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Abstract. The study included selecting seven sites in Kirkuk city to determine the soil 

chemical properties characteristics. The samples were collected and analyzed laboratory 

for the period from November 2016 and for three months at the rate of three samples per 

site. The main objective is to study the chemical properties of the soil of the selected areas. 

Also, the GIS technique has used to predict soil maps. However, soil chemical properties 

have analyzed for samples. The highest measurement concentrations of chemical 

properties (pH, Electrical conductivity, organic material, total soluble salts, gypsum, total 

carbonates, nitrates, chlorides and sulphates) were (9, 1695 µS/cm, 6.488%, 847.5%, 

3.57%, 6 mg/l, 1290 mg/l and 4.57 mg /l) respectively. Furthermore, Inverse Distance 

Weighting (IDW) interpolation technique has used to produce geotechnical maps of the 

study area. The soil in the study area tends to be basal  According to the chemical properties 

measurements.  
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1   Introduction 

The soil forms the outer envelope of the earth and consists of broken rocky materials that 

have previously been altered due to their exposure to environmental, biological and chemical 

criteria, including weather and erosion criteria. The soil varies from the basic components of its 

rock and it is due to the changes in the interaction between the four surfaces on the earth: the 

ground layer, the aquifer, the air and the biosphere [1]. The soil is a combination of soil organic 

components and minerals in liquid conditions (water) and gas (air) [2],[3]. Soil is containing 

materials include their porous granules and form the soil structure that fills those pores. Such 

pores contain water (liquid) and air (gas) [4]. The most common type of soil ranges between 1 

and 2 g / cm3 [5]. Soil is also called Earth, which comes from the world that we live on. Some 

components of the earth date from the pre-3rd geological era, but most of them do not date back 

to the pre-Pleistocene period (one of the latest and glacial periods) [6]. 

This life-sustaining layer is called a dynamically active, porous and well-constructed 

Pedosphere, efficiently distributing water, mass flows and energy. As well as the fact that the 

soil Sanda for life is working to filter a lot of industrial waste and pollutants and thus reduce the 

pollution of the environment, and called the science of soil science Pedology. A science that is 

the soil is different natural units and focuses on the development and physical relations, 

chemical and biological and dynamic nature and dynamic or rather is the science of soil study. 
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Pedology science deals with the study of the soil as a source of the essence and structure of life 

[7]. 

There are many studies on the properties of the soil, like the study [8] in the area of Tuz 

where it was found that the percentage of soluble grains ranged between (22-99%) and the 

proportion of sulphates between (0.04 - 12.3). [9] studied some chemical properties of the soil 

for Mosul city and he found that the pH values range from (7.44 to 7.88). [10] studied the 

chemical properties of different regions of Switzerland. They found that organic matter ranged 

from (3.4 to 7.3%). The National Center for Structural Laboratories, [11] has conducted soil 

investigations in the grain silo area in Kirkuk city. They found that gypsum content in the soil 

ranged between (67.4 and 0.09%). The National Center for Structural Laboratories [12]. 

conducted soil investigations in Al-Shorja area in Kirkuk Governorate. Physical and chemical 

tests of soil and chemical analysis showed that the percentage of sulphates in the region ranged 

from (44.6-0.14%). However, gypsum content ranging between (95.44 - 0.3)% and the 

percentage of carbonates ranged between (42.0 - 21.5%). The National Center for Structural 

Laboratories [13] has conducted soil investigations of the residential complex in Corniche Street 

behind the Kirkuk Park. They have found that The percentage of sulphates in the region ranges 

between (6.99 - 0.05%). 

As a result of the rapid increase of construction work, soil mapping is an important issue in 

the region. Where Kirkuk city is one of the most important and vital cities of Iraq because of 

the containment of important natural resources such as oil and gas. In addition to the availability 

of fertile land and groundwater. Furthermore, to its geographical location. It is a link between 

central and northern Iraq. Soil properties could assist in the design process before the 

implementation of the construction works. The geotechnical properties of the soil play a large 

role in the prediction and thus avoid many of the engineering problems of the surface and deep 

foundations when constructing the building in a specific area [14]. It is necessary to identify the 

physical, mechanical, chemical and mineral properties of the soil, which are fundamental 

information in the geotechnical assessment process as well as the physical properties of soil 

classification for engineering purposes [15]. 

