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Abstract

Heavy metals cause many problems in living organisms. Using living organism as a bio 
indicator is a useful way to show environment conditions. In this paper, bioaccumulation 
of heavy metals in house sparrow feather was studied. The house sparrow is distributed in 
many parts of the world. The house sparrow lives in urban and rural areas. Due to living in 
residential areas, it is affected by man-made pollutants. The main source of air pollution in 
Tehran is fuel combustion in car engines. It seems that air pollution somehow accumulates 
in the body of urban birds. The house sparrow has been selected as a biological indicator in 
Tehran. Sample point were chosen in north, south, west and east of Tehran. In each area 10 
samples were chosen. Amount of heavy metals in feathers measured by ICP. Zoning was 
done using GIS. According to result amount of nickel is higher than cadmium and lead. 
The accumulation of heavy metals in the feather tissue depends on  where the bird lives. The 
highest amount of lead, nickel and cadmium was 2.89, 451 and 25.9 ppb. The lowest amount 
of lead, nickel and cadmium was 0.88, 11.59 and 0.54 ppb.  Result indicates that house 
sparrow could be used as a bio indicator of heavy metals in urban areas. The curve fitting 
application in MATLAB is used and shows the relation between heavy metal concentration 
in soil and concentration in feathers to predict amount of muscle concentration.
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3. Results 
Figure (1) indicates heavy metals concentration in 

feathers of sparrow in various part of Tehran. It shows 
the accumulation of metals in the feathers of sparrows in 
the various part of Tehran city. The highest accumulation 
is related to nickel and the lowest amount of the desired 

metals is related to lead. Among the metals considered in 
this research, cadmium is more than lead and much less 
than nickel. Lead is stored in feather tissues ((Jayakumar 
and Muralidharan, 2011), It is shown in figure (2) that 
the accumulation values of each metal in house sparrows 
feather of different regions are different. This difference 

1. Background
 Development of industries caused wide spread of 

various kinds of pollutants. In urban area transportation is 
a major source of pollutant, like petroleum hydrocarbons, 
heavy metals and so on (Jalilzadeh Yengejeh et al., 2014; 
Masoumi et al., 2020; Tabari et al., 2021) . Heavy metals 
are one of the most important environmental pollutants 
and their toxicity is an environmental problem. Some of 
them have cumulative properties and accumulate and 
store by living tissues. Heavy metals settle down on the 
soil and enter the food chain. Heavy metal retention time 
in soil is longer than other environmental media (Babaei 
et al., 2017; Khalili Arjaghi et al., 2020; Farsani  et al., 
2022; lassat,2022).

House sparrow or common sparrow or city sparrow 
with the scientific name Passer domesticus is a species 
of sparrow that mainly lives in urban areas in large 
numbers. The most populous sparrows in Tehran are of 
the "house sparrow" species, which make up about 90% 
of the sparrow population in Tehran. It has been seen 
that sparrows live in polluted places in many countries 
(albayrak & pekgoz,2021; Mboua et al., 2023).

Various factors affect the accumulation of heavy 
metal in bird feathers like: diet, age, gender and so on 
(Fataei, et al., 2010;Varagiya et al., 2022). In this study, 
the amount of lead, cadmium and nickel in the feather of 
house sparrow were measured.

Lead is a natural element found in small quantities 
in the Earth's crust(Bayrami et al., 2020; Fazeli et al., 
2019; Gazijahani et al., 2017; Hadi Bonab et al., 2020). 
Lead is used in crystal, paint, ceramics, pipe, solder, 
gasoline, battery, ammunition and cosmetics. Lead enters 
the human and animal body in two ways and causes 
poisoning; One by entering the food chain by feeding the 
elements of the chain and the other by breathing in lead 
-contaminated air. Through nutrition, concentrations of 
lead enter the human body and organisms.

Cadmium is a natural element in the Earth's crust. 
Cadmium is used in the manufacture of batteries, 
especially nickel-cadmium batteries, plating, coatings, 
stabilizing materials in plastics and colors. Forest 
fires and volcanoes, industrial activities, wastewater 
discharge, industrial waste, phosphate fertilizers are 

sources of cadmium emissions. The amount of cadmium 
absorption in food is depends how the animals are fed. 
In 2004, the World Health Organization considered 
the maximum permissible amount of cadmium for 
agricultural soils to be about 0.2 mg/kg. Cadmium is a 
relatively mobile metal and its amount in the environment 
is low. Cadmium is present in phosphate fertilizers and 
enters the environment from metal smelting industries.

Industrial uses of nickel include steel, plating, colors, 
and ceramics. Low values are needed to produce red 
blood cells in the human body, although in high values 
it can be somewhat toxic. Nickel affects the tissue of the 
brain, liver, kidney, bones, heart and endocrine glands) 
Duda-Chodak and Blaszczy, 2008; Khayatnezhad and 
Nasehi, 2021, Wang et al., 2022).

