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'lu MAP mmrh1 'hi 'il�th 'l ttlfi'Plfffl11:;::r11-::t�el�'Unfl'rl 11'111 !'Wtlffv11'W'WcJ·HMff'PlUi;l:;:: hnJ 11-;!'7 vi
' 

' ' � 

ti Tu� 11 nniu v11n 'Pl 111n u u 'flVh; mrn:;:: rtlu i um 1t1� m:f 'lJ!!fl'rl 'l u tt mv1.h :::1'Vlft11-nrr1 f 'il otll � m 
.. ., 

t ... f i ,.,1,.,1� � QJ o'd r d .:v fJJ (;)I a> ti] c1 di m1:::n �1lunrnrr� ! ';i 1J1J{llff'li Nl;'JWflill CVl'Vlr-.11'1-ifll'J tf1'jj'jf)'ifl'P)1tlfll!l!ft11':i1.Jtl'Wll0'We1fl t !l!f\91 !'U el.::i 'il ltl
' " 

Im .::JUWH 1vim'ilfl0Nl;'Jl�l'J�tlff'1Jfil'\Al'll0��1Jnfi'fl i� i�'W'W i 'W'l1mt1tl'J �!'Vlft;��fll '.i\91"11'11 rftl1J u • � 

o , ')J� o' \J) "i a, ef ,% _, o' I Q 

ln'l;!;flll'l 'W 'Pl1Jl�1'il'IJMfl1'J ! 'lifl19f'rll'.l1Jtl'W1Jtl'WeJfl ! <l!t'Pl 'W'lJ'J 'J 'ilflill9'1'U tl'1l'Wtli'l'l'l1U"lfU'\M 
q 

V � I 

i14 Uu �ll'W'W11� 1 ·u n�mfhJ� 11tl1rn�ff'11i';Jtlm!m il'lvijtff'lifll'J'.l'Ui1'Wri'1vir-hufll'J l�'lJ 
QJ 'J} C°V .I ll

l 
d q ... l d QJ Q.I � 9) Id c:i 'J) 0 I .. 1� 

rn Ell 'Pl 1 ti rn 9i fll '.i 'lJ mm 0 'W 0 n 9f 'Pl 1 'W m � u 'J � rn ft' 'VI tM 'J 11 ff u m u"' n 1! 'll tJ fll '11 'W 'Pl 11 u nn ill 
a1 tq >5,

1 
z. w ti d ll :Vli) f � ")" QJ , , o,J d 

mn1owm1wm 1"1fl'l im.rn1:l'1>1Tl.J l'1 nJlfl'W lµg/mL i'Plc.Jv110tll-;!l"lf'W 1'W'Vl 15/08/2007th:;::1.l'lff
')) ' jJ 

"' cl !1 J) "' " I d O 'J) - I ✓ ,I ' d ✓ 'l ✓9 "l 

fl \>l lfl rl \'l '.i1 'il 'V'l'Ul 'iHJ 1J m 1m 11 'IJ 711 lfl u 'J � ! 'Vl ff I 'W L'li tl rn m.J \?I 'V'l'IJ11 ll fll '.i 1J el 'W ll m.rn fl 9f 'Pl Ill! 'W el 

um ; � 'l�tl6m'lim'.if 'Ufiu �,il'u 
" 

-1l'Wl'OtlU
1

l�tl'.i;:;�f)l'11TI')lffl Visible absorption spectrophotometry Uri� Gas chromato-
- C, ., " I"' ,,; ., 

Ll ,/ ;j/ graphy-Mass spectrometry (GC-MS) 1J rn\'l'Jl�'l'Y\'l'.i 1'il'l17u'J1Jlillf11Glifll'J'lJ0'WJfftHJf1 '1$\il\91tlfll-:1 
V ' 

Hje.llti·1'.ifl'�JJ1W'Wtlif\911U'lf!!�<l !'WO.::J'illf11TI Visible absorption spectrophotometry !�'Wfll'J 
I cl 1 1l a., rJt Q l (j'j ,/ (/ � \ 1 

1'111 'il 1:it11Jm 11r.7ufl� 'J11>H'.i 1111 'I-HH'!'\91TW u11m '.i Hl'Wf119ffll'J'IJtl'W:IJO'WeJfl i 9f\il'Vi Hl hJ mi:;; fm 
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Q r:I')) Qd d �I O t 
_,.<:::I (;)I i/ vl'.i 1 '\J ll'fl '.i 7:::: 1H11t11li GC-MS 91-:Jl 1J'Wl'Vlfl'Wfl'U'W 1;,1 -:Jtrn::::ft'llJl'.i f fl1 l1J'.i1JltU f11'11fl l'.i 'IJ tl'WlHJ'W tJf) 

lfj rice! � I J Q.I d'IJl ')) I I o 

1 "15� Y1um n"11:1Jt1t1 'l wu tifl'vl 1 1� t1t11-:imJiw1 

�d d V 

3.2 'Yl�'l:l{)'YHflff"J'llfl� 

'l u n 11 rh u f17 '11fl 1{ 'IJ vu :JJ vu vn l '11\ol ri-:i 'l u 'IJ'J 'J �.n w Cl1tt 'IJ 'IJ\91� u 111 u '.i 1 v 1mff�1'11 f rn deJ 
Q.I rl e% ,e:iQ.I rl Q./ ,:!I Q Q drl.dt d:t. d Q.I 

f\'\91 Tth:::: tfl'Vll 'W eJu�.:i:JJ11'111ll'J::::fl'-:imrn fl 2 11 '.i ::::nwmi ri\Plm'J m� 'ilrl'W 'Yl '.i mV'Hltl\91 mt1m'.i mu mm 
q q q 

Q Q./ rl � 0 9 9/ ,::::,. QJ o'd d �I d d 
Ci) 'j) Q.I 'Utl-:J rli'l\9'\fltl!CVI Url::::!'V'ltl'Yll ! '11 NrlvlfltU CVl:1Jf\'U\91.:)t1'\91!1J'W 'J::::t1::::nm'\llt111'Wl'W 91.:ift'lm'J 11 ! 'lffl'Uell'l17'.i 

1JJ 'J/"" di "" o' u o' d "" d" I d. "" di w o' 

! �� l'l-J tl-:J '\) lf)f)7"}1fll 'j 'LI tl'W :lJ tl'W tlf) 1 '11� t tlu f)l"J1'Y]1J'j lft''\Jlf)f)[l'W 'ft trn:::: '.i t1''lfl� C)f-:j f)l"J1fl 7'.i 'IJ tl'W
lil rl � q ,::::,.  eN Q.l rl l d  � d .<:::1 9/ 1  

