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Abstract

Practical applications and relevant studies involving the anaesthetic gases, have been extensively described in the
literature. Many eminent analytical methods have already been developed for medical practice where routine analysis of
anaesthetics is frequently needed, particularly during anaesthesia, and in related and respiratory research programmes. The
determination of halothane, isoflurane, enflurane and nitrous oxide concentrations from vaporizers, in exhaled and inhaled
gas mixtures, in body fluids and tissues is necessary to control anaesthetic concentrations, and thus, the relevant and adverse
effects successfully. Therefore, a literature review, with particular emphasis on gas chromatography would provide important
information for investigators in the search for a suitable analytical method for the analysis of multi-component mixtures of
anaesthetic gases.
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1. Introduction

In general, frequency, urgency and accuracy have
influenced the choice of the analytical method used
for the analysis of the anaesthetic gases. Present
methods may be classified into two main groups
according to the fields where analysis is needed:
those for use inside operating theatres in controlling
of anaesthesia, and those for use outside the oper-
ating theatres for anaesthesia related research. These
two main groups may also be divided into sub-
groups according to the nature of the samples and the
type of the analysis needed. In each type of analysis
various analytical methods can be used in the
quantification of anaesthetics with respect to the
level of concentration (high or low) and the physical
state of the samples (gas or liquid) to be analysed.

2. Analysis required in operating theatres

Two main types of samples, gas and liquid
(generally blood), are analysed in operating theatres
to control the concentration of an anaesthetic during
surgical operations. Gas samples may come from the
delivered (inhaled) and/or exhaled gas mixtures
while blood samples are taken directly from the
anaesthetised patient [1,2].

During the course of a surgical operation ana-
lytical information is required immediately. For this
reason physical methods of analysis are used on
account of their rapid speed of response {3]. Nowa-
days, in operating theatres, where continuous moni-
toring is needed, automated techniques such as the
Narko-Test gas monitor {4,5], UV gas monitors [6,7],
infrared analysers [8], automated interferometers
[9,10], mass spectrometers [11,12], the Datex Nor-
mac anaesthetic agent monitor [13,14], the Lamtec
gas monitor [15] and Ohmeda Rascal II [16] etc., are
mostly employed. Moreover, some vaporizers may
be equipped with a built-in continuous gas moni-
toring device which utilises one of the above tech-
niques. The advantages of the automated techniques,
beside their immediate response, is that the result of
the analysis can be displayed continuously on an
output chart or digital device (monitor). Though
these techniques are capable of measuring most of
the substances encountered in the anaesthetic prac-

tice such as carbon dioxide, nitrous oxide and
volatile anaesthetics, most of them can handle re-
liably only one component at a time. A list of the
physical methods utilised in the analysis of anaes-
thetic gas components is given in Table 1.

Under certain circumstances, monitoring the blood
concentration of anaesthetics provides more accurate
information on the depth of the anaesthesia than
monitoring the expired gas concentration from the
patient [2]. Therefore, simultaneous determination of
the volatile anaesthetics in liquid (blood) samples
may also be needed periodically in operating theatres
during surgery.

3. Analysis required in related research

In anaesthesia related research where continuous
sampling is not needed, various methods such as
refractometry [17], absorption and emission spec-
troscopy [18] and mass spectrometry [19] are em-
ployed in the determination of anaesthetic gases and
vapours from different sources. Among them, gas
chromatographic methods have been particularly
popular for gas analysis. The great attraction of gas
chromatography perhaps lies in its versatility,
economy, simplicity and sensitivity, and the exist-
ence of, at least, one gas chromatograph in almost
every research laboratory [20,21]. A limitation of the
gas chromatograph lies in the fact that it needs to be
fed with a series of samples and this limits its speed
of analysis where continuous monitoring is needed.

The present gas chromatographic methods, given
in the literature may be classified according to the
source of the samples to be analysed. These samples
may come from: (1) body fluids and tissues con-
taining anaesthetics (usually low, in some cases
trace, concentration analysis), (2) operating theatre
atmosphere as pollutant (usually trace concentration
analysis), (3) inspired or expired gas mixtures (high
concentration analysis).