The house sparrow can be an indicator of 
environmental conditions due to its high adaptability 
to urban environments. Therefore. In this study we 
measured the amount of aforementioned heavy metals 
in feather of house sparrow to act as a bio indicator for 
surveying the amount of pollution.

2. Materials and Methods
Our statistical population was the whole population 

sparrows of Tehran which was not practical.  The sample 
size was calculated using Cochran formula. Sparrow 
feathers were collected from different parts of Tehran. 
For ethical reasons, the number of samples was limited. 
10 nests were considered from each park. Using the 
GPS, the geographic location of the sampling area was 
determined. Sampling was done in different areas during 
the summer of 2022. Parks were selected for sampling 
the nest, because parks have denser vegetation than other 
places of the city. Feathers gathered from sparrow nest. 
The feathers were dried and powdered. The sample was 
digested in 5 ml of sulfuric acid and placed on a hot plate 
for 3 hours. The sample was diluted and injected into 
the device. Measurement of heavy metals was performed 
using the ICP-OES model VISTA MPX manufactured 
by Varian Australia. MATLAB software was used for 
development model for relation between concentration 
heavy metals in soil and feathers to predict muscle 
concentrations.

Table 1. Geographical location of sampling stations

Geographical location Station 
35.755139, 51.376501 Fadak park 
35.808673, 51.471781 Niavaran park 
35.683016, 51.409759 City park(shahr) 
35.753293, 51.423348 Haghani park 
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Fig 1. heavy metals concentration in feathers of sparrow in various parts of Tehran

 

Fig 2. Zoning of heavy metal accumulation in house sparrow feathers
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is due to the accumulation of the mentioned metals in 
different areas under investigation. Concentration of 
nickel, cadmium and lead are different in mentioned part 

of Tehran’s. 
 Cadmium is more than 0.05 and on the other hand, 

Report Number t test for equality of means 

t Degrees of 
Freedom 

sig.value Difference mean Confidence Interval 
Lower Upper 

20.225 19 0.000 1498.300 1343.25 1653.35 
Cd 1.836 19 0.082 6.989650 -0.97636 14.95566 

Pb -47.327 19 0.000 -10.80700 -11.2849 -10.3291 
Ni 2.216 19 0.039 88.853700 4.92709 172.78031 

 

Table 1. t test for equality of means

 
Fig 3. Lead concentration

 Fig 3. Cadmium concentration
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the confidence interval includes zero, that is, Cd is equal 
to the average value.

The significance level for Pb, Ni is less than 0.05 and 
on the other hand, the confidence interval includes zero, 
Therefore, we can reject the assumption that the average 
is equal to the average value, that is, Cd is not equal to 
the average value, now considering that:

For Pb, the lower and upper confidence intervals are 
negative, so it is lower than the average value. For Ni, 
the lower and upper confidence intervals are positive, so 
it is more than the average value.

The reason we use the one-group T-test is that we 
want to compare this value with a constant value which 
is its standard value.
Linear model Poly23:

     sf(x,y) = p00 + p10*x + p01*y + p20*x^2 + 
p11*x*y + p02*y^2 + p21*x^2*y 

                    + p12*x*y^2 + p03*y^3
     Coefficients (with 95% confidence bounds):
       (p00 =     -0.7026  (-7.751, 6.346)
       (p10 =       0.468  (-3.955, 4.891)
      ( p01 =      0.1543  (-12.79, 13.1)

      ( p20 =    -0.08879  (-0.7539, 0.5763)
      ( p11 =    -0.03658  (-2.328, 2.255)
      ( p02 =      0.1454  (-4.817, 5.108)
      ( p21 =     0.03402  (-0.2971, 0.3651)
      ( p12 =     -0.0655  (-1.075, 0.9439)

In order to determine the concentration of lead in 
muscle, the curve fitting application in MATLAB was 
used. This process involves creating a mathematical 
model that accurately represents the relationship between 
two sets of variables: the lead concentration in soil and 
lead concentration in a feather, and the lead concentration 
in muscle. MATLAB's curve fitting tool allows the 
user to define a function that describes the relationship 
between the independent variables (lead in soil and lead 
in feature) and the dependent variable (lead in muscle). 
The parameters of this function are then adjusted to 
best fit a set of observed data points. Once the best-
fitting model is determined, the related equation is also 
presented for reference and further analysis. This allows 
for more accurate predictions of lead concentration in 
muscle based on the lead concentrations in soil and lead 
in feature

 