:JJeJ'W tifl 1 '11� u::::rvmtl '.i:::: fl''Vlli fll'\l'l'Uti.:im'.i m 'J �t'W eJt1'\911U'lfU 'll.:iuuu MAP t'\l'leJttlu fl''Wmt1'-:i eJt1n
o' d o 'l 'J/ Ji , """" ""' 11] 1 1 ""' di d o' 

t1-:JflU'.i::::nt1'1J'Yl'Yll 1mut1llrll'l:J'Wl:lJt1' in�u1nm'.i 1:lJ re:i 1flrl'U'W"11.:iitlueJ.:im.h::::nt11J'Ut1.:i 
' " ' 

iflv� t:JJ 1t11 n m1 u vi rn ihvh11r1 'L1l 'l u m'J t�u -r m:11t1eJf)qf!'\J'W 'l u fl� 1m 'WeJ'UeJ-:i E .:ii'.HF:1\91 1:lJ 1 eJ 

1 
Q "'I 9) J+ 9J d Q.I CV A t::.id I d '}) .J �I flrl'U141J'J::::f1eJ'U\911tl 1-:J porphyrin 'Utl-:J Fe- \Pl l'W'\1'W.:)'\J'lJf)'UeJ'ft'Vl�'W (His) fl1'Wtlf1\Pll'W'l1Wl!1J'W 

\917U'l1U-:J�11-:J�f17'11 !'11'W e)t)flqf!\J'W tt!tJ fl7'11fl71'Uti'W:lJtl'Wtlfll91\ol'il::::l'lll:lJ7�1J !fl�t ll'W 

ft'l'JU'.i::::m:irn�.:i"fft1'W'Ut1.:it:JJ 1v tflm1u1� 191.:iill� 1 

'1 
w w 9 ° Q Q r:I& liJ 'J),. I ct'Qd. 

�-:J'WlJ !'Wf17'J�l!'W'Wf17'.i1!'fl'.i7::::l'lu-:J !�1J'J::::�n\9111i'Yl7.:i Visible Absorption Spectrophoto-
"'ci ,, 11] "'l rnctry l!.r1::::11rn1-:i Gas Chromatography/Mass Spectrometry :JJ7\91'.i1'\J'l17fll'.i'Utl'W:lJeJ'Wtlfl !'11\91 !'W 

.J I I cl o' A' d 'J) l'Wtl1Jn7'\;j'Wlll'lfU'IJ-:J Url::::U'.i::::�flv\'1171 W'W tlU\Pl-:Jtl'W"7�1tl 

Visible Absorption Spectrophotometry 

,<l0-:iu1fl11 11:IJ 1e:i 1nr1ihi�11n�t1t1flml� illum'.iri::::mv��ifo�-:i 1'1-:iir'Wfll'.iU7:lJ7\91'.i1'\J 
Q if .6j 9 'j} 0 lil '}) dJ ')) 0 OJ Cld.:!, d ,±J 

11m1:;;n 'il-:i1111Jl'H11'lH'VlfllH) visible absorbtion spectrophotometry !\Pl '11-:J'UeJ'\Jlf1\91'1JtJ.:)11i'Wfltl 
V V I � I 

'1'n rl:::: rl 7Vtl' u �eJ-:itllwi1m�t11nu 1�mA�e:i-:i:iJeJ'W u::::m�vmtnfll':ifll'rn�flflmtfl-:J'lleJ-:J t:lJtriflrivi� 
� q 

1 � I ,, 1 
w d "I O 11] 

• 
''l 'J)'l di d = d 

m l:!J'V' m (chromophore) �cl'V'lrl-:i-:irnv1�\Plf1rl'W\)fl'Wl rn 'If 1-Jn7'JtrHleJ1-J'Vl'UeJ-:JeJrnmneJ'W1� 
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� =. cl d d d, Cl.I Q)  � 1 QJ Q.I d. d 'W D f1 ll '.i DD l rlf1� '.i tl'W 'Vl l fl rl tl'W 'VI -;J 1 cJ '\l lf1'.i � \il'IJ'Wrl-;l -;ll'W � 1 �'.i � \il'IJ 'Wrl -;J -;J l'W � -;J f11 '.i !fl rt D'W 'Vil! 'IJ'IJ
v11-;JT1 'll D-;J a1�n�1 D'W u 'rl'\il -;J l 'Wfll'V'l l\iltJ�Um'.lJ <i'l.J� 2)

m11h�f1D'Ul95-;J�D'W'UD-;J l'.lJ 101nmJ'Wl'Wll'l.J'IJ�N'7 l�un oxymyoglobin (oxygen-bound
rnyoglobin), carboxymyoglobin (carbonmonoxide-bound myoglobin), metmyoglobin (Fe (III)
myoglobin) trn� dcoxymyoglibin (Fc(II) myoglobin) �'.i��'IJ'Wl:l-;l-;Jl'Wflltll'W L'.lJ!rlfJrl�l-;Jf1'W �-;J
\i1\i1f1amt'rl'-;J ,���'rl'\il�fl'"Jl'.lJcJ11fl�'W (Amax) �1-;Jf)'W 'rl'l'.lJl'.ifJtllffcJ'rl''.lJll�ift�O 1 i11m1�tt

� q 

"I"' '.JI "' II} '.JI1J'.ilJltll\i1ltlt'Vlfl'Wfl visible absorption spectrophotometry l\il

>-
0 
� 
L.W 

z 
WJ 

n-

.c:i AA A 

➔ :Jt 

[11-11:n'lHl 
'lJ 

•

1 

,r 
n-

* 

Jt-llo-'.lt 

'

,, 

�er *
Jt-fl,,- (J o-i>-0 

er-➔'.Jt 

*

o * ( anti-bonding)

Jt * (anti-bonding)

n (non-bonding)

1t (bondin,;_i)

o (bonding)

lfl�tJ-;J UV-Visible absorption spectrophotometer '\l�U'rl'\i1-;JNrJOOf1'.lJli�'W�lf11'.il:j\i1f1il'W
1 � f\ & 1 ci  Q.I Q.J r/  1 1!W-1 (Absorbance, A) Tl! fllfl11'.lJcJ11flrl'W (wavelength, I\.) 'l1'W-;J'7 \i1tl'.lJfl11'.lJ'rl''.lJ'W'W1i'.i�'l111-;Jfll

