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Effects of Heavy Metals Emission from Al Dura
Power Station on the Soil Surrounding

Zaid A. Azeez °, Ali A. Al-Sallihy ¢ & Khalid A. Rasheed ®

Absiraci- Three selected sites with gradual distances from Al-
Daura thermal power station (0.5 km (St. 1), 1Km (St. 2) and
2Km (St.3), were chosen for sampling according to the
direction of downwind of site. In addition, one of unpolluted
site was chosen for comparison as a control site in Baghdad
around 4 Km upwind from Al-Daura thermal power station. The
samples were taken for two seasons; the first season was in
December 2014 and the second season was in March 2015.
The concentrations of some pollutants that originated from Al-
Daura thermal power station as air pollutants and heavy
metals in the soil were measured. Whereas the results of
heavy metals in soil refer to significant differences in the
concentrations of Nickel (Ni), Cadmium (Cd), and Copper (Cu)
in all three sites comparing with control site, they were higher
in site 2 than other sites, while the Lead (Pb) concentration
was higher in site 3. There was a significant increase in
concentrations of Ni and Pb in the first season than in the
second season, whereas no significant differences appeared
in the concentrations of Cd and Cu between the two seasons.

I. INTRODUCTION

Dower generating stations are one of the mega
projects, which require not only huge capital

investment, but also various natural resources
like, fossil fuels and water, thus create an everlasting
and immeasurable impacts on the environment and
generate tremendous stress in the local ecosystem
(Pokale, 2012).

Thermal power stations are one of the main
sources of the generation of electricity for any
developing country and are the most popular power
station present because of its high production and its
dependence on fossil fuel or their derivatives as a major
fuel. So, it is classified as a high pollution project (Kumar
etal.,2013).

Various physico-chemical and biological factors
control the mobility of metals in soils, one of them is a
change in pH, results in a converting the element from
one phase to another and thus, permit the estimation of
mobility of heavy metals in the soil (Naim et al., 2004; Lu
and Bai, 2010).

The link between the pH of the soil and heavy
metal threshold values reflects the complex interaction
between the heavy metals and the various soil
properties. Increasing and decreasing pH of the soil
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influences the chemical reactions in the soil. At low pH,
metals generally exist as free cations, at alkaline pH,
however, tend to precipitate as insoluble hydroxides,
oxides, carbonates, or phosphates (Karathanasis et al.,
2005; Gawlik and Bidoglio, 2006; Mamboya, 2007).

The aim of the present study was to determine
the effect of the heavy metals exit from Al-Dura thermal
power station on the soil surrounding.

II. MATERIALS AND METHODS

a) Sampling sites

Three sites with gradual distances from Al-
Daura thermal power station (0.5, 1 and 2 Km,
respectively) were chosen for sampling. In addition, one
of unpolluted site was chosen for comparison as a
control around 4 Km upwind from Al-Daura thermal
power station. All samples were collected for two
seasons; the first season was in December 2014 and
the second season was in March 2015 (fig. 1).
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== Site 1 Samples

Figure 1 : The study area of Al-Daura thermal power station with 4 sampling stations

b) Soils Sampling

Three replicates of soil samples were collected
from 0 to 20 cm depth from the top surface of the saoil for
each site for each season for heavy metals analysis and
pH value measurement. The samples were collected in
labeled sacks and transported to the laboratory.

c) Soil Samples

The chemical analysis of soil samples has been
done in the laboratory with air dried at room temperature
for one week, then crushed, sieved using a stainless
steel sieve (2 mm) to remove stones and to
homogenized elements. Finally, put in oven at 105°C for
3 hours. The resulted powder was stored in plastic
sucks until digestion (Lazar et at., 2008).

d) Measurement of soil pH
The pH value was measured for each sail
sample according to Rayment and Lyons (2011)

e) Analysis of Heavy Metals in Soil

The concentrations of heavy metals (Ni, Pb, Cd
and Cu) were determined using Atomic Absorption
Spectrometer (AAS). For heavy metals analysis, the
chemical digestion of soil samples was done according
to Page et al., (1982).

