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Abstract 

Over the years tobacco research has focused heavily on the toxic organic components of cigarette smoke while giving little 

attention to the toxicological implications caused by heavy metals in mainstream cigarette smoking. Whereas, it is not in 

doubt that organic toxins and their corresponding free radicals are directly responsible for a myriad of problems affecting 

smokers, the clinical effects caused by heavy metals in tobacco burning cannot be ignored. Accordingly, this study 

investigates the heavy metal content in the gas-phase mainstream cigarette smoke of common cigarettes sold in Kenya and 

their toxicological implications. Two cigarette brands (SM1 and ES1), and one traditional cigarette (Trd) were selected for 

this study. To mimic actual cigarette smoking conditions, smoking apparatus were designed according to ISO 3402:1999 

standards. Five conditioned cigarettes were smoked per sample. All experiments were conducted in replicates to enhance 

reproducibility of data. The heavy metal content was determined using atomic absorption spectrometer, AAS, (Shimadzu 

6200). The mean results showed that lead had the highest concentration in all cigarette brands; 6.776±0.02, 6.984±0.03 

and 7.119±0.0.05 µgg
-1

 for traditional (Trd), SM1, and ES1 cigarettes respectively. On the other hand, the lowest heavy 

metal concentration was cadmium with respectively 0.084±0.004, 0.090±0.002, and 0.030±0.002 µgg
-1 

for SM1, ES1, and 

traditional cigarettes. Moreover, chromium, copper, and zinc were also investigated. The concentration of lead, cadmium, 

chromium, copper, and zinc partitioned in the cigarette ash of each cigarette blend is also reported in this work. 
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Introduction 

This research article explores the concentration of heavy metals 
in cigarette smoke which are known to cause severe health 
implications to tobacco consumers. Studies on heavy metals 
partitioned in the gas-phase cigarette smoke have received little 
attention as compared to tobacco toxins which are widely 
reported in literature. This study also investigates the heavy 
metal content in cigarette ash which may also cause significant 
biological and environmental problems when inhaled in form of 
air particles. 
 
Tobacco biomass is of great interest because of its use in the 
form of cigarettes which generate various smoke compounds 
during pyrolysis reactions1. In the recent past, increased efforts 

have been devoted to exploration of tobacco by-products and 
the potency of cigarette smoking2. Accordingly, a good number 
of scientific research and epidemiological evidences have 
explicitly established cigarette smoking as a serious factor for 
degenerative diseases including cancers of the lungs and that of 
other body organs and cardiovascular diseases1,3. Previous 
researches indicate that human beings get exposed to heavy 
metals through cigarette smoke inhalation with the quantities 
dependent on the metal concentrations in air, and its retention in 
the lungs in the case of smokers4. Figure -1 gives an illustration 
of how tobacco is packaged to produce a cigarette. Tobacco 
cigarette is usually packaged using cellulose paper. A filter tip is 
incorporated into the cigarette with the general purpose of 
removing cigarette tar but this plays a negligible role in 
removing of toxic substances present in cigarette smoke.  

 

 
Figure-1 

The anatomy of tobacco cigarette 
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Cigarette smoking is an established avenue of toxic elements 
including cadmium and lead which contribute significantly to 
induced mental disorder5,6. The heavy metals present in cigarette 
smoke may precipitate serious cell aberrations in biological 
systems of tobacco consumers7. Cadmium(Cd) and Lead (Pb) 
metals have been reported to cause oxidative stress because of 
their catalytic action with may result in the formation of reactive 
oxygen species (ROS)8 hence these metals are extremely 
poisonous with Pb being an established carcinogen9,10. Copper 
(Cu) and Zinc (Zn) are heavy metals which participate in the 
functioning of certain enzymes of biological importance but 
reports show that too much intracellular accumulation of these 
metals may be toxic and ultimately injurious to human health11. 
Excessive intracellular deposition of Cu leads to the generation 
of ROS which are known to cause oxidative stress in addition to 
cell damage12,13. Zn though an essential element in the body, 
when excessively consumed becomes toxic by inducing 
pathological conditions associated with oxidative stress11. 
Chromium VI affects negatively the gastrointestinal, respiratory, 
hepatic, endocrine, immunological and neurological systems14. 
High accumulation levels of Chromium VI exposes individuals 
to cancer15,16. Heavy metals monitoring in cigarette smoke is 
therefore important in the protection of the environment and the 
health of higher order animals including man. 
 
