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l’iltio S ]Ility ill 1111’11 1)(’ i]lf(~rr(~tl  flo]ll ()~(]k~p) :IIJIII I(I:III(’(’S) \\’it II lis(~  of a sitlll)l( ])lIolo(’lI(’tIl-”

i(tll ll~()(l(~lillp, S(II(*III( (lis(~lss(~(l ill tl~(~ f’oll(nvillp,  s((tioll. I{(*IIJO1(”  ol)s(~lt’iltiolls”  01 1 . 2 7  /1111
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():{. IT  I  (11( 70 100”  1<111 altitll(l(  {(p;i(jll, 1 .:?7 /1111 (Jlllissioll fio]]l  02( ’. AF,) sl]l)l)()]ts  tll( OIIIJ”
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()( Itli(l(ll(’ :Ittltosl)]l(’li( (ollst,iill(’llt,s  (’10111 p;IOIIII(l-l):Is(’(1 ol)s(’li~<iliolls” (:111 I)(’ illl’(~11,(’(1 to
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‘Jr!) 01794  all(l 249.7NW  (; I17,,(.xllil]il  I(*:IsoIIal)ly  st, roIIp, Ix)t,atiotial  li]l( t]allsitiolls a t  .( .
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[OIIOLY(YI” I)y l(a(tioll 3 . ‘1’11(1 al)ov( (ll(l))istrj’ (I(NY+  1101 ill(ll](l( 111(  a(l(litiollal sOII1 ((S of

(12( ]AP, ) l)ro(lll(tioll”  f’ollowillp,” fIolII 02 j)llol~jlysis, }vlli(ll  ill”(’  of <I (XI ilt}l)ottall((~  1)(’lo!v

70 k i l l  [’11///) /{’:(//1’ [ I (//.,  1 9 9 3 ] .

OZ( ‘AF, ) lids ll\$’(J illl])ol’tillll 1(MS ])1’()(”(%S(’S. ‘1’11(’  Illol(’(’lllill” OZ(’A F,) sl)((:i( is 1(’1111’11(’(1

10 y,roIIII(l sliit( ]IIol(xIIltit oxyg,(l) (itll(r  tjl IrOIIf  JI ra(liati\’(  r(laxatioll,

oj(l L\f,) } oy -/ ]IU(A : l.?’i/ /III)

01 (~)llisi(jlldl (l(~-(~x(i(;illio]l,

[(i]

02(] AF, ) -1 02- } 202 [7]

(){1(’li(llillp; l)y sl)txi(x t)tjlI(:I tlIaII 02 i s  IIc)t sip;llili(illli, At altitlld(w  IN](M 70 I{IJI, (11(

tilll(’S(’ill(i [01” r(a(tiol~ [’/] i s  Sllol’t(’1” Illltlll t}l(’ l’il(liitti\r(’ (l(x;I>I till)(~s(al(~ [13HN()  s(Y()]I(ls,

/J([(l(/(? (/ ((1., I! J(iL] of l“(:il(’l)i(~ll  [(i], sll(’11 that ((~llisiollal  (1(’-(’X(”itiltiol)  tloll~illat(s  111(’  loss

t)f oj(’l~r,). l{(a(tiolls [ 1 ] - [ ’ 7 ]  ii(”(olllll fol i l l ]  illll)orlalll l)ro(ll[(tioll 2111( I 10SS  ()[ OJ’/Jp,)

1)(’low 7(1 1(11).  1“01” (“olll])l(’t(’1  1(’ss, lIow(!v(r,  a l l  tll( r(w(tiolls Iist((l ill tal)l( 1  (a(lal)t(’(1

(IX)I)I lltl( 02(” AF, ) (:ll(lllistly of fl~i:{y?~c:fll{ (1 (Il. [ 1  99:1]) ar(> ill(lll(l((l ill ~llo(l(lillf;  of 0111

01( ‘[\p, ) ol)S(’I’\Jilli ollS. ” lllcll]sio]l of illl 111(’ l“(’ii(”tioll S i]l till)l(’ 1 il(”(’olllllS fol” OZ(’AJ

I)lo(lll({,ioll” illl(l l(JSs to alliifll(l(w ilS IIip,ll +1S !)() 1{]11, \l’(’11 ill)()\J(’ 1,11(’ X:2 1{111 II])])(’I.  lilllit

(Jl” tll(’ ] ) ] l o to ( ’ t l ( ’ l l l i ( ’ i i ] ”  1110(] (’1 11 S(’(1 ]1(’1’(’. A l l  sip,]lili(dlll  02(] Lip,) l)lo(lll(tioll”  I)(IOJV 70 1( III

~ollolvs”  fr<)III ():+ I)lloiolysis” 01 7(;2 11111 (’xf’itilti(jll  01” OZ 10 ()~(’>;)  (1”(’il(’tioll ~)). ‘1’11(’

l’(’lilli\J(’ illl])ol’liill (’(” (){’ l’(’ii(’tioll F) (’iIll I)(. (Jll;llltifi(~(l [(’:, Af/j///(”;;0l’ (/1/d ol(l?l(lt  1’, 1 99:)].

