
‘1’11~ intlu(*n(*c of tllc: s:\nll~l~* I*II~UIIR- 011 }ll’ilk Ilc!i.gllt ;Llltl rwjltiticw in c*lutillri 
~‘tIlt111111 l’II1’O111iLtl~~l’il~~lI~’ !\*il’S stuclictl. (;rillJllS $vliicll Ollill~lC till! l*IIoiw 01 tllc c,ptillllllll 

S~l111~~1~’ \‘I ~1111111! ilr’l’ gi\*t*ri. ‘I’llts llllillltitilti\‘~J illliLI\‘Si?; Of c5tr(g:(*llS II>* c’olLlI1111 licluitl-- 
licluitl l’llI’OllliLtl~~l’iL~~ll~’ u*itli ultrit\*il~l1!t (Ilrtcx-tic111 \VilS intx-stig:;ttc~(l. 

‘I’lll* IllC!tllO~l llil?; l)l:t’ll i\l)l~lil!tl t0 till! Yilj)itl clllillltitilti\‘c Cl~:tc~ll~illiltiij~l of Cl;tricll 

iI1 Iirinc~. ;\I’ttll* ~11’1!1Kl~ill g tllL! ui*inc* SiLI11~111! fO1’ ~~lll’l~ll\iltO~:1’~l~~lI\‘, tllo cl~l;ltltitilti\‘c in- 

fl militticm l!iLIl IX! oIltiLill~!ll in 20 inin svitli il l>rc~:ision of 5 ‘I,, (Or ;L ~.‘llll~‘C~lltl’ilti~~Il (jr 

;z lllg I. ‘I’llc! Iil~isc of tllc Sillll.~~l~~-~~~!l~ tll!ti!c’tl~)l’ Ci~1’lX.5l1i~llClS to C’iO llg of Cs;tricll. 

S’I’I<l lI,I’(:‘I’I( IS 

‘I’llt! illliLl~~iS iIf dtcroicl IllWlll0lll?S iii 110Cl) fluids is ~llilKl~*tl!~iZL!tt I)>* tliu IiLrge 

lllllll!)~!~ iUlC1 \‘iLl’il!t~’ Of 1’0111~~~~1111C1S illl<l tllC kvitlc r’illl~l2 iIllC1 I(.)\\’ \‘iLI~ll!S Of COlll:~!Iltr’;L- 

tioii+;. Ill urim!. dl!\‘CI’;LI ll~111Cl1’~!(l. sturc~irts il1’1! kllO\Vll t0 OCCLlr illlC1 tilt! IlLlllIl~c~ IlC stu7~icis 

in l>l( II brl is 1!\*ci1 Iligllcr. ‘1’111: ;llllc~lllltS Of till! intIi\~icIu;d stct’dds iLI’l! ~Clll_!~i~.ll~ \*cq’ II,\~ 

arlfl l’01’1’1’~;1~1 ,I111 tc ) il Clilil>’ csc:rc*tioli ll!\‘l*I iii till! ll~LIll~~l’illll to tllilli~:ri~ril r’illlgl,!. ;\ 

llllllll~i~l* (iI Illi!tllocls Ilil\‘C! Iwirll tlc\I!lijlwcl fo1 tlli! cll!tc.‘l’iiliil;itic,ll or stcnritls in l~trcl~~ 

Ili~ifls;. It \\‘0111(1 I)(.! idcal if ;l ~~ll~~Sil*ill clllillltit)’ c’c~tllrl IW 1IlCilS;Il1’C’d wllic~ll tlcl~i!flclccl 

oIlI)* Ijll tll(J l’~~ll1~~~~1111C1 to Ijl: clctcril~iiicxl. Ill ~~!ll~!rill, Illl\Vl!\‘c:~, il ~~Il~~SiCill 11I~.‘i1~~11’1!1111’11t 

;~lollv i.i 110t slwcili~: un01igl1. Ill cUTlu~ to illl’t’l!iLS~ tllc: slxxiliritj (if tlic. i~ll;ll~*SiS tlwtlir~c\, 

~*IIi!lllii’;ll rl!iL(!tiOIlS illlC1 ScI);lI’iLtilJllS Crc~rll iilt~rfc!rin !< Cl~llI~~OllllClS IliL\*C t.0 IIt! Vi1lTicc.l 0111: 

prior 10 till! I~ll~‘SiC’ill Illl’il~lll’~!llll!llt. Sl~~Xlr~Lti~~ll illlC1 llll!~lblLrC!ltICIlt CiLIl 1X! C~~llll~illt!Cl 
t )I’T-liilc* iLIlC1 cm-lint!. ‘I’IIC Sl!~:cIlltl ~~l’C~l’CClUl’C is IMS Iill~lWil~tlS illlC1 lllOt+C jm!l*isc? tllilll tlli? 

liwt. 

./. ~:/rr~orr/trfrJ,~r~,, lJ2 (1 I,,7 I ) it,--‘, l 



-I'llEl II\'\' 

‘I’llr~ clw*riptii Ill I II tllc* ~'lll'll111iltl I~l'iLlJlliC' t.l'illlSl~l )I't Ill i1. f'( 1111~10l111~1 is I);lS~*cl I Ill 

tllc 1llilSS l~ill~ll1l~1! it1 ;I. s~!i*tiiin 0I' t.Il(b ~:011111111 \vliic*li is clc:s;c*riIx*cl I)>' il I~;ll'tiilI ilil’r’c~n!iiti;~.l 
c~rllliltil)ll. \\‘itll Solll~! ilSSlllll)~tillllS il.lltI ~illil~liJii’i~tic~ll~, il. is IN~ssii>l~: tc) tillcl ;\ siii,glc 
mllitii111 )‘I)!’ fii\*l!ri I~Ol.lll~lill~\~ :Illcl iliitiill c*cuirlitioiw;. ‘I‘lli S soliitil)n is l*illl~‘tI till: tl'ill1~;/~01't 

luiic*tic iii, s-c:" '. f(Z,I), ill111 it tl~+;c*rilx!s tilt! ~‘~llll~~!lltl’iltillll~‘~‘. (*:)I -, IIC tllcl ~il111~~ll~ iii 1111: 

iilc~\-ilig illIii.1 as ;i Illiii*tiim or tll(! 1~011i~din~tti~. 3, iii tilt! (lim*tiori 1 I! Ilii\V illlll tl11* titlicl. 1. 

