
Introduction

Today environmental pollution could be related 
mainly to industrial development, increasing population 
and urbanization [1, 2]. Air pollution is the emission of 
substances into the atmosphere in quantities that would 
change its natural composition that is almost causing 
harm, or discomfort to living things and damage the 
environment [3].

Anthropogenic activities such as steel and iron 
industry, mining, smelting procedures, traffic, and 
agricultural activities are the most important sources of 
heavy metals in the environment [4]. The infection via 
heavy metals in plant life is one of the crucial troubles 
to be faced and requires more interest because heavy 
metals above their normal ranges are highly threatening 
to plants and animals [5].

There is no chemical or mechanical device that 
might ultimately manage the emissions of air pollutants 
at the supply. The role of plants in pollution has been 
more recognized in recent years. Once the contaminants 
are discharged into the atmosphere, the plants uptake 
the pollutants by sorb and metabolize them from 
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the environment [6]. Plants act as filters to reduce air 
pollution produced from the industrial factory and also 
as bioindicators of air quality [7].

The concentration of metal in the leaf of woody 
and herbaceous plants growing near emission  
sources reflects the degree of pollution in these areas 
[8]. Also, industrial and mining activities have caused 
more accumulation of heavy metals (Fe, Zn, Cu, Cd 
and Pb) in different plant species [9]. Some of these  
metals have an unknown biological function, such  
as Cd, Pb, and Hg, while others are micronutrients 
necessary for plant growth, such as Zn, Cu, Mn, Ni, and 
Co [10].

Leaves are the perfect indicator of air pollution. 
Most of the particulate matters are deposited on the 
upper surface of the leaves. One of the maximum 
vital dangerous outcomes of air pollution is the slow 
disappearance of chlorophyll and yellowing of leaves, 
which can be associated with a lowering in the potential 
for photosynthesis [11]. Reduction in chlorophyll a 
and b along with the carotenoid from the polluted 
area was observed when compared with un- or  
less-polluted regions in leaves of different plant  
species [12]. A reduction in chlorophyll and protein 
components of the leaves of plant species (Shorea and 
Acacia) had been recorded in the polluted industrial 
region when compared with control (uncontaminated 
area) [13]. 

This study was carried out on plants grown in 
the garden of the steel factory on the Erbil-Gwer 
main Road, about 22 km from Erbil city centre. The 
aim of the present study is to evaluate the effects of 
accumulated heavy metals Fe, Cu, Mn, Ni, Zn, As,  
Pb and Co on pigments and total protein contents of 
the five plant species Olea europaea L., Eucalyptus 
amygdalina, Nerium oleander L., Dodonaea viscosa, 
and Phragmites australis, and compare them with 
control plants grown in the field of a mountainous area 
that is naturally grown.

Materials and Methods

Study Site 

In the present study, two different study sites were 
selected. The first site was an unpolluted mountain 
area within Akre district located about 143 km from 
Erbil steel factory and situated between 36º44'27.90''N 
longitude and 43º52'51.11''E at 675 m elevation at sea 
level. The second site was a highly polluted area located 
inside Erbil steel factory. The factory is located near 
Lajan and Turjan villages on the main road of Gwer, 
southwest and about 22 km from Erbil city, situated 
between 36º08'18.55''N longitude and 43º47'49.68''E, and 
347m above sea level (Fig. 1). 

Fig. 1. The map of two studied sites. Control site (unpolluted site of Akre) and polluted site (Erbil steel factory).
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Plant Sampling and Analysis

This study had been carried out on five selected 
species of plants: Olea europaea L., Eucalyptus 
amygdalina, Nerium oleander L., Dodonaea viscosa, 
and Phragmites australis – all about 4-6 years old. The 
samples were collected from control and polluted sites 
in July 2016. Three samples from healthy and mature 
leaves of each plant were excised with clean scissors 
from different sides of a small lower branch from the 
apical bud and were placed in labelled plastic bags and 
then brought to the laboratory for analysis of various 
biochemical parameters. 

