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Spatial and temporal variation 
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More than 5 trillion cigarettes are produced in the world every year. This hazardous waste is one of the 
most important litter in the environment. The purpose of this study was to investigate the density and 
dispersion of cigarette butts in the urban environment and to estimate the leakage of pollution from 
it to the environment. For this purpose, the cigarette butt pollution index was used in 14 locations. 
Observations were made during a year and once a month for each location. The study of the locations 
was done with the same conditions on weekend and working days. The amount of heavy metal 
leakage was estimated based on the average weight of cigarette butts and the ratio of metal leakage 
in different weather conditions. The results showed that the annual average of index for the studied 
locations was 1.36 (SD 0.11) to 10.6 (SD 1.23). Based on this, 28.5% of the locations were in the low 
pollution status and 42.8% were in the significant pollution status and worse. On average, the index 
on weekend decreased by 32.3 percent in all locations, and the average index of the studied locations 
in spring and summer was 26.2 percent higher than in autumn and winter. The average leakage of 
heavy metals including chromium, cadmium, zinc, lead, copper, and nickel from littered cigarette 
butts in commercial, residential, and recreational areas was estimated to be 0.27, 0.079, and 0.17 µg 
per square meter, respectively. Cigarette butt is one of the most abundant litter in the studied area, 
which is the source of many pollutants, including heavy metals. This hazardous waste is a serious 
threat to the urban environment.

Cigarette butts are one of the common litter in the environment1. In fact, due to the widespread consumption 
of filtered cigarettes, a large number of cigarette butts are produced annually in the world, which is about 4.5 
billion2. One of the characteristics of this waste is its disposal method by smokers. Most smokers do not dispose 
of cigarette butts in the trash bins and littering this hazardous waste after smoking. For this reason, cigarette 
butts are one of the most important litter in urban environments, because of its dispersion in the environment 
and its long duration, the leakage of pollutants from it creates a risk for organisms3. A large number of littered 
cigarette butts in urban environments and public places such as beaches has negative effects on organisms and 
creates an undesirable view in tourist areas4. Sporadic presence of littered cigarette butts in the urban environ-
ment has caused the reduction of its collection efficiency, so cigarette butt littering is a serious challenge in urban 
waste management5,6.

Pollution leakage is one of the main problems in cigarette butt management. The pollution in cigarette smoke 
trapped in the cigarette filter during smoking and causes the cigarette butt to contain various pollutants7,8. Heavy 
metals are one of the known pollutants in cigarette butts that leak into the environment and can enter the food 
chain9. Lead, cadmium, copper, nickel, zinc, and chromium are the most abundant metals detected in cigarette 
butts10. In addition to heavy metals, various pollutants have been identified in cigarette butts, including organic 
compounds, PAHs, and nicotine11. The results of studies have shown that these pollutants leak from littered 
cigarette butts and pollute the environment. The leakage of these pollutants depends on its initial concentration 
in the cigarette butt and environmental conditions such as humidity12.

OPEN

1Department of Environmental Health Engineering, Shiraz University of Medical Sciences, Shiraz, 
Iran. 2Department of Environmental Health Engineering, Faculty of Health, Yasuj University of Medical Sciences, 
Yasuj, Iran. 3Department of Public Health, Fasa University of Medical Sciences, Fasa, Iran. 4Department of 
Environmental Health Engineering, School of Medical Sciences, Behbahan Faculty of Medical Sciences, Behbahan, 
Iran. *email: ahmadbadee72@gmail.com; Badienejad-a@ajums.ac.ir

http://crossmark.crossref.org/dialog/?doi=10.1038/s41598-023-28340-6&domain=pdf


2

Vol:.(1234567890)

