Development of Emergency Toxicology Screening
for Volatile Drugs and Poisons Utilizing Pulse
Heating Method
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Fig.1. A gas chromatogram of 4 different kinds of volatile
substances by the pulse heating method. Standard volatile
mixture (1 ul) was injected into a tubularly shaped
ferromagnetic alloy (Pyrofoil®) and heated at 1607C for 4
sec in a Curie-point pyrolyzer (Japan Analytical Industry.
model JHP-3). The vapor evaporated was directly
introduced to a gas chromatograph (JEOL, model GCG-
06). These volatiles were clearly separated in about 10
min: 1, ethanol; 2, diethylether; 3, chloroform; 4, toluene.
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Fig.2. Total ion chlomatogram, mass chromatogram and mass spectra of 4 different kinds of deuterium-labelled volatiles by the
pulse heating GC-MS method. a shows total ion chromatogram (upper portion) and mass chromatogram (lower portion) of the
volatiles. b, ¢, d and e indicate mass spectra of ethanol-d§ (d5) (1), diethylether-d10 (2), chloroform-dl (3) and toluene-d8 (4),
respectively. The analytical conditions of pyrolysis and gas chlomatography were the same as those of Fig.1 except for the
detector. A mass spectrometer, ShimazuQP-1000 was used for analysis of the volatiles using electron impact (EI) and positive

mode.
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A-dl0 (®3b), 7 m =kl a-dl (R3e) BLO b r=>v-d8 (R
3d) OREBRITRE S BAEMRE YR L. KILEEE LR
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0. Sy boAMASDIR/—)L-d6, STFILT—F
L-d10, s aAaKRILA-dl LY, FILI-d8 O

=&/ —=n-d6, =—F,-dl0, Zeeiiadl BLY, b
Nz v-d8 10T Py-GC-MS # & R KL AL THRlE L
TRRER2ICFT. 20X 51, AHTIRERA CRHEHENS
bhtz, ¥REREMAE» LD ABOEKREERLEYD
PyGCMS W X293 T, ThboOBBBLILELLRS
- 2RBRHE I hich o1,

Table 1. Separation of 25 volatile substances using a columm, Porapak Q by pulse heating

method
Substance Relative Substance Reative
retention retention
time time
tert-Butanol* 1.00 Methylethylketone 1.27
Methanol 0.25 Chloroform 1.36
Acetaldehyde 0.31 sec-Butanol 1.38
Ethanol 0.42 Ethylacetate 1.39
Acetonitril 0.53 iso-Butanol ) 1.57
Acetone 0.62 1, 1, 1-Trichloroethane 1.69
Propionaldehyde 0.62 n-Butanol 1.85
iso-Propanol 0.66 Trichloroethylene 1.89
Dichloromethane 0.71 Benzene 2.05
Diethylether 0.80 Pyridine 3.43
n-Propanol 0.85 iso-Amylalcohol 3.59
iso-Butylaldehyde 1.07 Toluene 4,19
n-Buthylaldehyde 1.25
* Retention time of tert-butanol, 3.2 min.
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Fig.3. Calibration curves for the 4 kinds of volatiles. These volatiles were analyzed by pulse heating (Py) GC-MS method using

a selected ion monitoring (SIM) mode : m/z 33 for ethanol-d6 (d5) (a), m/z 66 for diethylether-d10 (b), m/z 84 for chloroform-d!
(c) and m/z 100 for toluene-d8 (d). The analytical conditions of Py-GC-MS were the same as those of Fig. 2.
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Table 2. Mesured values of ethanol-d6, diethylether-d10, chloroform-d1 and
toluene-d8 in the rat heart blood

Value (ug/ml) measured by

Substance Sample Pulse Head
number heating space
method method
Ethanol-d6 1 967 980
2 523 512
3 692 684
Diethylether-d10 1 363 343
209 195
3 451 695
Chloroform-d1 1 193 179
215 189
3 386 369
Toluene-d8 1 86.9 87.2
74.3 74.6
3 75.2 83.2

