Clinical Forensic Toxicological Study of Volatile
Anesthetics Utilizing Pulse Heating-GC-MS
Method
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Fig.1. Mass chromatograms (A) and mass spectra (B-E) of
the four volatile anesthetics examined by pulse heating-gas
chromatography- mass spectrometry (Py-GC-MS).

1, sevoflurane ; 2, isoflurane ; 3, enflurane ; 4, halothane.
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Fig. 2. Standard curves for the four volatile anesthetics by
Py-GC-MS. (), sevoflurane; A, isoflurane ; [], halothane;
@®. enflurane.
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Table 1. Regression line and correlation coefficient in
standard curves for the four volatile anesthetics

Volatile’ Regression line Corre}qtion
anesthetics coefficient
Sevoflurane Y =544X +2049 0.999
Isoflurane Y =386X -+691 0.999
Enflurane Y =172X+437 0.998
Halothane Y =316X +3448 0.999

Y, peak height per 3 uL (mean value, (n=5)); X,
concentration of substance (1~100 ug/ml).

Table 2. Recovery and within-run precision of the four volatile anesthetics by pulse heating

GC-MS

Volatile  Target concentration Measured concentration

Recovery Coefficients of

anesthetics (A) (ug/ml) (B) (#g/mb) (B/AX100)(%)  variation (%)
Sevoflurane 15.0 15.3941.40* 102.6 9.1
Isoflurane 15.0 15.5941.07 103.9 6.9
Enflurane 15.0 15.63+1.38 104.2 11.3
Halothane 15.0 14.63+1.68 97.5 11.6
* mean value+SD (n=86).
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Fig.3. Total ion chromatogram, mass chromatograms and mass spectra of the four volatile anesthetics in rabbit blood examined

by Py-GC-MS. (A), Total ion chromatogram (upper) and mass chromatograms (lower).

2, isoflurane ; 3, enflurane ; 4, halothane.

(B)-(E), Mass spectra. 1, sevoflurane;
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Table 3. Comparison of the values of four anesthetics in rabbit’s blood determined by Py method
with those by HS method
Concentration (zg/ml)
Eizxibmefnt ﬁizgfr Sevoflurane Isoflurane Enflurane Halothane
PY HS Py HS Py HS Py HS
1 1 1.13 1.11 4.09 3.81 3.85 3.95 17.2 17.1
2 28.0 30.0 60.5 60.3 55.2 59.5 155 165
2 1 6.81 6.98 20.4 20.6 20.4 20.5 78.8 75.7
2 7.24 6.91 22.0 20.4 22.9 20.7 87.7 76.7
3 8.37 7.93 23.4 23.4 23.8 23.3 93.3 93.4
4 8.90 9.15 25.4 26.4 25.2 26.3 98.8 98.7
3 1 58.7 58.5 117 119 132 127 286 298
2 64.9 73.1 125 135 135 145 339 343
3 49.3 46.1 97.1 91.3 117 109 257 212
4 29.2 28.4 60.3 57.6 76.6 78.5 161 150
Py, pulse heating method ; HS, head space method.
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Fig. 4. Total ion chromatogram, mass chromatograms and mass spectra of enflurane by Py-GC-MS. (A), Total ion chromatogram

(upper) and mass chromatograms (lower).
standard sample.

(B), Mass spectrum in the blood specimen of a patient.

(C), Mass spectrum of
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Fig. 5.
chromatogram (upper) and mass chromatograms (lower).
spectrum of standard sample.

Total ion chromatogram, mass chromatograms and mass spectra of sevoflurane by Py-GC-MS.
(B), Mass spectrum in the blood specimen of a patient.

