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ABSTRACT

Joshi S. & Alam A. 2023. Seasonal variation in heavy metal build-up in widely occurring bryophytes in
Uttarakhand, Western Himalaya. Geophytology 53(2): 197–204.

Bryophytes serve as valuable biological indicators for environmental contamination stemming from a variety of
natural and human-induced sources. This study focuses on evaluating recent shifts in air quality, utilizing a passive
biomonitoring approach to assess atmospheric metal deposition and the seasonal trends of specific bryophytes as
well as substrate in the Kumaon region of Uttarakhand, India, specifically in Nainital, Bhimtal and Mangoli. Bryophyte
samples were collected from both the winter and monsoon seasons in 2019, and noteworthy metal concentrations
were identified in Nainital, attributed to significant travel activities. Throughout the study duration, the sequence of
metal deposition loads was as follows: Zn > Cu > Pb > Cd. The quantitative analysis of these elements in both the
vegetative parts and the substrate exhibited an elevation in metal content during the winter season, suggesting that the
chosen bryophytes could play a pivotal role in estimating aerial pollution and mineral enrichment in the soil. Such
research is of utmost importance, given that developmental endeavours often coincide with detrimental shifts in air
quality and adverse impacts of air pollution on human health, agricultural productivity, and natural ecosystems,
necessitating vigilant monitoring and mitigation efforts.

Keywords: Barbula indica, biomonitoring, metal deposition, Plagiochasma appendiculatum, season, Timmia
megapolitana.

INTRODUCTION
Both active and passive bioindicators find

application in conjunction with bryophytes. Numerous
prior studies (Muotka & Virtanen 1995, Virtanen et al.
2001, Heino & Virtanen 2006, Scarlett & O’Hare
2006, Rodriguez et al. 2014) exemplify the connections
between bryophyte communities and the influencing
ecological factors. Bryophytes encompass a diverse
array of mosses widely utilized in biomonitoring
methodologies, establishing themselves as exceptional
tools for tracking climate change effects (Gignac 2001,
Varela et al. 2010). Relying solely on precipitation and
atmospheric moisture for hydration, bryophytes excel

as indicators of air quality. Their capacity to endure
desiccation enables them to sustain photosynthesis in
such conditions, enabling prolonged exposure to
potential toxins at research sites (Proctor & Tuba 2002).
Beyond these advantages, bryophytes’ uncomplicated
nature is evident in their manageable size and minimal
requirements (Tingey 1989). With their unique thallus
structure characterized by tissue sheets, bryophytes raise
intriguing questions about their responsiveness to
environmental influences. Obtaining water, nutrients, and
essential components primarily from the atmosphere
places them in direct interaction with their surroundings,
resulting in faster reactions to environmental shifts
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compared to vascular plants (Alam 2013). Additionally,
bryophytes showcase both remarkable sensitivity and
notable resilience to diverse hazardous substances,
heavy metals, and persistent organic pollutants. Their
distinct uptake mechanisms further establish them as
exceptional accumulation indicators, as seen in multiple
studies (Zechmeister et al. 2003). They serve as highly
valuable assets in biological monitoring, employing
organisms to furnish insights into the biosphere, including
the presence of metals in the atmosphere. Mosses, with
their capability to accumulate elements to notably high
levels and facilitate the detection of metals present in
environment even at extremely low concentrations,
hence offer an economical means of gauging potential
metal emissions. Consequently, bryomonitoring emerges
as an affordable technique for assessing metal release
(Alam 2013, Anna et al. 2019). The primary objective
of the current study was to assess the degree of metal
contamination in the Kumaon region of Uttarakhand.
This assessment involved using commonly found
bryophytes and substrate as passive biomonitoring
tools. The process encompassed sample collection,
preparation, and processing.

The investigation of bryophytes in this study serves
two main purposes: identifying locations with elevated
metal deposition and analyzing seasonal variations in
metal concentrations. Employing spectroscopic
techniques allows for the quantification of the actual
quantities of compounds present in selected bryophytes,
enabling the detection of heavy metal deposition in the
air (Srivastava et al. 2014).

