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Abstract

The objective of the present work is to measure the concentration of some heavy metals (B, As, Zn, Cu, Ni, Co, Fe, Cr, V and Pb) in the soil of Basra city- south east of IRAQ. (24) Soil samples were collected from all over Basra city with a depth (5- 15cm), and then all soil samples were taken to the laboratories of freie University of Berlin- geological institute/ Hydrogeology Group, preparation of these samples for analysis by (ICP- MS) technique were conducted using cool digestion  method. After getting the results (10) maps were drawn using geographic information system (GIS) to show the distribution of the studied heavy metals in the soil of Basra city and then indicate to the probable sources for these heavy metals. The means of (As, Zn, Cu, Ni, Co and Pb) were above the international limits in the soils. The increasing in the concentration of these heavy metals due to petroleum industries (Al-Sha’eiba oil refinery & oil fields) to the west of Basra city and the by products of the fuel combustion in the electrical power station (Al- Haritha & Al- Najebia) to the north of Basra city. (B, Fe, Cr, & V) means were less than the international limits in the soil, decreasing in the concentration of some    trace elements can be due to the nature of soil in the studied area.
Keywords: Heavy Metals, Basra City, GIS (Geographical Information System), Al-Sha’eiba oil refinery, Al- Haritha power station.
الخلاصة

        الهدف من الدراسة الحالية قياس تركيز بعض العناصر الثقيلة (B, As, Zn, Cu, Ni, Co, Fe, Cr, V & Pb) في تربة مدينة البصرة – جنوب شرق العراق. (24) نموذج تربة تم جمعها من مدينة البصرة بحيث شملت المدينة ككل من عمق (5- 15 سم)، بعد جمع العينات نقلت عينات التربة الى مختبرات جامعة برلين الحرة- المعهد الجيولوجي- مجموعـة الهيدروجيولوجي لغرض تحضير العينات بطريقة الهضم البارد و قياس تركيز العناصر المدروسة باسـتعمال جهـاز (ICP- MS). بعد الحصول على النتائج تم رسم (10) خرائط باستخدام برنامج نظام المعلومات الجغرافية (GIS) لمعرفة توزيع العناصر المدروسة في تربة مدينة البصرة و الاشارة الى المصادر المحتملة للعناصر الثقيلة. معدل العناصر (As, Zn, Cu, Ni, Co & Pb) كان اعلى من معدلاتها في الترب العالمية. يزداد تركيز تلك العناصر في مناطق غرب المدينة ذلك لوجود الصناعات النفطية (مصفاة الشعيبة النفطية و حقول النفط) فضلا عن نواتج احتراق الوقود في محطات توليد الطاقة الكهربائية ( محطة الهارثة و محطة النجيبية) الواقعة الى الشمال من مدينة البصرة . في حين كان معدل العناصر  (B, Fe, Cr, & V) اقل من معدلاتها في الترب العالمية حسب المصدر اعلاه، الانخفاض في تركيز بعض العناصر يمكن ان يعود الى طبيعة التربة في منطقة الدراسة. 

الكلمات المفتاح: العناصر الثقيلة، مدينة البصرة، نظام المعلومات الجغرافية (GIS)، مصفاة الشعيبة، محطة كهرباء الهارثة .

Introduction:
     Soil is not only a part of the ecosystem but also occupies a basic role for humans, because

The survival of man is tied to the maintenance of its productivity. Soil functions as a filtering, buffering, storage, and transformation system protect against the effects of trace element pollution. Basra City (the area of study) which falls in between 31º 30́ - 29º 00́N latitudes and 46º 30́ - 48º 30́E longitude in the middle of Basra Governorate, occupies to the south- east of Iraq Fig. 1. It can be consider the center of oil industry in Iraq such as: Al-Shaieba refinery and extraction of crude oil from Southern and northern Rumailla oil Fields to the west of the study area in addition, there are many Favorites like (petrochemical Factory, iron and steel Factory and many paper and Fertilizer Factories that may affect the environment and the soil as a part of environment in Basra city. Its area about (19070) km2 and Formed 4.4% of Iraqi area, It is bordered by Iranian to the east and Kuwaitian borders to the south.  Industrial wastes and pollutants are often deposited on soil because of its buffering and regenerative characteristics (Andreu and Gimeno-Garcia 1999 in Kashem & Singh, 2001). Different physical, chemical and biological processes acting on soil media control the fate of heavy metals in soil. The term heavy metal refers to any metallic chemical element that has a relatively high density (usually specific density of more than 5 g/mL) and is toxic or poisonous at low concentrations. Examples of heavy metals include arsenic (As), cadmium (Cd), chromium (Cr), mercury (Hg), and lead (Pb), (Brian et al., 2008).
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Fig. 1: Location Map of Basra city southern Iraq (The area of study).
Materials and Methods: 
       (24) Soil samples were collected from all over Basra city (Fig. 2) from the depth (5- 15 cm) to measure the concentrations of studied heavy metals in the soil of Basra city using (ICP- MS) equipment, after collecting samples stage all the samples were taken to the laboratories of Freie University of Berlin/ Geological institute/ Hydrogeology Group to conduct the Lab. Works. To prepare the soil samples for measuring the studied Heavy Metals,  preparing of soil samples was conducted according to the work procedures used (in the Freie University of Berlin/ Geological institute/ Hydrogeology Group) the preparing method called (cool digestion) was as follow:
1- (5) gm of soil samples were taken, Crumbled and put it in the oven till the dryness.

