~~\I<i\lJl\1~ 8 ~\le..J~biJ'U~'iil'Wahbb~:::acilwri'W~lI€l1JrlJi.~ 
'II 

V11~l\1f18 Limit of detection (LaD), Limit of quantitation (LOQ), Method detection limit (MOL) 

Cr species P.F. 
a 

Recovery ,% 

-1 -1 -1 
(I-Ig L ) (I-Ig L ) (I-Ig L ) 

Cr(lll) 20 84±9 6 39.8 132.8 2.4 ± 0.3 


Cr(VI) 20 95±5 4 39.8 132.8 2.1 ± 0.1 


a 'oosS
Mean value ± .,J;; ,n =6 

b 
n =10 

mailto:bb~:::mJ@1J1';lb'l'alJml1Jlii.~'lJa\llli
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1.2 	 nT'nV~u11g1LWi1g:,,(iJ1:1'tYeJ;;1'1f~;;nLLeJr:lLLaJ~n1.,r~:I~1';iJiJU (PAHs) 1UJ;iJulhg:nmJeJ1'P11:1 

1) 	 n11'V\li:f1111:;~L'V\:JJ1:;a':IJlu.n111Lml:;~ PAHs ~l!.JL'YlflUfl HPLC 

i:f1111:;~L'V\:JJ1:;a':lJ1'Un111Lml:;~ PAHs 16 '1SU~ ~l!.JL'YlflUfl HPLC ~ijil~11,rr~LLUUy.J(;lElm1a'L'Jj'U~
'U 

(Agilent Technologies 1200 series, Agilent, USA) LLi:f~.J~.J~l1l.J~ 9 LL(;l:;1~lm:JJ11 'YlLLm:IJ'lJfl.Jn11LLrml:fl1(;l:;(;llrJ 

:IJl~1::il'U PAHs 16 ~.mJ~ 7 
.. 'II 

PAHs C18, 5 ~m, size 250 mm X 4.6 mm id. (Waters) 

Guard column 

Analytical column 

C18, 5 ~m 

Injection volume 10 ~L 

Column temperature 40°C 

Mobile phase flow rate 1.5 mLlmin 

Mobile phase Acetonitride : 'Ill 

Gradient program of mobile Time (min.} % Acetonitrile 

phase 0.0 45.0 

35.0 90.0 

45.0 45.0 

55.0 45.0 

Detector Fluorescence (FLO) 

FLO excitation and emission Time (min) Excitation (nm) Emission (nm) PAHs detected 

wavelength program 0.0 280 330 Naph 

13.0 280 330 Ace, FI 

33.0 264 410 Phen, Ant, Ft, 

Pyr, BaA, Chry, BeP, 

B~F, BkF, BaP 

35.5 290 410 OiahA, BghiP 

39.0 300 500 123cd 

,nnlm:JJ11'YlLLm:lJ'lJEl\lm1LLrJni:fl1:IJl~1~l'U PAHs 16 '1SU~ ~1:;~uml:IJL'lY:IJ'lY'U 1 ng/mL ~l!.JL'YlflUfl 

HPLC ~ijil~n;rr~LLUuy.J(;lElm1a'L'Jj'U~ (1U~ 7) l~rJH acetonitrile LL(;l:;thtl'ULy.Ji:fLfl~El'U~1m:;uu gradient ';):;
'II 'U 

LV;wila'l:lJl1C1LL£JnVln'lJfl\l PAHs ~.J 16 '1SU~'1.~n\l~uVln (baseline separation) 111rJ1ULl(;ll 40 my; rh1~ 

m:IJTH1Y\ltB:JJ1ru.1Lml:;'V\'~mh\lnn~fl\l
'U 
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2) nTJ~cru'U1n1"i~~I'ir.J:lJilmh.,j<illr.Ji~ sweep co-distillation LLl!l:: low-temperature clean-up 

n1"iL<n"ifJ:lJil Ellh.,j<illfJi~ sweep co-distillation 

LiiEl.,j,;)ln PAHs LU'U.~l"iVnn semi-volatile <il.,jJ'U. n1"i'Y'h sweep co-distillation ~.,jm"irh~Elt1!.l'J!lij~.,j L~El 
, 'II 'II 

';)::rh1'IK PAHs ~lm"iC1nk'U.LLfJnElElnm,;)lntilil'U.~lmh.,j'l<ilmn LL~~u ·-hn1"irh~Elrn'V\llij~.,jnl1 235°C ';)::Lf'iVl 
, 'II 'U 

