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Abstract 

Background: This study was conducted to evaluate the impact of filter on the eventual carcinogenic and non-
carcinogenic risks caused by the main toxic constituents of popular cigarette brands in Iran. 

Methods: At this laboratory study, the concentration of benzene, formaldehyde, arsenic, and cadmium in the 
mainstream smoke of 11 popular cigarette brands in Iran, on the without and with-filter modes was 
determined based on an established method. The hazard quotient (HQ), incremental lifetime cancer risk 
(ILCR), and mixture quantitative risk assessments (QRAs) were performed based on the QRA method 
recommended by United States Environmental Protection Agency (USEPA). 

Findings: The mean of HQ due to benzene, formaldehyde, arsenic, and cadmium in without-filter cigarette 
smoke was from 3.96 to 3505. The findings indicated that the HQs related to benzene, formaldehyde, arsenic, 
and cadmium in cigarette smoke were decreased with filter by 48.3%, 25.3%, 37.6%, and 49.1%, respectively. 
The filter of cigarette decreased ILCR of benzene, formaldehyde, arsenic, and cadmium in cigarette smoke by 
53.02%, 25.31%, 37.70%, and 61.01%, respectively. The mixture of non-carcinogenic and carcinogenic 
estimated risks due to inhalation of studied cigarettes smoke was very high and unacceptable. 

Conclusion: The cigarette filter plays an essential role in reducing inhalation exposure to hazardous 
compounds in mainstream cigarette smoke; nevertheless, the average of overall mixture HQs and ILCRs 
estimated caused by studied compounds was higher than the acceptable value. It is recommended that future 
empirical studies investigate the impact of the type of fiber used in cigarette filter on reducing carcinogenic 
and non-carcinogenic risks caused by cigarette smoke. 
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Introduction 

Cigarette smoking is one of the most important 
sources of exposure to toxic and chemical 
compounds, so that according to the World 
Health Organization (WHO) forecast by the year 
2020, the cigarette will be the main leading cause 
of death of more than 10 million people per year 
globally.1-3 Burning tobacco leaves generates 
cigarette smoke at very high temperatures (≈ 900 
◦C), which is composed of various toxicant 
particles and gas compounds.4,5 

Benzene is known to be a human carcinogen 
(leukemia), and chronic exposure to benzene causes 
damage to immune, nervous, and reproductive 
systems.6 Formaldehyde is a sensory irritating, 
neurotoxic, reproductive, and developmental toxic 
compound which can cause upper respiratory tract 
cancers (nasopharyngeal and sino-nasal) in human.7 
Inorganic arsenic is considered to be a human 
carcinogen (lung cancer), and chronic exposure to 
this harmful compound causes cardiovascular and 
respiratory non-cancer effects in humans.8,9 The 
cadmium is considered a known human carcinogen, 
with the lung and the kidney as the identified target 
organs of chronic exposure to cadmium.10,11 

Different brands of cigarettes consist of various 
tobacco leaves, additives, paper quality, filter 
quality, and different dimension, that the type and 
concentration of harmful and potentially harmful 
compounds in the cigarette smoke of each brand 
will be different. The cigarette filter is a cost-effective 
way to reduce the concentration of tobacco-
contaminated pollutants in cigarette smoke.12,13 
Cigarette filter ventilation allows air to be down into 
the filter which can dilute the nicotine and tar of 
cigarette smoke.14-16 So far, a coherent study has not 
been conducted on the role of the filter in reducing 
the concentration of hazardous compounds in the 
cigarette smoke of Iranian popular brands. 

Cigarette-related diseases do not depend on the 
single component, such as the concentration of 
harmful compounds in cigarette smoke; rather, 
these diseases rely on the interaction of complex 
components. In the process of quantitative risk 
assessment (QRA), multiple parts of the disease are 
investigated, and using scientific evidence 
describes the probability of incidence or prevalence 
of a health threat.17-19 The use of the QRA process 
to toxicant compounds in cigarette smoke provides 
an objective and comparable framework for the 
risks of carcinogenic and non-carcinogenic effects 

due to cigarette smoking. The QRA has acceptable 
performance for comparison of human health risk 
between two or more tobacco products.12,17 

Considering the growing concern about the 
increase of cigarette smoking in Iran as a developing 
country, like in many countries, the obscurity of the 
role of filter in reducing the risk of hazardous 
compound in the cigarette smoke (benzene, 
formaldehyde, arsenic, and cadmium), and the 
effectiveness of the QRA process in predicting the 
risk of carcinogenicity and non-carcinogenicity of 
hazardous compounds of popular Iranian and 
foreign cigarette brands, this study was performed. 

Methods 

Study design 
Sample selection: Based on market share 

information, eleven brands of cigarette commonly 
available in Iran (6 Iranian and five foreign 
brands) were selected and purchased from local 
retailers. Cigarette brands were labeled based on 
alphabetic terms (Iranian brands: A: Sina, B: 
Sattar, C: J one, D: Bahman low-yield, E: Bahman, 
F: Bistoon, and foreign brands: G: Magna, H: 
Montana, I: Marlboro, J: Winston, and K: Kent) 
and were stored in original packing at ambient 
temperature until sampling and analysis. 

Sampling and analysis: In this laboratory study, 
the concentration of toxic compounds in cigarette 
smoke was measured in two mainstream modes: 
with filter and without-filter cigarette. In without-
filter mode, the cigarette filter was removed from 
the cigarette using the cutter and cigarette without 
the filter was placed in the sampling path  
(Figure 1). The sampling of toxic compounds in 
cigarette smoke on mainstream mode was 
continued until the cessation of a cigarette burning. 
 

