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Lichens are recognized as highly efficient biological indicators of air pollution.
They have been extensively used to detect various types of air pollutants, both
from outdoor and indoor sources. Environmental Tobacco Smoke (ETS) is known
to be hazardous not only to its consumers but also to passive consumers,
particularly within buildings. This study aims to explore the detection of ETS
using lichenswithin a building inMalaysia. The researchwas conducted in a public
building in Selangor, Malaysia, employing the lichen species Usnea misaminensis.
The transplanting technique was utilized, and the nicotine concentration and
lichen vitality rate were analyzed. The study demonstrated that lichens can serve
as effective biological indicators of indoor air pollutants, specifically nicotine.
Additionally, a significant negative relationship (r = −0.71) was found between the
lichen vitality rate and nicotine concentrations in the lichen samples placed in the
building. This indicates that higher nicotine concentrations in the lichens after
approximately 2 months of exposure correspond to lower lichen vitality rates.
Research into nicotine detection using lichens may lead to the development of
novelmonitoring techniques for indoor air quality assessment. Integrating lichen-
based sensors into portable monitoring devices or passive sampling systems
could provide cost-effective and non-intrusive methods for continuously
monitoring nicotine levels in buildings.

KEYWORDS

biological indicator, lichens, nicotine, indoor environment, sick building syndrome

1 Introduction

Lichens have been widely utilized to indicate numerous air pollutants (Conti and
Cecchetti, 2001) and trace elements (Kurnaz and Cobanoglu, 2017) in various
environments, including both open spaces and confined areas (Abas, 2021). Lichens are
composite organisms resulting from a stable association between at least two different
organisms, such as fungi and algae or cyanobacteria (Nash, 2008; Abas, 2018). They are
highly efficient biological indicators of air pollution due to their unique morphological
characteristics, such as the absence of a cuticle layer on their thalli, which allows for the
absorption of elements from the air, and their slow growth rate, which ensures their
presence in the environment for extended periods (Benítez et al., 2018).
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As biological indicators, lichens have been used to monitor air
pollution in various settings, including forests (Root et al., 2015),
mountainous areas (Klimek et al., 2015), and urban areas (Abas and
Awang, 2017; Boonpeng et al., 2018). Various biomonitoring
techniques have been employed, such as the transplanting
technique (Boonpeng et al., 2017; Abas et al., 2020) and diversity
distribution and richness analysis (Pinho et al., 2004). Several studies
have been conducted in Malaysian metropolitan areas using the
lichenUsnea minaminensis to detect air pollution (Abas and Awang,
2017; Abas et al., 2020; Abas, 2021; Abas et al., 2022).

Lichens, such as Evernia prunastri, have been proven to be effective
detectors of nicotine from cigarettes in smokers’ cars (Paoli et al., 2019).
However, this is the only known study demonstrating lichens’ ability to
detect compounds produced by smoking tobacco products. According
to Digiacomo et al. (2019), smoking tobacco products produces
elements that adversely affect human health. These compounds can
travel some distance and harm nearby non-smokers, known as passive
smokers (Parida and Patel, 2023). The traveling elements produced by
burning tobacco are collectively known as environmental tobacco
smoke (ETS) (Krakowiak et al., 2020). ETS comprises second- and
third-hand smoke (SHS and THS). SHS is a mixture of side-stream
smoke from smoldering cigarettes and smoke exhaled by smokers,
while THS refers to smoke that remains in the atmosphere long after
active smoking has ceased. Thus, SHS exposure involves unintended
inhalation of smoke near smokers or in indoor spaces recently used for
smoking, whereas THS exposure occurs in enclosed spaces where
tobacco was used hours or days prior (Yang et al., 2022).

ETS exposure poses serious health risks, including an increased
likelihood of malignant neoplasms, non-cancer respiratory illnesses,
cardiovascular diseases, and pregnancy complications. Due to these
health hazards, promotional and educational actions, as well as new
legislative measures, have been implemented over the years to
protect non-smokers from passive ETS exposure (Akyuz, 2023).

ETS is also a major contributor to sick building syndrome (SBS)
(Tanir and Mete, 2022). SBS encompasses various nonspecific
symptoms experienced by building occupants, leading to
increased absenteeism and decreased productivity. ETS typically
travels through buildings via ventilation systems, which are often
located at the ceiling due to the higher temperature and lower
density of smoke, causing it to rise. Studies have shown that ETS can
also travel through walls, floors, and ceilings, even in small
concentrations (Marcham and Springston, 2019). Depending on
weather conditions and air flow, tobacco smoke can be detected at
distances of 25–30 feet away (Sheu et al., 2020). The harm of tobacco
smoke is greater if multiple cigarettes are burning simultaneously
and if someone is close to the smoke (Simonavicious et al., 2019).