Literature surveys suggest that the levels of some toxic heavy 
metals in blood of smokers are higher than that those of non-
smokers17. Human beings get exposed to cigarette smoke by 
either being active smokers who directly inhale mainstream 
smoke or passive smokers subjected to side stream smoke or fall 
victims of Environmental Tobacco Smoke (ETS). Tobacco 
smoke contains toxic18, genotoxic19, mutagenic20, and 
carcinogenic properties21. About 7000 chemicals have been 
identified to be present in tobacco smoke including 
nitrosamines, poly aromatic hydrocarbons and heavy metals 
which cause disease in human beings with over 5000 of these 
chemicals generated upon burning tobacco ingredients22,23. 
Therefore diseases associated with the use of tobacco are known 
to occur as a result of cell impairment due to frequent inhalation 
of toxic components in cigarette smoke24. Such toxins (organics 
and inorganics) are formed by pyrolysis and pyrosynthesis 
reactions taking place when tobacco biomass in burned25. 
 
Tobacco related illness contributes an estimated preventable 
death tally of about 4 million deaths annually all over the 
world26. The primary focus of this work was to estimate the 
levels of lead, cadmium, chromium, copper and zinc in 
mainstream smoke for cigarettes commonly sold in Kenya by 
using atomic absorption spectroscopy (AAS). The metal content 
partitioned in the gas-phase and that partitioned in the solid 
phase are reported in this work. This study has been informed 
by the fact that most cigarettes sold in Kenya are largely 
unregulated and may pose fatal consequences to tobacco 
consumers. Moreover, few studies around the world have 
explored the heavy metal content in cigarettes. This study 
therefore is key attempting to demystify tobacco. All results 
reported in this study were conducted in replicates. 

Material and Methods 

Materials: Two commercial cigarettes (SM1 and ES1), and one 
traditional cigarette (Trd) were purchased from vendors and 
used without further treatment. For confidential purposes, the 
commercial cigarettes were coded SM1 and ES1 while the 
traditional cigarette has been abbreviated as Trd.  
 
Sample Preparation: 5 cigarette sticks were randomly selected 
from a pack of SM1 or ES1 cigarettes, weight and smoked using 
the apparatus set up presented in figure-2. To analyze for 
traditional cigarettes the, tobacco in SM1 cigarette stick was 
emptied and replaced with traditional tobacco. Care was taken 
to pack the same weight of traditional tobacco to obtain the 
equivalent weight as the tobacco in SM1 or ES1 cigarettes. All 
experiments were conducted in a fume chamber to minimize the 
health hazards associated with cigarette smoking. 
 
A cigarette stick was placed at the tip of tubing connected to a 
vacuum as shown in figure -2 and lit with a match box. To 
sustain the burning of the cigarette, a syringe was used to draw 
in air to the burning cigarette. To prepare one sample, 5 
cigarettes were smoked, implying that the heavy metals content 
reported in this study is an average of 5 cigarettes. That is, the 
result 5 of cigarettes (according to ISO 3402:1999 standards) is 
averaged to enhance the reproducibility of data. 
 
The cigarettes were smoked by creating a low pressure using a 
syringe at a rate of 35 mL/s according to ISO 3402:1999 
standards, and cigarette smoke collected in 50 mL analytical 
grade methanol containing 2 drops of 1M nitric acid in a conical 
flask as shown in figure-1. The samples were labeled and stored 
in dark crimp top vials for AAS analysis. The ash collected was 
mixed with 50 mL methanol and 2 drops of 1M nitric acid, 
stirred vigorously, and filtered using a filter paper (Whatman 
no. 4). The filtrate was then prepared for AAS analysis.  
 
AAS Analysis: Cigarette samples for AAS analysis were 
prepared using the method described elsewhere27. The AAS 
used in this work was Shimadzu 6200 (Japan) with a graphite 
furnace. The machine was operated thus: wavelength and the slit 
width were 357.9 and 0.2 nm respectively, Flame type: Air- 
acetylene, Oxidant flow rate was 1.5 L/min. The sensitivity was 
0.055 ppm, Detection limit was 0.001 ppm, lamp current was 5 
mA and optimum working range of the instrument was 0.001-
20.0 ppm.  
 

Results and Discussion 

The heavy metal content partitioned in the gas-phase and the 
solid-phase in mainstream smoke of selected cigarettes 
commonly sold in Kenya is presented in this work. These 
included the concentration of Pb, Cr, Zn, Cd, and Cu. The 
concentration of each heavy metal was reported as averaged 
value in µgg-1 of cigarette. 
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Figure-2 

Apparatus set up for smoking cigarettes 
 
Heavy Metal Content in the Gas-Phase of Cigarette Smoke: 

The gas-phase matter of cigarette smoke is very critical because 
it is directly inhaled by cigarette smokers. Consequently, it has a 
direct impact on the health of tobacco users. This study has 
revealed very startling results on the concentration of heavy 
metals in the gas-phase of various cigarette brands sold in 
Kenya. Figure-3 indicates that Pb constitutes the highest 
concentration of heavy metal content in all cigarettes 
investigated in this work. SM1 cigarette contained 
6.984±0.03µgg-1, ES1 contained 7.119±0.0.05µgg-1 while the 
traditional (Trd) cigarette had 6.776±0.02 µgg-1. Notably, 
chromium is less pronounced in ES1 cigarette brand and may be 
one of the safest cigarettes when considering the health effects 
caused by chromium. Nevertheless, this benefit may be offset 
by the high lead concentrations it contains. 
 
