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INTRODUCTION 

The fact that cigarette smoke contains carbon mon
oxide and carbon dioxide is well known. Over the 
past fifty years, a number of workers have used 
colorimetry, titrimetry, infrared spectroscopy, mass 
spectrometry, and gas chromatography to determine 
these two compounds in cigarette smoke. The amounts 
of these compounds reported and the methods employed 
were well summarized by Elmenhorst and Schultz in 
1.968 (:I.). 
Usually, CO and C02 must be determined separately 
regardless of the method employed. Probably the most 
frequently used method for the determination of CO 
is gas chromatographic separation on a molecular sieve 
column (2). This approach was used by Mumpower 
et al. for the determination of CO in cigarette smoke 
in 1962 (3). (In this method C02 is not determined, 
and the column must be protected from water and 
organic vapors in the smoke.) Most chromatographic 
methods for the simultaneous determination of eo and 
C02 employ a combination of columns. A combination 
of an activated charcoal column and molecular sieve 
column as well as a combination of a silica gel column 
and a molecular sieve column (2) has been used for 
this purpose (4). 
In this paper, a gas chromatographic method for the 
determination of CO and C02 mixtures is described. 
The separation of N2, 02, CO, and C02 was achieved 
at temperatures of --'J0° C to + 40° C on a single 
column containing Porapak Q packing. Water and 
organic compounds are not detrimental to the column; 
in fact, the determination of CO and C02 and the 
analysis of the organic vapor phase in cigarette smoke 
may be performed on a single sample by temperature 
programming from --'J0° C to + 22o0 C. 

EXPERIMENTAL 

Apparatus 

A Beckman Model GC-5 gas chromatograph equipped 
with both flame ionization and thermal conductivity 
detectors was used in this work. A Beckman Model 
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125455 low-temperature accessory was installed on the 
chromatograph. This accessory employs a solenoid 
valve which, when actuated, passes a controlled flow 
of liquid C02 through an orifice into the column com
partment. The device is claimed to extend the lower 
temperature limit of the chromatograph downward to 
-65° C. However, the time required to achieve this 
temperature was unreasonably long, and temperature 
control was unsatisfactory. Therefore, the device was 
modified for use with liquid N2, and the size of the 
orifice was increased. A 15-l, liquid N2 container equip
ped with a discharge manifold (5ulfrain Cryogenics, 
Inc., Rahway, N. J.) was connected to the low-tempe
rature accessory. After these modifications were com
pleted, the chromatographic oven could be cooled to 
--'J0° C in approximately 7 min. 
The chromatograph was equipped with a thermocouple 
which could be switched directly to the chromatographic 
recorder. This temperature measuring system was used 
to determine when the desired subambient temperature 
was reached. 
A Finnigan Model 101.5 5/L gas chromatograph-mass 
spectrometer was used to identify components in the 
organic vapor phase of smoke. 
A single-port smoking machine of our design was used 
to smoke cigarettes. The total particulate matter of the 
smoke was trapped on a Cambridge filter. A sample 
chamber for the gas phase of smoke was constructed 
from a 0.5-l Hamilton Model 5-0550 syringe and two 
Hamilton Model 86406 three-way valves (Figure 1.). 
As each puff was taken, the gas phase was transferred 
to the 0.5-l syringe before an aliquot of the gas phase 
was injected into the chromatographic column. 

Figure 1. Gas-phase sample chamber and delivery system. 
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Procedure 

Cigarettes were smoked on the one-port smoking 
machine under standard conditions (one 2-sec. 35-ml 
puff per min.). During the smoking, liquid N2 was 
transferred into the chromatographic oven until the 
temperature was maintained at -70° C. The gas phase 
of the smoke which was in the 0.5-l syringe was slowly 
forced through the gas-sampling valve of the gas chrom
atograph. When approximately :r.oo ml of sample had 
passed through the valve, a 2-ml sample was injected 
onto the chromatographic column. The following 
chromatographic conditions were used: 
A 1/s-in. X :12-ft. SS column packed with Porapak Q 
packing was programmed at :r.o0 /min. from -70° C to 
40° C for N2, 02, CO, C02 and to 22o° C for the 
org~nic vapor phase; helium flow was 30 ml/min. 
An effluent splitter was used to split the sample at the 
detector so that N2, 02, CO, and C02 were detected 
with the thermal conductivity detector while the remain
ing peaks were detected with a flame ionization detector. 
The temperature of the column was maintained at 
-70° C for 6 min. as the N2, 02, and CO were eluted 
from the column. After the elution of CO, one of three 
alternative procedures was selected: [:1] When only 
CO was determined in a smoke sample, the column 