I11. RESULTS AND DISCUSSION

a) Soil Heavy Metals Measurements

The concentrations of heavy metals were
measured in soil samples at 0-20 cm depth from the soil
surface to estimation of soil pollution caused by Al-
Daura thermal power station.

Nouri et al. (2009) reported that the
contamination of heavy metals was mainly concentrated
in the top 20 cm of soil. El-Ghawi et al. (2007) proved
that the metals distribution on the top layer of soil is

© 2016 Global Journals Inc. (US)

important in relation to the bioavailability for plants and
the hazard of entrance of these metals into the food
chain. This accumulation of heavy metals on top of soail
is within the reason of the organic matter accumulation
at this layer which acts as an absorbent factor for these
metals.

The data obtained from this study; shown in
tables 1-4 included the measurements of the
concentrations of Ni, Cd, Cu and Pb.

b) Niconcentration in soil

The present study found that there was a
significant increase in the concentrations of Ni in season
1 than season 2, also there were significant differences
in the concentrations of Ni among all sites, where site 2
(was 177.79 = 3.11ug/g) recorded the highest value
among all sites. The higher interaction value with a
significant difference was found in season 1 at site 2,
whereas the lowest value was found in season 2 at the
control site.

The concentrations of Ni in all three sites were
higher than the worldwide mean abundance of Ni in the
soil that was estimated at 20 pg/g (Kabata-Pendias,
2011).



Table 1 : Concentrations of Ni ( g/g) in the soil for two seasons

Site Season Mean = SE
1 2
December 2014 March 2015
Control 21.81 = 1.16 20.47 +1.23 21.14 = 081D
1 (0.5 Km distance) 171.20 = 2.40 165.56 + 3.25 168.38 =+ 2.21B
2 (1 Km distance) 181.82 + 4.37 173.76 + 3.63 177.79 + 311 A
3 (2 Km distance) 50.23 = 3.15 44,71 = 3.31 4747 + 239 C
Mean + SE 106.26 = 21.4 A 101.13 = 20.8 B ---
LSD value: Site: 6.386 *, Season: 4.516 *, Interaction of Site x Season: 9.666 *
(P>0.05), N.S: Not significant

c) Cd concentration in soil

The results in the table 2 show no significant
difference has been recorded in the concentrations of
Cd in the soil for the two seasons. While there were
highly significant differences in the concentrations of Cd
among all sites. The mean concentration of Cd in site 2
was 10.02 = 0.37 ug/g which gave the higher value

among all sites. The interaction value was higher with a
significant difference in season 1 at site 2, while being
the lowest in season 2 at the control site.

The Cd concentrations in all sites for two
seasons were higher from the worldwide mean
abundance of Cd that is 0.53 pg/g (Kabata-Pendias,
2011).

Table 2 : Concentrations of Cd (ug/qg) in the Soil for Two Seasons

Site Season Mean = SE
1 2
December 2014 March 2015
Control 0.850 = 0.06 0.730 + 0.04 0.79 =0.04D
1 (0.5 Km distance) 6.97 = 0.68 6.81 = 0.56 6.89 = 0.39B
2 (1 Km distance) 10.15 + 0.49 9.90 = 0.65 10.02 = 0.37 A
3 (2 Km distance) 3.84 £0.42 3.75 = 0.43 379 +£0.27C
Mean = SE 5.452 = 1.06 A 5297 = 1.05A
LSD value: Site: 1.017 *, Season: N.S, Interaction of Site x Season: 1.555 *
(P>0.05) N.S: Not significant

d) Cu concentration in soil

The results of this study show that there was no
significant difference in the concentration of Cu in the
soil between the two seasons (Table 3), and found that
there were significant differences in the concentrations
of Cu among all sites, where it was higher in site 2 (was
75.665 = 2.56 pg/g) than the other sites. While the
concentration of Cu in site 3 not differ significantly from
the control site. The higher interaction value with a

significant difference was found in season 1 at site 2,
while the interaction value in season 2 of the control site
recorded the lowest value.

