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~111. 6% , MR PRUEM2E (n=6) N 0. 4% ~7. 4%, ¥ PHERF TG L ATEHIA R L 2 ER I E TR E
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Abstract: Based on the technical methods of GB/T 42430-2023 and GA/T 204-2019, this study
established an analytical method for headspace injection double-column dual-detector ( hydro-

gen flame ion detector) gas chromatography for the simultaneous analysis of at least 12 volatile
compounds, including ethanol, in human blood using two different equipment platforms and
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chromatographic columns. A 100 pL blood or urine sample and a 0. 04 g/L tert-butanol working
solution prepared as an internal standard are introduced into the headspace sample bottle and
then sealed, mixed, and placed on the headspace sampler rack. Using different equipment plat-
forms and columns, methodological parameters such as the limit of detection (LOD), limit of
quantification (LOQ), precision, and accuracy of the method were systematically evaluated.
The chromatographic separation of acetone, alcohols and benzenes using the established meth-
od was satisfactory. The linear ranges, linear correlation coefficients (7), and LODs of acetone
and six alcohols, including ethanol, were 0. 10-3. 00 g/L, >0.997, and 0. 05 g/L, respectively.
The LOQs were 0. 10 g/L for all other compounds, excluding n-propanol (0.005 g/L). Addi-
tionally, the linear ranges, r values, LODs, and LOQs of benzene and four benzene derivatives
were 0.05-50 mg/L, >0.995, 0.02 mg/L, and 0. 05 mg/L, respectively ( Column J&W DB-
BAC1 UI and Column Rtx-BAC-PLUS 2). The average recoveries of compounds on J&W DB-
BAC1 Ul and Rtx-BAC-PLUS 2 columns ranged from 92.2% to 111. 6%, and the relative stand-
ard deviations (RSDs, n=6) ranged from 0. 4% to 7. 4%. The LOD, LOQ, precision, accuracy,
and linearity of the established method met the requirements of relevant standards, and no sig-
nificant differences arose between the methodological parameters of the two platforms. CNAS-
GL006 (2019) and JJF 1059. 1-2012 were used as guides to evaluate the uncertainty of ethanol
on two different sets of equipment platforms and chromatographic columns. The ethanol uncer-
tainty was mainly derived from the calibration curve; however, the confidence probability was
95% (k=2). According to the analysis of the verification samples and real samples, the estab-
lished method is suitable for the high-precision quantitative analysis of acetone and six alcohols
and five benzene derivatives in human blood and other body fluids. It can be used in practical
scenarios such as judicial identification and the detection of poisons.

Key words: headspace injection ( HS); double-column dual-detector; gas chromatography

(GC) ; volatile compounds; human blood; standardization
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7697 A T % HEREAR I 8890 S AH (TN (% HE(E
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HEE TR R BESET) , GC 2000 A (3854 (BT
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A 6 FHEREEISL G P45 100. 50 mg, FHZK E 4%
% 10 mL, B 10. 0 g/L 1 7 FhEREEEALS Y0R
BB 1 FRIAE P4 10. 20 mg F1H At 4 F
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0.10.0.20.0.50.0.80,1.00.2.00.3.00 g/L, %%
b P i o £ ik BE KR R 0,50, 1..00,2. 00, 5. 00,
10. 00.,25. 00.,50. 00 mg/L) .
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Fig. 1 Typical chromatograms of the 12 compounds and internal standard (IS) tert-butanol on

(a) platform a and (b) platform b

Peak identifications: column a- I . 1. methanol; 2. ethanol; 3. isopropanol; 4. n-propanol; 5. acetone; 6. isobutanol; 7. benzene; 8.
n-butanol; 9. toluene; 10. p-xylene; 11. m-xylene; 12. o-xylene; column b- I . 1. methanol; 2. ethanol; 3. isopropanol; 4. acetone; 5. n-
propanol; 6. isobutanol; 7. benzene; 8. n-butanol; 9. toluene; 10. p-xylene; 11. m-xylene; 12. o-xylene; columns a- 1l , b-1I. 1. metha-
nol; 2. ethanol; 3. acetone; 4. isopropanol; 5. n-propanol; 6. benzene; 7. isobutanol; 8. n-butanol; 9. toluene; 10. p-xylene; 11. m-xy-

lene; 12. o-xylene.
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Table 1 Linear ranges, correlation coefficients (r), LODs and LOQs of
the 12 compounds on column a- I and column b-1I