The data gathered through these methods hold
relevance for a comprehensive, long-term study of heavy
metal deposition at the research site (Grodzińska &
Szarek-Łukaszewska 2001, Lucaciu et al. 2004,
Chakrabortty & Paratkar 2006).

MATERIAL AND METHODS
Study area: The entirety of Uttarakhand is

comprised of the Kumaon and Garhwal hills. The
Kumaon region enjoys favourable weather throughout
the year due to its subtropical climate. It experiences

three primary seasons: summer, winter, and monsoon.
During the winter months spanning from November to
February, typical temperatures range from
approximately 4°C at the lowest to around 25°C at the
highest. The monsoon season, occurring from July to
October, witnesses a moderate level of rainfall.

Sample design for mapping and identification:
Following the typical weather patterns in India, we
collected commonly occurring bryophytes, namely
Plagiochasma sp., Barbula sp., and Timmia sp., from
three distinct regions within the Kumaon hills: Nainital
(disturbed region), Bhimtal (buffer region), and Mangoli
(undisturbed region) (Figure 1). This collection was
undertaken during two separate seasons-winter and
monsoon. Through morphological examinations, the
specimens were accurately identified. After the
completion of one full season’s exposure, bryophyte
samples were gathered from each site to facilitate
subsequent metal analysis.

Sample treatment and chemical analysis:
Collected bryophyte samples were carefully placed in
plastic bags and transported to the laboratory. Once
there, the samples, which had not been washed,
underwent a meticulous removal of attached debris and
lifeless material. To eliminate adhering dirt particles, a
burst of air was employed. The green shoot apexes of
bryophytes (measuring 1–2 cm) were subjected to a
48–hour drying process at 40°C in an air oven, followed
by homogenization of the samples. For analysis, 0.5 g
of the homogenized bryophyte tissue was degraded
using HNO3 at 120°C. The digestion process was
considered complete when the liquid turned colourless.
Following digestion, the samples were filtered, and the
resulting clear solution was diluted to 50 mL using bi-
distilled water. Subsequently, the solution was subjected
to examination via an atomic absorption
spectrophotometer to analyze the presence of Zn, Cu,
Pb, and Cd. The concentrations of metals in the plants
were expressed as a percentage of their total dry weight.
To ensure the absence of extraction-related
contamination, a relevant blank (comprising HNO3 and
bi-distilled water) was utilized for verification purposes.
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Statistical analysis: The complete dataset
underwent thorough statistical evaluation, with all
analyses carried out using three sets of selected
bryophyte transplants to ensure robustness. To isolate
the individual effects of each treatment, the collected
data underwent one-way analysis of variance
(ANOVA), allowing for the assessment of variations in
metal concentrations across different seasons.

RESULTS
The outcomes have been succinctly presented in

tables 1 and 2, showcasing the metal concentrations
for each season expressed as µg/g dry weight ±SE,
while figures 2 to 4 provide visual representations of
the data. The average values for Zn, Cu, Pb, and Cd
were significantly elevated in comparison to the baseline
values observed at the control site. For comparative
purposes, sites in the undisturbed zone were employed
as the control due to their reduced human activity and

lower air pollution levels, creating conditions highly
conducive to bryophyte growth. The accumulation of
metals followed the sequence of winter followed by
monsoon (Zn, Cu, Pb, and Cd).

DISCUSSION
Significant increases in metal burden were

observed across all construction sites in Kumaon region
of Uttarakhand. However, a noteworthy seasonal trend,
possibly influenced by the surge in tourist activities
leading to higher gasoline consumption during both
summer and winter, was evident (Gerdol et al. 2000,
Saxena et al. 2013, Srivastava et al. 2014). The
monsoon season, characterized by reduced tourism and
the cleansing effect of rain on pollutants, contrastingly
witnessed a decrease in pollution levels.