 
Figure 1. Simple present sampling set of a) benzene, 
b) formaldehyde, and c) arsenic and cadmium in 
mainstream cigarette smoke 
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Benzene in cigarette smoke was sampled 
based on National Institute for Occupational 
Safety and Health (NIOSH) 1501 method using 
charcoal sorbent tube (100/50, SKC Inc., USA) 
and low volume sampling pump at a flow rate of 
0.170 l/min-1 (model 222, SKC Inc., USA). The 
cigarette was connected to a charcoal tube in the 
sampling path (NIOSH 1501). Figure 1a shows a 
simple schematic presentation of the benzene 
sampling set. The benzene was analyzed using 
gas chromatography (GC) equipped with a  
flame ionization detector (FID) (Shimadzu, model 
2010, USA).20 

Formaldehyde in cigarette smoke was sampled 
using three consecutive glass midget impingers 
(30 ml, model ACE 7533) containing 15 ml 1% 
sodium bisulfite (total: 45 ml) and personal 
sampling pump at a flow rate of 0.190 l/min-1 
(model 222, SKC Inc., USA). Also, it was used as a 
polytetrafluoroethylene (PTFE) filter to prevent 
the permeation of particle pollutants of cigarette 
smoke in midget impingers (based on NIOSH 
3500 method). A schematic presentation of the 
formaldehyde sampling set was presented in 
figure 1b. The formaldehyde was analyzed by a 
spectrophotometer with an ultraviolet-visible 
(UV/Vis) detector (PerkinElmer, model Lambda 
950, USA).21 

The sampling of arsenic and cadmium in 
cigarette smoke was performed using a mixed 
cellulose ester (MCE) filter (pore size: 0.8 µm and 
diameter: 37 mm, SKC Inc., USA) and personal 
sampling pump at a flow rate of 2.0 l/min-1 
(model 222, SKC Inc., USA). The MCE filter was 
placed inside the cellulose backup pad and  
37-mm diameter cassette (Figure 1c). The 
preparation of cadmium and arsenic was done by 
the ashing method and they were analyzed by an 
atomic absorption spectrometer (PerkinElmer, 
model Aanalyst 700, USA) equipped with cathode 
lamps set at 228.8 and 193.7 nm for cadmium and 
arsenic analysis, respectively.22,23 

Mixture QRAL: In this study, QRA 
methodology recommended by the United States 
Environmental Protection Agency (USEPA) has 
been used to evaluate the role of the filter in 
reducing adverse health effects due to cigarette 
smoke for two modes of with filter and without 
filter cigarette.24 For this purpose, the QRA 
methodology involving four steps (hazard 
identification, toxicity assessment, exposure 

assessment, and risk characterization) can be used 
for risk assessment of carcinogenicity and non-
carcinogenicity of various toxic compounds.  

Hazard identification: In the hazard 
identification step, the adverse health effects of 
the compounds studied due to the exposure  
to toxic compounds (e.g., carcinogen and  
non-carcinogen effects) will be investigated.  

Toxicity assessment: The toxicity assessment 
step determined the toxic inherent of the 
compound. Also,  in this step dose-response curve 
and toxicity information of compounds  
(for carcinogenic and non-carcinogenic effects: 
Reference Concentration and Inhalation Unit Risk, 
respectively) are considered.25 The reference doses 
and IUR of benzene, formaldehyde, arsenic, and 
cadmium were shown in table 1.  
 
Table 1. Reference concentration (RfC), inhalation 
unit risk (IUR), and absorption rate of studied toxic 
compounds of cigarette smoke in the respiratory 
system25,27,29 

Compound RfC 

(µg/m-3) 

IUR 

(µg/m-3) 

ABS 

Benzene 3.0 × 10-3 7.6 × 10-6 0.67 

Formaldehyde 9.8 × 10-3 1.3 × 10-5 0.54 

Inorganic arsenic 

(fume) 
15.0 × 10-3 4.3 × 10-3 0.16 

Cadmium (fume) 10.0 × 10-3 1.8 × 10-3 0.35 
RfC: Reference concentration; IUR: Inhalation unit risk; ABS: 

Absorption rate of a compound in the respiratory system 

 
Exposure assessment: In exposure assessment 

step, exposure levels, frequency, duration, and 
routes of personal exposure to toxic compound (s) 
are evaluated. Exposure assessment was 
calculated as the chronic daily intake (CDI), 
according to equation 1.24 
 

CDI =
𝐶 × 𝐶𝐹 × 𝑇𝐶 × 𝐴𝐵𝑆 × 𝐸𝐹 × 𝐸𝐷

𝐵𝑊 × 𝐴𝑇
                   (Equation 1) 

 

Where CDI is the chronic daily intake of  
the toxic compound due to smoking cigarette 
(µg/m-3), C is concentration of toxic compound in 
each cigarette smoke (ng), CF is converting factor 
from ng to µg (10-3), TC is average number of 
smoking cigarette per day (for Iranian smoker 
population: 13.7),1,4,26 ABS is absorption rate of 
compound in respiratory system (Table 1), EF is 
exposure frequency or number of days with 
smoking cigarette per year (for Iranian smoker 
population: maximum days or 365)1, ED is 
exposure duration (year) to toxic compounds of 
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cigarette smoke in lifetime (for Iranian smoker 
population: 55 years),27 BW is average of body 
weight of smoker population (for Iranian smoker 
population: 75.1 kg),27 and AT is average of 
lifetime or life expectancy (days) of smoker 
population, which for non-carcinogenic effects is 
calculated by multiplying the ED (herein: 
cigarette smoking years) by number of days per 
year (for Iranian smoker population: 55 × 365) and 
for carcinogenic effects is calculated by 
multiplying the average of population lifetime 
(years) by number of days per year (for Iranian 
smoker population: 75.9 × 365).4,25,27-29 

Risk characterization: In the risk 
characterization step, the risk-averse health 
effects due to chronic exposure to toxic 
compounds (such as carcinogens and non-
carcinogens) are estimated based on the 
combination of toxicity with exposure of the 
compound. In this step, a scientific-based 
interpretation can be made based on those 
estimates of previous steps of QRA.30 