GIS is an efficient tool for spatial analysis and modelling [16]. The spatial distribution and 

variability are determined by geostatistical methods based on the spatial scale of the study 

region, the distance between samples and the model spatial pattern [17]. Interpolation methods 

are employed to estimate soil properties in areas without soil sample measurements. Inverse 

Distance Weighting (IDW) interpolation method widely used to predict soil properties map 

based on known samples. Spatial correlations of soil and mineral properties such as physical, 

chemical and biological properties were widely assessed and the Spatial Variability of Soil 

Properties was evaluated [18],[19]. 

Therefore, this study included some geotechnical tests for the soil in Kirkuk city. However, 

the main objective of this project is to study the chemical properties of the soil of the selected 

areas. Furthermore, preparing and predicting geotechnical spatial maps of the study area using 

IDW interpolation technique. 

2   Study area 

The study area is located within the city of Kirkuk between longitude (40'18 ° 44) and (00 

'25 ° 44) east and latitudes (30 '22 ° 35) and (00 38 ° 35) north, which are (Shoreja, Ronaki, 



 

 

 

 

Arafa, Al-eamal alshaebi, Haziran, Aleaskari and Qadisiyah) [20]. Figure 1. shows the study 

area and location of samples. 

 

  

Fig. 1. The study area and samples location. 

3   Methodology 

It was conducted fieldwork in a period of one month to several sites of Kirkuk city. seven 

sites were identified for the purpose of collecting soil samples from some areas of Kirkuk. The 

samples covered the geographical areas which are (Shoreja, Ronaki, Arafa, Al-eamal alshaebi, 

Haziran, Aleaskari, and Qadisiyah). samples were collected from the surface of the soil in the 

depth of (0-10 cm). Furthermore, soil samples placed inside nylon bags accented by the names 

of areas and then transferred to the laboratory for the purpose of conducting chemical analyzes. 

coordinates of sites have taken using GPS. The study included analyzing soil chemical 

properties. 



 

 

 

 

3.1   Laboratory work stage 

Laboratory work included testing of collected samples from the sites and applying 

Chemical analysis of soil. Table 1 show methods of Chemical examining of testing and 

analyzing for samples. In this study, nine soil chemical properties have studied which area (pH, 

Electrical conductivity, organic material, total soluble salts, gypsum, total carbonates, nitrates, 

chlorides and sulphates) 

 
Table 1.  Methods of Chemical examining of testing and analyzing. 

 

 

 

3.2 Chemical properties 

 

pH is a measure of acidity and alkalinity of solutions, which represents the negative logarithm 

of the molecular concentration of hydrogen ion [25]. PH affects nutrient readiness, which in 

turn affects plant growth. The pH of the normal soil is between (4-10) [26]. High soil pH values 

are present in calcareous and basal soils, whereas low values exist in soils containing sulfuric 

acids [27],[28]. The lead element is less readily available because it is precipitated in the form 

of hydroxide, phosphate or leads carbonates. However, the heavy element of uptake is increased 

in the soils by decreasing pH and decreasing its height. pH values affected by many factors 

including installation and concentration of salts, carbonate ions and carbonate dissolved in water 

[29].  

 

Electrical Conductivity  (Ec). Soil salinity is one of the most widespread problems in the world 

because saline soils are characterized by the presence of high concentrations of mineral salts. It 

accumulates on the surface of the soil under droughts due to the evaporation process. The 

salinity is measured in the soil water extract in the form of electric conduction. Electric is located 

between (2-20) milli Siemens/ cm in water [30]. Soil salinity could produce either from 

weathering primary minerals in the earth's crust rocks or from other sources, such as 

Characteristics Method of measurement Reference 

Hydrogen number( pH) device (pH meter) type (Pw4 /8pm) [21] 

Electrical Conductivity(EC) 

µS/cm 

device E.C- Digital meter 

instructions:WAG-WE30210 

[21] 

Ratio Organic Material(O.M) Burn with oven and temperature (900) 

° C 

[22] 

Total Soluble Salts ratio 

(T.D.S) 

Conductivity   TDS/  Digital meter 

instructions: WAG-WE30210 

[21] 

Gypsum Content Deposition by acetone solution [21] 

[23] 

Total carbonate (HCO3-) mg/l Calibration with solution N0.01 H2SO4 

to 4.5, 8.3 PH 

[21] 

Nitrates(NO3) mg/l Ultraviolet/visible Spectrophotometer [24] 

Ion chloride(CL-) mg/l Silver nitrate Titration [21] 

Sulfate   mg/l Turbidity method [15] 



 

 

 

 

groundwater when they are close to the earth's surface or through irrigation or transmitted to the 

soil by Wind and hurricane from saline areas [31]. 

