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~)tlillitilti\‘c: ~lllc~ clLlillltit;lti\‘c! in\*c*stig;ktiorls \\‘C’W IlliL~lC 011 tllc (:,,--C,,, \~c)l~LtilC 01’- 

,<iLlliC’ SLll)Stilll~*~!S in tllc: air of Ziiricli. ‘I’IIc* tvc.*Ilnifluc of tt’:Lc’o iLIl;Ll?_‘Si~ 011 ILisqlL rcsc)lution 

c:;lJ~iIl~Ll~~~ ~~ollllllllS \\‘;LS ~lc\‘c!Iol~o~l fUl*tIIc*r. ‘I‘0 tIYlp tllc! oI’giLlliCX, il spcidly tlcsigiccl 

liltl:r \\‘iLs UsCud Cl~lltililliIl~ 2 -5 Illg Of Cigill’cttc! liltcr (~IIilI’CO~lI. Iniportmt infornixtion 
;.tl>otlt tllc ;L~lsf)l’l)tioli/(ICS;c,t’l~til)17 Ilicrc.ll;iriiSni \ViLS ol,taincrl 11). using t\\‘c.) Or 1110W 
liltx*rs in swicls. ‘J’l~e cstrxtic.)n of tlw liltcn \vitll cill*l~~)n tliS;t~lJ~lliclc 1s cluscrilxxl. :\ 
IlLiLSs sJN_!c‘tl~Olll~!tC!l’ (C:l.Jfj fl’Oll1 Vill’iilll hI;\‘J‘, ~I~II?llliXl, (iI 1.;. I<.) Sl>l2(:iiLll~ clcSigncc1 t0 
riict.~t tlic rccluircliiunts of ~:or.i~~lili g u*itll Iligl1 rcw)lutioii gilS ~l1~~~llliltO~l'ill~ll~~ g\';l.S tlSC!(l. 

‘I’ll0 IlliLjol’it~’ of tllc Illlllcl~id iLllC.1 l!igllt s~1l~st~lllWS irlcntiliccl \VcW ;IliplliLtiC :LIlCl ;LI~o- 

Iiiatic Il~~tlI~OCiLI'I~I~IlS. :\lllOll~ SLll~StiLllCC!S wpwS;c~itinj:ig OtlIlJI gl3 lLl}‘S \VCI’(! fl~LlllC1 IX!llZ- 

~Lldcll~~dc ~Llltl S;cI*c!lYll of its iLlli~‘l tlcri\‘iLti\‘cS \vliic:li lllil_>* I)C o.XidiLtioll l3I'O<ILlCtS Of 
il1~OIlliltiC II\'ClI'~~C~L1'l~OllS. 

iS ill)l>lictl i: 
‘J’llc lwinciplo of (ltl;\ntit;Lti\*c! tlutC~~llill;~tiol1 is tliS;r:tlSsccl :LIIC~ 

o tllc! Ill~)St \‘oJiLtilc J>iLrt (J~c!llZcllc tJltY)Llgll ~:l-SLIJ~StitLltd b~~llZ~!llcs) Of 
t Ill! s]x!ctl’Lllll I 

:\n1011g tllc I111111c’l’ous l’l!]N~l’tS on llC\\’ Illl_!tllOClS iLIlt iLC1\‘iLIlC!_!Cl I<lll~\Vl~Cl~~ COll- 

cc!l’nin~ air ~~OllLltiLlltS, SurprisingI>* little IlilS Ix_xn lxil~lisl~ctl rcgpditig tlli: broad 
SJ~c~tIYllll Of 0rgLrlic SLll)StilIl~l_!S in tllo ilil’. ‘L’IlC i*c\Gv 11)’ _~~1_‘l’sI~I:i.i,i1121 incluclcs 
SlJ\*C.!rilI JliLJ)Cl’S CJl:iLlitlg u*ith 1, )\i ~iic~lcctilal~ \vcigllt I~\~clro~~t~l~o~is. 1’ionccr.c in tliis 
licld uwc I-Ic~~*-r~;s (!I (I/.?, ~1llCl tile IlloSt origilliL1 I’CpOt’t is l~l’~‘ll~i~l~l~ tllLLt l)y \Vll.I,I;\>I9'. 

\\'llilo Iligllcr I~~~~l~~~~lll~l~~ \veigJlt OI gilIliC: (30111 J~~~~Llll(lS ill JXLl?icLlJ:ltcS IIiLVC h!cIl StLldicd 

I>* Illilll)* \~oI*l;cl*S, tllc lm11Lc1 I';Lllgc.! of wll;Ltilc SLll)StiLllCC?4 containing C,--2o carlxni 
iltOlllS Ilit IICCIl Jw;ic?ic.xll~* CliSl*c~~illTll!t1, I<~\S~IussI~s :\sl) \Vi:s+ \wy cf’fcctivcl>* 

tlcti.miiinccl tt’iLCO Slll~Stillll~l!S SllCll 3s tcrJ>cllcS in Lllll~0llLltctl air. Tlicir tccliniquc, 
llf~Uec!\*cr, did not allcnV tllc Ilillldlill~ of ctllllJ~lcs tnistiit’cs SLlCli i1S UrhI1 ;~triic.)Spllcrcs. 
1 I1 t IIC! rccc~llt report 011 1110t1cr11 ilSJK![ItS of air JX31lUti~-~11 monitoring 131. S’I’IIVI:SS :\SI) _ 
()‘]<l.-]:I:I:l<~, tllc 0IlJy l)r'giLlliC~ c~~~lllJ~~~llIlCl ILicnticmccl is Ill~!tllilll~. A \*CT>* origitinl illlC1 



