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Determination of 10 Volatile Organic Anesthetics in Blood and Liver
by Response Surface Methodology—optimized HS/GC-MS
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Abstract: A headspace—gas chromatography/mass spectrometry (HS-GC/MS) method was estab-
lished for the simultaneous determination of 10 volatile organic anesthetics in blood and liver sam-
ples, including dichloromethane, trichloromethane, isoflurane, enflurane, sevoflurane, di-
ethyl ether, dimethoxymethane, and three xylene isomers. Single—factor experiments followed by
Box—Behnken design based response surface methodology were employed to optimize three key param-
eters: gas chromatographic injector temperature, headspace incubation temperature, and equili-
bration time. The optimal conditions were determined as follows: incubation temperature 63 ‘C

injector temperature 200 ‘C, and equilibration time 18 min. Under the optimized conditions,

the 10 volatile organic anesthetics showed good linearity within their respective concentration rang-
es, with correlation coefficients (R?) greater than 0.990. The limits of detection ranged from
0.00510 0.2 pg/mL, and the limits of quantification from 0. 02 to 0.5 pg/mL. Except for ben-
zene series compounds, which exhibited relatively low recoveries due to interaction with biological
matrices, the recoveries of the other analytes were between 83% and 117%. The intra—day relative
standard deviations were 0. 6% — 10. 6%, and the inter-day relative standard deviations were 1.5 %

- 9.8 %, indicating satisfactory accuracy and precision. The developed method was applied to actu-
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al casework for providing crucial toxicological evidence for case determination, including the detec-
tion of diethyl ether in the blood of a deceased individual in an unnatural death case, and sevoflu-
rane in liver tissue from a decomposed floating corpse. The method employs direct headspace injec-
tion and requires no complex pretreatment, offering simple operation, environmental friendli-
ness, and high sensitivity. It enables the simultaneous detection of multiple volatile organic anes-
thetics within a relatively short time, significantly improving screening efficiency, and can provide
reliable technical support for the investigation and identification of forensic toxicological cases.

Key words: Volatile organic anesthetics; Response surface methodology (RSM) ; Headspace—
gas chromatography/mass spectrometry (HS—-GC/MS); Blood; Liver
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Table 1 Information table of 10 volatile organic anesthetics

No. Compound Molecular Formula Molecular Weight CAS
1 Ortho—xylene CsHio 106. 165 95-47-6
2 Meta—xylene CsHio 106. 165 108-38-3
3 Para—xylene CsHio 106. 165 106-42-3
4 Enflurane C3H2CIFsO 184. 492 13838-16-9
5 Isoflurane C3H2CIF50 184. 492 26675-46-7
6 Sevoflurane C4H3F70 200. 05 28523-86-6
7 Diethyl ether CsH100 74.12 60-29-7
8 Dichloromethane CH2Cl, 84.94 75-09-2
9 Trichloromethane CHCl3 119. 37 67-66-3
10 Dimethoxymethane C3Hz0, 76. 094 109-87-5

1.2 {UE&EH
1.2.1 TZEAHHRSE TSN 10 mL; PR 63°C; #E PG : 18 min;
JEJ7: 150 kPa; JEE I PAGE]: 0.2 ming BFEKIRE: 100°C; EHIZIRE: 120°C; HE: 25 kPa;
PR . 0.5 ming BEAERSTH): 0.5 min; #FFEAREL: 1 mL,
1.2.2 fAEEH A% GS-GASPRO (30 mx0. 32 mm), £H Agilent Te(:hnologies/&ﬁj; BRI
BE. 200°C; 4rURbL: 10: 1; 20U E: 12,5 mL/min; J#E: 1.25 mL/min; 35 S4AEAS, 4
$799.999%; FEFFEFHL: FILAILEE 50°C, {£352 min, LL10°C/min BEFEE 250°C, {#4%6 min, it
28 min,
1.2.3 JRiGEH HE: BrEHE (ED, WEREE: 70eV; & FIERE: 280°C; FMkin)E:
250°C; WRIFER : 2 min; REEM: 2FHE (SCAN); R : m/z20~300,
1.3 tREB KRB