IMill{illp, Illis allow2111[x, c“ilIcl allowt(l)(( for OJ1 LAP) l)ro(l~l(tioll” flol]) 02 l)l)otlolysis”  ill tli(

Ill)j)(’1”  111( ’sos])11(’1’(’2 tll(’ ;Il)llll(lilll  (’(’ of f)~(’AJ (“ZIII  IJ(’ 1 1  S ( ’ ( 1  ilS ii ])l”OX~  (01” ():~ ;Il)lll l(li(ll(’(’,

ilh  (Iis(llss(yl ill 1,11(’ l)r(~((~(lillp,  s(x’tioll,

‘ I  II(’ (’ollowillp, ” :lllill~t, i(’  :Il)])loxi]lliitlioll” 10  tll(’ ()~(]AF, ) ill)llll(lilll(”(> lllil~ 1)(’ (l(lii’((1

1’1”01]1 l’(’il(’tioll S 1-7 illl(l 1 0 ,  ill fiil)l(’ 1 1]11(1(’r  (otl(litiotts”  of ])llolo  (’11( ’llli (’ill” ((lllilil)lilllll:
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JJr[jlilf, 2111(1  fIolII  (111{ 011( sip;llla SiII llll((tt,:iilll,~ of lII(s( (llJs(t\:iti(Jlls.

‘1’11( j)](jfil(  i]lv(tsio]l alla]ysis i]l(li(a((s  tlIat l-:j lay(rs ()\(l 111(  . 4 0 - 7 0 ”  kIII allilll(l(

r(p,iotl ill”(’  (()]lslraill(~tl  Ily tlll(’ oj(]L IF,) 2111(1 (){ S])(’(’tf’a. 1 ‘1”(’s(’111’(’(1 1)( ’loi\” :11”(’ l\Y() 121.W!I”

(10!)$  <I II(I  fJX-70 kltl)  sollltliolls” f(Jl 111(’  ():+ ]Ilixi]lp, l)r(Jfil(s, 011( ’-I: I. Y(’I”  (!)()-  7() 1<111) 01

l\\(J lily(f (50-(;() a]]tl (i(J-70 l;]tl) sollltio]ls” fot t,lI( 02(] LlF,)  ]Ilixi]lg; ratios al($ l)](sfttl((l,

\Yl}(’](’  tlI(’ 11111111)(’1 ()[ OZ(lAP) soll[li(j]]  I;iy(’rs (l(,lii’(~(1 fIollI a  p;ivt’]1  255  (;IIz  s])(x”tIIIIII  i s

(“(J]III”OII(’(1 I)y 1,11(’ ]lois(~ 1(’V(’I of 111(’  ol)S($l’\Jilt  ion.” Mixillp, jjr(j{il(s at(! (otlstrai]l(xl to wr~

SIII()()l]Ilj  I <I(IOSS ]ay(JI”  I)oll)l(]ari(w. ‘1’11( illv(rsio]ls (lo IIC)l I(s(JI1’(  l’(di(al wrialio]ls ill

111(  ():< ;III(I 02(*  AP,) ]I]ixi]lp, ])rofil(’s  fill(l llIi III III(WJ sollltiott”  lay(, r Ivi(lflls.  ‘1’lI(\ sIt Ian

(otltfil)l]liolts” of ():j  alI(l 02(1AP) (~ltlissio]l al)()\’(1 alI(l I)(:low 111(’S(’ lay(’1’s :11’(’ (’ill (’lllat(’(1

[’101]1 :1 ])tiori ():+ all(l  OZ(’A P,) Itlixi]lpl I)]ofil(sl t$J]li(]l ;II(J  (otlsltail)((l  10 1)1( ’]1(1 sllloo~llly”

10 III( ]Ilixitlp, ljr(~fil(, sollltio]ls.”

I{(lti(v((l alllilll(](  I)ro(il(s  of 0 2 ( ]  Ap,) ll]ixitl~ rat i(ls [(II 111(  foIIr ol)s(lvatio]l”  (ldi(w

ill’(’ S]l(J\I’11  ill l;p~lll’(’  d. I’;;I(II  l)lofil(” r(’l)r(wlIts 011(  fllll (lzIy ol)s(l\:i{iol~.”  ‘1’il~l(v+  of (lay

I(sI)I(s(III!(’(1  ill fip,lllx~ ‘4 ;(11(1 ttll)l(’ :; ill’(’  1 l<llll-F)])l II fol” .Ii(lllliil’y 19 <III(1 ‘2] ,  1!)!)2, 1:;;()

:~:~{() 1)111 [or Al)ril  I ( ) ,  I<](IY, ;;:lor):lo” ~)l}i  f’01  .lalIIIalY ?4,  1 9 9 3 ,  al)(l 8:4r)a111-4])111 f o r

Nc)\’tllll)t12$  Jitl I(ll\(), 1!)913.  1>()11111(11 l<)(l[\l\J  s({tl{;t(() l]l])2ilis()l]sillt2  11)1(:1,]]](  )(l(l()2(1AF,  )

