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Abstract  
    X-rays fluorescence technology was used  to measure the concentrations of trace and toxic 

elements in tobacco smoke. One sample local and eight samples were imported selected from 

Iraqi markets. The results proved that tobaccos contain few concentrations of element 

(calcium, potassium, sodium, manganese, magnesium, chlorine, and sulfur), trace 

concentrations of element (aluminum, vanadium, iron, cobalt, nickel, copper and zinc), and 

toxic concentrations of element (arsenic, selenium, bromine, antimony, cadmium, mercury 

and lead). Results are proved the concentrations of elements of samples are lower levels with 

the other countries in few element like (calcium, potassium, sodium and manganese), while 

the other elements were highest than the other countries. 
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Introduction  
Tobacco is herbaceous plant that contains nicotine ,carbon monoxide, tar, irritants and 

other noxious gases emitted in tobacco smoke. Also it contains heavy metals, toxic elements . 

These element affects on biochemical processes in the human body[1]. Cigarette smoke is a 

complex mixture of chemical compounds. Researchers had estimated that cigarette smoke 

contain  7,357 chemical compounds from many different classes [2]. In assessing the nature 

of tobacco, scientists must consider chemical composition, concentrations of components, 

particle size, and particle charge. These characteristics vary with the cigarette design and the 

chemical nature of the product. More than 3040 chemical compounds have been isolated from 

processed tobacco leaf. They are considered the risk for cancer, cardiovascular disease, and 

heart disease [3]. According to WHO, at least one person dies per 10 second as a result of 

cigarette smoking . These deaths can ultimately be traced to repeated toxicant exposures 

overtime [4].  

Increasing the concentration of toxic elements is attributable to the atmosphere 

pollution, fertilizer, agriculture pesticides, packaging storage  and other operations  , as well 

as other chemicals to improve the taste and burn better [5] .Variety of analytical techniques 

are used to measure the heavy metals and other elements in tobacco cigarette.  These 

techniques are comprised : inductively coupled plasma- mass spectrometry (ICP-MS) [6-7], 

inductively coupled plasma-atomic emission spectroscopy (ICP AES) [8-9], optical emission 

spectroscopy (ICP-OES) [10], atomic absorption spectrometry (AAS) [11-12] .  

 These techniques are destructive to the original sample. Several methods are applied to 

determination of trace metals in tobacco. Instrumental Neutron Activation Analysis (INAA) 

[13], and X-Ray Fluorescence (XRF) [14]. These techniques are non-destructive. 

Identifying the chemical components in tobacco with the greatest potential for toxic 

effects in samples . This study done is to explore the toxic heavy metal concentrations in the 

tobacco from a selected cigarettes sample used XRF. 

 

Materials and methods  
Procedure for sample analysis:  

In this study material consisted of selected-brands cigarettes (local and foreign) 

grouped according to most widely used in Iraqi market and more purchased at the same time. 

Eight imported samples were selected namely (PINE Light, GITANES, ROYAL, 

MARLBORO GOLD, MARLBORO EXTRA, KINT SILVER, GAULUISES, PINE SLIMS), 

and one local sample (SUMER) .  The cigarettes sample paper -wrap was removed. Tobacco 

was mixed with a binder (PVC) added to the samples. They were crushed to dimeter range of 

less than 125 µm and greater than 63 µm, then drying in at 100-120 
0
C for 24 h. After cooling 

samples were pressed in hydraulic press into 15 Ton/cm
2
 in dimeter 32 mm. The pellets were 

loaded in the sample chamber for measurement.  

 X-Ray Fluorescence (XRF): 

XRF is one of the most important techniques for the analysis of metals and trace 

elements which is independent to the chemical form of the elements [15]. 

In this work X-ray tube manufactured by Spectro Xepos company is used, with 

detector silicone – lithium, with energy resolution 45ev in 5.9Kev of iron (Fe-55) isotope. The 

detector is cooled using Peltier phenomenon. The analysis work out using the comparative 

method with standard sources. There are advantages  of connecting to the computer via 

Ethernet technology and XLab- pro program. The thickness of beryllium window is 0.076mm. 

Several targets were used to generate different X – ray energy. The targets are highly oriented 

pyrolytic graphite (HOPG), alumina (Al203) and Molybdenum. Figures 1, 2 and 3 depicted the 

ROYAL sample spectrum. Precision and accuracy were tested by normal standard reference 
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analysis in XRF unit. Table 1 shows the results  which are proof that the unit XRF is credible 

for use in such measurements. 