;\ ~~ill'tiill fi)l’lll. IIf tlllr I~illl?;l~l)r’t ('litic~ticm is tll(.! tc~lll~~cl1'il.I clisti'il~lltii~ll 1'liiil'tioii, 

/(:y 'I I’(f),, \\~liil*li cl~!s;l*riI)(.3 tllc! r‘llllr'l!lltl'il.til~Il i1.S il I'lllif*tiiili Of tillic* ilt it ,qi\*cbli 

llll'iLtif~11. 'i'll1: tc'lll.l>l it';11 clistril)lltirm fuiic*ticms ilt till! Iw,qi:ilinillc: (2 0) illltl tlIl* t'll(1 

(:; --' /.) of 11 I(' l'011111111 i1.1'(! l'iLlI~!~l till! itiptlt illlfl cllltj)llt ('utlc:tiims, I'r!.c;l~c~c'ti~'c~l~.. 

‘I’lli: IIlltlIllt: ftlllc*tiiin, r*:)’ ‘1, r(oI,, il~~~~f’l~Silll~tt~!S ;l~;\~lll~~tllti~‘ilil~~ tcl il (~illl~~i;lll 

frriic:tic)n:“s ’ II’: (i) t.ll(* \‘ill’iillll’~!llf tllc! irllwt fulii*tiim, rff,,, is 1111ll'l1 Slllitlll'l' tll;lll tllilt I II' t IIt! 
I~tltlIllt ftlnc*tiim, fTf,_: illltl (ii) till! Stillltlil~~l du\‘iiltil Ill, Tc//,, I II' tlic> cjutl)lit I'lliic*ticlli is 

1IlllCll S111~111~:1 tllilll tllc! wtwticin tinic!, I/;. I;I~ tll~w umrlitii~ns, tlic 011tput 1’iiii~*tic11i 
(:illl I:)<! \vr’ittcll ilS : 



*I’IIc ccllL;Lt_icill fol’ tllc: l~lLiLSi1lLLllll 1.1 mi*tr1lti~;ttiim ( ‘ill1 Iu* 1111 irlilic7l if t11(! i~,s~~n.!~~io;i.~ 

l;,( y..-: c:,,,1 .() ;lll(I. l(rrf.),, il”/l(n;‘)/, ;Il’(! 5;rllwtitlLti:f.l: 

\Vll(!lI! I',) ;lllrl I'/,, ill’l! t Ill* irljc*i~tiiilI \‘~~lLllll~! ;lllcI tllc* ~‘olli~t~nt~‘;ltiii~~ iif tllc! I*II~~~~~I~~~~~~~ iI1 

tlic I ricgili;Il Sillll[)l~‘, i’i!~;l)c~c’ti\‘i~l\‘, :lll~l 71’ is tllc: ilo\\’ l’iltc’. 

l’fbl’ i1l’l’111’~111~ illliLlltit;lti\‘c: illlill~‘SiS, il s;tillic*i~!iitl~* Iti,gli ~‘olic’c’iiti’;itic)ii in tll(. 

(l(~ti!c*ti~I’ is rc.vlliiivcl 10 ~~116111’~: ;I Iii,gll Si~li;tl-ti~-iii~i~~~ l’iltil~, ~\~~*orcliii.~: to I~III. 2, tilt: 

nxmiiiuiiii ~‘l~ll~‘l!lltl’iltillll I)( il c‘~llll~~~ )llll(I in tllc: flt!tc*c*tlIl' l’illl IN! i1lcw~;twc.l II\* i1Lc*Ly;Lsi1lg 

tllc: iliicx*tic~n \'i~lLllll~~ ;I5 \Ytlll i\S I))* 
tllc: iii'jwtiim. 

l’Otlc‘Ollfl’;Ltill,~ tlI(* (‘I llll~~ll11~~1~lt i1L tilt: SiL1ll1>I(.! I)(:fo~t: 

‘1’11~ l~~~iic~l?iiti~;ttil)ii \Yllii*Il lllil.!’ lx: inji!i*tccl is linLi,tccl I,>* (i) tliL! Silt.Lll’;Lt iI Ill 1’1 Ill- 

wiitr;tticm in tllcr iiic~bilc~ lirlflitl, \rlIic*li 117;~~’ I)(: \‘(‘I*>* I(I\~. illl(1 (ii) tllc: lli~l~-lil~o;ii~it~~ ilf 

tllc tlistril~ritic)ii is;cltllc!i*ni \vllic*Il (*;LII.clc!s ;trltlitic bllill flc,ll-~i\‘lllllLi!tI’ic’ 1lLf;Ll; I~nY);lCl~!~lill,g. 

‘l’lI(! iiipIit \~ill~iillll~~! c:cbiL tril~Litc5 tcl till! t ILlt}~llt \~ill~i;lllc~c! 111’l.:l irclirl g tl) t,lll! l.!c~LliLt:il~ll:I” 

:\ii csluusiim for tllc! flilt~tif~rl i)I 

(.*iLll Ill! clwi~wl~~~ if it is ;lSSLlllI~!~1 tlliLt 

till! Sillll~~lC ;LS il I’uiic*ticm of tllc iiijwticw 

t Iii! olltl~llt fliii(:ticm rcmmins (;iLLlSSiCLll 

\‘I ~ILllllC! 

Sl) tllilt 
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s ~!\'cl'tl Il!ll!SS, tl~l! inllrlolll~c: 111’ till* ilijlJc*ticm \‘ol”“w (11’ tl~c clilt’ticb’1 \\vill (‘I IIIOW* t1’1.f s;t’iw 

t”l!llc.l. 

(5) 

‘I’lIl* stillll.lil1’~l (ll~\‘iiLtioll 0)’ till! l’l ~I11]~0lll~llt :\ 01 .I ‘ZI ;I% \VtlII ;LS tl’ci’* il\‘C!l’;l~l! \*;lll.l<! lll;l\' IN! 

(*IIIM”’ 1’01’ f;j/,. ( hvi” :g to tllc! iiilliicm~~~~ III’ tlic \*;iri;iii(x! of tlw in]mt I’linction on tllc.! 
\*ill~iilll~*l! Of till: Ollt]J11t fulic*ti( 111, tilt! l’~‘d0llltiOll \\*ill (IC!l’l’I!ilSl! fvitll illl~l~l~il~ill~ Sillll,~~ll! 

