
 

 

 

Abstract—In recent Anthropocene, urban roadside plants are 

now increasingly being realized as an eco-sustainable tool for 

monitoring and mitigation of air pollution. Particulate matter (PM) 

is one of the most problematic air pollutants in view of their adverse 

impacts on human health. First part of the present study aimed to 

investigate the concentrations of PM in ambient air, Air Pollution 

Tolerance Index (APTI) as well as Anticipated Performance Index 

(API) and impact of PM pollutants on heavy metals and enzymatic 

activities (peroxidase and catalase) of twelve common roadside 

plant species, growing at differentially polluted sites of Aizawl, 

Mizoram, North East India (an Indo-Burma hot spot region). While 

the second part was to investigate the bio-magnetic monitoring i.e. 

bio-monitoring potential through magnetic properties [Magnetic 

susceptibility (χ), Anhysteretic remanent magnetization (ARM) and 

Saturation isothermal remanent magnetization (SIRM)] of selected 

plant leaves and concomitantly to correlate these magnetic 

properties with PM in order to screen the plants which may act as 

proxy for ambient PM concentrations. Pertaining to first part of 

study, highest dust deposition was noted for Ramrikawn (RKN-

Med) site on Ficus bengalensis and lowest in Bauhinia variegate. 

Further, increased concentration of heavy metals (Fe, Cu and Zn) 

was recorded at RKN-Med site. Variation in dust or PM load, heavy 

metals concentrations and enzymatic activities i.e. catalase, 

peroxidase were found to be pollution-load dependent. In relation to 

second part of the study, Mangifera indica, Ficus benghalensis, 

Psidium guajava and Artocarpus heterophyllus were found to be 

efficient in biomagnetic monitoring because all the magnetic 

properties (χ, ARM and SIRM) were high and significantly 

correlated with ambient PM (R2=0.32-0.95). Present study may be a 

novel contribution in the area of bio-magnetic as well as bio-

monitoring as the previous related studies confined their quest 

mostly to temperate plants, concentrating on single magnetic 

parameter. However, in present study we have selected several bio-

monitoring parameters (dust capturing potential, APTI, API, heavy 

metals, enzymatic activities) and three magnetic parameters (χ, 

ARM and SIRM). Study concluded that bio-monitoring as an eco-

sustainable tool while bio-magnetic monitoring as an application of 

environmental geomagnetism may act as proxy for ambient PM 

pollution and may act as a cost-effective green tool for 

environmental management in urban and peri-urban regions. 

Moreover, tolerant roadside plants find their suitability for 

plantation in ecologically sensitive regions having implications for 

urban ecosystem restoration. 
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I. INTRODUCTION 

IR pollution originating from rapid industrialization, 

urbanization, population growth and economic 

development has perturbed the pristine environment of urban 

ecosystems [1]-[8]. Unfortunately, urban ecosystems of 

ecologically sensitive regions like Indo-Burma hot spot are 

under severe air pollution stress [1]-[6]. 
 Air pollutants comprised of both particulate matter 

(PM) and gaseous pollutants may cause adverse health 

effects in human, affect plant life and impact the global 

environment by changing the atmosphere of the earth [6]. 

Air pollution emanating from PM is particularly deleterious 

as they lead to various cardio-pulmonary diseases through 

oxidative stress [4],[5].  

Instead of existing plethora of policies as well as 

instrumentation technologies with high cost issue and other 

limitations [4], urban roadside plants are inextricably linked 

with eco-sustainability [6]. Air Pollution Tolerance Index 

(APTI) as well as Anticipated Performance Index (API) and 

impact of PM pollutants on heavy metals and enzyme 

activity (peroxidase and catalase) of urban roadside plant 

species may assist in screening of tolerant plants which may 

be further recommended for green belt development 

assisting in urban ecosystem restoration [2],[4],[6]. 

It is now well established through my review, describing 

series of researches that urban PM may also contain 

magnetic particles [2],[4]. Magnetic minerals derived from 

vehicular combustion are mainly maghemite and metallic 

iron grains having a size range of 0.1–0.7 µm [2],[4]. This 

grain size is particularly dangerous to humans because of its 

ability to be inhaled into the lungs [4].  

In view of the abovementioned deleterious impacts of 

PM, it is quite obvious to investigate the feasible and eco-

sustainable green technologies. Bio-magnetic monitoring 

with the urban roadside tree leaves is very recent thrust area 

in the field of PM pollution science [2],[4].  

 In the light of abovementioned discussion, present study 

deals with the quantification of air pollutants in the ambient 

air, assess the impacts of air pollutants with special reference 

to PM deposition on plant leaves, heavy metals, and 

enzymatic activities of some common urban roadside plant 

species in an Indo-Burma hot spot region. Further, the second 

part of study attempts to study the biomagnetic monitoring 

implications and screen the potent plants which may act as 

proxy of ambient PM).  
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II. METHODOLOGY & RESULTS 

 This study was conducted quarterly i.e., summer, rainy, 

and winter during 2013 to 2014. Twelve urban roadside 

plants in study area (Fig. 1) were selected for dust deposition 

capacity. Metals, APTI and enzymatic activities as per 

standard methodology described elsewhere [6]. 
 