Furthermore, it is plausible that the monsoon’s
influence could accelerate growth (biomass) at a higher
rate than usual, consequently lowering the proportion

Figure 1. Map showing different sites of sample collection in North-west Himalayan region
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Figure 3. Heavy metal concentration of Timmia megapolitana in
two different seasons

Figure 4. Heavy metal concentration of Plagiochasma
appendiculatum in two different seasons

Figure 2. Heavy metal concentration of Barbula indica in two dif-
ferent seasons

of metals within the moss relative to biomass. Zinc levels
exhibited elevation in bryophytes situated close to rural
areas and along highways near roads. This phenomenon
could be attributed to vehicle wear and tear, with a
relatively smaller contribution from exhaust emissions.
In comparison to the baseline, substantial increases in
zinc concentrations within bryophytes were observed.
Notably, Nainital exhibited consistently higher zinc
readings throughout the year. This could potentially be

linked to agricultural practices in these regions where
residents employ zinc to enhance crop growth, as these
areas showed discernible concentrations of the element.
This observation aligns with the findings of Otvos et al.
(2003), suggesting the presence of zinc in pesticides
and fungicides. As per Pearson et al. (2000) and
Poikolainen et al. (2004), significant copper levels
observed near roads could stem from factors like high
engine wear and tear, household waste, laundry
discharge, and discarded kerosene oil in residential
areas (Loppi & Bonini 2000). It’s also worth considering
that the presence of copper in agricultural zones could
be attributed to its essential role in fungicides, agricultural
practices, and the incineration of solid waste (Gerdol
et al. 2000, Otvos et al. 2003).

Another potential source of copper in rural regions
could be the utilization of copper sulphate (CuSO4)
mixed with kerosene. This mixture is made available at
a reduced cost by the Indian government to individuals
falling below the poverty line (BPL). The present
findings align with those of Lopez et al. (1997), who
similarly observed an elevated copper (Cu) level in
densely populated areas. The current study reveals an
inverse relationship between lead (Pb) content and
proximity to the road within an urban context. Locations
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with catchment areas display notably higher
concentrations compared to the baseline, with peak
values identified in Nainital. This pattern indicates that
the notable increase in Pb levels can be attributed to
vehicular emissions.

These results are consistent with the conclusions
of Westerlund (2001), Adachi & Tainosho (2004), and
Vidovic et al. (2005). The study underscores that
despite the availability of lead-free fuel; lead (Pb) is still
widely dispersed, maintaining elevated values. This
observation could be attributed to the fact that although
Pb levels are reduced per liter of gasoline, a 40–fold
surge in traffic leads to a corresponding 40–fold increase
in gasoline consumption, subsequently elevating Pb

concentrations along roadways. Reports from various
regions also suggest that vehicular traffic remains a
primary contributor to atmospheric Pb levels (Loppi &
Bonini 2000). Lead (Pb) remains non-biodegradable,
persisting in sediments, soils, and dust. The highest
cadmium (Cd) levels were observed in Nainital.
Although cadmium’s surface leaching rate is
comparatively higher, it possesses a lower rate of metal
contamination compared to other metals. The substantial
divergence in its distribution pattern compared to other
metals implies potential distinct sources, aligning with
earlier findings by researchers (Scharova & Suchara
1998, Grodzińska & Szarek-Łukaszewska 2001). The

Table 1. Evaluation of heavy metals present in selected bryophytes and their substratum in monsoon season, year 2019

Metal concentration (µg/g dry weight) ± SE S.No. Plant Name Study site 
 Copper Lead Cadmium Zinc 

Nainital 
Plant 
Soil 

 
22.42±0.99c 
12.62±0.90b 

 
20.86±0.97b 
08.97±0.54a 

 
0.90±0.05c 
0.37±0.02c 

 
85.03±7.20d 
30.08±1.96c 

Bhimtal 
Plant 
Soil 

 
16.08±0.81b 
10.06±0.80b 

 
14.87±0.82b 
04.16±0.01a 

 
0.78±0.04b 
0.26±0.02a 

 
61.08±4.21d 
27.06±0.99c 

 
 
 
1. 
 
 

 
 
 
Plagiochasma 
appendiculatum Lehm. & 
Lindenb. 

