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Abstract 
Metals are essential to the human body but can be harmful to health when it exceeds permissible 

limits. Different sorts of cigarettes were chosen from the markets in Iraq to conduct the tests of the 

elements in these species. The chose samples were tested using EDX instrument. Results 

demonstrated the presence of the proportions of dangerous elements such as (Sb, Ni, Zn, P, Pb, Cd, 

Ca, Si, S, Cr, Mg, Na, As, Al, Cl, and Sn), which greatly affect the health of the smoker and its 

negative effects to the environment. The genuine risk is the result of accumulate these elements in 

the body of the smoker's lungs, liver, blood or brain and its effects are chronic and more dangerous 

and threatens the life of the person in the future. A special absorption system was used to absorb 

tobacco smoke for the tested samples by deionized water. The remaining ash collected for acid 

digestion and prepared to atomic absorption analyses.      [DOI: 10.22401/ANJS.21.4.04] 
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1-Introduction 

There have been many researches and case 

studies were done [1-6], they are consistent 

with these researches which were considered 

within the safety context. Metals are very 

important for physiological processes in the 

human body, but can also destroy health when 

the concentration is exceeds permissible limits. 

Heavy metals consider as environmental 

pollution and can be harmful even in low 

concentrations [7]. In spite of the fact that 

there is no certain meaning of heavy metals, 

but it can be described as metals having a 

density higher than 5 g/cm
3
 [8]. Chronic 

exposure to heavy elements can be hazardous 

to health. Plants have the ability to accumulate 

heavy elements in the roots or leaves [9]. 

Tobacco plants have the ability to transport 

heavy metal ions from the soil through plant 

roots to the leaves [10, 11]. Several heavy 

metals found in tobacco smoke such as (Cd, 

Cr, Pb, and Ni) also accumulate in tissues and 

fluids through smoking [12-18]. Tobacco 

smoking is the most important single source of 

Cd exposure in the general population. 
Cigarette smoke contains organic and 

inorganic chemicals. There are more than 4000 

chemicals described in tobacco that are 

harmful to health [19]. Tobacco smoking not 

just affects the human health, but it is also 

associated with the environmental 

contamination. Liquid, solid or even smoky 

waste is a serious contaminant to the 

environment. Various researches on pollution 

of the environment through tobacco. Devices 

include kretek, bidi and shisha (see Fig.(1)) 

[20]. This work aims to determine the toxic 

metals in tobacco, tobacco smoke and ash 

from selected imported cigarettes brands in 

Iraq using smoke absorption by deionized 

water method and examination metals 

concentration using (EDX) and atomic 

absorption devices. This research spans a 

series of research specialized in safety aspects 

to lay the groundwork for human health and 

environment [21-25]. 
 

 
Fig.(1): Shisha (narghile, water pipe). 
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2- Experimental part  

2.1. Samples  

Three samples of common most traded and 

cheap price brands of cigarettes (1-3) were 

purchased from Iraqi markets. 

 

2.2. Tobacco smoke absorption 

A special absorption system consisting of a 

vacuum pump, control valve and two 

absorption flasks contains deionized water 

were collected for the smoke withdrawn from 

the combustion of tobacco from the three 

cigarette tobacco samples (see Fig. (2)). 

 

 
Fig.(2): System for smoke and ash collection. 

 

25 cigarettes from each sample (1,2 and 3). 

Its weights (13.5,12.2 and 13.1) g respectively, 

used for smoke and ash collection using the 

system which previously described in sec.2.2. 

Smoke was absorbed with deionized water. 

The resulting solution was collected Fig.(3) to 

be used for various metal analyses and the 

remaining ash collected for each sample was 

(2.7, 2.65 and 2.82) g respectively (see Fig.(4)) 

for the use in EDX metal analyses tests and to 

be acid digested later for atomic absorption 

metal concentration analyses.  

 

 
Fig.(3): Absorption flasks. 

 

 

 
Fig.(4): Remaining ash. 

2.3. Digestion of Tobacco Ash Samples 
The remaining ash collected for each 

sample which was (2.7, 2.65 and 2.82) g for 
the samples (1,2 and 3) respectively was 
placed separately into a beaker of 500 ml in 
volume and 20 ml of di – acid mixture of 
hydrochloric acid and perchloric acid with 
ratio 2.5: 1 with mixing [26] to free the metals 
that could be determined by the atomic 
absorption apparatus (AAS). Contents then 
cooled and filtered through Whatman 1filter 
paper and the volume made up with deionized 
water to 100 ml. Spectrophotometric metal 
determination can be done for the prepared 
solution. 
 

2.4. Atomic Absorption analysis 
Atomic absorption AAS Agilent FS240 
model was used for metal determination and 
its concentration in the previously water 
extracted samples and tobacco ash acid 
digested samples. Standard solutions were 
prepared in different concentrations for each 
element to establish the calibration curve 
according to the detection limits concentration 
defined in the instrument. Air-Acetylene 
burner was used to determine metal 
concentrations in the range of mg/kg (ppm). 
 

2.5. Energy-dispersive X-ray spectroscopy 
analysis 

Energy-dispersive X-ray spectroscopy 
(EDS, EDX, or XEDS) Bruker model 
XFlash6I10, is an analytical technique we used 
for the elemental analysis for tobaccos selected 
types of cigarettes. 
 

3- Results and Discussion 
3.1. EDX Results 
3.1.1. Tobacco results  

Three samples of common brands of 
cigarettes (1-3) were tested in EDX instrument 
for elemental determination. Results obtained 
for these tests illustrated in the Fig.(5,6 and 7) 
respectively. 
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Fig.(5): EDX spectrum for cigarette tobacco- sample -1. 

