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Abstract

Aim: The aim of this research was to identify a suitable lichen species as a bio-indicator for heavy metals in the Himalayan habitats.

Methodology: The study was conducted in a sacred grove located in Western Nepal. The grove was situated alongside the busy Mahakali National
highway. Lichen samples were collected from different areas of the grove, ranging from the edge adjacent to the highway to the center. Standard
protocols were employed to identify the collected lichen species. The heavy metal content in the samples were analyzed by subjecting them to acid
digestion followed by AAS estimation.

Results: Three lichen species were discovered: Bulbothrix meizospora, Parmotrema tinctorum, and Pyxine berteriana. Pyxine berteriana was collected
near the highway, while Bulbothrix meizospora and Parmotrema tinctorum were collected away from it. The heavy metal bioaccumulation pattern
observed was as follows: Fe>Al>Mg>Zn>Cu>Pb>Mn>Ni>Cd>Cr. Notably, Pyxine berteriana exhibited the highest metal concentrations among the
three species.

Interpretation: Based on the findings, it can be concluded that the Physcioid lichen Pyxine berteriana is the most resilient species in the region and can
serve as an appropriate bio-indicator for studying the deposition of heavy metals in the ambient air.
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Introduction

Lichens are a symbiotic relationship between a dominant
fungus (mycobiont) and a green (phycobiont) and/or blue-green
algae (cyanobiont) (Rai et al., 2014). They typically thrive in
diverse environmental conditions, but they are highly susceptible
to atmospheric pollutants such as sulfur and nitrogen. Air pollution
also contributes to the reduction of lichen population, making
them valuable as indicator organisms. As lichens have no root
apparatus, their mineral nutrition depends mainly on atmospheric
inputs and owing to the lack of protective cuticle and stomata,
thalli can accumulate mineral elements, including heavy metals,
at levels exceeding their metabolic requirements. Lichens are
widely recognized as an excellent indicators of heavy metal
pollution in the environment. Due to their unique characteristics
and sensitivity to atmospheric pollutants, lichens can accumulate
and retain heavy metals from the air, this is the reason why lichens
are considered valuable as indicators for heavy metals.

The particulate nature of airborne heavy metal is made
evident by parameters referring to the entrapment of heavy-metal
containing particles by thallus of lichens. The rate of absorption
and accumulation of heavy metals are dependent on the
morphological features of lichen thalli. Lichen possess distinct
morpho-anatomy and physiology, including the absence of cuticle
and roots, longer life span, slow growth, and nutrient absorption
solely through the surface. Consequently, it has become one of
the most widely employed biomonitors for detecting ambient air
metal pollution (Thakur and Chander, 2018; Singh et al., 2018;
Sujetoviené et al., 2019; Salleh et al., 2023). Lichens have the
capacity to accumulate pollutants from the atmosphere over
extended periods, encompassing the entire range of deposition
variations within the study timeframe (Benitez et al., 2019; Huang
etal., 2019; Lyanguzova et al., 2019; Rola, 2020; Elrhzaoui et al.,
2020; Budzynska-Lipka et al., 2022; Carrillo et al., 2022).

The accumulation of heavy metals in lichens may differ
among species, as it is greatly influenced by land use gradients
within a particular habitat (Bozkurt, 2017; Demkova et al., 2017a,
b; Parviainen et al., 2019; Popova, 2019; Vitali et al., 2019; Isik
and Yildiz, 2022; Mohamed et al., 2023; Saib et al., 2023). Among
the lichen-rich regions in the Indian subcontinent, the temperate
habitats of the Himalayas stand out (Upreti, 1998). Nepal, located
in the western and central Himalayas, boasts a significant
abundance and diversity of lichens, comprising 1078 species
from 233 genera and 66 families (Baniya and Tamang, 2020). By
analyzing the heavy metal content within lichens, researchers
can assess the extent of environmental pollution and identify
areas with elevated metal concentrations. Lichens have been
widely used as bioindicators in environmental monitoring
programs due to their ability to accumulate heavy metals and their
sensitivity to atmospheric pollutants. Their widespread
distribution and ease of sampling make them valuable tools for
assessing the impact of heavy metal pollution on ecosystems.
Heavy metals are defined as those elements having an atomic
number greater than 20 and atomic density above 5 g cm® and

must exhibit the properties of metal. Following are the metals
found hazardous and act as pollutants when are presentin higher
concentrations- Iron (Fe), Aluminium (Al), Magnesium (Mg), Zinc
(Zn), Copper (Cu), Lead (Pb), Manganese (Mn), Nickel (Ni)
Cadmium (Cd), and Chromium (Cr).

