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A B S T R A C T: 
The present study was carried out in November 2019 to investigate the impact of Kani-qrzhala landfill on soil pollution of     

                                                                                                                                   

       -                         -                                                                                        selected 

at different depths (0-10), (10-20), (20-30) cm, were collected randomly at the dumpsite field in the study area with a control 

sample. The different parameters of soil samples were analyzed of contaminated metals such as Iron (Fe), Manganese (Mn), 

Nickel (Ni), Lead (Pb), and Zinc (Zn) were determined in the study soil samples by using portable x-ray fluorescence (XRF). 

Additionally, specialization index Geoaccumulation (I geo) was calculated and used for evaluating the soil pollution status: In the 

depth (0-10) cm, the heavy metals concentration was recorded as follow: Fe > Pb > Zn > Ni > Mn. Also in the depth (10-20) cm 

Fe > Pb > Zn > Mn > Ni. In the depth (20-30) cm depth Fe > Pb > Mn > Zn > Ni (0 mg kg-1). Measuring Geoaccumulation index 

(I geo): The results show that most the most location of the study area of soil surrounding the dumpsite were polluted by heavy 

metals followed by series: Ni, Pb > Zn > Fe >Mn. 
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1. INTRODUCTION: 

 

 As the population grows rapidly, along 

with the technological and industrial advances in 

the recent years, the chemical composition of 

municipal solid waste (MSW) in the country has 

also become more complex. This includes the 

presence of various toxic heavy metals. 

Considerable amount of toxic heavy metals that 

may create potential adverse effects on human, 

crops and animals, have been a great concern to 

both regulatory bodies and environmental activist 

in the recent years. Due to this reason, the 

availability of good heavy metal data in local 

MSW is important (Steven, 2003). 

 

 

 

 

 

 

     v      ’                         

research for investigate and monitoring the soil 

pollution degrees in order to evaluate for 

economic sustainable development and public 

health (Eni and Bosneaga, 2010). Basically, the 

term soil pollution indicates for a substance or a 

chemical out of normal concentration which has a 

negative effect on surrounding living organisms 

and the physicochemical properties of soils. Most 

of the pollutants are derived from anthropogenic 

sources directly or indirectly, while, other metals 

are observed naturally from rocks and mineral 

(Jeong, 2022). Soil has been increasingly used for 

dumping and buried solid and liquid wastes during 

the expansion of urban industrialization, thinking 

it was out sight with no risk to human and the 

environment whatsoever and the pollutants will 

disappear (Shui et al., 2020) As the pollution grow 

rapidly, along with the technological and 
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industrial advances in the recent years, the 

chemical composition of municipal soil waste 

(MSW) in the country has also become more 

complex this includes various toxic heavy metal 

.considerable amount of toxic heavy metals that 

may create potential adverse effects on human, 

crops and animals, have been a great concern to 

both regulatory bodies and environmental 

activities in the recent years, due to this reason the 

availability of good heavy metal data in local 

MSW is important (Steven, 2003). Trace elements 

       v                                     ’  

crust. The natural geological and biochemical 

cycle of heavy metals is massively altered by 

anthropogenic activities. Therefore, a continuous 

descending of pollutant concentration especially 

heavy metals in soil turn a red light for 

environmental concern in the ecologists, biologist 

and farmers. Assessing heavy metals 

concentration in soil for environmental risk 

assessment and their essentiality for the 

agricultural and non-agricultural area. The 

persistence of heavy metals in soil for long period 

of time besides their potential toxicity creates 

major human health issues. An alteration and 

accumulation of heavy metals through natural and 

anthropogenic activities and need to be subjected 

under the scope for their poses and threat to 

ecological phenomena (Al Obaidy et al., 2013). 

The objectives of this study were to know the 

effect of the Kani-qrzhala landfill at different 

locations and depths on soil contamination by 

heavy metals, and to quantify the number of heavy 

metals in the soils were taken under MSW, and 

Determining the Geo-accumulation Index (Igeo) 

here was to determination of the spatial 

distribution of the Geoaccumulation indices (Igeo) 

of Pb, Cd, Ni, Fe and Mn in surface soil horizons 

in the landfill of the study area as a parameter of 

soil contamination. 