Scientific Reports |         (2023) 13:1424  | https://doi.org/10.1038/s41598-023-28340-6

www.nature.com/scientificreports/

Pollutant leakage from cigarette butts causes contamination of water and soil resources, and the toxicity of 
cigarette butts on various organisms has been proven in many cases13. For example, the toxicity of cigarette butts 
on insects such as Aedes albopictus and Aedes Aegypti causing complications such as egg deposition, disturbance 
in developmental larvae stages and increased death rate14,15. Also, cigarette butt toxicity has caused changes in eye 
density and heart rate in medakaembryos16. In other studies, the toxic effects of cigarette butts on organisms such 
as Xenopus laevis embryos, Atherinops affinis, and Pimephales promelas have been reported17,18. In addition to 
the toxicity for various organisms, pollutant leakage from cigarette butts can cause pollute of water sources and 
increase the concentration of pollutants in landfills leachate. For example, it has been reported that an increase 
of 1% of cigarette butts in the landfilled waste caused a 3.7% increase in the concentration of some metals in the 
leachate7. The possibility of ingestion of cigarette butts by pets and infants, as well as the possibility of fire, are 
other consequences of cigarette butts littering19.

This study was conducted with the aim of evaluating the amount of littered cigarette butts in the urban envi-
ronment, and an attempt was made to analyze the obtained results using the cigarette butt pollution index (CBPI). 
The purpose of using this index was to compare pollution in the studied areas. Also, in this study, the rate of 
leakage of heavy metals from littered cigarette butts was estimated in different weather conditions in order to use 
the obtained results to evaluate the annual leakage of heavy metals from cigarette butts to the urban environment.

Method
This study was conducted in 14 locations in Behbahan city, Iran. Based on the proposed method in previous 
studies, the studied locations were selected from different land-uses, including residential, commercial, and 
recreational20. As shown in Fig. 1, the studied locations included four residential locations, seven commercial 
locations, and three recreational locations. Littered cigarette butts were counted and due to the influence of 
environmental factors such as humidity on their weight, weight measurement was omitted21. Considering the 
effect of temporal variation in the density of littered cigarette butts, the survey of the locations was carried out 
during one year and at two times, working days and weekends for each location22. Also, for reducing the impact 
of cleaning activities on the density of littered cigarette butts, the investigation of locations and counting of lit-
tered cigarette butts were carried out in the evening hours3.

The interpretation of the status of the studied areas was done using the CBPI. The interpret the local status 
based on its results is shown in Table 1. The coefficient E used in the formula for each location was chosen based 
on the criteria proposed by Torkashvand et al.23.

1.	 Density of cigarette butt =  Number
Lenght (meter)×Width (meter)

2.	 CBPI = Density of cigarette butt × E

This index can compare the state of pollution in each location in six different modes. This index was calculated 
for the average density of littered cigarette butts on working days and weekends, as well as for the average of hot 
season and cold season in each of the studied locations. Because the amount of rainfall in the country is higher 

Figure 1.   Classification of studied locations.

Table 1.   CBPI status categories23.

Calculated index Status

Interpretation

 ≤ 1 Very low pollution

1.1–2.5 Low pollution

2.6–5 Pollution

5.1–7.5 Significant pollution

7.6–10 High pollution

 > 10 Sever pollution
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in the cold season, and due to the increase in the amount of leakage from cigarette butts in higher humidity, 
based on the proposed model by Torkashvand et al.23, the E coefficient will be higher and it is expected that the 
CBPI in the cold and hot seasons will be different.

The estimation of heavy metals leaked from littered cigarette butts was done using the results of previous 
studies. As shown in Table 2, the leakage rate of heavy metals from littered cigarette butts is different. In this 
study, using the amount of heavy metals measured in littered cigarette butts by Farzadkia et al.24, the average 
leakage of each metal per gram of littered cigarette butt was considered. The annual leakage rate of heavy metals 
in the studied locations was estimated based on the density of cigarette butts in each location under different 
climatic conditions in the year and considering the average expected leakage for each metal from each gram of 
cigarette butt. Low access point includes places that are not easy to clean, such as tree pits. Other places, such as 
the sidewalk, which are easy to clean, are in the easy cleanup point group.