Fig 3. Nickel concentration

4.Discussion
It seems that a significant amount of heavy metals is 

released into the atmosphere by the traffic of Tehran city 
and can accumulate in the soil, which eventually becomes 
an available source of heavy metals. Heavy metals enter 
the soil from various sources such as water, air and…
(Abbasi& Afrous, 2023). Industries and vehicles are the 
main source of nickel, lead and cadmium( Ajami  et al., 
2015; Gooran Ourimi, & Nezhadnaderi, 2020; Raazi 
Tabari  et al., 2020).   It can be said that the land use of 
the area plays an important role in the distribution of 

heavy metals in the environment. The amount of nickel 
is very high in the central and western regions which is 
at a critical level. On the other hand, the amount of nickel 
is at the lower amount in southern and eastern part of 
Tehran.  It can be justified that amount of concentrations 
of heavy metals in different parts of Tehran depends on 
metals behavior, density of vegetation and distance from 
main streets. Tehran's air pollution is the main cause of 
the entry of heavy metals into the environment (Abbasi 
et al.;2017), so distance from heavy traffic areas affect 
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the concentration of heavy metals in soil. Nickel and 
Vanadium are indicators of petroleum pollution, which 
are probably caused by vehicle fuel in many places. Air 
pollution is high near many high-traffic areas of Tehran, 
and the deposition of soot and pollutants on the food used 
by birds causes an increase in heavy elements in birds. 
Ingestion of nickel by birds and wildlife affects their 
respiratory system and leads to asthma and also damages 
DNA. According to the obtained results, the sparrow 
feather can be used as an Environmental pollution index. 
Some researches state that the amount of nickel absorption 
in birds of polluted areas is higher than that of mammals 
(Outridge & Scheuhammer,2011). The high level of 
nickel in the environment can be related to being close 
to electronic factories in some areas. The land use an 
important role in the distribution of heavy metals in the 
environment.

Cadmium are high in central areas of Tehran and 
low in other areas. Other reserchers obtained the same 
result (Abbasi et al.;2017).   The amount of cadmium 
can be attributed to the use of fertilizers and pesticides. 
According to Burger (2008) the number of differences 
may be related to things like atmospheric deposition, local 
emission, bird species and how heavy metal is exposed 
(Burger et al.,2008). Wild birds, which are closely related 
to humans, have the highest risk of contamination and are 
an important environmental indicator of environmental 
pollution. Crows, house sparrows, nightingales, and 
pigeons are among these birds (Aziz et al.,2021). 
Bioaccumulation Cadmium can be related to the use of 
fertilizers and pesticides (Ajami  et al., 2015; Hajjabbari  et 
al., 2016; Ya et al., 2019). According to Hahn et al.,1993, 
The bioaccumulation of lead and cadmium in bird’s 
feather has been related to air pollution. High amounts 
of cadmium cause oxidative stress in birds (Karimi et 
al., 2018). Cadmium accumulation is higher in aquatic 
animals (Fatemi & Khoramnejadian,2016). Lead is low in 
most areas except in the south of the city because it has 
been removed from gasoline for years.

The amount of lead is very high in the south and east 
of Tehran. In the north and west of Tehran, the amount of 
lead is very low.

Jasper (2013) mentions the reason for choosing it as a 
biological indicator in birds is the correlation between the 
high level of pollutants in bird food and the accumulation 
in bird tissues (Jaspers et al., 2013).

Air pollution is high near many high-traffic areas of 
Tehran. The deposition of soot and pollutants on the food 
used by birds can cause the increase of heavy elements 
in birds. Birds are affected by man-made pollutants in 
urban and rural areas, This has been seen in other studies 
(Sheybanifar et al.,2015).

Bird feathers contain sulphurous proteins, so heavy 
metals are more concentrated in the feathers(Burger et 
al.,2008).

It seems that a significant amount of heavy metals is 
released into the atmosphere by means of transport in 

Tehran and can accumulate in the soil, which eventually 
becomes an available source of heavy metals. This is also 
seen in the research ( Manta et al.,2002).

5.Conclusion
Growing cities and industrialization caused 

environmental pollutions. Fossil fuel is the source of 
various pollutants in the world. Heavy metals concentrate 
in the different parts of living organisms and transfer in 
the food chain. 

Bird feathers act as biological indicators and show 
environmental conditions. 

The current research showed that the accumulation of 
heavy metals in feathers is an indicator of the environment 
and these elements are accumulated. The lowest 
concentration of lead in fill was 0.88 

ppb in the west and the highest was 2.89 ppb in the 
south. The lowest concentration of cadmium was 0.54 in 
the north and the highest was 25.99ppb in the east. The 
lowest concentration of nickel was 11.59 ppb in the west 
and the highest was 451 ppb in the north.

By MATLAB Linear model Poly23 we can predict 
the relation between the amount of soil heavy metal 
concentrations with muscle and feather concentrations.
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