For determining heavy metals concentrations of Fe, 
Cu, Mn, Ni, Zn, As, Pb, and Co in plant leaves, leaf 
samples were oven-dried at 70ºC for 48 hrs., crushed, 
homogenized and sieved at 200 µm particle sizes. 
The powdered samples were analyzed by XRF (x-ray 
fluorescence spectrophotometer) sky Instrument Genius. 
XRF analyses were carried out at the laboratory of 
the Agriculture College, the University of Salahaddin, 
using a handheld thermal scientific Genius 9000 XRF 
[14]. The photosynthetic pigments (chlorophyll a, 
chlorophyll b and carotenoids) were estimated by the 
spectrophotometric method recommended by [15]. The 
total chlorophyll content was obtained by summation 
of chlorophyll a and chlorophyll b. Total nitrogen was 
determined by the Kjeldahl method [16]. Total protein 
was calculated by multiplying total nitrogen by a factor 
of 6.25 [17].

Statistical analysis of the data was performed 
using SPSS (Version 17). Results were expressed as 
means±standard error. Independent t-test was used 
for comparison of heavy metals concentration in plant 
leaves, pigments and total protein contents between the 
unpolluted site and contaminated site for each plant 
species. Analysis of variance (ANOVA) and Duncan 
post-hoc test were applied for comparison of the studied 
parameters between the studied plant species. Pearson 
correlation was used for founding the relationships 
between heavy metals, pigments and total protein. 
P≤0.05 was considered to be statistically significant.

Results and Discussion

Heavy Metals Content

Table 1 shows the contents of Fe, Cu, Mn, Ni, Zn, As, 
Pb, and Co in leaves of (Olea europaea L., Eucalyptus 
amygdalina, Nerium oleander L., Dodonaea viscosa, 
and Phragmites australis) in both control sites of the 
Akre region and the polluted site of a steel factory. The 
results showed that the leaf concentration contents of 
metals in the contaminated site were significantly higher 
than that of the control site in all plant species. 

Table 2 shows the post-hoc Duncan-test for founding 
the comparison of the heavy concentration of five 
plant species. The significantly higher levels of Fe, Zn, 
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As, Pb and Co were recorded in leaves of Dodonaea 
viscosa, while Olea europaea reported an accumulation 
of more concentration of Cu and Ni. The level of Mn 
is significantly higher in the leaves of Eucalyptus 
amygdalina when compared with other plants. The 
accumulation of Fe, Mn, Zn, As and Pb is lower in 
Olea europaea, as well as Nerium oleander showing the 
lower concentrations of Cu and Co. Lower Ni contents 
were observed in Dodonaea viscosa. These results are in 
agreement with the findings of the previous study, who 
found an increase in accumulation of heavy metals in 
leaves of Nerium and Phragmites plants in the pollution 
site when compared with the non-polluted site [18].

Plants growing near industrial regions display 
the multiplied awareness of heavy metals, serving in 
many cases as biomonitors of pollution. Plants take up 
massive quantities of pollutants and translocate them 
into vegetative and generative tissues [19], indicating the 
environmental quality. Airborne toxins can aggregate 
on leaf surfaces, and a few components could enter 
using the stomata and gather in leaf tissues [20]. Some 
of these heavy metals (i.e., Mn, Cu, Ni, Zn, and Co) are 
necessary for plant growth and may correct nutritional 
deficiencies, and high concentrations of these metals 
can negatively affect the physiological functions of 
growing plants [21] and cause high risks for humans 
and the environment. Iron is one of the essential mineral 
nutrients required for several physiological processes 
in plants. The standard concentration content of iron 
in plants is necessary both for plants health and for a 
nutrient source to man and animals [22]. The toxic 
concentration of plants is (300 ppm) [23], and in our 
studied plants Fe concentrations did not reach toxic 
levels.