� V 'J) 'J) ?I li}"J � d f17'.i � \i1 f1 rl'WU ff -:J f1'1Jfl'"Jl'.lJl'IJ'.lJ 'U 'W'U 0-:J 'rl'l'.i i;1� rlltlt1J'W l1J�l'.lJf1f;J'UO-;Ji'IJtl'.i (Beer's law)
Beer's law: A = £be
L\ilc.J A = absorbance, £ 

m 1 r1 :;; m u 

absorptivity, b fl11'.lJf111-;J'lJO-;J cuvet, c 'J) 'J) fl11'.lJ!'IJ'.lJ'U'W'UeM

� lf1 l 'J \il\il f1 al! I l ff -;J '\Je),;j 'IJ 0-;J N'rl''.lJ '\)� l 1� 1nmm '.i 1'.lJ'IJO,;J� lf17'.i \i1\i1f1il'Wli 'r1' -;J'UO-;J(J,;jfl'LJ '.i � f1 O'IJ'IJO,;J'\J 0-;J
u � 

G..I Q./ I I I d Mff1J"i11JmJ \\110cJ7WlfU m1a�mcJvWlJJ�1117-;J carboxymyoglobin um; dcoxymyoglohin '\l�'.lJ
I � d di ,,J�l <V fl lf11 "i \i1 \ilfl rl 1� l l 'rl' -;J 'IJ O-;J 'IJO-;J rl 'rl''.lJ 'Vlfl 111J cJ11fl l:l'W 'li'W -;Ji1J'W \i1-;J'rl''.lJf11'.i l

A( '.i 11J) = A '\llf1 carboxymyoglobin + A '\llf1 deoxymyoglobin ... (I)
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Gas Chromatography-Mass Spectrometry 

d dci ,A Q,I !, cl d � 
lfl'HM Gas chromatograph 'Vl:JJl'fl'.im\ol'.i1'il1\91U1J1J Mass spectrometer 'W'W lU'Wlfl'.ieJ;j:JJeJ

'J/' I 

<V "'"" <1'1] 'J/ I O ,!! <V <V "' I] 'J/ 'Ji <V • I lj. I 'J/ I ,!! 'U'W1:1' ;j'Vl1lfl'.il::;11 l\91ll:JJ'W!'JlU1;t::;l'J'Wl'J'WlelfH;'lf1Ec!W'\Jel;j'i;1'1',i l\91'\Al'.iellJf)'W 1J'.i::::f)fl1J llJ\ol1l'J 2 1:1'1'W fie) "' 
I di ,e2 ?I I d O 'JI "'

'l 
<1' 

1:l'T\.J'U\'Ml'fl'.ieJ;j Gas chromatograph (GC) <1/-:Jl1J'W'1:1'1'W'Vl'V11'\1'Wl'Vl 'Wf11'.ilWf1el-:JflU'.i::::f1el1J'Uel-:J'1:1'7'.i 

�1JelcJ'l 14\911elcJN hYeJelf):JJ111l;t�el-:JflU',i::;f)fl1_Jfiel'W�'i)::;!'1hri mtel-:J\ol'.i1'il1\91 trn::;onri1'Wf!el !flt e);j "' "' 
,e2 O 'Jld?I di 

"' 'l 
I 6' 

Mass spectrometer (MS) <1/-:J'\l::;'Vll11'WTYl!1J'\.Hf1',i'e)-:J\ol'.i1'il1\91 'Wf11'.i\9l'.i1'il'1:l'el1J�11 0-:Jf1U'.i::::f101J 
I 

• ' " 

?I I lJ] di d lJ] 'JI 

\911-:J"l 'VlN1'Welelf):JJ1'\llf1!fl!o-:i GC 'W'W 1J:JJ1l;t\910U'.i::::� (mass/charge, m/z)l1J'Wl'Vll l'.i !'l"lel'Yl\l� l\91 

mm'.i ri1JeJn 1 �11 i�-w m'.i 'l1ii\91 'l\91 trn::;i'iu!muuvi1 'l\91 

' ' 
t'::\ �v t::l.c:::l V 

iniii fl� r1--mtt::;.;i rn 1mrm mn'llM 

'smulevieh trn::;riw::; t�Hirnfliifl1:1'1Ufl l 'Yl'.i'1:l' 1riiJrvleJ1tm1�11mu!mw llJ 1 el ltll;t'U'W 
' " 

"" 11 1 1 "" "'"' .I "" l'Wel-:J'\Jlf) llJ lO lf1l;t1J'W1J'Yl-:J'\11J\91 4 l1Jl!1J1J flel deoxymyoglobin, oxymyoglobin, metmyoglobin, 
.J "" '[ , "'"' = lJ] 'JI 1 "" 1J 'JI d d

carboxymyoglobin <1/-:J'1:1'7:JJ1'.i(l�\91f)l;t'WUTI'-:J 'W'lf1-:J1'1:l'l1Jl;t l\91 l\91!'J'\l::;�\91f)l;t'W!!'1:l'-:J l\ol:JJ1f)'Yl�\91'YI
.eA O Q.I � d t d 9lliJ 31 9) CV 

fl17:JJ!'J71fll;t'W 431, 414, 406 Ul;t� 420 nm \9\71Jm\o11J m'.i1tm1::;ttm'.imiY'ln t\o1vl1;t'l"lrn1Jn-w'l-w 
Q r/ ;;; e::i ')} Q j/ 

\!(9J 'J) f11'.i1lfl'.i1�11fl'.i-:Jl\91l'J1\911l'J!'Vlfl'Wfl visible absorption spectrophotometry 'W'W1:1'l'!Jl'.i(l'VJ1 l\91 l\ol!'Jb 
I I I j/ 

l 'YI fl ii fl f) l '.i 1\91 f) 1'.i \91 \91 f) i1'W u '1:1'-:J'U e);j m 'j j;j �j;j ll'Jvl'1:1'1J vi fl 111J l'J11fl i1'W '\1 j;j wri 1 1 \ol !'J N j;j vi 'j ll'J'l l'W 'W 'W"' 

ll 1:1' 191 -:J cl elf) :JJ 1 'l 'W l U 'U cl -:J ri 1 f) 1 '.i � 191 f) i1 'WU 1:1' '1 l \91 !'Ji 'W -:J 1 'W 1 ,J l'J 'W f) 1 '.i fl 1 'W 1 W '\11 U ! 1J 1 W

fl71'rnrn :JJ'tl'W elf) l 9f�'l-wtci' elUl;tl'Yl1-hvh l\9ll \91l'Jf)l'j U 'Vl'Wril 'l 'W '1;1'\,1',i "' "' 