I( l~LcIIIl,g. ~;jil)Stitiitioii 1~1’w]n. ;$ iti lfi]n, .j b f~i\*c!S 1111~ l’l!IiLtil~ll I)i~t\\‘(:i!‘l tl’c ‘~csol’itio’i illl(] 
tlic! \vi(lt.li of tl’c! input (*“nx!: 

(Ill tllC IXLSiS IIf Cl]llS;. 4 ill1f.l 0, it is 131 )Ssil)lc! to clirtcr’ni’lc~ tl’c! ]I”iLCtil’iLl I ~I~ti’nu’n Iw- 

t\VClVl till: $$Lill iii IJC!iLl< Iwiglit illltl IoSS iii wsollition. 

;\ l’l’:\ I< .\‘I’US 8 . 

‘I’lll! Clll’~~lltilt~)jil’iLl~lli~_: ~L~~~liLl’iltllS (I:ig. I) is sirnilw to tllilt cli!si*rilwcl 1:iLl’liCI”‘“. 

‘I’llc: l!l1lullt llo\V \VilS ~wo~*iclc:tl I>\’ ;L }~UlSiLtill~ 1 ~Lllllp (Orlitil IJJII’ ISIS) littccl 

\vit]i iL l3oLl~l~oll tLllX! iiwiiwiwtcr illltl IL l’il}~ill;Ll’~’ r’cstr’ictiori iLS il Clillll.~~ill~ tlo~*iw. 
‘I’llc SilllIi~ll! \ViLS iiijl!c.?wl II)* ;I prcx:isioii s\‘riiig,‘c. (I-lamilton) into tllc crluimt 

Strl.!iLlll iii ill1 iiijwticm ])ol’t \vllic:ll ct’foctccl olllje ‘icgligiblc ‘nisi’ig:. ‘I’\Vo ~~o~~sistc’it 

1)Il;LSCS Of tllr! tC!r’Ililr\’ . S\‘StC!lll \~iltCI’~~~!tllilllOl~-l ” -,-,_l.-t~illll!tll~*l]X!lltilll~!~~” (IllOli11’ KItifS 

O.L?ZC) :O.C’)S~~:O.C.lf)I ;lll(l 0,OIC): 0.177: C).SO~) \\‘OW tlS;C!Cl ilS till! StiLtillllilr’~’ iLIlt iiu)\*iiig 
~IIliLS(X4, ‘I’l’is l’I’:mrsc: s\‘stc:‘ll 1;;‘s pt’r)\*crtl to IX! IlSc!fUl fol’ tIllIS c~Xu’iLtiol1 Of c5trogciis1°J1. 

l~~iiLtl~llliL~‘Cl~11S l!ilt’tll \vitll ]XIrti~:ll! ~liilll2C!tl!1 ZtS-*:jZ //Ill \\‘iLS Cl~iltCCl tvitl’ till,! \\‘iltcT-t’icl’ 



IES’I’I~llC;I:Slc sT1:!ull1~s IS 1’1~13.;s;\sc.:\ I.‘JI:ISl5 III’ ~.I~;?I’II~-J.I(,~r’II, c:c 8.3 . 

]~ll~lS;u iLll(l ]JiLCYltCCl ti~lltlj’ intcb il tllil.:l<-tVilll~!C] l~OI'I~silil';l.tc~ glilS.5 tl.ll~t’ OI’ Il~ll~tll 50 l.'lll 

illld I.].). 0.‘27 r:11l.. ‘]‘IlC \\‘~Lt~!l’~]‘Jll~lI’ ]lllilSi’! \ViLB ])Ulll.]WCl tlll*~~ll,~II tIllI liscv.1 1Wtl. ‘I’lli! 

~!lllC!llt StcJl’l< ill111 l~t~ll111l.1lS \\‘CI’l! I<C])t ilt CllllStilllt tC111]~l!l’iltlll’O (22 _! c.j.2’) ]1>* LlSc III’ it 
tll~!~lll.l)St~Lt. ‘I’lll! COIllIll.ll tV;LS COlllll!ct~J(l tcl till! Cll!t~!~~t01’ tvitll ;1 l~il]~ilIill~\* tlll1i! of Iirllgtll 

;3 (:I11 illltl 1.1). 0.5 111111, tllc! C0Iltl'il~llticW of tvIlic:ll to tlli! l’l!iLli \*;tri;tIlc:c: \\‘ilS nc:,rligil.)l~!. 

‘J’IIC ClJ_!ttX!ti II’ i\‘ilk il 1;1’ S]X!l”tl’l )])]lOtf lIlll!tl!l’ (h!iss l’Jl(.j IJ) u*itlt iL Il~~lll~!-lll;l~lc~'l 

IllIt\' Cl!11 t II’ c*il1J;l.(‘it>’ 7.5 f/l. 'I'IIC !l()\I' (*I!11 \VilS c*~*liiic]riv;il nitI il cli:iiilc*tcq* of I 11l.111 illlC1 

;I ])iltll IC!ll~tll OC IO 111111. ‘I’lll! iLlW(V])tifJll ll1~!ilSlll’l!Il1CI1 t.5 \\‘l’l’l_’ c’ill~l’ic!t] Ollt iit ;L (‘I IllJtilllt 

\\‘iL\‘~!ICIl~tll llf aSr 11111, c.c)i'i"-!~]")ii(liii g 10 tllc! iLlXSc~r’llticU1 ln;i,siIii~ili~ fJf till! os;triJp~li?;. 

‘I’IIC! .c]~oc.‘tl’cl]~llotc~llltrtc.‘l’ illll])lilic:~ IlilC] it rilllgl! Of IO llll . * 'I'II(* rc!l:ltic 111 l')(!t\\*c:cw tlllb I*IJII- 
cxiitixtilui iii tllc! Clott!l’tOr l’l!ll iLIlC1 till: otlt]>llt ~lfJtl!lltjil] i5 

\VllL!W li is tllc! ])l,tl!lltiill (\‘I, I! is till! il1~SOl’l)illl~‘~‘, 1’ is tlli! ~‘~illi’c~lltl’iLtii~ll, c: is tllc lilc~la1 

~Ll~Sic~l’l~~ll1l.‘l_! ;lll(l f1 is tllc lI]>til:iLl ]Iiltll It.!llgt]l. 