3.1. Methods for the analysis of body fluids and
tissues containing anaesthetics

Although an alternative UV spectroscopic [22] and
a high-performance liquid chromatographic (HPLC)
method [23] have been suggested, gas chromatog-
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raphy is widely utilised for the determination of the
concentrations of anaesthetics in the analysis of
liquid samples such as blood [24], urine [25], sperm
[26] and solid tissues [27]. Gas chromatographic
techniques produce reliable, fast, reproducible and
accurate results in volatile liquid and gas anaesthetic
analysis.

Four main sample handling techniques, associated
with gas chromatography are generally employed.
These use direct injection (for blood samples)
[28,29], extraction with an organic solvent [24,27],
the head space technique [2,30,31] and a heated
removable sampling port (for solid tissues) [32]. The
simplest technique, direct injection of test sample,
introduces serious disadvantages such as contamina-
tion of the gas chromatographic system, and water
vapour interference. Extraction with an organic
solvent, despite requiring a smaller sample size (0.5—
2 ml), is more complicated and large volumes of
solvent injected cause either peak overlapping prob-
lems or can lead to swamping of the sensitive
detector. Volatile anaesthetics can also be estimated
in solid tissues by placing a sample in a heated
sampling port at the column inlet. Since readings are
available in 2-3 min it is invaluable when the results
are required immediately [32]. With the head space
technique, the test sample is equilibrated at a certain
temperature with a gas phase and the concentration
of the volatile anaesthetic in liquid sample derived
from the gas phase equilibrium concentration. The
most common method appearing in the literature on
the analysis of blood samples is the head space
technique on account of its rapid sample processing
capability and its suitability for a direct determi-
nation of the partial pressure of anaesthetics in blood

[2].

3.2. Methods for the analysis of anaesthetics as
pollutant in operating theatre atmospheres

In the analysis of the low concentration samples,
from operating theatre atmospheres, gas chromatog-
raphy appears to fulfil all the criteria needed (e.g., it
provides simple, versatile, inexpensive, rapid, etc.,
analyses) while offering adequate selectivity and
sensitivity and being eminently suitable for the
volatile nature of the components of interest [19].
Two types of sampling techniques associated with

low-concentration samples are used in gas chromato-
graphic analysis: integrated personal sampling (IPS)
[33-36] and spot sampling techniques [37-42].
However integrated personal sampling technique was
an uncommon method of measuring exposure to
gases and vapours in pollution studies in the anaes-
thetic field [41] up to the early 70’s. Extensive use of
gas chromatography lead to smaller and simpler
sample sizes to measure the average exposure over a
period of hours. Two types of IPS are mainly used:
the first type is dosimeters relying on diffusion of the
pollutants on activated charcoal collection element
[36], the second type passes the gas flow to be
analysed into an adsorbent filled tube (cartridge) by
using external power sources (e.g., pump). Generally
activated charcoal and porous polymer beads are
used as adsorbent material. The thermal stability,
hydrophobic character, specific retention volume of
the material play an important role in the choice of a
suitable adsorbent. The largest specific retention
volume indicates the largest sampling capacity. In a
study, it was found that specific retention volumes of
Porapak T>Porapak QS>Porapak Q>Chromosorb
101 and upper temperature limit of Chromosorb
101>Porapak QS=Porapak Q>Porapak T [34].

3.3. Methods suggested for the analysis of inhaled
or exhaled gas mixtures

There are several techniques for measuring anaes-
thetic gas components at higher volume fractions.
Mass spectrometry, infrared spectrophotometry and
quartz crystal adsorption techniques, flueric respira-
tory and anaesthetic gas analyser (based on a reson-
ant oscillator sensor) may be employed for analysing
anaesthetic gases [43]. In general, inhaled or exhaled
gas mixtures contain, in addition to the anaesthetic
vapours, gaseous constituents such as air (oxygen),
nitrous oxide and carbon dioxide. Therefore, their
concentrations are also very important as a measure
of the uptake of the anaesthetics, the depth of the
anaesthesia and in related research. If all the com-
ponents (gases and vapours) need to be detected, gas
chromatography is extremely powerful for the sepa-
ration and quantification of the components provided
a suitable column and detection system is used. Gas
chromatographic methods proposed for the analysis
of the complex mixtures of anaesthetic gases [20,43—
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48] involve complex column and detection combina-
tions and injection techniques.

