
DETECTION AND IDENTIFICATLON OF VOLATILE ORGANIC COM- 
POUNDS IN BLOOD BY HEADSPACE GAS CHROMATOGRAPHY AS AN 
AED TO THE DIAGNOSIS ffF SOLVENT ABUSE 

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 fi) together with the internal standard solution in 
a scaled vial, a portion of the headspace is analysed using a 2-m glass column packed 
with 0.3 7; (w/w) Carbowax 20M on Carbopack C, SO-t00 mesh- Tbe column oven, 
after a 2-min isothermal period, is programmed from 35 to 175°C at S”/min and held 
for 8 mm. The effluent is monitored by both flame-ionisation and electroncapture 
detection, and peak assignment is by means of retention time and relative detector 
response_ 

The method has proved applicable to the detection of bromochloroditluoro- 
methane, n-butane, carbon tetrachbxide, chlorobutanol, cryoffuorane (Halon 119, 
dichlorodifluorome’&ane (Halon I2), ethyl acetate, halothane, isobutane, isopro- 
panel, isopropyl nitrate, methyl ethyl ketone, propane, tetrachloroethylene, toluene, 
I,f,Wrichloroethane, 2,2,24richloroethanol, trichloroethyIene and trichloro- 
fIuorome$hane (Halon 11) in blood specimens obtained from patients suspected of 
abusing these agents. 

IN-FRODUCFEON 

The diagnosis of poisoning by volatile organic componnds such as soivents, 
aerosol propellants and anaesthetics is often aided by either the past medical history 
or circumstantial evidence such as the discovery ofempty containers, the presence of 
traces of glue on the patient-s clothing or the odour of chemicals on the breath. 
However, in the absence of such evid%ns serious diagnostic proMems. may occur 
sincethechnicalFeatures of acnte poisoning with this type ofcomponnd are by no 
means de&&ive_ These features range f'rom ati and drowsiness to coma and res- 
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piratory depression with in some instances direct cardio- or hepatotoxicity’. 
The introduction of gas chromatographic techniques for the detection, identifi- 

cation and measurement of ethanol”-3 prompted the application of similar methods 
to compounds -such as toluene, benzene, acetone, isopropanol and methyl ethyl 
ketone in blood specimens from poisoned patier&‘*. More recently, some workers 
have used headspace analysis with packed columns operated isothermally and flarne- 
ionisation detection (FID)- for the analysis of a variety of compounds, although 
others have used capillary columnsg, headspace mass spectromet$’ or gas chroma- 
tc_mphy-mass spectrometry’ I. 

The system described in the present work was developed t,o facilitate the rapid 
detection and identification of a wide rznge of volatile substances in blood specimens 
at t&e concentrations attained in patients acutely poisoned with these agents. The 
method employ3 headspace sample preparation together with a pro,med analysis 
using a column packed with 0.3 7; (wiw) Carbowax 20M on Carbopack C and split 
FID-electron-capture detection (ECD). 

EXPERIS!ENT_M._ 

internal standard sohrrion 
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 interferences (notably l,l,l-trich!oroethane and toluene, respectively) by 
gas chromatography before use. Approximately 50 mg of each standard were weighed 
into Xl-ml glass volumetric flasks containing outdated blood-bank whole blood. 
After thorough mixing. 1 .O ml of the stock 1,1,2-trichloroethane solution and 2.5 ml 
of the ethylbenzene solution were diluted to 100 ml with glass-distilled water contain- 
ing sodium azide (approximately 100 mg) to $ve the working internal standard 
solution. This solution, if stored in l-ml portions at - 2O”C, was found to be stable 
for at least 6 months. 

Gas chronratographt_ 
The instrument used was a Perkin-Elmer F17 gas chromatograph fitted with a 

liquid 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 Yjmin from 35 to 175’C and held for 8 min. A 2 m x 2 
mm I-D- glass column was packed with 0.3 oA (w/w) Carbowax 20M on Carbopack C, 
SO-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 ml/m& and the column efKluent was 
monitored using both FID and ECD with a stainless-steel splitter system giving a split 
ratio of 9~1. The hydrogen and osyseen (FID) &let pressures were 10 and 14 p_s_i_, 
respectively, and the ECD purge (nitrogen) ilow-rate was 30 ml/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 cfflifiration 
A qualitative standard mixture (Table i) was prepared daily by adding the 

appropriate volume of the gaseous components to an evacuated 125ml gas-sampling 
bulb (Supelco 2-2144). Air was admitted to atmospheric pressure and a portion (25 
,YQ of tk 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 d (“Nanojector”, Precision Sampling, obtained From Atlas Bio- 
scan) to 1 .O d (SGE 1 .O+I glass syringe) were injected onto the gas chromatographic 

T_4BLE I 

QUALiTATIVE STANDARD MIXTURE 

For details of preparation, see fed. 