(A), Total ion
(C), Mass
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EINLNSVOBAEREY 1.5% & LEE»SOFITE TR
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Table 4. Determination of sevoflurane and enflurane in the patients’ blood collected during

the operation

Anesthetics (zg/ml) measured by

Volatilg Case Sex Age
anesthetics number (years) Py HS
Sevoflurane 1 F 52 22.8 22.7
2 M 41 23.6 23.7
3 M 56 26.0 23.5
4 F 55 23.1 24.9
5 M 36 3.2 31.5
6 F 45 5.7 4.3
7 M 74 31.8 31.8
39.5 32.3
8 F 65 62.0 47.6
56.5 36.8
9 F 63 17.3 18.0
24.3 16.8
10 M 64 16.0 12.2
17.2 11.7
11 F 64 11.3 13.1
11.3 7.3
12 M 56 4.1 29.5
7.8 11.9
Enflurane 1 F 85 43.7 47.0
26.7 45.9
2 M 65 44.8 45.3
87.1 141.2
3 M 56 16.3 11.3
27.1 15.1
4 F 62 16.3 32.0
61.1 60.6

M, Male; F, Female; Py, pulse heating method ; HS, head space method.

Table 5. Effect of storage temperature on the determination of sevoflurane and enflurane in

the blood
) Storage Anesthetic concentration
Volatlle. Sample Sex Age interval (ug/ml) stored at
anesthetics number (years) (days)
20C —-20C
Sevoflurane 1 P 68 26 15.5 11.3
2 M 59 23 6.4 7.8
3 M 54 361 18.5 17.3
4 F 61 8 10.8 9.1
5 F 50 15 28.6 32.8
6 F 62 22 38.3 33.4
T M 28 1 85.5 70.5
Enflurane 1 M 70 365 44.6 51.9
2 M 56 30 20.7 27.1
3 M 57 15 24.8 20.6
4 F 44 110 59.7 73.8

M, Male; F, Female.
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Table 8. Sevoflurane concentration in the blood

Sevoflurane (ug/ml)

Sampling time after the start
of sevoflurane inhalation (min)

Case sample
number  blood

0 3 5 15 30

1 Venous 0 18.1 11.5 33.5 17.2
3 Arterial 0 76.3 T73.1 87.9 83.8
4 Arterial 0 67.8 92.9 110.2 110.5
5 Arterial 0 N.T. 62.7 N.T. 93.7

N.T., not tested.

LB Lich otz

SEF 2 ORBEEYR TWRT. =v 705 VIR ABKBE 3
STlPEET 21.5ug/ml 2R L. 5 98I MENMET L
fa, ZORESTMAPRET 43.8ug/ml TH- 7. TOKIM
FEXEE Li-ds, BRREI0s T ChbmENMET L, Z0k=yv
70T ik 43.Tpg/ml BR Lic. BRMAGOSHE T MAFEEI
70.7pg/ml T, ZOBMERHRAET Liz. &Gk N
EOTE L FFLTEIL L. RARFFv 2 — & -1 99%
LA EDBRMBEAFESRL, #RIZ35.7CH536.0CIKT
BEAFBELARDEN ST, =V 7 AT VIRTI05 %I m
R 8.9ug/ml TH H, 304 DR A TIZIEET 2.8ug/ml &
BECEA Lic (WFhd BRI —20C 208 M&RF LR
*h.

fEFI 3 O EHERY ROWTRT. X745 vBBE 3IHT
MmAEEL 76.3ug/ml WEL, ZhALUBMNTEEIIRPR LA
L, FhEELDEMEBET LA, LA FY 2 -2 -0 L
BEIRMEESTE IR 98% ULEERL, KB H37.0CH
BTIREAEBTLER S o o ke (BRIRERTOH).

FEGl 4 DRRENE B R S ITRd. £ X745 VEIBEIHT
Mg 67.8ug/ml TH D, LIBEKREIC LR L. BIRAH30
S0 ETIE 110.5ug/mlicE Lic. £/, fEF 3 LR, o
EIRRRETAR L. AAAFF Y 2 — & — 12 X 5BIRNE
FETMEIL 98% LI ETH D, FIRIZIECETH D, BT+
1B E A EELR BRI o T (RREBISH).

fEFI5 Tk, X7V VEAHISS CHAEE L 57.8ug/
ml Thh, 3041 T 93.7ug/ml TH - tr. FEEeh, MEIRIZE
AEBLRBED T, SR F Y 2 — 2 — LEIROEEEATIE
99% LA EDMERR Lic (BRENEHICH).