Sy M ERFR & 10 P2 & R VU o bniE e, M ZRE: K (F#=1: 1) BRIt Es 2
10 mLASHEH, BB BN 100 pg/mL RS —bRED TG 20, AR 6 N H . RINKEN bR
HE TR Bl SR RS 3], BB
1.4 HmETAIE

HEFAZE 0. 5 mL MR FEAR SRS S PRI 0. 5 o JHREAEAS BT 10 mL TS ARSI, DA 0.5 mL A5
TR, INZEEHEIRGRS), BETUE Ak, 4 HS-CC/MS S Hrksiil .
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Fig. 2 Effects of inlet temperature on the peak areas of 10 substances.
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Fig. 4 Effects of headspace equilibrium time on the peak areas of 10 substances
IR A 10 min i, HARYIM AR5 % , W AR 20 min B UEEIFGR B R ; A7 )
AKZEAE 5 30 min 140 min b}, F5y H RIS FIERAS , 1T RE LS KT DA S 580 bR 43 it o
BIZSHEN R ZE A Ko LG IBTRCR SN 5R B, AWFFTHE 15 min, 20 min, 25 min =4 FA
R T 2R T )5 50 )57 i TR A
2.2.3 MmNy # A SR
VAL 22 DA 20 e R AR 2 ELs 0, ASWETE R R ST (RSM) #4584k 70 b, Box—
Behnken ¥t (BBD) W] HE 7 HOE BRI D 2R 8] Y AS LA, [) s LU 2 i) SEE B0 U S b i AR B
PRt =0 MRS A F LI A R, RS LI (X, C). RMEEEFE L (X,, C).
Wiz P e (X, min) ZAREAAZE, DHRYEEREm RO NE (YY), Hi, B
TG W E S SRR, TEARSEI SR 1) GS-GASPRO o i F 3L — M aig, BIblo MG
s OO R 10 FPREINY ) (9 P XU AU AN AE Y . SR H] Design-Expert 1332517 =K 3 =7/K°F- BBD
SEm U, MHEIRE X =-1. 0. 173X TRZS WAL B 50°C, 60°C, 70°C; BEAELIREX,=-1, 0. 1
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43 TR I S A G SRS LB 180°C . 200°C, 220°C; THZS PN a) X,=—1., 0. 143 0 T5 25 S fiif i
[8] 15 min, 20 min, 25 min, SEEGIEF 1740, HduoSEE SR #2137 WEBCHID 1 pe/mLiR
BbREE R, WEIREL 100 pL B TS, FZC8 iRk 7K . BBD SE88 % i F F 45
N2,

2 Box-Behnken (BBD) JRE& ¥zt &4
Tab.2 Box—Behnken (BBD) design matrix and results

Coded level of variables Actual level of variables
Trial X, X, X, Incubation temperature /°C Inlet temperature /°C Eth?;;m fime Average peak area
1 -1 -1 0 50 180 20 3109821
2 1 -1 0 70 180 20 3854609
3 -1 1 0 50 220 20 3065430
4 1 1 0 70 220 20 3654389
5 -1 0 -1 50 200 15 3395437
6 1 0 -1 70 200 15 4087642
7 -1 0 1 50 200 25 3293768
8 1 0 1 70 200 25 3896231
9 0 -1 -1 60 180 15 3933456
10 0 1 -1 60 220 15 3865439
11 0 -1 1 60 180 25 3904326
12 0 1 1 60 220 25 3756454
13 0 0 0 60 200 20 4254903
14 0 0 0 60 200 20 4260091
15 0 0 0 60 200 20 4249526
16 0 0 0 60 200 20 4326632
17 0 0 0 60 200 20 4267634
M) 71 5 25 PR 3R 2 T ) 56 2R T B 2 R R 7
Y=Bt > BXAY BXHD, > By X Xre (1)

Hor, YoM, XOhAZARR, BOFEIL, B B B/ AZNED . kI, SZEAE A A ] )
RE, e MREW, kAL RHE (FLEk=3).