Table 3. Measured values of ethanol in the rabbit blood

and urine
Value (mg/ml) measured by
Sample Specimen Puls? Head Table5. Measured values of chloroform in the rabbit
number heating space blood
method method
) Blood 5 40 2 05 Value (#g/ml) measured by
2 Blood 2.35 2.00 Sample Pulse Head
number heating space
3 Blood L.97 1.88 method method
4 Blood 1.95 2.17
5 Blood 1.07 0.87 1 119 106
6 Blood 1.13 1.23 2 111 108
7 Blood 1.36 1.49 3 168 183
8 Blood 1.11 1.18 4 88.6 74.6
9 Urine 0.194 0.166 5 56.4 53.1
10 Urine 0.141 0.209 6 73.1 66.7
11 Urine 0.095 0.135 7 43.7 44.9
12 Urine 0.128 0.071 8 82.9 74.9
13 Urine 0.130 0.120
14 Urine 0.304 0.262
Table 4. Measured values of diethylether in the rabbit
blood and urine
Value (zg/ml) measured by Table 6. Measured values of toluene in the rabbit
blood
Sample Specimen Pulse Head
number heating space Value (¢g/ml) measured by
method method Sample Pulse Head
number heating space
; gigg: 22 ’ g ;g g method method
3 Blood 93.5 104 1 20.8 16.5
4 Blood 53.1 66.8 2 17.0 15.8
5 Blood 43.3 46.3 3 26.8 25.5
6 Blood 36.7 8.7 4 17.0 17.9
T Blood 42.8 4.7 5 11.0 12.6
8 Blood 34.5 27.5 6 10.6 10.2
9 Urine 18.6 15.7 7 5.4 4.2
10 Urine 20.9 18.4 8 8.2 8.9
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V. THFOmBEILITRMASODIZ/—IL, T—FIL, ¥
ARRILAB LIV MILI DR

CHFIL X ) =, m—FN, JerRisLABIUT AT
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HABEME (MIFEImMELEDL) 23088 L ORI2TE
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=& )= AR I FORICVGh® D YRR T B
hoTAa - AR ES, EREEERK, » 36 (£
BEFD 1.3%) H-7o. WTh b BETERIL26,29% & 0730
BTHote., TOMEBET LI —LVEBEIFRER 056 219 &
LU 1.40mg/ml THote. FOMD =&/ —AREH IR
BICRBKET v a—-AREAH, 7Tz — L EEEREORM 4
B, KBEEER»SEZ 2R ERAD 7. Py RHE
NEDR3EBEMSETHoTz. FLTEDRBYTHDERBRD
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Bll. BH8m, vrBEEEIBEBE (Vv Ry 7R
BH) Y EETFYBEEBHELHR L L0, REFKEE, #iE
(5mmX5mm), M/F (130/72mmHg), &k X OCIRITIZES,
8 36.1°C.

B2, 1T, 3ETEEFLTERE, vvr—EEE.
kbR EaE, B, "RB I URMIZER. mE (108/

60mmHg), A& 35.7C TH 7.
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HEE LI, EERE.
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ot . 5EMA by v —EECHEEEYSIT T
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Fig.4. Comparison of ethanol concentration in the volun-
teers’ blood and urine. Ethanol concentration was
simultaneously measured both by the head space GC
method (X axis) and by the pulse heating (Py)-GC method
(Y axis). The analytical conditions of Py-GC was the
same as those of Fig.1. The conditions of the head space
method are described in the text. The regression line,
Y=0.022+0.967X; correlation coefficient (r), 0.999;
number of sample (n), 14.

2X

Table 7. Measured values of ethanol concentration in the volunteers’ blood and

urine by head space method and by pulse heating method

Blood Urine
Value (mg/ml) measured by Value (mg/ml) measured by
Case Pulse Head Pulse Head
number heating space heating space
method method method method
1 0.165 0.173 0.195 0.179
2 0.212 0.207 0.349 0.330
3 0.298 0.297 0.296 0.290
4 0.492 0.491 0.616 0.595
5 0.449 0.456 0.523 0.481
] 0.652 0.629 0.481 0.405
7 1.49 1.48 1.52 1.60
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Table 8. Screening of volatile substances in the blood and urine in emergency
medical cases

Number of cases (samples)

Detected Concentration
substance (mg/ml) Blood* Urine
Ethanol <0.1 202 (247 114 (164)
0.1~0.49 7TM 4 W
0.5~0.99 7 (M 3®
1.0~1.49 4@ 1M
1.5~2.49 7 33
2.5~3.49 2 (2) 1
3.5~4.49 1 0
4.5< 0 1M
Toluene 33 2@
Acetone >0.01 3(d 8 (8

* Containing serum or plasma.

