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Abstract 
 
 Arsenic (As), chromium (Cr), zinc (Zn), and iron (Fe) are metals vital to most 
organisms in trace amounts. However, they can quickly become toxic when in higher 
concentrations or when they exist in non-native body locations. Inductively coupled plasma 
atomic emission spectroscopy (ICP-AES) was used to determine the amounts of these 
metals in cigarette derivatives such as tobacco, ash and filters. Cr, Zn and Fe were found in 
all cigarette derivatives while As was not detectable in significant concentrations. This 
confirms earlier work done by Wang et. al.1 More work is needed to determine the health 
consequences of such metals in cigarettes.  

 
Introduction 
 
 The ability to measure the concentration of trace metals in samples is very practical 
in maintaining safe levels of trace metals in various consumer products, including 
cigarettes. An effective method of measuring multiple trace metals involves using an 
inductively coupled plasma-atomic emission spectrometer. Unlike atomic absorption, 
multiple metals can be measured simultaneously using inductively coupled plasma atomic 
emission spectroscopy, or ICP-AES.  
 Toxic metals are known to be present in cigarettes and may lead to severe health 
problems. For example, arsenic (As) is found in herbicides, pesticides and insecticides, is 
notoriously toxic, and was even once used as a common murder weapon. Chromium (Cr) is 
necessary for cellular metabolism but certain ionic forms can cause chromosomal damage.2 
Zinc (Zn) is vital in trace amounts but can easily become toxic in higher concentrations 
causing ataxia, hemolytic anemia and kidney damage.3  Iron (Fe) is also essential in small 
amounts but again can become toxic and cause metabolic acidosis, shock, liver failure, coma 
and death.4 This is true if the metals are present in their native locations in the body (i.e. 
iron is associated with heme groups in erythrocytes) but effects of these metals in non-
native locations (i.e. alveolar air sacs) could have even worse health consequences.  
 ICP-AES analysis allows for detection of these trace metals in cigarette derivatives 
(i.e. tobacco, ash and filter samples). Previous work by Wang, et. al. reveals significant 
detectable levels of Zn, Fe and Cr in cigarette derivatives. The goal of this research is to 
confirm the presence of these metals in cigarette derivatives. Ultimately, this knowledge 
could be applied to long-term clinical trials to elucidate the health consequences of the 
presence of such metals in cigarettes.  
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Experimental 
 
 Levels of chromium, iron, zinc and arsenic were measured in four different forms of 
cigarette derivatives: cigarette tobacco (pre-smoking), cigarette ash (post-smoking), 
cigarette filter before smoking and cigarette filter after smoking. Each form was measured 
twice in samples of Marlboro filtered cigarettes. Cigarette tobacco and cigarette ash were 
measured twice in samples of Camel unfiltered cigarettes. Experimental procedures by 
Wang, et. al. were used as a reference procedure.1 

 
Preparation of a 5% HCl/ 0.5% HNO3 Solution  
 

A 5% HCl/ 0.5% HNO3 solution was prepared by mixing approximately 142 mL of 
37% trace-metal grade HCl (Fisher Scientific), 7 mL of 70% trace-metal grade HNO3 (Fisher 
Scientific) and ultrapure water (NANOpure filtration system) in a 1 liter bottle. More 
solution was made as needed throughout the experiment. This solution was used to dilute 
all standard solutions to their desired volumes. (Note: all glassware used during this 
experiment was rinsed three times with ultrapure water and three times with the 5% HCl/ 
0.5% HNO3 solution. Volumetric pipettes were further rinsed three times with the solution 
to be pipetted). 
 
Preparation of Standard Solutions 
 

Four sequentially diluted standard solutions containing chromium, iron, zinc and 
arsenic were prepared as follows.  A 15-mL aliquot of 1000-ppm arsenic ICP standard 
solution (Fluka Analytical), 5 mL of 1000-ppm chromium ICP standards solution (Fluka 
Analytical), 5 mL of 1000-ppm zinc ICP standard solutions (Fluka Analytical) and 5 mL of 
1000-ppm iron ICP standard solutions (Fluka Analytical) were placed in a 100-mL 
volumetric flask and filled to the mark with the 5% HCl/ 0.5% HNO3 solution. A 5-mL 
aliquot of this solution were placed in a 500-mL volumetric flask and diluted to the mark 
with the 5% HCl/ 0.5% HNO3 solution (standard 1). A 250-mL aliquot of standard 1 was 
placed in a 500-mL volumetric flask and diluted to the mark with the 5% HCl/ 0.5% HNO3 
solution (standard 2). A 250-mL aliquot of standard 2 was placed in a 500-mL volumetric 
flask and diluted to the mark with the 5% HCl/ 0.5% HNO3 solution (standard 3). A 250-mL 
aliquot of standard 3 was placed in a 500-mL volumetric flask and diluted to the mark with 
the 5% HCl/ 0.5% HNO3 solution (standard 4). The concentrations of each metal in each 
standard are summarized in Table 1. 
 