FIH Design—Expert 13304454 & 2 5647 2 a3 G, 2] kAR RN (2) Fros:

Y=4271760+328552X,-57562. 5X,~53899. 38X,~38957. 25X,X,~22435. 5X,X,~19963. 75X,X ,~
523672X,*-

327023X,'-79815.64X, (2)

JiZ253 Mt (ANOVA) Z52R U3, ZGEiHR sy ik B2 AT BB AT PR . Horp, p B BN
SRFIAS SR A R, I p (BT LA 7 AN e i (R A R TR . IR, p EALRERS
TE—EFERE F RIS A ML AR 2 T A ELAE RSO, 5 B AR & 2 ) AR AR ORIk L S ORI 2
FEIA =t 3 AR50, B p fE<0. 0001, FHH IR BRI 25, S4B p B4 0. 4417>0. 05,
DEEHRER 5 SRS R, AEIREARE, RANEER . BRAE (C.V.%) 40.84%, F£H
R BT B R 3 BN L

Z WAL B A S R R VY, ROBHEIT 1, B R B (E 5 B A8 & 2 8] ¢ R 1 fE
Jridiss = AR R R B R=0. 9973, BLIEAHR RE S TMAE R R % (RL-R;.) 40.0157<
0.2, FUFAIBIHHOREE . N REC R Z MR OT R, —RIX, . X, X %P0 AR s e i i
Z (p<0.01), FRFEZWFREH RBVMRIK A X >X>X s IRIIXE X XS4 AR 52 0 4
WE (p<0.01); AZHIX X AP EE (p<0.05). WG5S 5 B I 28 53060
PR R B (p<0.05) . X —ZZ HAE AR T 1 K 256 B s S8 i)l g . —
Jr, BOEMWELIR EEAL 3 T H bR AR B AL Tl R S, @ ST S R LR A
Wi SAC) BARYIPE | SER I NS, RO v PN R 06 J TE BRI AR . AR, M ]
AT i KT, ERa PR e A ZE By (& W ke . CBk) WTREAEIER, FB0EH A
B, A, e A BEAE RS AT BE MURIRE S T S B s 0 TRAE SN AR TS RS, DA
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Tab. 3 Analysis of variance of the regression model

Source Sum of squares df Mean square F-value p—value
Model 2. 68x10" 9 2.97x10" 287. 64 <0. 0001
X, 8. 64x10" 1 8. 64x10" 835.13 <0. 0001
X, 2.65%x10" 1 2.65x10" 25.63 0.0015
X, 2.32x10" 1 2.32x10" 22.48 0.0021
XX, 6.07x10° 1 6.07x10° 5.87 0. 0459
XX, 2.01x10° 1 2.01x10° 1.95 0.2056
XX, 1.59x10° 1 1. 59x10° 1.54 0.2544
X, 1. 16x10" 1 1. 16x10" 1116. 63 <0.0001
X, 4.50%10" 1 4.50x10" 435. 46 <0. 0001
X, 2.68%10" 1 2.68x10" 25.94 0.0014
Residual 7.24x10° 7 1.03x10’
Lack of fit 3.30x10° 3 1. 10x10° 111 0.4417
Pure error 3.94x10° 4 9. 86x10*
Cor total 2. 68%10" 16
R? 0.9973
R, 0. 9938
R2, 0.9781

= G 7 TG RN 4R S R IR T TR RIS BAE A, S5 OLIEN S, P X0 AR RE AL
T BERECUIELEE | Py Ta) A3 K 58T B SRR R 5 . S5 i eI BE B R, SRHHAE HLAE AR
5 LR XX ) S 2R SRR, L 7 TR 3¢ A 7 T S A AR, 5B R 0 R S Ak T
Z B RS ELAE SR o DAl i T 0% G I A 8 T A, 0 T X~ 24 06 T R A /N S e SR W S
HLUCAHERE LR, P Aot ) o 1 B0 S S35

i 3 ] AR AR AT Dok g, S BRI R BRI Aok . WK 4 63.268°C, FERELIRE
199. 418°C, P[] 17. 782min, ZiEH L IIRER AT 1, Km ERAHEE R WL 63°C,
PERECRE 200°C, ~F7HE] 18min.,

LA

[#5 =R 238 H s )T 340 T AR e 7 T 1]
Fig. 5 Response surface plots for the effect of three—factor interaction on the average peak area