The presence of ETS inside a building is usually determined
using specific devices and instruments (Krakowiak et al., 2020), or by
taking samples from human bodies, such as blood (Yingst et al.,
2019) or saliva (Alqahtani et al., 2020). The use of biological
indicators to detect ETS is still limited. However, a recent study
by Paoli et al. (2019) demonstrated that lichens could be used as
biological indicators to detect the presence of nicotine in the
environment. Therefore, this study aims to explore ETS detection
using lichens in buildings in Malaysia. To achieve this aim, two
research objectives have been outlined: a) to measure ETS levels in
the building using lichens, and b) to analyze the effects of ETS on
lichen vitality.

2 Research methods

2.1 Experimental design and sampling
procedures

2.1.1 Lichen sample collection
The lichen samples of Usnea misaminensis were collected from

Bukit Larut in Perak, Malaysia (N4°51′ 43.6″ E100°47′ 39.5″). Bukit
Larut, located in the central division of Perak, is known for being the
most humid area in Malaysia, with annual rainfall reaching up to
4,000 mm. This high level of precipitation supports a diverse and
lush rainforest. The temperature in Bukit Larut ranges from 15°C to
25°C during the daytime and can drop to 10°C at night (Musa and
Nadarajah, 2023).

2.1.2 Sampling technique
The lichen species were collected using a convenient sampling

technique, focusing on areas where the lichen grew abundantly. The
lichens were carefully removed from their substrates using a clean
ceramic knife and gloves to avoid contamination. The samples were
then placed in labeled, sealed paper bags to prevent them from absorbing
pollutants elsewhere. Approximately 500 g of lichen samples were
collected and brought back to the laboratory for further processing
and exposure at the selected locations (Abas et al., 2022). Figure 1
illustrates U. misaminensis found at the control site.

2.1.3 Preparation and exposure of lichen samples
Upon arrival at the lab, the lichen samples were separated into

small blobs weighing around 10–20 g each. These blobs were placed
in nets with holes to allow pollutants to be absorbed by the samples
(Abas et al., 2020). To measure the nicotine concentration within a
building, 34 sampling sites were selected, as shown in Table 1. The
samples were hung from the ceiling, with some positioned near
ventilation systems.

A total of 30 sampling sites were selected on the ground floor of
D block, Faculty of Social Sciences and Humanities, The National
University of Malaysia, Selangor. The sampling points were
determined using a stratified technique based on room
segregation. The selection of sampling points was guided by three
main factors: a) proximity to smokers’ rooms, b) average hours spent
in the room, and c) quality of air flow and ventilation system.
Figure 2 shows the location of Bukit Larut (control site), and Figure 3
details each selected sampling point.

2.1.4 Exposure period
The lichen samples were exposed indoors for approximately

2 months (from 1 February 2023, to 3 April 2023). During this
period, the lichens absorbed trace elements, particularly nicotine, from
the indoor air and surfaces such as ceilings and walls. According to Yang
et al. (2022), nicotine traces can be found in the environment up to aweek
after exposure from its source, making a 2-month exposure period
sufficient for the lichens to absorb all traces of nicotine.

2.1.5 Post-exposure handling and analysis
After the 2-month exposure period, all lichen samples were

packed in paper bags to keep them dry and then transported to the
lab for further analysis. The nicotine concentration and vitality rate
of the lichen samples were subsequently measured.
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2.2 Analysis procedure of nicotine
concentration

50 g of lichen specimens from each sampling point were
desiccated and pulverized into a powdered form. Subsequently,
10 g of the powdered material underwent extraction using a
Soxhlet apparatus (Barosil), employing 100 mL of various organic
solvents such asmethanol, acetone, benzene, and diethyl ether for 24 h
at a controlled temperature of 45°C. Following 6 to 8 cycles of heat-
driven extraction, the resultant solvent-laden extract was evaporated
in a hot air oven maintained at a temperature range of 42°C–45°C,
yielding dry extract quantities of up to 2 g per extraction.

After the extraction process, analytical scrutiny was
executed via gas chromatography coupled with mass
spectrometry (GC-MS) using a quadrupole mass
spectrometer and an Elite-wax Capillary-column chromatography
(dimensions: 60.0 m × 250 μm × 0.25 μm). Sample injection,
facilitated by an autosampler, was achieved at a split ratio of 10:
1. The temperature regime entailed an initial setting of 60°C for
1 min, followed by programmed increments to 200°C, with a holding
period of 3 min, further augmented to a range of 10°C–300°C,
sustained for a duration of 10 min. The injection port temperature
was maintained at 280°C, with helium serving as the carrier gas,
flowing at a rate of 1.0 mL/min.