:\s cnipl~o.sizctl 1.y :\l.'l~s;l~~~l.l.I:I~, tllc! lligll nioloc:ul;lr ux!igllt org;.liiic c01ii~~m111& 
rcpr’csciit vci*~- cc~1ii1~1c.s misturcs of 1~u1icl1~ctls of um~p~u~~clS. \\‘llilc rf_!sol~*iiig su(.-11 
inisturc?; 113’ mmils of C~Ll)illil~~’ cc~luriiiis (gciiuinc lliKI1-r’csolutiorl c*c~Iuiiins, not tllc* 
~~~iclcsprcatl \‘l*r_\* ]>()I 11’ c;lpill;tric!s) 110 I( Jllgvr’ ]wcw!lltS gr’cr;tt ]~n~l~1i:llis, t lie ti’;tc’u lYllill’~lctl_!]’ 
vf till: Ill~ltl!l'iill intciisitics till! clillicultic~s.'l‘llc! f0llo~~ill~tlll'c:c: aS])c:ct.S of tllc tilSli Illil>’ I)(* 
tx-c!atccl sc]‘~l”;ltcI~’ : lligll r’csolutioii tr’ilC:C! illlill\~SiS 011 ~_‘il]~ilIilI*~~ COIUIllIlS :tS il lll.!<2~!SSill’>* 
prcrquisitc; ~lppl?J]~~iiLtC! salnplili~ Of \,*OliltilC! 0I’~iLlliCS for c]U:llitilti\~c iIIlCl/Ol’ c]Uilllti- 
tiLti\‘C illlill~~SiS, cLll(l RiLS C~lll’Olll~ltO~I’iL]~lliL’-~IllilSS sl,ccti’t,iiicti’ic: (( iC--AI S) tlcsigi~ 
Illililltilillill~ tllc! fUll S;U]XLlYltiOll ]IlJ\\‘c‘I’ Of :L lliC:li-l~c~so]~itioli l:olU11111 illltl \Vc.Jl.liillg ill 
till! Il~lllO~l’LlIll rilllgC!. 

‘l’lll! l’l’o~rcs?; of our \VOI’li in illI tllIY~: tiolrls c;ltlSc!tl US to CllCC:li tllc SUitill~ilit>* 
Of Otll’ lll~!tll~ltlS t0 till! ~lllil.l~~SiS Of iL11 OClCJUt’lCSS 1lYl>all iltlll~~S]~llC’I’C. 

IIIc.;If-I~l:sc,I.1:‘1’1c~s ‘1’1~;\<:13 ;\S;\l.\‘SIS 1,)s c.:;\1’11.1.;\1~\’ c:ol.l.‘.\lss 

‘I’llc Ii(!)* to tlii! possil)ilit~* of iiijccting \‘l!l*J’ tliluto solutioiis 011 to C’il]~illill~~~ 
CC.~lUlIlIlS iS till.! il\*OitliLllCX Of Stl’cillll splittilig, 111 Oill’liC~ I’o]XJI’tS, \\‘c! IIiL\‘l! c]cw7~il~~~cl 
tllc prili~iplo (dircc*t Si~lll]~lill;: \vliilc tlli: ~:olUlllll is Ii~l]It ilt il suit:~ldc~ tl!lll]X!l’;~tUl’c! 
l~c~lo~\~ tllc tclll~~c!l’;itlll’c! of illl;~l~~SiS) :illtl tl~c:llnif]U1~ of non-sl>littiiig inj~~ctirm7~* as \vl*ll 
;lS Sl!1’~1I’iLI ~~]~]~licYlti0IlS (Jf tll~~ Illl!tll0~l” ‘I. 3ll~illl~\~Ilil~!, \\‘l! lli1\‘1! l)l!l!ll 1lSilig tllc tc~c.‘ll- 
liic]uc c.:.stmsi\*c:I\* \\*it11 g:rx*;lt sliw15S 011 iL n*i(.lc \xI*iot\* of tliltito Iiii.sttII-15. \‘w tiIig 

tllc SOl\‘Cllt tlll~OU~ll il. ]~1’1’~:011111111 is IlO\\’ ~1~lll~l~~lll~~ i*oii!iiictl to \‘l!l*\* S]>t:<‘iill CTilSc’S. 
‘l’llcl*c ;LI’C IIiRII-I~~~solIItioIi c~il]~ill:~l~ic!S iii Sl!\‘C1’ill l:ilx)r;itc~I-if.5 of oIlI’ I.‘Iii~x:I*Sit\* 011 to 

\vllic*ll, 1’01. IlllJl’~.! tl1i1.11 ;l J’C!:lr, S;llll]~ll 5 of 111) to .5 j/l llil\‘C’ lwi!ll ilijcv*tml (liLil>’ \\*itliotlt 
splittili,g, ;iliil \\~itlioUt c~a~lsili~ tl~llllil~~! to tllcb ~:1111lllili. l)il~li~~llltii.~.~ ~lic~~~lllitc~lxxl iii solii~’ 
Ii~l~Ol~iltOl~i~~s \vitll 0111’ 1111:111011, Sll(*ll iIS tllOS1: IIi~~IitioIir~~l I>)* SU\‘O’I’S\’ ;\SI) %I.;\‘I’I~:ISI”, 

iII’C Ilot clue to till! nic:tllocl it.scllf, l)Ilt I’:itlicT to tlillic-Liltiw u*itli tliu twliriif]iIc or 

cq1Iil~mi~:Iit. ‘I’III: tc.v*liIiicltIe as \\‘c’ 11s~ it Ilo\\ n*ill lw rl~w:I~il~c~~l in ClCtilil clsc\\~ll~~l~c~‘:~. 

:\ ftlllClilllll!lltill liiiiitiiig ilS]>l’lTt Of 0111’ lll~~tllO(l is tilt.! filet t.llilt tllc! IllOSt \‘Oliltilc! 

COllll~l~lll!lltS Of till.! IiIisttin! Illil)’ I>(! OllS~~ll~l~tl 13>’ tllc! l:lI'~~! illllOllllt Of SOl\'l'llt OI', ilt 

lcttst, iiI;l~* iiot lw 1x5ol~~cxl s;tiflic:iciitl~~ froiil tllo sol~*c:iit. Ill tllC! CiLSt! Of iLtlllf)S}~llC’l’iC 
ll~~~ll~O~~ill~l~OllS, t Ilca IlloSt \*OIiltill.! ~‘olll]lol1c!l1 t of gl’l!:lt t0Sii:ol0gi~~ill ilitw!St. is l~i~llZi~lli!. 
:\S, 1’01’ ])f’;LC’til’iLl 1’1!;1S011S, \\*c.! USixl ;iS Sol\‘olit c;il*l~olI c]isUl]~liiclc~, ~~*liic~li Il;is il siIiiil;11* 

l,c,iliIig l)oiIit illIt ]N)lilI'it~' to tllC)S~! Of l~l~llZl~l1~~, tlic SitlliLtic.)ll did Ilot scx!IIi lm)Iiiisiiig 

at lirst. 

It \\‘ilS intcrcstiiig, tlioI~i!fol’i.~, to tlc~tc~Ivi1iIi~~ tlli! lo\\‘cSt l.~011C~~lltl’ilti0ll of l~~1l%c!llc 

iii Cill*l~O11 clis~ill~l~itlc: tlliLt still a,llo\\*c~l suffirictit l'i!SoIlItif~Il of l~cll~i~llc~, l;ig. I SlIo\\‘S 

t.\\*c> ClII’~~lll~lt~~~l~illl1S ol~t~~ilic~] I)>* IIon-S]~littilig ilijuc:tirJli of I pl of lx~llzullC soltltioli, 
I: Id illld I : ld iii c:tI’l~oII tlisull~lIiclc \\‘itlI tolllcllc iLCICICtl fO1’ COIll1~ill’iSOIl. IC\*C’I~ \V]lC!ll 
Sillll]~lill~ il_ I: 10~ solI.itioIi, t:lIc lwIizmc! lw;il i is 1101: i~l’fl_!l.~tC!C] I>]! tllC! SC3]\*l’llt ])l_!i’]i. 
Ncvc~tllc]cSS, tllis ~Ol~lc.:c!lltl~i~ti~Jll is l>(!lo\V tllc! 11IYlCtil'ill limit l~l!l~~lUSC tllC! lX~ll~C!llC ])C!ali 

lN2cr)lllVS lllilSlil!Cl I>J: tr’iLC:C! illi]ml~itics 01 tllc soI\wt, C’\*L’II \\*IICII using tllc ]nlwst 
rcclistillccl carl~~ii tlisul]~llic.lo. ‘l’lll! l?l’itic:ill c‘oll~‘~!lltI’iltiOll, tlll~l’~:flrl’l!, is Of till! 0l’dCl’ Of 

3. 10d7 g c!f lN:llzcllc ]‘Cr c;‘I’il_lll Of ~il~l>Oll clisiill~lIitlc (<joi3 ]).]?.lll.). ‘l’liis 1111!;111S tllilt tllc 
CS]WCiiL]]>’ C]iflic:Ult CiLSC Of ]~~llZl~ll~ t]OcS IlOt ])W~lrlt]c gwuilic triLcc iLllill~~SiS. 1’01 



l~)]LIclic:, tilt! lirllit is Ic)-+ R/R, i.C. 1:Irw tc, tlw clctccticm lilnit of tilt! IFI I’> (0.02 llg ill 

2 {I/ of Solution). 

. 

l.O,ul 
I: 100’000 
no Split tirql 

132 1 

b 
, 

250 

It Ill;l>’ IW iLClCll!Cl tll:tt S0llllt ~~~l!l~o~~~litior~~s Ilil\‘C to I)<! fiillillccl ti3 Ol>tiLiIl tllC!Sc 

I’C’Slll ts;. ‘I’llt! IllO.C;t illl]~0l’tiLllt 0lll! iS (.:011111111 (]IlillitJ*, II-it11 spwial ~nlpllasis on 10~ 

iLClS;cll’]~tiOll :tcti\*it>*. I~tll’tllc~r ~‘ct]~li~~~~nlcntS u~llwrI1 tluhils of the :L]I]xtr;itUs iLIlt its 
IIiLllCllill~, \vllirli \vill lx: cliscriss;c~cl olSi!\vl~c!ri:~~‘. 

I I1 till! l’iLSl! Of C’\‘l!ll lO\VC!I- l’~~~lll‘~!I~ltriLti1~11S, ill~l?~ilSlXl S~lIll]‘~IC sixes IlltlSt IX: USC!Cl. 

.-\wording to our ~:spc’ricmw, c\wi tllc \*q* irigcmiouslJ* clcsi~:nctl IIIC!;II~S clc~*clolxxl 

ilt tllc ‘I‘wlinic~Ll Ilniwrsit~* of ISintlllo~~onl It In iL1’C IlOt Illll~ll Ill!l]> UtlCll?r tllC!SC CIOIl- 

diticms ]Wc~~lLlS;c! tllc! CiLl~ilIiLI’~ l>c!i:oIlli!S l~ll~~~]iCCl n~itll ci~lltli!llSc!tl Sc)l\‘Cllt. 

I:or clircct samplin g of air tllc! follo~ving Cc~llSic]~!l’iLtiollS IliLVC to I>0 lliaclc. :\s 

Ivill IX! Sllo\Vll IiLtL’r, tllc! Ill:tjorit>* Of Slll>Sti\llCTl!S arc: prwcnt ixl tllc rang:c of 0.1-10 