Non-carcinogenic QRA: We used the hazard 
quotient (HQ) to assess the non-carcinogenic 
effects of four toxic compounds (benzene, 
formaldehyde, arsenic, and cadmium) in cigarette 
smoke. The HQ was calculated based on CDI 
(Equation 1) and reference concentration (RfC) 
(Table 1) of each compound following equation 2. 
If the CDI is equal or lower than the reference dose, 
it is acceptable (HQ ≤ 1); otherwise, there are 
potentially non-carcinogenic effects caused due to 
toxic compounds in cigarette smoke (HQ > 1).31 
 

HQ =
𝐶𝐷𝐼

𝑅𝑓𝐶
                                                     (Equation 2) 

 

Carcinogenic QRA: To evaluate the 
carcinogenic effects of studied compounds in 
cigarette smoke, the incremental lifetime cancer 
risk (ILCR) was calculated following equation 3. 
The ILCR has been calculated based on CDI 
(Equation 1) and IUR (Table 1). If the ILCR is 
lower than 10-5, it is considered as "maybe" 
carcinogenic risk. If ILCR is in the range of 10-5-10-

4, it is considered as "possible" carcinogenic risk 
and if ILCR is higher than 10-4, it is considered as 
"definite" carcinogenic risk.12,29,31 
 

ILCR = CDI × IUR                                      (Equation 3) 
 

Mixture of non-carcinogenic and carcinogenic 
QRAs: The mixture of non-carcinogenic and 
carcinogenic QRA calculations were carried by 

the methodology introduced by Pack et al.32 In 
this methodology to the prediction of non-
carcinogenic and carcinogenic effects, the 
algebraic sum of the HQ and ILCR for each of the 
toxic compounds in cigarette smoke was used. 

Ethical consideration: The project was 
approved by the Ethic Committee of Hamadan 
University of Medical Sciences, Hamadan, Iran 
(the approved code: IR.UMSHA.REC.1397.1010). 

Data of study were entered in SPSS software 
(version 22, IBM Corporation, Armonk, NY, USA) 
and Excel software (version 2019) after collecting. 
Descriptive and analytical statistical tests such as 
one-way analysis of variance (ANOVA), paired  
t-test, independent t-test, Kruskal-Wallis test,  
chi-square test, and Pearson correlation coefficient 
with significant level of P ≤ 0.05 were used to 
achieve the study objectives and investigate the 
effects of different variables on each other. 

Results 

The concentration of toxic compounds: The 
results of sampling and analysis of the studied 
toxic compounds in the mainstream smoke of 
eleven domestic and foreign popular cigarette 
brands in Iran were presented in table 2. The 
concentration of all studied toxic compounds in 
the mainstream of eleven cigarette brands with 
filter mode was lower than without filter mode  
(P < 0.012). The highest and lowest filtration rates 
(difference of toxic compound concentration on 
cigarette smoke in two modes of with and 
without-filter in percent) of the toxic compounds 
by cigarette filter were related to the benzene and 
formaldehyde, respectively (50.56% and 25.23% 
absorption, respectively). 

Exposure assessment of toxic compounds: In 
default exposure conditions, the CDI value varies 
according to concentration exposure and 
inhalation absorption rate of the toxic compound. 
Figure 2 depicts the results of the CDI index for 
carcinogenic and non-carcinogenic effects of the 
studied toxic compounds in the smoke of all 
examined cigarette brands, both with and without 
filter modes.  

Carcinogenic and non-carcinogenic QRA: The 
mean and standard deviation (SD) of HQ  
(non-carcinogenic effects) and ILCR (carcinogenic 
effects) indices for studied toxic compounds  
in the mainstream smoke of studied cigarette 
brands were calculated as 886.7 ± 1239.0 and  
53 × 10-4 ± 63 × 10-4, respectively.  
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Table 2. Results of concentration of studied toxic compounds in the mainstream smoke of eleven cigarette 
brands (ng/cig-1) 

Cigarette ID With filter Without filter 
Benzene Formaldehyde Arsenic Cadmium Benzene Formaldehyde Arsenic Cadmium 

A 40500 78100 10575 4175 114500 85100 22285 10370 
B 29900 55500 11715 3740 64100 72500 20120 11435 
C 31800 72200 8737 8472 63200 91500 24470 13265 
D 73000 56200 11550 9290 98900 84750 17475 13165 
E 91200 99700 9542 4772 107900 112500 18065 12102 
F 22003 80200 12077 3715 58100 89250 18240 4505 
G 41600 100750 15250 3705 80646 123750 20245 12955 
H 47961 95250 9870 6877 93260 108250 18865 11775 
I 36600 86250 18170 9027 118200 110250 19780 12000 
J 37100 12750 16320 6315 62500 75750 18430 12355 
K 37600 40500 15845 3737 85300 86250 26200 11580 
Total 44478 70672 12695 5802 86055 94531 20379 11409 

 

 
Figure 2. The chronic daily intake (CDI) index based 
on with and without filter modes for carcinogenic and 
non-carcinogenic effects of studied toxic compounds 
in cigarette smoke 
 

Results indicated that the HQ and ILCR 
indices were unacceptable for all examined 
cigarette brands. Results of HQ and ILCR indices 
based on cigarette brands are presented in tables 3 

and 4, respectively. 
The results of mixture non-carcinogenic 

(HQmix) and carcinogenic (ILCRmix) QRA in the 
present study showed that the risk of carcinogenic 
and non-carcinogenic effects due to inhalation of 
studied cigarettes smoke was very high and 
unacceptable (Figure 3). 

Discussion 

This study was performed to assess the impact of 
filter on the quantitative potential non-cancer and 
cancer risks of inhalation exposure to some 
hazardous compounds in cigarette smoke. 

As can be seen in table 2, the concentration of 
studied toxic compounds in the smoke of foreign 
cigarette brands (in without-filter mode) was 
higher than Iranian cigarette brands, such that, 
the highest mean concentration of benzene, 
formaldehyde, and arsenic was related to the 
Marlboro, Magna, and Marlboro cigarette brands 
(118200, 123750, and 26200 ng/cig-1, respectively) 
which was higher than other cigarette brands. 