A solvent delay of 7 min, with a corresponding transferred
temperature of 160°C, was enacted, alongside a source temperature
of 150°C. The compositional analysis of the extract was predicated
upon the computation of percentages derived from the areas of GC
peaks, with the identification of the nicotine peak conducted at
280 nm. Calibration procedures were enacted utilizing a nicotine
standard, specifically (±)-Nicotine – NO267 (Sigma-Aldrich), while
the limit of quantification (LOQ) was established at 5.5 μg/mL. Each
sampling point was represented by triplicate measurements (Paoli
et al., 2019).

2.3 Lichen’s vitality rate measurement

To assess the vitality rates among lichen samples across all
sampling sites, analysis of chlorophyll (Chl.) α fluorescent emissions
was employed. The evaluation of the photosynthetic components in
the lichen samples was conducted based on the fundamental
principle of photochemical quantum yield, specifically FV/FM,
where FV represents the variable fluorescence, while FM and
F0 denote the maximum and minimum Chl α fluorescence
values, respectively. Additionally, the overall index of
photosynthetic performance was computed using the
Performance Index formula (PIABS).

FIGURE 1
Map of control area (bukit larut, perak).
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Subsequently, the samples underwent a reactivation period of
24 h, followed by misting with mineral water and storage at 16°C
under ambient light conditions (70 µmol m⁻2 s⁻1). After this, the
samples were misted again with water and subjected to darkness for
10 min before being exposed to saturated light for a brief duration
(3,000 µmol m⁻2 s⁻1), during which fluorescent emissions were
recorded. Measurement procedures were conducted utilizing the
Plant Efficiency Analyzer (Handy PEA, Hansatech Ltd., King’s
Lynn, Norfolk, United Kingdom) (Protano et al., 2017).

2.4 Data analysis and interpretation

The analysis of nicotine concentration data and vitality rates
involved using the Pearson coefficient correlation, executed via Past
Software V4.03, to determine the connection between nicotine levels
in lichen and their vitality post-exposure. This statistical method was
crucial in identifying the relationship between the nicotine
concentration absorbed by the lichen samples and their
subsequent photosynthetic performance.

TABLE 1 The sampling point description.

Sampling point Type of room’s occupant Daily average hours spent

1a Non-smoker room >6 h

1b Non-smoker room >6 h

1c Smoker room >6 h

1d Smoker room >6 h

1e Non-smoker room >6 h

1f Non-smoker room >6 h

1g Non-smoker room >6 h

1h Non-smoker room >6 h

1i Non-smoker room >6 h

1j Non-smoker room >6 h

1k Non-smoker room >6 h

1l Non-smoker room >6 h

3a Lobby <6 h

3b Smokers’ lobby <6 h

3c lobby <6 h

3d lobby <6 h

2a Non-smoker room >6 h

2b Non-smoker room >6 h

2c Non-smoker room >6 h

2d Non-smoker room >6 h

2e Non-smoker room >6 h

2f Non-smoker room >6 h

2g Non-smoker room >6 h

2h Non-smoker room >6 h

2i Non-smoker room >6 h

2j Non-smoker room >6 h

2k Non-smoker room >6 h

2l Non-smoker room >6 h

2m Non-smoker room >6 h

2n Non-smoker room >6 h

2o Non-smoker room >6 h
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Additionally, the nicotine concentration data was examined
through Geographical Information System (GIS) interpolation
analysis using ArcGIS software version 10.8.1. Interpolation

analysis constructs a surface based on values from isolated
sample locations, with each sample point representing a site of
data collection that includes recorded geographical coordinates. The
delineation of nicotine concentration distribution used the lowest
concentration (LoQ) of environmental tobacco smoke, set at
0.45 μg/mL (Alqahtani et al., 2020), as the cutoff point.

To facilitate visualization, five concentration ranges were
established for the sampling points, each with distinct
interpretations as detailed in Table 2. The visualization employed
a color scheme: red for “Very High Concentration,” indicating a
strong presence of nicotine; orange for “High Concentration,”
signifying a potent but slightly lower level; yellow for “Moderate
Concentration,” indicating a balanced presence; light green for “Low
Concentration,” representing reduced nicotine levels; and dark
green for “Ambient Concentration,” showing minimal nicotine
content. This color scheme using GIS aids users in quickly
interpreting and understanding the geographical distribution and
strength of nicotine concentration.