Results and discussions 
Concentration of essential elements detected in the selected brands of cigarettes 

analyzed were presented in Table (2) . The trace and toxic elements is presented in table (3) 

and (4)  .The result of this work was compared with other reports in Table (5) . The range of 

elements are (0.11-0.15)% , (2.27-3.84)% , (1.94-2.6)% , (0.01-0.023)%, (0.017-0.022)% , for 

Na,  K , Ca, Mn , Mg respectively.  We found K  is higher than Ca level. The averaged levels 

are  obtained for K , Ca and Mn in this work  agree with the other in most reported value 

[16,17] . The value obtained for magnesium was observed to be ten times lower than 

magnesium level in cigarette reported in the other countries [17] . Heavy metals in tobacco 

include Aluminum (Al), Arsenic (As), Barium (Ba), Beryllium (Be), Cadmium (Cd), 

Chromium (Cr), Iron (Fe),Copper (Cu), Lead (Pb), Mercury (Hg), Selenium (Se), Nickel (Ni), 

and Cobalt (Co) are designated by the International Agency for Research on Cancer (IARC) 

as Group 1 carcinogens [18]. Table (3) shows the trace elements can quickly become toxic 

when in higher concentrations. The range is obtained for Fe (393-790.7)ppm  which is lower 

than the other reported[1,18]. Aluminum concentration  are less  than the other reported 

[19].The range for Al are (39-371)ppm, Cu (12.7-22.0)ppm, and Zn(33.1-40.4)ppm were  

observed higher  than the other  reported level in cigarette [20]. The toxic elements, in this 

work has high toxicity even at a very low concentration in Table (4). 

  Arsenic was found in all samples convergent concentrations. The chemical is contains 

arsenic compound either to boost yield or as insecticide. In this work was observed to be 

higher level than arsenic in cigarette reported in the literature for countries[21,22]. The range 

of Pb is (3.5-6.0)ppm . The value was obtained in this work was observed to be five times 

higher than lead  level in cigarette reported in the literature for countries   [21,23]. Maximum 

permitted levels (MPL) are  (3 mg/kg) and (10 mg/kg) for As and Pb  respectively in tobacco  

cigarettes [21]. The similarity in the antimony to arsenic chemically  in some biological effect 

leads. Pterions work conclude  that tobacco smoke and antimony could interact in similar way 

to arsenic in producing toxicity[24] and the range for Sb are (5.0-23.0)ppm .This study 

confirms that tobacco is a notable source of many heavy metal pollutants particularly Cd. 

Smoking of 20 cigarettes per day has been estimated to result in the inhalation of 2–4 μg Cd 

and 1–5 μg Pb, or even more [25] . The range of Cadmium is (3.0-6.3) ppm was observed 

higher  than the other  reported level in cigarette [21,23]. Another high toxicity element  

found mercury with  low concentration range of  (1.0-2.1) ppm. This work applied   to the 

American Environmental Protection Agency for medium weight adult human organism. Daily 

dose of mercury that does not invoke apparent health disturbances may reach up to 21 µg[26]. 

 

Conclusion 
This study confirms that tobacco is a notable source of many ‘‘toxic’’ heavy metal 

pollutants particularly (Cd, Pb, As, Hg, Cu), and evaluate the contents of ‘‘essential’’ 

(Ca,Mg,K,Na,P) 

The value obtained for some elements like Iron and magnesium lower than the other 

reported . The other elements   like Copper ,Zinc, Arsenic , Cadmium , Mercury , Lead were 

observed higher  than the other  reported level in cigarette. 

According to the World Health Organization Study Group on Tobacco Product Regulation 

(TobReg), further studies are required on the concentrations of metals in cigarette tobacco 

[27], as well as concentrations of metals in tobacco smoke obtained with the ISO. 
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Table(1) : Shows the comparison of results between experimental 

data and the results published in [certificate data] 

 

Table(2):Major concentration elements % ± S.D. using XRF 

 

 
 

 

 

 

 

 

 

 

 

Ele. 
Measured 

Concentration 

Certified 

value 

Error% 
E.S. 

