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ABSTRACT 
Trace elemental analysis was carried out in the leaves of Azadirachta indica and Pongamia 
glabra, collected from different environmental sites of Visakhapatnam, India using particle 
induced X-ray emission technique.  A 2MeV proton beam, collimated from 3MV pelletron 
accelerator at the Institute of Physics, Bhubaneswar, India was used to excite the samples. The 
elements K, Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Br, Rb, Sr and Pb were identified and their 
concentrations were determined.  High levels of Cr, Mn, Fe, Ni, Cu, Zn and Pb accumulated in 
the leaves of Azadirachta indica and Pongamia glabra collected from two regions in the vicinity 
of industrial area compared to control region clearly indicate the source of industrial pollution.    

Key Words : PIXE, Trace elements, Azadirachta indica, Pongamia glabra, X-ray emission 
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INTRODUCTION 

During the last few decades we have been 
witnessing a dramatic increase in the impact of 
human activities, such as rapid growth of 
human population, accelerated pace of 
industrialization and new developments in 
technology on our environment. Natural 
environment is an integral system and any 
change in one of its components such as air, 
water, soil and plants is bound to affect the 
environment as a whole. Several pollutants 
released into the environment as a result of 
industrial and agricultural practices, combustion 
of fossil fuels and vehicular emissions may 
contaminate the ambient environment of an 
area. Heavy metals are emitted from these 
sources, thereby contributing to metal overloads 
in terrestrial and aquatic food chains. 
Experimental and epidemiological studies have 
revealed that atmospheric pollution, resulting 
from industrial and vehicular emissions is a 
major environmental risk factor for the onset of 
various diseases, ranging from common cold to 
cancer.1 

Atmospheric metal concentration monitoring can 
be carried out by different types of biological 
monitors consisting of plants, fungi, lichens, and 
tree bark.2-5 Among the various biological 
monitors mentioned above, plants are widely 
used owing to their availability and their ability 
to trap atmospheric pollutants. Moreover, they 
provide the cheapest and simplest indicator for 
monitoring trace metal concentrations in the 
atmosphere. Plants not only serve as air purifiers, 
temperature regulators, food and medicine 
providers and aesthetic enhancers but also help 
reflect the effect of air pollution on human beings 
by providing information on the quality and 
quantity of air pollutants via trace metal analysis. 
Trace elements play a vital role in nutrition of 
plants, animals and humans. They are 
undoubtedly important for the vital processes 
of life but even more important is the fact that 
their functional forms and their characteristic 
concentrations must be maintained within 
narrow limits. Especially, if they occur 
excessively they may cause toxic effects.  
Therefore, it becomes mandatory to identify  *Author for correspondence 
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the source of these elements, monitor their 
bioaccumulation over different areas, and 
study the effects of their imbalance on living 
things. Recently, attention is being focused on 
monitoring the levels of atmospheric trace 
metal concentrations by using different types 
of biological monitors especially plant 
materials.5,6   
The development of analytical techniques has 
led to the detection of elements present in very 
low concentrations in any sample.7 The 
analysis of samples for their elemental content 
is governed by the sample type, the elements 
of interest, the sensitivity, precision, and 
accuracy needed. Many analytical techniques 
such as Total Reflection X-Ray Fluorescence 
(TXRF), X-Ray Fluorescence (XRF), Neutron 
Activation Analysis (NAA), Atomic 
Absorption Spectrometry (AAS) and Inductive 
Coupled Plasma Atomic Emission and Mass 
Spectrometry (ICP-AES/MS) have been 
developed to determine the elemental 
composition in a sample. The use of Ion Beam 
Analysis (IBA) techniques (Particle Induced 
X-Ray Emission (PIXE) and Particle Induced 
Gamma Ray Emission (PIGE)) has grown 
recently since they have the combined 
advantage of being multi-elemental and non-
destructive. Numerous studies6,8,9 revealed that 
the ability of these techniques for multi-
elemental analysis of  solid phase samples 
without the need for sample dissolution or 
digestion and that too with a high degree of 
sensitivity and selectivity makes them 
particularly suitable for elemental analysis of 
airborne particulate matter and plant material 
bio-monitor samples.   
In the present work, trace elemental analysis 
has been carried out in the leaves of 
Azadirachta indica and Pongamia glabra 
collected from environmentally different sites 
of Visakhapatnam by using PIXE. This 
technique was first demonstrated by Johansson 
et al.10 It is a relatively simple, yet powerful 
analytical technique that can be used to 
identify and quantify trace elements in a 
sample. PIXE is a non-destructive technique 
for rapid analysis of a wide range of trace 
elements with ppm sensitivity.  Due to its high 
sensitivity, it is used in various fields.11,12  

