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Abstract. 
Eleven Soil samples were selected from Basrah province /southern of Iraq according to source of pollution 

to investigate their pollution with cadmium. Soil properties of soils were determined and total 

concentration of cadmium Geo-accumulation index (I-geo) and Environmental Protection Agency (1997) 

were used assessment soils pollution with cadmium. Results indicated that 81.82% of studied soils were 

highly polluted with cadmium and there was a positive significant correlation between I-geo index and 

clay, calcium carbonate, cation exchange capacity and silt and negative significant correlation with sand.  
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INTRODUCTION 

Cadmium is one of the toxic element in the environment, it’s effect on of human, animal and plant as 

shown by many experiments ((Limei et al.,2008) 

Soils are polluted with Cadmium by many sources directly by mineral and organic fertilization and 

irrigation water or indirectly by depositing it on the surface layers of the soil by atmospheric air as cadmium 

particles or by burning of fuel, fat and cigarette factory etc. (Gunill, 2002). 

Cadmium is found in all natural soils with low concentrations that exceed 0.1 mg kg
-1

 (APHA, 1998). 

Industrial development led soils polluted with Cadmium from paint. fertilizers, gas stations, oil refineries, 

batteries factories and electrical and electronic industries (Hood et al.,2004) . 

Several countries and scientific institutions had initiated the established maximum and minimum limits 

for heavy elements concentration for agricultural soil which the World Health Organization (WHO) had relied. 

WHO (1975) stated the permissible limits for total cadmium concentration in soils ranged from 0.01 to 0.70 mg 

kg 
-1

 soil, whereas in 2000 the same organization changed the limits between 0.1 to 0.4 mg kg 
-1

 soil because of its 

toxicity on human and animal’s life. Merian (1991) pointed out that the critical level of total cadmium 

concentration is soils between 0.01 to 0.30 mg kg 
-1

 soil. Padungtod et al. (2004) remembered that critical limits 

of cadmium concentration differed with the variation of samples (Soil, Sediment and water) Due to multiplicity of 

Basra Soil pollution with Cadmium from many sources (power plants, ports, hospitals, and fertilization) the study 

was conducted to evaluate Basra Soils Pollution with Cadmium. 

MATERIALS AND METHODS  

Soil samples were collected from eleven sites of Basra province most of them agricultural farms at depth 

of 0-30 cm during the season 20 
th
 Dec.2008 to 6 

th
 Jan.2009. Soil samples were air dried, cursed and passed 

through a 2mm sieve- Chemical and physical properties of soils were analyzed according to the methods 

mentioned in Black(1965) and page et al. (1982) ( Table 1) . 

Table 1: Chemical and physical properties of soil 
Soil separators (gm kg-1) 

 

Organic 

Matter 

gm kg-1 

CEC 

Cmole +  

kg-1 

    

Texture Clay Silt Sand CaCO3 

gm kg-1 

 

EC (1:1) 

dSm1-  

pH 

1:1 

Site name 

 

Silty Clay 495.20 54.2 450.61 01.3 .8151 01613 .618 616 Gurna 

Silty Clay 465.4 67.9 466.7 0183 .6176 00813 018 611 Midina 

Silty Clay 453.7 85.7 460.6 7130 ..1.3 00313 .810 616 Al-Dyer-Al-Shafi 

Silty Clay 452.9 74.9 472.4 0153 .51.6 05.13 .810 616 Al-Dyar- Near 

Paper Factory 

Silty Clay 520.0 60.0 420.02 0158 .61.0 03313 .51. 616 Hartha 

Silt Clay Loam  566.0 48.4 385.6 71.7 .61.5 0.313 01. 618 Garmat Ali-Basrah 

University 

Silt Clay Loam 563.6 47.8 388.6 .168 .6130 07.13 .018 618 Tanuma 

Silty Clay 523.0 53.4 423.6 01.8 .8103 01818 610 610 Abu-Khasseb 

Silty Clay 538.9 46.3 414.8 .166 .01.0 00313 .318 611 Al-Syba 

Silty Clay 491.0 68.8 440.2 .163 .6103 00813 7713 616 Al-Fao 

Sand Loam 39.3 898.1 62.6 3118 81.. .6718 013 513 Zubair-Berjisia 
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Assessment of Soil pollution with cadmium 

Geo-accumulation index (I-geo) was used to assessment soils pollution with cadmium according to Muller (1979). 

 I-geo = Log2 [
  

      
] 

Where: 

Cn: total concentration of cadmium in soils (mg kg
-1

) 

Bn: cadmium concentration in reference sample (0.3 mg Cd kg 
-1

) 

1.5: correction factor 

According to I-geo index, Soils classify to seven class (mg kg
-1

), (0 – is not polluted), (0 – 1is unpolluted to 

medium Pollution), (1-2 - medium Pollution), (2-3 medium Pollution to highly Polluted), (3-4 - highly Polluted), 

(4-5 - highly Polluted to very high pollution), (5-10 very high pollution) 

Soil samples were digested by acidic solution (HCl: HNO3) (hydrochloric acid: nitric acid) according to the 

method proposed by us States Environmental Protection Agency SW-846, Method 3050 and described in Sparks 

et al. (1996). Cadmium concentration was determined Atomic Absorption Spectrophotometer (AAS), Phoenix 

968.  