I /, 1 OV(V 11~(  til))(wof(lay (()~l(sl)(Jll(lillp; to tll( ol)s(*l\21tiolls. ” ‘1’1](tl )Illl(lilll(”(, s \\’(>l  .(> il\r(S\’il  ‘(, (

silly,l(  (,1101 1);11s 011 (~il[])  oftlI(~ ,)ii])l]ii])~ ;III(l Al~lil 1$)$)’2 ol(]~p) :Iltit  l[t](~ l~rt)li](~s I(J1)l(’s(’111

l’(’ll’i(’\Jill  li]l(t~rttiilltly  fol” il F)()-  7() 1<111  altitll(l(’ I:IY(’I’. ‘1’11(’  l\vo (’1’1”01” I)al’s 011 (!il(’11 of ’tll(”

.Iitl)l] i]]) iill(l NOV(IIIIJ(]  ]9!):] 02( ’A F,) illtit,l](l(  l)lojil(w  I(I) I(S(III r(t,li(\w] llll((li,:lillt,i(s

(’01 :)() (j[) ;III(l (io 70 1{]11  altitl](l( l~i]ls, IYII(I(  lllis llip;l](t  altill]cl( r(soll]lioll” folloii’s” f’ro]il

11,, lli~li(r s/11 (J[ 11,, 1 9 9 3  c,l,st*\iiiit,]is.

,Oliilll(l(l)lt)lil(s  of  IIz()  ]I]ixi]lg,  I’iilioS, cl(til’((1  fl”olll  111(’ IIjso ol)S(’I’\Ji]l  liollS, ” for !,11(’

Iolll ol)S(’l’\Jiliioll”  (1;1((’S  ill’(s SIIOM’11 ill iip)(lr(  T). l{)rlo]  I):IIx (OII(S])()]I(I 10 s/]1 I]]i((tt,:litlli(s

ill 111($ l(~tfi(\’((1 ])rolil(’s fof” illlillll(l(’ I)i]ls l(i-~lti illl(l T)S 70 1{111. ]’;il(’11 ]Jl”()[;l(’ l’(>])l’(’S(’ll{S

111(> fllll (liljJ oljs(llill,ioll;” fl(~t,dils of (’:1(”11 ol)s(,rwll,io]l” all(l (ot]l]):llisoll” \\’illl ()(11(’I L!rill(}l”
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])llololysis.”

Sl)([i(w \Vitlj ]~ll[)t(~tll(]l]i(:il  lif(t

itiil){)ttlatl{  ar(~ sl)(’(ili(’(1 as 111()(1(’I illl)ll

III(Y sllfli(i(’tllly  Ic)IIP,  llIdt IIorizo])lt]l”  iIii]Isl)orf  i s

s .  ‘1’lI(kt’j’sll(lI  lollp,-li\’(d sl}(vi(wfo)  lllisstll(ly i s

Ival(>t, aIItl tll(’i] l])lltj )]olil(l]s(’~1 is(l(]it’((lf]olll tlI(20:l (Jllz lljN()()l)s(~l\’tlti()]ls  (I(wril)(d

;IIJov( I)J (ii\’i(li]]p,](:tti(\J((l [ll.jso] \’alIIiY l)y2. ()() Xl(J-:i, lII(SII;IIILI:IT{I frI(alI (J((:III wr:il(sI

1!)87] ‘I’ll(; ltlllosl)ll(li( l;itio” [lljxo]/[llj(;()] \vas(shl()\4' )\'illll(' ()f[ll;~()]/[l lj(;()][/\'(/{/(> . .

(Il)s(~r\J(xl  I)y //ifI<Sl(I?)d  (/ (//, [I!)!)ll  10 IIlat(t]  llt(’ ~M()\4T  tatio Ill) 10  TPl 1;]]1,

0 1 ”  ttl(’ir 111( ’;lslll’(’lll(!l}t rallp,(’. M()(l(’] (),, al)llll(ldll(”(’ rollp,lllj” S(’al(’s :1s [llyo]’j~

(/ (//., l!)!) n)], so tll(’ ~ :1 20(X Iltl((rtaillly iII II I(21SIII((I  wrat(I v;I1)OI  (:OII(W1)OII”

11(’ 1’()])

(1((11(’,lj

Is 10 ;1

A :1 100’(” Illl((rtaillly  ill III(Jd(l (MOII(:. ll(xaIIs( ():~ I)llotolysis” i s  111(  (I(jlllillalll S(JIII((  of

02( ‘,lP,), IIli((rlailtly ill l(tti(\’((1 \ITat(I \’tIIJol dl)lllt(lal)((’  sillli] ally trdllslat(’s  illt(~ a 1110(1(1

[()~(1 Lip,  )]llll((lt:(itlty ()f~:l lo%. ‘1’lliss(\\liil(loot” (l(j) otclol((of[():+ ];ll)(l [02(1 AP,)](J]I

\\’ili (’l is  s(x’11 ill (OIIII)<IIISOII  of IIlo(l(’1 rlllls  w i t h  flill”it(~llt \Val(’r illl)lits, (lis(llsst~(l lJ(’lo\V.

‘1’11( staII(laIfl V(’rsioll oflllis 111()(1(1  ill(lll(l(s S[)III(  :)() I)lloto(ll(llli(tll”  r(a(tiolls, 1{’(11

\i’ol”l{  I)r(’s(’llt (xi II(T(’ 111(  l(a(tic)lls sj)(fi(i(:ill)  1“(’1(’\’illll 10 02(’AJ (ll(lltistry (t,al)l(’ 1 ) ,

IIot illr(’a(ly ill(”lll(l(’(1  lla\’(’ I)(!(!ll  ada])l(’(1  fro]]) /li/y?lc,?(/k  [/ 01,, [1993] all(l a(l(l(’(1 t o  tll(’

l;(ltll]iill-Sisl{ill(l  111()(1(1.