]q~h’. If, f01’ i1 single l’Ll11, \VC \visll to illtlYJClLl02 Ilot IcSS tll:Hl 0-I llg Of ;1 SLlI>Sta.Ilco, 

]NX~S~!llt in tllc air il_t CL ICVCI Of 0,I ]>.}>,I~., our’ sariiplc size lwco~iics w. 1 1. Introcluction 
of tllis w~lclnIc on to onu of oilr lI~tliniLl’J* ca])i]lnr>* coltlriitis (Ho\v cc!. 4 nil of air per 
niin, cf.~rl’c.!s].lc.~ti~lilic: tcl IO IllI Of I-Ic IX: mill) 1VOUlCl 1ilSt c’(t, _I II. Tllis IllCiLllS tllnt, 

csccpt for IL fc\v Illiljor i:1~Ill]~ollclltS, tllcrc is, ilt prcwnt, no opportunity to apply 
clircct Sillll]>lillg,r. . . 

In ;in cxrlicr ]xi]xr*l, Iv12 I~n\*c ostcnsi\*l:l>* discusuccl tllc principles and mcms of 
trapping gasci~lls t!XCC SLll~StiLll~~S to suit our analj-tical conditions. Sonic results 
lll;L?’ IX rc]>l!iLtcCl Ilcrc. 

For c]iiditativc malysis;. EL lviclc \xricty of ilClSO~b~IltS (C?llil.rclJ~ll, alunlinn, 
si]iciL gel, contcd cclitc, organic pol~mc!~s) iLlId tcc]lnic]ucu (clcsorption II>’ Ilcilt or 13~ 
solvent) nixy Ix irsccl. l:or quantitative tlctcrn~inatic-m nncl for ultra tri\CC! conditions 
SUCII as tllosc in\*ol\*ccl wit11 air, Iwvckw, tllc ccmcsponclin g sclcction l.mmiics seriously 
rcstrictccl. In fact, only CZllil.rcCJ~ll lvitll liquid clcsorption can nicct rcc]uircnicnts SUCII 
as controllccl aclsor]~tion in tlic sub-p.p,l,. ranjgc, low clcpcnclcncc 011 Iiumiclity, ilIlC1 

ftil~rccovcry without iL,dSCl~b~Ilt. 
-- 



'I'lic: si;zc of CL cl~i~~-cml ti*;tp rcrlati\*e to tllc \~olunlc of tilt: air Sillll]>ll! is iL fUll~liL- 

IllC!lltill point. h~i~SilllUIll Wc:o\*c~J* n*i 111 iiiinin~lunl Sf ll\'c*iit \*01~1111~i CiLllS for tllc! SIIlalloSt 

possible tr’313,. ‘I’llis 111C~111S tllilt tllc! tl’il]) IlilS t0 I)Cb S~~ll_!(:tl!Cl t0 l>l! SO Slllilll tll;Lt, 1’1’0111 

;L gi\*cIi itit* \*oIuIiic, tlic InoSt \*olatilo Stll~Stilll~.~l_!S just lxy.$n to I>rc;~l; tlIroII~11 tlicb liltc!r. 

TO ciisurc full ;tclsoI*ptioII of tllc: Stll>Stilll(*~S of iiitowst, iI S~.x~olIcl liltor is iIIs;c!I*tld 
bcliincl tlic iirst 011~ tIltIs xillo~viiig ;L c*l~cv*li of n*llctllct’. 0I’ lIo\V l11Uc~ll, orp~nic* l1I:ltl’l’iiLl 

Ilns pnssccl tlIc lirst filter, ;\t lllf )St, OIlI\’ Iic*gligil,lc tr’ilC’r!S ( If Slll)Stillll:l!S to I><! tli*tcr’- 

Iiiinccl SllOtllC] IJC fOUllC1 011 tilt! SC!(~OllCl t1’ill’. 

I’Or iI gixwl iLir ~‘OlUlllC :lllCl :L gi\*cii il( I\\’ I’iLtC, tllc! iiltor sin: (Yilll llc! I’c*tltlc:cx] 

\Vllcll tllc lXLl’tic.:le size 01’ till! l’ll~~l’l~Oill ‘is WClUc:cCl. ~1111111 liltcr ]mrtic*ll!s, ftll’tll~!I’lllc~l’~.~, 

f:Kilitiltc clcsor]~tioIi bj’ ;L SOl\‘~?llt. 011 till! Otllor’ Ilillltl, Slllilll ]Xlrti(‘ll!S ]‘r’“ltl(‘C? ;I IIigl:Il 
Ilo\\* I’WiStilllW tllI2~t1~11 tlic tiltw \vlIic:ll Iwc*oIiics ill1 c~l)st;lc*lu I’oi’ tlio IiqUicl Si~l\‘i~lit, 

I’iLtllc?I’ tlliLl1 for tllc air , :\ll~~tlll!l’ illl~~~0l’tilllt ~~i\I~i~llll~tl!1’ is tllc: ll!ll~tll Of tllc! liltor- ]J;\Cl 

\vlIicli, tlinmgli tllc flou* Ivsistailn:, is ~~or’rcl:itcd \vitll its \vicltlI. 

. . . ,\...d--_ glass tube 

I.D. 4.5 mm 
.:.,..,, . . .._ ,I, ~ J 0-D. 6.0 mm 

stainless- steel 
i \ 

‘\ shrinkable Tef Ion 
screen charcoal 

];ig:. 2 SllO\VS ;L l~lliLl’~.‘O~ll tI’il]J Sl:ll!ctCYl i1ftCl’ il scrims Of tl!StS in ivlIic:lI tllC! iLlICI\‘C! 

]~il~illll~~t.~~l’S IlilCl I>CC?ll ~‘ill’i(‘Cl S;?‘St~~llliLti~:~lll~‘. ‘I’llC trill) (.‘OlltiLillS 25 111x Of IVOOCI ~~Ilill~(~~l~ll 

xs UWCI foI* ~ig:;~rl:ttc! liltors u*itll aI1 :t\*c!l~g:c! l>;tI*tic*lc size of O,OS 111111. ‘I’llis tilti-I. IX:- 

taiiictl cX~llSt~\ll~t cll:ll-i1ctoristic.S tlll~c~l~gll iL It;11 c: scripts of il]~]~li~:il_ti~~ll.s. Its clvsi~yi Il7;ilios 

it CQSJ’ tc’) pl’Cp;Ll’C ;1 Iill’gC l1Ullll~i!l~ elf liltcrs Ivitll ]~lYll’ti~~illl~~ iC]clltic*ill c’llilr-;lc.tc!riSti(.S. 

\\‘c clcsipcxl 3 liltcr IIolcli~r ilS slio\VII ii1 l;ig. ;34 ‘I’0 l’CfiLil1 till! iL(!r’OSOIS, \\‘C! tlWC1 

iL cliw 0f i.L glass-filxc: tiltcr \vliic*ll is S]XJC*iill]\’ I11~ll111fil(.~tlll’~!Cl f0l’ t llc t’ctcntioll or lX”l’- 

ticulxtcs iII ~i~~i\rctt~: SIIIIJ~<O (1’llipp.s itIlt llircl III(:., lZic*lInIoI~d, Vit., lJ.S.r1.). ‘1’11~ 
liltcnd ilil’ llo\\‘S tllI2~U~ll t\\‘o ic.li:ll tic:;11 Cllil.~CYOi1l tl-il].)S witllcmt c:oIIIiIlg into ~‘tllltilCZt 

\vitlI llliltl_~l’iillS Otlll!r’ tll;Lll lllC!till, GlilSS illlC] ‘l’Cll0ll. Slll*illl~iLl~ll! ‘I’CllOll tul)irig, \Vlll!ll 

sllrunl; to tlii! c:orrcct \vitltlI;~:;li~~\\.~ just sullicimt oliistic*ity to iLSSUl%! tigllt littiiig:. 

I’llC Olltll!t clltl is ~~Olllll_!C~tC!tl i.0 il \\‘iltC!r’ l’)tllll]). l-iy IllCilllS Of ;L lll!odll! V;l.lVC!. \v(.! Sc’t. 

tllc ilir llo\V to Z,,j Inl/uiiIi. 
1:0r tllc* dcsoi~~~tioii \\‘t: US;c iL GlilSS ;l]l]);lr’iltUS :lS SllO\\‘ll iii ]:ig. 4. ‘I’IIC I~~;lClcCl 

liltor, tc) \vliir:Ii tllr! ii~tcnial StilIldill’Cl ll:lS IWC!ll ilClC]l!tl l>y Ill(!iLllS Of i\. syriiigc, is filSt~!ll~~Cl 

to tlic “colcl Iiiigd’ l>>’ a picw of ‘I’cflon tubing, tllc Ul’pcI’ l)ilrt of tvliiclI is ]w~foIxtccl. 

TIIC! flaSl< is lOiLCll!Cl ivitli 043--0,5 Ill1 Of CX~hO11 clisIilpl~idc! illlC1 l<c.!])t il.!. 75”. ‘I’ll0 SOI\~Cllt 

t’iL]IOtl1’ ]IiLSSC!S tlirc,ugll tllc Ilolcs in tllc! ‘I‘dlclll Ilr)lclcr illld, 1’1’0111 tile “C:olCl linger”, 
Ilo\vs l,:tvl; tllrougli tlic! cliarcoal. Estrac.?ioIi is c~oIil]~lc~tc ilftC!r ;ih>tlt 10 iniii; \Vc Us(: 

cstr’uction pwiocls of 30 min. I\:(! follnd tlic SIl1:1ll quantity c.)f SO]Vc?llt to lx! WSclltii~l 

since sulxcqucii t cr)iiccntr~itic)ii I+- iLll?’ C!\*il]~OlYltiC~ll lllC!tllOCI CiI.IlSCS SCV(!lX IOSSCS c\‘C!ll 

of less wlntilc cc’)Iii~~(~Ii~~Iits. l~Ur’tllc:l’ ClC!tililS iII’C giVcIi in tllc! scxtioii (,)I.ir~N’l‘l’l’r\‘l’l~‘I’ 

r\SAI*)‘SIS. 
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;\ IllllCll gI't.!iLtc!I' \vcbigllt t'iLti0 I>~!t\VcY!ll tl'iLlJl>l!tl ()I'_ tunic ni;ltci*i;~l illld i.:IlntToal 

is c~l)t;LillC~! II)? till! SiLtI11'iLtil~Il Ill~'~!ll~~l (fl+~~Ilt~l! illl;ll\~SiS) iLS clcs;c*ril,cc! II>’ XO\7:CI< L:! crl.17. 

\Vllilc tliis toclinicl~ic! ~~iclcls csix!lc!nt r’c*sult s n-hen :L siti.glc tiinjor sulwtancc Ilas to 

lw clotl~rniincc!, it: fi\ilS iIi i:asCS of cc~lll!~!cS niistuws \\*itll a u+lc \*i31ilti!it)v rmqy. 