Measured 

Concentration 

Certified 

value 

Error% 

Na 0.44 0.46 4.34 Mn 0.617 0.6 2.83 

Mg 10.80 11.19 3.48 Fe 1.511 1.35 11.92 

Al 0.32 0.35 8.57 Co 0.0054 0.0056 3.57 

Si 9.69 9.48 2.21 Ni 0.44 0.37 18.91 

p 2.38 2.40 0.83 Cu 0.0003 0.0003 0.0 

Cl 0.75 0.87 13.79 Se 0.003 0.004 25 

K 6.012 7.00 14.11 Mo 0.01 0.0092 8.69 

Ca 2.21 2.23 0.89 Hg 0.001 0.0011 0.91 

Cr 0.021 0.031 32.25 Pb 0.0001 0.0001 0.0 

Name Na Mg S Cl K Ca Mn 

PINE Light 0.12±0.0 0.018±0.0 0.12±0.0005 0.29±0.0005 2.39±0.007 2.38±0.006 0.02±0.0006 

GITANES 0.12±0.0 0.018±0.0 0.11±0.0004 0.27±0.0005 2.58±0.007 2.32±0.006 0.017±0.0005 

ROYAL 0.11±0.0 0.017±0.0 0.1±0.0004 0.21±0.0004 2.38±0.007 2.15±0.008 0.017±0.0005 

MARLBORO 

GOLD 

0.11±0.0 0.018±0.0 0.11±0.0004 0.19±0.0004 2.52±0.007 2.01±0.006 0.016±0.0005 

MARLBORO 

EXTRA 

0.12±0.0 0.017±0.0 0.12±0.0005 0.23±0.0004 2.58±0.007 2.44±0.007 0.022±0.0006 

KINT 

SILVER 

0.15±0.0 0.022±0.0 0.13±0.0005 0.35±0.0006 3.84±0.01 2.6±0.004 0.017±0.0006 

SUMER 0.12±0.0 0.019±0.0 0.10±0.0004 0.30±0.0005 3.04±0.008 1.94±0.006 0.023±0.0006 

GAULUISES 0.12±0.0 0.018±0.0 0.11±0.0004 0.23±0.0004 2.99±0.008 2.0±0.006 0.01±0.0005 

PINE SLIMS 0.11±0.0 0.017±0.0 0.11±0.0004 0.25±0.0005 2.27±0.007 2.08±0.006 0.02±0.0006 
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Table(3):Trace elements PPM concentration ± S.D.  using XRF 

 Table(4): Toxic  elements ppm concentration ±S.D. using XRF 

Table(5):Comparison between the present result and another  reported 

content of elements in cigarettes 
 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

Name Al V Fe Co Ni Cu Zn Mo 

PINE Light  44±0.0 5.3±0.4 532.5±7.6 12.7±1.5 5.2±0.9 18.7±0.9 33.6±0.8 17±0.0 
GITANES 371±10 9.1±0.6 509±7.9 18.9±1.6 6.3±0.9 18.3±0.9 35.0±0.8 18.2±9.8 
ROYAL 41.0±0.0 5.4±0.5 790.7±9.5 23.3±1.8 6.2±0.9 20.7±0.9 37.0±0.8 18.0±0.0 

MARLBORO 

GOLD 
39±0.0 4.5±0.4 566.4±7.7 17.7±1.5 6.5±0.9 16.8±0.8 36.6±0.8 16.0±0.0 

MARLBORO 

EXTRA 
43.0±0.0 4.3±0.4 732.4±9.1 20.3±1.7 5.7±0.9 17.6±0.8 36.0±0.8 24.0±5.2 

KINT SILVER 55.0±0.0 6.1±0.5 639.2±9.8 20.5±1.9 5.4±1.0 22.0±1.0 40.4±1.0 26.0±0.0 
SUMER 45.0±0.0 5.7±0.4 393.4±6.9 14.9±1.5 5.6±0.9 13.7±0.8 33.1±0.8 18.0±4.6 

GAULUISES 52.2±12.0 4.3±0.4 608.9±8.2 13.5±1.6 4.8±0.9 15.8±0.9 36.3±0.8 21.0±4.8 
PINE SLIMS 48.9±11.0 6.0±0.5 499.0±7.4 12.4±1.5 4.6±0.8 16.4±0.8 33.5±0.8 16.0±0.0 

ASPEN EXPORT 40.0±0.0 3.9±0.3 400.4±6.4 8.7±1.4 5.8±0.8 12.7±0.8 30.1±0.7 16.0±0.0 

 Name As Se Br Sb Cd Hg Pb  Name As Se Br Sb Cd Hg Pb 

 PINE Light  0.6±0.0 0.7±0.3 46.4±0.5 23.0±2.9 3.7±0.0 1.2±0.4 4.2±0.7  PINE Light  0.6±0.0 0.7±0.3 46.4±0.5 23.0±2.9 3.7±0.0 1.2±0.4 4.2±0.7 