‘III(, stalI(lal(l  IIlotl(’1 \Vas rlllI \l’itll r(a(l,ioll Ial(’s flt~l)] (11( ,11’1, 19$14  (oll]j)ilatioll”

[/)0110)(  (1 (//., 19!)4].  All(r(Yl \(tsi(~lls 01” tl)( Sl, illl(lill”(l 1110(1 ( ’1  \17(’1’(’ I’1111  I)\r l)(~ltllrl)illp,

r(:l(lioll I“:lt (’s  a\V:l~ 1“1’0111  tll(’il . 1 1)  1 , 9 4  \Jillll(’S. ‘1’li( l)(IIIIrl)(Yl tllo(l(l \(rsi(jll  (Iis(llss((l

Illost (Jxl(*llsi\’(’ly ill tll(’ foll(j\yillp, s(’(t,iol] (Iifl(’ls  (’10111 tll(’ stalI(laI(l lII()(I(JI  it) t,llat i t  lIS(W

a r:ll(. (()(’[li(i(llt for 1102 -1 ( )  } 0 1 1  -1 02 r(’(111((~(1  40(fil  (l\\’ i((* tll(’ (l{lot( ’(l llll((~rtaillt,y)

I)(’ l (J\ \ ’  ill(’stall(lar(l  . l l ’1 ,94 Villll(, [f)(’fljw”f (/  ( I l.,  199.1].



5. ILcsl]ltjs and Discl]ssion

:).] . Mod(’l-l)atla  (Jo]]]parjso]]s

ol)s(’1’\’(’(l :)() 7 0  1{111  fllll-(l:lj’  oy(’A p,) :11)111 )(1:111 (”(’s  :11’(’ Ilip,ll(r 111<111 ]])(NI(I  vdli](w I)y 9 ,

:)1 ,  ;1, illl(l 2(; (1)1 fol illl il\’(!l’d~j(’ ()\T(I 11)( f’ol]~ ol)s(tl’;]tiol]” l)(rio(ls of 1 i’(x) (taljl( J;). ‘1’11(

Ilip,ll s/11  sl)(xtla (Jl)taitl((l ii] .lal III;Ily alI(l N(J\(IIIIJ(,I 199;3  allo\v I)(tl(r ( 1 0  I<Ill) iIltitlIfl(

l“(w)llllioll fol” t,llos(”  (Ial (’s. III fip,lir( 4, 11)( sill~;l( (’trt)r I)ar 011 (:d(lI  (f  (11(  JaIII1211y  aII(l

.tl}ril 1!)!)2 altitll(l(  j)l(~lil(s  ill(li(at(s r(lri(\wl  fol a sillp,l(, 50-70”  kill, lay ’1’: tll(’ tw’() (’1’1’01”

l)~ilh (Jll (’<1111 ()(’ tll(’  .liil)llill’~ 2]11(1 NOV(’1111)(’I 19!):3 l)ro[il(s ill(li(at(  l(tri(\kll fol” l\$’()  1:1)’(1s

(!)() (io illl(l (io-70° 1{11)). ‘1’lt( Sll<ll)(  of tll( r(tri(v((l  J:I]III;IIJ’ I)lolil( i s  \v(Il It Iat(lI((l 11)1 tlI(:

SII:II)(S 01” III( sli II I(la IYl l)llollt)(ll(’ll~i(:(l  III(N{(l. ‘I’l It t\Y() lzIy(I r(tri(\((l N[)\T(vJIIN:r ]jr(jlil(,

llo\l’(’\’(’ 1”, iS (’ll}l;ill(’(!(l ‘T)():l 1 OX, ()\’(’l’ tll(’ IIlo(l(’1  fol 50-( ion lilll,  ;Ill(l -I ():1 I()(X ()\’(’l 1 II(

Illo(l(’1 [(J]’ (i(l-70 lilll. ‘1’llis (lifl”ir(ll((  ill sI121])(  o f  tll(’ No\J(vIil)(:r 1 991; ntri(\(,(l a]l(l 1110(1(1

[())(ILIJ]  IJrc,(ilfs  i s  ,,,J( ?[(li(t((l l)y aIIy of”  tl)( (lIaIIp,(vi to tlI( j)ll(~lo(ll(tlli(:ll  I~I(Nl(l

(lis(llss(~(l l)(Jlo\lr.