‘l‘llt! ~l~!t~!~‘tOl’~i~llill \\‘ilS fur.1 t0 il ll~~iLl’itllllli~’ l’C!cll )l’c]ol’ (St!l’\‘c $1 Jl’ ]< ]: .j [_I,.()) ill c~l’c](!r 
?LO (,]3tilill it (]1!l]1!1,‘tif,ll \V]lir’]l iS ])l’~J])ll~tiOIlil] t11 t]lc! 1’11llc’clltl’;~ti1Jl~, -]‘]l(: \‘I,]tiI,g<! llliL>’ ])1! 

(*~trisitlcwxl tll ~Il~l~l~~~ilSl! ]~1’o])oI’tioli;~ll~’ to tilt: 1’1,111’1!lltl’iltil,ll, ]lI,\V(*\‘t:l’, ill t]lc rilllg:(! 

IO :z. I - Y>.* S ill\‘, ~~~~~~~:?;l~~oiifliii~ tl) tllC! i11,8l,l’l,i1lll’(! I’iLllg(! 111 0 e-c: /{ a:: (),I. 

I’OT’ till! llll!illilll’l!lll~!llt Or Ill\V r7,licwlitl3t ions, Sl*;L]L! c!S]>;lllS;iC,ll \\‘(LB t]lc*l’1![t Jl’c 

il.],]dil!Cl ill111 1111 ! Si~rlliLl iii IlIt! T’ilI16~fl! S *.r:: ( * *-I: IO Ill\’ \ViLS I’I.‘(‘( )l'(lt!(.l !vi tli il Z-111\’ l?.‘l’l llY]Cl’ 

(SUl’\‘lJ~Ol’ t\‘])l! I<IS jl I) \vllic*li \\‘ilS ]Jl"'\'ilI~!tl \\*itli ;l 13illl ;lllC] t]is;c* illt(‘_<l’;ltc~l ill ci~c]~~l . 
tlJ 1‘(‘(‘1JlYl tilt! liiiv illtt~~l’ill III’ tllc 1’1’1’0l’clcT clt:llt!~*ticlll. I:01 tllo ll~~tol’llli~l;lticl~l 01’ t]lc! llcbisl! 
It!\‘C!l, t 1 I(’ \‘I II tilgc! \\“l . S ;iiil]~liliwI 100~--folcl I,>. it I~~‘-~lilli~~c~ltIiic~t~~i~ (I’liililv 1’31 24;$)), 

~;11’;\s~l’I’l’;\‘l’l\‘I~ ;\S;\J.\I’SlS I II; ‘I’l<$‘l’ Sl lJ.l”l’l1 1x5 

‘I’IIC iIillucwc*(! Of till! illl~l~l!ilSl~ iii tllc! SiL111])11! \‘I Jll,llll1! \\‘ilS illb*trsti gtt1:tl. In I ,l’lll!l’ tc) 

tiiirl it ~‘0l’l’l!liLti~,ll \vit II cv]ll. .$, tilt! l’l!lilti011 l)Ct\VCCll t Ill.! \*lJlLlllll! \‘iLl’iiLllVl! Of t]lc! Ollt]>llt 

fliilc*tioli illlrl tllc d~~llill’~! 1 If tllc! ilijw-tic Ill \‘0lUllll! \\‘iLS ~*~Jli?;ii]~:rc:~]. .-\ll C!Sillll]>]l! of t]lc 

]~lottili~ III’ tli(* wslllts is gi\-l~ii iii I:&, 2, It C’illl hc! Sl:t!ll tllilt it lillc!ill’ lX!]iLtil ,li?;]li], csists;, 

kvllicll ~~or’lx!s]~,~~li~ls to oc]li+ ;$ if it is ~lSSLlIlld tllilt rTl’() ill~*l’c!ilScS iii ]ll’o]N1t’tioll to t]lc? 

iiijcxtioii ~~oliiiii~!, ..l(nf4), C’illl I>(.! f1,llllCl I)>’ ~!.Xtt’il]~Ol;lt i011 1’1’0111 gl’il]>]lS iI1’1’1,l’CliIlg to 

IFig, 2, 

‘I’llC inllitc!iiw IJf till! iiiji!c*tioii \‘ollllllc 011 tlli! l~Ollc’~‘~lt~‘;ltill~~ ill till: lli:tcl:t(,r (‘ill1 

l)l! t]~!lll~,llStl~iltl!Cl I’)\’ plottilig till_! ~‘~,lll’l!lltl’iltil,ll l*;itic,, (‘:)‘..~.““‘,,‘(.,o, iIS fll~l~*ti(jll of 
I~~I)‘:~~l(lTf.),~~]‘~“. II1 OI’CICI’ tll 1,l)tilill ;I &fL’lll!1’ilI })lOt, ~lili~1~Ii~iolilc~~~ 11111111~i!1’s ill’l‘ lIsi:t]. 

Fig. ;s Sllfb\VS ill1 l!Silll~]~lC! IIf Stlt’ll it ~I’iL]JlI. ‘1’11~: l’C3tlltS il$l’l’t! SiltiSfilc*tl,l’i]!’ \vit]l t:c]ll, _I if 

till: I’iltio Irfslls ‘I”: is iLSS11ll1l!Cl tlj I)(* l~l)llStilllt. 

:\ll illl*l~l!ilSC! in tilt! lllilSillllllll Cllll1:l!lltlXtioll in tllc! C]c!t1v*ti~l’ (]1li: ti, t]l(: ill(:l’(!;1s1! 111 

tllc! ilijwtilui ~~cil~llllu is ~v~ll])lccl tvitll ill1 ilic*l*c;is~ ! 1)f IIlL! ]‘c!illC \vitltIl illltl tll~!r’l!l’l~l’~! \vit]l 
il IClS% Of r’c~solutic~n. '1'11~ iiillwnw of tliu iIij~*ctioii \‘I 11~1iii~! oil tllc! I*c!sollItil)I1 c-;LI~ IJC! 