Volume added to gas 

smnpling bulb (pi) 

Bromocblorodifluorometb2ne 20* 
DLhlorodifluorometha 7w 
Tricblorofluorometbane 2ot 
Liquid-solid stock misture (see Table II) 25 

* Volume of gas phase at atmospheric pressure. 

TABLE iI 

LIQUID AND SOLID COMPONEr*TS STOCK MIXTURE 

Co??rpoWld Amowlf 

Acetone 20 ml 
Methyl ethyl ketone 2Oml 
&&on tetrachloride 2004 
Chlorobutvlol 10 mg 
Chloroform 1.5 ml 

Ethvlol 20 ml 
Ethyl acesate 20 ml 
Ethylbenzene IO ml 
fZ-HeXaXle 40 ml 
Is43propyl nitrate 1 ml 
Methanol 15 ml 
Methyl isobutyl ketone 5ml 
I!sopropanoI 2oml 
TetracbloroetbyIen 1004 
Toluene - 1oml 
l,l,I-TticbIoroetha lml 
!,I ,2-TricbIoxxthane 2ml 
ZJJ-TrichIoroe%hanol wyi 
-rlichloroethy!eo.e imI 
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Fig. 1. Chromatogram obtained on anaIysis of the qualitative standard mixture; 0.75~1 injection. Gc 
conditions: column 2 m x 2 mm I-D_ glass packed xvitb 0.3 y0 (w/w) Carbou-ax ZOM on Carbopack C (SO- 
100 mesh); carrier _gs tlow 37 mQnin; temperature progatt: 2 mm at 35’C. 5”jmin to 175’C and held for S 
miu Peaks: I = methanol, 2 = dichlorodifluoromethae, 3 = bromochlorodifluoromethane, 4 = etha- 
noi 5 = acetone, 6 = tricbtorofluorometbane, 7 = isopropanol. 8 = chloroform, 9 = methyl ethyl 
ketone, 10 = I.l,l-tricbloroethane. I1 = carbon tetrachloride, 12 = ethyl acetate, 13 = isopropyl nitrate, 
14 = trichloroethylene, 15 = I.1.2-trichlsroethane. 16 = n-hexane, 17 = methyl isobutyl ketone, 18 = 
tetrachloroetbylene, 19 = toiuene, 20 = 3 7 3-trichlorocthanol _,-_ -21 = ethylbcnzene. 22 = chlorobutanol. 
SP = “Septum peak” (see test)_ 

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 
tims of these and some other compounds of interest are given in Table III. 

San@2 preparation 

Internal standard solution (100 ~1) was added using a disposable 1.0~ml phstic 
syrkge to a 7-ml nitrogen-Wed vial (Schubert, Portsmouth, Great Britain) se&d 
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 
(4.00 $) cf the headspace was taken using a warmed (approximately 40°C) gas-tight 
&ss syringe (SGE) and injected onto the gas chromatographic column. 

Subsequently, the sample (whole blood, pfasma or serum) (200 ~1) was added 
to the vial using a disposable syringe and, after 15 min, a further portion (440 fi) 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 detection and identification of volatile organic compounds in specimens of 
body fluids poses unusual analytical problems in clinical and forensic toxicolo_g. A 
wide variety of compounds may be encountered in such analyses ranging from, for 
example, the polyhalogenated hydrocarbon dichlorodifluoromethane (Halon 12, b-p. 
- 30°C) to the aromatic hydrocarbon xyiene (b-p. approximately 14O”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 technique 
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 chontaiograpizic column and conditions 

Initidiy, 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 dif%iculties 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~~1 volumes of wet 
oxygen-containing 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 maierials gave such good 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 (cf- Fig. 1) in contrast to the results 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-l-or Carbowax 2OM were available from a variety of sources, and these data are 
also given in Table III. 
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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 anaiysis of the remaining compounds in a reasonable time 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 332 min (166 mm) on this program (see figures), and was completely 
elmed under the conditions chosen. The amount of this compound (thought to contain 
silicon from mass spectrometric data) present in each analysis could be minim&d by 
the use of the -‘septum-swinger” but it has proved impossible to eliminate it com- 
pietely, 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 standard&d, then the carrier-gas flow can be altered if necessary to adjust the 
retention times to those reported in Table III. 