The concentrations of Cu in site 3 and control
site were within the worldwide mean abundance of Cu
(38.9 ug/g), while the mean of the concentrations in
sites 1 and 2 were higher from the worldwide mean
(Kabata-Pendias, 2011).

Table 3 : Concentrations of Cu (ug/g) in the sail for two seasons

Site Season Mean = SE
1 2
December 2014 March 2015
Control 22.10 + 1.23 20.93 + 1.06 21515+ 119D
1 (0.5 Km distance) 70.28 + 1.34 68.10 + 2.40 69.19 + 1.60 B
2 (1 Km distance) 77.96 + 2.41 73.37 = 2.16 75.665 = 2.56 A
3 (2 Km distance) 31.31 = 3.15 28.47 + 115 29.89 + 1.89 C
Mean = SE 50.417 = 232 A 47.717 + 0.69 A
LSD value: Site: 4.24 *, Season: N.S, Interaction of Site X Season: 6.37 *
(P>0.05) N.S: Not significant
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The results in tables 1,2 and 3 showed that the
concentrations of Ni, Cd, and Cu in the soil were higher
in site 1 and 2, while they were lower in the control site
and site 3. The high accumulation of these heavy metals
in the soil on site 1 and 2 compared with that in the
control site and the global values refers to the pollution
of soil near Al-Daura thermal power station that resulted
from the combustion of fossil fuel.

Akoteyon, (2012) stated that the release of
heavy metals into the environment is not limited to areas
adjacent to the point sources, such as the industrial
facilities.

e) Pb concentration in soil
There was a significant difference between the
two seasons in the mean concentrations of Pb in the soil

(Table 4). The concentration of Pb in season 1 was
higher than season 2. Also, the results in the same table
show that there were significant differences in the
concentrations of Pb in all the three sites when
compared with the control site. The concentration mean
of Pb insite 3 appeared on a higher level compared with
all other sites.

The mean concentration in Season 1 showed
the higher interaction value in site 3 that was 44.84 =
2.45 ng/g, while season 2 showed the lowest interaction
value in the control site that was 27.78 = 1.06 ug/g. The
overall mean value of Pb for different soils is estimated
at 27 ug/g (Kabata-Pendias, 2011).

Table 4 : Concentrations of Pb (ug/g) in the soil for two seasons

Site Season Mean = SE
1 2
December 2014 March 2015
Control 29.47 + 0.55 27.78 = 1.06 28.625 = 0.65 C
1 (0.5 Km distance) 36.35 £ 1.18 32.54 +1.39 34.445 + 1,18 B
2 (1 Km distance) 37.68 = 1.47 33.71 = 1.49 35.695 =+ 1.29B
3 (2 Km distance) 44.84 + 2.45 4195 + 1.77 43.395 + 1.49 A
Mean + SE 37.085 = 1.65A 33.995 + 1.69 B
LSD value: Site: 3.21 *, Season. 2.27 *, Interaction of Site X Season: 4.76 *
(P>0.05), N.S: Not significant

The first suspected cause for this elevated value
of Pb concentrations in site 3 returned to the emissions
from Al-Daura thermal power station, the vehicle
exhausts in heavy traffic of Al-Daura main street that was
nearest to site 3 add another source of Pb
concentrations.

Al-Ameri (2011) stated that when Pb is an air
pollutant, the larger size particles will be down to the

ground and polluted soils or surface waters and the
smaller particles will go long distances through air and
remain in the atmosphere. Part of these Pb patrticles will
fall back on earth when it is raining.

