Annals of West University of Timisoara, ser. Biology, 2022, vol. 25 (2), pp.79-88

PRELIMINARY STUDY REGARDING PHYSIOLOGICAL
BEHAVIOUR OF PLANTAGO MAJOR IN URBAN HABITAT USING
DIFFERENT METHODS. CASE STUDY: TIMISOARA

Maria-Isabela PLESU, Ioana-Maria TOPLICEAN*, Alexandru PAHOMI, Daniela-
Georgiana CIOBANU, Adina-Daniela DATCU
Biology-Chemistry Department, Faculty of Chemistry, Biology, Geography, West University of

Timisoara, Romania
Corresponding author’s e-mail: ioana.toplicean03@e-uvt.ro
Received 27 November 2022; accepted 30 December 2022

ABSTRACT

Plantago major is a known and widely used bioindicator of air quality, being common
in urban habitats. This species responds pretty well to different variations in numerous
environments. Thus, the aim of this study was to comparatively analyze Plantago major
behavior in an urban habitat, using different methods. Non-invasive methods permit a
quick and cheap assessment and can be used repeatedly for same vegetal individual.
The research was conducted during Octomber 2022, in two different environments:
urban and urban green zones, in the city of Timisoara, Romania. The urban zone was
represented by a population from Cuvin streets and urban green zone was within
Copiilor Park. The analyzed indices were chlorophyll and anthocyanin contents. The
chlorophyll content was determined using a non-invasive approach, with OPTI-
SCIENCES CCM-300 Chlorophyll Content Meter and the results were presented in mg
m2. The anthocyanin content was determined with OPTI-SCICENCES ACM-200 Plus
Anthocyanin Content Meter and the results were presented in ACI. Also,
spectrophotometric qualitative determination of chlorophyll was realized. Data analysis
was done using Microsoft Office Excel 2016 and statistical processing was realized with
PAST software v4.03. The results of the study confirm its capacity for being an indicator
of urban habitat health. Plantago major has a bigger chlorophyll content in urban green
zone. Also, this plant adapts to urban green areas through a deposition of anthocyanin
at foliar level, but chlorophyll in the leaves from this environment is lower.

KEY WORDS: Plantago major, chlorophyll content, anthocyanin content,
spectrophotometric determinations

INTRODUCTION

Plantago major L. (greater or common plantain), as member of the
Plantaginaceae family, is a perennial herbaceous plant, having the leaves in a rosette. It
is a really common herb and in cities is found on waste areas, roadsides, in parks or
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cultivated zones (Galal & Shehata, 2014; Lacey & Herr, 2000). Woody or herbaceous
plants could be used in habitat quality assessment due to their wide distribution and high
accessibility (Kardel et al. 2009; lanovici et al. 2015; lanovici, 2016; lanovici et al.
2017).

Although criteria like the specific leaf area have been acknowledged to fluctuate
based on microclimatic circumstances, morphological and plant biomass characteristics
have received less attention as indications of long-term urban habitat change
(Balasooriyaa et al. 2009). Emissions from all sources of combustion have an ongoing
impact on urban air quality. Air pollution monitoring with accumulation surfaces of
green elements is frequently employed as a quick, yet dependable method to investigate
habitat quality in cities and detect contamination hot areas, mostly in terms of particle
matter (PM) pollution (Sawidis et al. 2011; Castanheiro et al. 2016; Dzierzanowski et al.
2011; Kardel et al. 2011; Mo et al. 2015; Popek et al. 2013; Tomasevi¢ et al. 2005; Wang
et al. 2013). Particulate matter and gaseous contaminants, produced by a variety of
dynamic physical and chemical processes, can have a deleterious influence on plant life,
human or animal health, and on the ecosystem at large through atmospheric change
(Ghorbanli et al. 2007). Industrial pollutants are generally recognized to have a harmful
impact, particularly on leaves (Manning & Feder 1980; Lacasse & Treshow, 1976;
Schubert 1985). It is quite simple and affordable to collect samples of plants and analyze
their morphological and anatomical characteristics to look for long-term responses to
changing urban habitat quality (Balasooriya et al. 2009).

For ages, various regions of the world have employed the Plantago species as a
traditional medicine (Abd El-Gawad et al. 2015; Gomes de Andrade et al. 2018). Both
in urban and rural environments, Plantago lanceolata and P. major are mainly spread
and simple to identify. Both species are known to contain high amounts of trace
elements, according to previous investigations (Tinkov et al. 2016; Nadgdrska-Socha et
al. 2017; Skrynetska et al. 2018).