!)is!~l~lc~crliii!rit I>>* s!‘wcilii:i~!l~* \Vi*l! iLC!SO1’I~l.!C! C0lll!~I~IlCl7tS !3rc1*c!lits mot-c \*o!iltilc su!3- 

StilllC~‘S 1’1’0111 lX!i~Cllill~ tlicir !mx!ictcxl S~~tUriltiOll ct!uili!wiuln. CCrtiLill SClIXti~llccS, 

ct'c-11 \Vlloll !~l'~:Sl!llt in tllc Inisturc in l’c’lilt.i\‘l!l~’ Iligll ~~~l~~l!llt~ilti~~~l, llliL\* tC)tally Cl&- 

il~)~)l!~ll 1’1’0111 tllc CllilrCOill in tllc COUI’S~! Of !~l'OlOll~:CC! Ioilditlg. !.:ur nlistuws of this 

t>*lw tllc 11ictliot1 is ;\!)!>lic’ill>lC! flB1’ c~Uillitilti\‘C! !~III’~XlSl’S (>ll!j.+. 

‘I‘0 ic!mtif>* tlii! ~c~iii!~on~iits of il \Yr\’ ColllplcS niisturc, coupling of GC wit11 

31% Ixxotlics indis!wnsil>lc. \\:llilc tllc basic tcc!lni(lucl! !lilS lwcii \:*iclcs!x-cat! for Scvcr~t! 

j’C!iL1’S, till! ~~0llll~illiltil~ll IlilS, in OUT CiLSC, t0 lllcct spwilic Cil!lll;lllClS, tllc IllC)St illlp(>~t;~llt 



G I<. GIZOI~, c;. c.;l<l:)I’, 

of \vliicli arc tlli! follo~vitl~: tllc Itiglicr tlto GC rosoltttiott of tlic i:c.mtplcs tnisturc, 

tile lllOrl~ ~!ssS~lltiil1 it I~C!C:OllIC’s tll;Lt tllC! YCJ~;Ll’;ltC! Slll~Stil!l~~C!S ;LrC! IIOt IlliSC:tl ~l~ilill 1~1’1’0l’c! 

rcacliitig tllc! ion soutx~~~, ;LS JlilJIJ>C!llS \\*itll lllost i!ltc!l~fil~~~!S~ ittvt*c;w 01’ ~l1l’Oll~liLtO~riLJ~lliC 
rcSolution iS J)osSil~lc otil~* \\*itii Cll!Vrl!ilSl_! of SiLlll}3lC sin*, mtl .sc!witi\‘it\* of tlic t~i;~ss 
SJ~c~t!?~!llc!tl~!’ illl~l tllc! il\~0iC.l;l!l~Y.! Of If6S;c.S iii tllc ititcrfxc tllt!!~c*CoI’c: IX~~‘olllo c.Jcc*i.si\*c:; 
il.!lCl tllc Iliglicr tllc 1~llr~~lllilt0~l’~lJ~lli~~ t~osic~ltttiot~, tllV SllOl’tl!!~ is tilt! tittie S;1’illl fol’ it 

Sl_!]~ill’~~tC SUllSt~lll1:l! to ]XlSS tllcb ion SO!lr’c’(? ( 2--;3 Si:C iii 0111’ \\‘orl<). ‘l‘liis (*iLlIS for ;t lligl! 
Sl:i~!l!li!l~ SJ’CC!d (Ic!SS tllil!l I St’(’ JX!r dC’<‘~lCICb). 

i\ftcr sttrd\*it1;: tlicl c.sistitt, 1’ ~‘~~!lll~illiltiollS, \Vc: 1’011lld tll:lt Ilone 01’ flti!llt I’ullillcd 
tllcsc rc~cluirctiicttts. :\I1 t>*Ix5 of ititcd;tcw for tllc pllrJ)oSc of rtrducir~g tllc GilS 111 I\\’ 
to tl1c2 ion sout*c~ vitllor’ r(~lu(*l* ;.I!(! ~‘llrO!lli~tO~!‘ilJ~lli~~ t~cwl!.~tio!i (II’ (.‘ill_lSl! IOSSic5 Of 
Sul>S;til!l~‘l>. Otllcr t>‘JR’S 01’ ilJ)J:.irilttlS, CT..<. tllc! ~Jtl;LCl!YlJN~ll! it~stt*ume!its, Ili1\‘C IO\\ 
sctisitil*ity, ‘I‘llC SiLllll’ is t!Wcn of i’llc~!!li-ioIliSiltic,n \\*itl! lll~tlli~ll~! ilS ~.‘il~!‘iL!~ fiilS, \\*liili.r 

SC\‘C~ill iJtlli!r aSpcYtr; of tllis tc*c~lttiicltlc \VotllCl !ll;ll<0 it tllc iClt!ilI f)!lc (or 0111’ l~IlI’poSc~1”. 

T]lC! \$‘(>l’l< l’e]>c~l’tl!Cl IlClI! \\‘ilS l’ilrri~BCl O!lt Ivitli il !l!i\ss sJx~ctro!notc!- 1lt0~101 C:I-J-j ~IYII!~ 

S;i~riX!l ,\I.-\‘I’, I~~rClllCll, (;. I’. I<. ‘I‘lll! tl!~~lllli~:ill <IC!tililS it~t~ol~~ccl lIil\‘l! !-l!c:~!!ltl)’ I)vC!l 

clcsc:rilwcl 115. Sr:t!r.:f.zt: AsI> 1<.4tstIt~!!‘. 

\\‘itlt a constant input of S ml of I-Jc JXT !uin, tllis itistrttnwtif: lllililltiLi!lS it 

\*iIc1t11tll of I().-~ tot*!* at n*lticlt its smSiti\*jt~* is Still fit!* grc’iltl!r tll;Ltl tltitt wJlic:ll iS I*(‘- 

cJuircc1. OUr i!ltl!!‘fill,~C! sitnpl>- cmtisists 01’ it Il~‘iLtC(.l Zaj-l’lll IOll~ gliLSS ~;lJ3illill*>’ Of 0.3 111111 

1.1.). \\4tlt i1 vonst!‘ic*tio!l >*icJtlitlg S 1111 of air ANT tnin itt il JII’CSSII!T tIroJ> of I ;Itttl. ‘I’llis 

Cill>illil~~’ ~IltlS 011 OIlC sick 3 111111 l~l!f’Ol’l! tllc! ~IC~~tl’l~ll I)C’il!ll in till? ion .COUI’l’C, iLll(l 011 tllc 

otlicr sick iii tlic c:c~ltttiiti o~wt of 3 RilS ~I1roIll~tto~riLl~Il s;tiitccl for IiiRlt-t~c~~olutioti \vorli 

(CX.rlO E~lIiI, NiliLll, Itill>*, hlodol GI). ‘I’llis ~1~1 is clircctl~* C:C~uJ~ld to tltc ctlJ>ilJitt*>* 

Cf~JUlllll 135’ sliritil;~~l~lc ‘~‘cflo!l tubing. J:cw \VlJrk ill3Ot*l! 200*, \\‘C US;C!Cl i1 t\\‘( I- (11’ t IlI’t!t!- 

fo]d layer of *Jcfl~jt~, xvlticlt \Vitllst.iLtlds iL c(>tlstilt~t tc!tlll)cr;lturc of ZOO”. (:JliItjgittg i1 

~oluriiti utidcr tltcsc conditions is acliic!\*ccl in loss tllilll ;<o !niti. 
‘I’11c tiioclcl CI-15 is ~cluippccl wit11 a scc:r)ncl icm sout’w \vorliirtg ilt 20 c\: in u*liic:li 

tllc ~nolcculcs passing tlic !irst source arc clctwtccl. ‘I’llis scccmcl scm~~c Im~cJuws t IIC 
GiLs c~l!~c~t~l~~tc.~~r;~tl~ n*Jliclt is tlot: it~lluct~cccl \\+l~ctl tltc tll:Litl sourw, itt 70 cl’, is \vorl;itlg. 

IScsiclcs a\roiclitlg iltly JC.)SS of suI>sti\tlcc, tllis co!~il~iti;~tic~!i j*iclds iL Cllr0lllilt0- 
gtxpltic rcsr~lutioti tltat is aI\vays sotiic~\‘l~ut lwttcr t11il.11 tllc! best results ol~taiticcl I)?* 

pure GC, (1; J D). 
TIIC GC c01u111t1s usccl ww-c: ;I 130 III s 0.32 tnm UCOII I-113 jxoo for tltc full 

sIxctrtttii (I;ig. .j) and ;ltl SO 111 X 0.33 ii7111 Uccm TA13 550 for tltc tnost volntilc orptiic 
cotnl~~~uttcls. ‘J’llc seI>ar;~tic>Il tlutnbcrs \\‘erc 72 and (i-j, respcxtivcl~~. 12otll CO~UII!I!S 

wcrc run \vitlt ;L ,cps flcxv of CN. S 1111 of J-Ie per tni!l. 13csicles SclXWiLtioIl clficicti(.:>*, 

txvc) c)t]lcr c]InIxctcristics arc esscIitin1 for- siltisfact.or>* rcsulta: iL vet->* lo\\* I3lccd I’il tc 

to proc~tlcc little l.~~~c]<groUllCl o!l tile IllasS spctra \Vllcll \vorkitig iLt liigli sc!iSiti\*it\* 
(see tlie cllroninto~ralns i!i Figs. j and 0, tc!nJxraturc pr0grilllllllccl f!*otll room 
te!nJxrntu!*c to rye and Im”, rcsJxcti~~cl~*) : and a wry 10W i&orJ)tic~~ll ilcti\‘i t>’ 
to :l\:f)icJ C0!~~;1!1~i]~~~tiC~!l of ;L rcsol~~ecl StllXtnIlW I>) iLClSOrbC!Cl rcsiclucs of fcwcyqA!i~ 

C)!lCS. 

‘r]lc lntter cl1nractcristic:s lllay 1X! CVC11 more itiilxwtntit tll2lIl tllc WlXU*i~tir.)!l 

cjficiency i&cl f. As \vc 11nvc rcprtccl rccctt tly”“, ccrtniri nclsorption cf’fccts arc clue to 

unsuital,lc acidity of tltc cmlutnn. 
$jC]lll, CSpriCIlCC iS !l~~!dCd tXJ ~~txq);m! dutntis tlxxtit~g t’Jle!e rc!cJiiirCtii~ti~s. 



:\ftcl’ il Iollg scrics of attcltll~ts to Ol>tiLill tlic ~0111]~I~~tt! s]~c~i*tl’ulii CroIi1 Iwni),cnc 

to c’i(.‘C)SiLIlc: 011 tllc SLIllC c~l1ro11~~1tog~‘;~~11, \VC rnocliliccl 0111’ iti IJL!(*iltlSC! of tlic f:lc:t t]izLt 

tllc c’~~Il~.‘c~lltt’ilti011 of orgmic c*o~i1]~~~~lllc] S clcxmx~scs strongI!* lvitll Cl~!~:I~cilsill~~ \*olatilitJ* 

