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ABSTRACT: This work investigates carbon monoxide content of smoke emitted by various local and imported cigarette brands 

sold in Pakistani markets. Flue gas analyzer IMR 2800-p was used to analyze the smoke by using the bottle method. Nox, Sox 
and lower explosion limits of smoke was also obtained. The results showed clear distinction between local and imported 
brands as far as CO content was concerned. Almost all of the local brands exceeded the allowable limit of 20 ppm by a large 
margin. Cigar was also analyzed and its CO content also exceeded the allowable limit. There is a dire need to investigate 
these local brands by highly efficient and precise instruments to protect the masses from their harmful effects. Because 
Pakistan is a poor country, consumers of local brands far outnumber those of imported brands. Cigarette smoking is in itself 
very harmful but smoking these local brands which don't comply with International Organization for Standardization (ISO) 
standards for tobacco and tobacco products and regulations can only hasten the journey towards disaster. 
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1 INTRODUCTION 

Modern cigarettes contain tobacco blend, paper, PVA glue to bond the outer layer of paper together, and a cellulose 
acetate based filter [1]. Tobacco blend gets the most attention as the assembly of cigarettes is not very complicated. The 
addictive nature of cigarettes is due to the presence of reconstituted tobacco. Stabilization of mouthpiece and moderation of 
burning of the cigarettes is achieved by Laser drilled air holes [2]. Cigarette smoke contains over 4,700 chemical compounds 
of which about 60 are carcinogenic. Inhalation of carbon monoxide is the major route of exposure. The major sources of 
carbon monoxide production are vehicle emissions, cigarette smoke, gas cookers, fires and boilers, paraffin heaters, solid fuel 
heaters, wood and coal [3]. Exposure to carbon monoxide increases due to incomplete combustion of fuel. Carbon monoxide 
concentrations in urban traffic have been monitored and recorded [1, 6]. Carbon monoxide concentrations can reach up to 
182 mg m-3 (160 ppm) in some homes for prolonged periods. General public rarely comes across such high exposure [4]. 
Outdoor emissions of carbon monoxide declined by 33 % in the nineties, while emissions from transport declined by 40 % 
between 1995 and 2005 [5]. In the UK, the Expert Panel on Air Quality Standards (EPAQS) recommended an air quality 
standard of 10 ppm (8-hour time-weighted average (TWA) [6]. Regular smokers are not affected by normal environmental 
concentrations of carbon monoxide because their blood levels of carboxyhemoglobin are already higher than would be 
reached by breathing polluted air [6]. 

1.1 FORMATION OF CARBOXYHEMOGLOBIN (COHB) 

After entering the body through breathing, carbon monoxide binds with the heme component of red blood cells and 
forms a compound called carboxyhemoglobin (COHb). This affects the capacity of the red blood cells to carry oxygen to the 
tissues. The tissue of the heart, the brain and the exercising skeletal system have the highest Oxygen demand. Continuous 
exposure to carbon monoxide increases carboxyhemoglobin concentration until it reaches equilibrium. The increase in 
carboxyhemoglobin concentration is directly related to persons breathing rate. 
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1.2 EFFECTS OF EXPOSURE TO CARBON MONOXIDE 

Exposure to carbon monoxide initially causes headache, fatigue, dizziness, drowsiness, nausea or tightness in the chest. 
Prolonged exposure can cause confusion, muscle weakness and collapse. Available evidence suggests that individuals with 
heart disease, chronic obstructive lung disease, pregnant women, fetuses, and young children represent the population at a 
greater risk of exposure to carbon monoxide. 

2 CIGAR 

Although cigarette smoking has been slowly declining, total consumption of cigars has increased dramatically since 1993 
[7]. Between 2000 and 2012, cigarette consumption reduced by 34.1 percent while cigar consumption increased by 124 
percent [8]. Cigars are addictive as well as harmful. 

2.1 HEALTH HARMS TO USERS FROM CIGAR SMOKING 

Cigar smoking is both addictive and harmful. Cigar smoke contains toxic and carcinogenic chemicals that are harmful to 
both smokers and nonsmokers. Cigars produce more second hand smoke than cigarettes and can contain higher levels of 
some toxins than cigarettes [9]. Studies have shown that cigar smoke, contrary to popular belief, is inhaled [10]. Cigar 
smoking is picking up pace and is a modern trend as shown by a recent survey of college students [11]. According to the 
National Cancer Institute’s Monograph No. 9, smoking cigar causes dire health consequences [12]. 

2.2 HARMS FROM SECONDHAND CIGAR SMOKE 

Most cigars are larger than cigarettes and therefore, cigar smoke contains substantially higher levels of carbon monoxide 
and other toxins than cigarette smoke. Second hand cigar smoke is also less filtered than second hand cigarette smoke [13]. 

3 EXPERIMENTAL 

12 different brands of cigarettes (local, imported, international) along with cigar were purchased from the market.  