%Recovery 
120.00 

100.00 

80.00 

• 230 ·C 30 min 

rnI 235 ·C 30 min 

1"tl~ B % Recovery "lJEl.,j PAHs 16 'lfUVl ~~nVl<illfJi~ sweep co-distillation ~Elnmllij 230°C LLl!l:: 235°C 
<u , 'II 

LU'U.L1l!ll 30 'U.1Yi 

http:nTJ~cru'U1n1"i~~I'ir.J:lJilmh.,j<illr.Ji
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%Recovery
120.00 

100.00 

80.00 

60.00 

40.00 

20.00 

0.00 

• 230°C 45 min 

~ 235°C 45 min 

.....:z > ~ "'ti > ~ "'ti t:I:l (J t:I:l t:I:l t:I:l t:I:l t::I t:I:l N 
~ ('l ::r - '<., ~ ::r ~ 0" ~ r;;' ~= V.l'0 ~ ~ > "'ti ~ ~ "'ti ::r ::r ('l::r = - ~ ~ c..> 

-:furl 9 % Recovery 'lJEhl PAHs 16 "l!u.<n ~~n<n~rWl~ sweep co-distillation ~eHU;I-~fliJ 230°C bb~:: 235°C LUU 
'" • 'IJ 

LJ~l 45 Ul-n 

• 230°C 60 min 

BI 235°C 60 min 

120.00 

100.00 

80.00 

60.00 

40.00 

20.00 

0.00 

%Recovery 

:z "'d ~ "'d t:I:l (J t:I:l t:I:l t:I:l> ~ > 
~ ('l ::r - '-<: ~ ::r ~ 0" ~ 
'0 ~ ~ = ., > "'d ~ ~ ::r - ~= 

t:I:l 0 t:I:l ..... 
~ r;;' IrCl N 
"'d ::r V.l 

::r ('l 

> "d c.. 

-:furl 10 % Recovery 'lJ1:hl PAHs 16 "l!u.~ ~~n~~JrJl~ sweep co-distillation ~e:lrn~fliJ 230°C bbGl:: 235°C 
'" 

LUULJGll 60 m-n 
• 'IJ 

nTH<n~mJ~Je:lrh\l~JrJl~ sweep co-distillation lie:lrn~fliJlumdliml:IJfm.t~ldiJe:lril\lL~ije:lwYhnld
• 'IJ 

nku'r'Ife:l:IJ~,huLLri~hllfidL~ulu fractionation tube lfiGle:llfiLJGllLYie:l.yhnldL~ PAHs ~d::mrJ1ie:le:ln:lJlbbGl::-;luLllu 

trap ~Udd~iJ<nIfi.nuH 'thmd"l!:: PAHs ~Me:le:ln~ln~J<nIfi.nu bb~JlhLtJ1Lml::~~JrJ HPLC i\l'!u md~n<n 
• 'IJ 'IJ 

PAHs ~J rJl~diimd1iiJ'l'ilGl::GllrJaU'Yl~6~,re:l rJbbGl::~l:IJldrl'l'il md~n<n~ld~J e:lcil\lL<il'r'lfe:l:IJ "J nu~GllrJiJ e:lril\l 

~ue:lrinU'\hmwrle:l\l~H1.ti fractionation tube lmTl~e:l\l UNITREX™ 
'IJ 

L~e:le:ln:lJl~ln fractionation tube e:lril\lLdnlfil:IJ %recovery 'lJe:l\l Naph, DiahA, BghiP LW:: 123cd iifil~l:lJln ~\ld 


Naph LiJU~ld~d::L~rJ~lrJ (high volatility) 'l'illiLn<nmd~ru~lrJLtJlwffUlfie:lUmdawti'llTuiJe:l ril\lLYie:lGllfiml:IJW"<n 

'IJ ~ • 

http:ue:lrinU'\hmwrle:l\l~H1.ti
http:Me:le:ln~ln~J<nIfi.nu
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'lJa,Ji.'!l"lilmh,Jnau'\.bL'J!lff fractionation tube ff,J~iill'V\LI11 %recovery 'lJa,J Naph ~l ~lU PAHs ~n 3 "ll'it'fi 'lI11LLn 
'" 

