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Gas Chromatography-Mass Spectrometry

i

2

A303 Gas chromatograph ‘mmmmmammnm Mass spectrometer uu Lﬂm’li@\m’e}
.
Guuqammﬁw"lﬂLmué’nuazauﬂmaﬂaﬂymmaami‘lﬂwaauﬁ'u Pszneulldie 2 dw Ao

! 4 £ g 1 |
AMUBUA3DI Gas chromatograph (GC) dudiudauiivnehiilumsuenessilssnevvesans

]
A

14 .:; 9 ' dl o = 1 =] d
nu 0y h«!ﬂ?@&]1\‘]1?{@@ﬂ§ﬂ‘ﬂﬁ°’@ﬂﬂﬂ§ ﬂE)Uﬂ'E)UV] L“U']fj: IRTD9937330 LASONTIUAD 1ATDY
as 1 s
Mass spectromcter (MS) °li\3"\]$1’l'l°}”lu1ﬂl‘1]ulﬂ3@\‘1@5’3%3@11”1159’15'J%ﬁ@‘l]ﬁ]'ﬂ E)\'iﬂi]‘igﬂf)ﬂ
) & A u’/’ = ' S| ' A A
A9 NNUBBNIANIATEY GC 1 U1IaA1)3zy (mass/charge, m/ziluvinls iiefios 1§

aunsavenlan Wumswiale wazivsuamnla

Pt
o o

auNAg M UIdanneIdes

. 9 a 4 a ' a a

'Smulevich tazany 1@ ldmatiaaalnsalativolasiimdsuialule lnadu
t Vv
Wiosnnlula Tnaduiinavive 4 g‘th‘lJ‘lJ A9 deoxymyoglobin, oxymyoglobin, metmyoglobin,
. é 1 ana a 9} 1 1
carboxymyoglobin ~ Fegrnsaganauudalugiaidita’la lavezgandunaslduniigan
A 0 w a 4 cg = YN ¥ 9 [

ANNIMIATY 431, 414, 406 AT 420 nm MUAINY PMINATIETANINIF N LamanTouduly
a J ua/l a 3 a . 4 f 3 . ° g 9
AMIVATIZHATUABIAIWNAUA visible absorption spectrophotometry WU 111509118 114

' ) [ b
MATAN1SIANISRAN UL DM TATMBHANTNANNEIAAUNAIM TaunansIoaIuiiy

Y

nerasponul lugduesainisganauuas lasluaiuiseidnisdiuiunidsuiw

3 [ ,&’ 1o Y 14
asuouNauen lya luidelamunildlasmsunumlugas

[A(420) X 078] - [A(43 1) X 067]
[A(420) x0.32]+[A(43) x 0.55]

o

¥
1 o a a Y
Taw A, Ao wrwdmvesmsuend lule Inadululule Inaduimua
A(420) Ao AINIQANAULEITINVBIETAZDUHANTNANINOIAAY 420 U1 TUNAS
Az A431) fie AINIRANAUUAITINVOINTASMEHTUANNNEIAAY 431 urTniuns
niemsmAdadINIzn e MMsgandunaefia20 wlumasdiudeminsganiv
= ) Y 1w ' a Yesd 1 1 1 :ﬂ’l 1 u’;’ 1 <4
w431 inluwes Madadan laiamnnn 0.88 uaaadutodaminiurinumsiny
@ ~ q Y d \r g
Snelagldsmamsueunonon lan
i g a k4 =2 .« .
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tuiudearian  absorptivity vedlulelnaduwilas1eq lubfeausazysiai ldumnndeda)