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: I FID/ECD would enhance the sensitivity of 
the method towards halogenated compounds while not appreciably reducing the 
sensitivity tou-ards non-electron capturing substances_ In practice, those compounds 

TABLE IV 

REPRODUCIBILITY OF THE RETEMION TIMES OF SOME COXIPOUNDS IN THE 
STANDARD MIXTURE (TABLE I) OVER A LMONTH PERIOD 

Dichlorodifluoromethane 
Bromo&hxodifiuoromethane 
EtllXiOl 

Acetone 

Ttichiorofluoromethzne 

fsopropano1 
Chloroform 
Methyl ethyl ketone 
l.l,I-Trichloroethae 
Ethyl acetate 
Hsopropyl nitrate 
TtichloroeLhy!ene 
1,1.2-Trichloroethane 
R-He.?Zme 
Me&y1 isobut_vl ketone 
TetrachloroethyIene 
TOIUCUC 

7 7 7-Trichloroethanol _- 
Ethyl benzene 

26 4.3 0.42 9.8 
26 a.2 0.45 5.5 
M 9.5 0.36 3.8 
29 1’4 0.33 2-7 
27 15.2 0.52 3.4 
28 20.1 0.50 2.5 
30 31.0 0.62 2-0 

27 36.7 0.62 1.7 
2s 30.7 0.65 1.7 
22 46.8 0.63 1.3 
11 60.1 I.03 I.7 
29 73.1 1.05 IA 

29 82.0 0.92 1.1 
IS S6_7 I-54 1.8 
29 105.5 1.34 13 
30 121.5 I-53 1.3 
30 124.1 1.46 1.2 
30 127.7 1.63 I3 
30 147.3 2-12 1.4 

*5mm= lmin 
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responding fully to the ECD (Table III) 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. I), 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 
III. 

The Car’bopack C/Carbowax 2OM column system has proved to be reproduc- 
ible and reiiabie in routine use over a L2-month period. The inter-assay coeficients of 

variation (C-V.) of the retention times (ail measured manually from the recorder 
trace) of some of the compounds present in the standard mixture are presented in 
Table IV. The coefficients were ail 2.5% or less for those compounds eiuting 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 functionin_g 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 (0.0 1 -pi Pressure-Lok Mini-Injector or 0.1 -pi SGE needie-in-piung- 
er syringe) of vapour was injected separately. 

Sample coliection and storage 
Blood was considered to be the specimen of choice for this work for several 

reasons. Firstly, blood specimens were most easily obtainable. especially from un- 
conscious patients_ Secondly, specia! containers were not required, in contrast to the 
custom-designed sample bags” or Tenax-filled tubes13 needed when anaiysing 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 a quantitative analysis was carried out if this was indicated_ This pro- 
cedure has proved satisfactory in routine use and. although no formal stability studies 
have been performed, repeat analyses of blood specimens containing BCF, Haions 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 (I%, 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 sensitive adhesive tapes contain solvents such as toluene 
and thus contamination of specimens from this source is po&ibie. It should also be 
noted that the earlier zi 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 rapidly”. 
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Sample prepararion 
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- 
scrvtd was that butyt rubber septum caps were found to absorb significant quantities 
of some solvents after relatively short (IS min) incubation times_ The adoption of re- 
usable PTFE faced disks obviated this -problem, but at extra cost. This mode of 
sample preparation has the hrrther advantage of ease of automation should this he 
contempiated, glthougb the internal standard headspace anaIysis prior to sample 
ad&t&n would have to be on&ted_ In the early stages of experience with the tech- 
nique? this would not be prudent, since by using this procedure any contributions to 
the _~ppkchromatogrzms from the vial, cap, syringe or laboratory environment can 
be monitonzd- 

heqretation of sumpie duo7natograms 
With the except;on of the peak derived from the septum used in the gas chro- 

matogaphic system (see f@res), no major peaks were represented on most WSblank” 
chromatograms (Fig Z)_ However, three compounds (ethanol, acetone and chloro- 