4. Detectors employed in the analysis of
anaesthetic substances

The complexity of the mixtures to be analysed
depends on the number of the components needed by
anaesthetist during anaesthesia or in related research.
Therefore, it can be a one-component mixture or a
complex gas mixture which is likely to contain
several of the following components: oxygen, nitro-
gen, carbon dioxide, nitrous oxide, halothane, iso-
flurane and enflurane. It is desirable that the com-
position of this mixture should be under the precise
control of the anaesthetist and researchers have been
devoted to improving methods of analysing gas
mixtures which have anaesthetic importance.

The techniques, utilise physical properties, with
the exception of mass spectrometry, and can handle
the simultaneous determination of only one or two
components at a time. If inorganic gases, besides
liquid anaesthetics, are also needed in the gas
chromatographic analysis, the detector system has to
involve a thermal conductivity detector (thermistor
or hot-wire TCD) due to its universal response to
almost all substances and its very large linear
dynamic range [32,49]. However, it is unsuitable for
the detection of low concentrations because of its
relatively poor sensitivity [50,51].

In contrast to this, in some studies the TCD was
employed for low concentration detection of nitrous
oxide as low as 1-25 ppm (40,52,53] and also in the
analysis of whole blood [23]. As the thermal con-
ductivity detector is a bulk property detector; de-
creasing the carrier gas flow-rate will increase the
sensitivity as the solute is present at a higher
concentration [54]. However, if the mixture contains
components with longer retention times, such as
volatile anaesthetics, a reasonable separation and
analysis time cannot be sacrificed for the sake of
sensitivity. Therefore the TCD is not commonly
preferred for low concentration determinations.

ECD is extremely sensitive to compounds with
halogen atoms and also to nitrous oxide. Because of
the limited linear dynamic range of the ECD, it is
generally employed for the determination of low

concentrations of liquid anaesthetics and nitrous
oxide. In the cases where the determination of the
liquid anaesthetic is needed (e.g., In the analysis of
blood and body fluids) the FID is commonly used
[1,2,29,33-35,55,56] or if the analysis includes
nitrous oxide the ECD alone may be chosen [20,25]
or combination of these two detectors [41,48]. There
are also some reports on the detection and quantifica-
tion of nitrous oxide with FID [57]. In the great
majority of the studies where only the determination
of the volatile liquid anaesthetics is needed FID is
used because of remarkably high sensitivity and
large linear dynamic range with reasonable sample
volume [58].

5. Column systems for the separation of the
anaesthetic mixtures

There are hundreds of papers on the gas chromato-
graphic separation and determination of anaesthetic
components in which the column systems are suit-
able only for the analysis of one- or two-component
mixtures (usually for liquid anaesthetics). The col-
umn packing materials employed could be classified
into four main groups: (1) stationary phase coated
columns (GLC), (2) solid adsorbent columns (mainly
porous polymers) (GSC), (3) combined column
systems (GLC-GSC), (4) capillary columns (CGC).

5.1. Stationary phase coated columns

Most of the columns employed in the separation of
one or two component mixtures, in the past, involve
a stationery phase coated on a support material
(GLC). Commonly used stationery phases and col-
umn support materials are given in Table 2.

5.2, Solid adsorbent columns

Solid adsorbent columns (particularly porous poly-
mers) are employed when the gas chromatographic
separation involves a permanent gas and nitrous
oxide with or without a liquid anaesthetic. Such
columns used by the previous investigators in the
analysis of anaesthetics are given in Table 3.
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Coated columns used in the gas chromatographic (GLC) analysis of anaesthetic components

Stationery phase Support Column length Components determined [Ref.]