OiahA, BghiP LLiiI:: 123cd dJU~"l~ii~'fiL~a'fii.'!,J:IJlnnll 500°C (OiahA bp. 524°C, BghiP bp. 550°C and 123cd , '" 
bp. 530°C) YhlVi'arn'V\llii~H'lUnl"lYll sweep co-distillation ~a 235°C 'll.hV1L1,J'YwlUnl"lYhlVi'''l::L'V\L1tlamn~ln , '" 
ilmh,J'l111 uan~lnd %recovery 'lJtl,J BeP, BbF, BkF UiiI:: BaP niil'il~lnll 40% ditl,J~ln PAHs ~,J 4 "ll'it<11ttii 

~<11L~a<11l'iau'J!l,Ji.'!wziunu (BeP bp. 311°C, BbF bp. 480°C, BaP bp. 495°C, UiiI:: BkF bp. 480°C) YlllVi'''l::L'VHJ , '" 

atlmn'll11l'iaU'J!l,JrJln (high volatility) ~arn'V\llii 235°C YlllY.1TIti'tl-lL'V\:IJl::i.'!:l-H1U PAHs ~,J 8 "ll'it<11tt 
, " 

i.'!"llJ'l1111lnl"li.'!n<11 PAHs ~lLllTI sweep co-distillation L'V\:IJl::nUnl"l~:lLml::~ PAHs lu,rl3TU~"ll'L~L1,J 8, 
"ll'it<11 'lc,;)LLn Ace, FI, Phen, Ant, Ft, Pyr, BaA, LLiiI:: Chry l'fiLl'li %recovery lwzil,J 59.8 - 110.4% 

nl"lL<il1mJilacil,J1111LllTI low-temperature clean-up 

nl"lL<il1mJilacil,J1111LllTI low-temperature clean-up l,rnl"lU'lflloll,J~tlrn'V\llii _18°C n,J _25°C lvltllVi' , " 
'l'lJiTul,",rl3Tu~"ll'<iln<il::n tlUULln aan~lniTtil iiI::iill L1~U'YI16~l~hJiiI,J 'llJlvl aYllnl"li.'!n<11 PAHs 1'fi L1Yllnl"l~mn 

"l::L1::l1iilllUnl"lll'lfUolI,J "ll'it<11lliil::tfhn rn'lJa,JilYll iiI::iill L1r11"ll'1Unl"li.'!n<11lliil::~ih'UlUflf,J'lJ a,J nl"li.'!n<11 

(1) "l::L1::11iilllunl"lll'lluolI,J (freezing time) 

~ln <ill"ll,J~ 10 'YIUllnl"lll'lllloll,J~ 4 lliil:: 8 ill:JJ,J'll-li.'!l:lJl"lrll'h1v.L'lJ3Tuu.iJ,JilM~,J'V\:JJ<11 uiiI::ii 

llJtlfl.uU<iI·\1'll3Tu~iitlciluilYlliil::iillLl~U'YI16 (% fat remain) ~Hhnl"li.'!n'fi PAHs ~ln,rliTu~"ll':IJln l~myj:JJ
" 

Freezing time (hrs.) Results %fat remain 

4 unfrozen fat 12.20 ± 0.02 

8 unfrozen fat 12.05 ± 0.01 

12 frozen fat at the bottom of tube 9.71 ± 0.00 

24 frozen fat at the bottom of tube 6.83 ± 0.01 

36 frozen fat at the bottom of tube 6.77 ± 0.01 

l~El'\.bfflUi.'!n<111111LllTI low-temperature clean-up ~Yllnl"lll'llll.iJ,J 12,24 Lliil:: 36 ill:JJ,J 'llJllml::~1111Ll 

l'YIflitfl HPLC 'l<11"'[m:lJll'Y1llm:JJ<11,J"llJ~ 11 l<11L1'Y1Ullnl"lll'lflloll,J 12 ill3J,J iiV1n~"lumunl"lllml::~ PAHs Elci 
" " 

:JJln ffTU.nl"lll'lllloll,J~ 24 UiiI:: 36 ill3J,J i.'!l:lJl"lr;lih-;ij<11~,J"lumUElEln~lni.'!l"lilElt.il,J'l~ <11,J,tu nl"lll'lfUolI,JLUU 

lliill 24 ill3J,J~~lUm::L1::11iill~l'V\:IJl::i.'!:JJr1i.'!<11 ltiEl~~lni.'!lm"lrlnl-;ij<11~~"lumulu'\.h3TuYi"ll'lvlm'hnl"lllml::~, 
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(c) FLO' A, Ex =2 4 , m=410, H (PAI-1S 2010\20 1 