 

2. MATERIALS AND METHODS  

2.1 Descriptions of the study area 

Soils were collected from landfills which 

were located at the road of Arbil-Mosul 

governorate. The soils were taken from the soil 

surface (0 -30) cm depth (Table 1). The dump 

field investigated is located at the west of Erbil 

city lies betwe                             

                                                  

all of the wastes (domestic, commercial, industry, 

                                     …     

together without any segregation before dumping. 

Table (1) combination effect of depths and directions of soil 

samples on total heavy metals concentration (mg kg
-1

) in 

polluted soils. 

Sample 

Number 

Directions 

 

Depth 

(cm) 

Pb Cd Ni Fe Mn 

mg kg-1 

 

1 
North 

0-10 298 1.98 4.30 15690 17.0 

10-20 252 2.07 0.00 12149 16.0 

20-30 206 2.19 0.00 7968 0.00 

 

2 
East 

0-10 238 2.07 4.30 12210 16.0 

10-20 218 2.11 0.00 11306 14.0 

20-30 164 2.15 0.00 10158 16.0 

 

3 
South 

0-10 160 1.41 2.10 6139 16.0 

10-20 57 1.46 0.00 7108 12.0 

20-30 0.0 2.00 0.00 5278 11.0 

 

4 
West 

0-10 135 1.21 0.00 6060 13.5 

10-20 45 1.25 0.00 8214 21.0 

20-30 0.0 1.31 0.00 5826 17.0 

 

5 
Control 

0-10 0.0 0.25 0.00 4752 11.0 

10-20 0.0 0.21 0.00 4656 11.3 

20-30 0.0 0.01 0.00 4848 9.0 

 

2.2 Soil sample location pretreatments 

Six soil samples were taken randomly obtained 

under the dumpsite area after removing the 

overlying wastes of surface soil samples, six 

locations chosen to represent various location of 

the dumpsite. While one sample located outside of 

the dumpsite area which chosen as a control 

sample at the dumpsite from unfarmed land, at 

100 m away from the landfill. The soils were air 

dried ground and sieved through a 2 mm, and kept 

until physical and chemical analysis. The samples 

were taken from soil surface (0-10), (10-20), (20-

30) cm (Halverson, 2001). 

 

2.3 Total heavy metal concentration in soil 

samples (mgkg
-1

) 

The determination of heavy metals content in 

soil samples directly done by using portable (X-

MET7500) XRF analyzer after drying, grinding, 

and sieving with 2mm the samples (Sitko et al., 

2004). 

 

 

2.4 XRF (X-Ray Fluorescence) 

X F   ’                               v  

metals content in the soil sample, it can be 

operated in situ in the investigated area which 

tremendously decrease the number of sample for 



Ahmed. H. and. Manmi .K .  /ZJPAS: 2023, 35 (2): 63-77 

80 

 

ZANCO Journal of Pure and Applied Sciences 2023 

 

 

the laboratory. Furthermore, a direct analyzed can 

be done after drying and powdering of the 

material (Sitko et al., 2004). X-MET7500 (X-ray 

Metorex) handheld energy dispersive X-ray 

fluorescence analyses are rapid multi-element 

           T      v      ’      -known for their 

high capability for more than (50) years in Oxford 

Instruments. The X-MET7500 are capable for 

providing a rapid and precise analysis from the 

wide range of material including some essential 

macro, micro and heavy metals like magnesium 

and other trace elements. X-MET7500 provides 

additional analytical flexibility, and the higher 

performance needed to determine low levels of 

impurities. One of the major pros for using XRF 

  ’                                           

necessary step need to be done while operating 

ICP method for screening for total element. 

Moreover, XRF technique provide non-destructive 

for homogeneous materials analysis. Only a tiny 

preparation for samples are require, which makes 

XRF quite cost effective and each measurement 

require less than 5 min compared to other devices 

which takes enormous amount of time from 

cutting, weighing, and digesting the materials. 