2- Crush them to small volumes by mill and after harmonizing these samples (1) gm from each sample was taken for analysis.

3- Add (5) ml of concentrated Hydrochloric acid (HCI) and (15) ml of Concentrated Nitric acid (HNO3) to the sample after putting it in a Beaker (100) ml.

4- Put this mixture on the magnetic stirrer for (24) hours.
5- Filtering the mixture by Filtering paper (No. 42) and put it in volumetric flask (100) ml.

6- Washing unmelted sediments by Filtered water and adding the washing water to the filter and complete the Volume to (100) ml then sending the prepared samples to the analysis by (Optical Emission Spectrometer, PerkinElmer, Optima 2100DV) equipments. [image: image2.jpg]e gy
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                                 Fig. 2: Map of Basra city showing soil samples stations

Results and Discussion:

     After getting the results of the concentrations of the studied Heavy Metals (B, As, Zn, Cu, Ni, Co, Fe, Cr, V & Pb) (Table 1), Geographic Information System (GIS) software was used in the present work to show the distribution of Heavy Metals in the soil samples of Basra city and it was as follows:
1- Boron:

     The mean of Boron in the present work was (4.5 ppm), it's less than the mean of Boron in the international soils (10 ppm) according to (Lindsay, 1977) (Table 1). (Karmah,  Ar Ribat & Hayy Al-Khalij) soils have the highest concentration of Boron (fig. 3). 
Boron enters the environment mainly through the weathering of rocks, boric acid volatilization from seawater. To a lesser extent, boron is released to the environment from anthropogenic sources, Borates and other boron compounds are used in the production of  ceramics, soaps, pesticides, cosmetics, and high energy fuels, (EPA, 2008).
2- Arsenic:

     Arsenic, a notorious poison, is now recognized to be one of the world’s greatest environmental hazards, threatening the lives of several hundred million people, (Meharg, 2005 in Ravenscroft, 2009). The highest concentrations of Arsenic was in the soils of M. Al- Sinaiyah, Harithah, Bradiiyah & Jubaylah (Table 1) (Fig. 4), Significant anthropogenic sources of As are related to industrial activities (metal processing, coal combustion, and geothermal power plants) and to the use of arsenical sprays, particularly in orchards (Alina & Henryk, 2001).                            
3- Zinc:

       Zn seems to be distributed rather uniformly in the magmatic rocks, and only its slight increase in mafic rocks (80 to 120 ppm) and its slight decrease in acid rocks (40 to 60 ppm) is observed  (Alina & Henryk, 2001).
       The mean concentration in the soil of Basra city was (88 ppm), it's above the international mean in the soil (50 ppm) (Table 1). Most of soil samples have a concentration above the international mean (Fig. 5) especially in the middle of Basra city, due to the domestic waste in addition to domestic products containing Zn such as batteries, pigments & paints, waste disposal can therefore lead to local soil and groundwater pollution around landfills (Perk, 2007).

4- Copper:

      Cu in the Earth’s crust is most abundant in mafic and intermediate rocks and has a tendency to be excluded from carbonate rocks (Alina & Henryk, 2001).
The mean concentration of Cu in the present work was (52.4 ppm) (Table 1), the highest values were in the middle of Basra city which consider as the most populated area in Basra city (Fig. 6). The average cu content of the lithosphere is reported to be (70 ppm) whereas soils generally range from (2- 100 ppm), (Aubert & Pinta, 1977). It's widely used for water pipes; corrosion of these metal products as well as disposal of their scrap allows the Cu to enter the environment either directly or indirectly via effluent from wastewater treatment plants, sewage sludge (Perk, 2007). 
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                                  Fig. 3: Distribution of Boron in the soil of Basra city.
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Fig. 4: Distribution of Arsenic in the soil of Basra city.
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Fig. 5: Distribution of Zinc in the soil of Basra city.
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Fig. 6: Distribution of Copper in the soil of Basra city.