Mangoli 
Plant 
Soil 

 
09.06±0.02b 
04.07±0.01a 

 
08.78±0.60a 
02.54±0.01a 

 
0.38±0.02a 
0.21±0.01a 

 
39.48±1.99c 
15.06±0.91b 

Nainital 
Plant 
Soil 

 
23.06±1.02c 
10.26±0.79b 

 
21.56±0.98b 
09.65±0.68a 

 
0.87±0.04b 
0.35±0.02b 

 
80.04±7.01d 
28.05±1.84c 

Bhimtal 
Plant 
Soil 

 
14.05±0.78b 
08.02±0.02a 

 
15.76±0.92b 
06.86±0.05a 

 
0.73±0.03b 
0.21±0.02a 

 
58.82±4.16c 
23.02±0.96c 

 
 
 
2. 
 
 
 

 
 
 
Barbula indica (Hook.) 
Spreng. 

Mangoli 
Plant 
Soil 

 
07.07±0.02a 
03.01±0.01a 

 
07.45±0.59a 
03.23±0.02a 

 
0.31±0.02a 
0.19±0.02a 

 
30.42±1.86c 
13.07±0.87b 

Nainital 
Plant 
Soil 

 
21.43±0.98c 
11.42±0.80b 

 
19.87±0.93b 
07.75±0.58a 

 
0.80±0.04c 
0.32±0.02a 

 
82.09±7.20d 
28.06±1.80c 

Bhimtal 
Plant 
Soil 

 
12.05±0.79b 
08.07±0.72a 

 
12.56±0.09b 
03.45±0.02a 

 
0.72±0.02b 
0.24±0.02a 

 
59.04±3.20c 
25.07±0.90c 

 
 
 
3. 
 
 
 
 

 
 
 
Timmia megapolitana 
Hedw. 

Mangoli 
Plant 
Soil 

 
06.05±0.02a 
02.06±0.01a 

 
06.54±0.15a 
01.51±0.01a 

 
0.34±0.02a 
0.20±0.02a 

 
27.87±0.97c 
13.07±0.83b 
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known for their resilience to harsh environments and
resistance to various toxic compounds that affect other
plant species, serve as exceptional indicators for a broad
spectrum of contaminants. Environmental pollutants in
the form of aqueous liquids, gases, or particles
accumulate on these stationary mosses. These uniquely
adaptable species possess physiological traits suitable
for medium- and long-term environmental research
(Teixeira et al. 2022, Joshi & Alam 2023).

CONCLUSION
The collective results strongly suggest that vehicular

activity might contribute to the metal presence, potentially
linked to increased tourist activity during winter seasons,

involvement of coloured polythene bags, household
waste, discarded plastics, and kitchenware could all
contribute to community-wide cadmium contamination.
Urban areas may encounter additional Cd sources
through the production of coloured plastic bags and
the inclusion of cadmium compounds in paints and
enamels. There’s also the possibility of mining-related
contaminants, including Cd, being present in gasoline.
Another contributor to this rise might be service-
oriented businesses dealing with metals (Alam 2013).

The majority of elements demonstrated strong
inter-elemental correlations, implying a shared origin or
similar behaviour during long-range atmospheric
transport throughout the experiment. Bryophytes,

Table 2. Evaluation of heavy metals present in selected bryophytes and their substratum in winter season, year 2019

Metal concentration (µg/g dry weight) ± SE S.No. Plant Name Study site 

Copper Lead Cadmium Zinc 

Nainital 
Plant 
Soil 

 
30.78±1.02c 
15.54±0.95b 

 
26.87±0.14c 
12.75±0.90b 

 
0.99±0.16c 
0.42±0.12b 

 
93.02±9.16d 
35.07±2.01c 

Bhimtal 
Plant 
Soil 

 
22.07±1.02b 
13.32±0.92b 

 
18.67±0.12b 
07.45±0.84a 

 
0.82±0.14c 
0.34±0.21a 

 
72.03±6.16d 

34.08±0.99c 

 
 
 
1. 
 
 
 

 
 
 
Plagiochasma 
appendiculatum Lehm. & 
Lindenb. 
 

