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ABSTRACT
A study was conducted at Horticultural Research Sub-Station for Floriculture and Landscaping 
AARI, Faisalabad, Pakistan, during the year 2017. Leaf samples of three ornamental plant 
species viz. Ficus benjamina (black), Bougainvillea glabra and Conocarpus erectus were 
collected from seven purposefully selected road sides of city Faisalabad (AARI, Jhang Road, 
Jail Road, Mall Road, Satiana Road, Jaranwala Road and Samundri Road) and were assessed 
for the efficacy to absorb heavy metals from the atmosphere. Measurements of heavy metals 
were made in ppm with the help of Atomic Absorption Spectrophotometer. Mixed types of results 
were obtained from these locations. Maximum amount of Fe (358.0 ppm), Zn (12.86 ppm) and 
Cd (0.34 ppm) was absorbed by C. erectus plants, while maximum amount of Cu (9.42 ppm) and 
Cr (8.14 ppm) was absorbed by F. benjamina plants. However, Mn (48.15 ppm) was absorbed 
maximum by B. glabra plants. Among roadsides, maximum amount of Mn, Fe and Cd (47.57, 
487.67 and 0.53 ppm, respectively) was observed in plants selected from Jhang Road site 
whereas maximum amount of Cu and Cr (9.03 and 10.56 ppm) was found at Mall Road site. A 
positive correlation was observed between Mn and Fe, whereas Mn and Cr, and Zn and Cu were 
negatively correlated with each other.
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INTRODUCTION
Our environment is heavily polluted by various toxic 
heavy metals which are dangers for all living forms. 
Both natural and anthropogenic sources contribute to 
bioaccumulation and biotransformation of heavy metals 
(Gaur and Adholeya, 2004).  Toxic heavy metals that 
are normally available include Pb (lead), Cr (chromium), 
Cu (copper), Zn (zinc), Cd (cadmium) and As (arsenic) 
(Wuana and Okieimen,2011). Beyond their normal 
range the heavy metals become hazardous both for 
plants and animals. Different kinds of anthropogenic 
activities cause contamination of heavy metals in the 
environment. These activities may include activities 
relating to iron and steel industry, mining, smelting 
procedures, chemical industrial activities, agriculture, 
traffic and also domestic activities (Stihi et al., 2006). 
Other researchers have also reported harmful effects 
of heavy metals. For example, heavy metals in soil 
affect the growth of plants and wildlife (Ene et al., 
2009 and Popescu et al., 2009). Release of heavy 
metals from industrial dust and automobile exhaust in 
China had been major source of pollution in air (Anon, 
2011). Pb, Cu and Cd inhibited plant growth, and 
accumulation and uptake of B (Sun et al., 2011). The 
metals like chromium, mercury, arsenic, cadmium and 

