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INTRODUCTION

Nowadays, the world is struggling with the 
increase of pollution in the air, soil, and water en-
vironment. The most disruptive wastes to the en-
vironment are those on a micro-scale. An exam-
ple of such waste involves CBs, the abandonment 
of which in publicly accessible areas causes them 
to be washed away by rainwater urban runoff, as 
well as flood events and transferred to other eco-
systems, such as aquatic environments (Akhba-
rizadeh et al., 2021). Cigarette butts (CBs) have 
only recently begun to be considered as environ-
mentally harmful waste. ISO 3308 (2012) defines 
the length of a CB as “the length of unburned 

cigarette remaining at the time of cessation of 
smoking”. CBs are common waste in the envi-
ronment (Torkashvand et al., 2020) that can cause 
air, soil and water pollution as well as pose a 
threat to living organisms (Araújo & Costa, 2021; 
Chevalier et al., 2018). To verify the negative ef-
fect of CBs, it is initially necessary to verify the 
mechanism of movement of the hazardous sub-
stances inside them. It has been shown that Mn 
is likely to be released over a longer period time 
than Ni, Pb, and Zn, which are released after a 
few days (Moerman & Potts, 2011). It has also 
been proven that the longer the waste remains 
in a freshwater environment (pH~7), the greater 
the toxic contamination becomes. The levels of 
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metals leached from CBs vary with the type of 
water, and it has been noted that with seawater, 
the maximum level is noticeable almost immedi-
ately, while with freshwater, it takes several days 
(Akhbarizadeh et.al., 2021).

Metals from CBs can be released into the en-
vironment in dissolved form and as nanoparticles 
(NP). The amount of NP-bound metals leached 
from CBs is almost twice higher than the number 
of metals in the dissolved fraction (Chevalier et 
al., 2018). These studies suggest a new pathway 
for metal leaching, which also highlights the ur-
gency of solving the problem of NP removal. To 
date, no effective way has been found to treat the 
water from NP, which is why CBs contamination 
of water is so dangerous. The soils contaminated 
by heavy metals (HM) are also a serious prob-
lem, as they cause impairment of plant growth pa-
rameters such as germination index, root length, 
and shoot biomass (Jaskulak et al., 2019). Excess 
of Ni decreases plant metabolism, inhibits pho-
tosynthesis and transpiration, as well as leads to 
ultrastructural changes and oxidative stress (Chen 
et al., 2009). In various studies (Massimi, 2018; 
Vasić et al., 2020), it has been shown that the ger-
mination index is most affected by Cd, followed 
by Ni, and finally by Pb. In the environment, a 
small dose of a toxic substance can have a posi-
tive effect on the early developmental stage of 
plants, so-called hormesis (Kudryasheva & Ro-
zhko, 2015); nevertheless, as the concentration 
of toxic compounds increases, the plant response 
changes, and the high dose of the toxic compound 
begins to have an inhibitory or toxic effect.

CBs are poorly degradable and take around 
720 days to decompose under grassland con-
ditions (Qamar et al., 2020). Moreover, some 
people treat CBs as toxic (Novotny et al., 2009) 
and hazardous waste due to its slow decomposi-
tion and accumulation of many toxic substances 
(Barnes, 2011). However, in most countries, CBs 
management consists of placing them with the 
mixed fraction in landfills, while in other coun-
tries they are incinerated and cause air pollution 
with toxic fumes (Rahman et al., 2020).

Studies show that 76–84% of smokers throw 
CBs into the environment instead of the trash, re-
sulting in more than 4.5 trillion CBs being thrown 
into the environment each year (Araújo & Cos-
ta, 2019; Barnes, 2011). Kurmus & Mohajerani 
(2020) estimated that one in three CBs ends up in 
the environment. The Berlin study found that the 
average density of CB in cities, parks and, public 

green spaces was 2.7 CB per square meter, while 
the highest amount was found close to train sta-
tions with an average of 48.8 CB per square meter 
(Green et al., 2014). The problem regarding the 
appropriate management of CBs has not been yet 
solved worldwide. One idea involving the sus-
tainable use of CBs is their use in construction 
(Kurmus & Mohajerani, 2020, Morales-Segura, 
2020) and infrastructure (Marinello et al., 2020; 
Rahman et al., 2020) as a component of fired 
bricks (Mohajerani et al., 2016), which improves 
the properties of bricks (Marinello et al., 2020). 
CBs are also used in environmental engineer-
ing in the treatment of water from oil, specifi-
cally their use to separate various oils from water 
under emergency conditions (Ifelebuegu et al., 
2018; Marinello et al., 2020; Xiong et al., 2018). 
Researchers have also tested the use of CBs in the 
metallurgical industry as an anti-corrosion mate-
rial (Vahidhabanu et al., 2014), medical industry 
for the production of nanocrystalline cellulose 
(Ogundare et al., 2017), nanosynethesis pesticides 
for mosquitoes and tools for malaria vector man-
agement (Murugan et al., 2018). Moving towards 
the waste management, the research carried out by 
d’Heni Teixeira et al. (2017) has proposed recy-
cling CBs in cellulose pulp in paper production. 
However, it should be remembered that the study 
is currently in its preliminary phase and, for the 
time being, CBs represent a nuisance of municipal 
waste that is constantly increasing (Wojciechows-
ki & Iwaszczuk, 2021) and the CBs economy is 
becoming a pressing issue (Rahman et al., 2020).