 
Table 3. The hazard quotient (HQ) index of non-carcinogenic effects due to studied toxic compounds in the 
mainstream smoke of 11 cigarette brands (acceptable: HQ < 1) 

Cigarette ID With filter Without filter 
Benzene Formaldehyde Arsenic Cadmium Benzene Formaldehyde Arsenic Cadmium 

A 1650 785 2.05 26.65 4664 855 4.33 66.21 
B 1218 557 2.27 23.87 2611 728 3.91 73.01 
C 1295 725 1.70 54.09 2574 919 4.76 84.69 
D 2974 564 2.24 59.31 4029 851 3.40 84.05 
E 3715 1002 1.85 30.46 4395 1130 3.51 77.26 
F 896 806 2.35 23.71 2367 897 3.54 28.76 
G 1694 1012 2.96 23.65 3285 1243 3.93 82.71 
H 1953 957 1.92 43.90 3799 1088 3.67 75.18 
I 1491 866 3.53 57.63 4815 1108 3.84 76.61 
J 1511 128 3.17 40.32 2546 761 3.58 78.88 
K 1531 407 3.08 23.86 3475 866 5.09 73.93 
Mean 1812 710 2.47 37.04 3505 950 3.96 72.84 
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Table 4. The incremental lifetime cancer risk (ILCR) index of carcinogenic effects due to studied toxic 
compounds in the mainstream smoke of 11 cigarette brands (× 10-5, maybe > 1, possible > 10, and definite 
carcinogenic > 100) 

Cigarette ID With filter Without filter 
Benzene Formaldehyde Arsenic Cadmium Benzene Formaldehyde Arsenic Cadmium 

A 2.72 7.24 96.17 26.65 7.70 7.89 202.67 86.36 

B 2.01 5.15 106.54 23.87 4.31 6.72 182.89 95.23 

C 2.14 6.70 79.46 54.09 4.25 8.49 222.54 110.47 

D 4.91 5.21 105.04 59.31 6.65 7.86 158.93 109.63 

E 6.13 9.25 86.78 30.46 7.26 10.43 164.29 100.78 

F 1.48 7.44 109.83 23.71 3.91 8.28 165.88 37.51 

G 2.80 9.34 138.69 23.65 5.42 11.48 184.12 107.88 

H 3.22 8.83 89.76 43.90 6.27 10.04 171.57 98.06 

I 2.46 8.00 165.25 57.63 7.95 10.23 179.89 99.93 

J 2.49 1.18 148.42 40.32 4.20 7.02 167.61 102.89 

K 2.53 3.75 144.10 23.86 5.74 8.00 238.28 96.43 

Mean 2.72 6.55 115.46 37.04 5.79 8.77 185.34 95.02 

 

 

 
Figure 3. Results of mixture non-carcinogenic (a) and 
carcinogenic (b) quantitative risk assessment (QRA) of 
studied toxic compounds in smoke based on cigarette 
brands and with and without filter modes; HQ: Hazard 
quotient; ILCR: Incremental lifetime cancer risk 
 

The results of a previous study showed that 
the concentration of zinc, copper, nickel, and 
cobalt elements in foreign cigarette brands was 
higher than Iranian brands, but according to the 

results, the concentration of cadmium in Iranian 
cigarette brands was more than foreign brands.33 

The results of present study showed that the 
cigarette filter played an important role in 
reducing inhalation exposure to hazardous 
compounds in mainstream cigarette smoke, so 
that the filter reduced the concentration of 
benzene, formaldehyde, arsenic, and cadmium in 
mainstream smoke by 48.3%, 25.2%, 37.7%, and 
49.2%, respectively (Table 2). A cigarette filter 
consists of at least one filter segment having at 
least one biodegradable fiber embedded therein, 
that is used to reduce hazardous mainstream 
smoke constituents.14,34 Also, previous studies 
based on patient smoker populations were 
illustrated that inhalation of the toxic compounds 
after smoking of cigarette without- filter was 
significantly higher than cigarettes with filter.14,31 
The type of fiber used for the filter of the 
cigarettes studied was cellulose acetate, which can 
absorb nicotine, tar, heavy metals, and some of 
the hydrocarbon compounds.35 

In some previous studies, filter analysis 
methodology was used for determining exposure 
to toxic compounds in mainstream cigarette 
smoke.13,35-37 Filter analysis includes toxic 
compound analysis of spent cigarette filter after 
that cigarette is smoked by humans.38 The filter 
analysis method also presents an estimate of the 
maximum quantity of smoke that enters the 
smoker’s mouth. But, this method is limited by 
not being able to estimate mouth spill, post-puff 
smoke inhalation, non-inhaled smoke, and 
respiratory retention of smokers.39,40 

The CDI is directly affected by the smoker's 
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exposure scenario. The exposure factors can be 
divided as factors associated with smoker 
characteristics (e.g., body weight, exposure 
frequency, and exposure duration) and factors 
related to the type of cigarette (combustion 
chemistry, the concentration and absorption rate 
of toxic compounds). In the humans, smoking 
behavior has wide variations, so that this act 
involves very dynamic procedures, including 
puffing duration and smoking behavior and habit 
among individual smokers.41 So, CDI varies by 
smoking behaviors and habits per any smoker. 
Recently, in order to determine inhalation toxic 
compounds in cigarette smoke, the method 
proposed by the FTC/ISO (constant smoking 
conditions by puff machine) is used.37,42-44 On the 
other hand, people’s smoke is different from each 
other, due to the difference in consumption of 
cigarette rod, individual human non-uniformity 
of cigarette puffing behavior, and nonlinearity of 
cigarette combustion chemistry.32,41 Therefore, 
FTC/ISO methods may be not suitable as the 
basis for actual determining of the concentration 
of smoke yields inhaled by smokers, due to the 
ignoring of human behavioral differences in 
smoking. Furthermore, Pack et al. reported that 
the mean number of cigarettes smoked per day 
and puffing volume were the main risk factors in 
risk assessment of toxic compounds in 
mainstream cigarette smoke.32 