 

Gypsum Content. Gypsum is calcium carbonate (CaSO4.2H2O). A white or gray matter 

according to oxides that can be dissolved in groundwater if it is present in the soil. Gypsum is 

one of the most affected substances in the process of leaching Soluble. Separating Gypsum from 

the soil leading to the change of soil engineering properties. Gypsum ratio is hazardous to the 

soil if it exceeds 5.0% in soil [30]. The standard method for determining gypsum described 

using [21] method which involves sedimentation by acetone solution. Modifications of this 

method and other methods can be found in the Bulletin on Gypsum Soil [23]. 

 

Organic Material Ratio. Organic soil levels can vary by acidity depending on soil quality and 

climatic conditions such as heat and water dispersion. Soil organic content affects its constituent 

content Heavy metals [32]. Also, it affects the pH value, as their degradation results in organic 

acids that lead to a reduction in the pH value [9],[33]. The percentage of organic material is high 

if it is more than (1)%, but the ratio (0.5)% causes problems for soil strength [34]. Organic 

material dissolves in water. Organic acids lead to oxidation of organic carbon with reducing soil 

resistance [31]. Organic materials are derived from large types of animal and plant residues. 

However, many organic compounds have undesirable effects on the geological behaviour of soil 

[35].  

 

Total Soluble salts ratio. Salinity ratio is the ratio of water-soluble salts to soil weight [35]. 

The solubility of the salts is different depending on their nature. In general, Chloride salts are 

the easiest solubility of carbonate and sulfate. The degree of solubility is affected by 

temperature, pH value, dissolved carbon dioxide (CO2), evaporation and moisture. the negative 

effects of high and high concentrations of salts in soil solution. Increase the pressure osmosis 

and this reduces the ability of the plant to absorb water and salts from the soil. However, the 

occurrence of toxicity with some salts of plants growing in the soil. The presence and solubility 

of salts cause serious engineering problems as they affect the overall geotechnical properties of 

the different soil and the structure of the foundations. This test is important for estimating the 

salinity ratios found in the soil. 

 

Chlorides. Chlorides are found in the soil in the form of different salts that are soluble in water. 

The presence of chlorides in dry soils is frequent and therefore can be estimated in water 

abstractions and its concentration in the soil varies according to soil quality and salinity. (0.02%) 

is the critical limit of chlorides in the soil for plant growth. The chlorine salts are highly soluble 

in water and have an effect on the properties of the soil.  

 

Sulphate. Soluble sulphate in water is usually found in soil in the form of sodium sulphate and 

magnesium sulphate. Calcium sulphate is found in the form of gypsum, but it is slow to dissolve 

in water. The ratio of sulphates found in soil is usually expressed by finding the ratio of sulfur 

oxides. The presence of sulphates in the soil at high rates leads to problems such as attacking 

cement, which leads to complex compounds with it. This crystallization process is accompanied 

by an increase in the size of the concrete resulting in the destruction of the concrete blocks [36]. 



 

 

 

 

3.3   Inverse distance weighting (IDW) 

Inverse distance weighted (IDW) is held as one of the most common techniques for 

interpolating. It is used to forecast values for any unmet location by calculating the expected 

position of the surrounding values. It is an interpolating type of deterministic process with a 

known distributed collection of samples. The values assigned to unknown samples are 

determined by the weighted average of the identified points available [37]. 

4   Result and Discussion 

Different soil maps of chemical properties were mapped in the town of Kirkuk and the 

interpolation using IDW was achieved to predict the expansion of soil properties in the town. 

Nine soil properties in the city have been analyzed according to the distribution of the test 

samples which are pH, Electrical conductivity, organic material, total soluble salts, gypsum, 

total carbonates, nitrates, chlorides and sulphates (Tables 2). The raster pattern of soil 

characteristics has been graded in nine groups according to IDW. 

 
Table 2.  Chemical properties of samples. 