Results and discussion
The results showed that the density of littered cigarette butt was different in the studied areas. The lowest annual 
average density of lice was 0.06 number/m2 and the highest annual average was 0.53 littered cigarette butt/m2. On 
average, 0.23 littered cigarette butt/m2 were observed in the fourteen studied locations. As shown in Table 3, the 
difference in the density of littered cigarette butt in the studied locations was 0.52 number/m2. Also, the average 
density of littered cigarette butt was different in warm months compared to cold months in all studied locations, 
but the difference ratio was not the same for different locations. Based on this, the highest seasonal difference of 
littered cigarette butt density was observed in P1, which was equal to 50%, while the lowest seasonal difference of 
littered cigarette butt density, equal to 7.2%, was observed in C3. On average, in the studied locations, the density 
of littered cigarette butt in the warm season was 26.2% different than in the cold season. The results showed that 
the average annual density of littered cigarette butts in residential, commercial, and recreational areas was 0.1, 
0.38, and 0.07 number/m2, respectively.

In addition to seasonal variation of littered cigarette butt, daily variation of littered cigarette butt was also 
observed in all locations. As shown in Fig. 2, the trend of daily variation of littered cigarette butt was vary in dif-
ferent locations. The results showed that in 22% of the studied locations, the density of littered cigarette butt was 
higher on weekends than on working days, but in 78% of the studied locations, the density of littered cigarette 
butt was higher on working days than on weekends. On average, this variation was equal to 58.9% in locations 
where the density of littered cigarette butt was higher on working days, and it was equal to 27% in locations 
where the density of littered cigarette butt was higher on weekend. The lowest daily variation of littered cigarette 
butt density was observed in R3, which was equivalent to 9.1%, and the highest variation of littered cigarette butt 
density was observed in C7, which was equivalent to 118%.

The main reason for the pollution of the studied locations is the behavior of smokers. In different countries, 
most smokers do not dispose cigarette butt in the trash bins25. These conditions, which were also observed in this 
study, make littered cigarette butt one of the main components of litter in urban environments26. The results of 
researches conducted in the world have shown that littered cigarette butt has a significant share of the total litter 
in public areas and urban environment. Researches in this field can be divided into two categories: researches 
that have investigated litter and mentioned the density of littered cigarette butt in the study area (category 1), and 
researches that have only investigated littered cigarette butt in urban and public environments (category 1). The 
comparison of the results of some of these studies is mention in Table 4. This comparison shows that the density 
of littered cigarette butt in different study areas is not the same, which is consistent with the results of our study. 
Although most smokers in the world littering the cigarette butts and this is a common phenomenon all over the 

Table 2.   Leakage of each metal from littered cigarette butt24.

Chromium Cadmium Copper Zinc Lead Nickel

Warm season

Easy cleanup point 0.05 0.005 0.65 1.24 0.23 0.08

Low access point 0.13 0.029 2.44 2.96 0.43 0.16

Cold season

Easy cleanup point 0.2 0.033 3.08 2.23 0.44 0.17

Low access point 0.29 0.058 5.27 5.91 0.89 0.28

Table 3.   Density of littered cigarette butt in locations (number/m2). WA = Average in warm season, 
CA = Average in cold season, AA = Annual average.

R1 C1 C2 R2 P1 C3 C4 C5 P2 R3 C6 P3 R4 C7

WA 0.13 0.47 0.41 0.09 0.08 0.55 0.33 0.26 0.10 0.11 0.39 0.11 0.14 0.48

CA 0.09 0.39 0.35 0.07 0.04 0.51 0.25 0.22 0.08 0.09 0.27 0.03 0.12 0.44

AA 0.11 0.43 0.38 0.08 0.06 0.53 0.29 0.24 0.09 0.10 0.33 0.07 0.13 0.46
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world1,2, but the density of littered cigarette butt in different countries and cities as well as in different areas of a 
city is influenced by various factors.

One of the important factors that affect the density of littered cigarette butt is land-use23. As it was observed 
in the results of this study, the density of littered cigarette butt is varying in different land-uses. Gholami et al.20 
by study of litter in Qazvin city pointed out this issue and stated that land-use has an important effect on the 
density of litter, including littered cigarette butt. The effect of land-use on population density is the most impor-
tant factor that causes the variation of littered cigarette butt density in different land-uses. Places with more 
population will have more density of littered cigarette butt, which in our study included commercial land-uses. 
The reason for this phenomenon is the increase in the number of smokers in streets, which causes the density of 

Figure 2.   Daily variation of littered cigarette butt density in locations (WD = Working days, WE = Weekend).