10 IS 20 2S 30 35 

..1ufi 11 hmnhmm:IJ"l]E1,mT'H~nCit'ii'lrJl~ low-temperature cleanup ~ freezing time (a) 12 ilL:IJ\I. (b) 

(2) "1l'il.~ LLGl:::m:lJl rn"l] E1\1'ill-ril Gl:::Gll Ua'U'Yl16~1"1l'L 'UnljffnCit 

1'UnljLCit1rJ:IJ'l11 EI Ul\l'ii'l rJl~ low-temperature cleanup f'rm1i EI mllYll Gl:::Gll rJ a'U'YI16~iiml:IJl:JJii.ffl:lJl n 

L~rJ\I'WEI~'il:::ffn~ffljn~:IJ heavy PAHs ~\liiml:IJ1:JJij.fflff\l LL~l:JJ ffnCith~'U~ijElu:IJlnhJl3T'U~"1l"h:IJElEln:lJl 
, 'U 'U 

L'Wjl:::'il:::j'lJm'UmjlLml:::~'ii'lm'YIflil.f1 HPLC 'illmll~ 12 'W'lJ"hmjffn~ PAHs 1'U'l11ElUl\lJl ~'U LCitrJ1i''l11Yll 
'U 

Gl:::Gllua'U'Yl168 mL {J1l~ 13 (b))1~ %recovery "l]E1\1 PAHs J\I 16 "1l'il.~ E1~1wJil\l 70-120 LLGl:::ijnljffn~~~nll 

http:L'Wjl:::'il:::j'lJm'UmjlLml:::~'ii'lm'YIflil.f1
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100 

m1H'i11'1'11iil~iilllJ~U'Yt1rJ 4 LLiil~ 10 mL &41U'll'U~"lJe:hl~1'1'11iil~iilllJ~WYl1rJ acetonitrile:acetone Yielctl11&41U 80:20 

1~lh~N'Y1~1l1'Wlum1~nctll~lJ11:IJ~nil acetonitrile Elcil~L~lJl LLiil~ acetonitrile:acetone ~ elctl11&41U 90:10 

(a) (b) 

.ACN• ACN % Recovery
% Recovery t:l ACN :Ace(.ne(90:IO)() ACN:Arelone(90 :1O) 

B ACN:Ac<lone(80:20) I ACN :Ac<Ioo.(80:20) 
ISO 

ISO 

100 

I : 
SO SO 

..,., .,. ..,., .,.z >- >- n co 
n ., "".. <:T ., ...."" 

~ 
.,. "" "" "" ;;;'=' ":: ..,., ..,., .,. 

=r =r
"'" '" '" :> 
~ 

'< >- .,. Co 

'" >- "'" "" '" n 

(C) 


.ACN
% Recovery 

['j ACN:Acelo.e(90:IO) 

I ACN:Aeelone(80:20)ISO 

100 

50 ~

tI 11 
: 

1o ..,., .,. ..,., .,.:z >- >- n co ., ., ., '=' ...n - =r - '< "" "".,. <:T "" '" .,. i,;. ""~.. :: ..,., =r." '" :> :>- '" .." "'" =r "'" n '" "< Q.). ::a 

nJri 12 % Recovery "lJEl.J PAHs 16 'll'U~ ri~n~~llJ% low-temperature cleanup l~wli acetonitrile LLiil::.. 
acetonitrile:acetone ~elctll1&41U 90:10 LLiil~ 80:20 mmctl1 (a) 4 mL, (b) 8 mL LLiil~ (c) 10 mL 

(3) ~lmUfl1.J"lJEl.Jm1~n~ 


~nmtlri 13 'Wuilm1~n~ 2 LLiil~ 3 f1f.J 1~ %recovery "lJEl.J PAHs J.J 16 'll'U~ Elci1u'lil.JrilJEl:IJ1ul~ LL~ 

~ ~ 

m1~n~LYl lJ.J 2 f1f.J ~~'I'111~1.h~'VirJ~L1iill LLiil::~1'1'11iil::iill lJ~U'Y11rJ~Hlum1~n~ LLiil~rJ.JfI.J1~lh~N'Y1~1l1'Wlum1 