u*liic:l1 1lliLICCS it dilficult t0 tl'ill) 011 tllc! SilIllC! liltcr <~OIll]~il1’ilI~]C iLlllOtllltS of tllc lwvcr 
:lS \\Y.!ll iLS of tllc Iliglwr ~iiokculitr wctig]lt Slll~StilIl~.‘~!S . :\S III1 CSillll]llc! Of iL c]llillit;ltiVC 

run, I:ig. 5 SllOU*S ill1 cstromo 1’1111 ]~IiLllllCCl to give rcwm;hl~! ;LllloLllitS of tllc: IIo;Lvicr 

Slll~Starlcxs n-it11 c.ol.rcS]~oli~lirig, illIllOSt c.:i~niplctc, loss of tl1o ligllt ones. :\ run iis 

cl~q~ic~tcrl I,* I:&. (1 Illil~’ Sic!l’\‘(! t0 till till! Kil]) ct’L!iltcCl tliis IVilJe. 
I~.IIiLt’l’~~~ll tr’i\lX ;LS clcwrihd iLI)O\‘C! \vwc IOiltlc!<l ivitll 

I hiring SiLlll]~liIl~, 

25 Ill” of air witllirl S ClilyS. 
tllC !ilturS \\'cI'c ~lliLVl!d iii tlic c:clltl’c! of our ~‘illll]~LlS in tllc c-ity of 

Ziiricll in ;L fil’L!c!ll ilI’C!il \vitll 11 liL\Vll Xlld l)llSllC5;, .~OO 111 ilIViI>’ fI’0111 till: llViLl*c!St road. 
I’c!dcS;triilllS (Slllo];l:IS) did llot }‘ilSS i\*itlliti SO 111 . NO c:liinincy* OI’ l!Sll;LUSt \\';lS I(ICil.tt.!Cl 
n*itliiri go0 111. During tile \VIlol~ s;;tlllpling priocl, tlic: air \v;is tOtilllJ* orlourlcss. \\:c!;lt]lL!r 
ilIl(l \vind ~‘OllClitiOtlS \‘il~ic!d. ‘I’lll! il\*(_!rilg(.! tc!lll]WrittLlrc (1\11il>‘) \\‘;lS (‘il. 14”. 111 tllc! iLrClL 
ilI’OClIl(L tllc! ~‘i1111]~LlS, c’l_‘lltrill Ilwting units \vitll oil l~Lll7lClX \Vc’I’l! OC’l~iLSiOllilIl~‘u3~rkiri~:. 
‘1’111~ C’;llllllllS its;clf is iLttiLI’lI~!ll t0 il tliStilllt Ill!iltiIl~ SOLII’(‘C!. 

\\:t: l!Stl’ill’t~‘Cl till! liltcm \vitlI l:iLrl~O1l tliSulpllicl~! illltl illl~ll~~S~~C] tllc Sollltir~ll i1.S 

c I~wri I>tbCl ill>1 I\‘(‘, fvitllout il~lditioll Of ill1 iIlt~!l’Ilill StilIl~lilrC]. :\I] till! IlliLjoI illlC1 SoIllC 

niinor rv~liil)oncnts \\*crc! itll!ntiliod I,))* tllcir IlliLSS s])cc:tr;t. Iclcritilir~atic)lis nwc (:01i- 

tirmcd I>)’ ~‘O~l’l1l’OllliltO~l’i1]~II~‘, ])I’( I\*idcrl ]JLll’l’ I’l!fC1I’l!Ill’~! Slll~Stilll~~!S \\‘(!I32 il\~iLil~ll~ll!. 
‘I’liiS \\‘;IS tll(.! 1’ilSC: u-itll ill1 tilt.! SIlI~StilIl~‘l~S illtlic*iLt~~d w*itli tlwir c!Silc’t Ilillll~JS iii ‘I’ill>lC I. 

i\ fLll'lll~~1~ S~!ill’~‘ll fOl’ Slll~Stillll*l!S Of Slwc'i;il intcrc5t \VilS C:ill.riO(I C)Llt in tl1c.r fO]- 
I( l\Vlllsq \\*ilJ’. ;\ O.Z-1111 l~ol’ti011 01’ tllc! C~ill’l~Oll clisulpliitlc: solution \VilS intcnsc:l~* \'ilJriLtC!Cl 

fol' Ijj Inin witll 0.1 1111 of siilplluric* iLCiC1 (7 till (:oIi~. I-I,~O,, -I- :$ 1111 I I,(I) ill.‘C’C )rcling tl..) 
11l~tlioc1 of I-Ii.)I:I: As11 \yIc17’~~. ‘I’liiS ~.~ll~illl-Ll~~ pn )cxdurc cIilllilliltcS (11’ l’e<lLlcc.5 a11 
SLll~St~llll~l!S l!SC’l!]3t illl<iLlll~S ;lllCl ill’>‘1 ~ll]<iLIl~!S. ‘I’llc CliS~l]~l~l:;ll’illll*~~ or rcclLic:tioIi of ]x:Ll;s 
I’C!\‘C’ilIS till’ ]~I’l!Sl!ll~c’! Of I’~!ilc’ti\‘c! ~~OIll]X~LlllllS, Ollt Of till! _I60 IXTiLl<S oI~SCl’\‘Ld iIi Cllleo- 

I1l~ltO~l‘il11l /\ (l:ig. 5), I(,*SS tllilll 30 \\wo irilluc~ticctl I)\* tllc sulplitiri~: i\l.'iCl tI’~iltlll~1lt 
u*l~ile tl11: otl~c:rs uxw c’:sac:tl>* r~~lm~clu~ul. I’ll~! o\lcl.\vllcllliiriC: IlliljOl’it~’ of \‘OliLtill! 
~lI’,~iL11iC.? SLll)Stilll(TcS in tllc! ;ltlll0S]~lll_!l’~, tlll!l’~~ft~I~~!, ill’l! fllol (:onstitwnts 01’ l)jm)l>*tic 

tI’illlSf~~l’llliltiOI1 ]~I*OClLl~tS (SOllll! ill’Olll~lti~S) rlc*ri\wl I’l*olll fllcl. 

C~olllpill’iSol1 01’ l~I1l’OI11iltO~I’ill1lS ;\ illlCl 73 (I;ig. .j) stl’ollgl>’ utitlcdincs 0111’ st:ttc- 

Illl’llt tllilt in 0111’ C’ilSl!, l~llill*~~lill nc*\xbr I’(1iLCIIl’S il StilIIIC! illltl clc~lillocl ilClSOl’]~ti~~ll cc]Liili- 
l)ricini in }~1’010ll~~tl l?OlltiLCt \vitll till! i~tlllOSl~ll~!l'~. IllSt~ilCl, tllc Illil,jOl' C*Ollll~Oll(!lltS Of 

tllis iLtlllC~S]~lll!1’l!, tOlll~!llc! ~llltl tllc! S>‘]l!llCS (:\, I;ix. 6), IIil\‘O iLllllOSt tOtilll>’ CliSiL]~}3L~iL~CCl 
fl’olll tllc liltc!r* cs]~oSiicl for S CIiL\‘S (:\, I:ig. 5). 15\*cn 011 tllc s;c!cc)lic] liltcr (I<,, Fig, 5) 
0111~' tl-ilC*L!% Of tlll!SL! SLll~St~Lll~l!S ilI’C fOLlllCl:l. TIIC reason fO1 tlll?S;c Cll’ilStic ]nSSCS is c]is- 
]~IiL~.‘l~IllCllt Of \~OliLtill! SLll3Stilll~~C!S fl’Ol11 tllc! xlsorlxmt SLlrf:Lc:c lJJt lc!SS volatilu rlIlcs. 
‘I’llc! iLl>SC’llC*C! Of SUl)Stillll?C!S IICilViC~ tlliLI1 lll~tll~~lillClil.llc 011 tllL! SCc’OllC] liltcr SIIOU’S, 011 

tllc Otllct’ IliLllCl, tllilt iI1 till! IuSS volatile: ]Xlrt Of tllc S]Xxtl~~lIll, tOtiLl il~lSClI~~~tiOl1 OIlt 

of 35 IIP. oc’curs 011 ;LS little ilS 25 lllg Of ~lli~l*~OiL.l. 

./. C’lf~r,/r/trf~!:~r.., 02 (10;1) l-l.3 
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;\ IllCJt’l! dl.!tilil~Cl COlll1XLl’iSc~ll r Jf ~‘Ill’rJlll;ltr~~l’;lII1S :\ ;lIltl II (I:&. 5) lc;t(]s to tljc 

frJllrJ\ving ~~~Il~lLlSiOllS. 111 tllc! first I>:ll’t Of I~Otll ~‘lll’OIll~ltO~l’illlls, il rll.lillltitilti\‘c in- 

CI’r.!iLSC is r~lxi:la~*cCl u*itli iticrc;ksing IllOI~!~~LllilI~ \\*l*iglit f01' O\'c!Y>' Ilr~ll~0lrgc~lls scl*ir_!s, 

~.'il~lSCd l~~~~l’ilClllilll~~tli~~lillislll!d IOSSl!S (CIUC~ t0 tll.~r~I*l!ilS~~tl \*Oliltilit\*). 3l;l.sinitirii iL]llOllllts 

iLI’(J ilttiLil7CCI \~lll’I’C! I10 fLll’tl1~~~’ lO+C!S llCC.*tll’ illlcl tOtill ilClSl)l’1)tii)Il Stilt’tS. .*\ft(!I’ t Ilis 

point, tll<! iLlllOLllltS CIOr’~C;lS;c*, t’c4lc~c*ting tIllI tlcYIX*ilSill~ r’l~11r.‘~.!11tl’iltir~llS of tllcb r*cslx~r:ti~+C: 

SLll~Strlllc:cS in till’ ilit’. 

It llKl\ l>l* intlwstirig trl (!.s;Lminc! \\*IIic*ll I>ilI’t of ~‘ll1~OI11iltO~l’ilIll ;\ in l;ig. .‘j lli\S 

SO1110 clLliL*lteitiLti\‘c! lll~illlitl~. ‘I’IIC :lIlS\I’C’r’ is gii*rm I>>’ ~‘lll’OIlliltO~l’illll I+, \VlIt!l’C 01llJ 

Slllilll ~1lllr~lllltS Of LIIlCIC!CilIll’S il!‘l! fl ~Lfll(l t~*Il~!l~~~ilS ~IlItl~!~*ill1~~S il1’1! IlOt tll!tC!ct~aC], ‘I’llis 

Ill~.‘~LllS tllilt, fl)l’ tllc! illl<illlC~S, ~~ll1’OIlliltll~I~iLI11 ;\ ilftl!l’ lIIlCIl!r~;llIc~ is rlLlillltit~lti\‘c!l!’ 

mc;iliingful. ‘I’lic i~o~1~1~~;1~011~liti~ liniit frw tllc: iL1li~~ll~1’11%C’111.‘6 Slll~\i*S ill1 illll~0l’tilllt sliil't 

t0 tllc Icft ;llld iS frJull(l ill’tl’!’ tllc! c.~tl~~~ltli~i~ctl~~~ll~~~~~~~~~i~~S, in till: iLI’C’i1 \\‘llCl’(: t~i(ll*C’;ll~~: 

\\‘OLllCl I>C UlLlt~Yl. \\‘l’ tliitik tllilt tllis ill~l~ill’l’lltl~’ tlil’l’cn~nt Ix*li;l\*ii)lir Of iLll<illl~~S ilIlt] 
ilI’Olllilti~‘.S is cl110 sinlpl>* t0 tllc! lX)Iil~itJ’ Of tllc r’r~lLlI1l11 , Sinlx* tllc SLll~Stilll~~~S fonliitil: 