Sll~~\Vll iii ~‘c!lli!l*~ll 1)). plotting tllo Ixl;itioIi iii iliiii~wsic inlcss IitIti~l~~~t’s. l:ig. _I g,li\*r:s i\Il 
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‘I’lll.! StiLll(l~ll’tl (IC\*iilt.i~ll~ Of till! I”_?iLl < iLI’(!;l iS (*:lJJSl!(1 II\* l’illlCIl1J11 \‘;ll’iiLtillJlS Of tllc 
l’);lSL! IiJic ~LIl(l Of till! Si~JlilI. ‘l’llf.? rC!lilti\:l: St~LJlC1il1’~1 clt!\*i;ltic,Ji 01’ tllc: II~!iLl< ;lr(.!;I \\‘iLS fOIJJlf1 
to Ill! 0.O.j in till! r’illl~~: 20-1~0 (i1l~l~itl~ilr~‘) illtcpYLti~~l1 uJJits (r.t’.) ~'~1l'l'c~~~oJldi11~ to 

t1.g. x .q--10 j/g of c.!stJ*iol. I4olcnv tlit! ~wa.1; iin:;~ of 20 I.E., tllu l’l!lilti\‘l! St;lll~l;LrCI clc\*i;itioJi 
iJic*JulSi!S. ~VcS11J11;11~1~~ I~l!l~ilJlS~,! 1 lf tl II! l>ilSl! litlc Ill )is;c!. ‘1’111.: l*oJitril)JJticw I~I tllc i~iiii~lo~ii 
Ilti~twtion of till.! IIilSU lirio CiLlI IN! c!stirniito(l 1’1’11111 t.111: r~!l~l!iltc!Cl iJitc!gr;itir~ti of tlli: IxlSc 
liiiu \vitli ri:Slwc*t to ill1 :Lr.l)itr:\r>+ z(w) Iiiiu. ‘I’lll! Sti1ll(1iLrC.l (,ti:\‘iiLtic~ll IJl’ 1 Ill! I>;LSl! lint 

iii tcgrd c~f*ur .s riiin, ~vl~irl~ (:I um:s~~cm~l~ il~~~~rl~.~iJlZiltl~I~’ to tllo iJitc:gr;Ltic~ll tiJJlc: of tllc 
cStriol pL!;LIc, nYLS dctortiJiJic(1 t31 1.w o.S5 I.U. 

l~l+Ol12 till: l!S~)!_!~illlcJltiLl r’l!SJ_lltS, it CYilll IN! l’Oll~*lJJtll!Cl tllilt tllc StilJlClill~~l cl~!\*i;Ltif.lJi 
Of tllc 1>1!;11< ;lrC;l JlliL>’ Ill: ilcSc:J-ilwtl I’)* tllo l:l~lliLtil~Jl 

r7A = pry,,, -!- (M)y (9) 

\VilL!rc b,J iS tllu tOtill Stilll~lilr<l dc\~iiLtioJi IJf tlll2 lIC;ll i ;lrCiL, O,JlJ is tllc! St~LJldil~Cl clitViiLtic~J1 

of tlic cc.mcspcmrliJi g IXLSl! line illtl?~riL1 (0.X5 I.U.), ilJlC1 k iS ;l ~~OllStilJ,lt (0.O.j). 
I;ig. ri Sllr)\t’s tllc S>‘StL!lll l~llilr;Lctr!t’iSti~~S for cStric)l. Till.! il\‘l!r’il~C 13C!ill< iLr’l!iI, /I, is 

pli~ttccl iLS IL function of tllc 111aS8, 0, ttrgctllcr with a cruilid~~ncx limit I~ilJlCl of A ..!; 3 O,J. 
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Fig. G. ~IlirrilctcristiW of tlli! cl~rc~nii~to~r;~~,I~ic system for cstriol. ‘I’hc soliil liiic rcprcscrits 111~ 
il\‘C!rilp! VillltC .J ;m[l Jh Iwolccn line tllc corititlcncc limit ;rt ~1: 3 fldla ‘I’lw strorlK lilies ititlicirtc tlw 
lll0ilSllr0CI range, 

. 



15$‘1’1(f ~c;l<slc.: S;‘l’I:l<f ,ll)S IS 1’1\11’c;s:\sc.:\’ l’I\‘ISE I,:\’ I.I~~1’II~-l.I~,~I’II~ (‘C ST 

‘l’l1c lJlflt is c,ljtiLi1lc!ci I,i: tllc.: c’i~1’rCliLtiO11 of ti1u l~Sl’Wrilll.l!lltil.l Cliltil ;u:c~orcliii~ t(‘l tllc Ic:lSt 
sirlLl;Lrc:s llll:tlioc.l. ‘l’llI:w c:oiili~l~:nc*c. IincS in tllc rilllgc \vl1ic*lL \\‘iLS 1lOt lll~!ilSL.lrC!CI tVl_!re 
~:~Ll~~l.lliLtl!(l iLl~l’~~r(.1ill~ t() Will. ‘j. 

:\ ~.~l1ri~11l;~to~ril11~ of tl1(: tllrix ~stri~gi!lls is sllc~\vll in I;$. 7 iii n+liii:Il tllc I>ilSC line 

noiw is llOtil:~.!iLl~l~!, It illl.lStl’iLt(.!S tllilt 1rstrOgollS ilt il IC\*Cl Of C(I, I /IS C!;lll still l’)C clctw- 
ininccl ivitllcmt il signilic*;mt (.1l!C1’t!ilSil! in tllc: lrri:i:isioll ClLlc! tll till.: Ixlsc linu iioisc, It l~illl 

lx: sI10~vii ~1’0m I;$. 0 tll;Lt tllc! StilllCliL1’Cl ClC\‘iiLtilbll Of tllc! noiw Of tilt! I>ilSl! liiii! illt~~grill 
(O.Haj 1.6.) is l!(llli\‘illcllt to X11 ;tino~iilt ol ;Llxmt fm iig of c!strir)l. Fig. 4 SllO~\‘S tllilt ill1 
iiijl!vtioii ~*oluiii~~ II~ ;3,5 i/l(of.)f,]‘P, \vllic:ll is iLI)l~Ut 1 1111, is illlO\Vl!Cl iii flrdcr to lYtiliI1 CL 
rwc)lL1tic)ll 01’f) for (!Stl’ollc! illlC1 C!strilC.Iil~l. fcW\\‘llic’ll tllc: l1liLSilllLllll. rcsolLitio1i is I;$,S.‘l’llO 
ruSt~lLitic~1~ of etr;ulic )I iL1lCl cstt’iol is llot (:ritic_Ytl since tliis \*ill~lc! is lllLl~‘ll Iilr~l!r. ‘I’llC!W- 
foI’c, ill1 etriol jK’ill< \\‘itli ;[I1 ZLI’C’il c!(ltii\*;1lcmt to tllo IloiS; 0I’ till! i:oi~rc~~l~r~11cli11C: IZlilsl! liiict 