Mangoli 
Plant 
Soil 

 
12.03±0.92b 
05.04±0.03a 

 
12.64±0.90b 
05.62±0.06a 

 
0.41±0.06b 
0.30±0.19a 

 
42.64±1.99c 
18.07±0.94b 

Nainital 
Plant 
Soil 

 
32.04±1.01c 
14.54±0.81b 

 
27.56±0.99c 
13.74±0.93b 

 
0.93±0.15c 
0.40±0.29b 

 
89.01±6.81d 
36.07±2.03c 

Bhimtal 
Plant 
Soil 

 
19.07±0.98b 
10.05±0.89a 

 
19.56±0.96b 
08.56±0.82a 

 
0.79±0.12b 
0.29±0.19a 

 
69.86±4.02d 
30.98±0.97c 

 
 
 
 
2. 
 

 
 
 
 
Barbula indica (Hook.) 
Spreng. 
 

Mangoli 
Plant 
Soil 

 
10.06±0.87a 
05.07±0.03a 

 
13.45±0.94b 
06.89±0.62a 

 
0.39±0.05b 
0.21±0.17a 

 
38.87±1.78c 
15.05±0.89b 

Nainital 
Plant 
Soil 

 
28.45±1.02c 
14.75±0.85b 

 
25.67±1.98c 
13.63±0.82b 

 
0.89±0.22c 
0.35±0.12b 

 
90.14±8.82d 
32.54±1.92c 

Bhimtal 
Plant 
Soil 

 
25.04±0.82c 
06.04±0.75a 

 
16.69±0.95b 
09.12±0.90a 

 
0.83±0.19c 
0.30±0.11b 

 
64.08±4.89d 
31.05±0.99c 

 
 
 
 
3. 
 
 
 
 

 
 
 
 
Timmia megapolitana 
Hedw. 
 
 Mangoli 

Plant 
Soil 

 
09.04±0.70a 
04.09±0.60a 

 
11.67±0.91b 
06.43±0.70a 

 
0.37±0.14b 
0.27±0.10b 

 
35.44±0.95c 
19.04±0.88b 
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a trend often observed in biomonitoring studies, though
the precise role is yet to be fully established. Moreover,
the elevated metal burden is associated with diverse
factors such as municipal waste, agricultural practices;
open burning of solid waste and laundry discharge. This
study advocates for the utilization of specific bryophytes
as biomonitoring agents through a biomapping
approach, which proves highly effective in quantifying
atmospheric metal loads.

Despite the decrease in lead content per liter of
gasoline, the growth in the number of automobiles has
amplified lead consumption, consequently leading to a
surge in atmospheric lead concentrations. Bryophytes,
characterized by their simplicity, totipotency, and rapid
reproductive rate, make them an ideal choice for
pollution-related investigations. It’s important to
acknowledge that climate variables should also be
considered, as they could modify the impact of metal
exposure.

This investigation not only sheds light on the extent
of contamination within the study area and the seasonal
variability in metal pollution but also delves into the
distribution of the selected metals, highlighting potential
sources. The chemical analysis of the employed
bryophytes underscores that biomonitoring is a swift
and cost-effective approach for gauging heavy metal
deposition in both the ambient air and terrestrial
ecosystem. Furthermore, bryophytes serve as a valuable
supplementary tool in monitoring, offering potential for
biomonitoring studies focusing on similar sources of
metal pollution. They can also serve as a warning
mechanism to alert local communities about potentially
hazardous metal accumulation.

ACKNOWLEDGEMENTS
Our sincere gratitude extends to Professor Ina

Aditya Shastri, the Vice Chancellor of Banasthali
Vidyapith, Rajasthan. We also express our appreciation
to the Department of Bioscience and Biotechnology
for providing required facilities, encouragement and
support.

REFERENCES
Adachi K. & Tainosho Y. 2004. Characterization of heavy metal

particles embedded in tire dust. Environ. Int. 30: 1009–1017.
https://doi.org/10.1016/j.envint.2004.04.004

Alam A. 2013. Bio-monitoring of metal deposition in Ranthambhore
National Park (Rajasthan), India using Plagiochasma rupestre
(G. Frost) Stephani. Arch. Bryol. 186: 1–10.