The results showed that the highest mean CDIs 
for non-carcinogenic effects in with and without-
filter modes were related to formaldehyde  
(6.96 and 9.31 µg/m-3, respectively) (Figure 2). 
Also, the highest mean CDI for carcinogenic effects 
in with-filter mode was due to formaldehyde (5.04 
µg/m-3), and in without-filter mode was caused by 
benzene (7.62 µg/m-3) (Figure 2). Benzene and 
formaldehyde have high inhalation absorption 
coefficients (0.67 and 0.54, respectively) (Table 1), 
so that after inhalation, rapidly enter to systemic 
bloodstream. Therefore, CDIs of these compounds 
are higher than arsenic and cadmium.24,25 

Risk assessment results showed that benzene, 
formaldehyde, arsenic, and cadmium had high 
hazard potential for human health. All of the HQ 
values for studied compounds were estimated 
higher than 1, that this indicates unacceptable 
condition for chronic exposure.24,29 The results of 
this work illustrated that the filter had a 
significant impact on reduction of the non-

carcinogenic effects of the cigarette smoking, such 
that, it reduced 48.3%, 25.3%, 37.6%, and 49.1% of 
HQ values related to the benzene, formaldehyde, 
arsenic, and cadmium, respectively (Table 3). 
However, HQ values of studied compounds in 
with-filter cigarette smoke were still higher than 
1. The results of previous studies based on 
machine-smoke indicate a high HQ value for 
benzene, formaldehyde, arsenic, and cadmium in 
the mainstream cigarette smoke in various 
countries,32,45,46 that is almost similar to the results 
of the present study. Marano et al., based on a 
review of arsenic biomarkers and probabilistic 
risk assessment process on data from the National 
Health and Nutrition Examination Survey 
(NHANES), reported that mean of HQ values 
(non-cancer hazard) and ILCRs estimates of 
tobacco consumers were within accepted ranges 
(HQ < 1 and ILCRs ≤ 10-4).9 Of course, given the 
role of biological systems in excretion of toxic 
compounds from the body, the concentration of 
toxic compounds associated with a cigarette in the 
biological matrix is lower than in mainstream 
cigarette smoke and thus, estimated risks will be 
lower.47 It is noteworthy that the purpose of the 
present study was to investigate the role of the 
filter in reducing the carcinogenic and non-
carcinogenic risks of cigarette smoking, and it 
does not emphasize the quantitative amounts of 
these risks. 

The means of overall ILCRs estimated from all 
studied compounds in mainstream without-filter 
cigarette smoke were exceeded the minimum 
acceptable value (1 × 10-6), so that, the ILCRs of 
benzene and formaldehyde were in the range of 
possible carcinogenic risk (5.79 × 10-5 and 8.77 × 
10-5, respectively) (Table 4) and ILCRs of arsenic 
and cadmium were in the range of definite 
carcinogenic risk (185.30 × 10-5 and 95.02 × 10-5, 
respectively) (Table 4). Furthermore, in with-filter 
cigarette mode, the ILCRs of benzene, 
formaldehyde, arsenic, and cadmium in 
mainstream cigarette smoke were reduced 
compared to the without-filter mode, by 53.02%, 
25.31%, 37.70%, and 61.01%, respectively  
(Table 4). A previous study on the Korean 
cigarette smokers based on comprehensive risk 
assessment reported that the ILCRs of benzene, 
formaldehyde, and cadmium in mainstream 
cigarette smoke were 8 × 10-5, 1000 × 10-5, and  
8 × 10-5, respectively, that these levels exceeded the 
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minimum level suggested by USEPA. Moreover, 
means of the HQs of benzene, formaldehyde, 
arsenic, and cadmium were reported 2.0, 3.6, 0.4, 
and 0.6, respectively,32 that were lower than the 
results of present study. In this study, the total 
amount of studied toxic compounds in the 
mainstream cigarette smoke was measured in 
with and without-filter cigarette modes, but in the 
study of Pack et al.,32 an automatic smoking 
machine was used (2 puff and 35 ml smoke 
suction during 2 seconds at any puff) and the 
concentration of the measured toxic compounds 
was lower than this study, and therefore, the CDIs 
and HQs of the toxic compounds in their study 
were lower than the present study. 

When it is well known that humans are 
simultaneously exposed to multiple chemical 
compounds, there is a concern that the chemical 
may not be adequately protected by chemical risk 
assessment. The mixture carcinogenic and non-
carcinogenic risks caused by exposure to multiple 
hazardous compounds usually are evaluated by 
aggregation of single ILCRs and HQs for any 
compound in the matrix.12,48 The average of 
overall mixture of estimated HQs and ILCRs 
caused by benzene, formaldehyde, arsenic, and 
cadmium in the mainstream without-filter 
cigarette smoke of 11 cigarette brands was more 
than the acceptable value (4533 and 3 × 10-3, 
respectively). Furthermore, in a mixture risk 
assessment study on the South Korean smokers 
using an automatic smoke machine, it was 
reported that the cumulative HQs and ILCRs of 
Korean male smokers (range of HQs: 367-1225, 
ILCRs: 828 × 10-6-2510 × 10-6) were higher than 
female smokers (HQs: 289-970, ILCRs: 440 × 10-6-
1300 × 10-6), that similar to results of this study, 
exceeded the minimum acceptable value.32 

Posthuma et al. reported that the mixture risk 
assessment of chemical compounds had a covered 
wide range of potential regulatory applications, 
and use of the mixture risk assessment 
approaches in the condition of exposure to 
multiple chemical compounds was suggested.48 

Conclusion 

The data of sampling of mainstream cigarette 
smoke presented herein has demonstrated that 
the cigarette filter plays an important role in 
reducing inhalation exposure to hazardous 
compounds in mainstream cigarette smoke, but 
yet, average of overall mixture HQs and ILCRs 
estimated caused by benzene, formaldehyde, 
arsenic, and cadmium in mainstream cigarette 
smoke of studied cigarette brands was more than 
the suggested acceptable value. It is 
recommended that future empirical studies 
investigate the impact of the type of fiber used in 
cigarette filter on reducing carcinogenic and non-
carcinogenic risks caused by cigarette smoke.  