The distributions of Ni, Cd, Cu and Pb in soil for
all three sites and control site are shown in figure 2.
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Figure 2 : Distributions of Ni, Cd, Cu and Pb in soil for all three sites and control site
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The results of report of the Iragi Ministry of
Environment about heavy metals® pollution in sail,
around Al-Daura thermal power station in 2013, showed
a high concentration of heavy metals, especially Ni that
reached to 110 ug/g (Sahieb et al., 2013).

Habib et al, (2012) measured the
concentrations of some heavy metals in soil for many
regions of Baghdad and found that the average
concentrations of Ni and Pb in the soil of Al-Daura
suburbs were 105,and 37 (ug/g), respectively; which
agreed with the results in this study.

Also, there was a significant difference in the
concentrations of Ni and Pb in season 1 than season 2,
whereas no significant differences in the concentrations
of Cd and Cu between the two seasons and less in
season 2.

Metals from the upper layer of soil were flushed
out to some range and hence all the index values were
lower in the season 2 compared to season 1 (Rahman,
2012).

Results of Yahaya et al. (2009) and Najib (2012)
support the results of this study. They found that the
average concentration of metals during the dry season
(in this study, closer to season 1) in the surface layer of
the soil is higher than that in the wet season (in this
study, closer to season 2). They explained that the
seasonal rainfall may facilitate the reduction of soil
solution during the wet season and seasonal variations
in patterns of metal deposition. Thus, the precipitation
may limit the concentration in soil during the wet
season.

The result in the present study differs somewhat
from the findings of Onweremadu et al. (2007) and Jian
et al. (2014) who showed that the content of heavy
metals in soil in the dry season was comparatively low
compared to the wet season.

) The pH soil measurement

There are many factors affecting the disruption
of heavy metals in soil such as pH. The results of pH
values for the soil of the study sites are listed in tables 5.

Table 5 : The pH Value (Mean =+ SE) of soil in the study sites for the two seasons

Site Season Mean = SE
1 2
December 2014 March 2015
Control 7.55 = 0.014 7.60 = 0.17 7575 =011 A
1 (0.5 Km distance) 6.75 + 0.12 6.50 = 0.08 6.625 = 0.13B
2 (1 Km distance) 7.22 +0.16 7.33 + 0.16 7.275 + 0.11 A
3 (2 Km distance) 7.50 £ 0.16 7.42 = 0.11 7.46 £ 0.25A
Mean + SE 7.255 = 0.10 A 7212 £ 0.15A
LSD value: Site: 0.503 *, Season: N.S, Interaction of Site X Season: 0.741 *
(P>0.05) N.S: Not significant

The results presented in table 5 show that there
was no significant difference in the values of soil pH
between the two seasons. Also, no significant difference
for interaction (seasons * sites) in the soil pH.

In general, all the pH values of soil in the all
three sites were near to neutral, Results indicated that
Soil pH for sites 2 and 3 not differ significantly from
control site which gives 7.275, 7.46 and 7.575,
respectively. Whilst site 1 was more acidic 6.625 and
differ significantly from all other sites. The cause of the
lower pH values of soil, particularly in site 1 due to the
acidic rain resulted from the reaction between air sulfur
dioxide and oxides of nitrogen with water vapor
component originated from thermal power station as
mentioned by USEPA (2001).

The results of the neutral pH values of soil in
this study agreed with the illustration of Kabata-Pendias
(2011), who reported that the neutral values of pH play
an important role to keep the accumulation of heavy
metals at the top layers of soil, because at the neutral
values of pH some heavy metals such as Ni and Pb
have a strong relation with the soil solids, and hence its
movement towards the deeper layers will be limited.

Sulaiman et al. (2014) studied the effect of
some characteristics of soil around Kashe power station
in Duhok-lrag and found that the acid rain precipitation
that was originated from Kashe power station has an
effect on decreasing the pH value of soil samples. They
explained that the decrease of pH value was due to the
high concentration of SO, that dissolved in raindrops to
form sulfuric acid (H,SO,).