Figure-3 shows that the concentration of chromium and zinc 
were also significant in all the cigarette brands. Copper and 
cadmium however exhibited the least concentrations. Except for 
the high concentrations of lead realized in processed tobacco 
(ES1 and SM1), traditional cigarette (unprocessed tobacco) 
showed high levels of chromium and copper than the ‘modern’ 
cigarettes. Interestingly, low levels of cadmium were observed 
in Trd cigarette (0.003 µgg-1) as compared to SM1 (0.090 µgg-1) 
and 0.084 µgg-1for ES1 cigarette. The concentrations of Pb and 

Cr are generally above the recommended levels of heavy metal 
content in cigarette smoke4. Nonetheless, the concentrations of 
Cd, Zn and Cu fell within the range given by International 
Energy Atomic Agency4 (IAEA-359). The trend observed in 
figure-2 may be attributed to processing, packaging and 
technological processes such as use of additives which may 
increase the heavy metal content in tobacco cigarette28. Growing 
conditions and fertilizer applications may also be responsible for 
the high levels of heavy metals observed in all the cigarette 
brands examined in this work29. 
 
Heavy Metal Levels Partitioned in Cigarette Ash: Whereas 
heavy metal content in cigarette residue (ash), may appear 
unnecessary to report because it is not consumed by smokers, its 
environmental impact as ‘fly ash’ cannot be underestimated. 
Cigarette ash contains fine particles in the micron region. 
Coupled with the critical levels of heavy metals it contains, it is 
remarkable to say that cigarette ash is indeed poisonous  and 
needs further investigation to classify them as either PM2.5 or 
PM10. Fine particles, in this case cigarette ash, can cause 
respiratory problems, act as irritants in the respiratory tract and 
may eventually cause asthma and emphysema. Heavy metals in 
the ash are precursors for mental retardation, nervous 
breakdown, and cancer related illnesses. 



International Research Journal of Environment Sciences______________________________________________ ISSN 2319–1414 
Vol. 4(6), 75-79, June (2015)      Int. Res. J. Environment Sci. 

 International Science Congress Association             78 

 
Figure-3 

The gas-phase heavy metal concentration in various cigarette brands (ES1, SM1 and Trd) 
 

Table-1 

The level of heavy metals partitioned in cigarette ash of cigarette brands investigated in this work 

Cigarette Brand 
Concentration of (µgg

-1
) 

Cd Cu Zn Cr Pb 

Trd 0.093±0.02 2.818±0.02 1.143±0.04 3.605±0.02 6.712±0.1 
SM1 0.063±0.01 2.668±0.03 0.219±0.03 3.293±0.05 6.637±0.07 
ES1 0.073±0.01 1.914±0.01 0.329±0.03 1.590±0.03 7.066±0.04 

 
It is evident from table-1 above that lead and chromium 
constitute more than 70% of the heavy metal content in the 
traditional and SM1cigarettes while it contributes more than 
80% in ES1 cigarette. Nonetheless, contrary to the observations 
made in the gas-phase of cigarette smoke, Zn was detected in 
low amounts in cigarette ash. On the other hand, the amount 
copper partitioned in the cigarette ash was higher than that 
partitioned in cigarette smoke.  
 

Conclusion  

Tobacco is a killer plant in any form; whether smoked, chewed, 
or sniffed. Evidently, the health burden contributed by heavy 
metal content in tobacco must be a subject of eminent concern 
because the clinical effects they cause are equally devastating as 

those caused by organic toxins present in tobacco. The primary 
heavy metal component in all the cigarette brands investigated 
was lead while Cd was detected in low amounts. It is very 
important to note that generally, all cigarette brands gave high 
concentrations of heavy metals both in the gas-phase (cigarette 
smoke) and the solid phase (cigarette ash). Remarkably, there 
was no substantial difference in concentration of all heavy 
metals tested in the three cigarette brands investigated in this 
work.  Interesting results however, have been reported on the 
heavy metal levels in cigarette ash. These levels are equally 
injurious to human health as those partitioned in the cigarette 
smoke. This is because inhalation of such particulate matter may 
cause severe respiratory problems such as whizzing and throat 
cancer.  
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