tl1(1 I*c5p.*r:ti\*c timitS. id. LlIlCIC’r’~l1lC i11lCl till! r.~tli~~l~li~~i~~tl~~~ll~~~~i~~~~i~~S, lli1\‘1! \‘(‘I->’ SiIlliIiiI~ 

l)oililig points. 

\\‘i t II SlX*(‘iill (‘iLl’1’ f\x! tr*iclcl to iclcblltif>- tlit! SLll~Stilll~‘l~S tllilt I’oilC’t \\*itli SLlI- 

11I1iiviv ill’iCl (ill~liCiLt~~c1 u*itli :I ill ‘I‘illJl~! I), IJUt \\‘(.! l’r~LllC1 llot ~?still)li.Sll cl~~trtilctl Stl’Llc’tLl1’o.S 

f0I’ it11 Of tlll!lll. \\‘l> llil\‘C \*Cr>’ littlk~ IilllJ\\~lC~Cl~:O ilS >‘r_*t of tllil ol*igill ilIlC.1 siqiilir*;iliry~ 

flf tllcs~! mlll~lmIl<lsi. \\‘(ll’li is Llll(lC’r \Vil)’ ti) cl~3rmllinc~ \\‘lll~tll~.!l’, Ill’ to \\‘llilt c~stc~llt, 

till!?’ Ilr:~:Lll’ li)r’;lllJ* 01 t~!llll~OI’ill’il~‘. 

~;;c,llll: S1N’Viill in tuwt IllilJ’ Ill! tli~wttrcl tO\\‘ilr(iS i~S~‘~~‘lliltl!rl ~*OIll}~l~llllClS Slll*ll 

;lS iLl’f)llliLt il. ~ll~ll'll~'~lr,!.C; illl(l ;l('~'tl ~~~llC:lll~ll~ , sirico tlll!1' Illil)' I'Cl~lI~Sc.!llt I ~Si~liltioll I)I'otlllc*tS 

Of il ij’lELtl!tl II i11’0111i11i1‘S. ‘I’ll~:W I’~!l1lilillS Sollli~ sLtspir:iflIi tlliLt till*>’ tliiglit IIC 1'l~1'11ll*Cl 

tlll?~~l,ill oSiCliltic~l1 Ol’ :1C1Sl~l~I~~~tl i11’0111i11:iC~S III1 till’ l~lli1I~~*Oill CliiGng tllc IOllg I!SlMlStll’C 

l)cl*il ICI. 21 piw:c I I( c\*itltmc*c. ’ ila<ilillSt tlliS ClOLll)t is till@ fil(.*t tllilt 011 tilt! Scc*clIltl liltclv oIlI\* 

I~l_!ll~illCll~l1~~tll!, IJLlt I10 I(.5S \*tlliltill! lll~111l~l~~~Ll~‘S, ;II’l’ f~~llll~l. ‘t’liis 1~l’~llJill~l~~ Ill~.‘;lIlS 

tllilt }>ill*t (If tlll! 111~~1’1’ \~llIiltill~ l~l~Il~illtll~Il~~~l~! IlilS l’ilSSi”Cl t IIt* lil*Sl liltc7 \\*lll!l*~~:lS its 

ICSS \*oliLtilrQ ClC*I’i\*ilt i\*r.*S \\‘r!I’C tOt;lll>’ iLrlSrJ1’I~C’(t. I11 t IIC! (.‘iLSr.’ Of I’OI~1l1iltir~ll II11 tll(’ 

C~llil~l~l~~lI \\‘C! \\‘0111~1 l_‘Sl>~!l’t tllc’ i~ltl~!ll\~tll~S to lw tlist~~il~ut~~tl o\‘i*I- lxitli lilt(w, \\*itIic~Lit. 

YV~ill*Cl t-0 tllc*ir \*rJliLtilil~*. 

It is i3l,~\*iotis tllilt Cll!t~!l’tOl’S r*il}~ilIJI~‘, 1’01’ illS;tilllc’c’, (,I’ Sl~c~~:ilir::ill~~ clotcx*tilig 

tl’ill’l’S of Ill~.!till c:ollll~r~llll~lS IlLlt \\*itli IO\!’ stmsiti\-it>* 1’01. Il~~~l1’r~l~il~I~OllS \\*OL11(1 I>(.! 1’S_ 

trc!nicl~* Iic:ll)ful iri g;LiIiilifi nicm* iIlfo~llliltilJll I’I’oIll OLII’ iIllilI~~S;iS. .‘\t l)I’l~Sl!llt, Ilcl\\‘c!\*r:~, 

1iiost slwc*ilir: cli~tcv*tiiI’S c*itlil*I* Iill’li scwsiti\*itJ* 01’ l)I*ing illlllL1t (lC’il<l \‘01111111’S t Ililt iII’(’ 

too gl’i*:tt tfi I>c: IlSlYl iol’ IiiRIi-l’c~scll~itic)rl ~~llI~rlllliltO~~I’i1l~ll~‘. 

c,-ju;\ S’I’I’I’;\‘I’I \‘I; ..\ s ;\l.\‘SIS 

/\S clisir*liswcl iLl>l>\‘l:, (;(I.: illlill~*SiS 01’ till.! solLitic)n ol~tiiinc~l 1’1’0111 IL l~IlilI~~~Oi1l liltc:Ia 

Illil\* I>(: LlSCCl t0 l:StillliLtC r*Crtilill Slll~StilllCl!S, lJnb\*itlctl tllilt t Ill’>* Ilil\‘C! lI~!l!ll ilClSOI*l~l~tl 

fl’rJlll tll~ iLir tf)titll\e 01’ ilIlllOSt tOtitII>‘. ‘I’liis 1llCilllS tllilt tllc!S;o SLll>St~lllr.~C!S SllOLlltl 1101: 

l>C fcJLl11Cl 011 ;I SCc*OllCl ;lClSr.~l~l~~llt liltor, OI’ l)lll>’ iii il I~C!lilti\~l!l\* Slllikll illllOLlllt. 

All attempt to ;Lppl\’ tllis Iv-inciplc! IcilClS to till! i~rmc~lusirm tllat Cll.lillltitilti\‘l! 

nllill>*SiS in ;L single r’Ll11 is Ilot prwihlc OVCI tllc \\‘llOlC! SlX!r~tl’Lllll 01’ \‘OliLtilC! r>I’gillliC 

C~r~llll~lJLlllClS in iLila. \\‘llilc tllc! IlloSt t’oliltilc C0111])0llClltS u*ill l>ilSS tlll3~Ll~ll tllc liltcl., 



/\s ill1 CSilllll~lC, c3tinl;tfion of till: IllOSit \‘Oliltilc SLlllst~lllCX.5 llli~~’ 1X SllO\V~I. 
Z5tJ 1 of ilit’ (i.C. I00 times ll!sS tllilll LlS;cCl to 0l>tiLill I;ig. 5) \VC!I’l! S~\lll~~ll.!tl 011 L75-lllR 
Cllil!*C~Oill liltcw 1’01’ I ,.j Il. _&i/l O!’ ;\ I : 1000 solLltiol1 Of I-~‘lllOl’0O~:tilllC (ititcmal st;inclitrclj 
in ~‘i11’1~011 disiull~lli~ll~ \V(!lX* iltlCll!tl to tllc! liltcr’ \vit.ll ;L s;!*ririgc* I)cl’oW tStl’ilCtiOl1 n*itll 
~‘il1’l~OIl tlistil~~l~icl~!. l<olW:lt~Xl c!.Stl’il~‘t.iOll of tllc! tirs;1: ;1nd sl’l’l~llc1 liltcr pr”‘lurYt1 so111- 

1:ions fl’olll n*llic:Il ~‘Ill’OllliltO~l’~llllS, its sllc)\Vll ill I:ig. 0, \\‘uW l~l~tiLillC?Cl. 
;\ first tlllcS}~l!l:t~.Xl ()IX;c’t’\‘iltiOll \Yil.S tllilt ~‘llr’~~llliltO~:1’illllS .‘\ illld ‘13 ill’C IlOt in- 

tlLlcllcx*Cl \\*llc!ll tllc! IirSt c!Str’il(:tii)ll is csti:lltlcc.l 1’1’0111 0.5 II to I 0I’ 2 Il. ‘I’llUS tllc C’OIl- 
SitlcIYll~ll! iLllll~lllltS Of ilil* c*rms;tittiutlts fOlltlC1 in tllc SC(.*OllCl l_!.Strilct (13) C~~lllll~.)l: l)C tI?LIlS- 
f~~lTc.d into tlic: lirst trstldm:t I>>* t:stoilditlg tilt! lint l!St~ill~tiOtl ~wriocl. ‘l’llc l!S~~l~lllilti~~ll 
fed’ tiiis ~~llc~llo111cllf~11 IllLlSt IX! tllilt Sf)lllC clisSol~*ccl llliltC!riill is \‘ill)oriZcCl tfgctllcr u+itli 

tllc: SOl\‘l!llt illld is iLRilill ilClSO~l’~~tl 011 till! ~~11il1*~~Oil1. ‘I‘llis ]HYNYSS of dwcwption illld 
I.c~-;itlsic)r.l’tioll I(!iltlS t0 il Still)lC! ccluililwiulii ;lftcr’ IO--15 min. ‘I’lw niorc clinrcw~l in 
tllc! lilts, tllc! glI!:ltc.!r is tllu ~)l_!l’~‘~!lltil~l! of 111iltC!l’iill rwi;iinili g 011 till_! C*llil~COill during 
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I- I~tll\‘l-.:-I1ll’tll~‘lllC’I1%~!II~’ 

I ,.(,.j-‘i’~.illll.t11~.11 II:IIX~‘II~’ 
a. 

I ,‘,.I- I l~llll~~tIl\~II~~~llz~~lIl~ 

)I- 1 ‘ll~l~~l:;llll~ 

I~tll~~lcliili~~tlr~~ll~~~li2i~ll~~ 

I,- I hlrllY:;IIll~ 

1 t iS it ~:llllSl’l~ll~‘ll~‘~’ 01’ till! ill)O\‘t! c!cl~~ililxiuril tllilt I’OI’ \‘C*l’\’ \*OliltilC Si1111~~11~ 

colllj~l~11l.‘I1 ts. (!.*y, I~cllzl!lll~, till! solutions Of ;lt Il*;lst t\\‘o ostt’;lc*ticln stcljs lIiI\‘1! 1(1 lrcl 

iLl~~ll_I~Sl~Cl illICl tllc clt!tcr*liiinrxl ~1lllOllt~tS il~.ltll~Cl. 

It Ci111 I>C Si(.‘(!ll (I-0111 ~.~ll~lllll~ltl~~1’~lI1l C: tll;Lt till! CLllltliLlll~~llt~ll i:cm(litiotis flit. lIllill~- 

titati\*l! cl~~t~niiili;~ti( 111 ill’C! \\Yll f~il!illrd fc)I- tllf! SJ’l~!lloS ilIlt lIiat4llr Sl.lI.~StilIll’C’S, ITo1 

tolucnc (Il( I. .I(.)), ill1 c!.X;lct cICtC~l’lllilliltillIl is still lx)ssil)lc! I>>* ;dcliliag tll(.! r’l:liltiI’l*l\* 

SIlIilll iLIlllltlllt I’l~llllCl 011 tllL! SC’C‘ClllCl liltc:r t0 tllC! I’llSilllt. 1’111’ I~l~ll~l!llt_!, ll~l\\‘C!\!l!l’, tilts Sillll(’ 