In light of the scientific studies published so 
far, one can see an attempt to implement interest-
ing technologies in connection with the process-
ing of CBs. However, there is a lack of research 
on adaptation of CBs in the environment and 
what impact they have on vegetation. Overall, 
the present work aims to understand the toxic-
ity of smoked CBs. For this, leachates of differ-
ing concentrations were assessed with a battery 
of ecotoxicological tests. The effect of CBs on 
germination and development of plants at their 
early stage of growth was determined. To com-
pare the main effects of plant species, a number 
of toxic CBs, and their interaction on plant two-
way ANOVA was conducted. Three hypotheses 
were tested: (hi) plant species (Sp) has a signifi-
cant impact on ripening speed of the plant; (hii) 
the presence of CBs has a significant impact on 
root length growth of the plant; (hiii) there is an 
interaction between Sp and CBs. 
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MATERIALS AND METHODS

Cigarette butt collection and preparation

Unflavored filtered cigarettes of the same 
brand and type were purchased. CBs were ob-
tained by smoking cigarettes until approximate-
ly 1 cm above the filter. The paper surrounding 
filter was left intact. All CBs were then dried at 
40 °C overnight.

Leachate preparation and Toxicity tests

CBs were used to prepare concentrated 
leachate. All leachates were tested with a se-
lected ecotoxicological test. The prepared water 
solution as germination medium contained 100 
ml of water with different concentrations of CBs 
additive (3CBs, 5CBs, 10CBs). The solutions 
were “matured” at different times: 1 day, 7 days, 
and 21 days (Fig. 1). A seed germination toxicity 
test of Sinapis alba L. and Hordeum vulgare L.  
was performed on 9 cm diameter Petri dishes 
(PDs). Ten plant seeds were placed on each PD 
at equal intervals. According to  Hernandez & 
Potts (2018), CBs can leach toxic compounds 
when exposed to an aqueous medium, which is 
a universal solvent (Ali et al., 2019); therefore, 
water was used in the preparation of the solu-
tion. After 24 h, 7 days, and 21 days, CBs were 
filtered off and 5 ml of the solution per PD was 
divided on a previously laid perforated tracing 
paper. The perforation of the tracing paper al-
lows the roots to develop properly. The solu-
tion was not mixed before filtering off the CBs 
to simulate natural conditions. According to 

Moerman & Potts (2011), shaking is probably 
responsible for flushing out higher concentra-
tions of toxic substances from cigarettes. 

The PD test was performed in 3 replicates 
for each solution and control. The blank (con-
trol) sample contained 5 ml of tap water. PDs 
were covered with a plastic lid to avoid evapo-
ration. The slides were incubated in the dark for 
72 hours at 20±2 °C. After 3 days, root lengths 
were measured and growth rates were calcu-
lated such as seed germination (SG), relative 
seed germination (RSG), relative radical growth 
(RRG), and seed germination index (GI). The 
following formulas 1–4 were used for the calcu-
lations (Luo et al., 2018):

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑔𝑔𝑔𝑔𝑜𝑜𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠
× 100 

 

𝑅𝑅𝑅𝑅𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠 
(𝑠𝑠𝑠𝑠𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑠𝑠𝑠𝑠𝑡𝑡𝑡𝑡𝑁𝑁𝑁𝑁)

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠 
(𝑐𝑐𝑐𝑐𝑜𝑜𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑜𝑜𝑜𝑜𝑡𝑡𝑡𝑡)

× 100 

 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑆𝑆𝑆𝑆 =

𝑇𝑇𝑇𝑇𝑜𝑜𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑡𝑡𝑡𝑡 𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑐𝑐𝑐𝑐𝑔𝑔𝑔𝑔𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜
 𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠 (𝑠𝑠𝑠𝑠𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑠𝑠𝑠𝑠𝑡𝑡𝑡𝑡𝑁𝑁𝑁𝑁)
𝑇𝑇𝑇𝑇𝑜𝑜𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑡𝑡𝑡𝑡 𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑐𝑐𝑐𝑐𝑔𝑔𝑔𝑔𝑡𝑡𝑡𝑡 𝑡𝑡𝑡𝑡𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔ℎ 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 

𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠 (𝑐𝑐𝑐𝑐𝑜𝑜𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑜𝑜𝑜𝑜𝑡𝑡𝑡𝑡)

× 100 

 

𝑆𝑆𝑆𝑆𝐺𝐺𝐺𝐺 = 𝑅𝑅𝑅𝑅𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 × 𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑆𝑆𝑆𝑆 × 100 

(1)

𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =
𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑔𝑔𝑔𝑔𝑜𝑜𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑡𝑡𝑡𝑡 𝑠𝑠𝑠𝑠𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠
× 100 