Column Compound Linear range Linear equation r LOD LOQ
a- | methanol 0.10-3.00 y=0.67942x-0.0399 0.9992 0.05 0.10
ethanol 0.10-3.00 ¥=0.91932-0.0762 0.9990 0.05 0.10

isopropanol 0.10-3.00 y=1.55932-0.127 0.9992 0.05 0.10

acetone 0.10-3.00 y=2.8565x-0.1656 0.9995 0.05 0.10

N-propanol 0.10-3.00 y=2.2476x-0.1746 0.9986 0.005 0.10

isobutanol 0.10-3.00 Yy =2.4088x-0.196 0.9992 0.05 0.10

N-butanol 0.10-3.00 Yy =2.05752-0.0503 0.9994 0.05 0.10

benzene 0.05-50 y=1.1112x-3.5888 0.9991 0.02 0.05

toluene 0.05-50 ¥ =0.7995x-3.0549 0.9984 0.02 0.05

p-xylene 0.05-50 y=1.1212-3.9122 0.9991 0.02 0.05

m-xXylene 0.05-50 y=1.09542-3.7899 0.9990 0.02 0.05

o-xylene 0.05-50 y=0.7076x-3.4284 0.9987 0.02 0.05

b-1I methanol 0.10-3.00 y=0.7166x-0.0573 0.9986 0.05 0.10
ethanol 0.10-3.00 y=1.45332-0.1259 0.9988 0.05 0.10

isopropanol 0.10-3.00 y=3.7507x-0.2053 0.9994 0.05 0.10

acetone 0.10-3.00 ¥ =3.80732-0.2351 0.9992 0.05 0.10

N-propanol 0.10-3.00 Y =2.6454x-0.2184 0.9994 0.005 0.10

isobutanol 0.10-3.00 y=4.29312-0.4383 0.9989 0.05 0.10

N-butanol 0.10-3.00 y=2.9704x-0.2727 0.9991 0.05 0.10

benzene 0.05-50 y=0.91212-3.6015 0.9989 0.02 0.05

toluene 0.05-50 y=1.14172-4.0097 0.9986 0.02 0.05

p-xylene 0.05-50 y=0.77222-3.6543 0.9988 0.02 0.05

m-xylene 0.05-50 y=0.9910x-3.4859 0.9986 0.02 0.05

o-xylene 0.05-50 y=1.10912-4.3205 0.9979 0.02 0.05

Y. the ratio of the peak areas of the target to the internal standard fert-butanol; x: mass concentration. The units of linear ranges,
mass concentrations, LODs and LOQs for acetone and alcohols are g/L. The units of linear ranges, LODs and LOQs for benzene com-

pounds are mg/L.
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Table 2 Recoveries and precisions of the 12 compounds at
four spiked levels on columns a- I and b-1I (n=6)

Column a- [ Column b- I
Compound Level*
Recovery/% RSD/% Recovery/% RSD/%
Methanol 0.20 100.0 5.2 106.2 4.7
0.80 98.6 1.2 101.4 1.3
2.00 96.7 3.7 99.6 1.8
3.00 100.7 2.3 98.9 1.3
Ethanol 0.20 109.1 1.6 107.3 3.9
0.80 96.7 0.4 101.1 1.6
2.00 92.2 2.6 100.3 2.3
3.00 100.7 1.0 99.0 0.5
Isopropanol  0.20 99.5 3.2 106.1 1.5
0.80 97.4 2.0 99.7 0.6
2.00 97.0 1.0 101.2 1.2
3.00 99.4 1.6 100.0 0.9
Acetone 0.20 111.6 1.2 107.1 0.8
0.80 98.9 1.0 96.0 4.4
2.00 97.2 1.3 99.7 1.9
3.00 100.7 1.7 98.9 2.2
N-Propanol  0.20 106.3 5.8 110.8 1.4
0.80 98.8 1.9 101.0 0.8
2.00 95.2 0.9 97.9 4.4
3.00 102.8 0.9 99.4 0.4
Isobutanol 0.20 105.6 7.4 111.2 0.5
0.80 97.8 1.4 101.2 1.0
2.00 96.2 2.1 98.1 33
3.00 102.3 0.9 99.6 0.9
N-Butanol 0.20 105.4 1.2 107.9 33
0.80 97.9 1.1 100.6 0.4
2.00 93.6 0.7 101.1 2.1
3.00 101.3 0.4 99.9 0.7
Benzene 0.50 102.8 1.7 98.9 1.9
1.00 95.8 4.2 99.6 3.2
5.00 100.1 1.2 98.5 1.2
25.00 98.7 1.2 98.5 1.0
Toluene 0.50 98.7 2.4 105.1 0.8
1.00 101.7 2.6 103.2 2.3
5.00 96.6 1.9 97.8 1.3
25.00 99.7 1.8 99.8 1.7
p-Xylene 0.50 100.7 2.5 100.2 2.0
1.00 101.0 4.0 94.2 4.0
5.00 97.5 1.2 97.2 1.8
25.00 101.0 33 101.7 2.4
m-Xylene 0.50 96.6 2.0 95.8 1.2
1.00 100.0 4.7 97.5 1.0
5.00 99.7 0.5 98.8 1.1
25.00 98.1 2.4 101.8 2.5
0-Xylene 0.50 100.2 3.0 100.9 2.7
1.00 106.4 3.0 99.2 2.5
5.00 95.2 1.2 96.5 1.1
25.00 98.9 4.5 101.2 1.2