On the other hand, the capacity to measure leaf pigment concentration and
composition using remotely sensed data offers a distinctive nondestructive capability to
evaluate photosynthetic activities in plants as well as monitor and diagnose foliar
conditions and various environmental challenges (Anatoly et al. 2009). It is generally
acknowledged that anthocyanin perform vital biological processes involved in stress
reduction and adaptability (Chalker-Scott 1999; Neill & Gould 1999; Hoch et al. 2001;
Steyn et al. 2002; Close & Beadle 2003; Hughes & Smith 2007; Gould et al. 2008).
Chlorophyll pigments are necessary for converting light energy into chemical energy
which is stored. Traditional methods for determining chlorophyll and anthocyanin
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require the extraction of pigment in organic solvents for subsequent spectrophotometric
measurements (Anatoly et al. 2009).

Moreover, a type of spectroscopy called spectrophotometry measures a
material's reflectance or transmission qualities numerically as a function of wavelength.
Measurements of spectral reflectance should be used for nondestructive remote
estimation of pigment concentration in situ under field conditions. Researchers have
created several reflectance modifications to help them identify the principal leaf
pigments, called vegetation indices (Chappelle et al. 1992; Buschmann & Nagel 1993;
Gitelson & Merzlyak, 1994).

The goal of this study was to analyze Plantago major behavior through some
cheap and quick indices, in urban habitat. In addition, we have tested the chlorophyll
amount obtained from spectrophotometric analyzer from two zones, an urban and an
urban green one.

MATERIAL AND METHODS

The studied species was Plantago major, a known bioindicator of air quality in
urban environments. The study was done within Timisoara, Romania, in two different
urban habitats: urban and urban green zones. Also, the samples were analyzed together,
as Timisoara habitat. Data were collected during the autumn of 2022. The urban zone
was represented by Cuvin street and the urban green zone was in Copiilor Park, far from
any highly circulated area. Only healthy and intact leaves were investigated. The
analyzed indices were: anthocyanin content (ANTC), using OPTI-SCICENCES ACM-
200 Plus Anthocyanin Content Meter and the results were presented in ACI and
chlorophyll content (chl) was determined with OPTI-SCIENCES CCM-300 Chlorophyli
Content Meter and the results were presented in mg m. Both analyzers are non-invasive
and permit cheap and quick determinations. 240 readings were done: 120 in urban zone
and 120 in urban green zone. Data from both areas were compared with the total. Also,
some preliminary spectrophotometric chlorophyll determinations were realized. There
were several types of materials used to determine chlorophyll: Plantago leaves, a watch
glass, a mortar and pestle, filter paper, a filter funnel, a test tube, and spectrophotometer
cuvettes. A balance, a centrifuge, and a spectrophotometer are also required. The
substance used to extract the chlorophyll from the leaves is acetone, with a concentration
of 80% (Lichtenthaler et al. 1987).

The leaves were weighted first since only 125 mg of leaves per samples are
necessary. These were macerated in a pestle with mortar with 10 mL of acetone at an
80% concentration. After shredding the leaves, the liquid from the solid were separated
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using a filter funnel and filter paper. Following this process, the cuvette was introduced
into the spectrophotometer and the intensity of the green color of the pigment was
measured at 645 nm for chlorophyll a, 633 nm for chlorophyll b, and 652 nm for total
chlorophyll content (Arnon, 1949). In this case T90+ UV/VIS Spectrophotometer was
used.

The processing of data was done using Microsoft Office Excel 2016 and statistical
analysis was realized using Past v 4.03 (Hammer et al. 2001). The homogenous or
heterogeneous distribution of data was analyzed using Shapiro-Wilk test. Next, Levene’s
test for homogeneity of variance was done. In addition, Welch test for unequal variances
and ANOVA in the case of equal variances were applied.

RESULTS AND DISCUSSION

In figure 1, the mean valuestSE of chl content for all studied zones, can be
observed. Moreover, the outlines are also presented. The biggest mean value for chl
content was observed in urban green zone (Chl = 385.6667 mg m™) and the lowest value
in urban zone (Chl = 323 mg m™). The readings from urban green zone has the minimum
point of Chl = 256 mg m?, and the maximum point of 472 mg m™. In the case of urban
zone, the minimum point of Chl from Plantago leaves was Chl = 205 mg m™, and the
maximum point was Chl = 402 mg m.
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FIG 1. Chlorophyll mean values = SE (outlines also showed) for Plantago major leaves from the three analyzed zones
(Urban, urban green and Timisoara, in general)
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Same trend was observed for other species, Chl content being bigger in urban
green zones for Liquidambar styraciflua, Acer negundo and A. platanoides (Dragucian
et al. 2022). Other authors also showed that chlorophyll content is affected by the
urbanization (Dezhban et al. 2015; Duan et al. 2019). It can be appreciated that the
investments in mesophyll are better for the plants from urban green zone.