 

 
Fig.(6): EDX spectrum for cigarette tobacco- sample -2. 

 

 
Fig.(7): EDX spectrum for cigarette tobacco- sample -3. 

 

3.1.2. Tobacco Ash Results 

After burning the tobacco from the three 

selected types, ash was collected and 

homogenized. Samples were taken for (EDX) 

elemental tests. Results for the three samples 

(1, 2 and 3) illustrated in Fig.(8, 9 and 10) 

respectively. 
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Fig.(8): EDX spectrum for cigarette tobacco ash- sample -1. 

 

 
Fig.(9): EDX spectrum for cigarette tobacco ash- sample -2. 

 

 
Fig.(10): EDX spectrum for cigarette tobacco ash- sample -3. 

 

3.1.3. Absorbed tobacco smoke (EDX) 

analysis 

The extracted elements in water for one 

selected type of tobacco (Sample-1) were 

tested in (EDX) after heating the sample to 

dryness. Results illustrated in Fig.(11). In this 

absorption system, the smoker's condition is 

simulated and what elements it can receive in 

the smoke inhaled from the cigarette and what 

remains in the ash. Devices include kretek, 

bidi and shisha may acts as absorbers [20]. 

This pollutant is the share of the environment 

and thus it can be said that the toxic elements 

have a direct effect on the smoker including 

the chronic effects [9] as well as its negative 

effects on the environment through smoke, 

water and Ashes.  
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When comparing the (EDX) analysis 

(Sample-1) between the original tobacco 

Fig.(5), the water extract Fig.(11) and the ash 

Fig.(8), it is clear that the ash contains high 

concentration of (Si) and a lower concentration 

of elements (Al, S, K and Ca) and very limited 

concentrations of the elements (Sb, Ni, Zn, P, 

Pb, Cd and Sn). This indicates that a high 

concentration of these elements may be 

absorbed by water through the smoke absorbed 

from the cigarettes which are (Sb, Ni, Zn, P, 

Pb, Cd, Ca, Si, S, Cr, Mg, Na, As, A l, Cl, Sb 

and Sn). These elements represent the amount 

of the smoker's share, either in the ash, which 

represents the share of the environment. Most 

of such elements accumulate in tissues and 

fluids through smoking [12-18]. 

 

 

 
 

 
Fig.(11): The extracted elements in water from sample-1 cigarette tobacco smoke. 

 

3.2. Atomic Absorption analysis 

3.2.1. Digested tobacco tests 
Some selected elements were tested using 

atomic absorption apparatus for the digested 

tobacco samples (1-3). Concentration of some 

selected elements in mg/kg (ppm) for some 

tobacco prepared samples illustrated in 

Table(1). 

 

 

 

 

 

 

 

Table (1) 

Concentration of selected elements in mg/kg (ppm) for some tobacco prepared samples. 
 

Sample Ni Al Cr Mg Fe Cd Zn K Pb 

1 0.10 17.0 ˂ 1 29.7 ˂ 1 ˂ 1 0.12 50.00 ˂ 1 

2 0.11 19.0 ˂ 1 3.38 ˂ 1 ˂ 1 0.06 25.00 ˂ 1 

3 0.13 15.5 ˂ 1 15.3 ˂ 1 ˂ 1 0.82 55.00 ˂ 1 
 

3.2.2. The digested tobacco ash tests 
The digested tobacco samples (1-3) were 

tested. Results are illustrate in Table (2). 

 

 

Table (2) 

The concentration of selected elements in mg/kg (ppm) for some digested tobacco ash (1-3) 

samples. 

Sample Ni Al Cr Mg Fe Cd Zn K Pb 

1 0.02 10.20 ˂ 1 ˂ 1 ˂ 1 ˂ 1 0.06 6.30 ˂ 1 

2 0.02 11.70 ˂ 1 1.52 ˂ 1 ˂ 1 0.04 4.70 ˂ 1 

3 0.01 7.60 ˂ 1 6.60 ˂ 1 ˂ 1 0.025 3.01 ˂ 1 
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3.2.3. Absorbed tobacco smoke test 
The absorbed elements from tobacco 

smoke in water for the samples (1-3) were 

tested in atomic absorption. Results are shown 

in Table (3). 

 

 

 

 

Table (3) 

The concentration of selected elements absorbed in water mg/kg (ppm) for the samples (1-3) of 

tobacco smoke. 

Sample Ni Al Cr Mg Fe Cd Zn K Pb 

1 0.06 6.20 ˂ 1 3.80 ˂ 1 ˂ 1 0.06 39.8 ˂ 1 

2 0.05 5.50 ˂ 1 1.20 ˂ 1 ˂ 1 0.01 20.6 ˂ 1 

3 0.09 6.70 ˂ 1 6.30 ˂ 1 ˂ 1 0.55 44.0 ˂ 1 

 

4-Conclusion 

The selected types of cigarette from Iraqi 

markets were tested in EDX. Results proved 

the presence of dangerous elements such as 

(Ni, Zn, P, Pb, Cd, Si, S, Cr, As, Al, Sb and 

Sn).), which greatly affect the health of the 

smoker and its negative effects to the 

environment. The genuine risk lies as those 

elements accumulate in the body of the 

smoker's lungs, liver, blood or brain and its 

effects are chronic and more dangerous and 

threaten the life of the person in the future. 
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