UEeR7A5 v OBRIRMBELHZEL 16 GEGL) &
BIROBEXRE L 3F FEFI3, 4, 5)ITDWT, &7
T VBRI E O M RERB YR ICRL, TORE
ElerBELL.

£ =

BEEE R FINIIBME0EN b 624E TIXERH L4004 7T H »
h, ThxEREANCIET 2L, BRCETILOH

- 36%, FMNCEET B b0 20%, BEICBITA b DR 20%, E

S22 b0 7% DIET, HENZEET 5 3 i3 5% (-
BT 2 EDTVE. ZHEHENT, HECOWTIZH 4%
Wil - BEN KA 1%, VP VRE 02%, FOM 6% &
toTWa., Tichy, RBTIZ, RBRERTTOMZ - Bk




RN Re—F 4 v -BESHEC X AR ARBIES 893

FOFE, EFEOHT, RREOHRE - LEOES, ME:
wOWTOHRPERMBENMELIL B, Z05%, KEhOE
BROWTE, ThET, BRERETEDC S 2131 g
PEET N FEMEOENBE, DAVIEEOREL R THIEE
PRATHONENLY, RREOLABEARFELAD 7O T
BEFANMSR TS,

TH, ANEOERBEHILIC LD 5KEFHIEE 2T
1, ZhETATEY, BRERERE", EELY, AREERY
LBRBREFESV L EORENRDD. TD 5 H1END
19805 ¥ TORBLESEATESIREBEREC HEDLRAL
HFEOEIEIE 122% L LTWARE, BEMENEL K- L
T 2 FREBEEOE TERIT SR L TR . PR
1, —BENCIIRBMIEETH A L Licaibdh, KEY, EEH
DEIN S, BEBMFETHE, 1 FF%400.7TH53.7& L, ¥
fr, TALOKEERRERY MR TS &, REBEEO
Th, ¥FHEEEOH Y, FEFHOTFE, BAR RIS E
e EDTWAZ EXRE L., ALUS" X, BSEBEOEK
BEEHA, 2R K OERBEEHAICE T, »r & vitd
HAFHRETENERCESY 2L, WThb 120 HRITIE
TRE- B RE L.

25 LiBURORECIT - T, EF, RBEKOPIERR LS
LT, FEREZOHECERHFORARKEL LI, 48
=2 ) VIIOBEES~OBRBHEAPHEI R TET
5. Ticbhb, EEISOME, LEEK, $E, K&, OEX
frEime, SvFrv—2—BH, 5Bk MmESR R0 E R
E, REAAMERESERLTET WA, &zl
Keenan 51, 15475 AL D, 163, 240FE Fl+
2TEICHENER CTOEL LA Z L x@E LTV, Z0X
5B CRHERISARAOER TS, Hte=2) v
o THTARELDTHSLE LTS, ¥7, Eichhorn™
12, BIRMBELTENE, RBYARNELEOE=2—%H
W RBERE OB EARBRE LTS, L L, Bl
S5, FaADT = & — ORI THEERIZE « BAEMT
HBH, ThbDx = - ORBIIAERRL—HOLREC
TERGERNTE D, ZOFFIIELEHFUETNEREY
WX T35,