ANy
=2 .. . g a a < = T e o
IMNAUA Visible absorption spectrometry Wumaiafndie 5357 uadnnuuludidm
A a =] Y a 3 yyu ¥ a dy = @ a
119991AM35UAIUNININNG NG 1 laRguinnuldidveunaiinil lasfeufumaiia Gas
o &4 g a A
Chromatography/Mass Spectrometry — Selected lon Monitoring (SIM) mode Fautlumnailaiill
1 o o’l‘ IS =N 4 (=) d @ o
AN NTIaTmzilagNgnlnanyal
2 . Y o a I L4 .ﬂy ]
Collin R. uazamz laiinmsnaassmilsuamiveuneuen laa luieaiiway
Y . . S a A Yaaw @ a a Qs
i{i91/a1 mahi-mahi Taematln GC-MS-full scan mode #34338 18 1¥nsAdaRTAUTlUM
' Y A = a ' [} o 4 ) A
anasenas N 70 esrwased aznan1slaslasemynisveuueusn leaoeni LdRa
o v ? a ¢ |a 4 ' 1 ' g . .
Mauesed GC ae'lasussunas 100 pL Fawuilwiledayiwaziiiotar mahi-mahi
EIE) o d 1w o w vd" A o
aa TUSamsveuweusn laauiy 150 uag 100 ng/g audray wiietanpnfsnumay
d o a Y 1 VoA Y A A ]
AT UBUNBUDN LA M vacuum-packed 71 1a1nINHABUae wuhila1indiRsanSeuinni
4 ) LA W @ ¢S o |a ¢
1 pg/e Tuvazniiodan mahi-mahi NEIUATwASUBUIBUEA tediuT SIS uauNoUBn
d i & 1 a o ' ds’ A
lyaogluang 500 nglg FaNuuARaNYeRSSINAMTUBULBUBA lyAupuilolaraauazh
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3.3 aANaly

1. Sodium dithionite (Na,S,0,), analytical grade : Sigma — Aldrich

[N

Potassium hexacyanoferrate (III) . analytical grade: Merck

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

4. Conc. Sulfuric acid (HZSOQ, analar grade : Merck

S. ”tj/W reversed osmosis (R.O.) : Millipore system

in3eaiionazarnaaifily

1. UV- visible absorption spectrophotometer : Hewlett Packard j:u HP-8453
2. Gas chromatograph : Agilent j_'u 6890 N

3. Mass selective detector : Agilent 3:14 5973

4. Hcadspace sampler : Agilent j:u 7694

5. Solid Phase Extraction (SPE) Manifolds : Supelco
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3.4 MINAABI
34.1 ﬂ]ﬁ!ﬂﬁ]:ﬁﬁ]ﬂmﬂ‘ﬁﬂ headspace gas chromatography-mass spectrometry
34.1.1 MIm3euaIsazae
@138¢@a18 Potassium hexacyanoferrate (I11), K,[Fe(CN)] UNUY 20 % wiv
¥ K,[Fe(CN),] 10 g azatwliih RO, suiiuSunas 1§ 50 mLluansaUSines wu'ls
Tuuanduaziingdieu sz 18 °C)
msazaedana3n, H,S0, ANuNdy 5 M
y v
74 Conc. H,SO, 88 mL tiuasluii1 R.0. 200 mL ud15etl5u1l5umsdanii R.O. auil
Y5055 300 mL i3 luuaudaitiaaiin
3.4.1.2 MIAINAI0ES
Jmsnseniiedaiiednnevidsmaiia headspace GC-MS

¥
a

1 (=1 Qy Y ] Y] d a a o
1. ihamphwaudsnnddvaezaelasased lunssyausiwanadmanaz iinionsoni
¥
2. iniudeataryuiin 2.00 mL Talu headspace vial ¥ 20 mL Tarh1daiin
o [ \ [ o o = @
3. i hlgeemialuviaeen Tage1dy SPE Manifolds dagilnseiaegiin 3 sunanuay
d 2 d
anauily 15 Wilsen Wunadszun 10-15 W%
a a . a9y a Jdi
4. @1 5 M H,80, USum 3 mL aglu headspace vial TaansRad e la3usr1u septum
3
91N vortex mix IUNAUAUA
o a d a v A
5. hldmsizrdemadia headspace GC-MS Hun

L]

u’/‘ ~ A4 o Yy v o a J
UL Q VUABUN 4-5 lfﬂa‘nn!a’gﬁ@quj1ﬂ3£ﬂ31$ﬁﬂ“ﬂ
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4 (Y ¢ 4 = @
319 3 m3dagilnsal SPE Manifolds iiNegaeimemiloasazaiadietiseen

