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Abstract: The headspace gas chromatography—mass spectrometry method was established to quanti-
tatively determine 12 volatile organic compounds (VOCs) in whole blood. Critical parameters, in-
cluding the amount of dimethyl sulfoxide (DMSO) used as a cosolvent, sodium chloride addition, in-
cubation temperature, and incubation time, were optimized. The optimal experimental conditions
were as follows: 2 400 mg of DMSO was added as the co-solvent, the blood sample was diluted three-
fold, 1.5 g of sodium chloride was added, the headspace incubation temperature was set to 75 ‘C,
and the incubation time was 30 min. Separation was performed on an HP-PLOT/Q capillary column
(30 mx0. 32 mmx0. 32 wm), and detection was performed in selected ion monitoring mode. The tar-
get analytes were well-separated, and accurate quantitative results were obtained. The method vali-
dation showed that the 12 VOCs exhibited good linearity within the tested concentration range, with
the correlation coefficients (r*) exceeding 0.99. The limit of detection ranged from 2 to 56 ng/mlL.
The average recoveries at different spiked levels ranged from 86. 1% to 111%, with relative standard
deviations of 1. 1%-9. 6%. The developed method is simple and rapid and provides reliable qualita-
tive and quantitative results, making it suitable for determining VOCs in whole blood.
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Table 1 Retention times, qualitative ions, and quantitative ions of the target substances and internal standard compounds

No. Component CAS L,/min Qualitative ion Quantitative ion
1 Methanol ( FH i) 67-56-1 7.7 31, 32, 29 31
2 Ethanol ( £, %) 64-17-5 11.8 31, 45, 46 31
3 Acetonitrile( ZJiE) 75-05-8 11.9 41, 40, 39 41
4 Dichloromethane (5 H k) 75-09-2 13.5 49, 84, 86 49
5 Acetone () 67-64-1 13.6 43, 58, 15 43
6 Isopropanol ( 5P ) 67-63-0 14.9 45, 43, 27 45
7 n-Propyl alcohol (1FE P i) 71-23-8 16.5 31, 42, 59 31
8 Tetrahydrofuran (VU %W ) 109-99-9 17.8 42, 41, 72 42
9 Chloroform ( =4 F ¢ ) 67-66-3 18.0 83, 85, 47 83
10 Ethyl acetate( ZFR 2T ) 141-78-6 18.6 43, 70, 45 43
11 Benzene () 71-43-2 20.0 78, 77, 51 78
12 Toluene( H %) 108-88-3 24.0 91, 92, 65 91
13 Acetonitrile=D,(Z i-D,) 2206-26-0 11.8 44, 42, 40 44
14 Benzene—D, (£-D,) 1076-43-3 19.5 88, 82, 56 88

1.3 HR/ER KRR RS B F
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Fig. 2 Optimization of the incubation temperature
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B G (IR DTN Rl % LV i TR A N = i/ iR NP e WS & LIl i AP (v R R P SN B 9 DTy U LT = S
2.3 FHiEFWIE
2.3.1 Tieghzk. RHRFMEE TR WEMEZE “1.37 PEHIEIRSREE &SR, BRIRNES
MERE S, H & BB EE 10, 20, 50, 100, 200, 500, 1000, 2000, 5000 ng/mL A4 525 4 Ifil
HOMEREES,, BN SAE T s 6 5 FATHES:, F20R <1, 47 BORTACHE S i3t A3 AL PR S HERE AT . R SEG;
SR NARE IE 2200 i TAEIMZE, 43 B g -D RIZE-D AE A E bR, LLETFI E brd 5 MR
W) o I T FR LA (A /A pyisen) FIAERR(Y) , R0 H BRI ED BT IR EE (X, ng/mL) MEEALPR, #1746
PERNAPIE RS A )7 RE . A2, 12Fh B AR/ AT 7 2% 5200 ot 2k 3 [ N B4 R B
SRR R, 22470, 990 8~0.999 3 HE TR B I MIARAE i () SO0 EL 430 LA nl e £ Wk L
(SIN) =3 F 10 VA PEAN 2, THEAR HZ 7 R & R 9 A H BR (LOD) 47 2~56 ng/mL, & & FBR
(LOQ) 4 6~200 ng/mL,
F2 12FPVOCS LTI . MRS, Atkdrfe . AR E B TR
Table 2 Linear ranges, correlation coefficients, linear equations, limits of detection, and limits of quantification for

12 volatile organic compounds(VOCs)