3.1 EQUIPMENT: FLUE GAS ANALYSER 

Flue Gas Analyzer used to perform the analysis was IMR 2800 combustion gas analyzer available in the Coal/Energy 
Research Center in NFC Institute of Engineering and Technology. 

3.2 METHOD 

BOTTLE METHOD 

A plastic bottle was cleaned thoroughly with ethanol and then dried and heated in an inert atmosphere to completely 
remove all the ethanol as well as any trace of moisture. After that, a hole was made at the center of bottle top and another 
one at the side of the bottle. Hole was large enough to allow a cigarette to pass through. Then the bottle was half filled with 
tap water. A cigarette was lighted and put in the hole at the bottle top. Smoke was sucked in by the water which was allowed 
to leave through the opening at the side. After all the water was drained, smoke inside the bottle was puffed out and 
analyzed with the help of Flue Gas Analyzer. After experiment, bottle was again washed and thoroughly cleaned with the 
same procedure mentioned above to make sure of the repeatability and reproducibility of the results. 
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Figure 1 New Cigarette Label Factsheet 
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Figure 2 Chart showing comparison of CO found in various cigarette brands in Pakistan 

 

Figure 3 DATA obtained from FLUE GAS ANALYZER 



Comparison of Carbon Monoxide Content of various Local, Imported and International Brands of Cigarettes and Cigar 
Available in Pakistan 

 

 

ISSN : 2028-9324 Vol. 12 No. 4, Sep. 2015 958 
 

 

 

Figure 4 Chart showing comparison of LEL of various cigarette brands in Pakistan 

 

Figure 5 DATA obtained from FLUE GAS ANALYZER 
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Figure 6 Concentration of NOx emitted by various cigarette brands obtained from Flue Gas Analyser 

4 RESULTS & DISCUSSIONS 

Figs 3 and 5 show the complete data obtained from Flue Gas Analyzer IMR 2800-p. Let’s analyze these results focusing on 
CO, LEL limits as well as nitric oxide concentrations found in brands analyzed. 

4.1 LOWER EXPLOSION LIMIT AND UPPER EXPLOSION LIMIT 

Lower Exposive Limit (LEL) for a gas can be defined as the lowest amount necessary to support its combustion in the air. 
Upper Exposive Limit (UEL) for a gas can be defined as the maximum amount necessary to support its combustion in the air. 
Flammable range for a gas or a vapor lies between LEL and UEL. A higher value of lower explosion limit is desired as it will 
mean the cigarette will have a less chance of explosion. Fig 4 shows the Lower Explosion Limit of various cigarette brands. 
Highest value was observed for Diplomat i.e. 8.8% . Lowest value was observed for Benson and Hedges imported i.e. 1.6% . 
Equipment was not able to obtain the LEL value of Gold Leaf and Cigar accurately. 

4.2 CONCENTRATION OF CARBON MONOXIDE 

Fig 2 shows the column chart comparing carbon monoxide concentration in smoke samples obtained from various 
cigarette brands as well as cigar. It is obvious to see that the three imported brands namely Benson Hedges imported, Dunhill 
international and Dunhill imported have a low CO content, 4, 23, 16 respectively. Fig 1 shows the acceptable CO content of 
cigarette smoke as permitted by Food and Drug Administration of U.S.A. The extraordinary high content of CO in nearly all 
the local brands sold in market is a cause of real concern. The CO content of Morven Gold brand was a whopping 1398 ppm 
or 2515mg/m3 which is higher than the CO emitted by some 2-stroke and 4-stroke engines of auto vehicles running in 
Pakistan as reported by a recent study. There was also a huge difference between CO content of local and imported brands 
of the same company. Cigar also showed a high content of carbon monoxide, i.e. 188 ppm. 
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4.3 CONCENTRATION OF NOX 

Fig 6 shows the column chart comparing NOx concentration in smoke samples obtained from various cigarette brands as 
well as cigar. Total NOx concentration is due to nitric oxide as nitrogen dioxide was found to be 0 ppm in all the brands 
analyzed. Only five of the brands investigated showed some value of nitric oxide while others showed a value of 0 ppm. The 
highest NOx content was 9 ppm, found in Morven Gold. 

5 CONCLUSIONS AND RECOMMENDATIONS 

We can safely conclude that the local brands of cigarettes available in the market are prepared without keeping in view 
the International Organization for Standardization (ISO) standards for tobacco and tobacco products placed on them. There is 
a dire need to investigate these local brands by highly efficient and precise instruments to protect the masses from their 
harmful effects. Cigarette smoking is in itself very harmful but smoking these local brands which don’t comply with the 
international standards and regulations can only hasten the journey towards disaster. Our research also nullified the 
perception that cigars are comparatively safer than cigarettes. There is a need to further analyze these local and imported 
brands for the presence of nicotine, tar, poly aromatic hydrocarbons and other toxic as well as carcinogenic components by 
new, modern and sophisticated equipment. If they are found to contain high levels of these components exceeding the 
allowable limits, then strict action should be taken by the concerned authorities against these companies to protect the 
society from destruction. 
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