After the completion of Shapiro-Wilk test for testing the distribution of the data,
it was observed that per total and in urban zone, the data did not have a normal
distribution. In urban green zone, data had a normal distribution. Next, Levene’s test for
homogeneity of variance conducted to the need for ANOVA test. Significant differences
between the analyzed group were obtained (p = 0.000000008093, F = 20.18, df = 2).
Thus, the chl content of the samples from urban green zone was significantly bigger,
when compared to the rest of the readings. So, photosynthesis efficiency is bigger in
urban green zone.

In figure 2, mean+SE values of anthocyanin content for all studied zones can be
observed. Also, outlines are showed.

o
=1 =
o

AC
]

= [C] 2]
-

FIG 2. Anthocyanin mean values + SE (outlines also showed) for P. major leaves from the three analyzed zones
(Urban, urban green and Timisoara, in general)
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Mean ANTC in urban zone was bigger (ANTC = 4.765 ACI), when compared
with all samples (ANTC = 4.325 ACI) and urban green zone (ANTC = 3.885 ACI).
Regarding urban zone, the minimum point of ANTC was 2.9 and the maximum point
red was 6.8. In the case of urban green zone, the minimum point of anthocyanin content
was 3.1, and the maximum point was 5.5.

Same trends were observed for other species, like Cotinus coggygria,
Liquidambar styraciflua, Acer negundo and A. platanoides (Lapadat et al. 2022). Thus,
plants from urban zones tend to accumulate more anthocyanin.

After the completion of Shapiro-Wilk test for testing the distribution of the data,
it was observed that per total and in urban green zone, the data did not have a normal
distribution. In urban zone, the data had a normal distribution. Next, Levene’s test for
homogeneity of variance conducted to the need for Welch F test. The results of this test
showed that there are significant differences between the analyzed data (p =
0.000000000102, F=27.42, df = 134.9).

Also, chlorophyll types from both zones were presented through
spectrophotometric analysis. The chlorophyll spectrum for the extracts from urban zone
can be observed in figure 3 and that for the extracts from the urban green zone can be
observed in figure 4.
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FIG 3. Chlorophyll spectrum for P. major leaves from urban zone

84



Annals of West University of Timisoara, ser. Biology, 2022, vol. 25 (2), pp.79-88

The readings were done for 645 nm, 652 nm and 633 nm. For the samples from
urban green zone, chl content was bigger that the chl content for the samples from urban
area. This is in accordance with the results obtained using the non-invasive method.

According to Kumar et al. (2012), the concentration of photosynthetic pigments
is affected by traffic load, and chlorophyll content may fluctuate in all of the selected
plant species during the sampling period based on their habitat, climatic condition,
pollution level, and so on.

Several researchers have observed that the total chlorophyll content of polluted
leaves is lower than that of control leaves (Somashekar et al. 1999; Mandal & Mukheriji,
2000).
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FIG. 4. Chlorophyll spectra for P. major leaves from urban green zone

The readings show a similarity between the three samples subjected to the
spectrophotometer. Also, it was obeserved that the chlorophyll content is higher in
healthy plants as compared to contaminated plants, where the chlorophyll "a" content
was lower (Kumar et al. 2012).

The chlorophyll a level of polluted leaves varied, indicating that the chlorophyll
content was drastically reduced in comparison to the measured in chosen plant leaves
(Kumar et al. 2012). All plant species had a significant decrease in total chlorophyll
content in the traffic area. Pongamia pinnata(L) had a much lower total chlorophyll
content than the control (Somashekar et al. 1999).
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CONCLUSIONS

Plantago major has been widely used in biomonitoring studies and is known as a
good bioindicators of air quality in various habitats, including urban zones. In this study,
two content meters were used in order to obtain values of chlorophyll and anthocyanin
contents. Using this meters, further readings can be done for same individuals. The
results show that chlorophyll content is significantly bigger in urban green zone, when
compared to urban zone. In urban green zone, it can be appreciated that photosynthesis
and other physiological processes are more efficient.