~~~‘O~:l!C~l~l*l~ ?*iC!ltlS il 11111~‘~1 IuSS (‘Sill’t r’l!Slllt Sinw I)c)tl~ c:fnmx*tic~~is;, ilS Sl!l’ll I’l’Olll l~Ill~l.)llliL- 

tO~I’~lIllS 13 illlC1 C, ill.0 l*c~liLfi\‘C’l>’ Iill*~l!. 131!ttl.tle I’OS~lltS ;lI’l! Ol~tiLillCd ~I~llIIl 1~1!~111(*~~(1 ;lir 

\‘OllllllCSi. 

‘I’lIc c:clIl~~clltl’iLtil~IlS gi\*oli iI1 ‘I’ilI)ll’ I I \\‘l!l’l! c~l~tililllrtl iI1 till! fibllc)\\~irig \\‘;I)‘. :\ 
~~l~l~~~l;~tl~~l’;lll~ \\‘iLS I’LlI 1’1’vll.l il s>*ntlic:tic: solutioli ~‘l~lltilitlill, ” lino\\~l1 ;llllollllts 01' all 
sl_~l~st:lncc~ to IIC: tlctcmnini.d in~lwling till! int~:l*llill St:tlltl~ll’tl. Sin02 iClollti~*ill l~III’C)lllil- 