 
Fig.1 Map of the Study Area 

 

Magnetic studies were carried out with dried leaves in 

10 cc plastic sample pots at K.S. Krishnan Geomagnetic 

Research Lab of Indian Institute of Geomagnetism, 

Allahabad, Uttar Pradesh, India as per standard methods 

[2],[4]. High dust deposition was recorded for all the 

selected 12 plant species at the RKN-Med (Ramrikawn) site 

and the trend of dust trapping capacity among the plant 

species was Ficus bengalensis>Psidium 

guajava>Bougainvillea spectabilis>Mangifera 

indica>Lantana camara>Hibiscus rosa-

sinensis>Lagerstroemia speciosa>Artocarpus 

heterophyllus>Ficus religiosa>Delonix regia>Cassia 

auriculata>Bauhinia variegate (Fig. 2).  

Analysis of the dust or PM collected from the leaf surface 

indicated the presence of some toxic heavy metals such as Fe, 

Cu and Zn [6]. Roadside plants of present study i.e. Psidium 

guajava, Ficus bengalensis and Mangifera indica with high 

API and APTI value can be used as sink and mitigators of air 

pollutants originating from multifaceted sources at heavily 

polluted sites while Bauhinia variegate and Delonix regia 

with low APTI and API value may act as bio indicators of air 

(particulate) pollutants (Table 2- describing top performers 

only). Ambient air quality of Aizawl revealed high PM 

Concentrations {both suspended particulate matter (SPM) as 

well as respirable particulate matter (RSPM)} particularly 

during winter and summer season [see 2]. Catalase and 

Peroxidase (U/mg protein) activity of 12 plants is shown in 

Fig. 3 and Fig. 4. Pertaining to second part of the study, 

Mangifera indica, Ficus benghalensis, Psidium guajava and 

Artocarpus heterophyllus were found to be efficient in 

biomagnetic monitoring because all the magnetic properties 

(χ, ARM and SIRM) were high (Table 1 showing the result of 

most polluted RKN-Ramrikwan site with list of top 

performers only) and significantly correlated with ambient 

PM (R2=0.32-0.95) at all sites. Results of most polluted 

(RKN) site are shown only for magnetic parameters due to 

page limitation and will be presented in full at conference. 

Fig. 2 Dust deposition (mg cm-1) at RKN (periurban) and MZU 

(rural) site (November, 2013 – February, 2014). Values are mean ± 

SE (n=3) 

 
Fig. 3 Catalase activity of twelve plant species at RKN-Med (peri-

urban) and MZU-Low (rural) site during the study period 

(November, 2013 – February, 2014). Values are mean ± SE (n=3) 

 
Fig. 4 Peroxidase activity of twelve plant species at RKN-Med (peri-

urban) and MZU-Low (rural) site during the study period 

(November, 2013 – February, 2014). Values are mean ± SE (n=3) 

III. CONCLUSION 

Urban roadside plants of present study i.e. Ficus 

bengalensis, Mangifera indica, Psidium guajava and 

Artocarpus heterophyllus may be used as control of PM 

pollutants originating from multifaceted sources after further 

research at heavily polluted urban sites. In nutshell, the use of 

urban roadside plants as bio indicators or biomarker is an 

inexpensive and convenient technique and thus offers an eco-

sustainable green tool for urban ecosystem restoration. 

Results from second part of this work validate the magnetic 

analysis of roadside tree leaves as proxy indicators of PM 

pollution. Magnetic concentration data suggest that the 

deposition of PM on roadside tree leaves varies due to 

different traffic behaviour between sites and due to other 
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activities like soil erosion, mining and stone quarrying etc. 

The magnetic analysis of dust loadings on roadside tree 

leaves provides an alternative proxy method to conventional 

pollution monitoring.  In nutshell, bio-magnetic monitoring 

of PM through plant leaves provides a rapid and economic 

technique for monitoring atmospheric PM pollution, thus 

paves the way to the innovation of an eco-sustainable 

environmental management tool.  
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TABLE. I 

  SUMMARY OF THE MAGNETIC DATA (MEAN AND STANDARD DEVIATION) FOR ROADSIDE DUSTS ON DIFFERENT SELECTIVE TREE LEAVES AT RAMRIKAWN AREA 

DURING 2013 – 14 
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TABLE II 

 ANTICIPATED PERFORMANCE INDEX (API) OF STUDIED PLANT SPECIES AT AIZAWL SITE, NORTH EAST INDIA SHOWING SELECTED PLANTS WHILE POOR PERFORMERS 

ARE EXCLUDE FROM THE LIST) 
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