MATERIAL  AND METHODS 
Sampling area 
The study was carried out in the city of 
Visakhapatnam, a major sea port on the south-
east coast of India. With a population of 
approximately 1.7 million, it is located at 170 

42’ N latitude and 830 15’ E longitude. It is 
primarily an industrial city apart from being a 
port city. Visakhapatnam is home to 
several heavy industries. To investigate the 
levels of pollution in this city, three sites were 
chosen of which two were in the vicinity of 
industries and vehicular traffic, while the third 
was treated as a control site. Mindi village an 
area close to two industries, namely Hindustan 
Zinc Limited (a zinc smelter, engaged in 
manufacturing of zinc and zinc-related 
products) and coramandal fertilizers 
(phosphatic fertilizer industry) was considered 
as site-1. An area outside the boundary wall 
(approximately 100 m away) of coramandal 
fertilizers was taken as site-2. For 
uncontaminated site, GITAM University 
campus was chosen as site-3, since it was far 
away from the industries. Once the sampling 
sites were categorized, plants were selected at 
sites as per their dominance and common 
occurrence. Leaves of Azadirachta indica 
(neem) and Pongamia glabra (pongam oil) 
were collected from different places of the 
selected sites.  
Sample preparation 
About 250 g of leaf samples were collected 
during the months of May and June from the 
trees of Azadirachta indica and Pongamia 
glabra. Whenever possible, sampling was 
carried out at a height of 60–90 cm from 
ground in order to reduce age variation 
between tree samples.13 The total number of 
collected samples was 72 twelve samples of 
each species were collected from each of the 
three different studied sites. To evaluate total 
deposition, leaves were not washed. Each plant 
sample was oven dried at 600C.  Samples were 
then homogenized in an agate mortar. A 
quantity of 150 mg of each powdered sample 
was mixed with high purity graphite powder in 
3:2 ratio. The purpose of mixing graphite 
powder was to monitor the beam current. To 
this mixture 10 ml of yttrium with known 
concentration (300 ppm) was added. 
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The resulting mixture was compressed using a 10 
ton hydraulic press into pellets of 13 mm 
diameter and about 2 mm thickness. While 
pelletizing both faces of the compression die 
were covered with thin discs of poly tetra fluoro 
ethylene to avoid direct contact between the 
powdered sample and faces of the die. These 
pellets were then used as targets for the PIXE 
experiment. 
Experimental details 
The present experiments were carried out at the 
Institute of Physics, Bhubaneswar, India with a 
3MV pelletron accelerator facility. A 2MeV 
proton beam was used to excite the samples. The 
samples were suspended on an aluminium target 
holder. The target holder was then loaded into 
the PIXE chamber and the irradiation was carried 
out in vacuum conditions. A collimated proton 
beam of 2 mm diameter was made to fall on the 
target. The beam current was kept at 20 nA.  The 
targets on the aluminium holder in the scattering 
chamber were positioned at an angle of 450 with 
respect to the proton beam. The resultant 
characteristic X-rays were recorded with a Si(Li) 
detector kept at an angle of 900 to the beam 
direction. The resolution of the detector was 160 
eV at an energy of 5.9 keV. For each sample, the 
total charge collected and the average beam 
current were noted. The spectra were gathered 
for a sufficiently long time in order to obtain 
good statistics. Spectra were recorded by using a 
Canberra series MCA. The PIXE spectra thus 
recorded with leaves of Azadirachta indica and 
Pongamia glabra collected from mentioned 
areas are shown in Fig. 1. 
Data analysis 
The obtained PIXE spectra were analyzed using 
GUPIX software package.14 This package has 
provision to convert the X-ray intensities into 
elemental concentrations using a standardization 
technique involving fundamental parameters, 
predetermined instrument constants and input 
parameters such as solid angle, charge collected, 
etc. Using this software package, different 
elements present in each of the sample were 
identified and their concentrations were 
estimated. To ensure the reliability of this 
method in reproducing concentrations of low Z 
elements, we have checked the accuracy of this  
technique by analyzing NIST and IAEA certified  

reference materials. The obtained results along 
with the certified values can be found in our 
earlier works.12 This shows the reliability of the 
concentration values obtained in the present 
work. The average concentrations of the 
elements in different samples of each plant for 
each of the studied sites were estimated and the 
concentrations thus obtained are shown in     
Table 1. The corresponding standard deviations 
for each element are also given in Table 1. 