Di Palma A., Gonzalez A.G., Adamo P., Giordano S., Reski R. &
Pokrovsky O.S. 2019. Biosurface properties and lead adsorption
in a clone of Sphagnum palustre (Mosses): Towards a unified
protocol of biomonitoring of airborne heavy metal pollution.
Chemosphere. 236: 124375. https://doi.org/10.1016/
j.chemosphere.2019.124375

Chakrabortty S. & Paratkar G.T. 2006. Biomonitoring of trace element
air pollution using mosses. Aerosol Air Qual. Res. 6: 247–258.
https://doi.org/10.4209/aaqr.2006.09.0002  

Gerdol R., Bragazza L., Marchesini R., Alber R., Bonetti L. &
Lorenzovi G. 2000. Monitoring of heavy metal deposition in
Northern Italy by moss analysis. Environ. Pollut. 108: 201–208.
https://doi.org/10.1016/S0269-7491(99)00189-X

Gignac L.D. 2001. Bryophytes as indicators of climate change.
Bryologist. 104: 410–420. https://www.jstor.org/stable/3244774

Grodzińska K. &  Szarek-Łukaszewska G. 2001. Response of mosses
to the heavy metal deposition in Poland–An overview. Environ.
Pollut. 114: 443–451. https://doi.org/10.1016/S0269-
7491(00)00227-X

Heino J. & Virtanen R. 2006. Relationships between distribution and
abundance vary with spatial scale and ecological group in stream
bryophytes. Freshw. Biol. 51: 1879–1889.  https://doi.org/
10.1111/j.1365-2427.2006.01624.x

Joshi S. & Alam A. 2023. Bryomonitoring of atmospheric elements
in Sphagnum sp. commonly growing bryophyte in the Indian
Himalayan region of Uttarakhand. Nova Geod. 3(2): 127–127.

Lopez J., Retuerto R. & Carballeira A. 1997. D665/D665a Index vs
frequencies as indicators of bryophyte response to
physicochemical gradients. Ecol. 78: 261–271. https://doi.org/
10.1890/0012-9658(1997)078[0261:DIVFAI]2.0.CO;2

Loppi S. & Bonini I. 2000. Lichens and mosses as biomonitors of
trace elements in areas with thermal springs and fumarole activity
(Mt. Amiata, central Italy). Chemosphere. 41: 1333–1336. https:/
/doi.org/10.1016/S0045-6535(00)00026-6

Lucaciu A., Timofte L., Culicov O., Frontasyeva M.V., Oprea C.,
Cucuman S., Mocanu R. & Steinnes E. 2004. Atmospheric
deposition of trace elements in Romania studied by the moss
biomonitoring technique. J. Atmos. Chem. 49: 533–548. https://
doi.org/10.1007/s10874-004-1264-1

Muotka T. & Virtanen R. 1995. The stream as a habitat templet for
bryophytes: Species’ distributions along gradients in disturbance
and substratum heterogeneity. Freshw. Biol. 33: 141–160.  https:/
/doi.org/10.1111/j.1365-2427.1995.tb01156.x

Otvos E., Pazmandi T. & Tuba Z. 2003. First national survey of
atmospheric heavy metal deposition in. Hungary by the analysis
of mosses. Sci. Total Environ. 309: 151–160. https://doi.org/
10.1016/S0048-9697(02)00681-2

Pearson J., Wells D.M., Seller K.J., Bennett A., Soares A., Woodall J.
& Ingroyile M.J. 2000. Traffic exposure increases natural 15N
and heavy metal concentrations in mosses. New Phytol. 147:
317–326. https://doi.org/10.1046/j.1469-8137.2000.00702.x

https://doi.org/10.1016/j.envint.2004.04.004
https://doi.org/10.1016/S0269-7491(99)00189-X
https://www.jstor.org/stable/3244774
https://doi.org/1
https://doi.org/
https://doi.org/
https://
https://doi.org/
https://doi.org/10.1046/j.1469-8137.2000.00702.x


204 Geophytology, Volume 53(2), 2023

Poikolainen J., Kubin E., Piispanen J. & Karhu J. 2004. Atmospheric
heavy metal deposition in Finland during 1985-2000 using mosses
as bioindicators. Sci. Total Environ. 318: 171–185. https://doi.org/
10.1016/S0048-9697(03)00396-6

Proctor M. C. F. & Tuba Z. 2002. Poikilohydry and homoihydry:
Antithesis or spectrum of possibilities? New Phytol. 156: 327–
349. https://doi.org/10.1046/j.1469-8137.2002.00526.x

Rodriguez J.D., Wannaz E.D., Weller S.B. & Pignata M.L. 2014.
Biomonitoring of atmospheric trace elements in agricultural areas
and a former uranium mine. Biomonitoring 1: 63–74. https://
doi.org/10.2478/bimo-2014-0007

Saxena D.K., Hooda P.S., Singh S., Srivastava K., Kalaji H.M. &
Gahtori D. 2013. An assessment of atmospheric metal deposition
in Garhwal Hills, India by moss Rhodobryum giganteum
(Schwaegr.) Par. Geophytology. 43: 17–28.