Table 4.   Results of some research on litter and littered cigarette butt.

Study location Main results References

Madrid, Spain
(category 2)

Spatial variations in cigarette butt density were observed in Madrid
The cigarette butt density was highest around hospitality venues and public transportation stops
Central locations
Littered cigarette butts pollution was more in the central areas of the city than in the peripheral 
ones

3

German and Lithuanian
(category 1)

The number of littered cigarette butts was different in the two countries, but their proportion in 
the composition of litter was similar
The number of littered cigarette butts was directly related to the number of visitors on the beaches
The use of ballot bin could not prevent the cigarette butt pollution of the beaches

4

Berlin, Germany
(category 2)

The average of littered cigarette butts was 2.7 number/m2

Seasonal variation in the density of littered cigarette butts was not observed
Nicotine leaches quickly from the cigarette butt and is known to be a serious threat to water 
resources

12

Jiroft, Iran
(category 2)

Temporal variation was observed in density of littered cigarette butt
The density of littered cigarette butts was higher on working days and in summer
Based on the CBPI, 25% of the studied areas were in high pollution status

22

Mar del Plata, Argentina
(category 1)

33% of all litter were littered cigarette butts, which was the highest amount among all types of 
litter
The land-use was effective in the number of litter, including littered cigarette butts. The most litter 
was observed in industrial areas

26
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littered cigarette butt to increase23. The quality of cleanup service in different parts of the city is another factor 
that causes variation in the density of littered cigarette butt in different parts of the city3. Valiente et al.3 by study 
of the Madrid pointed out the effect of the quality of cleanup on the density of littered cigarette butt because they 
observed that the density of littered cigarette butt was lower in places of the city where the quality of cleanup 
was more favorable. However, in our study, the effect of this factor can be ignored because, as other researches 
in Iran have shown, the quality of cleanup services was the same in all of the city20. But the difference between 
the number of two groups of points in different areas of the cities causes the variation of littered cigarette butt 
density. The first points are the places where the cigarette butts are more likely to be littered. Cigarette sales and 
use centers have been introduced as one of these points2. Therefore, in places where the number of cigarette 
sales centers is more, the possibility of littering cigarette butts is more likely. This factor can be one of the reasons 
for the higher density of littered cigarette butt in the commercial areas in this study. The second points are the 
places where the durability of litter, including littered cigarette butt, is longer. Points with limited access, such 
as tree pits and runoff collection channels, increase the durability of litter. Due to the reduction in the efficiency 
of the cleanup system in these places, the density of litter, including littered cigarette butt, will increase daily23.

The calculated cigarette butt pollution index for each location are shown in Fig. 3. The CBPI of the studied 
locations was vary according to the change in the density of littered cigarette butt in different locations. The high-
est index calculated in C3 by 10.6, which showed this location in the sever pollution status. The index calculated 
for R2 was equal to 1.36, which showed this location in a low pollution status and was the lowest index among 
the studied locations. The average index for all the studied locations was calculated as 4.91, which showed the 
pollution situation. According to the results, 71.4% of the studied locations were in pollution status or worse, 
and 28.5% of the locations were in low pollution status. The reason affecting the CBPI for each location can be 
classified into two groups. The first group are the factors that are effective in the density of the littered cigarette 
butt, and the second group are the factors that are effective in the persistence and leakage of the pollutant from 
the littered cigarette butt23. As mentioned before, factors such as population density, land-use, low access points 
for cleanup, and anti-littering laws are effective in the density of littered cigarette butt in different locations3,22,23. 
These factors directly increase the density of littered cigarette butt and will increase the index proportionally. 
On the other hand, factors such as humidity, which are effective in the amount of pollutant leakage from the 
littered cigarette butt, as well as factors such as the type of soil and the distance of the underground water, which 
are effective in the penetration of pollution leaked from the littered cigarette butt, are also effective in increasing 
the index due to the positive effect on the E coefficient23,27.