Locations PH EC O.C.M 

(%) 

T.D.S 

(%) 

Gypsum 

)%( 

Carbonates Nitrate Chloride Sulfate 

Shoreja 8.4 325 4.486 162.5 0.356 3 9.6 850 4. 57 

Ronaki 7.8 1695 4.798 847.5 3.577 2.4 10.4 530 3.6 

Arafa 9 158.6 6.488 79.3 0.756 4 10.4 815 2.63 

aleamal 

alshaebi 

8.3 600 4.743 300 0.381 2.8 8 590 2.45 

Haziran 8.6 312 5.234 156 0.499 2 6.16 910 2.5 

Aleaskari 8.3 782 2.703 391 1.0438 3.5 11.92 670 2.05 

Qadisiyah 8.8 88.7 6.157 44.3 0.553 6 12 1290 2.3 

 

 

 

4.1   Acid function( pH)      

 

                                                                                                                            

      The results are shown in Figur 2 (a) and (b) indicate that the pH values of soil samples taken 

from some region of Kirkuk in-depth (0-10 cm) ranged between (7-9). In comparison with other 

studies, it has found that the results of our study are higher than the results of the pH obtained 

in 2001 for the soil of Mosul city which ranged between (7.44-7.88) [9]. The results of the 

present study are higher than those obtained from the soil of Baghdad where values ranged (6.9 

- 8.20) respectively, due to the fact that Baghdad is a large city with a high population and traffic 

density, where emissions increase the pH of the soil. 

 

 

 

 

 



 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 2. (a) Prediction map of pH using IDW interpolation method, (b) pH chart of samples, (c) Prediction 

map of Electrical conductivity (E.C) using IDW interpolation method, (D) Electrical conductivity chart 

of samples. 

4.2   Electrical conductivity (EC) 

The results indicate that the values of the electrical conductivity of soil samples taken from 

some regions of Kirkuk ranging from (88.7-1695 µS/cm) (Figure 2 (c) and (d)). Comparing the 

results of the current study with previous studies, the results of the current study are less than 

the results obtained by [8] of Al-Tawz district which ranged from (115.8-1938 µS/cm). 

However, the results showed an increase in the values of electrical conductivity due to increased 

ratios of gypsum salts or calcium hydroxide. It was found that the results of the present study 

are higher than the results obtained by [9] for the soil of Mosul city. So, the highest value of 

electrical conductivity was 1575 µS/cm.  

4.3   Organic Material Ratio 

       The highest percentage of organic material have shown in the Arafa area which was 

6.488%. While, the lowest percentage was found in Aleaskari area and which was  2.703% 

 

 
 



 

 

 

 

(Figure 3 (a) and (b)). The results of our study were less than the results of [9] of Mosul city 

which ranged between 6.58-16.95%. In contrast,  our results were less than the results of the 

[10] where they studied different regions of Switzerland. However, the role of microorganisms 

such as bacteria, phosphates, primates and du Insects play an important role in the 

decomposition of organic matter [38]. 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
Fig. 3. (a) Prediction map of Organic Material Ratio using IDW interpolation method, (b) Organic 

Material Ratio chart of samples, (c) Prediction map of Total Dissolved Salts (T.D.S) using IDW 

interpolation method, (D) Total Dissolved Salts (T.D.S) chart of samples. 

4.4   Total Dissolved Salts (T.D.S) 

The results of T.D.S shown in Figure 3 (c) and (d) and it is indicated that the lowest 

percentage was found in Qadisiyah area which was 44.3%. While, the highest percentage was 

found in Ronaki area (847.5%) and the values ranged between (44.3-847.5%). Our results are 

higher than the results by [39] of the Babylon city where the percentage of soluble salts ranging 

between (0.1 - 26.28%). Therefore, the results significantly exceeded the percentage determined 

by [34] of 0.5%.  The saline content in the Middle East soils is determined by sulphate, chlorides, 

calcium carbonate, sodium and magnesium [40].  

 

 
 



 

 

 

 

4.5   Gypsum ratio  

       The results of the study shown in Figure 4 (a) and (b) and it is shown that the highest 

percentage of gypsum or CaSO4.2H2O was found in Ronaki regions of 3.577%. On the other 

hand, The lowest percentage was 0.356%. The results indicate that all samples have a small 

gypsum ratio. This little ratio of gypsum is a result of washing sediment composition by the 

Khasa river in Kirkuk city of or by rain [7]. When comparing the current study with previous 

studies, the National Center for Structural Laboratories [11] conducted soil investigations in the 

southern Saylo area of Kirkuk. The results of the tests revealed that the gypsum content in the 

soil was between (0.09-67.4%).  