REFERENCES REFERENCES REFERENCIAS

1. Akoteyon, |. S. (2012). Evaluation of groundwater
quality using contamination index in parts of
alimosho, Lagos- Nigeria. Journal of American
Academic and Scholarly Research, 4 (4): 13-19.

2. Al-Ameri, M. A. (2011). Soil and Plants Pollution with
Some Heavy Metals Caused by Al-Daura Refinery
Emissions on the Surrounded Region. M. Sc.
Thesis, Department of Building and Construction
Engineering .University of Technology. Baghdad,
Irag.

3. El-Ghawi, U. M., ;Al-Fakhri, S. M.; Al-Sadeq, A. A;;
Bejey, M. M. and Doubali, K. K. (2007). The Level of
Selenium and Some Other Trace Elements in

© 2016 Global Journals Inc. (US)

Issue II Version I

XVI

Volume

Research (H)

Frontier

Global Journal of Science



Global Journal of Science Frontier Research (H) Volume XVI Issue II Version I n Year 2016

10.

11.

12.

13.

14.

15.

© 20

Different Libyan Arable Soils Using Instrumental
Neutron Activation Analysis. Biol. Tra. Elem. Res.,
119 (1):89-96.

Gawlik, B. M. and Bidogloi, G. (Eds) (2006). Results
of JRC-Coordinated Study on Background.
European Commission. Ispra: ltaly.

Habib, R. H.; Awadh, S. M. and Muslim, M. Z
(2012). Toxic heavy metals in soil and some plants
in Baghdad, Irag. Journal of Al-Nahrain University,
15 (2):1-16.

Jian, M. F.; Li, L. Y.; Xu, P. F.; Chen, P. Q.; Xiong, J.
Q. and Zhou, X.L. (2014). Spatiotemporal variation
characteristics of heavy metals pollution in the
water, soil and sediments environment of the Lean
River-Poyang  Lake  Wetland.  Journal  of
Environmental Science and Health, Part A:
Toxic/Hazardous Substances and Environmental
Engineering,50(1) 100-108.

Kabata-Pendias, A. (2011). Trace Elements in Soils
and Plants, 4th ed. Taylor & Francis: London, New
York

Karathanasis, A. D.; Johnson, D. M. C. and
Matocha, C. J. (2005). Biosolid Colloid-Mediated
Transport of Copper, Zink, and Lead in Waste-
Amended Soils. Journal of Environ. Qual., 34:1153-
1164.

Kumar, S.; Katoria, D. and Sehgal, D. (2013).
Environment impact assessment of thermal power
plant for sustainable development. International
Journal  of Environmental Engineering and
Management, 4 (6):567-572.

Lazar, G.; Capatina, C. and Simonescu, C. (2008).
Evaluation of the heavy metals content in soail
around a thermal station. Journal of Revista De
Chimie, 65 (10): 1215-1221.

Lu,S. G. and Bai, S. Q. (2010). Contamination and
potential mobility assessment of heavy metals in
urban soils of Hangzhou, China: Relationship with
different land uses. Environmental Earth Sciences,
60(7):1481-1490.

Mamboya, F. A. (2007). Heavy Metals
Contamination and Toxicity: Studies of Macro Algae
from the Tanzanian Coast. Ph.D Dissertation.
Stockholm University: Sweden.

Naim, S.; Ozcan, H. K.; Demir, G.; Nemlioglu, S.
and Bayat, C. (2004). Determination of heavy metal

concentrations in street dusts in Istanbul E-5
Highway. Environmental International, 29(7):979-
985.

Nouri, J.; Khorasani, N.; Lorestani, B.; Karami, M;
Hassani, A. H. and Yousefi, N.(2009). Accumulation
of heavy metals in soil and uptake by plant species
with phytoremediation potential. Environ Earth Sci.,
59:315-323.