20% SE-30 Chromosorb W 2.0 mX4 mm and 1.83 mX3 mm, S.S. Halothane, iso-octane [38]
Halothane [58]

5% SE-30 Varaport 30 1.80 mX3 mm, S.S. Air, heptane, enflurane [23]

3% SE-30 Diatomite CQ 1.5 mX6 mm, glass CCl,, chloroform, halothane [26]

8% SF-96 Chromosorb G 1.5 mX2 mm Halothane, iso-octane [38]

25% DC-200 Celite 545 2.0 mX4 mm Halothane, iso-octane [38]

5% Silicone oil (OV101) Chromosorb W 3.0 mX2 mm and 2.0 mX4 mm, glass Halothane [49]

10% Silicone fluid C560

Universai support

5.0 mX6 mm, glass

Halothane or isoflurane [29]
Halothane, trichloroethylene [19]

15% FFAP Diatomite C 2.0 mX4 mm, glass
15% Apezon L Chromosorb W HP 2.0 mX4 mm, glass
25% Apezon K Sterchamol 1.5 mX3 mm, S.S.
20% Dimethylsulphoxide SIL-O-CEL 6.0 mX6 mm
15% Dinonylphthalate Firebrick 0.6 mX6 mm

CS,. halothane, ethanol, propan-2-ol,
toluene [36]

Halothane or isoflurane or enflurane {1}
Halothane or isofturane {2]

Halothane [33]

0,. CO,, N,0 [44]

Halothane, ether, cyclopropane [44]

35.3. Combined column systems

In some studies, more than one column was
employed for the separation and analysis of complex
gas mixtures of anaesthetics. These mixtures which
need complex column, detection and injection ar-
rangements generally involve permanent gases, ni-
trous oxide and a volatile liquid anaesthetic. Since
the separation of all the components at once is
remarkably difficult, some special column lengths
were inevitably employed to achieve satisfactory
separations. The methods using combined column

systems with different column packing materials and
lengths are given in Table 4.

5.4. Capillary columns

Very few many gas chromatographic methods
associated with a capillary column system were
found for the separation and quantification of multi-
component mixtures of anaesthetics. Perhaps the
reason is that separation of one or more components
in anaesthetic mixtures other than the permanent
gases could be accomplished on a simple laboratory-

Components determined [Ref.]

Table 3

Solid adsorbent columns used in the analysis of anaesthetics

Column packing material Column length

Porapak Q 1.80 mX4 mm or 1.20 mX2.1 mm,
glass or 3.66 mx3 mm, S.S.

MS-5A 2.0 mx3 mm, §.S.

Porapak Q+MS-5A (mixed) 3.04 (2.75+0.29)mX4 mm, glass

Tide 0.50 mX6 mm
Activated charcoal I mX5 mm
Poropak P 2.5 mx3 mm, S.S.
Chromosorb 101 20 m, S.S.

N,0 [59]

Dichloromethane, enflurane, halothane or N,0, O, (25}

N,O. Freon-11. Freon-12, halothane [20]

N,0, C,H,, cyclopropane, acetone, ether, enfl halothane or O, SF¢, N, [48]
Air, N,O [53]

Air, N,O [60]

N,0. C,H,,. cyclopropane, acetone, ether, enflurane,

halothane or O,, SF,. N, {48]

Enflurane, halothane or ethanol, halothane [35]

0,, cyclopropane, fluomar, ether, halothane, CCl; anthrane, trilene [46]
Air, N,O [40)

Halothane [30]

Air, CO,, N,0, halothane or isoflurane or enfiurane [62]
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Table 4
Gas chromatographic methods using a combined column system

Stationary phase (column 1)

Solid adsorbent (column 2)

Components determined [Ref.]