In the urban green zone, this plant has a bigger level of anthocyanin. These
compounds help the plant to adapt to a zone with heavy traffic and industry. Further
studies can be done to observe the behavior of these plant species regarding chl content
and ANTCH in seasonal dynamics or quantitative spectrophotometric analysis for
chlorophyll and other compounds.

REFERENCES

e  Abd El-Gawad A., Mashaly I.A., Abu Ziada M.E., Deweeb M.R. 2015. Phytotoxicity of three Plantago species on
germination and seedling growth of hairy beggarticks (Bidens pilosa L.), Egypt J Basic Appl Sci 2: 303-309
https://doi.org/10.1016/j.ejbas.2015.07.003

. Anatoly A., Gitelson, Olga B., Mark N. 2009. Nondestructive estimation of anthocyanins and chlorophylls in
anthocyanic leaves. American journal of botany 96(10): 1861-1868 https://dx.doi/10.3732/ajh.0800395

. Arnon D. 1949. Copper enzymes isolated chloroplasts, polyphenoloxidase in Beta vulgaris. Plant Physiology, 24:
1-15.

. Balasooriya B.L.W.K., Samson R., Mbikwa F., Vitharana U.W.A., Boeckx P., Van Meirvenne M. 2009.
Biomonitoring of urban habitat quality by anatomical and chemical leaf characteristics, Environmental and
Experimental Botany 65: 386-394 https://doi.org/10.1016/j.envexphot.2008.11.009

. Buschmann C., Nagel E. 1993. In vivo spectroscopy and internal optics of leaves as basis for remote sensing of
vegetation. Int. J. Remote Sens. 14: 711-722.

. Castanheiro A., Samson R., De Wael K. 2016. Magnetic- and particle-based techniques to investigate metal
deposition on urban green. Sci. Total Environ. 571: 594-602 https://dx.doi/10.1016/j.scitotenv.2016.07.026

. Chalker-Scott L. 1999. Environmental significance of anthocyanins in plant stress responses. Photochem.
Photobiol 70: 1-9.

. Chappelle E., Kim M., McMurtrey J I11. 1992. Ratio analysis of reflectance spectra (RARS): An algorithm for the
remote estimation of the concentrations of chlorophyll a, chlorophyll b and carotenoids in soybean leaves. Remote
Sens. Environ. 39: 239-247.

. Close D.C., Beadle C.L. 2003. The ecophysiology of foliar anthocyanin. Bot. Rev. 69: 149-161.

. Dezhban A., Shirvany A., Attarod P., Matinizadeh M., Khoshnevis, M. 2015. Cadmium and lead effects on
chlorophyll fluorescence, chlorophyll pigments and proline of Robinia pseudoacacia. J. For. Res. 26: 323-329
https://dx.doi/10.1007/s11676-015-0045-9

e  Dragucian V.D., Lapadat A.S., Ciobanu D.G., Ianovici N., Datcu A.D. 2022. Non-invasive chlorophyll investigation
on ornamental plants from urban habitats, RJAS, in press.

. Duan J., Fu B., Kang H., Song Z., Jia M., Cao D., Wei A. 2019. Response of gas-exchange characteristics and
chlorophyll fluorescence to acute sulfur dioxide exposure in landscape plants. Ecotoxicol. Environ. Saf. 171: 122-
129 https://dx.doi/10.1016/j.ecoenv.2018.12.064

86


https://doi.org/10.1016/j.ejbas.2015.07.003
https://dx.doi/10.3732/ajb.0800395
https://doi.org/10.1016/j.envexpbot.2008.11.009
https://dx.doi/10.1016/j.scitotenv.2016.07.026
https://dx.doi/10.1007/s11676-015-0045-9
https://dx.doi/10.1016/j.ecoenv.2018.12.064

Annals of West University of Timisoara, ser. Biology, 2022, vol. 25 (2), pp.79-88

Dzierzanowski K., Popek R., Gawronska H., Seeba A., Gawronski S.W. 2011. Deposition of particulate matter of
different size fractions on leaf surfaces and in waxes of urban forest species. Int. J. Phytoremediation 13: 1037-
1046 https://doi.org/10.1080/15226514.2011.552929

Galal T.M., Shehata H. 2015. Bioaccumulation and translocation of heavy metals by Plantago major L. Ecol. Indic.
48: 244-251 https://dx.doi/10.1016/j.ecolind.2014.08.013

Ghorbanli M., Bakand Z., Bakhshi khaniki G., Bakand S. 2007. Air pollution effects on the activity of antioxidant
enzymes in Nerium oleander and Robinia pseudoacacia plants in Tehran, Iran. J. Environ. Health. Sci. Eng. 4(3):
157-162.