Natural copper content in plants varies in the range of 
1-20 mg/kg [24]. Copper content in a leaf of all studied 
plant species in control site is under the limit value, but 
it is higher than the limit value in the contaminated 
location, and the most senior concentration observed 
in Olea europaena (64.02 mg/kg). The same results 
were obtained by [25] and [26], who observed a toxic 
concentration of copper in an industrial area in different 
plant species. Also, the highest levels of Mn and Pb 
after Zn in our study were found in the polluted site 
with a maximum value of Mn recorded in Eucalyptus 
amygdalina (521.23 mg/kg) and Pb in Dodonaea viscosa 
(144.31 mg/kg). 

Mn concentrations 73.66, 521.23, 84.08, 147.82 
and 104.84 mg/kg in Olea europaea L., Eucalyptus 
amygdalina, Nerium oleander L., Dodonaea viscosa, 
and Phragmites australis respectively can be considered 
high in plants. The concentrations of Mn in all plant 
species in the polluted site had been higher than the 
threshold micronutrient concentration in animal feeds 
of more than 70 mg/kg, [24], but in control, the site is 
under the limited value.  

Nickel plays a vital role in metabolic processes of 
higher plants [27], with the value of nickel in all studied 
plants in the polluted site reaching: Olea europaea L., 
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Eucalyptus amygdalina, Nerium oleander L., Dodonaea 
viscosa, and Phragmites australis was 37.93, 24.26, 
22.65, 18.45 and 20.38 mg/kg, respectively. These values 
were high and toxic as compared to the environmental 
standard range 1-5 mg/kg [27]. 

In the present study, comparison of all metals in the 
polluted site showed that the concentration of zinc is 
the highest, with the average highest value detected in 
Dodonaea viscosa (912.33 mg/kg). The environmental 
pollution of Zn dramatically influences the levels of 
this metal in plants [20]. Zinc is an essential element 
for plants, but when their concentration become toxic it 
produces varied physiological and biochemical changes 
in plants. A toxic concentration of Zn for a plant is 
about 300-400 mg/kg depending on plant species [28]. 
According to these values, the sampling locations for Zn 
concentrations found in our study in the control site in 
all plant species are smaller than the toxic limits, but the 
concentration of Zn in contaminated place inside steel 
factory and all plant species is above the toxic range. 
Therefore, it can be supposed that all plant species 
are strongly affected by pollutants produced from the 
factory.

The arsenate concentration in Eucalyptus 29.23 
and Dodonaea 34.45 mg/kg in the polluted site was 
above the toxicity threshold 3-10 mg/kg for plants 
(Moreno-Jiménez). All plant species in the control site 
in addition to Olea, Nerium, and Phragmites in the 
contaminated site showed normal and under threshold 
values of arsenate. Lead is one of the most abundant 
heavy metals, and its toxic effects cause environmental 
and health problems [29]. The primary source of lead 
pollution is human activities, mainly referring to 
lead emissions from industry and transportation, 
a waste product of vehicles, and effluents from storage 
batteries. Today, the major sources of lead emissions to 
the environment are from the process of mining [30]. 
Our results observed significant differences in lead 
concentration between control and the contaminated 
region. Maximum lead content is 144.31 mg/kg, found 
in Dodonaea, and the lowest level is 89.05 mg/kg found 
in Olea, whose results are in agreement with the results 
of  [31] and  [32], who observed a higher concentration 
of lead in plants in the polluted site when compared with 
plants found in unpolluted places. The concentration 
of lead in all plant samples in our study is higher than 
the standard value of 5-10 mg/kg, according to WHO 
permissible limits [33]. The concentration of lead in the 
polluted site is more than 10 times the standard value, 
indicating that steel factories profoundly affect plant 
species grown near them. 

