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SUMMARY

A gas chromatographic method has been developed for the detection and
identification of some volatile organic compounds in whole blood, plasma or serum.
After incubation of the sample (200 pl) together with the internal standard solution in
a sealed vial, a portion of the headspace is analysed using a 2-m glass column packed
with 0.3 %, (w/w) Carbowax 20M on Carbopack C, 80100 mesh. The column oven,
after 2 2-min isothermal period, is programmed from 35 to 175°C at 5°/min and held
for 8 min. The effluent is monitored by both flame-ionisation and electron-capture
detection, and peak assignment is by means of retention time and relative detector
response.

The method has proved applicable to the detection of bromochlorodifluoro-
methane, n-butane, carbon tetrachloride, chlorobutanol, cryofluorane (Halon 114),
dichlorodifluoromethanc {Halon 12), ethyl aceiate, halothane, isobutane, isopro-
panol, isopropyl nitrate, methyl ethyl ketone, propane, tetrachloroethylene, toluene,
1,1,1-trichloroethane, 2,2,2-trichloroethanol, trichloroethylene and trichloro-
fluoromethane (Halon 11) in blood specimens obtained from patients suspected of
abusing these agents.

INTRODUCTION

The diagnosis of poisoning by volatile organic compounds such as soivents,
aerosol propellants and anaesthetics is often aided by either the past medical history
or circumstantial evidence such as the discovery of empty containers, the presence of
traces of glue on the patient’s clothing or the odeur of chemicals on the breath.
However, in the absence of such evidence, serious diagnostic problems. may occur
since the clinical features of acute poisoning withk this type of compound are by no
means definitive. These features range from ataxia and drowsiress to coma and res-
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piratory cepression with in some instances direct cardio- or hepatotoxicity®.

The introduction of gas chromatographic techniques for the detection, identifi-
cation and measurement of ethanol?-® prompted the application of similar methods
to compounds -such as toluene, benzene, acetone, isopropanol and methyl ethyl
ketone in blood specimens from poisoned patients*->. More recently, some workers
have used headspace analysis with packed columns operated isothermally and flame-
ionisation detection (FID)*® for the analysis of a variety of compounds, although
others have used capillary columns®, headspace mass spectrometry!® or gas chroma-
tcgraphy-mass spectrometry®?.

The system described in the present work was developed to facilitate the rapid
detection and identification of a wide range of volatile substances in blood specimens
at the concentrations attained In patients acutely poisoned with these agents. The
method employs headspace sample preparation together with a programmed analysis
using a column packed with 0.3 9} (w/w) Carbowax 20M on Carbopack C and split
FiD-electron-capture detection (ECD).

EXPERIMENTAL

Internal standard solution

The internal standards, 1.1,2-trichloroethane and ethylbenzene, were both ob-
tained from BDH, Poole, Great Britain. Each batch of material was tested for the
presence of interferencss (notably 1,1,1-trichloroethane and toluene, respectively) by
gas chromatography before use. Approximately 50 mg of each standard were weighed
inte 50-ml glass volumetric flasks containing outdated blood-bank whole blood.
After thorough mixing, 1.0 mi of the stock 1,1,2-trichloroethane solution and 2.5 mi
of the ethylbenzene solution were diluted to 100 ml with glass-distilled water contain-
ing sodium azide (approximately 100 mg) to sive the working internal standard
solution. This solution, if stored in 1-ml portions at —20°C, was found to be stable
for at least 6 months.

Gas chromatography

The instrument used was a Perkin-Elmer F17 gas chromatograph fitted with a
Iiquid carbon dioxide subambient accessory and dual-pen recorder. The injection
port was fitted with a “"septum swinger” (Perkin Elmer 045-0496), and the injection/
detector block was maintained at 275°C. The column oven, after a 2-min isothermal
period, was programmed at 5°/min from 35 to 175°C and held for 8 min. A2m x 2
mm L.D. glass column was packed with Q.3 9 (w/w) Carbowax 20M on Carbopack C,
80--100 mesh (Supelco, obtained from Atlas-Bioscan, Canvey Island, Great Britain),
and was conditioned according to the manufacturer’s recommendations. The carrier-
gas (nitrogen) flow-rate was approximately 30 mi/min, and the column effluent was
monitored using both FID and ECD with a stainless-steel splitter system giving a split
ratio of 9:1. The hydrogen and oxygen (FID) inlet pressures were 10 and 14 ps.i.,
respectively, and the ECD purge (nitrogen) flow-rate was 30 mi/min. The ECD was
used at a pulse setting of 6 at range 1, attenuation 64, and the FID at range 1,
attznuation 8.
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Instrument calibration

