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Short Communication 

Thermal desorption-gas chromatography for the 
determination of benzene, aniline, nitrobenzene and 
chlorobenzene in workplace air 

S. F. Patil* 
Department of Chemistry and School of Environmental Sciences, University of Poona, Poona 41 J007 (India) 

S. T. Lonkar 
Industrial Hygiene Laboratory, Hindustan Organic Chemicals Ltd., Rasayani 410207 (India) 

(First received August 27th, 199 I; revised manuscript received February 25th, 1992) 

ABSTRACT 

Sampling on Tenax TA of different mesh sizes followed by thermal desorption and gas chromatography was evaluated as a simple 
method for the determination of benzene, aniline, nitrobenzene and chlorobenzene in the workplace air. An alternative sampling 
technique in place of pump sampling was developed. Quantitative recoveries were obtained in the mass range 0.04-10 pg. It was found 
that air humidity had no effect on recovery. The charged tubes can be stored at room temperature for 5 days with no change in recovery. 
The particle size of Tenax TA has no significant effect on adsorption and desorption. 

INTRODUCTION 

The demand for accurate, reliable and sensitive 
techniques for the monitoring of organic trace 
pollutants in the workplace atmosphere has in
creased tremendously. Chromatography is a widely 
used technique which aJlows the identification 
and the determination of organic compounds in 
sub-nanogram amounts. Because of the relatively 
low concentrations of organic contaminants in the 
workplace air, most chromatographic methods for 
monitoring these contaminants requires a precon
centration step before the actual analysis. Tradi
tional preconcentration of organic vapour used in 
most NIOSH procedures [I] utilizes charcoal or 
silica gel as the adsorbent, followed by solvent 

desorption and chromatographic analysis. A newer 
alternative technique uses a porous polymer ad
sorbent and thermal desorption into a gas chro
matograph [2-5], which offers the best sensitivity 
with respect to solvent extraction as the whole 
sample is injected [6,7]. Hence this technique has 
gained wide acceptance in a variety of applications, 
including environmental trace analysis [8-14], in
dustrial hygiene [15], stack sampling [16] and per
sonal monitoring [17]. 

Among the various organic environmental pol
lutants, benzene, aniline, nitrobenzene and chloro
benzene are particularly poisonous with acute and 
chronic effects. The threshold limit values (TLVs) 
for aniline, nitrobenzene, benzene and chloroben
zeneare 10, 5, 30 and 350mg/m3

, respectively, for an 
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Short Communication 

Reactor for prechromatographic fusion reactions 

J. K. Haken* and P. Iddamalgoda* 
Department of Polymer Science, University of New South Wales, P.O. Box ], Kensington, NSW 2033 (Australia) 

(First received October 23rd, 1991; revised manuscript received February 12th, 1992) 

ABSTRACT 

An improved design of a reactor for alkaline fusion as a preliminary to chromatographic analysis is described. The reactor allows the 
use of a significantly reduced sample size, minimizes leakages and facilitates the removal of the reaction products. The use of the reactor 
is demonstrated by the analysis of several polyester samples exhibiting increased hydrolytic stability. 

INTRODUCTION 

The prechromatographic degradation of many 
materials including some polymers using hydrolytic 
cleavage was developed by Siggia and co-workers 
[1-4] and was described as fusion reaction gas chro
matography. The technique employed a device con
structed from an obsolete furnace pyrolyser at
tached to the injection port of a gas chromato
graph. The apparatus was a modification of a fur
nace pyrolyser [5] formerly marketed by Perkin-El
mer (Norwalk, CT, USA) (pyrolysis accessory 
154-0825). For volatile degradation products a cold 
trap was inserted between the reactor and the chro
matograph. This was immersed in liquid nitrogen 
during the reaction and then heated, with the con
tents being swept directly into the chromatograph. 

Fusion reactions and chromatographic detection 
as pioneered by Siggia and co-workers was extend
ed by Glading and Haken [6] with semi-microfusion 
conducted externally to the gas chromatograph 
with heating for 0.5 h at 360°C. Subsequently the 

"" Permanent address: Ceylon Institute of Scientific and In
dustrial Research, P.O. Box 787, Colombo, Sri Lanka. 

procedure with the associated work-up and deriv
atization has been applied to many condensation 
polymers possessing considerable hydrolytic stabil
ity, including polyamides [7], polyamides [8], poly
urethanes [9] and polyesters [10], the polyesters hav
ing also been cross-linked using amine-formalde
hyde resins [11]. . 

The advantages of separate rnicrofusion far out
weigh those of in situ reaction and include the fol
lowing: water necessary for the reaction remains in 
the reaction environment rather than tending to be 
preferentially swept from the reactor; the ability to 
conduct multipe fusions without restricting the use 
of the gas chromatograph or, more important, of 
restricting the examination to samples amenable to 
gas chromatography; the examination of materials 
normally retained in the reactor as potassium soaps 
or low-volatility compounds after appropriate 
chemical work-up and/or derivatization; the elim
ination of the presence of low-volatility compounds 
which gradually bleed or decompose into the sys
tem; the use of a diversity of chromatographic pro
cedures, i.e., gas chromatography-mass spectrom
etry, high-performance liquid chromatography and 
size-exclusion chromatography; the use of diethyl 
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Fig. I. Capillary electropherogram of a mixture of ephedrine 
alkaloids. INT = Internal standard (benzyltriethylammmonium 
chloride); MPE = methyl pseudoephedrine; PE = pseudoephe
drine; E = ephedrine; ME = methylephedrine; NPE = nor
pseudoephedrine; NE = norephedrine. 

ml for the other four alkaloids. They were linear with 
a good correlation coefficient of 0.999. 

Determination of ephedrine alkaloids in Ephedrae 
herba 

When the test solution of Ephedrae herba extract 
was analysed by capillary electrophoresis under the 
selected conditions, the graph shown in Fig. 2 was 
obtained. The calculated contents of the individual 
ephedrine alkaloids in the Ephedrae herba sample 
(±S.D.; n = 3) were MPE, <0.005; PE, 0.423 ± 
0.019; E, 0.965 ± 0.017; ME, 0.133 ± 0.009; NPE, 
0.057 ± 0.001; and NE, 0.059 ± 0.006%. Suitable 
amounts of the six ephedrine alkaloids were added 
to a sample of Ephedrae herba of known alkaloidal 
content and the mixture was extracted and analysed 
using the proposed procedure. The recoveries of the 
alkaloids were 95.5-102.9% with relative standard 
deviations of 2.2-4.0%. 
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