[ A< 420) x o. 78]-[Ac 431) x o.67] 

[A(420) xO.32]+[A(431) x0.55] 

" 
l191l'.l /1-rn 'Flcl trl'EcJri1'W'lleJ-:im{1JeJf1GJfl11 lel 1n1;t1J'W'l'Wt1J 1o ltll;t'U'W'Vl-:J'HlJ\91 

A(420) �fl Alf)l'.i\91\91f)i1'Wlli'l'-:J'.i1:JJ'Uel-:J1:1'1'.il;t�l;tl!'JNTI':JJ�fl111Jl'Jl1fl�'W 420 'Wl l'WllJ\,'\'j "' 

111 clf)l'.i'\11Alir'191ri1'W'.i::;1111-:i Alf11'.i\91\91f)�'Wl!TI'-:J�420 'W1 l 'Wl:JJ\,\',i ri1'W\911!'JA lf)l',i \91\91f1�'W"' "' ' " " 
um·� 431 m l'WDJ\ol'.i O1A1ir\91ri114·Wl�iiA1mnn11 0.88 UTI'\91-:i11dleJum'Ylil1-w'WNl'Wf11'.il�1J 
<V - q 'J/C� "' \l "'
',if)'Ul l191l'J l'l1f11°1ifll'.i'Ucl'W1Jel'Welf) 91191 

"' 

::'I q = <l'JI = "" 
ut\]117 l'Wf11'.il'l'.i1'\l1l'fl'.il::;ti\911l'J!'Vlfl'Wfl Visible absorption spectrometry fie) l;t'1',i1;t::;mcJ

// � dc:11.r] ) Q t Qlrt 91 d d 3J Q v d t1 0 

'Ucl-:iv11.cie:i191'Vl1J t:JJ lcl tf1l;t1J'W'W'W:JJ t191lU'Wb'fl'.i1;t::;mcJ'Vlll'Yl'ilH ell'il'il191lU'W1:1'1'.i1;t::;mcJfleJ1;t1;teJcJ191 'Vil 
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ci //ct Ja.Jr/1 c::i.d I e!i 'j)t JV &e::! 
�\9lfln W l f1' ..:i 1rn::; 'Ulln0\9l 'illnt'W 0f1'\ol1Ul'ln::;'lf'W \91:IJ'fl'Jl:IJ'\1'\.JlU'W 'W'\1 '.i Bflll:IJ!'IJ:IJl'll\)fl'W 'i)..:j:IJflll:IJ
0 cl JI ' 

ll] 1 1 
"" "" I 9 "I I "" dll] 'j/ 1/. "' o'

'ill!'Ulll'IB..:imm absorptivity 'IJB..:i 1:IJ 0 nmJ'W'lf'W\911'17..:i� 1'Wln0\911Ll'ln::;'lf'W\9l'Yl 1\91:IJl'illfli'WBnm 
I Q 

\,)1..:j']HJ\91 
Q ?1 a. d I c::: l.ci I O � 

!Vl\'l'Wfl Visible absorption spectrometry !1J'WL'Ylfl'Wfl'YMltl '.il\91!'.il Ul'l:1Jfl17:IJU:IJ'Wtlll'll 
d a. rl ,:::2 lJ1 'j/ a. rl q :l,11.1} 9/ Q J' d (I.I a. 

l'W 0 ..:i il 1 f1fll '.i '.i Ufll'W 'i) lfli:IJ'Yl '.i f)C)i 'i) ..:i !\9l'Vlf1''il'Wf111:IJ ! 'lf !\91'\J'r}..:j l'Ylfl 'W fl'W 1\91 m 'Yltl'lJ fl UL 'Ylfl'W fl Gas
qJ 

1 d . . 
( ) 

di ?I "" dd 
Chromatography/Mass Speetrometry -Se ecte Ion Momtormg SIM mode CJ1'1!1J'Wl'Ylfl'Wfi'YJ:IJ

" 

m11m1J 'W�l n ..:i r1..:i 'U'.imru 11m 1::;111rn::;'Wf1''il'Wt0flt1m1w 
qJ qJ 

I 9,/o Q o' r/ eJ. I 

-coll in R. 1rn::;mu::; l\9l'Vllfl7'.i'Yl\9lnB..:imtJrn1rum'.iUB'W:1JB'W Bfl lCJi\911 'Wl'WB'Urll'Vl'W 7Ui;t::;
qJ 

1/. " I I 
"" di 'V"" "' llJ 9'9 9' "' �I "" ?I "' !'WB1Jnl mahi-mahi \9ltll'Ylfl'Wfl GC-MS-full scan mode CJ1..:j�1'iltl !\91 t'lff1'.i\919/nTI1'.if1!1J'Wl'll 

0 1 ,I I c;V ,d d ,C, 
0 1 ol I c;V o' llJ o' 9' d 

1Jrl\9lul'l0tlfl7"11 'Yl 70 0..:irl'l!CJ1n!CJ1tlf1' 'il::;!fl\9lfl7'.i1Jrl\911Jrl0tlfl7CJ1fll'.i'IJ0'W:IJ0'Wtlf1 !CJ1\910tlf1:1Jl l lnl'H\91
oV ')} 1A 91 bl"" "'"" di '9 J/. , Ji 
fl7'11l'\Jllfl'.i 0-.:i GC \911tl CJi'.i 'W 'il'U'.i:IJll'l'.i l 00 µL CJ1..:i'VlU17 1 'Wl'W 0'Un71:l'Wll!n::;!'W tl'Unl mahi-mahi

" ' 

f1'\9l �'U�:IJlt'l!rll{UtJ'W:IJB'WBfllCJi�!'VllflU 150 uri::; 100 ng/g 1'17:IJ�ll'1'1J 11�L'Wtl'Unl'Yl'WlviN1'WfllCJ1 
qJ 

o' llJ o'9 d llJ 91 , , "'- , 9 91 "'- "I , 

f11'.iU0'W:JJ0'W0f1 !CJi\91 t'W vaeuum-packed 'Vl !\9l:1Jl'illfl'11nltl�!l'\1n..:i 'VlU17:IJfll !fln!fltl..:i'11'.i0:1Jlf1f117 
d � d I w o' 1JJ r1i d Q o' 