lead were found to be highly toxic and are, therefore, 
significant with respect to public health (Tchounwou 
et al., 2012). The multiple uses of heavy metals at 
agricultural, medical, industrial and domestic levels 
have caused their wide dispersal in the environment. 
This has raised the concerns due to their probable 
consequences on the environment and human health 
(Tchounwou, 2012). Heavy metals present in trace 
amounts in the water, soil and atmosphere can result 
in severe problems to all living forms (Waseem et al., 
2014). However, several heavy metals like Mn, Mo, Zn, 
Cu, Fe, or Co are crucial for the growth of organisms. 
Some heavy metals have a single function while others 
are always toxic to organisms such as Pb, Cd, U, Cr, 
Ti, Hg and Ag (Bothe, 2011).
An increase in public health worries at ecological 
and global levels has been noticed to be linked with 
contamination in the environment by the presence of 
these heavy metals. Moreover, exposure of human 
beings has intensified due to their increased use in 
numerous industrial, technological, domestic and 
agricultural applications (Bradl, 2002). The roadside 
plants are particularly important ecologically when 
environmental pollution is matter of concern (Pirzada 
et al., 2009). Heavy metal tolerant plants can be 
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cultivated as “green technology” to minimize the 
problem of contamination to some extent (Mudgal et 
al., 2010). As reported by researchers, various plant 
species can successfully absorb many contaminants 
like chromium, lead, arsenic, cadmium, and many 
radionuclides present in soil by the process of 
phytovolatilization. In this process the contaminant is 
absorbed by the plants and then volatilized into the 
atmosphere (Tangahu et al., 2011). Due to its sensitivity 
to the pollutants present in the environment, Allium 
cepa L. can act as a bioindicator (Atabay et al., 2011). 
Likewise, the aerial roots of Ficus microcorpa were 
found to be sensitive to oxidative damage induced 
by heavy metals. These aerial roots could serve as 
possible indicators in urban areas against pollution 
caused by heavy metals (Liu et al., 2012).The factors 
of anthropogenic activities and traffic density resulted 
in absorption of high concentrations of metals by plants 
in highway and urban roadsides. The most reasonable 
and economic ways for the assessment of heavy 
metal status in the atmosphere are vegetation and soil 
samples. These two factors caused variation in heavy 
metal concentrations in Caesalpinia pulcherrima and 
Cynodon dactylon (Onder and Dursun, 2006; Rolli et 
al., 2016).
Demographic pressure, over exploitation of open 
spaces and constantly increasing number of 
automobiles have aggravated the problem of heavy 
metal pollution. The important sites of urban areas 
are the roads which contribute significantly in causing 
pollution. Tree plantation on both sides of the roads 
can diminish pollution. Unfortunately, in most of the 
old Indian towns and cities hardly any provision of 
sufficient space for the same can be found (Kumar et 
al., 2013). Roadside plantation is an important part of 
urban forestry and landscaping and it endures many 
benefits on all kinds of organisms. These plants are also 
subjected to pollution of heavy metals. These plants 
may absorb heavy metals and can act as bioindicators 
to environmental pollution. Many researchers have 
reported their observations in this regard. Aslam et 
al. (2012) determined the concentrations of heavy 
metals in leaves of Saraca indica, Nerium oleander, 
Tamarindus indica and Azadirachta indica, by Atomic 
Absorption Spectrophotometer, and observed their 
order as: Co>Pb>Ni>Cr>Cd. Rahul and Jain (2016) 
studied the plants of Bougainvillea spectabilis, Ficus 
religiosa, Azadirachta indica, Cassia fistula, and 
Polyalthia longifolia covering some highways and 
national highways in India for observing the effects 
of heavy metals on air pollution (Cd, Cu, Pb, Cr, Ni, 
Zn). Heavy metals present in the atmosphere may 

be absorbed via plants’ foliar organs after dry or wet 
deposition of atmospheric fallouts on plant canopy 
(Shahid et al., 2016).The leaves of 12 plant species 
collected from seven diverse locations in Shanghai, 
China were measured for recording the heavy metals’ 
concentrations (Pb, Cu,Cd and Zn). The results 
depicted the highest Cu contents in Nerium indicum 
and Platanus acerifolia, the highest Zn content in 
Pittosporum tobira, and the highest Pb and Cd contents 
in Cedrus deodara (Liang et al., 2017).
In and around Faisalabad, many ornamental trees and 
shrubs are planted along roadsides for beautification. 
Some plants have gained wide popularity including 
Ficus species, Conocarpus erectus and Bougainvillea 
species. Ficus benjamina (weeping fig) is a tropical 
Asian tree that may attain a height of 50 feet. It has 
shiny, pointed oval leaves, insignificant fruit and an 
invasive root system. It is often used as entryway or 
patio tree, and is also good as screen, espalier, or 
clipped hedge. Bougainvilleas are valued for their 
glorious, flamboyant display of blooms and their ability 
to cover a large area of a wall or ground. The plant 
Conocarpus erectus (Buttonwood) is a long-lived, 
hardy plant and grows happily in rocky, sandy or 
alkaline soils as well as wet, saline conditions and is 
suitable for cultivation in problematic urban conditions. 
This plant is highly recommended for plantings along 
seaside (Brenzel, 2007, Segall, 1997, Anon, 2011). 
In present study, three growing plants Ficus benjamina, 
Bougainvillea glabra and Conocarpus erectus were 
selected for observing how far they absorb heavy 
metals by their leaves from the atmosphere of seven 
locations of Faisalabad city.