Other pros for XRF device the lack for adding a 

hazardous acid, and elimination the chance for 

disposing those acids. Some XRF provide are 

portability for analyzing of materials, allowing for 

field-screening of products (David, 2015). The 

Geoaccumulation index (Igeo) was used as a 

quantitative determination of the spatial 

distribution (random and systematic variation) of 

heavy metals in surface soil horizons in the study 

area. A good indicator of environmental pollution 

of soils by heavy metals is their Geoaccumulation 

index (I geo) (Grzebisz et al., 2002). For the 

evaluation of soil contamination by heavy metals, 

the pollution indices may differ from each other 

due to several factors that affect their importance 

(Ahiamadjie et al., 2011and Kowalska et al., 

2016). 

Geo-accumulation index (Igeo) = log2 Ci / 

(Cig*1.5)…….… (1) 

W    : C    ’                                   al 

in the investigated area and C     ’      

background concentration of the selected metal or 

concentration of metal in the control sample, and 

1.5 is constant that is used for lithological 

variations of the heavy metal. Determining the soil 

pollution indices needs the evaluated level of the 

geochemical background (GB). This term was 

presented to discriminate natural concentrations of 

heavy metals in the soil from unusual 

concentrations (Reimann and Garret 2005). 

(Muller, 1979) who defined Geo-accumulation 

index (Igeo) as a single index to affirm metal 

                    ’                         

commonly used for quantitative method to 

evaluate degree of single metal concentration in a 

soil sample with respective to the geological 

background (BG). This parameter can be used for 

comparison between the past pollution levels and 

present. Furthermore, for minimizing the variation 

of lithogenic effects the (1.5) value is employed in 

Igeo index equation. However, Igeo index has also 

many weak points such as; in case of using 

incorrect geological background (BG), unreliable 

results will be obtained, possible natural 

fluctuation within the geological background (BG) 

will also lead to mistaken results, and dismissing 

the possible capability of another present, heavy 

metal for causing pollution) Kowalska et al., 

2016).The authors  Forstner et al., (2014)  have 

classified the geo-accumulation index into seven 

                                        :       ≤ 0 

               0                  ; 0<    ≤  

called class 1or  uncontaminated to moderately 

            ;  <    ≤2               2    

                       ; 2<    ≤              

3 or moderately to strongly contaminated; 

 <    ≤                                   

            ;  <    ≤                           

or strongly to very contaminated, and finally 

Igeo>5 is regarded as class 6 or very strong 

contaminated. 

 

 
 
Fig. 2 Portable XRF (X-MET 7500 Metorex) 

 

3. RESULTS AND DISCUSSION 

3.1 Total heavy metals concentrations (mgkg-1) 

in soils at different depths  

The present study has endeavored to 

determine the concentrations of Pb, Zn, Fe, Mn 

and Ni in the assortment samples of soil. The 

appraisal of soils in the dumpsite for the levels of 

harmful elements is indispensable for in good 
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health crop yield; (Table 1) shows the heavy 

metals concentrations were in attendance in the 

soils. The accumulation of heavy metal from the 

soils of landfill was higher than the control 

samples (100 m) away from the landfill area. 

3.1.1 Lead (Pb) 

The mean values of Pb in the landfill soil 

samples ranged 00.00-298.00 mg kg
-1

 against 0.00 

mg kg
-1

 in control (Table.1). The Pb was higher 

than observed by Koaser (2003), with the highest 

value of 298.0 mg kg
-1

 and the maximum 

allowable limits proposed for farmland soils 15 

mg kg
-1

 of uncontaminated soils (Kabata-Pendias 

and Pendias 2011) and higher than the standard 

background rate of 10 mg kg
-1

 reported by 

(Alloway,1995). This is in conformity with the 

results obtained from similar modification by 

Umoh and Etim (2013) for soils from dumpsites. 

Concentration of lead in the soils from both areas 

should be as a result of batteries dry cell, sewage 

waste water, atmospheric depositions of wastes 

and runoff. The sampling depth caused a 

significant decrease on the total concentration of 

Pb in soil samples, the decrease of Pb under the 

effect of depth may be due to the heavy metals 

characteristics (Fig. 1a). 