togral)liic c7)liditii)ns \vcrc usixl for s~mtlletic illId Il~ltllr’ill SiLrTl}LJloS, tllc illllllI_llltS Of 

c\*cry siuhsturlw c:oultl Ix! ~!spn~ss~x~l l)y tllc: ratio of tlw p~;il; Ilcigllt 01’ tl~c rcspccti\*c 

r;L~l,st:tllcc to tll;lt of tllC inter-nal StatlClilrCl. RC?SUltS fOl’ tllC! l~;LtUlYll S~llllpluS l\‘l!I’c tllC!ll 

c{LlcLlliLtcCl 113’ coniprilig tilC: IJC!ill< I wiglit ratios. ‘I’liis ~~l’OCCC1llI’C IILk tllC! :lCl\~~~lltil~c! 

tll:it ncitllcr tllc \~c:~ll.ll~lcS cjf till! CiLI’I)CJll clisulpl~iclc sc~ltitiolls (sj*ntllctic illld lliltlll’~ll) 

./a C///‘r.)/J/r//rJ~J’. , 02 (107 I) 1 --I .s 



(;I.(:..315 Is\‘I~~;‘I’I~;;\‘I’Ios 01: (‘,(-c:.,,, _ ol<(;i\sI(‘S IS l’I<l.:;\.s i\‘1‘~10~1’111~1~1: 13 

111/I’ tlll~ \‘I~IlllllC’~ illjc!c~to~l fell’ ~‘III’O111iltfl~I’i~~~ll\’ llil\‘t* to I>(! lillO\\'ll, SilIc*c* II0 S;tl’call~ 

si>liltirl:g is rlsi~cl, ~lrl;ititit;iti\*~! t-c!l,l’o~lllct.ic,ll of tlIc* (*Len /I11iltO~l’~lI11S iS ~!.~cc~llc~it. 

I:&. O;\ illIt ‘l’ill~Il* I I sti*il;iligl~* ~C5l~llll~lC ill1 ;I11ill~‘SiS f I( ~ilSOlitll!, tllc! cllll~~ clif- 

I’C’l’C.‘ll(‘~’ I!cbitig tll:lt, iIi till> Ill1 )S;t \'I)I;tlilt' ]Iill’t, tllc! ~lll<illll~S il])])l’ill’ iI1 it l~~!Cltll~l!d illllOLlllt 

~~oI~I]xirc~rl kvitll 1 Iit! :~r//tii;ltic*S;, \\‘(I S;1i]y~/S:1’ tl~;~t tilt* lliglll*r I11OI~‘C’lll~l1’ \\*cigllt illl~illlC~S 

iii tllc* ;I~IIIoS]~II~W~ c)rigili;ltl* Crolii clic.wl cmgi:ilic3 ilIl(I oil I~urni~rs;. \YCB (10 IlOt: 1;110\\ \‘CB1: 

\\‘llL’tlll‘l’ tlll*Sl! t\\‘O .C;0tll’l’l’.L; C’illl 111~ clistin~iiisll~~cl il1lilI~~til~illl~~. \\‘ll l<llO\\‘, 011 tllcl otllc!l 

Ililll~.I, tll;lt iri \vilitc*r tllc! il1lSilI1l’S ;11’1’ ]JIY~Si~llt in rc~lilti\-c!l>* Iliglicv l~OI1Cl!llt.l~iltiOllS, 

]m/l~;~l~l~~ r~~lllx~tilig tll(* illC~l*l~ilSl~~l ilc.ti\‘it)* c/f oil ]Illl-ll1.*13. 

\\‘lB ill’l’ Ill/\\’ c*.stc*ri(litig 0111’ clii;ltitit;lti\*c* I11i.!;lS;11I’i~llli~~ltS f )\‘i:l’ tlii* iIl’l!;l of Ziiricll 

\vit II tllll ;lilli Of I~~ill’llill~ lll~/l’l’ il1~llIlt tilt! lol*;lI , Sl’~LSl;l,llill illlC1 Illl’t.~~lll’OIIl,~i~.~ill \‘ill’i~ltiol1S 

/if tlli* ilil- c-o~ii~~c~silioli. 