Gitelson A., Merzlyak M.N. 1994. Spectral reflectance changes associate with autumn senescence of Aesculus
hippocastanum L. and Acer platanoides L. leaves. Spectral features and relation to chlorophyll estimation. J. Plant
Physiol. 143: 286-292.

Gomes de Andrade C., Mendes de Souza Mesquita L., Murador D, Cavalcante Braga A., Vera de Rosso V., Garcia
de Almeida OJ., Vilegas W. 2018. Application of electrospray ionization mass spectrometry fingerprinting
associated with macroscopic and histological analysis for Plantago major herbal infusions quality control. Food.
Res. Int. 107: 314-324 https://doi.org/10.1016/j.foodres.2018.02.031

Gould K., Kevin D., Winefield C., 2008. Anthocyanins: Biosynthesis, functions, and applications. Springer, New
York, New York, USA, 354 pp.

Hammer @. Harper D.A.T., Ryan P.D. 2001. PAST: Paleontological Satistics software package for education and
data analysis. Paleontologica Electronica 4 (1): 1-9.

Hoch W., Zeldin L., B. H. McCown. 2001. Physiological significance of anthocyanins during autumnal leaf
senescence. Tree Physiol. 21:1-8.

Hughes N.M., Smith W.K. 2007. Attenuation of incident light in Galax urceolata (Diapensiaceae): Concerted
influence of adaxial and abaxial anthocyanic layers on photoprotection. Am. J. Bot. 94: 784-790.

lanovici N. 2016. Taraxacum officinale (Asteraceae) in the urban environment: seasonal fluctuations of plant traits
and their relationship with meteorological factors. Acta Agrobot. 69(3): 1677 https://dx.doi/10.5586/aa.1677
lanovici N., Latis A.A., Radac 1.A. 2017. Foliar traits of Juglans regia, Aesculus hippocastanum and Tilia
platyphyllos in urban habitat. Romanian Biotechonological Letters 22 (2): 12400-12408.

Tanovici N., Novac 1.D., Vladoiu D., Bijan A., Ionascu A., Sdlasan B., Ramus I. 2009b. Biomonitoring of urban
habitat quality by anatomical leaf parameters in Timisoara. Annals of West University of Timisoara, ser. Biology,
12: 73-86.

Ianovici N., Veres M., Catrina R.G., Pirvulescu A. M., Tanase R.M., Datcu A.-D. 2015. Methods of biomonitoring
in urban environment: leaf area and fractal dimension. Annals of West University of Timisoara, ser. Biology, 18(2):
169-178.

Kardel F., Wuyts K., Babanezhad M., Vitharana U.W.A., Wuytack T., Potters G., Samson R. 2009. Assessing urban
habitat quality based on specific leaf area and stomatal characteristics of Plantago lanceolata L. Environ. Pollut.
xxX: 1-7 https://doi.org/10.1016/j.envpol.2009.10.006

Kardel F., Wuyts K., Maher B.A., Hansard R., Samson R. 2011. Leaf saturation isothermal remanent magnetization
(SIRM) as a proxy for particulate matter monitoring: inter-species differences and in-season variation. Atmos.
Environ. 45: 5164-5171 https://dx.doi/ 10.1016/j.atmosenv.2011.06.025

Kumar S.R., Thambavani S.D. 2012. Biological Monitoring of Roadside Plants Exposed to Vehicular Pollution in
an Urban Area. AJRC 5 (10): 1262-1267.

Lacasse N.L., Treshow M. 1976. Diagnosting Vegetation Injury Caused by Air Pollution. Environm. Protect.
Agency, Washington.

Lacey E.P., Herr D. 2000. Parental effects in Plantago lanceolata L. 1l - Measuring parental temperature effects in
the field. Evolution, 54: 1207-1217.

Lapadat A.S., Dragucian V.D., Ciobanu D.G., Ianovici N., Datcu A.D. 2022. Non-invasive anthocyanin
investigation on some plant species from urban habitats, RJAS, in press.

Lichtenthaler H. 1987. Chlorophylls + Carotenoid determination, HK. Lichtenthaler 2010, 10.