# The units for acetone and alcohols are g/L. The units for
benzene compounds are mg/L.
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Table 3 Relative standard uncertainty components

of ethanol on two equipment platforms
and chromatographic column systems

Relative standard uncertainty components

Numeric values

Item

Source Symbol  Column Column

a1 b-1I
3.59x107% 5.03x107
U (By)  2.14x1072 2.30x1072
Up(By)  2.49%1073 2.49%x1073
B; pipette (50-250 pL) Ut (Vigg) 4.08x1073 4.08x107°
B; pipette (100-1000 pL) Ure( Vo) 2.04x1073 2.04x1073
B, instrumental determination %,,(GC) 5.00x107% 5.00x1073

2.3 EEREmOSH
2.3.1 B S AT

Xof S 2 AU 2 AR T B RE i T BT AT 1Y
i Al IS E v At i, AU
BB AT IR, 7090 2% K — 2k, AP
BER P IEE R H R/ IWES R (C, n=2), W1
AL =2 ] 1 22 AR DA 3K T 5 )~ S (LA Sl 3
FEARXTAHZ2E (RD)

LM SR et a- T LB | I
W7 25 2R Crrsamplera1 = 120 8/L, RDpr piera 1 =
2.6% (ASE AT BRE T RLE BY 10% , 15 5 5E 45
AR TERE b-T1 b ke i B £ B 5 R E 45

A determination repeatability %,(A)
B, standard curve fitting
B, standard solution
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FRBYE | 5 THAS R XURE RUKY T 8- (038 o
SHT NI h 2 B 12 PR R ALY - 915 -

CP’I‘-samplel-b-]T =1.20 g/L, RDPT-samplel-b-n =2.5%, Xt
TRE 2, CpT,samplez,a,l =0.78 g/L, RDPT—sample}a—l =
2.0%, Cprmpiernn = 0-79 /L, RDprpreann =
2.2%.

265 4} AR 1 B 4R LA L 4 A e
PEAE A 2 28 (z-score) 43 51 0.51 0. 45,
0.51.0. 67, 4555 EG AT E FIZOANAT = 252
HEVRBE T 35 UE TR D AR OGBS , BRCELS A
K 95% (AL AT k=2) , Be JJBIERE S 1 764 a- 1
FAE b- T b 9 F 0 45 51 43 51 R (1.20£0. 06)
g/LFI(1.20+0.07) g/L A4 2 7E4E a- T FfIAE b- 1
A I A5 R A (0.78 £0.04) g/LAI
(0.79£0.05) g/L; FEARULE -5 L, A —HFE Y
RD ¥ 10% ; FE 850 1 8 AN E B4 0. 06
0. 07, K65 2 P TRAHEE N 0.04 £1 0. 05,4~
B B I R I, Uk B T 4 ST Tk R IS T AN TR
I m A R B AR S — 8,

2.3.2 W E RO &N

) — I T 2023 4E 9 H B BERIE K 1
VR T B AR IR — 1y, T T ST 5 A T AT, DA
UREE P | BT A o 5 B8 (U R P 7] P o R I
ikt a- 1 a-1 b-1 b-T EREIERILE 2, 2457
B, F6 a 576 b Bk H i F 2 fr]
AR IR 2) LAl LhRUEY) BT EL X, A
TR R OHE, AR R OE A

a. 7697 A headspace sampler-8890 gas chromatpgraph

300
] Column a- [
] 4
200 6
1 2
100 5 ;
T ] 1k 5
S . ]
Dot
2 ] 4
K il 6C01umr1a—ﬂ
200
1 2
100 ] 3 7
1 1 3
] [
=
0 2 4 6 8 10 12