IO L SICRBOEITH - T, BRAKEED MFREOEE
BB REEE W DV TR B M D LCTBO THEATHD &
Ex 5. Tihbt, IFEENESZBRAREEOZLLEMNY
BREL, FRLELRHMEOKBEOREY RACIHIE
L, 7eBMOREMC LB THS. IR ZhcBEEL T
[HEEEELNET A e L LT, HEEOMBRNBESR
BBE(E2 B 52, HEEO M EERNELLE S LTHETFK
FhoTLES .| EMRRTWBA, REED MAEELHE
TIEB 5t i, ERECA BB ARKRRO MR E 23l
ELSAMRe=4Y v/ OREIBEIKRDLA TS,

ek, EREPBEOHEIIL HS EAELBVWbHRATW3
DRED = DFETRSFREE T HHE L HEN, (LFHCHE
PLimELPIEREREEL LTing, —EREMALTESIE
DURETHS. ¥ HS EOREM» D, HHASOHER LIV
HEEEYE O S ECBET 5 & 5 OB OEALEER
EORE, #ES 4 VEOBRES® pH R ERXBEYRETZ L
BEZBIhD. —F, BAKEEOMABENERIZZAET
Bx0HETTbh, FlxEiEY i r s v ORllEE L TR

HORB MBS LEBEC MR X EHEEA LT 35 THE
BELTWE. BB A0» 5 AFEFEBREL, il
ANBRYDE— T ERHPDOE -2 DGR BRHTTHIDEY
FaoF—v—75A L\WHh T AFEREBTHBR, 20D
FEEHNL A~ m 2 v UAOBRARBREO S BCIR+5THDL T
ERHIBLTWA, i, WAL, =vIrTy, £V TN
7 vIhBEOHEBEL XI5 REXRA LN, FHLLEBRK
INBEB LS T AMBI I BEL AN TREBFL TS0,
BENPCREMCRIERES 1002 E LTV ALY, ik
DOFRMELECELTND.

—J, %, Nagano B EHBEEILERLE, Kbk
LCEE, pecEAT 5k, $7hb Py-GC-MS 25
FlL., ZoHEL, ABOMABERTET, ERHETRIED
THETH D, BRHEUNORS OEBELZI i\ iz EDER
REHAEREL TS,

4[H, EENTHRPIETIE, BEAASATH 2 4BHD
BAKEBE LTS Y, TVIALTY, AV TSV, ~NE
2 v Py-GC-MS BRI UH# L, FE 5 22 8IRT 3
ZET, | BEOBAMEBED LTI ABORAREIEY
AR SHTES S 2, BADBERDTAARY L EF—
DARZ PAHBEBLERBE Z LB ENE 1. EBFHT
11, BFREEEOBE 150g/ml BT, EREL 97.5% b
1042% &&<, “hbdb A BEORMBMED S H Py-GC-MS &
THLAZENHB L. Lo L, EEHEE 15ug/ml OREE
12T 6.9% M6 116% Thh, =2/ —AOEBREBOEHAE,
Tich 27% »b 5.1%" EHE L TE» -7z, ZOHBEL
T, ThOBAKBEMECBALE L, FiE CHKNEE
SETHH, ELCOE/ ¥ ADERFRPMEETHEN 2 &
BELHR, ZOZEE, TROBRAKEERCTHLIERT
=g —ARERTERCBT LTV I L ZRLTHS.
IOk, AEREHTIR, BROCERHRRAE ot
DEEZTWA. Blchil, BRAKRMEZOWT, BHERIT
3ul ORI X FAGIEE, £48 02ug/ml DBETH 1.

BEBRERICOWT, ERSFTIE, ZhH 4BEOBARK
Er3812 Py-GC-MS =T« HiRICH i hic. EESHICE
VWi Py-GC-MS % L 0F HS-GC-MS #, theb bR B2
SOWUTBER & HRA—RBOHEED LB S, HERE
0.9887:50.997& 78, BMUWEOHBERE A, THhbb,
REM I AR RS L LB ATY, Py-GC-MS ki v
B LIV REROGILFEBEOME L ERABOBRBENED
R, Thb A BORAKEEO LY LOFNTISATE
LI ENRIRT.