integral ~:;I11 I)(! 0I~tiLilll*~l uoitli (3 011llli:ti: ws11l1ltii~ll of tllc tlll’cc c!stl*ig:‘c*11?; fl’olll ;I si~lLitii~l1 
\vllic*I1 coiitaiiis ho /(g/l of i5trc)l. 

‘I’llc c!l’l’ol ~illlSl’tl 1))’ tllo siiiipliiig is clilllilliLt~!~l t I) il grl!iLt C!Stl!llt I>)’ using tllc 

tI!lilti\‘c s;cmsiti\*itj~, PJ,,, lrl’ it l’~~llll~0lll!llt i n*itli l’CS;lWC*t to ;I11 il.~l~itl’;ll*~~ (‘1 IOS;C’ll StilllClilrCl 
~*0111pmciit s. ‘l’li(: rl*liLti\‘l! slwsiti\+itj* is tl~~liri~:cl I)>- tlii! c!spwssicm 

‘l’llc coiiipr~sititm of ill1 LllllGlll~\\‘ll inisturi! l’iL11 I)C tlctcr1ni1wtl rC?lilti\‘c to iL StZlll- 
Clilrd CO1lll~OllCllt fr’Oll1 tllc! lR!i\l i ;Ll’l.!ilS if tllo r’l!lilti\‘l! SicmSiti~~iticS ;LI’o 1i110\\‘11. ‘I’llr: rclxtivc 

scnsiti$*it>* lIiLS tf b Ix clc!torniiiiccl I>L’I’l~l’CIliIllCI LiSiliK it lnisturo of IillO\VIl i~oniprwitioll. 

‘I’lli! sciisitivity ratios of c!str’onc illld 
way. ‘l’;~blc r gives a. C-i~mLpil;~tiim 0f 

tlcViiLti01ls. 

wtriol rl!lilti\‘c to c!StlYlCliol \VolY.! lllC!iLSLlr’l!CI iii tliis 
tllc s;ciisiti\*ity Cliltil tofc~tllcr lvitli tlluir StilllCl~lrCl 

IS 1’1413Gs:\s(.:~’ L:l<Isl: 

Ill coiincction witli tllc: colIIl~lcs C:lliLIYlV.tC!r of il Ii_vcl.ri.~lyxctl. uriiw Siallll)lc, tllc 
group of cstrogcns is Iirst Scl>itt’~LtcCl by cstraction from most of tlic otlicr uriric con- 

stitucnts. TllC C!StTX~til.)ll iS I>iLScCl 011 tlll2 plicnolic lIiltLlI’C! Of tllc CStTOgC!llS. I>il.til 011 tllC! 
licluid-liquid distribution of cstrogciis arc ~l,~~~l_iliLl~IL? from litcritttlrcJ’a:l, from IVlliC.11 it 

GC11 IW CZ~ll~LlliltMl t1Lil.t ;I tl1rcc-fold cStril~!tiOll Of iL11 iLClLlC(~LlS SolL1tic.m Of cstriol tvitli 

tllc SiLllIC W)lLllllC Of ctticr >*iclcls 99.9 ‘J<, (w/u*) of tlic origini~l illll~~tlllt nf cstriol iii tllc 

c,tllcr plii~sc. ‘HIC wllucticm of cstronc and cstracliol iii tlic ctlicr plwsc is w*cn httcr. 

‘Tlw sqmktion c~f tlw plicnolic spccics frm tlic ilcitlic COllIlX~LlllClS, wliicli iL1’C ZllStj 

./, C://vor,rlr/o.~~‘. , 62 ( 11,: I) :‘)-I.) 1 



l.!Stl*ill.~tl.!l.l, I:;111 I)c! .;lc*llic5x.x~. “I I)\* c!stwc:tilrll (If IIll! C!tIlcrl’ })lIilS;C . \vitll iI.l~tlC~lllS r;cdiuin 
I~i~.‘;(l’l~lIlliLtC! s;c~llitic)il Ijl’ I)!’ sirii.ilttr ~~I~oI~~:c~~~~~~~~~~~~~‘~. * ’ I IIt! I'~ll'tlll.!l' Si(:~~;Ll’iltil~Il I jf tl IC CStl’e )- 
;gc’~lS \vliic*ll rciI1;Liii in tile c!tlil:r fr;tl:tion i*:iu IN: ilc'lli1:\'1Yl I)\, ~'~l11111111 licl11itl l~lI1'I~l1l.iltll- 

g,.q'l,~4,4" -.l!l* 

‘I’lic cfi~llllll.ll licluirl ~:llt.lll1~iLtl~~I’~I~~lli~‘ SclXLl’iLti~~ll?; (II’ c:strc~:,‘~!ns (.lc5c:rilxd ii1 tlic! 

Iitl*i*;l.I:urc i1l’C slo\\*, 1 )ctc:c?ioii is c:iLl’l’iC!(l 0111: rlis;c:l mtinl~u~l>* itI lxwtil111S II~ tlic i!l’ll~lcrlt 

\Vllic*ll IIiL\‘l! l)l!l.!ll ~II~tilill~!tl I)\. il ~l’iLl:tillll l~l~ll~.!l:tOl’. l’lLl( u~iiiwti*~* illl(l ~~~~liwiiiu~tr~~ ilTtl.!r ;1 

c.7 III 11ll*-cli:\'c:li Il)iiq l.'IlC!lll.il.'ilI i*c;Lc:tic rii II:l\‘c 111.!1!11 llSC!ll its tllc: iiu.u~;tirii~g l11~:tl1OllS;. 