Conflict of Interests 

The Authors have no conflict of interest.  

Acknowledgements 

The present paper was extracted from a research 
project registered under 9712218094 code, 
approved by the Ethics Committee of Hamadan 
University of Medical Sciences. 

Authors’ Contribution 

Conceive and design the study: JP, FGE and, MJA; 
Drafting of the manuscript: RR; Critical revision of 
the manuscript for important intellectual content: 
MJA and RR; Statistical analysis: FGE, JP and MJA. 
All authors approved final version of manuscript. 

 

References

1. World Health Organization. WHO report on the 

global tobacco epidemic 2015: Raising taxes on 

tobacco. Geneva, Switzerland: World Health 

Organization; 2015. 

2. Edwards R. The problem of tobacco smoking. BMJ 

2004; 328(7433): 217-9. 

3. Jung KJ, Jeon C, Jee SH. The effect of smoking on 

lung cancer: Ethnic differences and the smoking 

paradox. Epidemiol Health 2016; 38: e2016060. 

4. Charkazi A, Khorramrroo M, Ozouni-Davaji RB, 

Sharifirad G, Abadi A, Pahlavanzade B. Factor 

Structure of the Smoking Temptation Scale: Cross-

validation in Iranian men. Addict Health 2019; 

11(1): 26-34. 

5. Husten CG, Deyton LR. Understanding the tobacco 

control ACT: Efforts by the US Food and Drug 

Administration to make tobacco-related morbidity 

and mortality part of the USA's past, not its future. 

Lancet 2013; 381(9877): 1570-80. 

6. Fiebelkorn S, Meredith C. Estimation of the 

leukemia risk in human populations exposed to 

benzene from tobacco smoke using epidemiological 



Impact of Cigarette Filter on the QRAs Rahimpoor et al. 
 

 

Addict Health, Summer 2020; Vol 12, No 3 183 

 

http://ahj.kmu.ac.ir,    05 July 

data. Risk Anal 2018; 38(7): 1490-501. 

7. Costa S, Carvalho S, Costa C, Coelho P, Silva S, 

Santos LS, et al. Increased levels of chromosomal 

aberrations and DNA damage in a group of workers 

exposed to formaldehyde. Mutagenesis 2015; 

30(4): 463-73. 

8. Agency for Toxic Substances and Disease Registry 

(ATSDR). Toxic Substances Portal - Arsenic 

[Online]. [cited 2007 Aug]; Available from: URL: 

https://www.atsdr.cdc.gov/toxprofiles/tp.asp?id=22

&tid=3 

9. Marano KM, Naufal ZS, Kathman SJ, Bodnar JA, 

Borgerding MF, Wilson CL. Arsenic exposure and 

tobacco consumption: Biomarkers and risk 

assessment. Regul Toxicol Pharmacol 2012; 64(2): 

225-32. 

10. Davoudi M, Omidi A, Sehat M, Sepehrmanesh Z. 

The effects of Acceptance and Commitment 

Therapy on man smokers' comorbid depression and 

anxiety symptoms and smoking cessation: A 

randomized controlled trial. Addict Health 2017; 

9(3): 129-38. 

11. Satarug S, Vesey DA, Gobe GC. Health risk 

assessment of dietary cadmium intake: Do current 

guidelines indicate how much is safe? Environ 

Health Perspect 2017; 125(3): 284-8. 

12. Marano KM, Liu C, Fuller W, Gentry PR. 

Quantitative risk assessment of tobacco products: A 

potentially useful component of substantial 

equivalence evaluations. Regul Toxicol Pharmacol 

2018; 95: 371-84. 

13. Kozlowski LT, O'Connor RJ. Cigarette filter 

ventilation is a defective design because of 

misleading taste, bigger puffs, and blocked vents. 

Tob Control 2002; 11(Suppl 1): I40-I50. 

14. Caraway JW, Ashley M, Bowman SA, Chen P, 

Errington G, Prasad K, et al. Influence of cigarette 

filter ventilation on smokers' mouth level exposure 

to tar and nicotine. Regul Toxicol Pharmacol 2017; 

91: 235-9. 

15. Poorolajal J, Assari MJ, Mohammadi Y, Gohari-

Ensaf F. Impact of cigarettes’ filter length and 

diameter on cigarette smoke emissions. Clin 

Epidemiol Glob Health 2020; 8(2): 377-82. 

16. Shahabinejad G, Sirati-Sabet M, Kazemi-Arababadi 

M, Nabati S, Asadikaram G. Effects of opium 

addiction and cigarette smoking on hematological 

parameters. Addict Health 2016; 8(3): 179-85. 

17. Baumung C, Rehm J, Franke H, Lachenmeier DW. 

Comparative risk assessment of tobacco smoke 

constituents using the margin of exposure 

approach: The neglected contribution of nicotine. 

Sci Rep 2016; 6: 35577. 

18. Mehralipour J, Samarghandi MR, Rahimpoor R. 

Evaluation of exposure to BTEX in hookah 

smokers and carcinogenic and non- carcinogenic 

risk assessment. Iran J Health Saf Environ 2018; 

5(4): 1128-31. 

19. Rahimnejad S, Bahrami A, Ghorbani Shanh F, 

Rahimpoor R. Comparation of health risk 

assessment carcinogenic hydrocarbons in 

workplace air in an oil-dependent industry by the 

Environmental Protection Agency (EPA) and the 

Department of Human Resources Malaysia. Iran 

Occup Health 2017; 14(5): 107-17. [In Persian]. 

20. The National Institute for Occupational Safety and 

Health (NIOSH). NIOSH 1501: Hydrocarbons, 

Aromatic. NIOSH Manual of Analytical Methods. 

4th ed. Atlanta, GA: Centers for Disease Control 

and Prevention; 2003. 

21. The National Institute for Occupational Safety and 

Health (NIOSH). NIOSH 3500: Formaldehyde by 

Vis. NIOSH Manual of Analytical Methods. 4th ed. 