MATERIALS AND METHODS
This study was conducted at Horticultural Research 
Sub-Station for Floriculture and Landscaping, AARI, 
Faisalabad, Pakistan during the year 2017. Six main 
roads of Faisalabad (Jhang Road, Jail Road, Mall 
Road, Satiana Road, Jaranwala Road and Sammundri 
Road) were  selected purposefully for getting samples 
of plants. The site of AARI was also selected as control 
being away from any main road and surrounded by 
thick vegetation.  Three varieties of ornamental plants 
viz. Ficus benjamina (black), Bougainvillea glabra and 
Conocarpus erectus were selected for the purpose 
of study. The plants were selected purposefully by 
considering their wide popularity as ornamental plants 
being used in residential, industrial and roadside 
landscaping.
Samples of matured leaves were gently removed 
from these plants which were growing along selected 
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roadsides for biochemical analysis. Leaves were 
collected in the morning, i.e. 8.0 to 9.0 AM. The 
collected samples of leaves were put in plastic bags 
and brought to the laboratory after labelling carefully. 
Sample collection was done randomly from different 
plants growing in the same area.
Collected samples of leaves were dried for 48 hours 
at 70°C, crushed to make powder and sieved through 
0.2 mm sieve. For digestion, one gram sample was 
digested using mixed acid digestion method at hot 
plate. The digested material was diluted with double 
distilled water which was filtered through Whattman 
Paper 41 and volume was made upto 100 ml. Heavy 
metals viz. Zn (zinc), Cu (copper), Cd (cadmium), 
Mn (manganese), Fe (iron), and Cr (chromium) were 
analyzed with Shimadzu AA-7000 Atomic Absorption 
Spectrophotometer with an air/acetylene flame and 
metal hollow cathode lamps. The working standards 
were prepared by serial dilution of standard stock 
solutions and were used for the calibration of the 
instrument. The operational conditions and settings 
of the instrument were arranged in accordance 
with specifications of the manufacturer. All the 
measurements were made in ppm.
Analysis of variance (ANOVA) for all measured 
variables was performed with software Statistics 
8.1.The differences among treatment means were 
compared by applying least significant difference 
(LSD) test at 5% probability level (Steel et al., 1997).

RESULTS AND DISCUSSION

Comparison of plants for absorption of heavy 
metals
The results showed that plants behaved significantly for 
the absorption of heavy metals. Overall performance 
of plant species is shown in Fig. 1- 6. Maximum Fe, 
(358.00 ppm), Zn (12.86 ppm), and Cd (0.34 ppm) 
were absorbed by C. erectus plants (Fig.2, 3 and 5). 
Maximum Mn (48.15 ppm) was absorbed by B. glabra 
plants (Fig.1) whereas maximum Cr and Cu (8.14 
and 9.42 ppm) was absorbed by F. benjamina plants 
(Fig.4 and 6). Minimum quantity of Mn, Fe and Zn was 
absorbed by F. benjamina plants, and minimum Cu and 
Cr was absorbed by C. erectus plants. B. glabra plants 
absorbed minimum amount of Cd heavy metal. The 
results depict that these roadside plants were useful 
in absorbing sufficient amounts of some heavy metals 
thus adding their effectiveness in minimizing the heavy 
metal concentration on roadsides.
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Roadsides comparison for absorbing heavy metals
A comparison of all sites (Table 1) showed statistically 
significant differences for the absorption of heavy 
metals. Maximum Mn, Fe and Cd (47.57, 487.67 
and 0.53 ppm, respectively) were absorbed by the 
plants at Jhang Road site, Zn (14.94 ppm) at AARI 
site, while maximum Cu and Cr (9.03 and 10.56 
ppm) were absorbed by the plants at Mall Road and 
AARI, respectively. In contrast, minimum absorption 
of Mn, Fe and Zn was noted in plants at Mall Road 
site. Similarly, minimum absorption of Cu was made 
by plants at Jhang Road site, and minimum Cd and 
Cr was absorbed by the plants at Samundri Road site 
(Table 1).

Table 1. Comparison of road sites for absorbing heavy metals by the plants. 