temperature was maintained at -'J0° C, and another 
smoke sample . .was injected onto the column as soon as 
the recorder pen returned to the baseline. [2] The 
column temperature was programmed at :10°/min. as 
soon as CO was eluted, and C02 was detected in about 
:15 min. After the elution of C02, the column was 
either cooled to -70° C in preparation for another 
sample, or [3] temperature programming of the column 
was continued for the analysis of the organic vapor 
phase. When the organic vapor phase was analyzed, 
the detector selector was switched from thermal con
ductivity to flame ionization, and temperature pro
gramming was continued until the column reached 
220° C. The organic vapor phase was then analyzed 
from the peaks in the remainder of the chromatogram. 

Calibration Curves 

A calibration for CO and C02 was made as follows: 
Samples of :10 and 20 ml of CO and C02, respectively, 
were taken with a 50-ml gas-tight syringe at 25° C. 
These samples were injected into the 0.5-l syringe 
described previously. Known volumes of N2 were then 
added to the large syringe resulting in known gas 
mixtures which contained from 2.380/o to 7.50/o CO 
and from 5 .o Ofo to :14.5 Ofo C02. A 2-ml sample of each 

Figure 2. Gas chromatographic separation of N2, 02, CO, C02, and organic gas-phase components In cigarette smoke. 
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of these mixtur,es was introduced onto the chromato
graphic column by means of the gas sampling valve. 
Calibration curves, based on areas of the peaks versus 
volume percent, were constructed. Calibration curves 
for selected organic vapor phase components were 
constructed in a similar manner. 

RESULTS AND DISCUSSION 

A chromatogram of the separation is shown in Figure 2. 

The peaks for N2, 02, and CO are well resolved at 
-70° C. The next peak, which appeared as the tem
perature was programmed, had the same retention time 
as nitric oxide. Obviously, this small peak could not 
be used for the quantitative determination of NO in the 
.smoke of an entire cigarette because of the oxidation 
of NO to N02 in the presence of oxygen. Moreover, 
attempts to rapidly sample a single puff and quanti
tatively determine NO were unsuccessful. There was 
probably some adsorption of NO on the packing or 
some oxidation of NO during the chromatographic 
separation. Shortly after the C02 was eluted from the 
Porapak Q column, the organic vapor phase was 
separated into about 24 peaks, a rather small fraction 
of the several hundred vapor-phase components present 
in cigarette smoke (1). However, the separation was 
satisfactory for the routine evaluation of organic vapor
phase adsorbents for cigarette filters. 
The precision of the method was determined by 
measuring the areas of the CO and C02 peaks on a 
series of 10 cigarettes. The coefficient of variation, 
including variations in cigarettes, was 4.6°/o and 5.80fo 
for CO and C02, respectively. The use of peak heights 
resulted in less precise measurements, probably be
cause subambient temperature programming is not as 
reproducible as normal temperature programming. 

Table 1. Carbon monoxide and carbon dioxide content 
of smoke from various clgareHes. 

Brand I Type of cigarette• CO C02 
0/o 0/o 

A Nonfilter 4.80 11.62 
B Acetate filter 4.65 11.05 
c Acetate filter 4.35 10.85 
D Acetate carbon filter 4.75 10.53 
E Vented acetate filter 2.85 8.32 

• Cigarettes tested were 85 mm In length. 

The method was used to determine CO and C02 in 
the gas phase of smoke from several domestic cigarettes. 
The percentage of CO and COg by volume is given 
for each of five brands in Table 1. In general, the 
values agree with those reported previously (1, 4). 
The amounts of CO and C02 in the smoke of a cigarette 
equipped with a vented filter have not been reported. 
The amount of air which enters the smoke through the 
vents of this filter was measured. An average value of 
22 Ofo dilution of the smoke by air was obtained. How
ever, the Sll1.0ke from this cigarette contained 40 Ofo 
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Table 2. 
In smoke. 