A qualitative standard mixture (Table I) was prepared daily by adding the
appropriate volume of the gaseous components to an evacuated 125-ml gas-sampling
bulb (Supelco 2-2146). Air was admitted to atmospheric pressure and a portion (25
) of the mixture of the liquid and solid components (Table II) was added. The
liquid-solid components mixture was stored in a glass-stoppered vessel at —20°C and
was stable for at least 3 months.

The qualitative standard mixture was chromatographed daily prior to sample
analyses. From 0.01 pl (**Nanojector™, Precision Sampling, obtained from Atlas Bio-
scan) to 1.0 ul (SGE 1.0-ul glass syringe) were injected onto the gas chromatographic

TABLE}
QUALITATIVE STANDARD MIXTURE
For details of preparation, see text.

Volume added to gas
sampling bulb (pl)

Bromochlorodifluoromethane 20%
Dichlorodifluoromethane 750*%
Trichlorofluoromethane 20*

Liquid—solid stock mixture (see Table II) 25

* Volume of gas phase at atmospheric pressure.

TABLE il
LIQUID AND SOLID COMPONENTS STOCK MIXTURE

Compound Amount
Acetone 20 ml
Methyl ethyl ketone 20 ml
Carbon tetrachloride 200 ut
Chlorobutanol 10 mg
Chlorcform 1.3 ml
Ethanol 20 ml
Ethyl acetate 20 mi
Ethylbenzene 10 ml
n-Hexane 40 ml
Isopropyl nitrate 1ml
Metbanol 15ml
Methyl isobutyl ketone S ml
Isopropanol 20 mi
Tetrachloroethylene 109 pd
Toluene . 10 mi
1,1,1-Trichloroethane 1 ml
1,1,2-Trichloroethane - 2 ml
2,2 2-Trichloroethanol 50 pt

Trichlorocthylene 1mi
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Fig. 1. Chromatogram obtained on analysis of the qualitative standard mixture; 0.75-ul injection. GC
corditions: column 2m x 2 mm L.D. glass packed with 0.3 %, (w/w) Carbowax 20M on Carbopack C (80~
100 mesh); carrier gas flow 37 ml/min; temperature program: 2 min at 35°C, 5°/min to 175°C and held for 8
min. Peaks: I = methanol, 2 = dichlorodifluoromethane, 3 = bromochlorodifluoromethane, 4 = etha-
nol. 5 = acetone, 6 = trichlorofluoromethane, 7 = isopropanol, 8 = chloroform, 9 = methyl ethyl
ketone, 16 = 1,1, 1-trichloroethane, 11 = carbon tetrachloride, 12 = ethyl acetate, 13 = isopropyl nitrate,
14 = trichloroethylene, 15 = 1,1,2-trichloroethane, 16 = n-hexane, 17 = methyl isobutyl ketone, 18 =
tetrachloroethylene, 19 = toluene, 20 = 2,2 2-trichloroethanol. 21 = ethylbenzene. 22 = chlorobutanol.
SP = *“Septum peak™ (sce text).

column, and the retention times of the components were measured manually from the
injection point. The analysis of this mixture is illustrated in Fig. 1, and the retention
times of these and some other compounds of interest are given in Table I11.

Sample preparation

Internal standard solution (100 ul) was added using a disposable 1.0-ml plastic
syringe to a 7-ml nitrogen-filled vial (Schubert, Portsmouth, Great Britain) sealed
with a crimped-on teflon-silicone disc (Phase Separations, Queensferry, Great
Britain). The vial was maintained at 65°C in a heating block. After 15 min, a portion
(400 pl) of the headspace was taken using a warmed (approximately 40°C) gas-tight
glass syringe (SGE) and injected onto the gas chromatographic column.

Subsequently, the sample (whole blood, plasma or serum) (200 ul) was added
to the vial using a disposable syringe and, after 15 min, a further portion (400 gl) of
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the headspace was taken for analysis. After sample injection, the gas-tight syringe was
purged by removing the plunger and sucking ambient air through the barrel and
needle of the syringe using a vacuum pump.