Site /location Mean values (ppm)
Mn Fe Zn Cu Cd Cr

1. AARI 26.54 e 459.07 b 14.94 a 7.40 d 0.20 d 10.03 b
2. Jhang Road 47.57 a 487.67 a 13.07 b 5.93 f 0.53 a 8.63 c
3. Jail Road 35.17 d 277.00 f 10.93 c 6.70 e 0.39 b 8.06 d
4. Mall Road 20.42 f 170.34 g 6.20 g 9.03 a 0.32 c 10.56 a
5. Satiana Road 46.80 b 365.50 d 7.68 e 7.73 c 0.33 c 5.10 e
6. Jaranwala Road 44.68 c 392.67 c 8.40 d 9.03 a 0.21 d 3.71 f
7. Sammundri Road 44.69 c 319.00 e 7.21 f 8.68 b 0.16 e 2.01 g
LSD Value 0.128 1.64 0.15 0.204 0.019 0.14

Means values not having same letter within column bear significant difference at 5% probability level

Thus a mixed type behavior of plants was noted at 
different sites. It can be noted that Jhang Road site 
was more polluted with reference to Mn, Fe and Cd 
and Mall Road was more polluted with reference to Cu 
and Cr and less polluted with Mn, Fe and Zn. Still more 
detailed studies are required to get a clear picture of 
the presence of heavy metals on these sites.

Interaction of road sites and plant species for 
absorption of heavy metals
Statistically  significant  differences  were  observed 
among   interactions  of  sites  and   plant    species   

(Table 2). Maximum amount of Mn (91.17 ppm) was 
absorbed by B. glabra plants at Jhang Road site 
and maximum Fe (678.00 ppm) was absorbed by C. 
erectus plants at AARI site. Similarly maximum Zn 
(22.01 ppm) by C. erectus plants at Jhag Road site, 
maximum amount of Cu was absorbed by F. benjamina 
(12.30 ppm) and C. erectus plants (12.25 ppm) at AARI 
and Satiana Road sites, respectively) while maximum 
Cd (0.73 ppm) by C. erectus plants at Jhang Road site 
and maximum amount of Cr (12.30) was absorbed by 
F. benjamina plants at AARI site.

Table 2. Comparison of all heavy metals for location and plant species interaction.
Interaction Mean values of heavy metals 
Location × plant species Mn Fe Zn Cu Cd Cr
AARI x F. benjamina 15.60 q  367.20 f 11.70 g 12.30 a 0.12 l 12.30 a
Jhang Road x  F. benjamina 17.45 p  493.00 d 1.33 r 10.40 d 0.47 de 10.40 d
Jail Road x F. benjamina 8.86 t  260.00 n 3.74 p 9.70 e 0.37 g 9.70 e
Mall Road x F. benjamina 15.20 r    47.01 r 8.30 k 11.60 b 0.20 j 11.60 b
Satiana Road x F. benjamina 28.90 o 376.50 e 9.05 j 5.70 k 0.00 5.85 l
Jaranwala Road x F. benjamina 39.70 k 529.00 c 9.40 i 8.10 h 0.65 b 4.55 n
Sammundri Road x F. benjamina 29.08 n 312.00 l 6.61 n 8.15 h 0.29 i 2.60 q
AARI x B. glabra 8.34 u 332.00 j 14.89 e 3.70 n 0.33 h 8.70 g
Jhang Road x B. glabra 91.17 a 647.00 b 15.87 d 3.70 n 0.41 f 8.30 h
Jail Road x B. glabra 50.55 g 314.00 l 12.58 f 4.50 m 0.33 h 7.90 i
Mall Road x B. glabra 12.96 s 217.00 q 2.33 q 10.80 c 0.49 d 11.00 c
Satiana Road x B. glabra 68.60 b 359.00 g 7.05 m 5.25 l 0.45 e 5.20 m
Jaranwala Road x B. glabra 52.06 e 335.00 i 5.40 o 7.60 i 0.00 3.95 p
Sammundri Road x B. glabra 53.40 d 292.00m 7.05 m 9.40 f 0.02 m 2.35 r
AARI x C. erectus 55.70 c 678.00 a 18.25 b 6.20 j 0.16 k 9.10 f
Jhang Road x C. erectus 34.10 l 323.00 k 22.01 a 3.70 n 0.73 a 7.20 j
Jail Road x C. erectus 46.10 h 257.00 o 16.45 c 5.90 k 0.49 d 6.60 k
Mall Road x C. erectus 33.10 m 247.00 p 7.98 l 4.70 m 0.29 i 9.10 f
Satiana Road x C. erectus 42.90 i 334.00 ij 6.95 m 12.25 a 0.55 c 4.25 o
Jaranwala Road x C. erectus 42.30 j 314.00 l 10.40 h 11.40 b 0.00 2.65 q
Sammundri Road x C. erectus 51.60 f 353.00 h 8.00 l 8.50 g 0.18 j 1.10 s
LSD value 0.16 2.33 0.23 0.23 0.02 0.19