In addition to the problems caused by the density of littered cigarette butt in urban environments in terms of 
creating undesirable landscapes, an important consequence of these hazardous wastes is the leakage of pollutants 
such as heavy metals. The results of estimation of heavy metal leakage from littered cigarette butt in the studied 
locations are shown in Tables 5 and 6. Zinc had the highest leakage compared to other metals and cadmium 
had the lowest leakage among metals. On average, it was estimated that 18 µg of different metals would leak 
from littered cigarette butt in each square meter of the city. The reasons for the variation in the concentration 
of different metal leakage from littered cigarette butt include the difference in the concentration of metals in 
the cigarette butt, the difference in the ratio of leakage to the total concentration of different metals, and the 
difference in the rate of leakage of different metals28. In general, the concentration of various pollutants, includ-
ing heavy metals, is not the same in littered cigarette butt. Due to the difference in pollutant concentration in 
the four main sources of pollutants in cigarette smoke, including the type of tobacco, tobacco cultivation soil, 
chemicals such as pesticides used in tobacco cultivation, and different additives in different cigarette factories, 

Figure 3.   Calculated CBPI for studied locations.
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cigarette butts from cigarette brands contain different pollutant concentration2. This condition has an effect on 
the difference in the amount of heavy metal leakage from the cigarette butt. In addition, the difference in the 
smoking behavior is effective in the amount of cigarette smoke passing through the filter and the concentration of 
trapped pollutants in the cigarette butt24. Therefore, according to the difference in the potential for the presence 
of pollutants in cigarette smoke and the difference in the amount of cigarette smoke passing through the filter, 
the concentration of pollutants, including heavy metals, in cigarette butts of different brands and even cigarette 
butts resulting from consumption of the same brand will be different.

Leakage of heavy metals from littered cigarette butt is important from two aspects. First, the leakage of met-
als and other trapped pollutants in the filter causes complications in various organisms, even plants29,30. In fact, 
cigarette butts as a hazardous waste can have an adverse effect on the growth process of organisms and plants31. 
In some studies, even the death of organisms exposed to cigarette butts has been reported32. On the other hand, 
in addition to the adverse effects of cigarette butts on the growth of organisms and increasing their death rate, 
changes in natural behaviors are known as an important effect of cigarette butts on organisms. For example, 
exposure to cigarette butts has disrupted the natural defensive behavior of a type of mouse against predators 
such as cats and snakes33. Therefore, littered cigarette butt in the environment can affect the health of organisms 
both directly and indirectly. Second, cigarette butts increase the risk of waste management and the costs of pol-
lutant emission control in its various stages. For example, the emission of polluting gases is a serious concern in 
using the incineration for managing cigarette butts5. Also, the presence of cigarette butts in landfilled municipal 
solid waste will increase pollutants, including heavy metals, in landfill leachate7. The increase in landfill leachate 
pollution will increase the costs of leachate treatment and management. Leakage of heavy metals from cigarette 
butts varies according to its durability in the urban environment24. Accumulation of littered cigarette butts in 
low access places increases their durability in the urban environment. In this study, the amount of metal leakage 
was estimated by assuming four different scenarios. The first scenario was defined for places without low access 
point. In the second scenario, it was assumed that ten percent of cigarette butts were located in low access point. 
This ratio was assumed to be 15 and 25 percent for the third and fourth scenarios, respectively. The results of the 
estimations for each scenario in different land-uses are shown in Table 7.

As the results of this study showed, cigarette butts are a hazardous waste that is widely littered in the urban 
environment and public areas. Considering the environmental and health consequences of this hazardous waste, 
finding a solution to improve the situation is essential. The littering of cigarette butts by smokers has created 
several problems for the management of this hazardous waste. The first problem in littered cigarette butt man-
agement is collecting. The results of several studies have shown that the current methods of cleanup have little 
efficiency in littered cigarette butt collection, especially in environments such as the beach1. Due to the leakage 
of many pollutants, including heavy metals from littered cigarette butt, the lack of quick and high-efficiency 

Table 5.   Estimation of heavy metal leakage in warm season (μg/m2).

Residential Commercial Recreational

R1 R2 R3 R4 C1 C2 C3 C4 C5 C6 C7 P1 P2 P3

Concentration of leaked metals 0.087 0.060 0.074 0.094 0.31 0.27 0.37 0.22 0.17 0.26 0.32 0.14 0.18 0.20

Average in land-use 0.079 0.27 0.17

Table 6.   Estimation of heavy metal leakage in cold season (μg/m2).