Materials and Methods

Study area: Located in the Panjunaya village, Baitadi district in
western Nepal, the study was carried out in Masani sacred
groove, situated on the Mahakali National Highway. Spanning an
area of approximately 14,000 m’, this sacred grove comprises a
diverse mix of natural forest dominated by Quercus trees and
associated valley vegetation, including Myrica spp. Nestled within
a valley, it boasts an average elevation of 800 m and is situated
along a tributary of the Sharda/Kali River, adjacent to the
Mahakali National Highway- H14.

Field techniques and Data collection: Lichen samples were
randomly collected within the sacred groove, ranging from the
area adjacent to the Mahakali National Highway to the center of
the grove.

Identification of lichens: The collected lichens were identified at
the Lichenology Laboratory of CSIR-NBRI, situated in Lucknow,
Uttar Pradesh, India. The identification process included the
examination of morpho-anatomical features, thallus chemistry
using spot tests and Thin layer chromatography, and UV light
reaction fluorescence studies. Standard taxonomical keys and
chemistry manuals of Awasthi (2007); Orange et al. (2010) and Elix
(2014) were utilized for accurate identification of lichens. For
preservation purposes, voucher samples were meticulously
archived at the Lichen Herbarium (LWG) of the CSIR-National
Botanical Research Institute, Lucknow. The CSIR-NBRI functions
as a national repository for Indian flora, adhering to the
regulations of the Biological Diversity Act of 2002 (Sec. 6, 12) of
the Ministry of Environment, Forest, and Climate Change, India,
ensuring the authenticity and conservation of the specimens.

Estimation of heavy metals: Samples of air-dried lichen thallus
(three replicates) were ground into a powder and acid digested.
The resulting solution was filtered, diluted, and analyzed on
atomic absorption spectrophotometer to estimate the
concentrations of following heavy metals: Iron, Aluminium,
Magnesium, Zinc, Copper, Lead, Manganese, Nickel, Cadmium
and Chromium. The analysis was conducted in triplicate, and the
concentrations were recorded in units of pg/g dry weight.

Sample Preparation: Three replicates of approximately 1 gram
of air-dried lichen thallus were taken. The thallus samples were
ground into a fine powder to increase the surface area for
analysis. To remove all organic carbon, acid digestion was
performed. The powder was treated with a 5 ml mixture of
concentrated HNO, and HCIO, (in a 9:1 v/v ratio) for 1 hour. The
mixture was heated until near dryness, resulting in the formation
of deposits.
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The deposits were dissolved in 1% HNO,. The resulting
solution was filtered through Whatman filter paper No. 42 to
remove any solid particles. The filtered solution was further
diluted with 1% HNO,. The concentrations of heavy metals (Fe, Al
Mg, Zn, Cu, Pb, Mn, Ni, Cd, and Cr) were determined using an
atomic absorption spectrophotometer (Avanta-R, GBC,
Australia). Stock standards of heavy metals, traceable to NIST
(National Institute of Standards Technology), were procured from
Merck India. These standards were used to establish calibration
curves covering concentrations ranging from 1 to 3 ug g”. The
atomic absorption spectrophotometer had a sensitivity of 0.1 ug g
"for all the detected heavy metals. The heavy metal analysis was
performed in triplicate, and the concentrations were recorded in

g g’ dryweight.
Results and Discussion
The study conducted a thorough examination of lichen

species present in the study area, identifying three distinct
genera: Bulbothrix meizospora (Nyl.) Hale, Parmotrema

tinctorum (Despr. ex Nyl.) Hale, and Pyxine berteriana (Fée)
Imsh, belonging to families Parmeliaceae and Physciaceae,
respectively (Table 1; Fig. 1). Notably, Pyxine berteriana was
primarily observed in close proximity to the highway, indicating its
preference for such environments, whereas the other two
species, Bulbothrix meizospora and Parmotrema tinctorum were
predominantly found in the deeper regions of sacred grove, away
from the influence of highway. The heavy metal concentration in
the thalli of the analyzed lichens ranged between 1057.88 to
708.63 ug g” d.wt. In all three species the concentration of Fe was
higher followed by of AI>Mg>Zn>Cu>Pb>Mn>Ni>Cd>Cr. Heavy
metals analysis revealed the absence of Cd and Cr in Bulbothrix
meizospora while other metals were found in the following
sequence: Fe>AI>Mg>Zn>Cu> Pb>Mn>Ni. The total metal load
IM,, was maximum for Pyxine berteriana followed by
Parmotrema tinctorum and Bulbothrix meizospora, respectively.