 

𝑅𝑅𝑅𝑅𝑆𝑆𝑆𝑆𝑆𝑆𝑆𝑆 =

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠 
(𝑠𝑠𝑠𝑠𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑠𝑠𝑠𝑠𝑡𝑡𝑡𝑡𝑁𝑁𝑁𝑁)

𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁 𝑜𝑜𝑜𝑜𝑜𝑜𝑜𝑜 𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔 𝑠𝑠𝑠𝑠𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑁𝑔𝑔𝑔𝑔𝑠𝑠𝑠𝑠 
(𝑐𝑐𝑐𝑐𝑜𝑜𝑜𝑜𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑔𝑁𝑁𝑁𝑁𝑜𝑜𝑜𝑜𝑡𝑡𝑡𝑡)

× 100 

 

𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑅𝑆𝑆𝑆𝑆 =
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The most important parameter is GI, which 
is calculated based on the length of the seedlings 
and the percentage of seed germination in the 
sample (CBs additive) compared to the control 
sample (tap water). Percentage and germination 
rate rises with an increasing GI value. 

Figure 1. Experimental set up (a) after 0h, (b) after 24h
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Description of tested plants

Seeds of Sinapis alba L. and Hordeum vul-
gare L. were used in the CB toxicity test. Sina-
pis alba L. is an ideal plant for toxicity testing 
due to its sensitivity to a wide range of chemicals 
(Adamcová et al., 2019; Vaverková et al., 2020; 
Zloch et al., 2018) and fast growth (Maxianová 
et al., 2021). Its seeds are spherical (Fig. 2a) and 
odorless with a diameter of about 2.5 mm (Ad-
amcová et al., 2019). In contrast, Hordeum vul-
gare L. is a versatile plant species that adapts to 
adverse climatic conditions, biotic and abiotic 
stresses (Kebede et al., 2019) and is often used 
in germination tests (Adamcová et al., 2019). The 
seeds of Hordeum vulgare L. are oblong (Fig. 
2b), while their size can be divided into small 
(<0.25 cm), medium (0.25–0.275 cm), and large 
(>0.275) (Massimi, 2018).

Statistical analysis

Multiple physiological measurements for in-
dividual scales under different levels of treatment 
(3, 5 and 10CB) for statistical calculations were 
combined as “with CBs” and “without CBs”. 
Mean values based on three measurements in 
each subgroup were calculated, giving a number 
of cases of n=12. Statistica 12 software was used 
for statistical analysis. Initially, the Shapiro-Wilk 
Normality Test was performed for each data set. 
Then, the homogeneity of the groups was verified 
using Levene’s test, which assumes that when 
p>0.05, then the data is homogeneous. The next 
step was a two-way analysis of variance to identify 
significant effects of CBs, species, and interaction 

between groups. In turn, the post hoc Tukey HSD 
test further identified significant differences be-
tween treatment groups at a significance level of 
p<0.05. Data sets on CB seed timing (24 h, 7 days, 
and 3 weeks) were treated separately.

RESULTS AND DISCUSSION

Comparison of growth parameters 

Seeds of Sinapis alba L. and Hordeum vul-
gare L. were tested for abiotic stress caused by 
supplementation with CB solution (3CBs, 5CBs, 
and, 10CBs concentrations). Growth parameters 
(SG, RSG, RRG, and GI) after 72 h for Sinapis 
alba L. and Hordeum vulgare L. were calculated 
and presented in bar graphs (Fig. 3, Fig. 4). 

The bar groups were divided into 4 parts, 
i.e., control, 3CBs solution, 5CBs solution, and 
10CBs solution in 3 color ranges (lightest color 
– solution formed after 24 h, dark grey – solution 
after 7 days and black – solution after 3 weeks). 

SG for Sinapis alba L. in the control oscillat-
ed between 93% and 87%. Surprisingly, SG was 
higher in the solution with 3CBs soaked for 7 
days, and 3 weeks (Fig. 3a). Nevertheless, some 
CB compounds can positively influence plant 
germination at low doses (Rascio & Navari-
Izzo, 2011; Tiwari & Lata, 2018) and be toxic 
in a higher doses of CBs. The lowest SG were 
recorded for the 10CBs solution soaked for 24 
h (53%), 7 days (47%), and 3 weeks (13%) re-
spectively. These findings confirm that the high-
est concentration of CBs in the solution had the 
most inhibitory effect on the SG of Sinapis alba 

Figure 2. Seeds of Sinapis alba L. (a) and Hordeum vulgare L. (b)
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L. and the factor of time further decreased the 
SG. The same was the case in a study (Drab et 
al., 2011) wherewith increasing concentrations 
of the solutions containing heavy metals, the 
number of germinated seeds of Sinapis alba L. 
gradually decreased.

In the case of RSG, the assumption of a posi-
tive eff ect of CBs solution for 3CBs variant is 
evident in Figure 3b where the value of RSG is 
higher than 100% for the variants of 3CBs soaked 
for 7 days and 3 weeks. The same RSG (RSG = 
100%) was achieved for the control sample. In 

Figure 3. SG (a), RSG (b), RRG (c) and GI (d) for Sinapis alba L.