Residential Commercial Recreational

R1 R2 R3 R4 C1 C2 C3 C4 C5 C6 C7 P1 P2 P3

Concentration of leaked metals 0.23 0.16 0.20 0.25 0.86 0.75 1.01 0.60 0.48 0.71 0.88 0.14 0.18 0.20

Average in land-use 0.21 0.75 0.17

Table 7.   Leakage of heavy metals in scenarios (μg/m2). Rw = Residential areas in warm season, 
Rc = Residential areas in cold season, Cw = Commercial areas in warm season, Cc = Commercial areas in cold 
season, Pw = Recreational areas in warm season, Pc = Recreational areas in cold season.

S1 S2 S3 S4

Rw 0.079 0.092 0.098 0.111

Rc 0.21 0.231 0.251 0.263

Cw 0.27 0.312 0.334 0.375

Cc 0.75 0.826 0.864 0.941

Pw 0.17 0.187 0.196 0.213

Pc 0.17 0.187 0.196 0.213
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collection has caused this waste to be known as one of the important sources of diffuse leakage of pollution in 
urban and public environments. Therefore, there is a need to define methods to control cigarette butt littering 
by smokers. Torkashvand and Farzadkia34 introduced the control methods of cigarette butt discharge. Based on 
this, educating smokers about the negative consequences of cigarette butt littering can be a priority.

Considering the pollutant emission in the form of leachate or gas in incineration and landfill methods, recy-
cling has been introduced as a suitable solution for cigarette butts management34. Using cigarette butts to produce 
functional products can lead to the control of trapped pollutants in cigarette filters5. In the different methods of 
recycling cigarette butts, two general mechanisms can be seen to control the trapped pollutants in the cigarette 
filter. In the first mechanism, according to the recycling process, cigarette butts are used completely without 
processing in the production of products such as bricks34. In this way, the trapped pollutants in the cigarette 
butt will be encapsulated in the final product. In the second mechanism, various pollutants, including heavy 
metals, are separated from the cigarette butt by methods such as washing with water, chemical solvent or acid. 
After washing, this solution containing the pollutant can be used as a practical product34 or should be treated as 
a wastewater. Therefore, in order to safely control the leakage of heavy metals and other pollutants from cigarette 
butts, the littering control methods must first be implemented, and then cigarette butts must be managed as a 
hazardous waste separately from other solid wastes with the aim of separation and treatment the pollutants.

Although in this study, the spatial and temporal variation in the density of littered cigarette butts in the urban 
environment and the amount of heavy metal leakage from it were investigated, but a limitation of this study was 
that other pollutants were not investigated. It is suggested to investigate the leakage of other pollutants from 
littered cigarette butts in the urban environment in future studies.

Conclusion
The density of littered cigarette butt in the urban environment and leakage of metals from them were evaluated. 
The cigarette butt pollution index showed that 75% of the studied areas were in the pollution status or worse. 
Land-use had a significant effect on the density of littered cigarette butt. The low efficiency of cleanup in the 
urban environment and the littering of cigarette butts by most smokers has caused an increase in the cigarette 
butt pollution index. These conditions and the potential for leaking pollutants such as heavy metals have made 
cigarette butts a serious threat to cities and the environment. Preventing the cigarette butt littering, increasing the 
efficiency of the cleanup system, and controlling the leakage of various pollutants from cigarette butts, including 
heavy metals, should be considered in urban planning and waste management.

Data availability
All data generated or analyzed during this study are included in this published article.

Received: 13 November 2022; Accepted: 17 January 2023

References
	 1.	 Araújo, M. C. B. & Costa, M. F. A critical review of the issue of cigarette butt pollution in coastal environments. Environ. Res. 172, 

137–149 (2019).
	 2.	 Torkashvand, J., Farzadkia, M., Sobhi, H. R. & Esrafili, A. Littered cigarette butt as a well-known hazardous waste: A comprehensive 

systematic review. J. Hazard. Mater. 383, 121242 (2020).
	 3.	 Valiente, R. et al. Estimating and mapping cigarette butt littering in urban environments: A GIS approach. Environ. Res. 183, 

109142 (2020).
	 4.	 Kataržytė, M. et al. Cigarette butts on Baltic Sea beaches: Monitoring, pollution and mitigation measures. Mar. Pollut. Bull. 156, 

111248 (2020).
	 5.	 Yousefi, M., Kermani, M., Farzadkia, M., Godini, K. & Torkashvand, J. Challenges on the recycling of cigarette butts. Environ. Sci. 