87


https://doi.org/10.1080/15226514.2011.552929
https://dx.doi/10.1016/j.ecolind.2014.08.013
https://doi.org/10.1016/j.foodres.2018.02.031
https://dx.doi/10.5586/aa.1677
https://doi.org/10.1016/j.envpol.2009.10.006

PLESU et al: Preliminary study regarding physiological behaviour of Plantago major in urban habitat using different
methods. Case study: Timisoara

. Mandal M., Mukherji S. 2000. Changes in chlorophyll context, chlorophyllase activity, Hill reaction, photosynthetic
CO; uptake, sugar and starch contents in five dicotyledonous plants exposed to automobile exhaust pollution.
Environ. Biol. 21: 37-41.

. Manning W. J., Feder W. A. 1980. Biomonitoring Air Pollutants with Plants. Appl. Sci. Publ. Ltd 8(3): 242-244.

. Mo L., Ma Z., Xu Y., Sun F., Lun X., Liu X., Chen J., Yu X. 2015. Assessing the capacity of plant species to
accumulate particulate matter. PLoS One 10(10): e0140664. https://doi.org/10.1371/journal.pone.0140664

. Nadgérska-Socha A., Kandziora-Ciupa M., Trzesicki M., Barczyk G. 2017. Air pollution tolerance index and heavy
metal bioaccumulation in selected plant species from urban biotopes. Chemosphere 183: 471-482
https://dx.doi/10.1016/j.chemosphere.2017.05.128

e Neill S, Gould K. 1999. Optical properties of leaves in relation to anthocyanin concentration and distribution. Can.
J. Bot. 77: 1777-1782.

. Popek R., Gawronska H., Wrochna M., Gawronski S.W., Seebe A. 2013. Particulate matter on foliage of 13 woody
species: deposition on surfaces and phytostabilisation in waxes - a 3-Year Study. Int. J. Phytoremediation 15: 245-
256. https://dx.doi/10.1080/15226514.2012.694498

e  Sawidis T., Breuste J., Mitrovic M., Pavlovic P., Tsigaridas K. 2011. Trees as bioindicator of heavy metal pollution
in three European cities. Environ. Pollut. 159: 3560-3570.

e Schubert R. 1985. Bioindikation in Terrestrischen Okosystemen. VEB Gustav Fischer Verlag, Jena, 320 pp.

. Skrynetska 1., Ciepat R., Kandziora-Ciupa M., Barczyk G., Nadgdrska-Socha A. 2018. Ecophysiological responses
to environmental pollution of selected plant species in an industrial urban area. Int. J. Environ. Res. 12: 255
https://doi.org/10.1007/s41742-018-0088-9

e  Somashekar R.K., Ravikumar R., Ramesh A.M. 1999. Impact of granite mining on some plant species around
quarries and crushers of Bangalore District. Pollut. Res. 18: 445-451.

. Steyn W.J., Wand S.J.E., Holcroft D.M., Jacobs G. 2002. Anthocyanins in vegetative tissues: A proposed unified
function in photoprotection. New Phytol. 155: 349-361https://doi.org/10.1046/j.1469-8137.2002.00482.x

. Tinkov A., Nemereshina O., Suliburska J., Gatiatulina E., Regula J., Nikonorov A., Skalny A. 2016. Comparative
analysis of the trace element content of the leaves and roots of three Plantago species. Biol. Trace Elem. Res. 173:
225-230 https://10.1007/s12011-016-0626-2

. Tomasevi¢ M., Vukmirovi¢ Z., Rajsi¢ S., Tasi¢ M., Stevanovi¢ B. 2005. Characterization of trace metal particles
deposited on some deciduous tree leaves in an wurban area. Chemosphere. 61: 753-760.
https://doi.org/10.1016/j.chemosphere.2005.03.077

. Wang H., Shi H., Li Y., Yu Y., Zhang J. 2013. Seasonal variations in leaf capturing of particulate matter, surface
wettability and micromorphology in urban tree species. Front. Environ. Sci. Technol. 7(4): 579-588
https://doi.org/10.1007/s11783-013-0524-1

88


https://doi.org/10.1371/journal.pone.0140664
https://dx.doi/10.1016/j.chemosphere.2017.05.128
https://dx.doi/10.1080/15226514.2012.694498
https://doi.org/10.1007/s41742-018-0088-9
https://doi.org/10.1046/j.1469-8137.2002.00482.x
https://10.0.3.239/s12011-016-0626-2
https://doi.org/10.1016/j.chemosphere.2005.03.077
https://doi.org/10.1007/s11783-013-0524-1

	CONCLUSIONS