~n~~~ ~.JL~Elnm1~n~ 2 f1f.J lUm1L~1lJ:IJ~lElcil.J~llJ1~ low-temperature cleanup 
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I UmlXltime 

% Rcc:o..-ery t;8mlX2times 

lSO.O .8 mI X3 times I 

100.0 

50.0 

0.0 
I : 

:2 ). ." ). (") CD CD CD~ ::-: ~ n ~ ~ cr ",. 
~ ~ ~ '" ." '" '" " '" ~ ......." =- " ~ ~ .." .." ." ; n;r '< 

). :;; Co" 

'nJri 13 % Recovery '1If);j PAHs 16 "ll"U~ ri~n~~lt.Ji~ low-temperature cleanup ~lUTU> 1> 2 LL~:: 3 flf;j... 

. " 
~ln(9ndh'lYi 11 m1L(911mJlilltlcil;j'\hiJuYl'll"~lt.Ji~ sweep co-distillation LL~:: low-temperature clean-up 

~~ml::~L'j.":lJ1::~:IJ 1~mll1all~ufnf);jnl'~iLml::~LL1J1JLtluLaUCi11;j~~ T~t.JiJfll R2 '1Jf);jiTI low-temperature 

cleanup 1Wlfl;j 0.9739-0.9997 ~1V\~1Jm1iLml::~ PAHs ~;j 16 'll"U~ LLi.'I::fll R2 '1Jtl;ji~ sweep co-distillation 

1Wlfl;j 0.9776-0.9987 ~lw~1.ml1iLml::~ PAHs ~;j 8 "ll"U~ 

d 2 d <V I V .:::r.d. 

<Hl':il\J't111 slope U.i.'I:: coefficient of determination (R ) '1Jtl;jm1LCi11t.J:lJCi1dtlt.Jl;j~lt.Jlll low-temperature cleanup 

LL~:: sweep co-distillation 

No. Compounds 
Concentration 

(ng/g) 

Low-temperature cleanup 

R2Slope 

Sweep co-distillation 

R2Slope 

1. Naph 1.25 - 30.0 0.5696 0.9903 - -
2. Ace 0.50 - 12.0 1.7955 0.9974 1.5213 0.9776 

3. FI 0.25 - 6.00 4.0303 0.9739 3.3317 0.9872 

4. Phen 2.50 - 60.0 0.4161 0.9908 0.2640 0.9869 

5. Ant 0.25 - 6.00 4.6365 0.9848 2.7309 0.9880 

6. Ft 6.25  150.0 0.1579 0.9904 0.1496 0.9984 

7. Pyr 1.25 - 30.0 0.7994 0.9980 0.7512 0.9987 

8. BaA 0.50  12.0 2.8280 0.9968 2.3008 0.9949 

9. Chry 0.50  12.0 1.8983 0.9938 1.4009 0.9909 

10. BeP 2.00 - 48.0 0.4648 0.9788 - -
11. BbF 1.00 - 24 .0 1.1150 0.9965 - -
12. BkF 0.25 - 6.00 4.6288 0.9961 - -

13. BaP 0.25 - 6.00 4.9982 0.9900 - -

14. DiahA 0.75  18.0 1.5179 0.9959 - -

15. BghiP 2.50 - 60.0 0.5371 0.9844 - -
16. 123cd 3.75 - 90.0 0.2067 0.9882 - -

http:m1L(911mJlilltlcil;j'\hiJuYl'll"~lt.Ji
http:ri~n~~lt.Ji
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-;nn<i1l'n.Jfi 12 fil LOD LLiil:: LOO "lJeJ.Jnl1"L<i1~rJlJ~':le)cil.J~"HJ1TI low-temperature cleanup (~hn"hlTI 

sweep co-distillation 1.h::lJllli 2 L'Yh eJcil.Jhn~ EU regulations 'l~ril'VI'U.<i11iihBlJllli PAHs h~"leJcil.J fat and 

oil 'lCili.3Jdl'U. 2 ng/g "lJeJ.J benzo(a)pyrene LL~<i1.J"hnl1"L<i1~rJlJ~leJcil.J"biJ'U.J.J 2 lTI ~llJl1"r1"b'ltJ1'li1'U.nl1"lL'I1"l::~ 