AS iI II :llt(*ttl:lt,i\~(~  to (~l]tilitlitlp, 10 IiIll altillltl( r(w)llltiolt  wil,ll 111( .I:lllllaly al](l

NtJ\(IIIII(l  I{)\l;t OZ(l AP) oljs[l\’;lli(JIIs,  1,11( sillp;l( F)() 70 Iilll allitl[(l(, IJif) Illajr I)(’ Ils(’(1

\vitl) tll( ft]ll-(l:Iy  ol)s(l\Jtlti[))ls  1)1’oli(’11 into  tl~ll(ll  Sllolll(’l  itll(t\’ills. 20-;3!)  Illilll]l( 1(1]]]1)()-

I:II r(sollliioll”  \{as ol)taill(’(1 f’lx)]ll tlI(J .lal II IHIy 24, 19$);1 ()~(]  Ap, ) (jlIs(l\wtit)ll  al)(l ii (Iilllllal

iill:llysis  ))(’rft)lIII(’({  ft)r ill(’  I()(al solar Iitll(,  raTIp,(~ ;j:lo-(i:?ol)t]].” Si]llilar]y, 110-{ )() ll~itllltf(

r(,s(jllllit)il  W<IS ol]t,aill(’(t (or 8:4T) aIi I 4:()() lJIII f’rotll tll(’ N()\’(lrIl)(l X):;(), [f)!):; 02(}/jF,)

OI)S(’I \’ill  ioti; (Iillil f’lo]ll two (’olls(’(llii\J(  (1:1)’s \v(’1”(’ {oll}l)ill{~(l  to t)l)tai}l  illl))lo\’(xl s / n  ;111(1

\l’(’1(1 tIII;Ilyz(Yl as a sitlp)l(~ (Iilllllal  I)(,tio(l. 11’ig,llr(s ‘/ :111(I N illllstral(  t,llat l~llol~)(ll(tlli-

(’ill 111(1(1(’I 02(1AP) (Iillrllal  1)(’lla\’ior ap;l”(’(’s \$’itll (,11(’ ol)s(*l\’:lliolls.” 1 lorizol]i” al (rt<)r Imrs

ill(li(’ill(’ tll(’ lc’11~(11  of” (’a(’11 {)l)s(’]\:itioll, 1111(1  \r(’l”ii  (’ill (’I’I’01”  I)al’s ill(li(’iit(’  l]ll(”(,l(,ai]lly ill

111(’ t(,tti(,\((l !)()- 7()  lilll Il)ixillp; lat,ios. ‘1111(  SII;IIJ(W of tll( 02( ’L!F,) IIlixillp, rati(, vs litll(

()(’ (1<1~ (’111’  \’(’S ill’(’ tll(’ Sillll(’ f’())’ !Ill(> (l;I1;I tlll(l IIlo(l(’1. ‘1’11(’ (lata/1llod(’1 01[”s(’(!s al’(’ l“oll~llly



l)l(fli(t(fl ljy (,11( staIIcl; II({ II~(xl(l :111(1 t,l Iat l,lt( (Ia{a vs III(J(I(:l (Iis(r(l)all(y ill(t(as(s \\ritll

illiitll(l(’. ‘1’llis Illl(l(tl)l((li(li(jll  i s  tlt( ozoII(” (1(’fi(it [I$olmllo)l (I 0/., 1981;; l;lI/4S2/;iCU)ir2

(/TI(l /1/lf7/,  1!)!) :1] S(YJII  ill (J\’(JIy ollI(~I (.01111)a12Ll~l(” (l;(ta s(’t. 0111”  ():] ol)S(’l’\’iltliollS”  al’(’ ill

iIp,I(YIII(~II{ \vil,li 1,11(~  shll(;  11{ [rl’)/o~/lo.$ (’/ 0 1 .  , 1!)s4] aII(l (J\/ [}{uscL  (1 {//., 1983]  4-y(wI

Illolllllly” Zollal 111( ’:llls.

1{(’(illls(  ():+ l)l~t)tolysis  i s  tlI( (Iolllillilllt  sOIII((  of” 02(1 AP,) l)(loL\” ’70 kIII, tlIc II)OS1

(’(~llsis(,(’lli w’:1}~ {,(J illt,(’rj)l’(ti t,]l(’ ]t]()(](’1  Illi(]( ’1 ’j)l”(’(]i(’t, ion of ()])s(’1’1’(”(] 02( ’A F,) is :is a ( “ (  JII -

s(’(111(’11((  o f  111(1 111()(1(1’s llll(l(~ll)]f(li(tioll of ():+. 0111 02(1 AP,) ((ip,llr(s 7 alI(l 8) :ilI(l ():{

(Iip;l]r(w !)- 11 ) ol)S(’l”\’iiliollS”  ar( (01111):11((1  \\iill r(slIlls (Jfa ]J(llIIII)((l l)l](,io(ll(]lli(;ll III(J(l(I

ill \vlli(l]  k(llo~  -1 () } 011 -1 0 2 ,  i s  r(YIII((Yl 40(X, l j ( : l o \ %  111(  a(((,])t(~cl  , 1 1) 1 , $ 1 4  \wlI](*. ‘I]llis

I)[ltllll);l(ii)li isllloti\;tt((ll)~  lll((oll(lllsiotlso{  (;lf/11({/  (/ {/1. [1$)941)], lllat a  r(xllj(lioll of

ll)is rill( (ot(li(i(lll w i l l  sill~llllilll(,ollslj  i]lll)lo\(lllo(l(l” cl(li(its ill oi aII(l 1102.  It i s  fIII-
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1 (i

‘1)11( i’dlll(j A: 2.(i X 1(1’ “ls- 1 (I(t(llllili(cl

ilS  il(”(’1ll’ttl  (’. MO1”(”  1“(’(’(’lltly,  Mlj/?/cH//!’