Figure 4. SG (a), RSG (b), RRG (c) and GI (d) for Hordeum vulgare L.
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contrast, the most pronounced effect on germi-
nation of Sinapis alba L. seeds was seen in the 
10CBs solution, where 24 h soaking of CBs in 
the aqueous solution reduced germination to 
59%, 7 days soaking of CBs to 50%, and after 3 
weeks of soaking to 15%. For RRG (Fig. 3c), the 
relative radical gain for the 3CBs solution soaked 
for 24 h was surprisingly low compared to other 
values. This may be due to the factors not nec-
essarily related to the CB substances (e.g., PD 
contamination). The value of RRG, as well as 
the value of GI in the solution with 3CBs soaked 
for 7 days, was higher than in the control, which, 
as mentioned earlier, may indicate the positive 
effect of low doses of leachable compounds on 
radical growth and germination index of Sinapis 
alba L. In all other cases, the root length of Sina-
pis alba L. and GI decreased with increasing CBs 
in the solution.

The second tested species, Hordeum vulgare 
L. (Fig.4), owing to its high-stress tolerance, did 
not record significant changes and impediments 
to germination with increasing CBs concentra-
tion in the solutions (Fig. 4a). El Rasafi et al. 
(2020) demonstrated that the stress caused by 
some HM does not significantly affect the ger-
mination of Hordeum vulgare L. plants com-
pared to control samples. SG in this study study 
was the highest in the control (24 h and 7day 
solution) and the solution with 3CBs soaked for 
24 h and was 77% in all cases. The lowest SG 
values (47%) were observed in 3CBs and 10CBs 
solution soaked for 3 weeks. In the case of RSG, 
which reflects the number of germinated seeds 
in comparison with the control, the positive ef-
fect of low concentrations of CBs was noticed 
only in the case of soaking CBs for 24 h. In other 
cases, the parameter decreased with increasing 
CBs concentration and soaking time. On the 
other hand, the RRG index representing the total 
average root length compared to the control was 
the highest (108%) in the solution with 3CBs 
soaked for 24 h (Fig. 4c) making it also higher 
than in the control (100%) and at the same time 
the lowest in the case of 7 days soaking time 
(38%). The positive effect of some heavy metals 
(Ni and Cu) at low concentrations (10 mg l-1) was 
observed in the study of El Rasafi et al, (2020) 
where root lengths of the Hordeum vulgare L. 
plants exposed to selected HM were studied. 
Moura et al. (2010) in their study demonstrated 
that Cu, Cd, and As can have positive effects on 
lignin biosynthesis in some plant species.

The increase in lignin, on the other hand, 
clearly reflects the protective response of organ-
isms to increased HM concentrations (Ali et al., 
2006), so that cell wall plasticity is maintained 
(Gall et al., 2015). This may be the reason for the 
increase in plant biomass (El Rasafi et al., 2020). 
In other cases, the RRG values decreased with the 
increasing amount of CB. Similar trends were ob-
served for GI, which may suggest that in the case 
of Hordeum vulgare L. rapid root growth signifi-
cantly influences the conducted experiment.

Comparison of root length depending on the 
amount of dissolved CBs in water solution

The results from testing the effect of CBs on 
the root length of Sinapis alba L. and Hordeum 
vulgare L. were presented in Figure 5. 

In the case of CBs soaking for 24 h (Fig. 6), 
it was noticed that higher dispersion and higher 
values related to root length were adopted by 
Hordeum vulgare L. Average root lengths in the 
case of Hordeum vulgare L. oscillated around 30 
mm for 0CBs, 3CBs, 5CBs, while for 10CBs they 
dropped to 19 mm. In the case of Sinapis alba L., 
a clear negative effect of the CBs content on the 
mean root length can be seen. The roots respond to 
abiotic stress, in this case to CBs contamination, 
more than the shoots, as they are in direct contact 
with the contamination (Kul, 2020). No addition 
of CBs to the aqueous solution gives an average 
length of 14 mm, while its addition causes a no-
ticeable decrease (3CBs = 4 mm, 5CBs = 5 mm, 
10CBs = 3 mm). 

In the case of 7 days soaking time, a greater 
dispersion of values adopted by Hordeum vulgare 
L. can be noticed (Fig. 7). The highest average 
root length values were recorded in the absence 
of CBs addition (47 mm), while the lowest aver-
age (23 mm) was recorded in the case of 10CBs. 
Sinapis alba L. after exposure to 7 days solution 
responded best to the solution of 3CBs and took 
the highest mean of 31 mm. On the other hand, it 
responded negatively to increased CBs concen-
tration and gradually decreased the adopted mean 
to 9 mm for 5CBs and 4 mm for 10CBs. 