RESULTS AND DISCUSSION

The deteciion and identification of volatile organic compounds in specimens of
body fluids poses unusual analytical problems in clinical and forensic toxicology. A
wide variety of compounds may be encountered in such analyses ranging from, for
example, the polyhalogenated hydrccarbon dichlorodifluoromethane (Halon 12, b.p.
—30°C) to the aromatic hydrocarbon xyiene (b.p. approximately 140°C), and simul-
taneous exposure to or abuse of more than one solvent is not infrequent. In addition,
many compounds undergo transformation to metabolites which are usually more
polar than the parent compound. The widespread occurrence of organic solvents in
the environment (not least in that of analytical laboratories) must also be con-
sidered.

The aim of this study was thus to develop a practical method to assist in the
diagnosis of solvent or aerosol abuse using readily available clinical specimens. It was
clear that such a method should be capable of detecting the presence of a wide range
of compounds and possess adequate selectivity and sensitivity. Such a technigue
should be simple, reliable and use easily available apparatus wherever possible, and
should also permit the subsequent quantitative analysis of the compounds of interest.

Choice of gas chromatographic column and conditions

Initially, it was thought that a capillary system would prove ideal, but several
disadvantages to the use of such systems became apparent. An inlet splitter system
was needed in order to obtain reproducible retention times, and this had the effect of
reducing the overall sensitivity of the method as compared to the system finally
chosen even taking into account the enhanced peak height/peak area ratio obtainable
with capillary columns. An additional problem lay in obtaining adequate retention of
some of the more volatile compounds studied, for example the low molecular weight
hydrocarbons and the halons. Some of these difficulties could probably be overcome
by “trapping” the headspace components of interest using a solid adsorbent followed
by desorption onto the chromatographic system, but only at additional cost and
complexity. Another practical consideration was the much greater expected life of
packed columns, especially when the repeated injection of 400-ul volumes of wet
oxygen-contzining headspace was contemplated.

Other packed columns considered included a range of Carbopack materials
modified with different stationary phases and more conventional materials such as
Tenax and Porasil. However, none of these materials gave such gcod resolution of the
compounds of interest as the system chosen. An additional factor was that relatively
polar materials such as ethanol and acetone gave rise to almost symmetrical peaks on
the modified Carbopacks (¢f. Fig. 1) in contrast to the resuits obtained on the other
materials. However, where additional information or confirmation of compound
identity was required, retention indices obtained on columns prepared using either
OV-1 or Carbowax 20M were available from a variety of sources, and these data are
also given in Table HI.
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The temperature program used was influenced by the need to retain and resolve
relatively volatile compounds such as butane, isobutane, BCF and the halons while
completing the analysis of the remaining compounds in a reasonable titne and main-
taining adequate selectivity. A further consideration was the presence of a compound
derived presumably from the septa used in the gas chromatograph which had a
retention time of 33.2 min (166 mm) on this program (see figures). and was completely
cluted under the conditions chosen. The amount of this compound (thought tc contain
silicon from mass spectrometric data) present in each analysis could be minimised by
the use of the “septum-swinger” but it has proved impossible to eliminate it com-
pletely, either by the use of septum purge devices or by heat pretreatment of the septa.

The accurate reproduction of the program used in this work, especially at the
low temperature end of the range, is obviously important in the use of the retention
data (Table III), and the initial temperature quoted (35°C) has been checked by use of
additional instruments. Once the temperatures attained during the program have
been standardised, then the carrier-gas flow can be altered if necessary to adjust the
retention times to those reported in Table 111

Since many of the commercially available solvents, anaesthetic agents and
aerosol propellants show good ECD responses, it was felt that the use of a dual
detection system using a split ratio of 9:1 FID/ECD would enhance the sensitivity of
the method towards halogenated compounds while not appreciably reducing the
sensitivity towards non-electron capturing substances. In practice, those compounds

TABLEIV

REPRODUCIBILITY OF THE RETENTION TIMES OF SOME COMPOUNDS IN THE
STANDARD MIXTURE (TABLE I) OVER A 3-MONTH PERIOD

Compound Retention time (mmj*
n Mean S.D. CV. (%)