07/(/ N( !s/)if/  [  1 99:)] IIav(’ i]lt(’]j)](:l((l tlIfJ //su (/ (11 [1 992] Ial)oratt)ly 111( ’:lslll’(!lll(’111  of III(’

l’lillst(itl  1) \ktllI(’ for alworl)tioll of 1.27 lni(l(~ll IJII()(()IIS I}jr 0 2  (() il}}j~ly all 02( ’L!P,)

I;ills((ili A  WIII1(  of” 1.~)xlo- ls - ‘. ‘1’llis i s  ‘I’M slIIall(r 11121TI tlI( I)r(viollsly :1(((, ])1((1 \kilII(

?.(ix 1 0 ”  l s -  ‘ [/kd{/(’/” (/ (/1., l!)(i!)], ;III(I i f  th i s  lI(\\I I;I1(  i s  ((JII([t  ;I 1(- :lllalj~sis of” :(11

‘)? IIli(roll NIII(J1( ol)s(t\~:]liolls”  i s  (;lll ((1 fol .ltl(wwl)ll(~ri( (v,()]l( ]I}(J;isIlt(~]I](J]Iis l)as((l 011 I.k

;ll/jj//(:(l/; (17/d  N(.sl/il/ [1 !)95], Ilsillp, {II( A: 1 .fi>: 1 0 -  4s- ] WLIII(, lIav( I(ill((ll))(’t((l tlI( SM 1;

1.L~7 ]Ili(roll voliil~l(  (~lllissiol~ I;II(W to il~tl)l~ OY,(JII( (1( ’llsiti(w N7~)(XI  llip,ll(,t l) I; III illf(lr(~(l

I)y ‘/’// O))/(/<s  ( i ({1. [19W] ill (11( r(p;iotl lNlo\v 7( I kIII, ltrlI(~r(* 02(] L’3F) I(WS is (lo]]lillal(~(l  l)s

(~)llisi(}lls Ivilll p,tol]]I(l stat(’ 02.

(; IOIIII(I-IJ;  IS((l (~l)s(l\iltiotls  of tll( (I(I(;IJ’ (Jf”  1 .27//tt I (tllissioll  ~10111  aIIIOIal (Iisl)lays  [(f/

(;(///;1),(/( /’ ([)((1 V[lll(l?l(’(  ,10?1(’s, l\)713]  illll)lt a Iif({i)]i( (){” al)OIIl aII 110111,  (x)llsisl(lli uill I

{II( /;odg( T (/ ({l. [19(i5J A  V< IIII(, wlli(ll  (olt(’sj)(~tl(ls  10 a [i’1 ]Ilitlllt( Iif(’lill](:.  (l foIIII  (l-

IlilS(’(1 (jl)s(]\’:itiotls  of 1.27/111]  (ttlissioll (1(’(ay flolll  111( 111)1)(I  ])l(w)s])lI(’1( itt 111(’ (v(llitlp,

llvilij~,lll [/’(YI(ll(/(JfI ( /  (/1,, j9!)(i] ill(li(al(  a  Iif(l,illl( of 44 10 (ii ]Ililllll(s, a]so (ollsisl(tll

\vit II /;(I(/f/( T (/ (//. [1 9(i5], aII(l 11111(11 slI(jIt(’1  tlIa II tlI(’  /11/?jlI(;;({/;  (I?Id  ,47( ,slN’//  [1995]  lif(~t ill~(’

(J( I 10 l~lill{ll(~s.

I I I  (( III II:IS1 10  illf(v(vl((s f’rol]) 1.27 Illi(loll (Iala, 02(] AP,) al)Il]I(laII((:s ({( ’riv(xl fro]])

tll(’ 1.2 111111  (]l)s(t\t]iiolls (I(s(ril] (xl ill t h i s  ljal)(~r ar(i i)l(l(l)(:ll(l(~llt of” t,l I( l~;ills{(ill A  \wlt](

. .
ill tll(’ ((:t)lltslo]lally  (I(llllillat,(:( 1) :Illjiillcl(  l(p,itll(  l)(loiv  7 (  I  1{111. Ilow(v(r,  1,’27 ]lli(ro]l

\’tJl{llll(’ (~lllissi(~ll lat,(’s ;LI(’ (~asily (“ill  (’llli\t  (’(1 f’rolll  lll(w(’ 1.12 111111 OY(l AF) :11)1111  (12111  (’(’s for

aI I)’ ass IIlll(Yl A  1’;IIII(’, alI(l \vill  lIIatl(”l I O1)S(’IIT(’(1 J.’L7 IIli(.roll v(jlllltl(’  (~lllissioll ral(~s olIly

foI II};( of (11( (OII(Y1  A  wII](. ‘1’IIIIs 1111(’ 1.2 111111 ol)s(tl’tlliolls”  l)l(s(’111(’(1  ill lllis l)al)(’t.

I)rol’i(l(” a t(~i of III( lal)orai(jry (I(t(:rlllill((l  II;i]lst(ill  A ’ s  fIIII(l;I II I(III;Illy (Iif[kl(tlt tlIal I

111(’ 1(’s1s  ;Ill(I\IJ(Yl I)j’ 1.27 Illi(rull ol)s(I\iit,iolls.”