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 

 
 

Fig. 4. (a) Prediction map of Gypsum ratio using IDW interpolation method, (b) Gypsum ratio chart of 

samples, (c) Prediction map of Carbonates using IDW interpolation method, (D) Carbonates chart of 

samples. 
 

  

 
 



 

 

 

 

4.6   Carbonates 

The highest concentration of total carbonates for soil samples was found in Qadisiyah area 

where it was (6 mg / L) while the lowest value was recorded in the Hoziran (2 mg / L) area as 

shown in Figure 4 (c) and (d). When comparing these values with the previous study [8] for Tuz 

district where it ranged between (27.7 -1074l mg / L). 

4.7   Nitrate 

The highest concentration of nitrates was found in Al Qadisiyah and Al-Askari areas. 

Concentrations (12 - 11.92) mg / L respectively for soil samples taken from some regions of 

Kirkuk at depth (10 cm) as shown in Figure 5 (a) and (b). The high concentration of nitrates in 

these two regions is due to the increase in nitrogen oxides (NO and NO2) emissions from vehicle 

fuel combustion due to heavy traffic in the Qadisiyah and Al-Askari area, with heavy vehicular 

traffic. When comparing our results with the study of [8] it is found that the concentrations of 

nitrates in the soil of Tuz ranging between (16.45 - 16.21). 

4.8   Chlorides 

The concentration of chlorides ranged between (530-1290 mg / L) (Figure 5 (c) and (d)). 

Where the highest value was recorded in the area of Qadisiyah and the lowest value in the area 

of Ronaki which are (0.265 - 0.645%) respectively. [33] studied soil in Kirkuk and he is found 

that the chlorides ranged between (0.03-0.09%). However, oxides affected the geotechnical 

properties of the soil. In general, chloride salts have great solubility in water. 

4.9   Sulfate content 

The results have shown in Figure 6 (a) and (b) and indicate that most of the soil in the 

studied sites contains low sulfur content with the exception of some areas in the middle of the 

study area (Ronaki, Shoreja). The highest value was recorded in Shoreja area (4.57 mg / L), and 

the lowest value was recorded in Al-Askari area (2.05 mg /L). When compared with previous 

studies, The [39] study of Babylonian soil recorded values of measured sulphates ranging from 

(0.04-12.3 %). The National Center for Structural Laboratories [12] conducted soil 

investigations in the area of Al-Shorja in Kirkuk governorate. Chemical analysis shows that the 

sulphate percentage in the region ranges from (0.14  - 44.6%). 

 



 

 

 

 

 

 

 

 

 

 

 

 
 

 

 

Fig. 5. (a) Prediction map of Nitrate using IDW interpolation method, (b) Nitrate chart of samples, (c) 
Prediction map of Chloride using IDW interpolation method, (D) Chloride chart of samples. 

 

 

 

 

 

 

 

Fig. 6. (a) Prediction map of Sulfate content using IDW interpolation method, 

(b) Sulfate content chart of samples. 

 

 
 

  
 

 



 

 

 

 

5   Conclusion 

Soil samples have been obtained in-depth (0-10 cm) from the top of the soil surface. 

Chemical tests showed high pH values, which range between (7.8 - 9). Therefore, the soil in the 

study area can be classified as alkaline soils. The higher the (pH), the higher the soil base, and 

the less gypsum with calcium carbonate dissolve. The outcome values of electrical conductivity 

range between (88.7-1695 µS / cm) due to its high salinity levels and due to the presence of high 

concentrations of salt minerals. The study showed that there is a high percentage of soluble salts 

which ranged between (44.3-847.5%). The study area soil is classified as saline so that it reduces 

resistance to stresses on the soil. Gypsum ranges between (0.356-3.577%) and has an impact on 

the properties of the soil as gypsum has a high solubility in water. Organic matter ranges from 

(2.703 - 6.488%). However, the study indicates that the values are more than (1)%, so the ratio 

has undesirable effects on the geological behaviour of soil. So, it can to say that organic 

materials have a significant negative impact on the soil. through their effect on the compressive 

properties of the soil and their effect on direct shear and increased pores in the soil. The results 

of the study show that most of the soil in the studied sites contains low sulfur content. GIS 

techniques are found to be best suited for the quantification of the soils chemical properties and 

its modelling in the study area. IDW Interpolation helpful for the soil management, practices 

and treatments used to protect soil and enhance its performance. 
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