 

 
Figure (1a): Relationship between Heavy metal 

concentrations with depths in the different directions of the 

studied soils. 

 

 Organic matter its great sink for Pb in 

contaminated soil which is responsible for 

accumulating Pb near the soil surface in the most 

soil sample. (Shenglu et al., 2008).The highest 

value of lead (298.00 mg kg
-1

) was from north 

direction and in depth (0-10 cm) and may be as a 

result of long term waste disposal because the 

waste disposed contained several sources of lead 

such as cans, fuels, pigments, wheels, and 

chemicals. Traunfeld and Clement (2001) 

identified that lead accumulated in the upper (20 

cm) of the contaminated soil and is highly 

immobile. Ahmed (2012) observed that highest 

amount of Pb accumulated at surface soil. The 

lowest value of lead (00.00 mg kg
-1

 ) was from the 

south direction from the source of pollution this 

may be due to mobility which could not be easily 

leached to bottom layer and physical properties of 

the soil and soil pH value (Al- Khashman and 

Shawabkeh 2006). Al Farraj and Al Wabel (2007) 

also observed that the heavy metals concentration 

decrease with increasing soil depth or may be due 

to the low mobility of Pb in the soil (Bansal and 

Singh, 2014). There results indicates that the 

maximum amount of Pb was concentrated on the 

soil surface, Miclean et al., (2009) concluded that 

Pb is mainly accumulated in surface horizon of 

soil due to its poor water solubility within an 

environmentally relevant pH range results in very 

low mobility. Soil polluted at the surface with Pb 

deposits from aerial contamination show little 

indicators of metal leaching over many years. 

Furthermore, lead accumulated in the surface 

                           ’                      

due to its lower mobility (Ekeleme et al., 2013). 

3.1.2 Cadmium (Cd) 

The mean concentration of cadmium in the 

dumpsite soil samples were 1.21-2.19 mg kg
-1

 

(Table1, Fig.1b) that located between normal 

range of 0.1-7.0 mg kg
-1

  in soil (Das, 2005). The 

lowest value of cadmium (1.21 mg kg
-1

) was 

obtained from west direction at 0-10 cm depth and 

this may be due to geochemical properties of soil 

such as pH, organic matter, and inorganic legends. 

Cd was known as more mobile and highly soluble 

than other heavy metals. Cadmium in soil was not 

strongly affected by soil organic matter, but 

cadmium existed in solution as a free divalent 

cation (Cd
2+

) or with inorganic legends Cl
-
 , SO4

2-
, 

or HCO3
-
 . The compound formation   between 

metals and inorganic compounds Cl
-
 and SO4

2-
 

prevent the adsorption of Cd on soil and this may 

be due to the creation of cadmium complexes that 

were not strongly adsorbed by soil. Cadmium is 

precipitate as CdCO3 or CO
-
 precipitate with 

CaCO3 with resulting decrease in solubility/ 

availability when soil pH > 7 (Saha et al., 2017). 

Ahmed (2012) mentioned the highest value of Cd 

was accumulated at surface layer, while the lowest 

value recorded at bottom layer. 
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Figure (1b): Relationship between Heavy metal 

concentrations with depths in the different directions of the 

studied soils. 

 

3.1.3 Nickel (Ni) 
Nickel concentration in the landfill soils 

which ranged between 0.00 to 10.17 mg kg
-1

 

slightly higher than the control soil samples (0.00 

mg kg
-1

) table (1). Figure (1c).and results It 

concentration was located within allowable value 

(5-500 mg kg
 -1

 soil) of nickel according to Allen 

et al., (1974) and less than with the permissible 

range in United State 13-30 mg kg
-1

 soil 

(McBride, 1994). The highest value of nickel 

(10.17 mg kg
-1

) was recorded at the south from the 

depth (0-10 cm). This may be due to soil 

contamination with different sources of nickel as a 

result of anthropogenic activities which leads to 

release higher level on nickel to the soil.  Esakku 

et al., (2003) observed that higher levels of heavy 

metals at the middle layer may be due to the 

downward migration of leachates. The higher 

level of metals (Ni, Cd, Pb and Zn) occurred in 

MSW. The lowest value of nickel (0.00 mg kg
-1

 ) 