RESULTS AND DISCUSSION 
In the present work , trace elemental analysis was 
carried out in the leaves of Azadirachta indica 
and Pongamia glabra collected from 
environmentally different sites of 
Visakhapatnam, using PIXE technique. Elements 
K, Ca, Ti, Cr, Mn, Fe, Co, Ni, Cu, Zn, Br, Rb, Sr 
and Pb were identified and their concentrations 
were determined in the studied samples. Table 1 
shows wide variations in the elemental 
concentrations of the two samples collected from 
three different sampling sites. The elements K 
and Ca are found in major concentrations in all 
the studied samples. Among the trace elements, 
Fe and Zn are present abundantly when 
compared to the other elements in both the 
analyzed plant materials. It is also noted that the 
samples collected from site 1 contained the 
highest concentration of most of the identified 
elements, while the least concentration of 
elements were present in the samples collected 
from site 3.  
From Table 1, it is evident that Cr is present in 
very high concentrations in the studied plant 
leaves collected from site 1 and site 2 when 
compared to site 3, the control site. This might be 
due to the release of Cr and its compounds into 
the environment of site 1 and site 2 as a result of 
industrial and vehicular emissions. Chromium is 
essential to life and must be supplemented as a 
trace element in the diets of humans and 
animals.15 Despite its metabolic essentiality, Cr is 
a recognized human allergen as well as a human 
and animal carcinogen.  Potential sources of Cr 
exposure are air, soil, food, water and industries 
dealing with Cr and its compounds. Chromium 
can exist in several oxidation states ranging    
from −2 to +6 of which the trivalent (+3) and  
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Fig. 1 : PIXE spectra of leaves of Azadirachta indica and Pongamia glabra collected from 

different environmental sites 
Table 1 : Concentration of elements (µg/g) in the leaves of Azadirachta indica and Pongamia 

glabra collected from different environmental sites 

BDL : Below Detection Limits 

Elements 
Azadirachta indica Pongamia glabra 

Site-1 Site-2 Site-3 Site-1 Site-2 Site-3 
K 6616±397 2125±128 1008±60 24301± 1458 11290±677 14341± 860 
Ca 21686± 1301 7975±478 5425±326 4392± 263 4382±2623 2273± 136 
Ti 54.5±3.3 46.3±2.8 12.4±0.7 63.3± 3.8 56.4±3.4 20.7±1 
Cr 86.3±5.2 94.6±4.7 33.3±2 106 ±6.4 118±7.1 59.2±3.6 
Mn 63±4.8 41±6.5 28.5±2.7 71.8±4.31 54.3±3.5 38.4± 2.3 
Fe 890±53 616 ±37 433 ±26 908 ±54 694±42 483± 29 
Co 33.4±2.7 25.3±1.5 12.3±2.7 19.1±1.1 16.6±1 8.9 ±0.5 
Ni 29.6±3.8 25.8±1.6 11.7±2.7 39.4±2.4 52±3.1 39.8±2.4 
Cu 25±2.1 20.3±3.1 8.2±1.5 37±2 21.6±1.3 9.8±0.6 
Zn 348±22 308 ±18 23.4±1.4 469±28 326±19.6 14±0.8 
Br 25.3±3.5 22.6±2.4 16.7±1 15.4±2.9 14.8 ±0.9 9.8±0.6 
Rb 13.6±1.8 9.1±1 5.1±0.3 8.9±1.5 8.9 ±0.5 12.9 ±0.8 
Sr 12.4±2.7 14.4±2.9 9.2 ±1.6 11.3±2.7 27.8 ±1.7 7.5±0.5 