~leJcil.JJliJ'U.Yl'liLyjeJ'VIlmlJllli PAHs <l1llJ EU regulations 'l~ Lrlm1lnl1" spiked PAHs h~leJcil.J,rliJ'U. 'Y'lUll 

%recovery "lJeJ.J PAHs J.J 16 'liUCil ~lrJ1TI low-temperature cleanup eJci1wlil.J 46-118 Lbiil:: %recovery "lJeJ.J 
" 

PAHs 8 'liUCil ~lrJ1TI sweep co-distillation eJci1wlil.J 47-119 ~"rJeJlJ1U'l~CilllJ AOAC Peer-verified methods (40
" 

120 %) 

lTI low-temperature cleanup LLiil :: sweep co-distillation 

Low-temperature cleanup method Sweep co-distillation method 

No. Compounds 	 LOD ± S.D. LOO ± S.D. LOD ± S.D. LOO ± S.D. 

(ng/g) (ng/g) (ng/g) (ng/g) 

1. Naph 	 0.63 ± 0.69 1.25±0.15 

2. Ace 	 0.25 ± 0.07 0.50 ± 0.08 0.50 ± 0.40 2.00 ± 0.10 

3. FI 	 0.13±0.77 0.25 ± 0.05 0.25 ± 0.27 1.00 ± 0.06 

4. Phen 	 1.25 ± 0.20 2.50 ± 0.28 2.50 ± 0.80 10.0 ± 0.61 

5. Ant 	 0.13 ± 0.39 0.25 ± 0.02 0.25 ± 0.30 1.00 ± 0.31 

6. Ft 	 3.13±0.16 6.25 ± 0.15 6.25 ± 0.27 25.0 ± 0.89 

7. Pyr 	 0.63±0.19 1.25 ± 0.15 1.25 ± 0.37 5.00 ± 0.21 

8. BaA 	 0.25 ± 0.17 0.50 ± 0.04 0.50 ± 0.44 2.00±0.11 

9. Chry 	 0.25 ± 0.21 0.50 ± 0.03 0.50 ± 0.40 2.00 ± 0.08 

10. BeP 	 1.00 ± 0.28 2.00 ± 0.16 

11 . BbF 	 0.50 ± 0.36 1.00 ± 0.03 

12. BkF 	 0.13 ± 0.20 0.25 ± 0.02 

13. BaP 	 0.13±0.B4 0.25 ± 0.03 

14. DiahA 	 0.38 ± 0.19 0.75 ± 0.02 

15. BghiP 	 1.25 ± 0.35 2.50 ± 0.09 

16. 123cd 	 1.88 ± 0.60 3.75 ± 0.03 

4) nl1"1in1J~leJcil.J';)1.J 

1'U.nl1"'VIlmlJllli PAHs 1'U.JliJ'U.lJ::neJn~dJ'U. standard reference material (RM FAPAS T0631) CilllJ 

<i1l1"l.J~ 13 YfUll nl1"L<i1~rJlJ~l eJ cil"~lrJ1TI low-temperature cleanup 'l~fil PAHs ~1 Lml:: 'VIi.~eJci1Wlil"~ 
'II 

http:0.13�0.B4
http:2.00�0.11
http:0.63�0.19
http:3.13�0.16
http:0.13�0.77
http:1.25�0.15
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14 

standard reference material ijfil'1tmJnl1 LOD 'lJfh'li~~'I11mWr~m ~l'U.nTntn~tJ:IJ~le:J[.h>l~'HJi~ sweep co

distillation ~>I~l:1J1~iTliLml::~ PAHs l'U. standard reference material it1~L-WtJ>I'lfittnL~tJl ~a 

Benzo(a )anthracene ;11iTil~l Lml::'V\'~1) rJlWlil>1~tJ a :lJ1'I.J11ijfl11:IJt1 n~1)>1 L'lfm~ tJl rl'U. 
~ ~ 

temperature cleanup (Method 1) Lliil:: sweep co-distillation (Method 2) 

Compounds 

Reference material FAPAS T0631 (g/kg) 