Altilll(l(  l)rofil(s of tll( 02(1 LfiF,) 1.27 II]i(toll \’olI]lII(J (~lllissioll lat(’ afx~ slIo\v]I ill
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Is

iIIJIIII(l;III ((S ]J1-c*tli(l(*(l Ivilll a  sfa  II(lar(l l)ll(~lo(”ll(~llli(zll ]1)()(1(’1. ‘1’11(’  av(’1’ap,(’  or tll(’ r)() 7 0

11111  [02( ’l AF,)](, I,./[02(’ Ap,)],,,,,(I,I” ralios [I(JIII t}I( 10111 ol)s(>t\:ilioll” (Itit(s is 1 . 1 7 .  ‘1’llis  17(Xj

il\’(’l’ap,(’  (’1111  :111  (”(’1))  (’111 o f  ol)s(’I’\ ’(’(1 ()\J(’1 111() (1(~1 02(1AF)  i s  lY(JII  lIIat(.lI (xl lIy rllllilillp, lII(J

111()(1(1  \\’itll ii 40(fiI  r(~(lll(:tlioll  ill 111(* lat(’ (()(~fli(’i(’llt  for 1102 - 1  ( )  } 0 1 1  - 1  0 2 .  V:lliallilitjf

()( 111(*  (*1111 :111 (.(~113(:111 l)(~t,\v(Y’11 ol)s(~]\Jalio]l”  clat(~s  i s  ]Iot a(l(lr(~ss(>(l  l)y tll(. IiIt(’ (l IaIIf I,(’. ‘1’tlis

IIlo(l (’1 1)(.ttiillliilioll  ill S() slll)stii]llially  it]ll)]()\’(s dp, ]’(’(’]1)(’111 1)(’t\v(Y’11  1110(1 (’1 :111(1 ol)s(’1’\’(’(1

():!, :I(l(ll(ssillp,  11)( lollp,-st:tll(lillp) l)Ic)I)I(III  (JI a IIli(l(ll(’ :IIIIIOSI)lI(I(  (m)tI( (I(li(il [l$O1O)//O?l

( I (//., 1 $)8:;; /j/i(.5d;if Il)ic: mld A//f ?{, 1 $)!)1)],  aII(l i s  (t)llsisl(’111  \\’il  II lo~$’(’r )ll(w)sl)ll(~ri( IIlod(’1

\’s (I:i(:i (Iis(l(l);lll(i(s l(l)()]t({l  (sls(J\\’11(1(1  for 1102 [(~lo?~[;t)  (1 {//.. 19941)], 011 ,s//7)/’)))( ‘)”.$ ( /

(//., I  \)\](i],  atl{l l(tlll)(]titl]]( [,5’i,\/;ittd ( / 0/., 199(i].

IIII1)IX)V(Y1 altii II(I( I(sollltioll”  LIJ<IS  (~l)laill((] \\illl tiy(~ l;Iy(I (~)()-(i()  aII(l (;() 70 kIII) (liltl?l

ill\’(tsi(Jlls [01 Ilip,ll  s/11 ol)s(’l\’iItiolls” II121(I(s  ill Jallllary all(l Nm’(’1lll)(  ’1”, 1993. ‘1’11(’ Slla] )(’ or

111(  r(t,ti(\J((l  ,Iatluary  l)lofil(  i s  wr(ll IIlat,(ll((l 1))’ 111(’ sII:I1)[ 01” 11](s  s1:III(I:II(I  l)l)[)to(ll(llli(:ll

11)()(1(’].  ‘1111(  lWI(J l;ly(l Nov(tlll)(:l  ])l~)lil( ll;is sip,tlili(alltly  lll(jr( (lIII:ItI((ltl(IIIt  (Jf ol)s(lt’((1

t)\(.I III(J(I(JI  [02(~A F,)] ill tll( ~)()(i() tllatl  ill tll(’ (io 70 I<TII altilll(l(’ I)ill.

Sllo]l(l illl(p,ralioll lil~l(  02( ’~ F,) 199;~ (Jl)s(’rwlliotls  for 1)(){])  .Iallllar)r  all(l N()\(ItIl)(:I

lIa\(  1)((11  al}alyz(:(l  for (Iillrtlal  wrial)iliiy. 101 .Iallllary  1991{, all (x((llsi\((lilltll:\l  analysis

\V21s ill S() [1(111(’ \tJitll ():+ ol)s(’l\~:\tiolls.” lo] 11(1111  02(1 A.p, ) ZIII(I ():+ t II(M is :IfiI(xI\)(l~l l)tt\Y((II

ol)s(~ti~(’(1 l)(~ll:tl’ior aII(l 111(~  sII;I1)(I of 111(. sl)(~(”i(~s  al) II II(lal I((* vs lilll(~ of (la}’ II1O(I(JI  (Ilr\’(Js.

‘I’ll ill i s ,  tll( (’1111  :111( ’(lll(llts  of [01(’AJ] Iist(x] ill tal)l( :] 1101(1  al a l l  ol)s(ll’dtio]l” li]]l(s of

(lil\7.