ERBARICOWT L, BERESFTOBRIZEEYED~ A 2~
JEAE—B LT, EESWTL, BYERRBLAE, Wk
CEBzv IS vRBIUERTAT VORBABEDWTH
4, MBSMRKAIE& £0.914, 0.937TL RVHBER LA, L
5T, Py-GC-MS HEIZERFARHZDOWT b RARERE O I
EEHc+OEHETETHH Z LRSIz, ok, Py #
CEAPERREL Y HSEC I AHERRENRELRT Z &5
PHA, TOBEHELTRECRCL ST, BiEE KT Py
iz L HhHIE LT HS IR THIE Licied, BIEFICBRA
HEEOTM~DOBENE L ERELHRD. ¥k, Zh
UAOEEE LTI, =4 7o) YOI L5 MEEROE
W, BEEIRIC X 0 EHOCERIRC & inh o oA REMS, %
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TR AREIE N — BB LT ek R RIE LicH
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BEH 5213, BARE 2% O+wR71L5 viAui 6 flok
T, £MmpeR7AS VEBEITEABISSIZT 253~4674M
(50.0~93.4ug/ml, Ty T2ug/ml) &M L. %71, Frink
B B Er L, X’J 2% DBABETDELRET NS /KB
FEGIS0FIOBETT, R T7T VIRABAHI05 W TR ISR
MTOmMEEERFEHLH 600uM (120ug/ml) TH - 2.
Avramov B, KT ATV OEADE X LNk & OBEED
BETOFRT, BEBEAK L5 5 FAOBIRMIEE Y EREHICHIE
L, BRABE 4% O L7135 VIZTHEA 2 5812 10.6mg%
(106pg/m) W ERA L, ZORHMTEBRIMEL, 45915545
#Ii3 13.2mg% (132pg/ml), 15481213 13.7mg% (137xg/
ml) &b, BHEEATIE, HACORBETZ R L, HAG0
SHIIT 123mg% (123pg/ml) W& Lz L BT W5, KL
OBED I LE, = v 73 vERWkIfoka Tty 7
NZ v OBRIFOBE IR ABSISHHE T 12.5mg¥% (125ug/
ml), 304#% Tix 17.0mg% (170xg/ml) TH ~7=.

LhL, AR CORE TIZRABIAREI0S I THIRMF D
R 75 VEEIR 5.7~62.0ug/ml (B 26.2ug/ml), =v 7
NZ Tk 16.3~87.1ug/ml (F34 40.4pg/ml) TH b, WTh
LINFTOREBECHLEETHD, TOREORFIMDE
Eizoic.

T TERTNF VDT, SEFATIRSSH, BRM
B ERERIC Py-GC-MS e THIE L2 5, B AB
1A 3 TR T2.1pg/ml, 549EWIE 76.2ug/ml TH b,
155811y 99.1g/ml, 304 #Z1% 96.0ug/ml & BEFH 52,
Avramov 5% OBEIEWERE SR,

Thebbd, KRBT HERDERRIZOWT, =v 7L
ZV, BRT7NT OBKOBEOREMEIMED > BB E L
T, BAREDOENE—ETHONAD. ¥z, BIRM & AN
HEE, B4 ORI HBRERBT, 28 LoD gikmc
BT, *O0MFBEIFLI LWL DEELHNB. X
iz, REHEMEA O TORRERLE, BRIMIZHA W
T4 AR—F T NIEHBRONELNEOSREE Sy F VR
ARBEOBRSPBRETHZE, £LT, SENBRLTLS
BAKEIE, MK/ 5 ASREELAEDTEW D, REHR
CAATABATRIEPETL, WERKT A I8, F v
Fro TR L-BCBERCEELTLES Z L LHIEMBED
EXEULBRRARCKDLELOND. ZOERTRMICEL
TAHDIIL, BRERCARABCREICANS Z L2, B
BHEROWhY ATy FAR—2%R T L3RS
DRFEANBZ L, "M S F—~DBAKOFED B
BEPELVWHIED L TEETH 5.