Linear range  Correlation coeffi- . . LOD LOQ
Component a2 . 2 Regression equation " _, Internal standard
/(ng-mL™") cient(r*) /(ng-mL™") /(ng-mL™")
Methanol ( F %) 100~5 000 0.995 4 ¥=0. 001 3X-0. 178 5 20 60 2D,
Ethanol (Z. %) 100~5 000 0. 996 1 ¥=0. 001 3X-0. 192 4 27 90 ZJiE-D,
Acetonitrile(Z. i) 200~5 000 0.9957 Y=0. 004 2X-0. 734 3 50 150 ZIE-D,
Dichloromethane ( — 5 4¢) 10~5 000 0.998 7 Y=0. 011 4X+0. 686 9 2 6 D,
Acetone () 200~5 000 0.996 0 Y=0. 008 7X-1. 965 0 50 150 #-D,
Isopropanol ( 54 ) 10~5 000 0. 996 6 ¥=0. 008 8X-0. 353 3 3 10 ZJiE-D,
n-Propyl alcohol ( 1E P i) 200~5 000 0.996 5 Y=0. 004 8X-1.275 1 56 200 ZIE-D,
Tetrahydrofuran ( P45 ) 50~5 000 0.999 3 ¥=0. 013 0X+0. 587 8 5 17 =D,
Chloroform ( =4 Fl %) 20~5 000 0.9953 ¥=0. 010 9X+0. 686 9 4 13 #-D,
Ethyl acetate(Z 2 ZB) 100~5 000 0.993 1 Y=0. 029 2X-3. 386 4 29 98 H-D,
Benzene (%) 50~5 000 0.991 1 ¥=0. 003 8X+0. 403 6 15 50 =D,
Toluene (I ZK) 100~5 000 0.990 8 ¥=0. 003 3X+0. 881 9 20 65 =D

2.3.2 EMESHEEE WRIEPTEITIERNMETE SHEE, 258% HrYr 2y B IX b, Bl
TR 50, 200, 500, 2 000 ng/mL A ZS H MR A IIFE S, BEASZRAF Tl & 6 4y FATHES
[ RG] T R B 424 50 200, 500, 2 000 ng/mL A4S 1A 5 B FOKIRMIFES, BULBE 6 4~ FAT
it PrARESIIZEE “1. 47 BIRSERATAL R BRI E o 5 H PRE-S Y IIbR iR 2 T HAE S A
ML TR A i 525 1 25 85/ TR IR v 0 R R B BB R A5 [, R 2% B A & 7S i
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TS IVRE St b B0 25t T SRR T R v I 22 (RSD) RSB A 7 VE )RS B B . g 3R, 2 HARY ) el iR
786. 1%~111%, RSD A11. 1%~9. 6%, iFBHiZJ7%kH & B a0z 53,
3 12F0 VOCs IR el i 2T X s v i 25

Table 3 Spiked recoveries and relative standard deviations of 12 VOCs

Component Spiked/(ng-mIL™") Recovery/% RSD/%
Dichloromethane ( —- % H! ¢ ) 50, 500, 2000 111, 93.7, 97.4 5.8, 8.8, 6.4
Isopropanol ( 5 ) 50, 500, 2000 106, 104, 95.1 6.9, 2.5, 6.3
Tetrahydrofuran (VU %W ) 50, 500, 2000 92.5, 101, 93.2 6.7, 8.7, 3.9
Chloroform ( =& H ¢ ) 50, 500, 2000 94.3, 94.2, 94.3 4.6, 9.0, 5.1
Ethyl acetate( £ 2.8 50, 500, 2000 86.1, 95.8, 99.8 6.7, 3.4, 8.1
Benzene () 50, 500, 2000 97.9, 100, 94.9 6.1, 7.3, 2.7
Methanol ( FF i) 200, 500, 2000 110, 98.3, 93.4 5.6, 8.1, 4.1
Ethanol ( Z,1%) 200, 500, 2000 97.5, 90.9, 104 1.1, 1.9, 8.3
Acetonitrile( ZJiF) 200, 500, 2000 96.8, 106, 93.5 6.7, 1.5, 5.6
Acetone (I ) 200, 500, 2000 105, 96.7, 101 2.7, 4.6, 6.5
n-Propyl alcohol (1F N %) 200, 500, 2000 96.5, 88.6, 94.1 1.4, 9.6, 3.1
Toluene(HH7%) 200, 500, 2000 91.3, 103, 105 2.5, 4.8, 2.9

2.3.3 HEBRMEE HRIUFADIHIFREN, 5 E 8RR TR E 5 000 ng/mL #1254
ML AL T %22 . J6H% 5 000 ng/mL Y25 A MR IIAE SR, Bl S ZEFER IR INIAD 25 A I
fie ZERER, TEZS A MR IMRESIRE G, B BERER 23 A MR RE S P 1280 VOCs BARIIBIARKEH
WEBAAR 7V TR ROV, T L 12 Fh vOCs B AR E) € 1 5 2 240 ik .
2.4 BEIAEFEIM

S SCER TR, AT 1R H bRk SRR dn il S e db B AR, Bk R4, Hik,
TEFRUESHECHIER T, ARWET5IN R RSTIE A BAR, JERGHL T AT EE FEE LN, F
FH B R T ) PP S P IS S VR T T IR R I F g T S0, 25 B AL NI ST A% v AT
RUFEAR T AR MR B T, 3R 1 22050 [ Hb ARG i o7 R B o 1

F4 R IT RN

Table 4  Performance comparison between different detection methods
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Method features in literatures

Features of this method

Relative advantages of this method
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