 

 [As] (ppm) [Cr] (ppm) [Zn] (ppm) [Fe] (ppm) 

Standard 1 1.50 0.50 0.50 0.50 

Standard 2 0.75 0.25 0.25 0.25 

Standard 3 0.38 0.13 0.13 0.13 

Standard 4 0.19 0.06 0.06 0.06 

 

Table 1. Concentrations of each metal in each standard solution.  
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Preparation of Samples 
 

Tobacco Samples. Each of the following steps was performed for both Marlboro 
cigarettes and Camel cigarettes. The paper wrapping of the cigarette was sliced open and 
the tobacco was removed. Tobacco with shredded paper were ground together with a 
mortar and pestle. A 0.1-g portion of the mixture was placed in a beaker and dissolved with 
2.0 mL of 70% trace-metal grade HNO3 (Fisher Scientific) for 30 minutes. The solution was 
placed in 25-mL volumetric flask and diluted to the mark with ultrapure water. The 
solution was filtered through a 0.45-µm nylon, 25-mm syringe filter (Fisher Scientific) 
before ICP-AES analysis.  

Ash Samples. Each of the following steps was carried out for both Marlboro 
cigarettes and Camel cigarettes. The cigarettes were “smoked” by drawing air through the 
cigarette with a pipette bulb. Ash was collected in a beaker as the cigarettes were smoked. 
A 0.1-g sample of the ash was placed in a beaker and dissolved with 2.0 mL of 70% trace-
metal grade HNO3 (Fisher Scientific) for 30 minutes. The solution was placed in a 25-mL 
volumetric flask and diluted to the mark with ultrapure water. The solution was filtered 
through a 0.45-µm nylon, 25-mm syringe filter (Fisher Scientific) before ICP-AES analysis.  

Filter Sample (before smoking). The following steps were performed only for 
Marlboro cigarettes (the Camel cigarettes did not contain filters). The cotton filter was 
removed from the cigarette, teased apart, and ground with a mortar and pestle. A 0.1-g 
portion of the filter was placed in a beaker and dissolved with 2.0 mL of 70% trace-metal 
grade HNO3 (Fisher Scientific) for 30 minutes. The solution was placed in 25-mL volumetric 
flask and diluted to the mark with ultrapure water. The solution was filtered through a 
0.45-µm nylon, 25-mm syringe filter (Fisher Scientific) before ICP-AES analysis.  

Filter Sample (after smoking). The following steps were done only for Marlboro 
cigarettes (the Camel cigarettes did not contain filters). After “smoking” the cigarette, the 
cotton filter was removed, teased apart, and ground with a mortar and pestle. A 0.1-g 
portion of the filter was placed in a beaker and dissolved with 2.0 mL of 70% trace-metal 
grade HNO3 (Fisher Scientific) for 30 minutes. The solution was placed in 25-mL volumetric 
flask and diluted to the mark with ultrapure water. The solution was filtered through a 
0.45-µm nylon, 25-mm syringe filter (Fisher Scientific) before ICP-AES analysis.  
 
Data Acquisition  
 
A radial configuration Varian Inc., 715-ES ICP-AES was used. The 5% HCl/ 0.5% HNO3 
solution served as both the blank solution and the rinse solution. 
 
Results and Discussion 
  
 Chromium, iron and zinc were found in detectable concentrations in the both types 
of tobacco and ash. Tables 2 and 3 show the approximate results for the four elements 
tested in parts per million (ppm) in both runs. Arsenic was the only metal of the four that 
was unable to be detected through the use of standards. This is a positive for cigarette 
users, as arsenic is a lethal toxin, and arsenic poisoning can lead to multi-organ failure.  
 Tables 2 and 3 show Zn, Fe and Cr at a greater concentration in ash than in the 
tobacco. This is likely because tobacco ash is much lighter than tobacco. It took less than 
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one cigarette’s tobacco to obtain 0.1 gram of ground tobacco, but it generally took more 
than one smoked cigarette’s ash to obtain 0.1 grams. This could also be understood if the 
metals preferred to stay in the ash, instead of the smoke. However, that would be another 
quantifiable study.  
 