Fig 2. Chromatopam obtaixd on analpis of a whole-blood specimen (200 pl) from 2 vohnteer subject to 
which titernal standard solution (2C3 pi) had been added: 400-d beadspace injection. Peaks: IS = 1,1,2- 
trichloroethane and 21 = eth~lbenzene (internal standards), SP = “Septum peak” (see text). For cbroma- 
tograpbic canditi~ see &end to .Fig. 1_ 
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TCUZ min 

Fig. 3_ Chromatogram obtained on analysis of a whole-blood specimen (200 .ul) obtained from a patient 
suspected of abusing “solvents”; 400-d headspace injection_ Peaks: 10 = l,l,l-trichloroethane, 19 = 
toluene. See legend to Fig. 1 for identification of remaining peaks and chromato_sphic conditions. The 
whole-blood 1,&l-trichloroethane and toluene concentrations were found on subsequent analysis to be 3.4 
and 1 I.2 m&l, respectively. 

form) were present in many samples, either alone or together with other compounds 
of interest (c-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 Is 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 biood ethanol concentrations (measured by a separate gas 
chromatographic method) exceeded 0.1 g/l was the presence of this compound report- 
cd in clinical samples. Acetone and chioroform 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. Thisis illustrated by the case sumtnarised in Fig. 4 
where a &ativnly high concentration of chloroform was present together with tetra- 
chloroethylene in a specimen obtained from a patient suspected of inhaling ~apour 
from a dry-cleaningfluid, and also by the case summarr ‘sed in Fig. 5 where the patient 
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iTi% 4. Chromatogram obtained on analysis of a whole-blood specimen (200 d) obtained from a patient 
suspected of inhaling vapour from a dry-cleaning fluid; 400-d headspace injection. Peaks: 8 = chloroform, 
IS = retrachloroeth~-ltne See IeSend to Fig. I for identification of remaining peaks and chromatographic 
conditions. The whole-blood tetnchtoroethy!ene concentration was found on subsequent a~&& to & 1.4 

mgJ1. 

was suspected of abusing a de-greasing fluid containing trichloroethylene. (N.B. This 
latter case is also of interest since a high concentration of 2,2,24richloroethanol, 
presumably arising from the meiabolism of trichioroethylene16, 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. ?Che presence of propane, 
isobutane and n-butane in a blood specimen kom a patient who was suspected on 
abusing “butane” gas is illustrated in Fig. 6. Similarly; isopropyl nitrate, a stabiliser 
which has heen added to commercial IJ,l-trichloroethane, has been identifkd in 
blood specimens from patients suspected of abusing this latter agent, and methyl 
ethyl ketone has been identified together with toluene in specimens from patients 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 
spectrophotomet. or gas chromatography can provide valuable information, and 
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Fig, 5_ Cbromatognm ob-kned on analysis of a whole-blood specimen obtained from a patient suspected 
of inhaling vapour from a de-greasing fluid: 400-d headspace ktj=tion. Peaks: S = &lorofotm, 14 = 
trichloroethyknc. 20 = 2,2,2-trichtor0ethano1. See legend to Fig. 1 for identification of remaining peaks 
and chromatographic conditions. The whole-blood trichiorocthylene and 2,2,2-trichlorocthanol concen- 
trations were found on subsequent analysis to be 9.5 and 77 m&l. respectively. 

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

Limits of sensiticity 
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 iimits for 
some_ of the compounds encountered in the analysis of blood specimens were ap- 
proximately 0.1 mg/l for toiuene and the trichloro-compounds and O-01 mg/l for the 
tetrachloro-compounds (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 sununarised in Fig. 8 that in many of these specimens the com- 
pounds of i&rest were present at concentrations several-fold higher than these 
1imit.k There is muchxurrknt interest in the analysis of volatile organiccompounds in 
biologicai. specimens both with respect to the monitoring of environmental pol- 
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Fis 6. Chromstogram obtairxd on analyis of a whole-blood specimen obtained from a patient suspozted 
of inhaling -‘butanew from zs cigxzxre-EghDrer refill: 400-g he;ldspaoz injection Peaks: A = propane: B = 

isobutane, C = n-butane. Set le_nd to Fig. 1 foot identification of remaining peaks and chromatoppbjc 
COIXiitiOIlS_ 