Scarlett P. & O’Hare M. 2006. Community structure of in-stream
bryophytes in English and Welsh rivers. Hydrobiologia. 553: 145–
152. https://doi.org/10.1007/s10750-005-1078-4

Scharova J. & Suchara I. 1998. Atmospheric deposition levels of
chosen elements in the Czech Republic determined in the
framework of the international Bryomonitoring Program 1995.
Sci. Total Environ. 223: 37–52. https://doi.org/10.1016/S0048-
9697(98)00306-4

Srivastava K., Singh S. & Saxena D.K. 2014. Monitoring of metal
deposition by moss Barbula Constricta J. Linn., from Mussoorie
Hills in the India. Environ. Res. Eng. Manag. 4: 54–62. https://
doi.org/10.5755/j01.erem.67.1.1750

Teixeira R.C., Caniza B., Fretes J., Rodriguez M., Pasten M., Escurra
C.M. & Bejarano D.P. 2022. The Relevant Aspects on
Biomonitoring of Heavy Metal Concentration in Environmental
Air in Asuncion City: Relevant Aspects on Biomonitoring of
Heavy Metal Concentration in Environmental Air in Asuncion
City. Revista cientifica ciencias de la salud 4(1): pp 75–83. https:/
/doi.org/10.53732/rccsalud/04.01.2022.75

Tingey D.T. 1989. Bioindicators in Air Pollution Research–
Applications and Constraints. In Biologic Markers of Air-
Pollution Stress and Damage in Forests. National Academies Press,
Washington D.C pp 73–80.

Varela Z., Fernandez J.A., Aboal J.R. & Carballeira A. 2010.
Determination of the optimal size of area to be sampled by use of
the moss biomonitoring technique. J. Atmos. Chem. 65: 37–48.
https://doi.org/10.1007/s10874-010-9180-z

Vidovic M., Sadibasic A., Cupic S. & Lausevic M. 2005. Cd and Zn
in atmospheric deposit, soil, wheat, and milk. Environ. Res. 97:
26–31. https://doi.org/10.1016/j.envres.2004.05.008

Virtanen R., Muotka T. & Saksa M. 2001. Species richness-standing
crop relationship in stream bryophyte communities: Patterns across
multiple scales. J Ecol. 89: 14–20. https://doi.org/10.1046/j.1365-
2745.2001.00513.x

Westerlund K.G. 2001. Metal Emissions from Stockholm Traffic-
wear of Brake Linings. Reports from SLB Analys, pp 3.

Zechmeister H.G., Grodzińska K. & Szarek-Łukaszewska G. 2003.
In Bryophytes Bioindicators and Biomonitors. Markert B.A.,
Breure A.M. & Zechmeister H.G. Amsterdam, pp 329–370.

https://doi.org/
https://doi.org/10.1046/j.1469-8137.2002.00526.x
https://
https://doi.org/10.1007/s10750-005-1078-4
https://doi.org/10.1016/S0048-
https://
https://doi.org/10.1007/s10874-010-9180-z
https://doi.org/10.1016/j.envres.2004.05.008
https://doi.org/10.1046/j.1365-

	BOOK--23-10-2023.pdf
	Inner cover--53(2) 2023
	Contents
	1. Kumar 24
	2. Saikia & Bhuyan 20
	3. Saxena & Kumar 22
	4. Harsh & Shekhawat 6
	5. Saxena & Kirk 4
	6. Sarkar & Sarkar 8
	7. Gupta 8
	8. Joshi & Alam 8
	9. Gunasekaran & Balasubramania