 
 
 
 

 
 
 
 
 

 
 
 
 
 
 
 
 
 
Comparing the Camel tobacco to the Marlboro tobacco for Table 2 shows the 

Marlboro has higher concentrations of Zn and Fe, but a lower concentration of Cr. In Table 
3, documenting the second trial, Marlboro tobacco has greater concentrations of Zn and Fe, 
but Cr was undetectable.  Only two trials were conducted, but more trials would be 
necessary to determine the accuracy and precision of these results.  There could also be 
error in measuring the amount of tobacco, as the paper wrapping was sliced up and placed 
in the ground tobacco sample mixture. Determining the amount of paper and the amount of 
tobacco in each sample would be an ideal alteration to the experimental procedure.  

The concentrations of the Fe in the Camel and Marlboro ash were much higher than 
in the tobacco, which can be explained by the standard solutions of Fe being significantly 
lower in concentrations than the samples. Thus, the concentrations were calculated 
through extrapolation, using the linear plots calculated through the ICP-AES peak 
intensities through for the standards.  

Element Camel 
(ppm) 

Marlboro 
(ppm) 

Camel Ash 
(ppm) 

Marlboro Ash 
(ppm) 

Unsmoked 
Filter (ppm) 

Smoked Filter 
(ppm) 

Zn 48.12 68.36 252.5 262.5 6.97 17.11 

Fe 75.36 90.97 2827.5 2492.3 - - 

Cr 1.34 0.41 5.71 6.48 - - 

As - - - - - - 

Element Camel 
(ppm) 

Marlboro 
(ppm) 

Camel Ash 
(ppm) 

Marlboro Ash 
(ppm) 

Unsmoked 
Filter (ppm) 

Smoked Filter 
(ppm) 

Zn 44.38 64.38 301.03 351.18 6.52 7.89 

Fe 83.09 126.31 2477.53 2785.74 - - 

Cr - - 2.48 5.59 - - 
As - - - - - - 

Table 2. Concentrations of zinc, iron, chromium and arsenic in samples of 
tobacco, cigarette ash and cigarette filters for trial 1. 

- not determinable 
†Arsenic was undetected 

Table 3. Concentrations of zinc, iron, chromium and arsenic in samples of 
tobacco, cigarette ash and cigarette filters for trial 2. 

- not determinable 
†Arsenic was undetected 
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 When analyzing the trace metals found in the Marlboro filter, Zn was the only metal 
that was able to be found in quantifiable concentrations.  In Table 2, the amount of Zn in the 
smoked filter was around three times the concentration of Zn in the unsmoked, but in 
Table 3, the amount of Zn in the smoked filter was only slightly higher than in the 
concentration of Zn in the unsmoked filter.  More trials should be conducted to test the 
efficiency of the filter and trapping Zn before conclusions are made about the effectiveness 
of the filters. 
 The tobacco results were compared to Iskander et. al.5 who provided concentrations 
in American Tobacco, and provided a nice benchmark for results: 
 

As <1 ppm 
Zn 17-31 ppm 

Fe 325-520 ppm 

Cr <.1-3.0 ppm 

 
In these results, As and Cr were in very low quantities, near the detection limits for 

the ICP-AES. Compared to the results generated in this paper, Zn was most consistent with 
the results found in Iskander et al. It should be noted that the Zn standard used for the 
experiments in this paper was the most consistent, and can be seen in the linear graphs 
listed in the supporting materials. Fe calculated in this paper’s results were in significantly 
lower concentrations than Iskander et al. A likely reason for this discrepancy was the poor 
standard curves created with the Fe standards. The values we calculated for Fe are not 
reliable, and Fe would have to be run with standards in much higher concentrations.  
 The results we calculated were done through linear standard plots, which proved to 
be unreliable for the ICP-AES to calculate the concentrations of the metals. It would have 
been interesting to use the standards run in this paper to make a standard addition curve, 
and that would likely be a future plan for continuing this experiment.  
  
Conclusions 
 
 Using an ICP-AES to determine trace metals in cigarette ash was effective 
performing multiple analyses of the metal concentrations. One adjustment to using the ICP-
AES is to create standards that correlate well with sample concentrations, which is 
something that should be focused on in future endeavors into this experiment. However, 
once effective standards are established, the ICP-AES is a very handy instrument.  
 The results displayed in this report do detect measurable amounts of trace metals in 
tobacco. Although our results were not consistent, and the experimental error in 
calculations is likely high, we can still conclude that the presence of these trace metals is 
not ideal for cigarette users, or those subject to second hand smoke.   
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Supporting Figures: 
 

A.  Standard Curves for Table 2
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B.  Standard Curves for Table 3 
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