Atlanta, GA: Centers for Disease Control and 

Prevention; 2003. 

22. The National Institute for Occupational Safety and 

Health (NIOSH). NIOSH 7048: Cadmium and 

compounds by AAC. NIOSH Manual of Analytical 

Methods. 4th ed. Atlanta, GA: Centers for Disease 

Control and Prevention; 2003. 

23. The National Institute for Occupational Safety and 

Health (NIOSH). NIOSH 7900: Arsenic and 

compounds by AAC. NIOSH Manual of Analytical 

Methods. 4th ed. Atlanta, GA: Centers for Disease 

Control and Prevention; 2003. 

24. United States Environmental Protection Agency 

(EPA). Risk Assessment Guidance for Superfund 

(RAGS): Part D [Online]. [cited 2002 Jun 10]; 

Available from: URL: https://www.epa.gov/risk/risk-

assessment-guidance-superfund-rags-part-d 

25. National Research Council. Science and decisions: 

Advancing risk assessment. Washington, DC: 

National Academies Press; 2009. 

26. Khosravi A, Najafi F, Rahbar M, Motlagh ME, 

Kabir MJ. Landscape indicators of health in the 

Islamic Republic of Iran. Tehran, Iran: Ministry of 

Health and Medical Education; 2009. [In Persian]. 

27. National Research Council. Review of EPA's 

Integrated Risk Information System (IRIS) Process. 

Washington, DC: National Academies Press; 2014. 

28. Moosazadeh M, Ziaaddini H, Mirzazadeh A, 

Ashrafi-Asgarabad A, Haghdoost AA. Meta-

analysis of smoking prevalence in Iran. Addict 

Health 2013; 5(3-4): 140-53. 

29. United States Environmental Protection Agency 

(EPA). Risk Assessment Guidance for Superfund 

(RAGS): Part F [Online]. [cited 2009]; Available 

from: URL: https://www.epa.gov/risk/risk-

assessment-guidance-superfund-rags-part-f 

30. Sexton K. Cumulative risk assessment: an overview 



Impact of Cigarette Filter on the QRAs Rahimpoor et al. 
 

 

184 Addict Health, Summer 2020; Vol 12, No 3 

 

http://ahj.kmu.ac.ir,    05 July 

of methodological approaches for evaluating 

combined health effects from exposure to multiple 

environmental stressors. Int J Environ Res Public 

Health 2012; 9(2): 370-90. 

31. Stellman SD, Muscat JE, Thompson S, Hoffmann 

D, Wynder EL. Risk of squamous cell carcinoma 

and adenocarcinoma of the lung in relation to 

lifetime filter cigarette smoking. Cancer 1997; 

80(3): 382-8. 

32. Pack EC, Jang DY, Kim HS, Lee SH, Kim HY, 

Song SH, et al. Mixture risk assessment of selected 

mainstream cigarette smoke constituents generated 

from low-yield cigarettes in South Korean smokers. 

Regul Toxicol Pharmacol 2018; 94: 152-62. 

33. Pourkhabbaz A, Pourkhabbaz H. Investigation of 

toxic metals in the tobacco of different Iranian 

cigarette brands and related health issues. Iran  

J Basic Med Sci 2012; 15(1): 636-44. 

34. Adam T, McAughey J, Mocker C, McGrath C, 

Zimmermann R. Influence of filter ventilation on 

the chemical composition of cigarette mainstream 

smoke. Anal Chim Acta 2010; 657(1): 36-44. 

35. Pauly JL, O'Connor RJ, Paszkiewicz GM, 

Cummings KM, Djordjevic MV, Shields PG. 

Cigarette filter-based assays as proxies for toxicant 

exposure and smoking behavior--a literature 

review. Cancer Epidemiol Biomarkers Prev 2009; 

18(12): 3321-33. 

36. Kozlowski LT, Rickert WS, Pope MA, Robinson 

JC, Frecker RC. Estimating the yield to smokers of 

tar, nicotine, and carbon monoxide from the 'lowest 

yield' ventilated filter-cigarettes. Br J Addict 1982; 

77(2): 159-65. 

37. Shepperd CJ, Eldridge AC, Mariner DC, McEwan 

M, Errington G, Dixon M. A study to estimate and 

correlate cigarette smoke exposure in smokers in 

Germany as determined by filter analysis and 

biomarkers of exposure. Regul Toxicol Pharmacol 

2009; 55(1): 97-109. 

38. McAdam K, Eldridge A, Fearon IM, Liu C, 

Manson A, Murphy J, et al. Influence of cigarette 

circumference on smoke chemistry, biological 

activity, and smoking behaviour. Regul Toxicol 

Pharmacol 2016; 82: 111-26. 

39. Ashley M, Dixon M, Prasad K. Relationship between 

cigarette format and mouth-level exposure to tar and 

nicotine in smokers of Russian king-size cigarettes. 

Regul Toxicol Pharmacol 2014; 70(1): 430-7. 

40. Baker RR, Dixon M. The retention of tobacco 

smoke constituents in the human respiratory tract. 

Inhal Toxicol 2006; 18(4): 255-94. 

41. Brinkman MC, Kim H, Chuang JC, Kroeger RR, 

Deojay D, Clark PI, et al. Comparison of True and 

Smoothed Puff Profile Replication on Smoking 

Behavior and Mainstream Smoke Emissions. Chem 

Res Toxicol 2015; 28(2): 182-90. 

42. Federal Trade Commission. Federal Trade 

Commission Cigarette Report for 2000 [Online]. 

[cited 2002]; Available from: URL: 

https://escholarship.org/uc/item/9w16c3dc 

43. International Organization for Standardization 

(ISO). ISO 4387: 2000. Cigarettes - Determination 

of total and nicotine-free dry particulate matter 

using a routine analytical smoking machine 

[Online]. [cited 2000 Apr]; Available from: URL: 

https://www.iso.org/standard/28323.html. 

44. Pillsbury HC. Review of the Federal Trade 

Commission method for determining cigarette tar 

and nicotine yield. In: Shopland DR, editor. 