3.4.1.3 I8msieazr
701 V89 headspace sampler ﬁ“l‘z’f i’ié‘qu@
Equilibration time: 15 min nioue
Injection (purging) time: 5 min
Temperature: 70 °C
71204 GC M Hicaid
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 pm
(J&W Scientific)
Detector: Single quadrupoles mass spectrometer
aA1zued MS M il
Detector mode: SIM (selected ion monitoring),ﬁm/z 32 (0-5 min), m/z 28 (5.01-10 min)
Dwell time: 150 msec
Electron ionization (EI) mode: 70 eV

Solvent delay: 1 min
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Transfer line temperature: 280 °C
3.4.1.4 HANMSNAADY
= A w ' P Y a
msanmrHaallandassMmanmanzand mTumnaiin headspace GC-MS
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v v E4
a v a

o éf v J v d W 1 Qs d o vq ¥ A =
e daiusudsuaztsategluussyiuaiauay uiaens 3 ldazats daezd
;l & LY} a d [l @ < a A 3’ A [~ 9 et a
Wudeavenut M laSuimziunsspfusinaadniegainionoenuunu 13 luviaddicil
1 ¥ 1
Yaaiin iousisldde 1y Tidamindoainldin 2.00 iaddas lalu headspace vial 11114
' E4
vacuum 199 A0 IN1A 110N 1ABRIFY SPE Manifolds mniudndianddosing iy
F a < . Y v Aa w [ [+ A a
septum 10879 14519 vortex-mix aWasHEd AL drtandassiiwinasaneinaaes
k) ) a JY a
1979 5 M 1,80, uaz 20%wiv K [Fe(CN)] " 1hld3mszvidromailn headspace GC-MS
LV a '3 {
UN Han1sAsIzvLaadlunls e |
| a < a ] (O] =3 Y] 1 1 Y Ao 1
UM AATIENAI8E1Y lanaaeuIzuun1sng sudde1991 lagaeinianiioglu
= 1Y [l a [} Y a 4 o :’ A
yan00nnuanse li 4110 liruaslinanen11ugNARIIBINIIAATIEH Taoinindenuu
= o o =3 ' =) v o 1 a 4 [} 1a o 1 (1) o LY (=]
938U ULD A9A TA8IRS BUFUIREINUA0619 AT 12 L luaudlanddsanias ¥4 bidl
W o ! o a [ =] o o'l a o
AMFAITVOULBUDN LAz DRNFINYanl)asyoanuIIAE@Eea LuaA 1U3ns 12 a0
o (IR G.Sl’ 7 4 a P I Y
WALA headspace GC-MS 13y liwuiianmsveuneusn laduazoandiou geeuiulan
q 1 P [ (72 = o Y a d 9
migaomaluviaeenneunizanilassmaeenuininden Mlinamsiinaizigndes

:ﬁ! L= d.d " a
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a = a q v . . .
MINN 1 uammsn]mnma‘u % CO ff‘ﬂ‘v Sulfuric acid #@g Potassium

| (Y] 1 [-d 13 d
hexacyanoferrate(I1I) tuniantaesmanisuennenuen tsa

136298719 % CO
Sulfuric acid Potassium hexacyanoferrate(III)
TT 67.45 74.74
TP 63.52 74.31
TB 66.32 76.34
HMBIHE % CO Ap Muffiaves co X 100

WA

4 da
VB CO + WUNNAUDI O2

= s W ( nd = P o d Y a
TlTﬂﬂ13ﬁﬂHW%HSﬁlﬂ'JiJaﬂ‘LlZ‘\?JEJﬂT“Jﬁ/]WT3J1$’€T3JVIq@iuﬂWﬁ')LﬂﬁW%ﬂﬂ’)ﬂW]ﬂUﬂ

' { ' 4 9y S . I} 4
headspace GC-MS W11 %CO BT REA N T RN G potassium hexacyanoferrate (III) @,’\‘lﬂ’J”lLﬁﬂ

.. . ! . g W ' [ { '
4 sulfuric acid waaadn potassium hexacyanoferrate (III) Wudidaatdsemananiinga

FanI3n

a d H d a
msanNzvitdedniuudadremaiin headspace GC-MS 1a8l¥ potassium hexacyanoferrate