III P,(II(I;II,  lII(s(’ l]li(tolvav( 02( ’A P,) [)l)s(]}rtili(]tls  ar(. aII itlll)orl:llli (.ollfiltll:iljioll” of

tll(> lllilil~’  of 1.’z!’7  IIli(lol} ol)s(lIJ:ltiolts”  of 02(] L! P,) as :1 l~loxy for lll(w)st)li(ri(  OH)II(. ‘1’llt

(’ollslsl, (.11 (’y I)(llv((ll 111()(1(:1 (I[li(ils ()[ oj(]fl$,)  :111(1  ():, illll)li(:s  tlIat 02(]  AF,)  (ll(lllistry

i s  w(II  IIIIfl(rstoo(l.”  A(l(lr(ssillp, :1 11101( sj)((ifi(  issll(, llli(’I’()\\’il \r(’ ()~(] 3P,  )  (Jl)S(’l”\’<l  tiollS

l)ro\i(l(  ii l ) ( ) \$f(l’fi l l Il(\\) ;I1’p,lllll(lll  1]1:11 tll( l.:j~ Illi(loll  l:l(]i:l[,ilf( Iif((ill)( (1(.t(llllill:ltioll

()[’ /J(/(lq( ) (/ ( I I .  [1 9(i5], \vtli(ll  i s  (“rll(”ial  to [ll(~s(~s])ll(~ti(.  ():+ st,~l({i(’s,  i s  not,  ill (,r{t)r.





Y(I

II:l(lp,(t,  1{. h4., A.(:. \Vri~llt, ii]ld 1{.1’. \4’liitl(J(li,  Alwoll]t(  illt(’twiti(w  01” tlI( (Iis[rot(  aII(l (011-

Iitlllo(ls  ill) So f’j)lioll” l)art(ls  of oxy~(,lt p,;is  ;il I  .Y(; alI(l I .O(i!) // atI(l  llIC ra(lialivr lif(,lit]l( (II’  111(

‘ .\F, Sl:lt(’  of” oxyp,(,ll,  ,/. (  ‘ / / ( 7 / / ,  f’hys., //;;, 4:{4!) ,4:;  !)(), 1  9(;!).

(: I: II I(”,S, 1{.’1’., 1). \4~.  Iiuh(’11, ;Ill(l 1 ) . ( ) ,  Nllllll(’ll]illl, A  ltli(ro!~av[  tll(iis(ll(]ll(tlt  of IIip,ll l(\I(ls 01”

111(’tftl{)sljli(li( IIilri[  oxi(l(, (1’(’()])li,ys. II’( ,5. 1)( I I . ,  1!), 2(; 1 ‘2(;1 , 1902.

(’l;ill(”.v,  1{.’1’., illl(l 1).(). Mlllll(’lll iill, (jl’()( 111( l-l)iis( ’(1 llli(l(~lvav(~  sl)(’(’tl”os(’(1])~  01 tll(, (,:11’ 111’,<  st l~lto

S])ll(’1”(’ a]l(l ll)(’sos])h(w) ill A irII(I.Yj)}I(  lic 1{( ~{)fji{ ,Ttli.<iltjl l)j .dyicrc)w(lcl(  li’cldioill(ll{l, (’(lit (Y1

ii\’ hd.  A .  ,];IIISS(}l I, ])]). llJ{F)  382, , 1 0 1 1 1 1  \VilrJ, N{L\I York, I 90;;.

(’lilll(”~,  1 { . ’ 1 ’ . ,  1).,1.  Silll{lol,  :ill(l 1).\l’. 1 / 1 1  S(’11,  l~imi IIl(ilslll  (’111  (’?lts  of tll( I.YIIIIII (lllissioll  Ii]l(, of

Itl(w)sljll(,ri(  ()~(]f~~):  IItl])li(atio]ls  Ii)r a hIII:Illr I [ollisiollal”  (I(J (’x(’itatiolt  Ial(, (()(,fli(i(~ltt  fol

()>) (’ llP,), ‘/)”(/? /s. AtI/( I, (;(oplIy LL 07(i(JII,  ?~,  16!), I {)!);{.

(:l;lll (’y, l{.’[ ’., 1). \’v. I{llscll, all[l M.’]’.  (:illlilll, ‘I’(’1ll[  )( ’l’:ltllt”~’  Illillilllil ill tft(~ a\Ierap;(,  tlic JIttal

sl t Il(t,lll(, 01” 1 II(, IIlid(llc :11 lllos]]ll(,l’(~ ( 7 0 - S ( )  lilll) f’lolll atldlysis  Of’  40-10  -{)2”  Ii Ill ,S.411’;  p,lol):ll

t (,]]l])(lilt III( I)rolil(w, ,J, (r’(()/)lI?/,s. li’(,v., !/{/, 1 {),(10  1 j {),020,” I 9!)4il.

(’lilll(’y,  I { . ’J ’ . , 1).,1.  S;111(101,  1). \V. I{ II S(’11, +111(1  1 ) . ( ) .  h411111(,ll)illl, Lli(roivav(  ol)wrvalio]ls  ;III(I

]Il(l(l(,li]tp,  01”  oljl 1120, atI(l 1102  ill (11(, IIIOSOS1)II(,I(J,  ./. (/(fI/)//?/.s. /t’c,s.,  J/,fl,  !),l(;~)  :)47;+,  ]991 ]).
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Fig. 5 : Observed HzO
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