5- Nickel:

      Ni contents are highest in ultramafic rocks (1400 to 2000 ppm), and its concentrations

Decrease with increasing acidity of rocks down to 5 to 15 ppm in granites. Sedimentary rocks contain Ni in the range of 5 to 90 ppm (Alina & Henryk, 2001).
The mean concentration of Ni in the studied area was (62.8 ppm) (Table 1), its over the international limits in the soils (40 ppm), the high concentration of Fe was found in (Al- Haritha, Karmah & Jumhuriyah) due to the influence of fuel combustion in (Al- Haritha power station) northern Basra city and (Ashshar & M. Al- Sinaiyah) (Fig. 7), increasing in the concentration of Fe in the soil due to fuel combustion in bricks factories to the north of Basra Governorate which contains high concentration of some heavy metals (Zn, Mn, Fe, Cr, Cu, Cd, Co, Ni, Pb) (Al- Sultany, 2006). While the highest values of Ni were in (Ashshar) due to the automobiles emissions, whereas (M. Al- Sinaiyah) has high concentration of Ni because this area is consider as the main place for polishing & repairing cars in Basra city (Fig. 7).  
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                              Fig. 7: Distribution of Nickel in the soil of Basra city

6- Cobalt:

     In soils, the weathering, transforming, and adsorption mechanisms of Co compounds and forms are extremely complicated due to variable oxidation stages of Co, during weathering processes, Co is relatively mobile in acid environments, but due to a high sorption by Fe and Mn oxides, as well as by clay minerals (Alina & Henryk, 2001).
The mean concentration of Co in the soil of Basra city was (8.5 ppm) (Table 1), while the highest value was in Kezaiza (21 ppm) (Fig. 8) which is located to the north of Basra city this due to the coal and other fuel combustions which considerably less importance; however, roadside soils and street dusts are known to be enriched in Co (Alina & Henryk, 2001).
7- Iron:

      Fe is one of the major constituents of the lithosphere and comprises approximately 5%, being concentrated mainly in the mafic series of magmatic rocks. However, the global abundance of Fe is calculated to be around 45% (Alina & Henryk, 2001).
(15688 ppm) was the mean concentration of Fe in the soil samples (Table 1), this value was under the international limits in the soils according to (Lindsay, 1977). The highest values of Iron concentration in the present work were in (Al- Hadi area) (Fig. 9).  
Table 1: The concentrations of heavy metals in the soils of Basra city

	Sample stations
	Samples ID
	As
	B
	Co
	Cr
	Cu
	Fe
	Ni
	Pb
	V
	Zn

	 M. Al-Sinaiyah
	W 11
	8
	1.4
	19
	28
	45
	18100
	135
	124
	97
	125

	Kezaizah
	W 12
	6.3
	1.7
	21
	34
	54
	10800
	32
	62
	102
	51

	Al-Hadi
	W 13
	4.2
	2.5
	11
	18
	71
	8800
	45
	303
	96
	121

	Manawi Basha
	W 14
	3.5
	2
	2
	12
	26
	8500
	13
	92
	81
	67

	 Harithah
	W 15
	7.4
	9
	14
	55
	40
	18300
	110
	50
	106
	51

	 Tanooma
	W 16
	4
	5
	4
	17
	37
	6700
	22
	118
	88
	65

	Manawi lajim
	W 17
	4.3
	4
	1
	4
	25
	12000
	72
	26
	87
	64

	Ar Ribat
	W 18
	5.5
	8
	7
	29
	50
	11700
	52
	100
	77
	113

	Seraji
	W 19
	4.8
	7
	17
	21
	30
	8400
	40
	95
	73
	60

	Al Asmai
	W 20
	8
	5
	1
	34
	68
	16100
	66
	35
	92
	65

	Hayaniyah
	W 21
	4.1
	1
	2
	16
	60
	15300
	14
	210
	111
	126

	Kut Al Hijjaj
	W 22
	4.4
	7
	4
	18
	23
	4500
	31
	18
	74
	17

	Hayy Al-Khalij
	W 23
	4.7
	8
	6
	31
	38
	8500
	39
	60
	86
	116

	Jubaylah
	W 24
	7
	4
	3
	63
	90
	21400
	120
	25
	93
	90

	Basrah Al Qadimah
	W 25
	6.6
	6.5
	8
	33
	34
	10000
	57
	35
	97
	66

	Al Maqil
	W 26
	5.3
	3
	15
	18
	25
	7600
	24
	130
	100
	100

	Qibla
	W 27
	5.4
	3
	3
	26
	94
	10100
	22
	46
	103
	136

	Bradiiyah
	W 28
	7
	6
	6
	32
	83
	16600
	44
	55
	78
	54

	 Jumhuriyah
	W 29
	6.8
	2
	10
	49
	65
	15600
	73
	88
	97
	118

	Jawiyah
	W 30
	4
	5
	13
	54
	45
	18200
	100
	50
	98
	122

	Junainah
	W 31
	6
	6
	10
	40
	60
	14300
	37
	136
	87
	127

	 Ashshar
	W 32
	5.2
	1.8
	6
	14
	83
	6800
	158
	180
	83
	95

	Kibasi
	W 33
	5.4
	1.1
	7
	30
	57
	10700
	45
	138
	84
	143

	 Karmah
	W 34
	6.7
	8
	15
	58
	54
	18300
	115
	50
	99
	60

	Ranges
	3.5- 6.7
	8-1
	21-1
	4- 63
	23- 94
	4500- 21400
	13- 198
	18- 303
	73- 111
	17- 143