Dichlorodifluoromethane 26 4.3 0.42 9.8
Bromochlerodifiuoromethane 26 82 0.45 5.5
Ethanol 30 9.5 0.36 38
Acetone 29 123 0.33 27
Trichlorofluoromethane 27 152 0.52 34
Isopropanol 28 20.1 0.50 25
Chloroform 30 31.0 0.62 20
Methy! ethyl ketone 27 36.7 0.62 1.7
1,1,1-Trichloroethane 28 40.7 0.68 1.7
Ethyl acetate 22 46.8 0.63 1.3
Esopraopyl nitrate 11 60.1 1.03 1.7
Trichloroethylene 29 74.1 1.05 14
1,1,2-Trichloroethane 29 82.0 0.92 1.1
r-Hexane i8 86.7 1.54 1.8
Methyl isobutyl ketone 29 105.5 1.34 13
Tetrachlorosthylene 30 121.5 1.53 1.3
Tolucne 30 124.1 1.46 1.2
2.2 2-Trichloroethanol 30 127.7 1.63 13
Ethyl benzene 30 147.3 212 1.4

* 5mm = 1 min.
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responding fully to the ECD (Table II1) only responded to the FID at much higher
concentrations despite the split ratio. This was much less marked with some com-
pounds, notably 1,1,2-trichloroethane (Fig. 1), but the relative response still provided
a valuable adjunct to the retention time in the assignment of peak identity. Some
compounds gave rise to a strong FID response accompanied by a relatively weak
ECD response on the system used, and these compounds are also indicated in Table
11X

The Carbopack C/Carbowax 20M column system has proved to be reproduc-
ible and reliable in routine use over a 12-month period. The inter-assay coefficients of
variation (C.V.) of the retention times (all measured manually from the recorder
trace) of some of the compounds present in the standard mixture are presented in
Table IV. The coefficients were all 2.5% or less for those compounds eluting at
retention times of 4 min (20 mm) or longer, although the variation was greater for
those compounds eluting at shorter retention times. The standard mixture was chro-
matographed daily prior to sample analyses in order to ensure correct functioning of
the system. However, where confirmation of the assignment of peaks occurring in
sample chromatograms not present in the standard mixture was required, an ap-
propriate volume (0.01-41 Pressure-Lok Mini-Injector or 0.1-ul SGE needle-in-plung-
er syringe) of vapour was injected separately.

Sample collection and storage

Blood was considered to be the specimen of choice for this werk for several
reasons. Firstly, blood specimens were most easily obtainable, especially from un-
conscious patients. Secondly, special containers were not required, in conirast to the
custom-designed sample bags'? or Tenax-filled tubes!® needed when analysing sam-
ples of exhaled air. Finally, quantitative analyses carried out on blood were most
likely to correlate with the clinical condition of the patient. In the event, most blood
specimens sent for analysis during the evaluation of the present method were col-
lected into plastic containers, transported at ambient temperature and stored at 4°C
until the qualitative analysis was performed. The specimens were then stored at
—20°C until 2 quantitative analysis was carried out if this was indicated. This pro-
cedure has proved satisfactory in routine use and. although no formal stabiiity studies
have been performed, repeat analyses of blood specimens containing BCF, Halons 11
and 12, propane, n-butane and isobutane, still gave rise to easily identifiable peaks
after storage at —20°C for at least 3 months.

Nevertheless, it is prudent to recommend specimen collection into well-stop-
pered glass bottles [containing sodium fluoride (1 9, to inhibit esterase activity) if
possible] with a metal faced wad, and rapid (possibly refrigerated) transport. and
prompt analysis where the inhalation of very volatile materials is suspected. It is
essential to ensure that samples of any products thought to have been abused which
are to be analysed are packaged separately from biological specimens. It may be
noted that many pressure sensiiive adhesive tapes contain solvents such as toluene
and thus contamination of specimens from this source is possible. It should also be
noted that the earlier a clinical suspicion of solvent abuse is raised and specimens
obtained and sent for analysis, the greater the likelihood of a positive finding since
some inhaled agents may be excreted very rapidiy'*.
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Sample preparation

Headspace sample preparation was chosen since this required the use of only a
small sample volume and a minimum of apparatus and introduced a minimum of
contamination onto the chromatographic system. In practice, the only problem ob-
served was that butyl rubber septum caps were found to absorb significant quantities
of some solvents after relatively short (15 min) incubation times. The adoption of re-
usable PFFE faced disks obviated this problem, but at extra cost. This mode of
sample preparation has the further advantage of ease of automation should this be
contempiated, although- the internal standard headspace analysis prior to sample
addition would have to be omitted. In the early stages of experience with the tech-
nique, this would not be prudent, since by using this procedure any contributions to
the sample chromatograms from the vial, cap, syringe or laboratory environment can
be monitored.