  Means values not having same letter within column indicate significant difference at 5% probability level.
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Correlation studies among variables were also made 
statistically. According to the results, positive correlation 
was found between Cr and Mn and between Mn, and 
Fe, whereas a negative correlation was found between 
Zn and Cu (Table 3). 
Table 3. Overall correlation studies

Values Cd Cr Cu Fe Mn
Cr  0.1971 - - - -
CR, p-value  0.3919 - - - -
Cu -0.2086     0.0401 - - -
Cu, p-value  0.3641     0.8630 - - -
Fe  0.0982   -0.0621   -0.3030 - -
Fe, p-value  0.6718     0.7893     0.1819 - -
Mn -0.0369   -0.4667   -0.4072     0.5117 -
Mn, p-value  0.8738     0.0330     0.0670     0.0177 -
Zn  0.1724  0.0673   -0.5877     0.3135    0.3157
Zn, p-value  0.4550     0.7720     0.0051     0.1664    0.1633

The data showed a mixed type of behaviour of plants 
at various locations with respect to absorption of 
heavy metals. In fact, many factors are involved 
in this process of metal absorption including plant 
variety, load of traffic, type of fuel used, source of 
irrigation water and many others. There is a need for 
implementation of respective laws and regulations to 
control environmental pollution. Grooming of public 
and training of students at school and upper levels is 
needed. Therefore, participation of all stakeholders 
like public, non-governmental organizations, research 
and teaching agencies of the government and media 
are required to have a collective approach towards the 
solution. Regular monitoring of air quality for prevailing 
pollutants is a dire necessity for completing a diagnosis 
of pollutant level in the air, water and soil environment. 
Moreover, monitoring practices throughout the country 
would be helpful to measure the current pollution level 
and to make forecast for the future. Various plant 
varieties may also be tested at different locations to 
find out the most suitable plants for minimizing the 
pollution levels in the environment.
The iron in plants plays a basic role without which a 
plant cannot produce chlorophyll, cannot get oxygen 
and it would not be green. Initially high iron (Fe) 
levels usually cause deficiency in manganese (Mn) 
in a plant because these two micronutrients have 
competitive behaviour with each other. Manganese 
and iron deficiency symptoms are similar in nature, 
such as leaf yellowing effects on both old and young 
foliage. However, only young foliageis were affected 
due to iron deficiency. Manganese and iron toxicity 
show similar type of symptoms in plants zinc. Zn is 
an essential micro-nutrient and is required for various 
physiological functions of plants. This element is 
a building block for enzymes, as it activates many 
enzymatic reactions (Mousavi, 2013). A great influence 
of zinc has been noticed on many plant life processes 
such as photosynthesis and chlorophyll synthesis, 

carbon anhydrase activity, protection against oxidative 
damage, nitrogen metabolism and uptake of nitrogen 
and protein quality and resistance to biotic and abiotic 
stresses. Copper (cu) is a micronutrient and a major 
heavy metal causing environmental pollutant when 
present in excess concentration. The copper sources 
are corrosion of metallic parts of vehicles derived from 
brushing, engine wear, and bearing metals. Cadmium 
is comparatively an infrequent heavy metal and is 
naturally found in combination with other metals. 
Cadmium is present in automobile fuel and soil, and 
thus it can be observed in road dust. Resultantly, road 
dust may cause inhalation exposure to Cd. Chromium 
is considered as a serious concern with respect to 
health of biotics, and is particularly detrimental to 
plant growth and development. Presently cement and 
limestone industries are serving as main causes for 
the high infiltration of chromium into the atmosphere 
(Onder and Dursun, 2006; Atabay et al., 2011; Aslam 
et al., 2012; Liu et al., 2012) 
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