RARBEILhEEOBRI L A2EWER B T ORBE R
LOMBEERVEILS 98, FRErhOMmMFPED LTS
TREBREL? 2RARREORRYM% ET, FREOCHES
b MEREFA L CRARBEDOHHET S Z LXERCER
ThHb. lkzif, ~ez ik, BRERMEE - TR
FEEFAIGE IR, %5, ~r 2 v ORMYREE TR
HEIhic, TOBOWRIC L H FORBDE, wEZIE
FF, FHHOERRELLENRREELLRD L 5ITin o 7™,
F DB II0ERITA » T m 2 Vit BB ABEOFEN
BAKD, RBED L L FEELPEI L vwav o

3

SV, RRINFV, AV I URBARINTE WD EEN
H5.

Fio, RARBEOMENER, Tebh, 5LAH, BMR:
EDBEMTRAREEYRA, KA F I EHRES LT3
BEMICBNTh, OFRBENEIIREDEORECHGLE
DIcHDELHTLIERBELTRL L, ToOABIZ, F4, K
FRLCEEVBR-BETCLERE - EBYYRETS
DEZRWEERTHHEEbhD. HE, BECUHBIC R
T, EERATRELET I A L5 9RE ROKEIEE
BEROEEFEFMRELEEIN, FEREE1DW L A%
W, —20CTHREFEI NN EOMBER» LES Y
GC-MS it L, EROFREEH ELEOBECKVEE
BRLICBER2 B D, Licdio T, BREHROEEN S DRESER
HIREHE, KELBEREETH. T, BHAE LTUL, X
BRI 70 A, MERWWR T, BB TORARKESE
DOEBIAB 7 ma Rk ABGCISREEDORFILERLT
W, REFBTE, HRETRCETLTESY A 2
V- = VIRENR TR, Zrrkr ik LRI BEEL,
B, BRRERE LB oRSARL AV T ST
ROEREXTVEL. Tihbh, ThOOEFPRLTART
b, BEEBICEVWTRAREEDO L OEERIIELLTD
h, TOGTEDHRBIKELBEREF OO LBEINS.

40, RARECEVZOWTHHEHFLLY, =vILs5y
EeRTNANT EDNT, —20C DEHERF L 20CHIEDOEER
FRECTASEZRSCHEEL, EEZRED6HT, HoicR
BrERAEAFRICHIZEL T, AEHECIZAE BTV
DEFEx LR, MR L 5N IEEOELZ OV TR
SEIZRE LTS, R 74T VIZDWTIE361H, =
VIZAT VTR EEB LIRS THORETETH - .
LA L, EFHAEC X 2BABEOREC, APRTHEW
TRy F UGS TARELUADOHEERES, Ry F vl
Bl ESREBEOELEWDOWTIL, $BIHTHBEALE
ThHD.

RESEEDBE TIL, FEfl Ll TR AT v RER, OF
AR, SRS DETL, IREZIKERE IR Lh
T, IRLERFATCORERFERED e -7 LXFEES® ©
BECL—FK LT, ¥, tR705 VBAKTH, &
MAABEIMET Licdd, ZHZEAOER L RGMmME/ 7 A4
BRAEIMEVWZ LI L B5DT, BHO®, Frink b2 0 L —
H LTz, KHITRECTCERBL L2 L EbI A FES
BRDOIICH, MKERETIZ, SV 2 3 VEB-4+ Vo FEE
Z VAT 37 —% (glutamic-oxaloacetic transaminase, GOT),
IANEIVEB-ECAE VBN 5V AT § F— ¥ (glutamic-pyruv-
ic transaminase, GPT) ODEREF&HETH - 7=, ¥ =Bl
LEBEIZDOhEh ok, FRPCFEBCHLT=2/ —
ARERESHh, FRRTEROOKRE R CEED GOT,
GPT D LR5RH LI, W1y ARCERL L. €& 70
5V kBT EEEREE O HE TIX, MmA%D GOT, GPT t&
R oW, WED L ZAERIRL, KHITH 2RI
FYBRERTHD Z L RETIIBETERVS, FHERTE
BOFMETOMBEHRETTTIC GOT, GPT DBE R
BTWBIENDL, FRPEBREFEEL BFHCRELL
e, SHREEEE LTFEBC=2/ - LVOREYF-7
ERIBERVEETHD, R T7AS VRIS ERIID-
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¥, wRT AT VHKEBOEFS, 4TI, BRABRLEE 3 55
b5 TaRTmEET LA L, Aviamov BV OHE L —
Lizc. ®R7AT VKBOES | &A= 71 7 VKEOIE
#2 TLRABBBEOMTREDOREBIE,L - T2b DD, A
4 aNHA4 VvOELOBRHTIIERTH /2.