	Mean
	5.6
	4.5
	8.5
	30.6
	52.4
	15687.5
	62.8
	93
	91
	88

	Mean in the soil according to (Lindsay, 1977)
	5
	10
	8
	100
	30
	38000
	40
	10
	100
	50
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                                Fig. 8: Distribution of Cobalt in the soil of Basra city.
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                               Fig. 9: Distribution of Iron in the soil of Basra city.
8- Chromium:

      The terrestrial abundance of Cr indicates that it is associated mainly with ultramafic and mafic rocks; Cr shows highly variable oxidation states (+2 to +6). Mean concentration in the soil of Basra city was (30.6 ppm) (Table 1), the soil in the studied area has (71 %) of sand according to (Khwedim, 2007) that can explain the low concentration of Cr in the soil of Basra city, because the sandy soil have low concentrations of some heavy metals including Cr (Aubert & Pinta, 1977). The highest values of Cr were to the north of Basra city (Fig. 10), due to the fuel combustion in the electrical power station (Al- Haritha & Al- Najebia) power stations. (Al- Ani, 2000) confirmed that fuel combustion residue has high concentrations of heavy metals (Pb, Cr, Ni, Fe & V).   
9- Vanadium:

      The general abundance pattern of V in common rocks shows that although there is a large variation in the content of rocks, this metal is concentrated mainly in mafic rocks and in shales (within the common range of 100 to 250 ppm), (Alina & Henryk, 2001). 
The mean of V concentration in soil samples was about (91 ppm) (Table 1). The highest values were in (Hayaniyah & Qibla) (Fig. 11), due to the influence of (Al-Sha’eiba oil refinery and oil fields) to the west of Basra Governorate (Khwedim, 2007), (Kezaiza, Haritha & Maqil) (Fig. 11), have high concentration of V due to the by products of fuel combustion in (Al- Haritha electrical power station) and the fuel combustion in Bricks factories to the north of Basra Governorate (Khwedim, 2007).  
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                         Fig. 10: Distribution of Chromium in the soil of Basra city.
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                            Fig. 11: Distribution of Vanadium in the soil of Basra city.

10- Lead:

     The terrestrial abundance of Pb indicates a tendency for Pb to concentrate in the acid series of magmatic rocks and argillaceous sediments in which the common Pb concentrations range from 10 to 40 ppm (Alina & Henryk, 2001).   
     (93 ppm) was the mean concentration in the present work with a range (18- 303 ppm) (Table 1). Pb in all soil samples have concentrations above the international limits (10 ppm) according to (Lindsay, 1977), the highest values were in (Al- Hadi & Hayaniyah) due to the influence of the industrial processes in (Al-Sha’eiba oil refinery) (Fig. 12) to the west of Basra city, (Forstner and Wittmann, 1981) confirmed that the industrial processes in the oil refineries cause an increasing in the concentrations of some heavy metals (Fe, Cr, Cu, Cd, Ni, Pb) in the atmosphere then in soils. While the values of Pb in (Al- Maqil, Jumhuriyah, M. Al- Sinaiyah) have a Pb concentration (101- 180 ppm) (Fig. 12) because these areas consider as the most residential and commercial areas in Basra city & have the highest traffic, the automobiles cause an increasing of Pb concentration in the atmosphere then in soils, the by products of fuel combustion in the automobiles have high concentrations of (Cu, Cd, Pb & Fe) (Lu et al, 2005).  
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                                    Fig. 12: Distribution of Lead in the soil of Basra city.
Conclusion:

        The problem of soil contamination by heavy metals may be considered to be a serious one, since soils in areas of intensive industrial activity accumulate large quantities of pollutants. The means of (As, Zn, Cu, Ni, Co & Pb)  in the present work were above the international limits in the soils. The increasing in the concentration of these heavy metals due to petroleum industries (Al-Sha’eiba oil refinery & oil fields) to the west of Basra city and the by products of the fuel combustion in the electrical power station (Al- Haritha & Al- Najebia)  & old bricks factories to the north of Basra city while (B, Fe, Cr, & V) values  were above the international limits in the soil in some soil samples & less than the international limits in the soil, decreasing in the concentration of some    heavy metals can be due to the nature of soil in the studied area. 
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