The results from the longest solution matura-
tion time, i.e., 3 weeks, are shown in Figure 8. In 
this case, the dispersion of results for Hordeum 
vulgare L. was not noticed as much as in the previ-
ous trials. The exception here was the 10CBs solu-
tion, where the dispersion of results for Hordeum 
vulgare L. was the greatest. The 3 weeks solution 
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Figure 5. PD test for Hordeum vulgare L.(a) beginning of the experiment, (b) after 
72h and Sinapis alba L.(c) beginning of the experiment, (d) after 72h

Figure 6. Length of plant in dependence on the amount of CBs dissolved in water after 24 hours
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Figure 7. Length of plant in dependence on the amount of CBs dissolved in water after 7 days

Figure 8. Length of a plant according on amount of CBs dissolved in water after 3 weeks
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hi and hii were accepted. In other cases, hypoth-
esis hi (significant effect of plant species on root 
length) was accepted in the case of 24 hours of 
CBs soaking. While hii (significant effect of CBs 
concentration) on plant length was accepted in 
the case of 3 weeks.

On the other hand, no interaction was ob-
served between species and CBs on plant growth. 
Thus, hiii involving the interaction between CBs 
and plant species can be rejected. 

To find significant differences between the 
groups at the significance level of p<0.05, the 
Tukey HSD post hoc test was performed for 24 
h, 7 days, and 3 weeks. For 24 h significant dif-
ference (p=0.005312) can be seen between the 
length of Sinapis alba L. with CBs and Hordeum 
vulgare L. with CBs. Significant differences can 
also be found for Sinapis alba L. without CBs + 
Hordeum vulgare L. without CBs (p=0.03622). 
Tukey’s test after 7 days led to the conclusion 
that only for Hordeum vulgare L. without CBs 
and Sinapis alba L. with CBs there was a signifi-
cant difference (p=0.012548). On the other hand, 
for the data after 3 weeks, post hoc test showed 
that the results obtained for Sinapis alba L. with 
and without CBs were significantly different 
(p=0.012409). The studies analyzing the toxicity 
of CBs leachate indicate that lethal and sublethal 
responses are induced at different dilutions and 
quantities of CBs per liter of stock solution. This is 
supported by the study of Register (2000), which 
demonstrated that the exposure of freshwater or-
ganisms such as Daphnia Magna to the leachate 
obtained from 2 and 4 CBs per 1 liter of water 
after 48 h corresponds to 100% mortality of the 

maturation time meant that regardless of plant spe-
cies, average root length decreased with increas-
ing CBs concentration in solution. For Sinapis 
alba L., the lengths recorded were as follows: 30 
mm for 0CBs, 17 mm for 3CBs, 4 mm for 5CBs, 
and less than 2 mm for 10CBs. In contrast, for 
Hordeum vulgare L. the following lengths were 
recorded: 24 mm for 0CBs, 20 mm for 3CBs, 18 
mm for 5CBs, and 13 mm for 10CBs. 

Species-dependent changes in plant 
length in response to increasing CBs 
concentration in water solution

Plant root length is often dependent on abi-
otic stress, especially when the plant encounters 
toxic compounds that affect physiological devel-
opment (Koevoets et al., 2016; Kul et al., 2020). 
The effect of plant species (Sinapis alba L. and 
Hordeum vulgare L.) and amount of CBs on plant 
growth was tested at three temporal periods, i.e., 
after 24 h, after 7 days, and after 3 weeks of CBs 
soaking in water. For the two-way ANOVA test, 
the assumptions that the samples had normal dis-
tribution were initially verified (p>0.05). A Shap-
iro-Wilk test performed on small samples (n = 12) 
showed that the data for 24 h (p-value = 0.471), 
7 days (p-value = 0.459), and 3 weeks (p-value 
= 0.646) represent a normal distribution. Table 1 
shows the results from Levene’s test suggesting 
homogeneity of the data.

Two-way analysis of variance showed that 
for the temporal period of 7 days, plant species 
and CBs had a statistically significant (p<0.05) 
effect on plant length (Table 2) so in this case, 

Table 1. Levene’s test for homogeneity of variances
Homogeneity of Variances (LEVENE’S TEST)

Parameter Factor
p-value

24 hours 7 days 3 weeks

Length [mm]

Sp 0.986 0.488 0.051

CB 0.277 0.600 0.518

Sp x CB 0.206 0.052 0.118

Table 2. Two-way ANOVA p – values
Two-way ANOVA

Parameter Factor
p value

24 hours 7 days 3 weeks

Length [mm]

Sp <0.001 0.008 0.649

CB 0.065 0.040 0.004

Sp x CB 1.083 0.397 0.077
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organisms. In contrast, Osuala et al. (2017) ana-
lyzed the effects of smoked and unsmoked CBs 
on juveniles of Nile tilapia and showed that ciga-
rettes produced Lethal Concentration 50 (96 h)  
between 1 and 2 CBs per liter of water.