2.3 HS-GC/MS 3t 10 FE & 145 HL Ak L B4 T 25 R

TEAL TGRS ST, SR TS ) HS-GC/MS J7VEXT 10 Fhi% & A HURREE Y e T 04, 153
BETmakE (Ee), MEH BT LIE 40— Bk 5] —HIRA —HORREE 58408, (HIE) ZHZR
By ISR S — e g, 5L PR A D) U 2RO IR A PR SR 22 e, AR R
MR ES (RROCE B SRE  RPES) RLISEIrE . BRitbz obh, FHoAd oy S R0R
B, PR AR s ) — F 2RO B R DL s i AR A TR I 5
2.4 FHEZFWIE
2.4.1 ZMXR, WHRREER EMAFFET, BEB MG B FEFEAR T2, A
AEMER A TR S bR, BB 20 E 241545 0.005, 0.01, 0.02, 0.05, 0.1, 0.2, 0.5, 1.0,
2.0, 5.0, 10.0 pg/mLIPRERMFEA, Di& Hbri € B (y) AN RERE (x) H#74%



8 SR AR (http://www.fxesxb.com) XX B

PERNE AT . 25 REH, 10 PHERMEA YUY TE S B IR RN MR R R IF, MRRER KT
0.990, LIEMELL (S/N) k31 10 By R ¥ BE 43 30 B € J7 i R PR (LOD) FE &M (LoQ) =,
HARZER WAL 4, 2% Hhn e & S 0g AU T Thermo Xcalibur 208840 R G52 HY "'Jﬁ]ﬁﬁ%%”"(ﬂ]
(SIM) 544 (SCAN) FFA7 REBIT 152 B ol g A 78 B0 . S € &7
MES Tk —E W him/z 84, = W him/z 83, WAL m/z45. ZFkm/z 59, FHbE m/z
117, BHbEim/z 117, ERBEm/z 131, B ZH R m/z 91, 4B _HZEm/z 91,
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Fig. 6 Total ion chromatogram of 10 volatile organic anesthetics
(RI: 1. Dichloromethane 10. 22 min; 2. Trichloromethane 12. 09min; 3. Isoflurane 14. 16 min; 4. Enflurane 14. 47 min; 5. Sevoflurane 15. 05
min; 6. Diethyl Ether 19. 81 min; 7/8. m—Xylene/p—Xylene 20. 72 min; 9. o-Xylene 21. 04 min; 10. Dimethoxymethane 21. 82 min) ({54 )
) 1 A BE10. 22 ming 2. =5 S 12. 09min; 3. 596 14 16 ming 4. UG 14. 47 min; 5. -EJHE 15. 05 min; 6. Z19. 81
min; 7/8. 8] ZFIZE/%F ZHIZ£20. 72 min; 9. 28 _HIZE21. 04 min; 10. —H4EIEH4E21. 82 min)

F4 M. HFHEF 10 FME L PERVURBIZEPER R . LOD, LOQ

Table 4  Linear relationships, LOD, and LOQ of 10 volatile organic anesthetics in blood and liver

X 5 . Linear range LOD LOQ
Compound Matrix Linear equation R?
(pg/mL) (pg/mlL) (pg/ml.)
el Blood y = 4697764x + 226269 0. 02~5 0. 9989 0. 005 0.02
oyiene Liver y = 459221x + 42677 0.05~5 0.9975 0. 02 0.05
Blood y = 9330626x + 398449 0.02~5 0. 9992 0. 005 0.02
p—xylene/m—xylene .
Liver y = 887249x + 79810 0. 05~5 0. 997 0.02 0.05
Blood y = 165734x + 22729 0. 05~5 0. 998 0.02 0. 05
Enflurane i
Liver y =67050x + 301. 44 0.05~2 0. 9995 0.02 0.05
Blood y = 66660x + 2764. 1 0.5~10 0. 9996 0.2 0.5
Sevoflurane .
Liver y =28180x +224. 52 0.2~5 0. 9995 0.02 0.2
Blood y =266210x + 9099. 1 0. 05~5 0. 9992 0.02 0.05
Isoflurane i
Liver y = 101745x + 10055 0.2~5 0. 9996 0.02 0.2
. Blood y = 1065009x + 85522 0.05~2 0. 9928 0.02 0.05
Dichloromethane X
Liver y =523491x - 67. 395 0. 05~1 0. 9996 0.02 0. 05
. Blood y =905981x + 82334 0.1~5 0.9979 0.05 0.1
Trichloromethane i
Liver y =193335x + 7634.7 0. 05~5 0. 9985 0.02 0. 05
. Blood y =578594x + 56709 0. 05~5 0.9973 0.02 0.05
Diethyl ether .
Liver y = 222982x + 12301 0.1~2 0.999 0.05 0.1
. Blood y =875113x + 21619 0.05~5 0.999 0.02 0.05
Dimethoxymethane .
Liver y = 189883x + 22470 0.1~5 0.9975 0. 05 0.1