Table 9. Determination of toluene and hippuric acid in the blood and urine in emergency
medical cases

Case Sex Age Specimen Toluene Hippuric acid
number (ug/ml) (mg/ml)
1 Male 28 Blood 10.1
Urine 0 37.0
2 Female 17 Blood 1.72
Urine 0.729 19.2
3 Male 18 Blood 0.800
Urine 0.043 7.8
4 Male 17 Blood 0
Urine 0 29.4

Toluene was analyzed by pulse heating method, and hippuric acid by spectroscopic
method. (See text).

Table 10. Screening of volatile substances in the blood and urine in autopsy

cases
Detected Concentration Number of cases (samples)
substance (mg/ml) Blood Urine
Ethanol <0.1 65 (719 45 (45)
0.1~0.49 4 (8 5 (5)
0.5~0.99 3 (® 1M
1.0~1.49 13 0
1.5~2.49 9 (20) 6 (6
2.5~3.49 2 (@ 5 (5)
3.5~4.49 1@ 2 (@
4.5< 0 0
Toluene 2 (2 2
Chloroform 2 (3 1
Acetone >0.01 1M 4@

ri-Propanot “4°(5) N )
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Fig. 5. Comparison of ethanol concentrations in the blood
and urine in emergency patients and autopsy cadavers.
Ethanol concentration was simultaneously measured both
by the head space GC method (X axis) and the pulse
heating (Py)-GC method (Y axis). The analytical condi-
tions of both methods were the same as those of Figs.1
and 4. The regression line, Y=0.00241.02X; correlation
coefficent (r), 0.988; number of sample (n), 80.
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Table 11. Mesured values of toluene and chloroform in the blood and urine both by pulse

heating method and by head space method

Value (ug/ml) measused by

Detected Case Sample Pulse Head
substance number heating space
method method
Toluene 1 Blood in the
abdominal cavity 41.3 43.0
Pericardium fluids
containing blood 14.1 14.0
Urine 9.64 8.20
2 Blood 0.80 0.81
Urine 0.043 0.031
Chloroform 1 Left heart blood 134 90.7
Right heart blood 130 - 112
Urine 8.77 6.42
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Development of Emergency Toxicology Screening for Volatile Drugs and Poisons Utilizing Pulse Heating Method
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Abstract

The head space method has commonly been employed as a reliable method for analysis of volatile drugs and poisons
including ethanol. However, the method requires rather large amounts of samples and internal standards. Moreover, there is
some difficulty in handling substances of a high boiling point. Recently, Nagano et al. have developed pulse heating method
utilizing a curie point pyrolyzer for the analysis of ethanol. The method is characterized by the following advantages: 1) It
requires a small amount of samples (1 «1). 2) No pretreatment of samples is required. 3) The time for analysis is relatively
short. 4) It gives exact values. In the present study, the pulse heating method was examined in comparison with the head
space method which is now in widespread use. Having confirmed the advantages of the pulse heating method for ethanol,
we carried out basic studies for diethylether, chloroform and toluene labeled with deuterium in order to introduce the method
to a toxicology-screening system of volatiles. Ethanol-d6, diethylether-d10, chloroform-dl and toluene-d8 were administered
to animals and their blood samples were analyzed by the pulse heating method. It was possible to isolate and identify all the
administered substances in the blood and urine within 15 minutes, and no heat decomposition substance derived from the
samples was detected. When the values obtained by this method were compared with those by the head space method in
alcohol intake test of normal human volunteers, a remarkably good correlation (y =0.999) was observed. When a mixture of
ethanol, diethylether, chloroform and toluene was administered to rabbits, each substance of mixture could be clearly and
simultaneously analysed using the blood samples of the animals. Employing the pulse heating method, toxicology screening
of volatiles was carried out for 452 samples from 280 emergency patients. Ethanol (more than 0.1 mg/ml), toluene and ace-
tone (more than 10 x g/ml), were detected in 28, 8 and 11 patients, respectively. In cases of the autopsy screening (85 cadav-
ers, 186 samples), ethanol was detected in 20 cadavers (60 samples). Moreover, toluene, chloroform and acetone were
detected in 2, 2 and 4 cadavers, respectively. In conclusion, in the series of studies presented here, it was clearly demonstrat-
ed that the pulse heating method was useful for simultaneous analysis of volatiles and that it could be utilized as an emergen-
cy toxicology screening system and be used in quantitative analysis of clinical samples obtained in emergency medical care
and forensic autopsies.