CONCLUSIONS

Low concentrations of toxic substances con-
tained in CBs have a positive effect on SG, RSG, 
RRG, and GI, causing the phenomenon of hor-
mesis; the inhibition of SG of Sinapis alba L. 
was growing with increasing concentration and 
time of soaking of CBs in the water solution. 
These factors affected the SG of Hordeum vul-
gare L. to a lesser extent, because this plant spe-
cies is more stress-tolerant. It has been proven 
that high concentrations of CBs in water solu-
tion have negative effects on SG and RRG. Hor-
deum vulgare L. exhibits higher toxic resistance 
than Sinapis alba L. In this study, the factor of 
the soaking length of CBs in the water solution 
did not affect the root length of plants; however, 
it affected the SG. This research shows that var-
ied plant species can cope with different levels 
of contamination by hazardous elements. CBs 
are an important source of contamination for 
the environment and hazardous elements that 
are released from them when disposed of inap-
propriately can impair the development of plants 
and accumulate in them. It has been statistically 
proven that after 7 day period of soaking, plant 
species and CBs presence have a statistically 
significant (p<0.05) effects on plant growth.

REFERENCES 

1. Adamcová D., Zloch J., Brtnický M., Vaverková 
M.D. 2019. Biodegradation/Disintegration of Se-
lected Range of Polymers: Impact on the Compost 
Quality. Journal of Polymers and the Environ-
ment, 27(4), 892–899. https://doi.org/10.1007/
s10924-019-01393-3

2. Akhbarizadeh R., Dobaradaran S., Parhizgar G., 
Schmidt T.C., Mallaki, R. 2021. Potentially toxic 
elements leachates from cigarette butts into different 
types of water: A threat for aquatic environments and 
ecosystems. Environmental Research, 202, 111706. 
https://doi.org/10.1016/j.envres.2021.111706

3. Ali H., Khan E., Ilahi I. 2019. Environmental 
chemistry and ecotoxicology of hazardous heavy 
metals: Environmental persistence, toxicity, and 

bioaccumulation. Journal of Chemistry, 2019, 
6730305. https://doi.org/10.1155/2019/6730305

4. Ali M.B., Singh N., Shohael A.M., Hahn E.J. 
Paek K.Y. 2006. Phenolics metabolism and lig-
nin synthesis in root suspension cultures of Panax 
ginseng in response to copper stress. Plant Sci-
ence, 171(1), 147–154. https://doi.org/10.1016/j.
plantsci.2006.03.005

5. Araújo M.C.B., Costa M.F. 2019. A critical review 
of the issue of cigarette butt pollution in coastal 
environments. Environmental Research, 172, 137–
149. https://doi.org/10.1016/j.envres.2019.02.005

6. Araújo M.C.B., Costa M.F. 2021. Cigarette butts 
in beach litter: Snapshot of a summer holiday. Ma-
rine Pollution Bulletin, 172, 112858. https://doi.
org/10.1016/J.MARPOLBUL.2021.112858

7. Barnes R.L. 2011. Regulating the disposal of ciga-
rette butts as toxic hazardous waste. Tobacco Control, 
20, 45–48. https://doi.org/10.1136/tc.2010.041301

8. Chen C., Huang D., Liu J. 2009. Functions and Tox-
icity of Nickel in Plants: Recent Advances and Fu-
ture Prospects. CLEAN – Soil, Air, Water, 37(4–5), 
304–313. https://doi.org/10.1002/clen.200800199

9. Chevalier Q., El Hadri H., Petitjean P., Bouhnik-Le 
Coz M., Reynaud S., Grassl B., Gigault J. 2018. 
Nano-litter from cigarette butts: Environmental 
implications and urgent consideration. Chemo-
sphere, 194, 125–130. https://doi.org/10.1016/j.
chemosphere.2017.11.158

10. d’Heni Teixeira M.B., Duarte M.A.B., Raposo 
Garcez L., Camargo Rubim J., Hofmann Gatti T., 
Suarez P.A.Z. 2017. Process development for ciga-
rette butts recycling into cellulose pulp. Waste Man-
agement, 60, 140–150. https://doi.org/10.1016/j.
wasman.2016.10.013

11. Drab M., Greinert A., Kostecki J., Grzechnik M. 
2011. Seed germination of selected plants under the 
influence of heavy metals. Civil and Environmental 
Engineering Reports, 7, 47–57.

12. El Rasafi T., Bouda S., Nouri M., Haddioui A. 2020. 
Assessment of metals (Cu, Ni) and metalloids (As) 
induces stress responses in Barley (Hordeum vul-
gare) and wheat (Triticum aestivum. Journal of Ma-
terials and Environmental Science, 11(5), 795–807

13. Gall L. H., Philippe F., Domon J. M, Gillet F., Pel-
loux J., Rayon C. 2015. Cell Wall Metabolism in 
Response to Abiotic Stress. Plants, 4(1), 112–166. 
https://doi.org/10.3390/plants4010112

14. Green A.R., Putschew A., Nehls T. 2014. Littered 
cigarette butts as a source of nicotine in urban wa-
ters. Journal of Hydrology, 519, 3466–3474. https://
doi.org/10.1016/j.jhydrol.2014.05.046

15. Hernandez C.G., Potts G.E. 2018. Cigarette litter 
leachates: a statistical study of elements in fresh-
water and saltwater. 