3 Results

Table 3 shows the nicotine concentration and the vitality rate
of the lichen sample after 2 months of exposure at the sampling

FIGURE 2
Lichen usnea misaminensis found at bukit barut (control area).
Source: field work (2023).

FIGURE 3
The map of the sampling point.
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points. The two smokers’ rooms, have the highest nicotine
concentration (0.61 μg/mL and 0.57 μg/mL) and also the lowest
lichen vitality’s rate (0.27 μg/mL and 0.29 μg/mL) compare to the
other sampling points.

The analysis revealed a significant inverted relationship between
nicotine concentration and the vitality rate of the lichen, with a
Pearson coefficient value of −0.71 (the significant value range
being −1 < r < 1). This indicates that higher nicotine
concentrations are associated with lower vitality rates in the
lichen samples. In other words, as the nicotine concentration
increases, the vitality of the lichen decreases.

Figure 4 illustrates the spatial analysis of nicotine concentration
at the sampling site. The red zones indicate areas of high nicotine
concentration, while the green zones represent areas of low nicotine
concentration. The analysis shows that nicotine concentrations are
highest near the smokers’ rooms, with concentrations decreasing as
the distance from these sources increases. However, some sampling
points located far from the primary nicotine sources also exhibited
traces of nicotine, indicating potential secondary distribution
pathways or lingering effects in the environment.

4 Discussion

Lichens have long been recognized as sensitive indicators of
environmental pollution due to their capacity to absorb and
accumulate airborne pollutants (Abas, 2021). This characteristic
makes them valuable bioindicators for assessing air quality. Recent
studies have demonstrated that lichens can absorb and retain nicotine
from the atmosphere, thereby serving as potential tools for detecting
nicotine in indoor environments. Lichen thalli, the main body of
lichens, possess a large surface area that efficiently absorbs airborne
substances, including nicotine molecules (da Silva et al., 2021). This
study confirms the efficient detection and absorption of nicotine by
lichens, showing significant differences in nicotine concentrations
between smokers’ and non-smokers’ rooms. Similar results were
found in a study by Tao et al. (2023), which employed solid phase
cartridge sampling followed by GC-MS analysis, and in other studies
using conventional methods, such as those by Habibagahi et al. (2020).

The vitality of lichens is significantly influenced by air pollutants in
their environment. This study also indicates that nicotine has a negative
impact on lichen vitality rates, showing a significant negative correlation
between nicotine concentration levels and lichen vitality. This suggests
that higher nicotine concentrations lead to lower lichen vitality rates.

Nicotine, known for its toxic properties, can adversely affect various
organisms, including plants and fungi. According to Cheng et al. (2021),
nicotine exhibits allelopathic inhibitory effects on chlorophyll and seeds,
as well as hormesis effects on germinated seeds and seedlings. This
underscores the potential negative effects of nicotine on lichen growth,
considering that lichens also contain chlorophyll (Santos et al., 2022).

The distribution of nicotine concentrations in this study shows a
noticeable trend of decreasing concentrations farther from smokers’
rooms, reflecting equilibrium effects in the vicinity. However, traces of
nicotinewere detected in somenon-smokers’ rooms despite separation by
fiber walls and ceilings. This phenomenon may be attributed to several
factors, including the volatility and dispersion of nicotine, influences of air
currents and ventilation, adsorption and deposition processes, and
diffusion within indoor environments. Marcham and Springston
(2019) noted the rapid volatilization of nicotine from cigarettes into
the air, forming airborne plumes that disperse quickly, with detectable
concentrations observed several meters away from the emission source.
Studies by Sheu et al. (2020) on the effects of ventilation and air
movement on environmental tobacco smoke (ETS) distribution
indoors demonstrated that airflow and ventilation systems significantly
influence the movement of ETS particles, facilitating their transport to
distant locations within buildings (Jung et al., 2020). Adsorption and
deposition studies have shown that nicotine particles suspended in the air
can deposit onto surfaces, leading to the accumulation of detectable levels
away from their source. Additionally,Wu et al. (2022) highlighted the role
of diffusion in the uniform distribution of nicotine molecules throughout
indoor air, emphasizing how diffusion processes contribute to the spatial
distribution of nicotine within buildings.

5 Conclusion

Lichens are widely recognized as sensitive bioindicators of
environmental pollution, including specific pollutants like
nicotine. This study confirms that lichens can effectively indicate
indoor air quality, particularly regarding nicotine levels. Moreover,
it establishes a significant negative relationship (r = −0.71) between
nicotine concentration and lichen vitality, indicating that higher
nicotine levels correlate with reduced lichen health. The study
highlights several factors contributing to nicotine’s presence in
indoor environments, such as volatility, dispersion, air currents,
ventilation patterns, adsorption, deposition, and diffusion processes.