—5, BARBELYNRLTHIEEDOE=2Y v /ELLT
S AR ORBEEENESR D AN, PR KROR
ROEAREERE S, FPERECH > TE—ED LR THIR
M, THCEHABELELL?, REREQCHECERTS
2. bR B9, ERT7AF AW 2END 6 RD8LEEF
RS L, WMAMRE 5% ¥ 1% 10T, BKEE 3.3% T
R 120ug/ml, "FRIRE 5% CEHIRMBE 160ug/ml &
BELTWS., MARBY DBETIX, IHDOM R AViA Y
ZA 5 v ORBEEOHRICE T, RRBIRFMAREITRK
KEEGIRED 85.3% TH - 7. KK & 5 MR AKEERRE
PIEE L, PEREH AT = & — 1T L HEEH AhR ARKESE
BERIER & O e, Py-GC-MS % M0 B\ 72 M R
WREDO BB E OV TIE, HBSEBRNTNERE
LEXD.

= #

1. Py-GC-MS & MV, 4 BOERUERARBETHD
B, AVINTY, ZVINALTY, ERTINLF Uy EMEE
iR 4 — V20BN L R R T Lic s 2 A,
5 3 AR 3 R T OB D4y BERE A FRETH » 1o

2. kaEEgEgEshicoVv T, Py-GC-MS k& & U8 HS-GC-
MS &ECR—RBxEELEB L. TORKR, £F71 7
vV, AVINTY, =TI ATF Yy, ~u Xy TEDREGREK
13, &40.999, 0.999, 0.998, 0.999CcEV ML RLL. &
BRI, &4 91,69 113, 11.6% LoR&GEARLE.

3. kLR 4ABOREIEKCOWT, BYRBRIABOR—HBE
Py-GC-MS #: & HS-GC-MS #E0i#E Ciflle L, MWEER L
B Ll oA, ~ex it oW TORIEBOHBEGEK () 12
0.988, 4 V705 v it r=0997, = v 7.1 3 v Tl
r=0993, X745 v T2 r=089%4 THH, “ThiRUH
BEE R LTz,

4. =V TINTFT U EeRETNT ADNT, T O RME
IR 32 AV C Py-GC-MS BTt L1z, FORE, 8%
FERFR & AKRIC 5 0 DI BRI E A IRE T B Z & 03I
L, MAEOE~OWUEEYHETH L, =v 747 v OllE
EOMEBIRE (r) 120.914, A7 5 v T2 r=0937 TH D,
WThh RIF7eEBE AR L.

5., =v I ATy, wR7AF VT, FHREFAREY —E
HIERAE LB OKHERMEBE L, Zht TOERRPOHRE
I ARUEBECHESRTEBETH - 7chy, ER 74T V20T
W, BiiRMOSIRESORIEEIINEOBEETITE-HKLT
Wi, ZOREZECOWTL, BRARE, BRMEBIRGOOE
Vo, RERE, REAS, WERORBOLERM EXEER
LT3 EELLRK.