236

Journal of Ecological Engineering 2022, 23(7), 226–237

16. Ifelebuegu A.O., Lale E.E., Mbanaso F.U., Theophi-
lus S.C. 2018. Facile fabrication of recyclable, su-
perhydrophobic, and oleophilic sorbent from waste 
cigarette filters for the sequestration of oil pollutants 
from an aqueous environment. Processes, 6(9), 140. 
https://doi.org/10.3390/pr6090140

17. Jaskulak M., Grobelak A., Grosser A., Vanden-
bulcke F. 2019. Gene expression, DNA damage 
and other stress markers in Sinapis alba L. exposed 
to heavy metals with special reference to sewage 
sludge application on contaminated sites. Ecotoxi-
cology and Environmental Safety, 181, 508–517. 
https://doi.org/10.1016/j.ecoenv.2019.06.025

18. Kebede A., Kang M.S., Bekele E. 2019. Advances in 
mechanisms of drought tolerance in crops, with em-
phasis on barley. Advances in Agronomy, 156, 265–
314. https://doi.org/10.1016/bs.agron.2019.01.008

19. Kudryasheva N., Rozhko T. 2015. Effect of low-
dose ionizing radiation on luminous marine bac-
teria: radiation hormesis and toxicity. Journal of 
Environmental Radioactivity, 142, 68–77. https://
doi.org/10.1016/j.jenvrad.2015.01.012

20. Kul R., Ekinci M., Turan M., Ors S., Yildirim 
E. 2020. How Abiotic Stress Conditions Affects 
Plant Roots. IntechOpen. https://doi.org/10.5772/
intechopen.95286 

21. Koevoets I.T., Venema J.H., Elzenga J.T.M., Tester-
ink C. 2016. Roots Withstanding their Environment: 
Exploiting Root System Architecture Responses to 
Abiotic Stress to Improve Crop Tolerance. Frontiers 
in Plant Science, 7, 1335. https://doi.org/10.3389/
fpls.2016.01335

22. Kurmus H., Mohajerani A. 2020. The toxicity and 
valorization options of cigarette butts. In Waste Man-
agement, 104, 104–118. https://doi.org/10.1016/j.
wasman.2020.01.011

23. Luo Y., Liang J., Zeng G., Chen M., Mo D., Li G., 
Zhang D. 2018. Seed germination test for toxicity 
evaluation of compost: Its roles, problems and pros-
pects. Waste Management, 71, 109–114. https://doi.
org/10.1016/j.wasman.2017.09.023

24. Marinello S., Lolli F., Gamberini R., Rimini B. 
2020. A second life for cigarette butts? A review 
of recycling solutions. In Journal of Hazardous 
Materials, 384, 121245. https://doi.org/10.1016/j.
jhazmat.2019.121245

25. Massimi M. 2018. Impact of seed size on seeds vi-
ability, vigor and storability of Hordeum vulgare L. 
Agricultural Science Digest, 38, 62–64. https://doi.
org/10.18805/ag.a-293

26. Maxianová A., Jakimiuk A., Vaverková M.D. 2021. 
Food Waste – Challenges and Approaches for New 
Devices. Journal of Ecological Engineering, 22(3), 
231–238. https://doi.org/10.12911/22998993/132430

27. Moerman J.W., Potts G.E. 2011. Analysis of 
metals leached from smoked cigarette litter. 

Tobacco Control, 20, 30–35. https://doi.org/10.1136/
tc.2010.040196

28. Mohajerani A., Kadir A. A., Larobina L. 2016. A 
practical proposal for solving the world’s ciga-
rette butt problem: Recycling in fired clay bricks. 
Waste Management, 52, 228–244. https://doi.
org/10.1016/j.wasman.2016.03.012

29. Morales-Segura M., Porras-Amores C., Villoria-
Sáez P., Caballol-Bartolomé D. 2020. Character-
ization of gypsum composites containing cigarette 
butt waste for building applications. Sustain-
ability (Switzerland), 12(17), 7022. https://doi.
org/10.3390/SU12177022

30. Moura J.C.M.S., Bonine C.A.V., De Oliveira Fer-
nandes Viana J., Dornelas M.C., Mazzafera P. 2010. 
Abiotic and Biotic Stresses and Changes in the Lig-
nin Content and Composition in Plants. Journal of 
Integrative Plant Biology, 52, 360–376. https://doi.
org/10.1111/j.1744-7909.2010.00892

31. Murugan K., Suresh U., Panneerselvam C., Rajaga-
nesh R., Roni M., Aziz A.T., Hwang J.S., Sathishku-
mar K., Rajasekar A., Kumar S., Alarfaj A.A., Higu-
chi A., Benelli G. 2018. Managing wastes as green 
resources: cigarette butt-synthesized pesticides are 
highly toxic to malaria vectors with little impact 
on predatory copepods. Environmental Science and 
Pollution Research, 25(11), 10456–10470. https://
doi.org/10.1007/s11356-017-0074-3