The distribution pattern of Bulbothrix meizospora (Nyl.)
Hale, Parmotrema tinctorum (Despr. ex Nyl.) Hale, and Pyxine
berteriana (Fée) Imsh species provide interesting insights into

Fig. 1: Morphology of (A) Bulbothrix meizospora (Nyl.) Hale; (B) Parmotrema tinctorum (Despr. ex Nyl.) Hale and (C) Pyxine berteriana (Fée) Imsh.
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their ecological preferences and tolerance towards different
environmental conditions (Boonpeng et al., 2023; Kovacik et al.,
2023). The presence of Pyxine berteriana adjacent to the highway
suggests its ability to withstand automobile exhaust emissions
and the associated disturbances (Liu et al., 2017; Salleh et al.,
2023). On the other hand, Bulbothrix meizospora and
Parmotrema tinctorum displayed preference for relatively
undisturbed and secluded interior areas of the sacred grove,
indicating their affinity towards more pristine habitats with limited
anthropogenic influences (Upreti, 2014). This variation in
distribution highlights the adaptability and ecological versatility of
lichen species in response to environmentalfactors and stressors.
By occupying distinct microhabitats within the same ecosystem,
these lichens provide regulating ecosystem services in the overall
ecologicalfunctioning of sacred grove (Matos et al., 2019).

Understanding the distribution and preferences of lichen
species in relation to their habitat characteristics, including
proximity to highways, contributes to our knowledge of their
ecological significance and their potential as bio-indicators of
environmental conditions (Haifeng et al., 2022; AdZzemovic et al.,
2023). It provides a foundation for further investigations into the
ecological interactions and responses of lichens to varying
degrees of human influence and the associated implications for
ecosystem health and conservation strategies. The current study
significantly contributes to the existing body of knowledge by
providing comprehensive insights into the bioaccumulation of
heavy metals in lichens through an extensive bio-indicator
analysis. The research outcomes highlight the substantial
accumulation of metals in the lichen thallus, indicating the
deposition of heavy metals in the region resulting from a variety of
sources, including natural processes and human activities (Pandey
et al., 2002). The meticulous analysis of total heavy metal load,
XM10, revealed Pyxine berteriana to exhibit the highest level of
metal accumulation, followed by Parmotrema tinctorum and
Bulbothrix meizospora. These findings consistently align with
previous studies conducted by (Upreti, 2014; Singh et al., 2019;
Daimari et al., 2020; Banerjee et al., 2023; Thakur et al., 2023),
thereby reinforcing their validity and reliability. The remarkable
tolerance demonstrated by Physcioid lichens, as confirmed by
multiple studies across various Himalayan habitats Shukla and
(Upreti, 2007a,b); Shukla et al., 2012; 2013; Rami¢ et al., 2019),
underscores their resilience in the face of heavy metal exposure.

Furthermore, the lichen species observed adjacent to the
highway exhibited a significantly higher overall accumulation of
heavy metals (Abas et al, 2019; Labaran, 2019). This
observation emphasizes the substantial contribution of
automobile exhaust emissions as a primary source of heavy
metal deposition in the western regions of Nepal, a finding
supported by Gupta etal. (2017); Nag et al. (2020).

While all lichen species have proven to be effective bio-
indicators of ambient air heavy metals, the comprehensive
analysis and observations presented in this study further validate
the superior efficiency of species within the Physciaceae family in

accumulating both organic and inorganic metals compared to
other lichen species. These findings enhance our understanding
of the intricate dynamics of heavy metal bioaccumulation in
lichens, thereby facilitating ongoing efforts in environmental
monitoring and management. The study's outcomes contribute
valuable knowledge that can inform future research and guide
decision-making processes aimed at mitigating the adverse
impacts of heavy metal pollution on ecosystems and human health.
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