t/ min

ARSI R AT f 3 AT, TEAE a- T L HIBE %)
TR ) U RORIAR U 2 A B I 4 AR )
7 0.30 g/L.20.1 mg/L 87.1 mg/L.39.8 mg/L,
RD 43 510 0.34% .3.5% . 0. 15% . 3. 6% ; 7E 4% b-1I
b B R TR R ) R 2R RAR T H R )
ELEF K 0.32 /L 18.90 mg/L . 86.5 mg/L,
40.0 mg/L, RD 4350 4.5% 2. 4% 1. 1% .0. 17%,
Herpja] H IR OE A R IR TS L, 28
GB/T 42430-2023 ZLRXPEEASHR BE 10 £ K E &,
AT A RN R 2R it T H B bR

) S T 2023 A 7 A IR SRR
BEAECH M AR A — 1, $ I8 1. 3 oAb 3, db 35
(A IV RIS FH T ST 9 5 i A T, AOSURE 7
PR R, RIS SR L 4, S0 A
W B B2 O SR i B 1Y 20k B0sE vk B (0,90
g/L) 20 R ERARAE 5 Sk

LB —r AU IR T —A>J7 75 i [F] B 35 1
WIS [R)F AR bR e, AR BL T 5 2 i i sl )i Ji
N T R RE SR ARAE T 51 B AR LAIME A i s
W A 208 oy FH J BT sl ST A S R A
IV | =TT K 7Y i O 2 1 s S 5) 7 T3 A N
P | OB i, I D 3 i PR TRAE A, B0 R
A EE AT REPE , IR 2R B T AR TR
W UL BT ST T A5 A GB/'T 42430-2023 Ard il
Ji o F HA AW 5T

b. HS-12 headspace sampler-GC 2000 gas chromatograph

50 -
40 _f 4 Column b- T
30 .
20 23
] 7
< 104 1 n 5
Al )
2 0:
é ] T T T — T T
D“? 60_; 4 Column b-11
504
40 3
30 3 5 6
20 1 H ;
] 1 5
10—E )
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B2 BMUERERFPESENRER a-1.a-1.b-1 b-T EHEIEE

Fig. 2 Chromatograms of a blood sample from a patient with suspected volatile solvent poisoning on

columns a-1 , a-I, b-1, b-1I

Peak identifications: 1. methanol; 2. dichloromethane; 3. tert-butanol; 4. ethyl acetate; 5. p-xylene; 6. m-xylene; 7. o-xXylene.
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Table 4 Test results in case II on columns a-I and b-1I (n=2)
Column a- [ Column b- II
Sample
Compound Assay result/(g/L) RD/% Compound Assay result/(g/L) RD/%
Blood methanol 0.83 1.1 methanol 0.87 3.1
ethanol 0.48 0.40 ethanol 0.52 2.8
acetone + + acetone + +
Urine methanol 0.78 0.58 methanol 0.83 2.8
ethanol 0.20 2.1 ethanol 0.24 0.16
acetone - - acetone - -

RD. standing for relative difference, calculated by dividing the difference between the outcomes of two tests by their average. +. de-

tected but lower than the LOQ; -: not detected.
3 Hig

AR T —EREFN A GB/T 42430-
2023 5 GA/T 204-2019 b ifE B3R 0 5 & 9y ot o
BRI, IR AEWER&ET & AR GEE
PETRAEIARIZE 3, 2 ek, B0 0 [ P T s
HERE-SARETE T & 5 & A7 Ik F e R
R DL R 2 S U B AR A AR T vk g
AR RE S, &K0F, J&W DB-BAC2 UI i
(4 a- 11, 30 mx0. 32 mmx1.2 pm) 5 Rtx-BAC-
PLUSI 34 (4 b- T, 30 mx0. 32 mmx1. 8 pm)
SRR S R TR 43 B 2R 5 E T BER 43 g 1k
AR S8, $7m 76 50 B b B B 8 00 Hh %5 4% &2 H A
P53 AT 04 7 PR A5 5 AR B T A Bl 2 I A Al
Bl PRGN F-BE O I 50T, (A ) o e A s
F153 0T, HA WD AR [ A A P 7 — B v o 1) € i A
[ RTRE AR B B (DA ) 5 | R iR B AE R, DL J&W
DB-BACI1 UI {34 (4 a- 1, 30 mx0. 32 mmx1. 8
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0. 32 mmx0. 6 pm) A HEAh 7 1 RE B TS
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