2.4.2 EWME. BEEMEWKER 725 HLMEEEN, SRR, B S =N IRERINEE ST
R, BNREKPPATH & o A, —HWME 3R (HW), FFESENE3I R (H), H5
FRAUE T AR RN AR5 RS, TH R RR R SRS . SRR = Ok, R DR
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AP B R DIFEAR S A KR AR BT AR EGAEL (Y e/ Y 1) o

TR T, &l H N HERREE R 81, 5%~118. 9%, H PUREE R 0. 6%~6. 2%; H ) EifEE K
82.8%~119. 4%, HIEFEHEN 1. 5%~9. 7%, TEFFHEIETH, &9 H PIHERREE A 78. 3%~112. 5%,
H RS2 A7 1. 3%~10. 6%;  H ) ETAE A 82. 5% ~ 117. 4%, HIJFEEE A 1.6%~9.8% (£5), LLE
SEIRFW, ZITIETE PR A P R i 1) BT R v T B R 9

MR LE IR RN, BRIRRWAL, HAY B DS I TE 83%~117% 2 Tu) . 8 R [l e 28 M AR ) Ji
v REAEH 5 SRR s & AR BAE R, DO L R 28 RUINZRRERGE . KRR,
TE BRI R T P R R T REE— P PR, FIRT, %I S0 TR, SEE RS Ak
FEHOPAEWL R, e E S EOL S P BGICR TR, FCR iR RS, KRR BRI T &
Mg, HAMRRRLE, BBV S BRI TR R

TEFFAT A HFERAT , BRI RN, SRR GTE K, MELLEES N BUS ibs
TR B VRN o AT R F I AR B/ At K S R TR AR LGB, REIB LR R WL SE TR S o T - i
FSERRsZIN , 3 Bl S TR [ B B E R =

5 MLBRAFE D 10 FPERIDIOY H Y H IR0 | R A el iR

Table 5 Intra—day and inter—day accuracy, precision, and recovery rates of 10 volatile organic anesthetics in blood and liver

Blood Liver
Intra=  Intra— Inter— Inter— Intra— Intra— Inter— Inter—
Compound Concentration day ac- day  dayac- day Recovery Concentration dayac- day dayac- da Recovery/%
(pg/mlL) curacy RSD  curacy RSD 1% (pg/mL) curacy RSD  curacy RSD
1% 1% 1% 1% 1% 1% 1% 1%
0.2 97.4 5.6 97.8 2.8 71.5 0.2 108.9 7.6 100.1 7.4 57.3
p—xylene/m—xylene 1 102.8 3.5 104.3 2.9 74.6 1 108.8 5.0 106.4 4.8 36.0
5 99.7 2.6 100.5 3.6 78.9 5 100.9 3.3 99. 4 3.7 32.5
0.2 93.6 6.2 93.7 9.7 70.3 0.2 93.3 8.4 93.1 9.8 50.3
o—xylene 1 104.5 3.7 105.2 1.6 73.1 1 106.3 5.0 109.9 4.1 31.0
5 98. 1 3.2 9.1 5.7 75.9 5 99.8 5.0 102.8 8.9 30. 1
0.2 96. 6 3.2 93.3 5.1 99.1 0.2 105.4 9.8 117.4 3.4 107.0
Enflurane 1 108.0 2.0 108.9 7.0 100. 1 1 93.9 7.1 94. 4 2.9 107.7
5 100.9 5.8 99.8 2.4 100.3 2 99.3 5.0 97.4 4.4 116. 6
0.2 85.6 5.4 925 6.5 100.7 0.2 100.1 10.1 74.6 3.8 92.5
Sevoflurane 1 100.0 2.5 89. 8 6.2 100. 3 1 86. 1 10.1 86.7 3.6 89.8
5 102.1 4.6 1041 3.7 102.9 5 90.6 10.6 93.6 1.6 104. 1
0.2 98.8 4.9 99.0 4.1 99.3 0.2 8.4 9.5 110.8 8.6 108. 3
Isoflurane 1 109.1 3.6 106.9 5.4 99.5 1 95.6 4.9 86.7 8.1 106. 2
5 102.7 5.7 103.0 3.4 94.8 5 97.6 3.8 98.3 6.0 111.0
0.2 97.4 5.2 97.3 8.0 86.0 0. 05 94. 6 6.8 90.7 9.7 86.2
Dichloromethane 1 107.6 5.4 113.6 3.2 83.9 0.2 101.2 3.9 946 3.0 77.0
5 78.9 3.8 97.6 2.0 100.4 1 90.7 9.4 101.2 3.3 88.9
0.2 121.8 5.0 117.6 7.9 84.2 0.2 78.3 4.5 74.3 5.3 110.5
Trichloromethane 1 98.9 2.8 99.5 3.3 90.5 1 106.7 6.0 112.9 6.8 83.9
5 100.8 4.0 103.5 6.8 93.0 5 98.6 2.2 958 3.9 101.1
0.2 81.5 3.1 82.8 3.7 103.9 0.2 102.1 3.1 100.5 3.1 105. 1
Diethyl ether 1 118.9 2.6 119.4 1.5 98.8 1 100.1 6.1 92.8 3.0 102.3
5 101.8 3.0 99.9 3.1 96. 8 2 100.1 6.1 95.2 4.1 89.4
0.2 94.6 2.4 86.4 59 94.8 0.2 81.7 6.9 82.5 4.3 103.0
Dimethoxymethane 1 104.6 0.6 103.3 2.3 96.0 1 112.5 1.3 105.9 5.6 109. 1
5 101.4 2.8 106.5 4.6 99.1 5 95.4 3.5 93.1 2.1 107.7