Pollut. Res. 28, 30452–30458 (2021).
	 6.	 Yousefi, M. et al. Municipal solid waste management during COVID-19 pandemic: Effects and repercussions. Environ. Sci. Pollut. 

Res. 28, 32200–32209 (2021).
	 7.	 Torkashvand, J. et al. Effect of cigarette butt on concentration of heavy metals in landfill leachate: Health and ecological risk assess-

ment. J. Environ. Health Sci. Eng. 19, 483–490 (2021).
	 8.	 Torkashvand, J. et al. Preparation of a cellulose acetate membrane using cigarette butt recycling and investigation of its efficiency 

in removing heavy metals from aqueous solution. Sci. Rep. 12, 20336 (2022).
	 9.	 Dobaradaran, S. et al. Association of metals (Cd, Fe, As, Ni, Cu, Zn and Mn) with cigarette butts in northern part of the Persian 

Gulf. Tob. Control 26, 461–463 (2017).
	10.	 Ghasemi, A. et al. Cigarette butts as a super challenge in solid waste management: A review of current knowledge. Environ. Sci. 

Pollut. Res. 29, 51269–51280 (2022).
	11.	 Dobaradaran, S. et al. Polycyclic aromatic hydrocarbons (PAHs) leachates from cigarette butts into water. Environ. Pollut. 259, 

113916 (2020).
	12.	 Green, A. L. R., Putschew, A. & Nehls, T. Littered cigarette butts as a source of nicotine in urban waters. J. Hydrol. 519, 3466–3474 

(2014).
	13.	 Kurmus, H. & Mohajerani, A. The toxicity and valorization options of cigarette butts. Waste Manag. 104, 104–118 (2020).
	14.	 Dieng, H. et al. Turning cigarette butt waste into an alternative control tool against an insecticide-resistant mosquito vector. Acta 

Trop. 128, 584–590 (2013).
	15.	 Dieng, H. et al. Indirect effects of cigarette butt waste on the dengue vector Aedes aegypti (Diptera: Culicidae). Acta Trop. 130, 

123–130 (2014).
	16.	 Lee, W. & Lee, C. C. Developmental toxicity of cigarette butts—An underdeveloped issue. Ecotoxicol. Environ. Saf. 113, 362–368 

(2015).
	17.	 Slaughter, E. et al. Toxicity of cigarette butts, and their chemical components, to marine and freshwater fish. Tob. Control 20, i25–i29 

(2011).
	18.	 Parker, T. T. & Rayburn, J. A comparison of electronic and traditional cigarette butt leachate on the development of Xenopus laevis 

embryos. Toxicol. Rep. 4, 77–82 (2017).



8

Vol:.(1234567890)

Scientific Reports |         (2023) 13:1424  | https://doi.org/10.1038/s41598-023-28340-6

www.nature.com/scientificreports/

	19.	 Novotny, T. E. et al. Tobacco and cigarette butt consumption in humans and animals. Tob. Control 20, i17–i20 (2011).
	20.	 Gholami, M. et al. Study of littered wastes in different urban land-uses: An 6 environmental status assessment. J. Environ. Health 

Sci. Eng. 18, 915–924 (2020).
	21.	 Jafari, A. J. et al. Development a new index for littered waste assessment in different environments: A study on coastal and urban 

areas of northern Iran (Caspian Sea). Mar. Pollut. Bull. 171, 112684 (2021).
	22.	 Salehi Sedeh, M., Ehrampoush, M. H., Kashi, G., Hosseinzadeh, A. & Ghale Askari, S. Spatial and temporal variations of tobacco 

waste pollution in our cities. Arab. J. Geosci. 15, 1285 (2022).
	23.	 Torkashvand, J., Godini, K., Jafari, A. J., Esrafili, A. & Farzadkia, M. Assessment of littered cigarette butt in urban environment, 

using of new cigarette butt pollution index (CBPI). Sci. Total Environ. 769, 144864 (2021).
	24.	 Farzadkia, M. et al. Estimation of the heavy metals released from cigarette butts to beaches and urban environments. J. Hazard. 