 GITANES 0.6±0.0 0.5±0.0 42.8±0.4 13.0±0.3 3.7±0.0 1.7±0.5 3.5±0.7  GITANES 0.6±0.0 0.5±0.0 42.8±0.4 13.0±0.3 3.7±0.0 1.7±0.5 3.5±0.7 

 ROYAL 0.6±0.0 0.5±0.0 65.1±-.5 10.0±0.2 4.4±0.0 1.0±0.3 4.8±0.7  ROYAL 0.6±0.0 0.5±0.0 65.1±-.5 10.0±0.2 4.4±0.0 1.0±0.3 4.8±0.7 

 

 

MARLBORO  

GOLD 

0.5±0.0 0.4±0.0 36.2±0.4 5.0±2.4 3.7±0.0 1.6±0.5 4.1±0.6  MARLBORO 

GOLD 

0.5±0.0 0.4±0.0 36.2±0.4 5.0±2.4 3.7±0.0 1.6±0.5 4.1±0.6 

 

 

MARLBORO  

EXTRA 

0.6±0.0 0.5±0.0 42.2±0.5 11.0±3.4 5.4±0.0 1.1±0.4 4.2±0.7  MARLBORO 

EXTRA 

0.6±0.0 0.5±0.0 42.2±0.5 11.0±3.4 5.4±0.0 1.1±0.4 4.2±0.7 

 KINT SILVER 0.6±0.0 1.3±0.3 82.5±0.7 9.1±0.0 6.3±0.0 2.1±0.5 4.3±0.8  KINT 

SILVER 

0.6±0.0 1.3±0.3 82.5±0.7 9.1±0.0 6.3±0.0 2.1±0.5 4.3±0.8 

 SUMER 0.6±0.0 0.6±0.3 51.2±0.5 5.8±0.0 3.9±0.0 1.5±0.4 4.1±0.7  SUMER 0.6±0.0 0.6±0.3 51.2±0.5 5.8±0.0 3.9±0.0 1.5±0.4 4.1±0.7 

 GAULUISES 0.6±0.0 0.5±0.0 43.1±0.5 6.3±2.9 4.7±0.0 1.7±0.5 6.0±0.7  GAULUISES 0.6±0.0 0.5±0.0 43.1±0.5 6.3±2.9 4.7±0.0 1.7±0.5 6.0±0.7 

 PINE SLIMS 0.6±0.0 0.7±0.3 41.4±0.4 6.3±0.0 3.4±1.7 1.2±0.4 4.6±0.7  PINE SLIMS 0.6±0.0 0.7±0.3 41.4±0.4 6.3±0.0 3.4±1.7 1.2±0.4 4.6±0.7 

 

 

ASPEN  

EXPORT 

0.5±0.0 0.9±0.3 66.8±0.5 13.0±2.5 3.0±1.2 1.8±0.4 3.9±0.6  ASPEN 

EXPORT 

0.5±0.0 0.9±0.3 66.8±0.5 13.0±2.5 3.0±1.2 1.8±0.4 3.9±0.6 

element Concentration 

min 

Concentration 

Max 

Ref Present 

work min 

Present 

work max 

Ca% 0.1389,2.1 1.0842,17.4 [16],[17] 1.94 2.6 

K% 0.67, 2.39 2.116, 4.68 [16],[17] 2.27 3.84 

Mg% 1.3, 0.4128 5.4,0.2358 [17],[16] 0.017 0.022 

Mn% 0.016,0.0118 0.065,0.0267 [16],[17] 0.01 0.023 

Fe/ ppm 678,168 919,393 [1],[16] 393 790.7 

Al/ ppm 295 2302 [19] 39 371 

Cu/ ppm 0.18 6.01 [2] 12.7 22.0 

Zn/ ppm 6.97,7.3 25.25,24.02 [9], [20] 33.1 40.4 

As/ppm 0.008,<0.02 0.02,2.04 [21],[22] 0.5 0.6 

Pb/ppm 0.12,0.97 3.1,2.64 [21] ,[23] 3.5 6.0 

Cd/ppm 0.02,0.18 3.55,0.78 [21],[23] 3.0 6.3 

Hg/ppm 0.00648 0.01056 [25] 1.0 1.8 
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