CI ~luii~ii liclliicl ~~l~i~olii.;t,tc~~i~;i~~li\~, Iio\vc\w, IYiLll I)(.! ~l~:i‘~!Ii!l’;Lti!ll ~i~~liitic.;tntl~.:i”~~“. ‘1’111.~ Ilsic 

of ;L ClctcCti~I’ \vitli il IIo\V Cl!ll illl.:1’l!ilSl.‘S tllc 51wtx.t ;Lllll. pi*w*i5icm IPI tllc: ;irl;il>*sis, 
‘1’11~ l)rc:c:iSiiui ill111 iL~‘l:tll’;Ll:\’ Of llll.! Cli!t1.!l'1llilliLtii~ll (II' fl'tx! ~3itriol iii ;1~~11~:~lLlS 

Sl )Iutil II1 I>>’ i!.str;u.*til Ill 111111 l.~Ill’Ol1lilt~~~~l’il~~Il~’ \Vl!l’l: s;ttlcli1!cl , ;\cllitv)llS s~blutic)iis (II’ c!~trifll 

(15.c; lllg/l), iltlj1lStlKl t 1) I ti I’fc:l cllt 111-i \‘illUCS, i:~~lltiLilliIlg 2 “;, (\V ‘\V) 111’ (JtllilllC II in i)lYlcl 
ti) iric:w:lw tlli: St )Iill,ilitj* 01 wtric II, \\‘c!ll: illliLl~‘S~!Cl l*c~}W;ltcrll\~. 50 1111 01’ tllc! tc!St SlJ~iltillll 
\\‘1!1’C ~.‘Stt’ill.:tl_!(l tlll’t!l! t.iiiw~ \vitli 51) IllI (If ctlll:r. ‘I’lll! tOtill <btlll*l’ 1lllilS;(! \\‘iLS ~!Stl’il~:tc!tl 
IirSt \vitll 20 1111 (II ~~Illll~l!lltl’iLtl!Cl ~LIltlC!~~tl~ sibcliiim. c’.~ill’l>l lll;ltc! S;cllLlticbli (1’1-1 lO._j) ill111 
tlicll \vitll -1 1111 0I’ ill1 ;LIIllCollS Si~lliticw ()I’ S”;, (\V’\V) .c;c~(liliill 11\~(1i*f~.si1lc ;irljilStc~l to 
}>I-I 10 wit11 S;I dilIliL I)iC’ilrl>l lllilt~!. ‘I‘IIC! l.!tlll!r lil>‘C!l’ \V;lS IirSt \~‘iL~IIl!~l xvitli -1 ‘1111 Of ill1 

;L( ~uu~uS 5oluticm II~ S ‘:i, (\v’\v) S~~liilll~ I.lic.;~.l.l)lll~;~t~: follc~u*~!r1 lb>. :$ 1111 I If \\‘iLtl’l’. I~illilll\~, 
tilt: l!tlIl:r frilctillll \\‘;LS l!\‘ill~l )lYltl!Cl. t0 lllJ’ll”SS iLllC1 cliSSol\*1~(1 ill ;L l<lli~\\‘ll t’ollllllc of 

uluc!iit. Aliclmd S 01’ tllc! Soltltion \\‘CI’C iLllilI~‘Sl!Cl 13)’ ~.:01l111111 IiflIIicl-liclllicl l’lll~l~llliLtl~- 

gl’;l1>Il\’ ilS cltwrilwtl iLl~i~\‘l~. I~il~~ll Stc!l) OI till! ~tStrill:til~ll ~~rl~~l:ClLll’c! \\‘;lS c.:s;iliiiii~xl I)\* 

iLll:Ll\‘~ill!g till: l.!tllcr ft’iLl:tiOll :LllC.1 tllf_! t0til.l rCCl1\‘CJl’>’ \V;LS ~I~IlllCl fill’ l!;tl.‘ll S;tc*ll. Tt ~~l’l~\‘l!l.l 

tlj I,; inip~rt;ilit t1.1 rcxltli~i! tlli! pl4 of tlii! kaditiii~ l~\~flr~~.sich~ soltlticui to 10 ilS ~~tI~cr~vi.c;c 

il II l.ib llf 1113 t-0 (;O ‘,‘{I (IV ‘\V) \\‘iLS ()I>Sl!r\‘l!Cls ‘I‘1 Il.’ 1’cSlIli S ;Ll’i! Sl11lllllilri%ClI in ‘1’;Ll)lc TI \vliicli 

Cll!lll!IllStr~ltl!S till! ~!Sl’~!llcllt iLC(~llr~ll~\’ illlC1 prcx-iS;ioii iif tllc! c:oIiil~iiic!cl estr;kc:ticm illltl 

~:Ill’c~11l;Lto~r~1~~ll1’. 

I%trl’)gl:llS ;Lt’c c,Scrctd ill tllo fOrI of \\‘;LtW-Sc )lLIl>lc c’111111N ~lll1dS, Il1iLiIllV ~Iu- 

ctironiclcs illltl Stll~)lliLt~S. I-JyclrolySis of tllc wli~polI~~~ld is l~~:~:uSSi;~r~* prior ttr tilt2 cs- 
triLCtiOl1, SCI3ill’;ltiOll illlC1 ~l1!tCl’lllilliLtilJll Of till: flY!c Wtr'~~@J1lSo I’IIC t\VO IIilSil: lIICtllllClS 

Sl.litillllC! COI' Iiyclrolyxin g cstt'c,Cl'cn l:olllpc.~Llllcls ;trl! xicl Il~~(~~~~I~'s;i~~~~~~~~~~~~-~~~ i111(1 1:11- 

Z~llliLtiC Iiyclrc)Iysis5’-fiy wit11 P-9llicurc.)11iclusc :~llcl HtII~~Il~ltiLSC, 
‘I’ll12 lii.ilclcr cnliclitic~lls in\~~~It*ccl in C!ll’/.~Il~iLtiC: Ii~*clrolysis llXll;c it ;I SUitiLbll! 

iiictlic~cl for less stalk stxwicls. I-t~~wc~w, ccrt;hi clitfic:.ul tics ;L~C ~iu:ciLIiit~rcxl \vlicn it 
. 