(%) d [
(1) Wuaandassmanisvennevan laa

A

o =1 o 1 1 =} [ Y F (Y] ' (7Y Py - 9 .
ANsInTeuAl081usReInUT AN uadtantlaosfnisiidonly Ao potassium

hexacyanoferrate

(111)

! a ¢ @ d Jd a
M99 2 paminnsilSnamenisueuueuenlea Alemalin headspace GC/MS

Taely potassium hexacyanoferrate (III)

FHAR D819 % CO %CO WAt % RSD

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

B 76.31

76.46

76.25

76.34
(N=3)

0.14

fodralasunInunsy uazdoyanian uaaslugdi 4,5, 6, tazam1s1ei 3

Al darce

3706
36300
39000
19600
33008
3z20n8

1000

i
)
w
S
€ e

. Oxygen

15055
LEn0 e e e et
s
R
170G ) o R
toreg S ZOO IO IDD 3E0 496 4% LR

4w
310 4 deealasanlnunsaved treated tuna

NC 772810

643

Carbon maonoxde

e i e vy



Abuedarcs Scmn 30 {1,167 ink TT41.0
. L

Oxygen
18000

18000
14000}
1200851

HO0O(H

510 5 e aaminniuves oxygen 910 treated tuna

Anadanch Scan 1858 {6427 miny TT41.0
343001 2

. Carbonmonomxde
WD ’

200400

AR

YRy T Ty Ty e Sy

429 26 27 28 23 30 3 W 93 M 35 15 37 33 39 40 41 €2 33 44 45 46 4F

gﬂﬁ 6 éfaadmmamﬂfm%’mm carbon monoxide 211 treated tuna
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maait 3 Feyaitldninmsianzidaethailedaturudcduyssedamisauls
V35eNMA Aaenatin headspace GC-MS
¥UAAIDY Retention time Peak area % of total
TT Asai | 1.170 35297 23.72
6.430 113514 76.28
TT Afai 2 1170 35668 24.22
6.430 111595 75.78
TT Asait 3 1.170 34560 24.12
6.430 108726 75.88
TT nfail 4 1.170 35379 25.07
6.430 105738 74.92
TTASai 5 1169 39449 29.18
6.430 95763 70.82
TP A%ai 1 1.169 40047 28.34
6.430 101273 71.66
TP A%ai 2 1.169 30508 23.95
6.430 96886 76.05
TP A%ai 3 1170 30855 24.78
6.430 93667 75.22
TB Adait | 1.170 28640 23.69
6.430 92230 76.31
TB A7 2 1.170 29155 23.54
6.430 94693 76.46
TB Aiaf 3 1170 29733 23.75
6.430 95441 76.25

16
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a d A
3.4.2 MIApNTHAENANA Visible absorption spectrophotometry
3.4.2.1 MsmIBN@Isazae
a19asa1e Sodium dithionite, Na,S,0, st 20 mg/mL
M q o Gl 1 S 4y 3y
%9 Na,$,0, 0.4002 g aza1nluii1 R.0. 20 mLuazw3onlviynass iiodsens 14
3.4.2.2 MSASEHAIDEN
ad G o ¥ & a Jdy a .. .
AITNTATNAIDYY INDAUATITHIUNAUA Visible absorption spectrophotometry
¥ v
L inindeadauiiazateeenun 200 uL ldlunasanaasa
2. IANENIALAIY Na,S,0, 10 pL
a a 9 . & Y o d%’
3. 1@ phosphate buffer pH 7 1/511@5 3.00 mLIA1 vortex mix 1o lMitluasazaioiie
Cle!
G 1 v o Y a J 9 2 ..
4. wmasazareldnalu cuvette nal1 1A 1E1 AdeiATee UV-Visible
spectrophotometer
ada d
3.4.2.3 35 R 31TH
o w 1 a A \ a ¢ Y & A . k
1. ideg e sou a2 aaem3e UV-visible absorption spectrophotometer 4
a a 4 = H
INAUANATIEHILVY double wavelengths N1 420 nm UL 431 nm 1ag blank A1¥7e
A t 9 (14 4 1 oY a
phosphate buffer pH 7.0 N 1uMTHHAMs 11 Insau e lafmgeendiaueen
2. JAAINIQANAULEIAAINEIIATY 420 nm 1A 431 nm
[A (420) X 0.78] = [A (43}) x 0.67]
[A(420) X 032] + [A(43 1 X 0.55]
Xeo (B = Yeo X100