1 �tg/g 1 'W 'lJW::;'Vl!'W tl'Unl mahi-mahi 'Yl rll'WfllCJifll'.iUtl'W:IJtl'W Bfl !CJ1\9l'W 'W:IJ'U'.i:IJlW fll'.i Utl'W :IJB'Wtlfl
\fl rl 19 I .,:Q I Q <I lJJ d � d 
tCJi\910� 1'W'lf1..:i 500 ng/g CJ1..:im1:1J1tl'lfll'll..:i'IJ0..:i1.hmrum'.iUtl'W'JJtJ'WBfl 1CJ1\9l'lltJ..:it'Wtl'Un7ff\9l!tn::;'Vl 

" 

r,shu n1CJ1m{uei'W:1JtJ'W 0n tCJ1�'!!u1�'W!'Yl7\911 

<=I� '.II 3.3 i;lT'.Hflll'fH'll 

1. Sodium dithionite (Na:SP4), analytical grade : Sigma -Aldrich

2. Potassium hexacyanoferratc (III) , analytical grade: Merck

3. Phosphate buffer pH 7 , analytical grade, deoxygenated: Merck

4. Cone. Sulfuric acid (H:SO), analar grade : Merck
,, 

5. ih reversed osmosis (R.O.) : Millipore system

,,j "I ol •� v!fl'Hl--1'.!JeJ!!r,1::;eJlJfl'HlU'I !'II 

1. UV- visible absorption spectrophotometer : He,vlett Packard 1'W HP-8453

2. Gas chromatograph : Agilent 1'W 6890 N

3. Mass selective detector : Agilent 1'W 5973

4. Hcadspace sampler : Agilent 1'W 7694

5. Solid Phase Extraction (SPE) Manifolds : Supelco



3 .4 m 1 'fl vn:rn � 
A d 'ii A 

3.4.1 fll'a1!fl1l::;l'lY11i'.J!'flfl'Ufl headspace gas chromatography-mass spectrometry

3.4.1.1 m1imaiJm1a::;au.1 

m1u::;a1a Potassium hexacyanoferrate (III), K
3
[Fe(CN)

6
] t<fi'ii<fi''W 20 % w/v

10 

' y 

i� KJFc(CN)J 10 g "::;mt'Jl'W'Wl R.O. '\l'WlJU1'l.Jl\ol'J t1J'W 50 mL l'W'lJ1'P'l1\91U1lJ7\ol'a t�'IJH 

'l v o •<JJd _f o 
'W'll1'P1Hfrnrn::;mu'l1\olW'W (1.J"J::;mtU 18 C) 

qJ 

rv �I ai. 'lJ V 
m1u::;al[JC}f(lyfJ'afl, H

2
S0

4 
fl'Jlil!'llil'll'U 5 M 

y y 

Q 'l 
O 'J} <Q "f <l-' "I"" 'J} 0 d 

1cn-;1 Cone. H
:,
SO

4 
88 mL t\ol 11"-:J 'W'Wl R.O. 200 mL trn1'\l-:J1.J'J'IJ1.J'J'l.Jl\ol'J'Pl1t'J'Ul R.O. '\l'W1J 

_ I"" ,cl1 cl llJ <JJl 
v d'.c"t "" 

1.J'J1Jl\ol'Jt1.J'W 300 mL tfl'IJ n 'W'll1'P1Hf11'\fl1.J'Plbl''W'Vl
d v l 

3.4.1.2 fll'a!vl'aUlJv11eWH 
' 

A.cl A v f .e! � c! V A 
1iifll'a!vl'aUilvl10UN!'V'Hl1!fl'al::;ttY11i'.J!'flfl'Ufl headspace GC-MS

y � 

I. 'W 1 tlm'!;]U ltt 'lftt�-:imvt-:i 'lJ "::;m t'J t'P'lt'Jfl-;)tl�l 'Wrn 'J �fit\! cn·vrn1bl'�fl!�1]'\)::;n 'Wlttiti'Pltltlf)1Jl

2. 'Wl'Wlttiti'P'lUm'\111-Jl'l.Jl 2.00 mL 'lri'l'W headspace vial 'll'Wl'Pl 20 mL 1J'Pl�llMffU'Vl
qJ 

3. '01iU'P'l'Pltllf17fl'l'W'lJ1'Pltltlf) t'Plt'Jtllft!:J SPE Manifolds 'O'Pltitlmrui-:J'JU� 3 '\l'Ufl111li'W
qJ q qJ 

� 

n'P'l"-:it�'W 15 i!1u"Jti'Vl 11Jm1mtl"J::;mtU 10-15 'WTvi
"" -'"" 

'l 1 "' 'J) ll) "' a'' 

4. !\ol1J 5 M H
:,
SO

4 
1.J'J1Jl'ill 3 mL fM 'W headspace vial !'Pl!:lf11'J'H\9l'Pl1!:l !CJ1'J'W'\lrll'U septum 

o., o., d 

'illf1'W'W vortex mix '\l'WN'ff1Jf1'W'Pl 
O lrj � IQ r/ ')} t:=:. Q.J t=i 

5. 'W1 rn1im1::;tt'P11m'Vlfl'Wfl headspace GC-MS Yl'W'Vl 
,;; d di o 'J) 'j} o lfl .. 1� t1 Q.J d. 

11:1J1m11\ol 'll'W\91tl'W'Vl 4-5 t1Jtl'Vlltrn1\olti-:J'Wl rn1trn1::;tt'\fl'W'Vl



' ' 
_1-=1 v _1 <I <!! <!! v , 

J1J'YI 3 fll'HlYI01Jfl'Hl! SPE Manifolds !'VHlvlvlellfllvH'Yi'Ueli:rl'Hl�'infJ�10m-:Je>elfl 
� • 'll 

t:::!t..c! A d 

3.4. 1.3 11ifll'a1!rl'al�'Yi 
' ., 

�V,=iv t::I 
i:rill1:;;'lleM headspace sampler 'Yl!'tl ilvl-:J'U 

Equilibration time: 15 min 'V'l10'.lJt'\HJ7 

Injection (purging) time: 5 min 

Temperature: 70 °C 
' ., 

�V-=tv .ct 
i:rill1:;;'lle>--1 GC 'Yl!'tl ilvl-.'.l'U 

Carrier gas, flow rate: helium gas, 1.5 mL/min 

Oven temperature: 40 °C 

Column: HP PLOT MOLSIEVE capillary column 30 m X 0.322 mm i.d. X 12 �tm 

(J&W Scientific) 