Interpretation of sample chromatograms

With the exception of the peak derived from the septum used in the gas chro-
matographic system (see figures), no major peaks were represented on most ““blank™
chromatograms (Fig. 2). However, three compounds (cthanoi, acetone and chloro-

[ L

&~ T 3 & 33 3 L T & & 3
X ¥ M RZI3PIZNZ2I3) AR S & & 2

TIME min
Fig. 2. Chromatogram obtained on anatysis of 2 whole-blood specimen (200 ul) from a volunteer subject to
which intesmal standard solution (200 ul) had been added: 400-p1 headspace injection. Peaks: 15 = 1,1,2-

trichlorcethane and 21 = ethylbenzene (internal standards), SP = **Septum peak™ (see text). For chroma-
tographic conditions, sce {egend to Fig. L.
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Fig. 3. Chromatogram obtained on analysis of a whole-blood specimen (200 pl) obtained from a patient
suspected of abusing “‘solvents™; 400-u1 headspace injection. Peaks: 10 = 1,1,1-trichloroethane, 19 =
toluene. See legend to Fig. 1 for identification of remaining peaks and chromatographic conditions. The
whole-blood 1,1, 1-trichloroethane and toluene concentrations were found on subseguent analysis to be 3.4
and 11.2 mg/l, respectively.

form) were present in many samples, either alone or together with other compounds
of interest {¢f. Fig. 3). Both ethanol and acetone can be products of normal metabo-
lism while ethanol is widely available in alcoholic beverages and both may also be
produced by microbial action within the sample'”. Chloroform (the identification of
which has been confirmed by mass spectrometric analysis) was presumed to have
arisen in many cases from contamination of the sample, possibly from within the
laboratory.

Thus, only when the blood ethanol concentrations (measured by a separate gas
chromatographic method) exceeded 0.1 g/l was the presence of this compound report-
ed in clinical samples. Acetone and chloroform present more complex problems since
both compounds may occur in preparations which may be abused by inhalation, and
thus the presence of either compound was only reported when relatively high concen-
trations were present and there was circumstantial or other evidence that the com-
pound of interest had been abused. This is illustrated by the case summarised in Fig. 4
where a relatively high concentration of chloroform was present together with tetra-
chlorcethylene in a specimen obtained from a patient suspected of inhaling vapour
from a dry-cleaning fluid, and also by the case summarised in Fig. 5 where the patient
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Fig. 4. Chromatogram obtained on analysis of a whole-blood specimen (200 ul) obtained from a patient
suspected of inhaling vapour from a dry-cleaning fluid; 400-z1 headspace injection. Peaks: 8 = chloroform,
18 = tetrachloroethylene. See legend to Fig. 1 for identification of remaining peaks and chromatographic
cenditions. The whole-blood tetrachloroethylene concentration was found on subsequent analysis to be 1.4

mg L

was suspected of abusing a de-greasing fluid containing trichloroethylene. (N.B. This
latter case is also of interest since a high concentration of 2,2,2-trichloroethanol,
presurnably arising from the metabolism of trichloroethylene'®, was present.) The
availability of more detailed quantitative information may assist in the interpretation
of results where either acetone or chloroform is detected.

The presence of additional compounds derived from the abused agent pro-
vided useful corroboratory information in some instances. The presence of propane,
isobutane and n-butane in a blood specimen from a patient who was stspected on
abusing ““butane™ gas is illustrated in Fig. 6. Similarly, isopropyl nitrate, a stabiliser
which has been added to commercial 1,1,1-trichloroethane, has been identified in
blood specimens from patients suspected of abusing this latter agent, and methyl
ethyl ketone has been identified together with toluene in specimens from patieats who
had inhaled the vapour from a preparation containing both compounds. When
possible the direct analysis of an abused agent by either vapour phase infra-red
spactrophotometry or gas chromatography can provide valuable information, and
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Fig. 5. Chromatogram obtained on analysis of a whole-blood specimen obtained from a patient suspected
of inhaling vapour from a de-greasing fluid; 400-ul headspace injection. Peaks: 8 = chloroform, 14 =
trichloroethylene, 20 = 2,2,2-trichloroethanol. See legend to Fig. 1 for identification of remaining peaks
and chromatographic conditions. The whole-blood trichloroethylene and 2,2,2-trichloroethanol concen-
trations were found on subsequent analysis to be 9.5 and 77 mg/l. respectively.

the availability of mass spectrometric facilities for the confirmation or identification
of unusual or unknown compounds may also be of value.