was obtained from the most of locations, this  may 

be due to high level of Fe and Mn oxides and a 

part of soil nickel occluded in Fe and Mn oxides 

also seems to be available to plant roots (Saha et 

al 2017). Ahmed (2012) was recorded lowest 

amount of Ni at bottom layer.  These results agree 

with Das (2005) and Esakku et al., (2003). The 

concentration of heavy metals both in natural and 

in converted soil at varying depth does not follow 

any specific trend .The concentration of some 

parameters increased with increasing depth and 

other parameters decreased with depths since the 

concentration does not follow any regular trend 

(Mamtaz and Chowdhury 2008). These results 

may be due to the single effect of the study factors 

since the combination between two factors or 

more may create different environmental 

condition. 

 
Figure (1c): Relationship between Heavy metal 

concentrations with depths in the different directions of the 

studied soils. 

 

3.1.4 Iron (Fe) 

 

The highest value of iron concentration 

(15690 mg kg
-1

) which was recorded from the 

north direction at the depth (0-10) cm table (1). 

Figure (1d).The occurrence of highest 

concentration of Fe at north site is attributed to 

use of the site as storage of scraps for iron wastes. 

This finding agrees with Aisien et al., (2013). Lak 

(2007) reported that the most abundant mineral in 

soils was Fe because of disposing scrap metal 

(mostly iron) at this site (scrap yards). According 

to Aisien et al., (2013) and Ahmed and 

Abdalhamed, (2019) scrap vehicles are mainly 

made of iron, which corrode very fast when 

exposed to environmental condition. The lowest 

value of iron (4656 mg kg
-1

) was recorded from 

control which lies 100 m away from the source of 

pollution, this may be due to this location was 

away from the source of pollution (steel scrap site) 

and this agree with (Simon and Fadoju, 2016) 

obtained that the concentration of iron decreased 

with increasing horizontal distances from the 

scrap metal dump. 

 

 
Figure (1d): Relationship between Heavy metal 

concentrations with depths in the different directions of the 

studied soils. 
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3.1.5. Manganese (Mn) 

 

Table (1) figure (1e) shows the highest 

value of manganese concentration as (23 mg kg
-1

) 

was in the Center. This site of pollution which 

causes increase of manganese content and this 

agree with Sibley (2004) evaluated that 

manganese was recycled mostly within old scraps 

of which 96% was from iron and steel scraps, 

while the lowest value of manganese was (0 mg 

kg
-1

) was obtained in the N direction which lies 5 

m away from the source of pollution and this is 

may be due to this location far away from the 

source of contamination or probably due to plant 

absorption and this is agree with Chukwujindu et 

al., (2009) estimated that the manganese is easily 

absorbed and utilized by plants and other 

organisms, the levels of heavy metals 

concentration decrease with distance to industrial 

area mining sites. 

 

 

 
Figure (1e): Relationship between Heavy metal 

concentrations with depths in the different directions of the 

studied soils. 

 

4.2 Geoaccumulation index (I geo) 

 

In the present study, an exchangeable and 

available fraction of metals were extracted in soil 

sample, which represent mainly the mobile 

fraction of the elements. The pollution levels of 

these metals in the environment expressed in 

terms of the Geoaccumulation indices indicate that 

the soil is highly polluted with Ni, Pb. Metals Zn, 

Fe, and Mn showed unpolluted to moderately 

pollute while Pb and Ni show moderate polluted 

(Table 2). This indicated that the soils zone is 

polluted by Pb and Ni to be highly dangerous to 

human health. (Assah et al., 2005). Pb and Ni had 

high pollution class in the sites this was because 

the main sources of scrap waste with Pb and Ni 

(Janke et al., 2000). The toxic limits for Pb and Ni 

are much higher than for other essential element 

sand this is agreeing with Venalainen (2007) who 

classified that the toxic limits for Pb and Ni are 

much higher than for other essential elements, it 

can be toxic in large doses, especially in certain 

genetic disorders. 