32. Novotny T.E., Lum K., Smith E., Wang V., Barnes 
R. 2009. Cigarettes butts and the case for an en-
vironmental policy on hazardous cigarette waste. 
International Journal of Environmental Research 
and Public Health, 6(5), 1691–1705. https://doi.
org/10.3390/ijerph6051691

33. Ogundare S.A., Moodley V., Van Zyl W.E. 2017. 
Nanocrystalline cellulose isolated from discarded 
cigarette filters. Carbohydrate Polymers, 175, 273–
281. https://doi.org/10.1016/j.carbpol.2017.08.008

34. Osuala F., Abiodun O., Igwo-Ezikpe M., Kema-
bonta K., Otitoloju A. 2017. Relative toxicity of 
cigarette butts leachate and usefulness of antioxi-
dant biomarker activity in Nile tilapia Oreochromis 
niloticus (Trewavas, 1983). Ethiopian Journal of. 
Environmental Studies and Management, 10(1), 
75–88. https://doi.org/10.4314/ejesm.v10i1.8

35. Qamar W., Abdelgalil A.A., Aljarboa S., Alhuzani M., 
Altamimi M. A. 2020. Cigarette waste: Assessment of 
hazard to the environment and health in Riyadh city. 
Saudi Journal of Biological Sciences, 27(5), 1380–
1383. https://doi.org/10.1016/J.SJBS.2019.12.002

36. Rahman M.T., Mohajerani A., Giustozzi F. 2020. 
Possible recycling of cigarette butts as fiber modifier 
in bitumen for asphalt concrete. Materials, 13(3), 
1–20. https://doi.org/10.3390/ma13030734

37. Rascio N., Navari-Izzo F. 2011. Heavy metal hy-
peraccumulating plants: How and why do they do 



237

Journal of Ecological Engineering 2022, 23(7), 226–237

it? And what makes them so interesting? Plant Sci-
ence, 180(2), 169–181. https://doi.org/10.1016/j.
plantsci.2010.08.016

38. Register K. 2000. Cigarette butts as litter-toxic as 
well as ugly. Underwater Nature, 25, 23–29.

39. Roder Green A.L., Putschew A., Nehls T. 2014. Lit-
tered cigarette butts as a source of nicotine in ur-
ban waters. Journal of Hydrology, 519, 3466–3474. 
https://doi.org/10.1016/j.jhydrol.2014.05.046

40. Tiwari S., Lata C. 2018. Heavy metal stress, signal-
ing, and tolerance due to plant-associated microbes: 
An overview. Frontiers in Plant Science, 9, 1–12. 
https://doi.org/10.3389/fpls.2018.00452

41. Torkashvand J., Farzadkia M., Sobhi H. R., 
Esrafili A. 2020. Littered cigarette butt as a 
well-known hazardous waste: A comprehensive 
systematic review. In Journal of Hazardous Ma-
terials, 383, 121242. https://doi.org/10.1016/j.
jhazmat.2019.121242

42. Vahidhabanu S., Rameshbabu B., Babu P.S., Rah-
man H.A. 2014. Study of cigarette butts extract as 
corrosive inhibiting agent in J55 steel material. In-
ternational Journal of Research in Engineering and 
Technology, 3(1)

43. Vasić P., Jakiśić T., Delić G. 2020. Impact of Pb, 
Ni and Cd on the germination of barley seeds, 

variety Jadran, Bulletin of Natural Sciences 
Research, 10(2), 1–6. https://doi.org/10.5937/
bnsr10-23916

44. Vaverková M.D., Elbl J., Voběrková S., Koda 
E., Adamcová D., Gusiatin Z.M., Al Rahman A., 
Radziemska M., Mazur Z. 2020. Composting ver-
sus mechanical–biological treatment: Does it really 
make a difference in the final product parameters 
and maturity. Waste Management, 106, 173–183. 
https://doi.org/10.1016/j.wasman.2020.03.030

45. Wojciechowski A., Iwaszczuk A. 2021. Energety-
czne wykorzystanie uciążliwych odpadów komu-
nalnych jako ważny element strategii GOZ. Gospo-
darka o obiegu zamkniętym, 35–50. Wydawnictwo 
AGH. Kraków

46. Xiong Q., Bai Q., Li C., Lei H., Liu C., Shen Y., Uyama 
H. 2018. Cost-effective, highly selective and environ-
mentally friendly superhydrophobic absorbent from 
cigarette filters for oil spillage clean up. Polymers, 
10(10), 1101. https://doi.org/10.3390/polym10101101

47. Zloch J., Vaverková M.D., Adamcová D., Radziem-
ska M., Vyhnánek T., Trojan V., Đorđević B., Brt-
nický M. 2018. Seasonal changes and toxic po-
tency of landfill leachate for white mustard. Acta 
Universitatis Agriculturae et Silviculturae Men-
delianae Brunensis, 66(1), 235–242. https://doi.
org/10.11118/actaun201866010235