Limits of sensitivity

Detection limits for individual compounds depended on the appropriate detec-
tor response and to a certain extent on volatility both with respect to sample prepara-
tion and to elution time on the chromatographic system. The detection limits for
some of the compounds encountered in the analysis of blood specimens were ap-
proximately 0.1 mg/l for toluene and the trichloro-compounds and 0.01 mg/l for the
tetrachloro-compouads (Fig. 7). The availability of a series of clinical and forensic
specimens from patients suspected of solvent abuse has proved crucial in the es-
tablishment of realistic' detection limits for the technique, and it can be seen from the
quantitative results summarised in Fig. 8 that in many of these specimens the com-
pounds of interest were preseant at concentrations several-fold higher than these
limits. There is much currént interest in the analysis of volatile organic compounds in
biological specimens both with respect to the monitoring of environmentai pol-



440 J. D. RAMSEY, R. J. FLANAGAN

Fip

= 1T ¥ T T ¥ T T T ¥ T T X T T T ¥ T
VI MR NYARDSN 220138 14122108 6 & 20
TIME in

Fig. 6. Chromatogram obtained on analysis of a whole-blood specimen obtained from a patient suspecied
cf inhaling ~butane™ from a cigarstte-lighter refill: 100-z1 headspace injection. Peaks: A = propane: B =
isobutane, C = n-butane. See legend to Fig. 1 for identification of remaining peaks and chromatographic
conditions.

lution!” and to the possible use of such analyses in the diagnosis of disease!®!?,
However, it must be emphasised that the overall sepsitivity of the present method is
much less than that used in these other procedures, and thus the chromatograms
obtained are normally free from interference from endogenous sample components
{Figs. 2-7).

The method has proved applicable to the detection of bromochlorodifluoro-
methane, n-butane, carbon tetrachloride, chlorobutanol, cryofluorane, dichlorodi-
fluoromethane, ethyl acetate, halothane, isobutane, isopropanol, isopropyl nitrite,
methyl ethyl ketone, propane, tetrachloroethylene, toluene, 1.1,l-irichiorocthane,
2,2.2-trichloroethanol, trichlorocthylene and trichlorofluoromethane in specimens
obtained from patients suspected of the abuse by inhalation or oral ingestion of these
agznts. In addition. cyclopropane, diethyl ether, paraldehyde and halothane have

2n detected in blood samples from patients treated with these compounds. How-
ever, we have no expenience of the application of the technique where the vapours
from complex mixtures such as petrol or paraffin have been inhaled. Chronic “‘petrol
sniffing” has been diagnosed by the measurement of blood lead concentrations?®, and
detection of the aromatic components could prove useful*!. The measurement of
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Fig. 7. Chromatogram obtained on analysis of a portion (200 ud) of a synthetic mixture prepared in expired
blood-bank whole-blood; 400-ul headspace injection. Peaks: (blood concentrations in brackets), 10 =
trichloroethane (105 ug/l). 11 = carbon tetrachloride (16 ug/l), 14 = trichloroethylene (114 pg/l), 18 =
tetrachloroethylene (13 ug/l), 19 = toluene (87 ug/l). See legend to Fig. 1 for identification of remaining
peaks and chromatographic conditions.

blood aluminium concentrations may provide useful diagnostic information where
anti-perspirant acrosol preparations containing aluminum compounds may have
been abused. On the oiher hand, it should be noted that the detection of esters such as
ethyl acetate may be limited by blood non-specific esterase activity.

Application to saliva or urine specimens

In view of the lipophilicity and volatility of the compounds studied, it was
thought unlikely that analyses of urine and/or saliva for the parent compound(s)
would yield useful information. Indeed, the analysis of a number of such specimens
taken at the same time as a blood specimen in which one or more of the compounds of
interest were detected and identified confirmed this. However, it should be noted that
in addition to the detection of metabolites containing the trichloro group??, urine
specimens may be useful in the identification and measurement of compounds such as
trichloroacetic-acid?3, hippuric®* and benzoic acids and the cresols?® (metabotites of
toluene), and the toluric acids (metabolites of the xylenes®).