 
Table (2) Classification of metal contamination in the 

landfill soils based on (I geo) in the studied area. 

 

 

Station 

 

items 

 

I geo 

 

Pb 

 

Zn 

 

Ni 

 

Fe 

 

Mn 

1 >6 7 >6 1 0.7 

2 >6 6 >6 1 0.7 

3 >6 2 >6 0.6 0.7 

4 >6 2 >6 0.6 0.6 

5 >6 2 >6 0.6 0.7 

 

 

CONCLUSIONS 

Based on data which was obtained from this 

research the most important conclusions were: 

Kani- qrzhala refuses effects on soils properties 

like increases in heavy metals content at area 

surrounding the landfills. Geoaccumulation index 

of the soil samples of the landfill showed that 

metals Zn has very high polluted, Ni and Pb has 

moderate polluted while metals Fe, Mn showed 

unpolluted to moderately pollute. 

 

References 
Ahiamadjie, H., O. K. Adukpo, J. B. Tandoh, O. Gyampo, 

M. Nyraku, I. I.  

Mumuni, O. Agyemang, M. Ackah, F. Otoo and S. B. 

Dapare. 2011. Determination of the element 

contents in soils around diamond cement factory, 

Aflao. Research Journal of Environmental and 

Earth Sciences 3(1): 46-50, 

Ahmed, I.T. 2012. Application of Chemical and Spectral 

Analysis Techniques 

          for Assessing Soil Pollution by Some Heavy Metals in 

Selected Sites of  

          Arbil City, Iraqi Kurdistan Region. Ph.D. Dissertation 

Salahaddin 

          University-College of Science. BiologyDept. 

Ahmed, I. T. and M. M. Abd-Alhameed.  2019. Spatial 

Distribution of Heavy 

Metals in Surface Soil Horizons Surrounding Erbil Steel 

Company (ESC) 

0

5

10

15

20

25

10 20 30

M
n

  C
o

n
ce

n
tr

at
io

n
 (

m
g 

kg
-1

) 

Depths (cm) 

North

East

South

West

Control



Ahmed. H. and. Manmi .K .  /ZJPAS: 2023, 35 (2): 63-77 

84 

 

ZANCO Journal of Pure and Applied Sciences 2023 

 

 

Areas Erbil, Iraq Kurdistan Region . ZJPAS, 31(3); 1-16. 

Aisien, F. A., I. G. Okoduwa and E. T. Aisien. 2013. Levels 

of Heavy Metals in 

and Around Scrap Car Dumpsite at Uwelu, Nigeria. J. Appl. 

Sci. Techno., 

3(4): 1519-1532. 

Al Obaidy,M. A. and A. A. M. Al Mashhadi. 2013. Heavy 

metal  

contamination in urban soil within Baghdad city, Iraq. 

journal of  

environmental protection, 4(1), 72-82 

Allen, S., E. H. M. Grimshaw, J. A. Parkinson and Ch. 

Quarmby. 1974.  

 Chemical analysis of ecological materials. Blackwell 

Scientific 

 Publication Osney Mead, Oxford. 

Al-Farraj, A. S. and M. I. Al-Wabel. 2007. Evaluation of 

soil pollution  around Mahd-Addahab mine 

.Journal Saudi. Soc. for Agric. Sci. 6, 2:89-105. 

Al-Khashman, O. A. and R. A. Shawabkeh. 2006. Metals 

distribution in soils around the cement factory in 

southern Jordan. Environmental pollution, 140 (3), 

387-394. 

Alloway, B. J.1995. Trace Metals and Metalloids in Soils 

and their  

Bioavailability. 3rd Ed. Black. Acad. Prof. Chapman. Hall. 

Glasgow.,  

London: 614pp. 

Al-Turki, A.I., and M.ID Helal 2004. Mobilization of Pb, 

Zn, Cu and Cd, in   Polluted Soil. Pak. J. Biol. Sci. 