Mater. 425, 127969 (2022).
	25.	 Dehdari, T. A qualitative exploration of Iranian smokers’ experiences in terms of cigarette butt littering behaviour. Int. J. Environ. 

Health Res. 32, 417–425 (2022).
	26.	 Pon, J. P. S. & Becherucci, M. E. Spatial and temporal variations of urban litter in Mar del Plata, the major coastal city of Argentina. 

Waste Manag. 32, 343–348 (2012).
	27.	 Yousefi Nasab, A. et al. Cigarette butt littering consequences: a study of pollution rate on beaches and urban environments. Environ. 

Sci. Pollut. Res. 29, 45396–45403 (2022).
	28.	 Moerman, J. & Potts, G. Analysis of metals leached from smoked cigarette litter. Tob. Control 20, i30–i35 (2011).
	29.	 Koroleva, E. et al. Impact of cigarette butts on bacterial community structure in soil. Environ. Sci. Pollut. Res. 28, 33030–33040 

(2021).
	30.	 Mansouri, N. et al. Genotoxicity and phytotoxicity comparison of cigarette butt with cigarette ash. Environ. Sci. Pollut. Res. 27, 

40383–40391 (2020).
	31.	 Montalvão, M. F., Sampaio, L. L. G., Gomes, H. H. F. & Malafaia, G. An insight into the cytotoxicity, genotoxicity, and mutagenicity 

of smoked cigarette butt leachate by using Allium cepa as test system. Environ. Sci. Pollut. Res. 26, 2013–2021 (2019).
	32.	 Booth, D. J., Gribben, P. & Parkinson, K. Impact of cigarette butt leachate on tidepool snails. Mar. Pollut. Bull. 95, 362–364 (2015).
	33.	 Cardoso, L. S. et al. The exposure to water with cigarette residue changes the anti-predator response in female Swiss albino mice. 

Environ. Sci. Pollut. Res. 25, 8592–8607 (2018).
	34.	 Torkashvand, J. & Farzadkia, M. A systematic review on cigarette butt management as a hazardous waste and prevalent litter: 

Control and recycling. Environ. Sci. Pollut. Res. 26, 11618–11630 (2019).

Acknowledgements
The authors would like to thank the Research Vice-chancellor of Behbahan University of Medical Sciences for 
financially supporting the research with grant number 401045 and ethical code: IR.BHN.REC.1401.054.

Author contributions
K.D.: Investigation, Writing—original draft Writing—review and editing. G.H.; N.A.: review and editing. A.B.: 
Investigation—review and editing—Supervision. All authors read and approved the final manuscript.

Competing interests 
The authors declare no competing interests.

Additional information
Correspondence and requests for materials should be addressed to A.B.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note  Springer Nature remains neutral with regard to jurisdictional claims in published maps and 
institutional affiliations.

Open Access   This article is licensed under a Creative Commons Attribution 4.0 International 
License, which permits use, sharing, adaptation, distribution and reproduction in any medium or 

format, as long as you give appropriate credit to the original author(s) and the source, provide a link to the 
Creative Commons licence, and indicate if changes were made. The images or other third party material in this 
article are included in the article’s Creative Commons licence, unless indicated otherwise in a credit line to the 
material. If material is not included in the article’s Creative Commons licence and your intended use is not 
permitted by statutory regulation or exceeds the permitted use, you will need to obtain permission directly from 
the copyright holder. To view a copy of this licence, visit http://​creat​iveco​mmons.​org/​licen​ses/​by/4.​0/.

© The Author(s) 2023

www.nature.com/reprints
http://creativecommons.org/licenses/by/4.0/

	Spatial and temporal variation of CBPI and leakage of heavy metals from cigarette butts into the urban environment
	Method
	Results and discussion
	Conclusion
	References
	Acknowledgements