Detector: Single quadrupoles mass spectrometer 
' ., 

�Vc:!v .c.i 
i:rfl11;'.;'llel-;J MS 'Yl!'ll iJYl-;J'tt 

11 

.d 

Detector mode: SIM (selected ion monitoring), 'Vl m/z 32 (0-5 min), 111/z 28(5.01-10 min) 

Dwell time: 150 msec 

Electron ionization (EI) mode: 70 eV 

Solvent delay: I min 



Transfer line temperature: 280 °C 

3.4.1.4 f-l(,'lfll1'YlvHlel--'l 

fl11�f)'lfl'lf'Uvllll111tiv1'l.h1e1t1n1"ll�mm�tlili:Yl'tirrnrir1ilr1 headspace GC-MS 
,, ,,

1171 'W tiir'\91111 'l/11 � ,rn c1lcJ'lf'W r11 'Wm 'i �tlUI �II 'IJ'IJ�l-:J"7 1r1cJJJ'ilcJ'fl�!0cWl�,: rw 

1fown.i 111'1/11 �-:i 1 'Wm 'i 'illlUI �'l"H'llbl'Af1\ollil!l'U'i'IJ'i'i mmfl' 
'\) q 

jJ 

1i'hrn JJU'l/U�-;J t 'W'IJ 'i 'i 'ilf1Ul�'Vlmfl'Af1\ollil!IU'i'IJ'i'i cJ7f11fl' 
'\) q 

TT 

TP 

TB 

12 

O A Cl.I a' I cl Q.,I I CV r1t � t et lr] � 'j) d d 

'W 11 'W 0 bl'WH!'lH!'ll-;J u'fl:::: cJ-;J 'iH eJcJI 'W 'IJ fi 'ilfl ru CV1r1-;J 1r1JJ m\91--'l'l'H n 'l 111;1::; 1;11 cJ 91-;J 'il ::::  JJ 
'\) q 

: di 9Jlr] -=::-. o' I Q..I rl � ,A : � d \I) <J)'l d d � 

mm 0r1 eJtinm h 1 "11'i'W 'ill 'ill::::Nl'W m 1 �flU1CV1'Vlmir�rn'VleJ�r1mrneJr1elelf11J1tn'IJ n 'W 'U1r1 'VlJJ N1il 
' jJ ' 

U\ilbl''W'\ll l'We.lU'LJ-;Jl��e.ll'U U!'U\91'Wl!�e.llil'Vil�:1Jl 2.00 ii1;1i)i)�'i lrit'W headspace vial 'Wll'U 
' jJ 

vacuum !'Wel\il\ile.llf11fl'L'W'U1\ile.lelf11r1cJellflcJ SPE Manifolds 'illf1'W'W!AJJ\911'Um•l'UrielcJf1191 Nl'W 
qJ 

septum 1 r1 cJ 'l �l 911 'W � vortex-mix 'U 'W bl'l 'i Nfl:IJ 16U'1n'W � \911'Ui;I r1ucielcJfl 791�vi 'ill 'ill l!ellJJl'\ll\ili;I e.l--'l 

'l 91
c1 , 

7 011J 0 1"" o'91 "" 'lffle.l 5 M H
2
SO

4
- Un:::: 20%w/v K)Fe(CN)

6
] 'Wl rn1!fl'i7::::'11\il1cJ!'\llfl'Wfl headspace GC-MS 

Yl'W vi M'flm111m 1::::1-f 1Wr1-;J 'l 'W�n1-;J� 1 

f1e)'Wf17 'i 1 I fl 'i 1 ::::lf \911elc! 7,:J 
1

l� '\llrl bl'e.l'IJ 'i �'IJ 'IJ f1 l'i 1\911cJ:IJ1911elc!7,:J i11� rl rl ell f17 fl'� ii el cl I 'W 
qJ '\) 

� 1 9/  lr)! d. I ':J} c:"). r/ o : d:f 

mr1eJ 0mrnr11110 lJJ mmn 1JJ11:1Jr1tJ1'ilJJN'fl�elfl17JJ\]f1\91el-;J'll eJ-;Jf11'i 1!fl'i 1::::11 1 r1t1'Wl'W 1rnar1 JJ1:1J 

1\911 mJ1�1-m 'lJ 'fl,:Jf11r1m\911 cJ:1J1'll'W!�cJ1nui1acl1,:i11m1::::lf 11�1ih�JJ\911U'flr1urielcJfllCJ1 'Vll 'lti'1:iJii 
C'V o' 

Ii] o' Q "I a I I cl 0 o'llj "1= o' 9/ 
m CJ1m YU el WJ el 'W el n I CJ1r11rn:::: el el n 911'il'W1J'flr11J 1;1 el cJ eJ eJ nm 'il 1 rn'fl ellil 'W 111 'IJ n ,:i fl rn 11m1::::11r11 cJ 

jJ ' 

\'\llfl'W fl heads pace GC-MS 'U'i lf1{)il 11:w'V!'lJ'Vl,:Jfll{'Ue.l'W:IJel'W elf) l91\o1Un::::elelf19/! 'iJ'l,.,! 111,:JeJ'WcJ'W l�i1 

q I ,d ,I ,I I "" cl 0 'l 9/ Q o' 9/ 
m 1 r1 l'1 m mfl' 1 'W 'll 11'1 el eJn n el 'W 'Vl 'il:::: 1J 'fllil 1J 'fl eJ cJf1791el Bnm 'U 7 rnn e.llil m n N nm 111m 1:::: 11 t1 n\91 eJ ,:i 

" qJ 

"� ,:J lJJ 1J f11 'i 'i 'lJ f11'W '\l lf1e.l lf11fl'�ii e.lc!!�:IJ I 'W 'U1rl 



\lll'JN� I mffl�fll1!tl�t1'U!Titl'U %, CO m; Sulfuric acid Arn� Potassium
_,<I "-' _ I _ I 1 "" • Ill dhexacyanoferrate(III) Au'W\ll1ulWIU'Q0tlOl"llrll'J'U0'W'i-Hl'I-Hlfl !"llvl

% CO 

13 

Sulfuric acid Potassium hexacyanoferrate(III) 

TT 

TP 

TB 

ttm m 111>1 %, co 'We:i 

67.45 

63.52 

66.32 
,, '

"'! """' 

V-l'W'Vl'V'l'fl'Ue:J� CO 
'j/ I 'j/ I 

� e:::Sci .el .::::!.::::! 