A. 7:1972-1980.  

Asaah, V. A., A. F. Abimbola and C. E. Suh 2006. Heavy 

metal concentrations 

and distribution in surface soils of the Bassa industrial 

zone1, Douala, 

Cameron. The Arabian J. for Sci. and Engeneer.31(2):147-

158. 

Bansal, O. P. and A. Singh. 2014. Depth wise Distribution 

of Cd, Cr, Ni and Pb 

In soil and accumulation of heavy metals in vegetable Crops 

grown 

On sewage irrigated soils of Aligarh District: A five year 

study. J. Pure. 

Appl.Bio. Sci., 2(6): 286-294. 

Chukwujindu, M. A., , G. E. Nwajei, O. Eguavoen and J. E. 

Ogala. 2009. 

Chemical fractionation of some heavy metals in soil profiles 

in vicinity of  

scrap dumps in Warri, Nigeria. J. Chem. Spec. Bio. 21(2): 

99-110 

Das, D. K. 2005. Introductory soil science, Kalyani 

publishers, at Ajit printers, 

Manipur. Delhi. 

David, C. 2015. Study on the Applicability of X-ray 

Fluorescence Spectrometry 

for Use in ASTM F963 Total Element Screening. CPSC. 

Press., United 

State of America. 

Ekeleme, I. A., A. E. Olorunyomi and M. U. Uzoegbu. 

2013. Environmental 

Impact from Lead-Zinc Mining and Lead-Arsenic Toxicity 

Effects 

In Arufu Area, Ne Nigeria. J. Enviro. Sci. Toxicol. Food. 

Technol., 6(2):  

72-89.  

Ene, A. and A. Bosneaga. 2010. Inter-Element Relationships 

for Soils around a 

Ferrous Metallurgical Plant. J. Sci. Art., 2(13): 293-298. 

Esakku, S., K. Palanivelu and K. Joseph. 2003. Assessment 

of heavy metals in a municipal solid waste 

dumpsite. Centre for Environmental Studies, Anna 

University, Chennai– India, pp.139-145. 

F         U   W  A         W  C        20   “Sediment 

quality objectives and criteria development in 

Germany” W          T             2        07  

G         W      C  ś    J                J  Potarzycki. 

2002. Geochemical 

assessment of heavy metals pollution of urban soils. Polish 

J. of  

Environ. studies.11, 5: 493- 499. 

Halverson, A. R. 2001. Soil sampling accuracy .Manual 19 

.Pacific. North -West fertilizer conference. 

Pullman, Washington. 

Janke, D., L. Savov, H. J. Weddige and E. Schulz. 2000. 

Scrap-Based Steel 

           Production and Recycling of Steel J. Mater. Tehnol., 

34(6): 387-399. 

Jeong, H. 2022. Toxic metal concentrations and Cu–Zn–Pb 

isotopic  compositions in tires. Journal of 

Analytical Science Technology, 13, 1-10. 

Kabata -Pendias, A. and H.  Pendias. 2011. Trace Elements 

in Soils and Plants. 

          (3
rd

 Ed). CRC. Press.  Boca.Raton., USA: 403pp. 

Kaoser, S. 2003. Concept of copper mobility and 

compatibility with lead and     cadmium in 

landfill liners PhD thesis, Department of Bio 

Resource Engineering Macdonald Campus of 

McGill University Montreal, Quebec, Canada. 

Kowalska, J., R. Ga. Mazurek, M. Siorek, M. Setlak, T. 

Zaleski, and J. Waroszewski.2016. Soil pollution 

indices conditioned by medieval metallurgical 

    v   : A                         P      ”  

Environmental Pollution, 218, 1023–1036. 

Lak, M. H. 2007. Environmental study of Arab-Kand 

wastewater channel in Erbil governorate. Iraqi 

Kurdistan Region. MSc thesis Department of 

Geology. University of Salahaddin –Erbil –Iraq. 

Mamtaz, R. and Md. H. Chowdhury. 2008. Environmental 

pollution at a solid waste disposal site. Pollution 

Research. 27, 2:207-212. 

McBride, M. B. 1994. Environmental chemistry of soils. 

Published by Oxford University Press. Inc. New 

York. Printed in the united State of America. 