However, a limitation of this study is its reliance on cumulative
nicotine concentration measurements over a 2-month period, rather

TABLE 2 The indication of nicotine concentration’s range.

Nicotine concentration (µg/mL) Description Indicator

≥0.3 Very high concentration

0.1–0.29 High concentration

0.01–0.09 Moderate concentration

0.001–0.009 Low concentration

< 0.001 Ambient concentration
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than continuous monitoring. Future research could benefit from real-
time monitoring techniques to capture fluctuations in nicotine levels
more precisely.

Research into nicotine detection using lichens could lead to
innovative indoor air quality monitoring methods. Integrating
lichen-based sensors into portable devices or passive sampling
systems offers cost-effective and non-intrusive means to
continuously monitor nicotine levels in buildings. These
advancements can complement existing air quality monitoring

strategies, enabling targeted interventions to reduce tobacco
smoke exposure.

Understanding the spatial distribution of nicotine within indoor
environments carries significant public health implications. Identifying
nicotine in areas distant from smoking zones can raise awareness about
the risks of second-hand smoke exposure, supporting efforts to promote
smoke-free environments. Additionally, using lichens for nicotine
detection can enhance environmental education and advocacy efforts.
Lichens’ accessibility and visual appeal make them suitable for

TABLE 3 The nicotine concentration and lichen’s vitality rate.

Sampling site Nicotine concentration (µg/mL) Photosynthetic parameter (PIABS)

Control Site 0.00067 ± 0.0005 0.83 ± 0.05

1a 0.0190 ± 0.0125 0.5766 ± 0.0513

1b 0.0227 ± 0.0101 0.6667 ± 0.0681

1c 0.0993 ± 0.0179 0.41 ± 0.0264

1d 0.6067 ± 0.1457 0.267 ± 0.0456

1e 0.57 ± 0.2152 0.2933 ± 0.0351

1f 0.0446 ± 0.0123 0.5766 ± 0.0251

1g 0.0273 ± 0.0084 0.59 ± 0.03

1h 0.026 ± 0.0113 0.6066 ± 0.0252

1i 0.0056 ± 0.0032 0.6966 ± 0.0305

1j 0.0024 ± 0.0025 0.7103 ± 0.0195

1k 0.0017 ± 0.0006 0.7506 ± 0.0168

1l 0.019 ± 0.0125 0.55 ± 0.0427

3a 0.0377 ± 0.0304 0.6253 ± 0.0076

3b 0.2363 ± 0.1355 0.3263 ± 0.0256

3c 0.0363 ± 0.0257 0.7686 ± 0.0127

3d 0.0056 ± 0.0035 0.7416 ± 0.0107

2a 0.0040 ± 0.0020 0.72 ± 0.0085

2b 0.0043 ± 0.0012 0.739 ± 0.0142

2c 0.0034 ± 0.0013 0.743 ± 0.0046

2d 0.0069 ± 0.0019 0.6957 ± 0.0076

2e 0.0094 ± 0.0014 0.708 ± 0.0043

2f 0.0116 ± 0.0040 0.5783 ± 0.0101

2g 0.0073 ± 0.0014 0.408 ± 0.0101

2h 0.0043 ± 0.0021 0.4286 ± 0.0176

2i 0.0032 ± 0.0009 0.4726 ± 0.0142

2j 0.0026 ± 0.0006 0.762 ± 0.0082

2k 0.0035 ± 0.0014 0.7626 ± 0.0132

2l 0.0016 ± 0.0002 0.778 ± 0.0285

2m 0.0019 ± 0.0005 0.7333 ± 0.0152

2n 0.0012 ± 0.0003 0.7406 ± 0.0257

2o 0.0015 ± 0.0004 0.7656 ± 0.0214
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educational programs aimed at increasing awareness of air pollution’s
impact on ecosystems and human health. Engaging the public in citizen
science initiatives involving lichen monitoring can promote
environmental stewardship and empower communities to advocate
for cleaner air and healthier living spaces.

This study suggests several recommendations, including
implementing and enforcing smoke-free policies in indoor
environments, conducting regular monitoring of indoor air quality
(including nicotine levels) in smoking-permitted or suspected
buildings, promoting tobacco cessation programs, and launching
education campaigns on the dangers of second-hand smoke. These
efforts require collaboration among various stakeholders to create
supportive environments that prioritize public health and wellbeing.
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