Monograph 7: The FTC cigarette test method for 

detemining tar, nicotine, and carbon monoxide yields 

of U.S. Cigarettes. Bethesda, MD: US Department of 

Health and Human Services, Public Health Service, 

National Institutes of Health; 1996. p. 9-14. 

45. Behera SN, Xian H, Balasubramanian R. Human 

health risk associated with exposure to toxic 

elements in mainstream and sidestream cigarette 

smoke. Sci Total Environ 2014; 472: 947-56. 

46. Xie J, Marano KM, Wilson CL, Liu H, Gan H, Xie 

F, et al. A probabilistic risk assessment approach 

used to prioritize chemical constituents in 

mainstream smoke of cigarettes sold in China. 

Regul Toxicol Pharmacol 2012; 62(2): 355-62. 

47. Lin J, Sahakian DC, de Morais SM, Xu JJ, Polzer 

RJ, Winter SM. The role of absorption, distribution, 

metabolism, excretion and toxicity in drug discovery. 

Curr Top Med Chem 2003; 3(10): 1125-54. 

48. Posthuma L, Brown CD, de Zwart D, Diamond J, 

Dyer SD, Holmes CM, et al. Prospective mixture 

risk assessment and management prioritizations for 

river catchments with diverse land uses. Environ 

Toxicol Chem 2018; 37(3): 715-28. 

 



DOI: http://dx.doi.org/10.22122/ahj.v12i3.275 Published by Vesnu Publication 

 
 رانیهمدان، همدان، ا یه بهداشت، دانشگاه علوم پزشکدانشکد ،یعلوم بهداشت قاتیمرکز تحق -1
 رانیهمدان، همدان، ا یدانشکده بهداشت، دانشگاه علوم پزشک ،یولوژیدمیگروه اپ -2
 های غیر واگیردار، دانشگاه علوم پزشکی همدان، همدان، ایرانسازی بیماریمرکز تحقیقات مدل -3

 رانیهمدان، همدان، ا یدانشکده بهداشت، دانشگاه علوم پزشک ،یعلوم بهداشت قاتیمرکز تحق؛ ی محمدجواد عصار مسؤول: نویسنده

Email: asari@umsha.ac.ir 
 

Addict Health, Summer 2020; Vol 12, No 3 185 

 

http://ahj.kmu.ac.ir,    05 July 

در دود  یسم باتیترک یاز وجود برخ یمخلوط ناش یدر خطر کم لتریف ریتأث یبررس

 رانیپرمصرف ا یگارهایس
 

 1محمدجواد عصاری، 3جلال پورالعجل، 2فاطمه گوهری انصاف، 1پوررزاق رحیم
 
 

 چکیده

ار د در دود سیگهای سمی موجوزایی ناشی از برخی آلایندهبا هدف ارزیابی تأثیر نقش فبلتر در خطر اثرات بهداشتی و سرطان وهشپژاین  مقدمه:

 .برخی از برندهای پرمصرف در ایران انجام شد

ان اصلی دود های استاندارد، غلظت ترکیبات بنزن، فرمالدهید، آرسنیک و کادمیوم در جریبر اساس روشدر این مطالعه آزمایشگاهی،  ها:روش

هاد طر کمی پیشنیابی خبرند پرمصرف سیگار در ایران، در دو حالت سیگار با فیلتر و بدون فیلتر مورد سنجش قرار گرفت. بر اساس روش ارز11

 طر مخلوطالعمر و همچنین، خزایی مواجهه ماداموی سازمان حفاظت محیط زیست آمریکا، مقادیر نسبت خطر بهداشتی، خطر سرطانشده از س

 .مواجهه با ترکیبات برآورد گردید

بود.  3505تا  96/3 دودهر محمیانگین خطر بهداشتی ناشی از بنزن، فرمالدهید، آرسنیک و کادمیوم در دود سیگارها در حالت بدون فیلتر د ها:یافته

و  6/37، 3/25، 3/48ترتیب  فیلتر سیگار موجب کاهش خطر اثرات بهداشتی ناشی از بنزن، فرمالدهید، آرسنیک و کادمیوم در دود سیگار به میزان به

تیب میزان به تر ک و کادمیوم بهرسنیالعمر ناشی از بنزن، فرمالدهید، آزایی مادامدرصد شد. فیلتر سیگار منجر به کاهش خطر اثرات سرطان1/49

ود در دود زایی مخلوط ترکیبات موجسرطان اثرات ها، خطر برآورد شده اثرات بهداشتی ودرصد گردید. بر اساس یافته 01/61و  70/37، 31/25، 2/53

 .سیگار بسیار بالاتر از حدود قابل قبول بود

 ،این حال اب داشت. مطالعهلی دود سیگارهای مورد ها در جریان اصحیاتی در کاهش میزان مواجهه با آلاینده یفیلتر سیگار نقش گیری:نتیجه

باشد. بول میق قابل هحدودمالعمر ترکیبات مورد بررسی بسیار بالاتر از زایی ماداماثرات بهداشتی و اثرات سرطان خطرمیانگین کلی مخلوط 

زایی رطانسداشتی و اثرات به خطرثیر نوع فیبرهای موجود در فیلتر سیگار بر کاهش به بررسی تأ ،بی آیندهتجر تحقیقاتشود در پیشنهاد می

 .ترکیبات سمی موجود در دود سیگار پرداخته شود

 محصولات آلی فرارسیگار کشیدن؛ تنباکو؛  تولیدات واژگان کلیدی:

 یود برخاز وج یلوط ناشمخ یدر خطر کم لتریف ریتأث یبررس .محمدجواد یعصارجلال،  پورالعجلفاطمه،  انصاف یگوهررزاق،  پورمیرح ارجاع:

 .175-85: (3) 12؛ 1399 مجله اعتیاد و سلامت .رانیپرمصرف ا یگارهایدر دود س یسم باتیترک

 10/2/1399تاریخ پذیرش:  1/12/1398تاریخ دریافت: 
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