Assigned value Satisfactory 

Range 

Measured by 

Method 1 

Measured by 

Method 2 

Benzo( a)anthracene 0 .68 0.38-0.97 0.71 0.94 

Benzo(b )ftuoranthene 2.61 1.46-3.76 2.33 NT 

Benzo(a)pyrene 0.79 0.44-1.14 0.47 NT 

Benzo(g,h,i) perylene 2.66 1.49-3.83 3.38 NT 

Indeno (1,2,3,- c,d)pyrene 1.24 0.69-1.78 NO NT 

NT =Not test LLiil:: NO =Not detected 

'U.1)mnnit l~'\.bl~mdLtn~tJ:IJ~larJl>1 low-temperature cleanup lu'Vmn:IJlm PAHs l'U.JliJ'U.-W'lf'lfit<n 

~l>1'J lm11)>ltniilltn 'V'l'I.J11 ~l:1J1dt1nT~'<n~>ld'I.Jm'U.l'U.JliJ'U.-W'lfL~aiLml::~'Vn PAHs 1<n1i ~>ltm:IJlt'\'1LLm:IJlmu~ 
~ 
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..".lU~ 14 lm3J1hlLlm3J'lJ€l·mljlbml::~ PAHs 1UiilleH.h" (a) palm oil (b) sunflower oil (c) canola oil (d) 

soybean oil (e) olive oil (f) used oil 
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l.n1JlJfI~\I LflJl::vf 2-[3-(2-Amino-ethylsulfanyl)-propylsulfanyl]-ethylamine (AEPE) '1.~ LiJU'lJ eJ\lL 'VI !in~ 

LVI ~ eJ\I iJLLlil::Yh~,~,rLeJnan~ru.'~<Il\l;f
" 

1H-NMR 0 in ppm: 1.77 (2H, t, CH 2CH2CH2 , J =7.02 Hz), 2,53 (8H, t, SCH2 , J =6.24 Hz), 2.78 (4H, 

t, CH2 NH2 , J = 6.24 Hz) 

13C_NMR 0 in ppm: 29.40 (1C, CH 2CH2CH2 ), 30.46 (2C, SCH2CH2NH2), 36.18 (2C, CH2CH2CH2 S), 

41 .02 (2C, NH2CH2CH2 ) 

1
FT-IR (KBr disk) in cm· : 3354-3280 (N-H stretching), 1592 (primary amine N-H bending), 1069 

(primary amine C-N stretching), 2856-2915 (aliphatic C-H stretching), 1344 (aliphatic C-H bending) 

. 
3.3 a'l'\.l,fi 3 : nl"5-wooml~'l{Pl{Pl'15mhVl~1JnT':i'lhu{Pl"l.. 

~ 
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.J 
lJ'YI'YI 4 

4.1 ~l,"~ 1 : ~:::1J1Jn1"H~3J~113Jt;3J;mJ£h1~1"Ht1J1J~1(iH~1 iilVi-r1Jl.fflmrf)JtlDu&1m~ltml:::lf 

1.1 nl"J1t A"Jl:::'PI'T~'PI:::ii;;j<fri;h:::rimfltUW1DlhJDtilJ"J1~t !f1rP11111ITnl"Jt ;i3JA113JtV'mJUVDJ6'fl"J 
IlL; 6"_.0=. "'" do I 'V 

~13J11r1i~\Hml:::'VI6J!G'l mL,;)G'lYlL'lH.J:lJ<n flCill LI amidoxime (Si-Amidoxime) LLG'l::: benzothiazolyl (Si-

Benzothiazole) LbG'l::: liJnl:::m1~nCil Cr(III) LLG'l::: Cr(VI) ilL11:::UULLUYli'bbG'l:::T1fl~1J,r LLG'l:::1~h:::uum1L~lJmI1J 

L'JJlJ"1JU,'lI fl,j ~11bviflibml:::'VhJ13J1 [Will LI FAAS 

1.2 	 nldn~Ul1IT1tWn:::.,,(6'fl"J'tYD~1'1fA~nUDf"JulJ;;n1vf~"JATfllDU (PAHs) tuJ'-riJulh:::nDllDl'P1l"J 

m1iLml:::~LLLln PAHs 16 'ljil.Cil ilLILYITlil.Tl HPLC ~ilwll<n11';)lCilLLuuy.jG'lflm1~b6J!Wi1\CilLIli acetonitrile 
'OJ 

separation) linG'l11u,m1iLml:::~ 40 mli lCilLlm1L<n1mJwllflrJl,j,rlaT'U.t11:::nflUfll'V111bvifliLml:::~'VI1 PAHs ilLi 

in- sweep co-distillation li1..h:::~YlTI-Jn'Wm1~nCil~,j~Cil~mll.'VI11i1 235°C L;JU,L1G'l1 60 u,lli ~,jl1 m1~nCil PAHs 
1J 't q 'U 

ilrJin-l11i %recovery 'lIfl,j PAHs lmmWr1~rJfllJrUliLwrJ,j 8 'ljil.Cil liLLr1 Ace, FI, Phen, Ant, Ft, Pyr, BaA, LLG'l::: 