242 J. D.RAMSEY, B 1. FLANAGAN

2.2, 2-TRICHL.ORD
L1.1-TRIGLOR0 ST
1004 ETHANE o
TRIGHLORD e
T ® €nMBE
L J
* TermacLORD
a —ETH ENE °
L J
4 e Cazaary TETRA
o v  —QERIDE
- 10 A a
§ *9 a °
= oo, [ 4
§ 0’§.0 a
3 '.i =
0..
=
§ 0:0 . ®
Soie?
§ % .
&
= 4e- $
[ 2 A .
. - QO = Ora InGESTION
a A 4
o_“- a v

Fig. 8. Summary of quantitative results obtained on specimens analysed initially by the qualitative method.

Analysis of post-mortem tissue

Where forensic examination of tissue specimens was requested, it was found
that a simple modification of the method gave satisfactory results. Fissue (approxi-
mately 200 mg) was incubated at 65°C for 30 min in a headspace analyser vial with
internal standard solution (200 pl) containing a proteolytic enzyme (Subtilisin A;
Novo, Windsor, Great Britain; 1 mg)>’. Subsequently, a headspace sample (400 ul)
was taken and analysed as described previously. Reagent blanks were performedin a
separate vial.

Application to quantitative analyses

The method has been applied to the quantitative analysis of blood specimens
containing some of the less volatile compounds studied (b.p. > 30°C), notably
carbon tetrachloride, tetrachlorcethylene, tolueune, 1,1,1-trichlorocthane and tri-
chloroethylene, although it was found that a simple solvent-extraction technique?® was
suitable for the measurement of the blood 2,2,2-trichlorocthanol concentrations at-
tained following inhalation of trichloroethylene. Standard solutions at an appropri-



GC OF VOLATILE ORGANIC COMPOUNDS 443

TABLE V
INTERNAL STANDARDS USED IN QUANTITATIVE ANALYSIS
For details of preparation, see text.

Analyvte Internal standard

Carbon tetrachloride Bromodichloromethane
Chlorobutanol 1,1,1-Trichloropropan-2-ol
Halothane Bromodichloromethane
Tetrachloroethylene 1,1,1,2-Tetrachloroethane
Toluene Ethylbenzene
1,1,1-Trichloroethana 1,1,2-Trichloroethane
Trnichloroethylene 1.1,2-Trichloroethane

ate range of concentrations were prepared gravimetrically in ~volatile free” outdated
blood-bank whole blood. After addition of the sample or standard and the internal
standard solution (Table V) followed by equilibration for 30 min at 65°C, a portion of
the headspace was analysed isothermally at an appropriate temperature. Calibration
was by means of peak height ratios of analyte to internal standard on the appropriate
detection system plotted against analyte concentration. When necessary, blood speci-
mens were diluted with outdated blood-bank whole biood and re-analysed.

A summary of the results of quantitative analyses performed using specimens
from patients suspected of: abusing these compounds either by inhalation or oral
ingestion is summarised in Fig. 8. All of these specimens had been analysed initially
using the qualitative procedure. It should be emphasised that these results represent
minimum values for the blood concentrations attained in these patients since it was
not possible to take-special precautions in the collection and transportation of the
specimens, as discussed above.

The problems associated with the quantitative analysis of some of the more
volatile compounds which have been detected using this procedure, for example
butane and the halons, in biological specimens have been discussed?? and include the
need for precautions in the collection and transportation of specimens together with
the difficulties inherent in preparing calibration solutions of these compounds.

CONCLUSIONS

The method described here has proved suitable for use in the detection and
identification of a wide range of relatively volatile organic compounds in specimens
obtained from patients suspected of the abuse of these agents. Only small specimens
of blood (200 ul) or tissue (200 mg) are required, and special precautions in the
collection and transportation of these specimens are not mandatory in the majority of
cases although such precautions are desirable where very volatile materials are con-
cerned. The method has proved to be reproducible and reliable in routine use and
requires a minimum of apparatus, but may be readily adapted to automatic operation
if required. Finally, the quantitative analysis of a number of the less volatile com-
pounds studied has been accomplished using the same system together with the ap-
propriate calibration solutions.
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