RESULTS AND DISCUSSION  

Cadmium concentration in studied soils was ranged between 0.85 mg kg
-1

 (site 11 / Zubair ,Bargisia 

station) 3.32 mg kg
-1

 (site / Al-Deyar-near paper plant ) With the mean value of 2.508 mg kg
-1  

(table 2) 

.According to 1-geo classification, Soils were medium to highly polluted with cadmium (table 2). Highly polluted 

soils accounted 81-82 % of studied soils. This percentage is very high and indicates the risks that threaten 

agricultural land and environment pollution especially in soils with high concentration of cadmium, which was 

evident in site / Al-Deyar near paper plant, I-geo reached in this site to 2.884 mg kg
-1,

 while the lowest value of I-

geo was in sight 11 /Zubair - Bargisia station (0.981) and site 8/ Abul-khaseeb (1.876). 

The high value of I-geo in site 4/ Al-Deyar(2.884) because of multiplicity of source of soil pollution , it is 

close from paper plant and discharged pollutants to air and then transferred to the soil ,or its polluted from 

irrigation water and phosphate  fertilizers. Site 31 Al-Deyar-Al-Shafi had a high value of I-geo because it's near 

the street and vehicles and cars added exhaust to the atmosphere and nearby fields with pollutants such as lead 

and cadmium, or from irrigation water because the field irrigated from Shah Al-Arab river.  
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Table 2. The I-geo geo-chemistry index was evaluated for the study sites based on the 

total concentration of cadmium 

Soils classify Total cadmium 

mg kg
-1

 

 

Value of 

I- geo 

 

Site of study soil 

 

 

 

Location 

 

medium to highly Polluted 0.3 8.708 Gurna 1 

medium to highly Polluted 0..3 8.782 Midina 2 

medium to highly Polluted 0.89 8.873 Al-Dyer-Al-Shafi 3 

medium to highly Polluted 0.08 8.882 Al-Dyar- Near Paper 

Factory 

4 

medium to highly Polluted 0.83 8.803 Hartha 5 

medium to highly Polluted 8.89 8.680 Garmat Ali-Basrah 

University 

6 

medium to highly Polluted 8.70 8.638 Tanuma 7 

medium Pollution ..62 ..876 Abu-Khasseb 8 

medium to highly Polluted 8.93 8.687 Al-Syba 9 

medium to highly Polluted 8.96 8.7.8 Al-Fao 10 

unpolluted to medium Pollution 3.82 3.9.8 Zubair-Berjisia 11 

 

There results agreed with the results of Al-Sabah (2007) Who found that the values of I-geo for the 

Sediments of ten sites of Shatt A-Arab and its tributaries, ranged between 2.150 to 4.00. Which were highly 

polluted with cadmium. 

Results of statistical and analysis of simple correlation coefficient (r) between Soil properties and I-geo 

values (table3) showed a high positive signification correlation with 
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Table 3. The factor simple correlation coefficient (r) between soil properties and the I-

geo index of total cadmium 

Soil properties  Form of 

cadmium 

 Sand Silt Clay CEC O .M CaCO3 E.C pH 

**31560-  **315.7  **31556  **31663  318.5 **31667  31888 31713-  
total 

cadmium 

Mineral carbonate (r= 0.772 **), cation exchange capacity (r=0.760**) clay (r=0.887**), and silt 

(r=0.812**) and a high negative significant correlation with sand ( r= -0.873**). 

These results indicate that fine textured soils have ability to retain and adsorbed cadmium by their 

surfaces and organic matter. These results agreed with the results of Faghote and Olanipekum (2010), Al-

Haidarey and Hassan (2010). 

Many international organization, environmental and health agencies initiated to set critical limits for 

cadmium concentration in soils. The World Health Organization (WHO, 1975) reported that the allowable 

concentration of cadmium in soils with the range 0.01 to 0.70 mg kg
-1

, while the concentration (limits) was 

changed at the same organization at year 2000 to 0.01 to 0.40mg kg
-1

 Based on Hesse limits, our studied soils 

classified as polluted with cadmium. 

Environmental Protection Agency (EPA) (1989) suggested the critical limit of cadmium concentration in 

soils planted with rice 10 gm kg
-1

 and vegetables 3mg kg
-1.

 World countries had set standard and limits for heavy 

metal concentration in the environment (soil, water and air) which differed with the different nature of soils and 

environment. The critical level of cadmium in United States of America soils is 0.40 mg kg
-1

, according is this 

concentration our studied soils classified as highly polluted with cadmium.  

Therefore, the concentration of cadmium in Iraqi soils must be set within environmental standard and 

criteria according to nature of soils and plant. 
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