Carbon monoxide and carbon dioxide content 

Puff 
number 

2 
5 
8 

4.10 
4.60 
5.03 

9.65 
11.00 
13.30 

Brand C 

CO I 002 
0/o 0/o 

3.95 
4.30 
4.82 

9.52 
10.75 
12.97 

less CO than the smoke from cigarettes equipped with 
conventional filters. Apparently, the smaller puff volume 
(27 ml in 2 sec.) contributes to this unexpected decrease 
of CO in cigarettes with vented filters. 
The increase in CO and C02 content of cigarette smoke 
as the cigarette is smoked has been reported by 
several investigators (3, 4). It is not the purpose of this 
paper to study this phenomenon in detail, but a few 
determinations were performed on single puffs of 
smoke to show the utility of the sampling device and 
the method. The results of these determinations (Table 2) 
are in agreement with those reported previously (3), 
and particularly agree with the recent data of Williams 
and Belk (4). 

SUMMARY 

A gas chromatographic method for the determination 
of carbon monoxide and carbon dioxide in cigarette 
smoke was developed . .A column containing Porapak 
Q packing and a cryogenic temperature programmer 
which employed liquid nitrogen to cool the column to 
subambient temperatures was used. The separation of 
N2, 02, CO, and C02 was accomplished at temperatures 
of -70° C to 40° C, and the organic vapor phase of 
smoke was analyzed as the column temperature was 
programmed to 220° C. The inorganic gases were 
detected by thermal conductivity and the organic vapors 
by flame ionization. The method was used to determine 
the amounts of carbon monoxide and carbon dioxide 
in the smoke of nonfilter, filter, and vented-filter 
cigarettes, and to analyze the organic vapor phase of 
smoke. 

ZUSAMMENFASSUNG 

Die Autoren entwickelten eine gaschromatographische 
Methode fiir die Bestimmung von Kohlenmonoxid und 
Kohlendioxid in Cigarettenrauch. Dazu werden eine 
mit Porapak Q gepackte Siiule sowie ein Kryostat mit 
Temperaturprogramm verwendet, der zur Kiihlung_ der 
Siiule fliissigen Stickstoff enthiilt. Die Trennung von 
N2, Og, CO und COg erfolgt bei Temperaturen zwischen 
-70° und 40° C. Die organischen Bestandteile der 
Gasphase werden bei einer (programmierten) Siiulen
temperatur von 220° C durch Flammen-Ionisation, die 
anorganischen Bestandteile mit einem Wiirmeleitfiihig
keitsdetektor nachgewiesen. Mit Hilfe der beschriebe
nen Methode wurden der Gehalt an Kohlenmonoxid 



und Kohlendioxid im Rauch von filterlosen Ggaretten 
und von Filtercigaretten mit und ohne Perforation des 
Filters bestimmt und die organische Gasphase des 
Rauches untersucht. 

RESUME 

On a mis une methode de chromatographic en phase 
gazeuse au point pour la determination du monoxide 
et du dioxide de carbone dans la fumee de cigarettes. 
On a employe une colonne contenant du Porapak Q et 
un programmateur de temperature cryogenique, qui 
utilise du nitrogffie liquide pour refroidir la colonne au 
dessous de la temperature ambiante. On a realise !'iso
lation du N2, 02.. CO, et CO&. A des temperatures variant 
de -70° C a 40° C, et on a analyse la phase vapeur 
organique de la fumee a une temperature de colonne 
programmee a 220° C. On a detecte Ies gaz inorganiques 
par conductivite thermique et les vapeurs organiques 
par ionisation de Ramme. On a utilise la methode afin 
de determiner les quantitCs de monoxide et de dioxide 
de carbone clans la fumee de cigarettes sans filtre, avec 
filtre et avec filtre aere, et aussi pour l'analyse de la 
phase gazeuse organique de la fumee. 
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