'V'l'W'Vl'V'l'fl'lle:J� CO+ 'V'l'W'Yl'V'l'fl'Ue:J� 0
2 

74.74 

74.31 

76.34 

X 100 

, dQ eflr] rJJ A 9 'J) , � 
headspace GC-MS 'WU11 %CO 'Vl1t'fl'.il:;::'\1 t\91!:JJe:J t'.11 potassium hexacyanoferrate (III) 'Q�fl111:JJ'e:l 

9J 1 .?1 Q.J ... I , CY d.-:::1 1 
['11 sulfuric acid U'fl'\91�17 potassium hexacyanoferrate (III) lu'W\911utl\91'Utle:it'Jf11C)f'Vl\91f111fl'.i\91 

cifo�hfo 
" 

� c! t!! V d f c:$ 'l/ � � � 'l/ Ol'a1!fl'al:;::m'WeJtl\ll1!!'lH!'lJ�Yl1tl!'tlrl'Wrl headspace GC-MS !Yltl !'It potassium hexacyanoferrate 

='I <V - I - I I "" d Ill d(Ill) lu'W \ll 1u'Qvl1J'QeltlfllC)f r1 l'a'Uel'W'!-Jel'Welfl ! 9f Yl
O ci Q.I I I ci Q.J 'J} 'J) I (V ,.. I ,. I I r.:J d t:!! G') 9) � 

'Vl 7 f11 '.i l\9l'H'J:lJv11e:J l'Jl�l 'l1'Wl\911'.11f11J'IJ l�\il'W tl\91\911utl\91 utleJl'JfllC)f'Vll1;1eJf1 1 '11 'fl el potassium

hexacyanoferrate (III) 
d "" ·- I"" "" d Ill d y "" \lll'JHYI 2 N'Qfll'a1lrl'al:;::ttu'amWfll9frll'J'U0'W'!-J0'W0fl !9fvl Yl1tl!'Ylrl'Wrl headspace GC/MS 

1v1a1; potassium hexacyanoferrate (III)

"' I 

'li'W \91 vn ti m � '%CO %CO mtll'J %1RSD 

TT 76.28 74.74 3.00 

75.78 (N=5) 

75.88 

74.92 

70.82 

TP 71.66 74.31 8.59 

76.05 (N=3) 



75.22 

TB 76.31 76.34 0.14 

76.46 (N=3) 

76.25 

nc TT41 o 

Cru·t-on 111c,t10:Y.ide 

;.i�o·:�;, 

.. Jo:·,:; 1 ,. Oxygen 

;,·._'>t)�):: l 

.'11.l':•� ! 

170::...-; 
f rr (' "< ::-:;, Z 00 2 �O J DO 3 f.0 .t. fl(; 4 [,¢ -S t{l � 5->'J � t-0 6 50 7 00 7 SG !! 0:) 8 �0 -;, t,� 9 �0 

J'U� 4 �10aHlr1·nnlr1m1·rn'IJt1,:J treated tuna

14 



SCIIUO (1.fCT IIWIJ. TIUIJ 

10000 Oxygen 

14000 

l!IIICIOO 

ill� 5 �(;rncl1-miiinn'UfWl'jiJ'IJ0-;J oxygen 'illfl treated tuna

l\tv""ljJnc>Ei 

'.}�JO◊· 

C arbonmonoxide 

f), ' ,.,... ,. • ' 

ow--·, ,i; I� i'c ll 22 n 24 i� 2'& Zl 28 2'3 3C 31 

J'U� 6 \1i'·;rnclH!!iJ'tlm'Uflvl'jiJ'IJ0-;J carbon monoxide 'illfl treated tuna

15 



.:J v d v � c!v , Ji v d , a G} v dv 

Vll'JN'YI 3 'lltlinl'Yl,Yl'illflfll'J1!rl'Jl�'lW11eltll-:i!'WtHl'v11H'lH!'ll-:I !'W'lJ'J'J'ililtWYIYIY!Hlh 
� Q 

'JI "' 

'IJ11tllfllfl v11m'Ylrl'Wrl headspace GC-MS 

Q <V I 

'1nm \91 TeJ cJ 1 -:i 

<V "' 

TT flH'Vl 1 

<V "' 

TTm'1'Vl2 

,, ' 

<V "' 

TT flH'Vl 3 

,, ' 

<V "' 

TT m -:J'Vl 4 

,, ' 
<V "' 

TT flH'Vl 5 

,, ' 
<V "' 

TP flH'Vl 1 

<V "' 

TP m -:J'Vl 2 

,., ' 

<V "' 

TPms:i'Vl 3 

,, ' 
,v "' 

TBm-:J'Vl 1 

,v <Ci 

TB flH'Vl 2 

,., ' 

<V <Ci 

TB ff'H'Vl 3 

Retention time Peak area 

1.170 35297 

6.430 113514 

1.170 35668 

6.430 111595 

1.170 34560 

6.430 108726 

1.170 35379 

6.430 105738 

1.169 39449 

6.430 95763 

1.169 40047 

6.430 101273 

1.169 30508 

6.430 96886 

1.170 30855 

6.430 93667 

1.170 28640 

6.430 92230 

1.170 29155 

6.430 94693 

1.170 29733 

6.430 95441 

%1 of total 

23.72 

76.28 

24.22 

75.78 

24.12 

75.88 

25.07 

74.92 

29.18 

70.82 

28.34 

71.66 

23.95 

76.05 

24.78 

75.22 

23.69 

76.31 

23.54 

76.46 

23.75 

76.25 

16 



A c!V A 

3.4.2 fll".i1lfl".il�'r'iY11tl!'Ylfl'h\fl Visible absorption spectrophotometry 
cl 

3.4.2.1 fll".ilfl".ii'J'lHTl".itl�tlli'J 

l:ll".itl�Ali'J Sodium dithionite, Na
2
S

2
0

4 
t-b'll-b''h\ 20 mg/mL

,;, 
'l : 

cl 

'l 
' ,;; di 'J) 

'lj/9M Na
2
Sp

4 
0.4002 g 'tl�mt1 'W'Wl R.O. 20 mL!rn�l\91'.itlJJ '11JJVJf1m-:i !JJeJ\olrNm1 'lf 

cl OJ I 

3.4.2.2 fll".ilfl".ii'.lllfl1tlt1N 

ai.c! al v I di A c!V A • • 
1fifll".ilfl".itlllfl1tlt1N l'V'lel1lfl".il�'r'iY11m'Ylfl'h\fl Visible absorption spectrophotometry 