Pb 45.3±5.7 34.9±4.1 BDL 25.26±1.9 11±0.7 BDL 
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hexavalent (+6) forms are mainly present in the 
environment.  Chromium and its compounds 
present in the environment are generally the 
result of anthropogenic activities.  Excess Cr 
causes nausea, vomiting, peptic ulcer, central 
nervous system disorder, liver/kidney 
dysfunction, growth retardation and cancer. 
Iron, one of the main elements in the earth’s 
crust was observed to be present in very high 
concentrations in the studied samples of all 
sites, with the highest concentration being 
detected at site 1 (908 μg/g in Pongamia glabra 
and 890 μg/g in Azadirachta indica) and the 
lowest at site 3 (483 μg/g in Pongamia glabra 
and 433 μg/g in Azadirachta indica). Iron 
overload that is an excess of total body iron 
stores, is associated with several chronic 
diseases such as heart disease16, cancer17, 
diabetes18 and defective immune regulatory 
control.19 
Nickel is present in both the samples collected 
from the three studied sites with the leaves of 
Pongamia glabra collected from site 2 
exhibiting the highest concentration (52 μg/g) 
and the leaves of Azadirachta indica from site 3 
showing the least concentration (11.7μg/g).  
Nickel is a dietary requirement for many 
organisms but may be toxic in larger doses. 
Nickel is a major environmental contaminant. 
The sources of environmental Ni contamination 
include emissions from power plants, waste 
incinerators, metal industries, combustion of 
fossil fuels, direct leaching from rocks and 
sediments and addition of phosphate fertilizers 
to soils.20,21 Significant amounts of Ni in 
different forms may be deposited in the human 
body through occupational exposure and diet 
over a lifetime. Exposure to Ni compounds can 
have adverse effects on human health.22,23 
Metallic Ni and some other Ni compounds are 
carcinogenic to mammals. Nickel concentrate-
ions in plants are usually 1 μg/g and 
concentrations above 50 μg/g are toxic. The 
high levels of Ni observed in the leaves of 
Pongamia glabra collected from site 2 may be 
primarily attributed to the presence of 
phosphatic fertilizer industry in the vicinity. 
The least concentration of Cu was found in the 
samples collected from site 3 (control site), 
while the highest concentration of Cu was 
found in the samples of site 1 the most polluted 

site. Copper is a metallic element that occurs 
naturally as the free metal, or associated with 
other elements in compounds that comprise 
various minerals. It is present in all living 
matter. The general population is exposed to Cu 
through inhalation, consumption of food and 
water, and dermal contact with air, water and 
soil that contains copper. Under physiological 
conditions Cu exists in the oxidation states Cu+1 
(cuprous) and Cu+2 (cupric). Though, it is 
essential for a wide range of biochemical 
processes and is necessary in the diet as a trace 
element24, it can be potentially toxic at higher 
concentrations. The essential role of Cu in 
enzymes associated with oxidative metabolism 
can be attributed to its property to convert 
between these two oxidation states.25 However, 
this property of Cu also contributes to its 
potential toxicity by the generation of free 
radicals.25  
From Table 1, it is clear that Zn is present in the 
leaves of both the analyzed plants collected 
from all the three sites with concentration 
ranging from 14 to 469 μg/g. The highest 
concentration of Zn is found in the leaves of 
Pongamia glabra collected from site 1. Zinc is 
an essential element for all organisms. It plays a 
very vital role in human physiology and 
biochemistry by acting as a catalytic and/or 
structural cofactor for a number of zinc-
dependent enzymes and proteins.26,27 The 
essential role of Zn has been shown in a wide 
range of cellular processes including electron 
transport, cell proliferation, reproduction, 
immune functions and defense against free 
radicals28 as well as genetic stability and 
function.29 However, optimal levels of Zn are 
necessary for the normal function of the human 
body since Zn toxicity is associated with low 
Cu status, altered Fe function, reduced immune 
function and reduced levels of high-density 
lipoproteins.30-32 
The leaves of Azadirachta indica collected from 
site 1 and site 2 contained appreciable levels of 
Pb (45.3 µg/g at site 1 and 34.9 µg/g at site 2) 
while the same leaf samples collected from the 
control site, that is site 3 had Pb below detection 
limits. Similar trend was observed in the leaves 
of Pongamia glabra. This observation of Pb 
pollution at site 1 and site 2 can of course be 
attributed to industrial emissions and exhausts 
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from vehicles that use leaded gasoline. site 3, 
being far away from industries and vehicular 
traffic, remained unpolluted by this toxic 
element.  

CONCLUSION 
PIXE  a well established method for elemental 
analysis was used in this work to identify and 
quantify trace elements in the leaves of 
Azadirachta indica and Pongamia glabra, 
collected from environmentally different sites of 
Visakhapatnam. The elements K, Ca, Ti, Cr, 
Mn, Fe, Co, Ni, Cu, Zn, Br, Rb, Sr and Pb were 
identified and their concentrations were 
determined.  On comparing the trace elemental 
content in the studied plants collected from the 
three environmentally different sites, significant 
variations were observed in the levels of most 
of the trace elements. The observed elemental 
concentrations are in accordance to the 
proximity of these sites to industries and 
vehicular traffic. These results indicate that the 
main sources of atmospheric pollution in 
Visakhapatnam are the emissions from 
industries and vehicles.  
The use of plants as atmospheric pollution bio-
monitors is a more practical, in-expensive and 
yet reliable means of air quality status 
assessment in any region. To check further for 
consistency in trace metal concentrations of 
plant samples for environmental bio-
monitoring, temporal and multi-year 
investigations should be carried out. 
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