Cobalt is necessary for healthy growth of plants and 
animals, but is toxic at elevated concentrations. The 
body needs only a trace amount of it. The concentration 
range of Cobalt in all plant samples in the polluted site 
is (2.24 to 4.30 mg/kg), and in the control site is (1.40 to 
1.76 mg/kg). Cobalt value in a contaminated site is two 
times more than the control site, but is lower than the 
toxic level 10 mg/kg in plants.
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Photosynthetic Pigments and Total 
Protein Content 

When plants are exposed to environmental pollution 
above the normal physiologically acceptable range, 
photosynthesis gets deactivated [34]. Hence any 
alteration in chlorophyll concentration may change the 
morphological, physiological and biochemical processes 
of the plant. Green plants have always played a role in 
determining the quality of the environment. Many green 
plants act as environmental biomarkers and mitigators 
of pollutants [35].

The results in Table 3 show that the pigments 
chlorophyll a, chlorophyll b, total chlorophyll, 
carotenoids and total protein contents in leaves of 
studied plants Olea europaea, Eucalyptus amygdalina, 
Nerium oleander, Dodonaea viscosa, and Phragmites 
australis are significantly lower in polluted sites in 
comparison to the control site. The highest percentage 
reduction of chlorophyll a (62.57%), chlorophyll b 
(60.86%), total chlorophyll (61.88%), carotenoids 
(63.35%) and total protein (30.00%) were reported 
in Eucalyptus amygdalina. The lower reduction 
percentage of chlorophyll a (23.14%), chlorophyll b 
(28.40%) and total chlorophyll (25.88%) were observed 
in Nerium oleander, while lower carotenoids (25.00%) 
and total protein (11.13%) reduction percentages were 
recorded in Phragmites australis and Olea europaea 
respectively. 

Table 4 shows the post hoc Duncan-test for founding 
the comparison of photosynthetic pigments and total 
protein among all plant species. The leaves of Phragmites 
australis showed the significantly higher concentration 
of total chlorophyll, carotenoids and protein when 
compared with other plant species, while Eucalyptus 
amygdalina recorded a lower level of all pigments in 
leaves. A lower concentration of protein contents was 
observed in Nerium oleander. Metal-specific effects on 
chlorophyll and carotenoid biosynthesis, leaf structure, 
plant species and the amounts of accumulated metals 
cause the different responses of photosynthetic pigments 
[36].

The results of our finding are in agreement with 
the observations of another study,  [13], that showed 
a significant decrease in chlorophyll and protein 
contents in two plant species in industrial air pollution 
site when compared with the unpolluted site. Heavy 
metals effluent from steel factory caused a reduction in 
chlorophyll contents in Phaseolus mungo [37]. The same 
results are obtained with  [12] in different plant species 
such as Nerium, Ficus and Mangifera. These results 
indicated that airborne heavy metals caused reductions 
of pigment content via alteration of chloroplast structure 
and thylakoid membrane composition [38]. 

In the present study, decreasing pigment contents in 
parallel with increasing pollution levels were detected. 
As shown in Table 5, a significant negative correlation 
was observed between (Fe, Cu, Mn, Ni, Zn, As, Pb, 

Plants Chlorophyll  a
(mg/g)

Chlorophyll  b
(mg/g)

Total chlorophyll
(mg/g)

Carotenoids
(mg/g)

Total protein 
(%)

Olea europaea 1.06±0.04 a 0.61±0.05 b 1.67±0.07 b 0.69±0.04 bc 10.93±0.8 c

Eucalyptus amygdalina 0.64±0.04 d 0.45±0.04 c 1.09±0.06 e 0.48±0.04 d 10.68±0.99 c

Nerium oleander 0.83±0.05 bc 0.63±0.04 b 1.46±0.06 d 0.66±0.05 c 9.37±0.74 c

Dodonaea viscosa 0.87±0.05  b 0.67±0.04 b 1.55±0.06 c 0.78±0.05 b 13.93±0.77 b

Phragmites australis 0.92±0.07 b 0.84±0.05 a 1.77±0.08 a 1.02±0.05 a 15.62±1.52 a

p-value 0.001 0.001 0.001 0.001 0.001
Post-Hoc Duncan- test: no differences between groups with the same letter. 
Significant differences between groups with different letters

Table 4. Comparison of photosynthetic pigments and total protein contents between different plants in polluted site.