Chry lCilrJli %recovery lwlil,j 59.8 - 110.4% 

~13J11r1i,jbTl"j"'"):::~ 2-[3-(2-Amino-ethylsulfanyl)-propylsulfanyl]-ethylamine (AEPE) li 

. 	 ~ 

4.3 	 ~l,"Yi 3 : m1";-~,"lGll(pt~oirmhvl-r1Jn111hU(il'\.h.. 
li~ilImm1lib il1 Lbn G'lU~,jL;JU,1~Cil L'VI ~ fl~,j,;)ln m1b n1!1-<n1lJl L;Ju,l~CilCilCil<UU~ il11T11 rI n ~1'V1r1J n11G'l Cil 

't 	 q 'U 'U 

t113J1 ru.mCil5li1 n 1 U,,r1 ,;)lm.J G'l m1Y1Cil G'l fl,j L iffl,j!iiU,LL~Cil,j1iL~u,n,j T1111.1 L;JU,ltilCil"lU,n11liL ill LLn G'lU3J1L;JU,1~Cil CilCil 
''11 

fl,j1'l1 L 6J!iH.nrJ ~ 'VII ~n 'l!l-ru.::: Lil.'W1:::YI1,j n1 rJJn'WLLG'l::: LTl il'll fl,j L ill LL n G'lU~ L<n1 rJ 1.1li LL G'l:::~n 'l!l-l ~lJu'"im1CilCil<uumCil51 i1 
'OJ 

iii n11iCilLLl.hvrU,~l'l1 fl,j L ill LLn G'lUil rJ 3-aminopropyltriethoxysilane LLiil:::~n 'l!l-1 ~lJ1r~ m1CilCil<Uu mCil5li1 n 1 U,,r1 
'II 

<iI1lJi~'JJI,jiu, 'Wu-hLilILLniilu~'Yh m1iCilLLtl1vrU,~11 itl1:::ffYiTI-Jn'W 1 U,n11G'lCil1.l13J1 ru.mCil5l i1 n~~nl1LilILLn iil 

lCilrJml:::~L'V\3J1:::~1J1'U.n11CilCil<UU~fl liLliilI1u,n11CilCil<UUU,IU, 30 mYi ~'1il,jf1Lfl'lj 3.0-4 .0 'W'l~m11Jn11CilCil<UU~ 
'II 'II 	 'II 

LnCil,ru,b;Ju,ltl<nllJLLUU~1 G'l fl,j m1Cil Cil'l1U'lIfl,jLLG'l,j Lil rJf LLG'l:::t'iI m1LmLiu L U1rJUL Yi LlUU1:::~YlTI-m'W1 u,m1CilCil'l1U mCil 
'II 	 'II 

http:ilLILYITlil.Tl
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\lTl-I,.Yi~::fh~eJ11.1 

6huii 1 : 'i~1J1JnT'H~aJAl1amj'mj'U7lf).mTiU1J1J'i'J~t~'J i11'jfj:r1Jlmu,:rf).1l1DU61n1'i1tA'il~H 

1. 1 m;/jtml::Vf1i'1Vf::ihfJlYrtiJJ::~lJ~17u~J €Jlh.1€Jlh.Jn~t ~b~n/J~mJtW3JflJ1JJt"ll3-J"llU"lJ€Wnr 

b1j EJ'U.U'Ylml:lJ b yj fJ ~Vl :lJvfb~ mbv-dl'U.ll1~l11'lfl nl11::~'lJ'U.l'U.l'lfl~ 

1.2 mJW~U1J~Jtml::v1ff)JWD~i.'11fl~nUDhU3J~n i.fJr~JmflJDU (PAHs) lU1il3J"'ul.h::nDlJD1VflJ 

b.:nEJ'U.'lJ'Ylml:lJbyj fJ~Vl:lJl4b~ EJbbv-dl'U.ll1ffJ11'lfl nl11::~'lJ'U.l'U.l'lfl~ 
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