mamdSunameadilsaaladenlainle luaimanzas

3. AW M Y, 10eldgas Y, =

4 1 ai'sl a = & A Aa a"&y
uluduifideamsmsuraasazats lmdonlaln To Tudnmuiz oy a3 A
o + o { g J . . ]
ideanioo1a Taalyde la n e ludimdhns e oxymyoglobin LIfi¥ metmyoglobin i
: o V! I
deoxymyoglobin eganaues1aan 431 nm Tumsnaasaly lmas o ln o ludidudu 20
d

mg/ml 151185 10, 20, 30 uL @91 188A 200 pL tazilSeuReunan1s AT 1ZYiN 1@ uaaass

AT 4
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Y | ! o dJ 1
MINT 4 Yo MRS IRIRlETA T Inam

iAo tles | Twdenlalnle | mimsganduuas Yoo
(L) (uL) Tudt (uL) 420nm | 431om | (%)

B 200 3 10 0.99800 0.89947 21.59
200 3 20 1.01420 | 091497 | 21.51

200 3 30 132300 | 122240 | 19.43

< ' a 3 o ] ]
samsnaassaasliimiui USinavesmsveunouenlaa (Y 1ulduand1s

' A o o w y [ a I ' a
ptiiiodde WedSulSinavesarsazarn ImaonlanTo Tuanld Seaslddl5ua

q

1 ¥
= o

a 4 a a Sa o =1 Y
arsazarelamaonlalnlelud 20 mg/mL) USu1es 10 pL iisanenazsaainion laee1as

2

a ) a g
anysal SudeniludSinaildlunmsiinsizdse i)

M3AATIZHAENANA Visible absorption spectrophotometry

3

o A v ¢ [~ a ) d 1 =) = o d’l
Wndedainaudaraerialuns st uuuuaee laslisieazivonaail
FUALALANHULVDIAIDEN SHAAID619
Yamiae FT
o ad
Janounsoae FF
v [~ w d a @
Yamrusuialuussynuwaradndanlsussenie T
Fd
ionyaa FP
g [~ w r'd = o
onyusudluus sy aiwaafnaaulsus sene TP
E4
Wiataa FB
4’1’ ] (= [ 4 =N @
wowyndaluusssamuardanaaulsus s TB

=3

) é\‘\’ v o [~ @ 1 1Y n’ua./l a ::’ Q" Jyq ¢ P
nnodaiusudanazdinsegluussydunaudy nidane 13 1¥azate Fevedl
Y A 18 S P . o o a & S a4 4 uy et
indoaoeni W lagudmeziiussgdusinaradn  egaiudeasonuufy 1A luyianil
) 2 1
thilaatin iionialdaaly Mulaindean1dun 200 uL ldlunasanaasanieviaudigy
d a ) I's A VoY a Y
nsanszvonuiaan thilamisazatedviles pH 7 frums lamaeendiauoenvuaian
a ' @ o P= 4 0 .
U511935 3.00 mL wen Iineudu Tieasazatelandonlalnlo Tud 10 L 1111 vortex-mix

T 1R aomasazawn1dg cuvette d1msumsianinsganaunasi 420 nm uag 431



Y o ~
nm 19 Haaaaadlualsnan 5

Y a d @ d d a
M3 5 wamsaenzidSnamenisueunerenluddumatia Visible absorption
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spectrophotometer
#0814 Absorbance Ao (%) Ao Lﬂéﬂ(”()) % RSD

420 nm 431 nm

FT 1.34260 0.95809 42.37 39.97 5.98
1.78090 1.34720 37.59 (N=3)
1.61620 1.18460 39.95

TT 3.97540 2.20250 65.43 56.55 8.89
3.89390 2.45760 53.53 (N=5)
3.45610 217890 53.63
3.77230 2.33060 55.48
3.25140 2.02600 54.70

FP 0.36480 0.20907 62.34

TP 1.4083x10° 7.9780x10" 137.62

FB 1.47150 0.72187 76.52

B 1.86080 0.77661 91.05

FF 2.27480 2.15220 17.39
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