Onweremadu, E. U.; Eshett, E. T. and Osuji, G. E.
(2007). Temporal variability of selected heavy

16 Global Journals Inc. (US)

16.

17.

18.

19.

20.

21.

22.

23.

metals in automobile soils. Int. J. Environ. Sci.
Technol., 4:35—41

Page, A. L,; Miller, R. H. and Keeney, D. R. (1982).
Methods of Soil Analysis.Part 2, Chemical and
Microbiological Properties .Am. Agron. Madison:
Wisconsin, USA.

Pokale, W. K. (2012). Effects of thermal power plant
on environment. Science Reviews and Chemical
Communications, 2(3)212-215.

Rahman, S. H.; Dilara K,; Tanveer M. A,
Mohammad S. | Mohammad A. A. and
Mohammad A. A. (2012). Assessment of heavy
metal contamination of agricultural soil around
Dhaka export processing zone (DEPZ), Bangladesh:
implication of seasonal variation and indices.
Applied Sciences, 2:584-601.

Rayment, G. E. and Lyons, D. J. (2011). Soil
Chemical Methods — Australasia, CSIRO Publishing,
pp. 33-39.

Sahieb. B. H.; Ghalib. M. S.; Hasin, S. K. and Ishag,
A. (2013). The effect of residual heavy Metals
originated from electric power station on internal
and surrounded soils of polluted site. (Study report).
Ministry of Environment/ Directory of Environmental
Protection and Enhancement in the Middle Region/
Directory of Baghdad Environment / Branch of
Agriculture Pesticides.lrag (In Arabic). (unpublished
report).

Sulaiman, A.; Hashim, F. and Ameen, H.(2014).
Effect of special clouds rain in kashe industrial area
on some chemical characteristics of soil (Duhok —
Irag). MAGNT Research Report, 2 (7): 981-991.
(USEPA) United States Environmental Protection
Agency, (2001). How Ground-level Ozone Affects
the Way We Live and Breathe. Office of Air and
Radiation.

Yahaya, M. I.; Mohammad, S. and Abdullahi, B. K.

(2009). Seasonal variations of heavy metals
concentration in Abattoir dumping site soil in
Nigeria. Journal of Applied Sciences and

Environmental Management, 13(4): 9 - 13.


http://www.ncbi.nlm.nih.gov/pubmed/?term=Jian%20MF%5BAuthor%5D&cauthor=true&cauthor_uid=25055663�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Li%20LY%5BAuthor%5D&cauthor=true&cauthor_uid=25055663�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xu%20PF%5BAuthor%5D&cauthor=true&cauthor_uid=25055663�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Chen%20PQ%5BAuthor%5D&cauthor=true&cauthor_uid=25055663�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xiong%20JQ%5BAuthor%5D&cauthor=true&cauthor_uid=25055663�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xiong%20JQ%5BAuthor%5D&cauthor=true&cauthor_uid=25055663�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Xiong%20JQ%5BAuthor%5D&cauthor=true&cauthor_uid=25055663�
http://www.ncbi.nlm.nih.gov/pubmed/?term=Zhou%20XL%5BAuthor%5D&cauthor=true&cauthor_uid=25055663�
http://www.tandfonline.com/loi/lesa20?open=50#vol_50�
http://www.tandfonline.com/loi/lesa20?open=50#vol_50�
http://www.tandfonline.com/loi/lesa20?open=50#vol_50�

	Effects of Heavy Metals Emission from Al_Dura Power Stationon the Soil Surrounding
	Author
	I. Introduction
	II. Materials and Methods
	a) Sampling sites
	b) Soils Sampling
	c) Soil Samples
	d) Measurement of soil pH
	e) Analysis of Heavy Metals in Soil

	III. Results andDiscussion
	a) Soil Heavy Metals Measurements
	b) Ni concentrationin soil
	c) Cd concentration in soil
	d) Cu concentrationin soil
	e) Pb concentration in soil
	f) The pH soil measurement

	References Références Referencias