‘I‘;Lliillg till: ~~Ilill~il~:tcl'i~ti~~ pro1wi'tius 111' INjtlI lllL!tlIoClS into iLUL~Ollllt, ;icicl Il~?.ll~ol- 

!*sis is pl'~!1'~?lTctl for tlli! l~Llill~ltitiLti\'C ~I~!t1~l'lllilliLtioll of cstril11 in lirinc:. 

'I'liu (I ills bn*ing Ii~~cli*t lIJ*sis p17 ~cxxlutx:, \vl~ii*Ii is wic.ll!l~* itsd Ior ~~1mji~g;Ltcx1 stcn~irls, 

\\'ilS ;tI)l)lic!tl. 50 111.1 Of tilt! urine ~i1111~~11! \\‘l’l’l! IlL:;ltl!Cl to I>oiliil,q iLll(.l. tllull 7.5 1111 of Coil- 

~'~!lltl'iltl!(l Il~~dl*l1~'lll~~I'iC: ilC*ill \\'l!lC: ilClC.ll~Cl. 'I'lll! SC )Iutil )I1 \ViLS IlC!iltl!(l Lllldl.!~ l’C!tlllS fl II' 

O.-j II. 

Sincx 1115s of wtricil tlLic: 1.(1 cbsirl;itic)tt II;IS IWL~I~ t*cl)ortccl Ii” t 11 is 1!1’1’t!l’t \\‘ilS C.Silltt.- , 

inl7l. I:ii-St ill1 :L(llli:i~LlS SoILltiiill of l!.itric,l \\‘;Ls tl'<!iltl!Cl ;if*l*orCliiig to tllc! Il\*r.ll*c,l~*si~ 

(*oii~litioiis illlC1 iLlliLI\‘S~!~l I)>’ CStl’il~‘ti~lll u-it11 c!tlll!r illlC1 Clll'OI1l~ltll~I'iL~ll1~', SO l(lSS Of 

wtric )I \l’;lS 0l~SCl’\‘OCl. Ill I )l’Clt!1’ tl) Stll~l\’ tllc: Ill!llil.\*il~Ul~ of wtriol in il ltt'iltc: n1;Ltris, it 

li11~1\\‘11 iLllt.l~l111t IIf cstriol \ViLS ;l(ltlC!fl tl~‘ltl;lI~’ urittc!, ‘I’Otill l+l!l31\‘C!~~’ llf ostric)l \\‘;I?; fllllI1<1 

I>>* ~!striic~ticlll illt(1 l~Il1’l~l11iltl~~l’il~~lll~’ ilftl_!r’ tl’l!iLtllll.‘llt iLC.Il:ll1’Clill~ tl) Ii~*(lrc~l~*sis. 

‘I’llc \*ic!lft 01 fl’iw cstril1l iLl'tC*I' li~*c.lr~ciI~2irt~ tlic c*c)njug:Ltc 5 was stuC1iuC.l witll ~v*c,g- 

Il~lIl~‘~’ urittl!. ‘I’IIC (liltil in ‘I’ill~lC III ClC’llll~llStl’iltl! till! inflLlcltc*c IIf till: l~~~tli*ol~~sis tiliicb. 

It 1’~llI I)(! Si(!l!ll tlliLt tlll! 1’l:SllltS Ol~tilillL*l.l. \vitli Ii~*tli~iil~*sis tiillc: ()I’ 0.g I1 illltl L I1 ilgl*CC. 

\\‘itll il. Iljdrc1l~*?;is tiiiic iif IS II. Ili~\\'i!\*c!l*, ill~Ollt ilillf Of till.! cstricd \\‘ilS IlISt. rf il IillO\\*lt 

~LlllllIlltt I)I wtricll \ViLS ilC.lLlOCl tl) il ~~I’C~~lIiLll~.~~’ tlrittu SiLlllI~IC, OIlI>* ()I' ",', I>[ till.! I’iLl(.‘LlliLtl!C~ 

l.‘~~ll~‘l!lltl’iLtiO11 illl:lY!ilSi(: \Vil.S fOtlll(l. It l’illl Ijl! Sil’(!ll ~l3lI1l.‘L’iLl~ll! ITI tll;Lt iL ~lllll~~~lltl’ilti~~ll 

01’ iLhOllt 3 Illg,‘,!I iif c:stt’iol iii ~W~!gll:LllC~’ rtriiic! c:;tlt Ix: tlcturltiind wit11 iL Iwucisiclll of 5 ";,. 

<~l~lll~~ill~iSllIl Of till! ~lll’l~llliltO~I’illtlS (Izig. S) Of il Il\*tlI?~lj’7.~!tl }~l’C!~llill~~‘~’ Lii*iiic illlcl ill1 

:LclLil~c11is SI ~ILiticm of tl~rcx: ostro;T'lws. I)Otll Sl~~~ill’iLtCC1 Lllldl!l* till! SillIll! ccm(Iitions, dllll\\‘S 

..\l:c:l’II;\c$’ ;\$I1 l'l<l5c1slos UP II\'IlI~oI.~'sls, I~.~'I'Ir.\l:'l'lcl.~ ‘\SI> ~'Ill~l~~lh't'c'llil:‘~l'II~' 

._ .-.. _ . ..__-_ . .._. . _ . . ..- ., _ ..__ - _._... - ._ . ._.______.__ 
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‘l’llt! iLlltll~ll’S ;LC‘lillcI\\‘l(!~lfiC tllu ti!cllnic-;Ll ;\SSiSti\Il~‘l! of ;\liS;s S. l~Il~l+Z~IS’I’I~.~\. 



]:~;‘[‘I<I ~f.;I’Slc: SI’I:I~OII:,S IS L’IQl:(;S:\SC\’ C;I<ISI’ l3\’ 1.1~~1~11~-~~1.1~,~~~1l~ cc (j I 

I I. 1 I. \\'O'I'l% AS 

i,, tii~df~,,,fiic*tr/ I:/,, 
,\Isb;.s, Itrid.. 1’. 2 
Al. (‘. I.Isl~I4I~I~l; 

\‘orI;, lllf’7’ 1’. (“7. 

II. II.\\~o~~.I~.~~~~~I~,\~~~~S~I~~,,\S~~ I. S.SalnlI,iti I:. I’oI.\‘,\Sl, AI. 5l!l.:,\c:li .\SI) >I. I.r:lsI (ICiliti,rs), 
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