Fe Cu Mn Ni Zn As Pb Co

Chlorophyll a − 0.586** − 0.678** − 0.625** − 0.522** − 0.855** − 0.612** − 0.815** − 0.604**

Chlorophyll b − 0.534** − 0.723** − 0.621** − 0.672** − 0.783** − 0.603** − 0.758** − 0.622**

Total Chlorophyll − 0.584** − 0.719** − 0.644* − 0.602** − 0.852** − 0.629** − 0.817** − 0.631**

Carotenoids − 0.471** − 0.641** − 0.621** − 0.645** − 0.717** − 0.574* − 0.684** − 0.579**

Total protein − 0.132 − 0.297 − 0.259 − 0.472** − 0.335 − 0.205 − 0.277 − 0.161

*Correlation is significant at 0.05 levels − negative correlation found
**Correlation is significant at 0.01 levels

Table 5. Pearson correlation (r) between photosynthetic pigments, carotenoids, total protein and heavy metals in leaves of studied plants.
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Co) and all pigments (chlorophyll a, chlorophyll b, 
total chlorophyll, carotenoids). Also, a significant 
negative correlation was found between Ni and total 
protein. Increasing the levels of Cd, Hg and Pb and 
even low concentrations are toxic to plants and caused 
the formation of reactive oxygen species, resulting in 
changing the levels of antioxidants and proteins and 
decreases in pigment content [39]. Abdelhafez and 
Li revealed that heavy metals uptake by the growing  
plants is a function of soil pH, metal concentrations 
in soils, types and varieties of plants. Also, they have 
mentioned that many plant species can metabolise 
different types of heavy metals based on their 
physiological performance, whereby plants varied in 
their ability to uptake and accumulate heavy metals  
[40]. The possible reason that caused the reduction 
of protein content in the polluted plant might be the 
enhanced rate of protein denaturation and also the 
breakdown of protein to amino acid [41]. Another 
reason may be raised in the activity of the degradative 
enzyme like proteases, which catalyze the breakdown of 
polypeptides into amino acids in order to withstand the 
stress induced by pollution  [42].

Dust particles that arise from industrial processes 
have a negative impact on the ecosystem and causr 
reductions in chlorophyll. Higher concentration of 
NO2, SO2, and fluoride of heavy metals released from 
industries reduce growth and photosynthesis in tree 
species; this may be due to several photochemical 
reactions such as oxidation, reduction and reversible 
bleaching of photosynthetic pigments under stressed 
conditions. Another possible reaction may be due 
to an alkaline condition build up by the dissolution  
of chemicals present in dust particles in cell saps, 
which are responsible for chlorophyll degradation.  
The deposition of a dust particle in stomata interfere 
with a gaseous exchange that consequently retards 
chlorophyll synthesis [43]. Reduction in chlorophyll 
content usually results in the conversion of chlorophyll 
into phaeophytin, which arises due to loss of  
magnesium ions by replacement with two hydrogen 
atoms [12].

Conclusions

The results showed that plants grown on the polluted 
area within a steel factory have a higher concentration 
of heavy metals than unpolluted areas. A negative 
correlation was found between the concentration of 
heavy metals and leaf contents of pigments and protein 
in all plant species. The results revealed that plants such 
as Olea europaea, Eucalyptus amygdalina, Nerium 
oleander, Dodonaea viscosa, and Phragmites australis 
are good bioindicators and might be used in pollution 
monitoring studies in industrial areas. Additionally, the 
studied plants have an accumulation ability used for 
removing the metal toxicity within the atmosphere close 
to the polluted region.
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