2.5 Zfi Kz F

VN ATTER SERR R HRCR , BT P o RO — AR IR SR TR, SEHHA
TR, oM PR OBy (B7), S8 187 pg/mL, 28 A MLBOM HE AP REL H L k)T,
PR BERE S CDIFR 5 pg/mL) B IICEE A 98. 6%, Bii= &tk . iRk, CREREGEILIKEE 100~300
pg/ml, RREHIREIIZEE N, 4iGEEREEE, REINENRNCEEGE, hZMEE R
i TR YRS . S0 I e — BIEWGE ), LAY L TC I R AR, SR e
JFEHE, BRI TRIN , R B sy, &80 30.2 nelg (E18), 23 FFIEA M AR AR
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HACTEE, FHPEXTEAES ONIFR2 ne/g) MDA 89. 2%, BUiEEH . 4iaikBiBlsEE, ANELmR
FeNBIEN F 2 — o EITEARHR 7 AR R A HURREE B T, AR B E S il 1 nl &
BBk S . PIISERRI W), AR IEASSZ AR T W RE BE B 500, 0F LA B AR R) A R B
R P, AT A TR R A A R PR BLRRIE ) i 2 Y S TR
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Fig. 7 TIC chromatograms of diethyl ether in Fig. 8 TIC chromatogram of sevoflurane in liver
heart blood sample from case 1 sample from case 2

ARG I ST T 2 M i/ B e B (HS-GC/MS)  [w] B 0 5 I 78 A0 v 10 Fehd% e VAT
HUBRBEI I A3 AT 51 o S8 B R 25 5230 45 & Box—Behnken B30 57 ph T AL A B 454, e Iefh 5
Boh: BHLIREE63°C. BEAELITEEE 200°C . S 1H) 18 min, JFiEZAIIEREE, 10 M FRMHLES B W E
TN RREIF (R>0.990), R 40.005~0. 2 wg/ml, EEEHA0.02~0.5 ng/mL; BEERY
Ah, HAY TR MR 83 % ~ 117 %, HWE H RS ER I, e EMFEARSTER, K%M
P T SEBRZEAAGIN , ZE— AR 1L 0 T2 v A SE R M At Sk oy, A — 19 WCTF R 6 v D
FEHE AL PR CRE, R YR T OB Y AR . TR TR E A ai e, BRI
SOIR . REES, WIAERR ) Py S22 P & A A URRI ) 1 ] A0, R R T I A A
SR P B R R AR BOR 3%
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