15% F.F.A.P. on diatomaceous earth, 1.72 m

10% Silicone oil (OV101) on Chromosorb W, 2.13 m
15% Kel-F oil 10 on Chromaton N-AW, 0.50 m
0.1% SP1000 on Carbopack, 2.5 m

1-20% Dioctyl sebacate on firebrick

2-10% Dioctyl sebacate on silica gel

Chromosorb 101, 2 m (without coating)

Carbosieve B, 2.13 m
Porapak Q, 3.0 m
Porapak Q, 2.70 m
Porapak Q, 3.0 m
3-MS-5A

Chromosorb 101, 2.0 m+2.0 m

Halothane, N,O (42]
Halothane or N,O [41]
0,, CO,, N,0 [47]

0,, N,O, halothane [43]
0,, CO,, halothane [45]

Air, CO,, N,0, halothane or isoflurane
or enflurane [62]

packed column instead of on an expensive and
delicate capillary column. If the permanent gases
must be determined in the mixture, complex column
systems will be needed for an efficient separation.
Because of the different physical and chemical
properties of permanent gases and volatile liquid
anaesthetics, effective separation of all the com-
ponents may well be unsuccessful even with a long
capillary column. Two published methods have been
employed for the separation and detection of only
one liquid anaesthetic component at a time. Imbriani
et al. [25] used a cross-linked column 5% phenyl-
methylsilicone, 25 mX0.2 mm LD., and isoflurane
was detected from urine samples by employing a
mass-selective detector. Targ et al. [61] analysed
sevoflurane, isoflurane or halothane samples on a
5-p-methylsilicone coated fused-silica column, 30
mX0.53 mm LD, by using a FID detector.

6. Conclusion

This article is mainly designed to serve as a guide
for those engaged in anaesthetic gas analysis by gas
chromatography. One point that should be clear from
this short review of a very broad topic is that there
are many methods available for the analysis and
separation of the anaesthetic gas mixtures varying
from one component to multi-component mixtures
(including light gases). It is important to remember,
however, that not all of the methods may be applic-
able to all of the possible components of a mixture.
In practical terms, the selection of a suitable method
is often made on the basis of the nature of the
samples and the number of the components to be
analysed.

The report highlights that the length, number and
type of the columns; temperature conditions and
detector systems employed may vary according to
the complexity and concentration level of the ana-
lysed mixtures. Although the field is now well
established there is a room for improvements to
simplify the column systems employed in the sepa-
rations. Uyamk [62] has also introduced two new
simple gas chromatographic methods based on com-
mercially available solid adsorbent columns in con-
junction with a TCD detection. In the first method,
the separation of air, carbon dioxide, nitrous oxide
and a liquid anaesthetic (halothane, isoflurane or
enflurane) are achieved on a 2 m single column
[Chromosorb 101, 80-100 mesh, 1/8 in. O.D.
stainless steel (1 in.=2.54 ¢m)]} with a temperature
programme utilising room temperature. The second
method is a dual column gas chromatographic meth-
od which uses both channels of TCD. Separation of
the same mixtures are achieved on a 2 m (operated at
170°C) and 2 m+2 m (operated at room temperature)
the same type of columns (Chromosorb 101, 80-100
mesh, 1/8 in. O.D. stainless steel). However, a
researcher who needs to analyse a one component
mixture of the liquid anaesthetics may use the coated
column systems given in Table 2 provided they are
already available in the laboratory. The solid ad-
sorbent columns in Table 3 however, are more
versatile and are capable of separating light gases. If
a new purchase is necessary this type of column is
preferable for the liquid anaesthetic analysis and
future uses for light gases.

In addition to column systems, the chemical nature
and concentration level of the analysed mixtures
influence the choice of the detection systems to
qualify and quantify the components. If the analysis
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involves liquid anaesthetics at concentrations over
0.5% as well as light gases (air, carbon dioxide,
nitrous oxide) a TCD should be used. For lower
concentrations FID is preferable for the analysis of
liquid anaesthetics excluding light gases. Since the
linear dynamic range is limited the ECD may be
employed in the low or trace concentration analysis
of the anaesthetic components.
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