6. E—MEERBE ~20C TOLHEF L0 CTHEHTORR
BELL, Py-GCMS B+ AVTRIELHR, e 715 v
TRAAFEEOBEMREIZ0.988L RWEBER R L, WRE
ETOWEBCEL A EEZIIRD bRitd iz (p<0.05

Wilcoxon B5E). =v 7 A7 VIZ2owTh, MEFEROEEM
Z50120.979CH h, LI h RVGCHERRL, Fio, HEFET
DORPBMEICFEEEZITIRAD bRich 57 (p<0.05, Wilcoxon #
&), EHIC LELURORETCHIIE, =v 7L T7 v, 2 R7N
5 v ELICMBERRN ORI R TH 7.

7. FHhORBEEPOME, IRk & DE(L & REHIR
MOBRAREEEEIRSBEELTEY, LR E=%1 v
7 L [FRE, Py-GC-MS #:1C X % T ARRERE O RE Mg ERlE
oW THERICA EOFRAEIARIN.

E:l 23

MARL DTS, HEE, ARMEYED ¥ LcBMXETEREH
8 (3, ERFEYEETERE) b KE #3RcEELHE
AELET. ko, EECHERE, BFrEV BT ERBEMO
SHEEYELET. B, SXrEBNFEEILAALE HBFY
XU, SRA¥EEDEEFREOEKMICEH L LET. IHIT,
—BOFHAHERADRIMIZH e b, BIDOHBE LM - FopFE: - L
Bk RSB RSER L BT

7R¥s, ARRO—EHILHISE B ALEE S PRI S (1993, &
B) s L OSI4E O AR RS HARS (1994, KB To@iERL
7.
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Clinical Forensic Toxicological Study of Volatile Anesthetics Utilizing Pulse Heating-GC-MS Method
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Soc., 103, 884 — 897 (1994)
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Abstract

The pulse heating-gas chromatography-mass spectrometry (Py-GC-MS) method for determining four kinds of
representative volatile anesthetics (halothane, enflurane, sevoflurane and isoflurane) in biological specimens was evaluated.
It was also examined for clinical forensic toxicological usefulness. First, the standard plasma solutions or Tween 20
solutions in which these anesthetics were dissolved, were analysed by the Py-GC-MS method. For qualitative analysis, the
mass spectra obtained from the standard solutions well corresponded to those of each standard sample. For quantitative
analysis, each anesthetic concentration in the blood was linearly correlated with the peak heights with correlation
coefficients ranging from 0.998 to 0.999. At the target concentration (15 x g/ml), the recoveries of these asnesthetics were
between 97.5% and 104.2%. The within-run precision of the Py-GC-MS method showed slightly high variation coefficients
between 6.9% and 11.6%. Second, using the Py-GC-MS method, the rabbit blood anesthetized with these four kinds of
anesthetics was analysed. For qualitative analysis, mass spectra well corresponded to those of the standard samples. For
quantitative analysis, the same blood specimens were analysed simultaneously by the conventional head space (HS)-GC-MS
method for comparison. Data obtained by these two methods showed reasonable correlation coefficients ranging from 0.988
t0 0.997. The Py-GC-MS method was then applied to the blood specimens taken from patients anesthetized with enflurane
or sevoflurane during their operations. For qualitative analysis, mass spectra were very similar to those obtained from
standard samples. For quantitative analysis, data from the clinical blood specimens were examined by Py-GC-MS method
and HS-GC-MS method separately for comparison. Data from these two different methods showed a good relationship with
correlation coefficients of 0.914 and 0.937 in enflurane and sevoflurane, respectively. During the anesthesia in operation,
enflurane or sevoflurane concentrations in the blood obtained from patients showed a good parallel with the respective
patients' vital signs. Next, the clinical blood specimens were stored at 20°C and —20°C for 1 to 365 days, and these samples
were analysed by Py-GC-MS method. Data obtained from the samples stored at two different temperatures showed no
significant differences. Enflurane collected from patients could still be detected 365 days later and sevoflurane 361 days
later. These results indicate that the Py-GC-MS method is applicable to clinical analysis of several kinds of volatile
anesthetics as well as to forensic toxicological streening of volatile drugs and poisons and that it can be used in
intraoperative monitoring of volatile anesthetics.