Miclean, M., C. Roman, E. Levei, M. Senila, B. Abraham, 

and E. Cordos.  2009.Heavy metals availability 

for plants in a mining area from  North- 

          Western, Romania. Research Institute for Analytical 

Instrumentation, 

          Donath, Romania:  

        G   979 “Index of geo-accumulation in sediments 

of the Rhine River”  G    J       2      0 -118.  

         C          G  G       200  “G           

          : C                  ”                 

Total Environment ,350, 12–27.  

Ren HM, J.D. Wang  and  X.L. Zhang .2005. Assessment of 

Soil Lead 

          Exposure in Children in Shenyang, China. Environ. 

Pollut. 144:327- 335. 

Rizescu, C. Z., Z. Bacinschi, E. V. Stoian and A. A. 

Poinescu. 2010.  



Ahmed. H. and. Manmi .K .  /ZJPAS: 2023, 35 (2): 63-77 

85 

 

ZANCO Journal of Pure and Applied Sciences 2023 

 

 

          Characterization of Steel Mill Electric-ARC Furnace 

Dust. J. Adv.West. 

          Manage., 18: 139-143. 

Saha, J.K., R. Selladurai, M.V. Coumar, M.L. Dotaniya, S. 

Kundu, and A.K. Patra. 2017. Soil Pollution-An 

Emerging Threat to Agriculture, Springer, Vol. 

(10). 

Shenglu, Z., L. Fuqiang, W. Shaohua, Z. Hong, Fu, and R. 

Kui. 2008. Heavy metals contents in soil profiles of 

typical agricultural lands in Yixing, Jiangsu 

Province, China. Chinese Science Bulletin, 53(1), 

pp.177-187. 

Shui, L., , X. Pan, X. Chen, F. Chang, D. Wan, D. Liu, M. 

HU, S. Li and Y. Wang. 2020. Pollution 

characteristics and ecological risk assessment of 

heavy metals in sediments of the three gorges 

reservoir. Journal of Water, 12, 1798. 

Sibley, S. F. 2004. Flow Studies for Recycling Metals 

Commodities in the 

          United State. American. Metal. Market. Publ., United 

State: 205pp. 

Silva, J. P. S., C. W. A. Nascimento, C. M. Biondi and K. P. 

V. Cunha. 2011.  

          Heavy Metals in Soils and Plants in Mango Orchards 

in Petrolina, 

          Pernambuco, Brazil. J. R. Bras. Ci. Solo., 36: 1343-

1353. 

Simon, I. A. and F. T. Fadoju. 2016. Status of Toxic Metal 

Pollution of Soil in 

and around Araromi Metal Scrap Dumpsite, Akure, Ondo 

State. J. Geo. 

Environ. Earth. Sci., 5(4): 1-9. 

Sitko, R., , B. Zawisza, J. Jurczyk, F. Buhl, and U. Zielonka. 

2004. 

Determination of High Zn and Pb Concentrations in Polluted 

Soils 

Using Energy-Dispersive X-ray Fluorescence Spectrometry. 

J. Environ. 

Stud.,13(1): 91-96. 

Steven, A. N. A. 2003. Heavy metal in Kuala Lumpur 

municipal solid waste. 

MSc thesis in Environmental Engineering Faculty of 

chemical and 

nature resource Engineering University technology 

Malaysia. 

Traunfeld, J.H. and D.L. Clement, 2001. Lead in Garden 

Soils. Home and Garden. Maryland  Cooperative 

Extension, University of Maryland. 

Umoh S. D. and E. E. Etim. 2013. Determination of Heavy 

Metal Contents From Dumpsites Within Ikot 

Ekpene, Akwa Ibom State, Nigeria Using Atomic 

Absorption Spectrophotometer. The International 

Journal of Engineering and Science  2(2):123-129. 

Venäläinen, E. R. 2007. The Levels of Heavy Metals in 

Moose, Reindeer and  

         Hares in Finland- Results of Twenty Years 

Monitoring. M.Sc. Thesis, 

         Enviro. Sci. Univ. Kuopio., Finland: 96pp. 

 