;I ' 

1. l11l111�e:i\91ilmxiil1vi'tl�mt1e:ie:inm 200 µL 'lri'l'i-!tt'tleJ\91'Vl\91'tle:J-:J

2. 1�m1'11'tl�mt1 Na
2
Sp

4 
10 �1L

17 

.::::-. a. '}) � 
'l

:J)d ,A'
3. !\olJJ phosphate buffer pH 7 'U1:JJ1\o11 3.00 mL!l't11 vortex mix l'V'lel '111'LI'W'i:1'11'tl�'tlltl!'i-!el

l\91tl1

4. rn ft' l 1 'ti� 'tl 7 ti 'l ri 'tl -:i l 'i-! cuvette 'J/ o liJ .I"' ,1 91 d 
l!'tl1'i-!7 rn1!fl17�'11 \91 1tl ! fl';ie:J-:J UV-Visible

spectrophotometer
Q.c::IA d 

3.4.2.3 1fi1lfl".il�'r'i 

I. 'Ul\911e:Jc17-:J�tvl1t1:w'lil11m1�11 �1tl!flt'el-:i UV-visible absorption spectrophotometer 'l�
,,, ,,, ,1 d 1 dl 'J/<!! !'Vlfl'Ufl1!fl17�'11!!'lJ'lJ double wavelengths 'Vl 420 nm !I-a� 431 nm imJ blank 'Yl '}$fie) 

d 1 , 9J av lJJ 1 � lil ,w a. 
phosphate buffer pH 7.0 'VlNl'Wf111'\Al'i-!\911tlf1791 !'W !\olWil'i-! l'\AleJ !'tlf11GJ1e)eJfl"l/l'il'W'eleJf)

' ' 

Q./ I � t=:i c{ 

2. 1\91fllf111\91\91f1'tl'W!!ft'-:i'Vlfl17:Wt171fl'tl'i-! 420 nm II-a� 431 nm 

o 
• 1 !91 3. fll'Ult\!'117 fl7 Xco 

!\91tl 'lf'Q\911" Xco = 
[A(420) x 0.78]-[A(43 I) x 0.67]

[A(420) x0.32]+[A(431) x0.55] 

Xco 
(%i) = Xco 

XlOO 

n1".ltt11.l1mw6Ue1-:J\ll1��1cul9ft�aii1v11rifo1m1�mm�rrn 

'17'W 'lu ri1'Wd'�e:i-:im1mil�miuft'l1'tl�mt11GJ11�t1:w L\911 'Vl 1e:i 1 'W��mm�ft'JJ 1�01�hi'tl1 
"' w , 

1 1 c1 liJ liJ 1 liJ ,1 o 91 dc1,,, ,1 

l 'J/ c:l !'tltl\91�11Dtl7-:J \91tl GJ1l\91tlJJ !\91 !'Vl el !'Ul91'Vl7'11'Wl'Vl1f fJ"I/ oxymyoglobin !l'tl� metmyoglobin 'Ml'U'W 
di "' liJ 'J)c1 d 

l t 'J/1 cl liJ liJ 1 IIJ ., 'J/ 'JI deoxymyoglobin 91-:Jl!j\91f1'tl'UUft'-:J t\91f fVl 431 nm 'Wf111'Vl\91'tltl-:J 'lf GJ1!\91tlJJ !\91 !'VI O t'W\ol!'UJJ'U'W 20 
;I ' 

mg/mL 1H1J1\>1''i 10. 20. 30 �tL �O'Ult�0\91 200 �1L !l'tl�t'U1t1rnvit1uN'tlm111m1�11vii� Uft''fl-:J\91-:J 
d 

�ffiTl l1 4



200 3 

200 3 

200 3 

19fl�cJ:JJi\?1 i'Vl 1o 

'h-1\ol (�tL) 

10 

20 

30 

420nm 

0.99800 

1.01420 

1.32300 

Xrn 

431 nm 

0.89947 21.59 

0.91497 21.51 

1.22240 19.43 

'l '.JI cj I - I"' .. Ii) .. Ii) I Ii) '.JI I 

vli;Jfll".i'\ll\?11:lrJ-:J!l'('l'\?1-:J '111'\1'W17 1J".i'.IJltl!'Url-:J'fll".iiJO'UlJO'Wrlfl !"lf\?1 <Xco) !ll !\?l!l\?lfl\917-:J 

oel1-:i1h!vihl'lUJ 1rlouf iJU1'.IJ7tl!'UO-:JfilHl�mv 1"lf!�cJlli\?1, '\fl 1o, 'Wvl�'l { �-:im ui�11tl1mtl! 
u q 

18 

' " 
mH1�mc11"lf1�c1lli\?1 i'Vl 1o iu\91 (20 mg/mL) tl�m\91".i 10 µL 1vlc1-:i'WO'n'il�1�hti1i111ii'o\?1 l\910V7-:J-:J 

o'& "" ?I -1"" d
'l

'.JJ'l "" "' li)_Iirnmm ,i-:irnornuuu".i'.IJltl!'Vl 'l1 um111m1�'11\9IO rn
A G V .Qi. • • • 

fll'a1!rt'n::;tt�1m't'lrl'klrl VlSlble absorption spectrophotometry 
,, "

1111<1 o�wr II i11�-:im17cl'l1U \?1 'l u jJ'j 1 'qfltl! cn11 uu�1�"7 1\?lvi'i1 wr1�1Bc1\?l��t1 

Url71'1'Wl'tl\?1 
QJ 

iJri 7'\ll'W l!!'lf!I �� 'l u iJ".i".i 'ilfltl! cn'Wrl l'Cll))fl\ol\?lllil".iiJ ".i ".i cllfllfl' 
QJ q 

,, 
"" 

1 u mm 'tl \Pl 

"" w 

QJ 

m011'tl\?1 

FT 

FF 

TT 

FP 

TP 

FB 

TB 

'j) 'j} 3) 'j) I 

i11I,'18 � \91111 'lf II � -:i II rl � cl -:J rH el el! 'W iJ 'j 'j 'il ll ti! en \ol -:JI� :JJ :JJ7 \91 -:i 'Vl -:J, 11 ir rl � rl7 cl CJ$,:) 'il di
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