Iution” and to the possible use of such analyses in the diagnosis of diseaser8*r9. 
However, it must be emphasised that the overall sensitivity 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. Z-7) 

The method has proved applicable to the detection of bromochiorodifluoro- 
methane, n-butane, carbon tetrachloride, chiorobutanol, czyof!uorane, dichlorodi- 

fluoromethane, ethyl acetate, halotbane, isobutane, isopropanol, isopropyl nitrate, 
methyl ethyl ketone, propane, tetrachloroethylene, toluene, 1, 1, I-trichloroethane. 
2,2.&richloroethanoI, trichioroethylene and trichlorofluoromethane in specimens 
obtained from patients suspected of rhe abuse by krhalation or oral ingestion of these 
agents. In addition cyclopropane, diethyl ether, paraldehyde and hafothane have 
bozn detected in b&d samples from patients treated with these compounds. Hovv- 
ever, we have uo experience of the application of the technique where the vapours 
from compfer~ mixtures such as petrol or par&in have been inhaled. Chronic “petrol 
,sCfEng-’ has been diagnosed by the measurement of blood lead concentrations?, and 
detection of the aromatic components could prove us&P. The measurement of 
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Fig. 7. Chromatogram obtained on analysis of a portion (200 $) of a synthetic mixture prepared in expired 
blood-bank whole-blood; 400-g headspace injection. Peaks: (blood concentrations in brackets). 10 = 
trichloroethane (105 pg/l). 11 = carbon tetrachloride (I6 pg/l), 14 = trichloroethylene (114 &), IS = 
tetrachloroethylene (13 &I), 19 = toluene (87 pgjl). See legend to Fig. 1 for identifiration of remaining 
peaks and chromatographic conditions. 

blood aluminium concentrations may provide useful diagnostic information where 
anti-perspirant aerosol preparations containing aluminum compounds may have 
been abused. On the otber hand, it shouid 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 identi&d 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”, hippuriti’ and benzoic acids and the cresolsz5 (metabolites of 
toluene); and the toluric acids (metabolites of the xylenesz6). 
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TRKXCSU c% 

. 

. 
Fig_ 5. Summary of quantitati~eresults obtained on specimens analysed initially by the qualitative method. 

AnaI_vsis of posr-mortem tissue 
Where forensic examination of tissue specimens was requested, it was found 

that a simple modification of the method gave satisfactory results. Tissue (approxi- 
msteIy 200 mg) was incubated at 55°C for 30 tin in a headspace anaIyser vial with 
internal standard solution (200 ~1) containing a proteolytic enzyme (Subtilitin A; 
Novo, Windsor, Great Britain; 1 mg)“. Subsequently, a he&space sample (400 pl) 
was taken and analysed as described previously. Reagent blanks were performed in a 
separate vial_ 

Application to quantitative analyses 
The method has been applied to the quantitative analysis of blood specimens 

containing some of the Iess volatile compounds studied (b-p. > WC), notably 
carbon tetrachloride, tetrachloroethyIene, toluene, 1,l , L-trichloroethane and tri- 
cbloroethylene, although it =XS found that a simple solvent-extraction technique2* was 
suitable for the measurement of the blood 22,24richlomethanol con~~~~trations as- 
tined following inhalation of trichIoroethyleue. Standard soIutions at an appropri- 
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TABLE V 

INTERNAL STANDARDS USED IN QUANTITATIVE ANALYSIS 

For details of preparation, see text. 

AnaIyte 

Carbon tetrachioride 
Ctiorobutanol 
Haiothaue 
Tetrachloroethykne 
Toluene 
1.1.1 -Trichloroethane 
Trichloroethylece 

Bromodichloromethane 
l,l,l-Trichloropropan-24 
Bromodichloromethane 
1, I, 1,2-Tetrachloroethane 
Ethylbenzene 
1.1.2-Trichioroethane 
1.1,2-Trichloruethane 

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 blood and re-analysed. 

Asummary of the results of quantitative analyses performed using specimens 
from patients suspected bf: abusing these compounds either by inhalation or oral 
ingestion-is summarised in Fi,. (J 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 abovze. 

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 discussedzg and include the 
need for precautions in the collection and transportation of specimens together with 
the difhculties 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 4) 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 materiais are con- 
cerned. The method has proved to be reproducible and rehable in routine use and 
requires a minimum of apparatus, but may be readily adapted to automatic operation 
if requir&L 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 sohttions. 
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