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The study carried out in Samarra City in central of Iraq to study some properties ground soil 

for selected sites. Survey was conducted and six soil samples were selected from two bore hole 

at depths (5 m, 10 m, 15 m) in terminal sites, coordinates were determined by using GPS. Soil-

testing program was carried out at the Soil Mechanics Laboratory at University of Samarra to 

tested physical and chemical soil tests. Also evaluation of selected heavy metals Pb2+, Cu2+, 

Zn2+, Fe2+, were analyzed using Atomic Absorption Spectrophotometer (AAS). Test results of 

physical properties showed that the soil in upper layer to 10 m was sandy soil with gravel or 

silt, clay and the soil in under layer was gravelly with sand or silt, clay. According to Atterberg 

limits, the soil specimens were partially cohesive and had low plasticity (ML). The specific 

gravity values of the examined soils were ranged between 2.51-2.63 and permeability 

coefficient values were ranged between 1.441*10-3 to 1.694 *10-2 cm/sec, which refers to that 

the soil was medium to high permeability in the upper layer and decrease with depth. 

Regarding chemical properties, percentage of pH registered value (6.81-8.1), while the 

Sulphats, and chlorides recorded value were (13-25)% and ratios with means reached (16.5-

31.5) for carbonates. From other hand heavy metals values indicated a homogenous 

distribution decrease with depth follows as Pb2+ < Fe2+ < Zn2+ < Cu2+ with means (61.9-

125.15), (4.25-12.45), (2.65-11.6) and (1.8-4.65) respectively. 

Keywords: 

ground soil, soil properties, heavy metal, 

Samarra City 

1. INTRODUCTION

Samarra City, located at 125 kilometers north of Baghdad 

on the east bank of the Tigris, with an inhabited area of 42 km. 

Its geographic coordinates are N 34 20 27.562 E 43 49 24.75 

(Figures 1 and 2). Many difficulties have arisen as a result of 

the city of Samarra's urban expansions in its residential 

neighborhoods and roadways, such as building fractures and 

road collapse.  

The urban city of Samarra is characterized by its high 

population density, great variation in land use, and various 

human activities, which have led to many environmental 

problems, making there a need for research studies to evaluate 

the environmental reality of the region, soil properties, and the 

quality of surface and groundwater. The understanding of the 

soil type and its physical and chemical properties has a big and 

vital impact on the success of the next engineering project [1]. 

The soil in Iraq varies from place to place, whether in 

morphological, physical, or chemical features, and this is due 

to the manner of composition between the components of the 

original soil and fundamental rocks, as well as the climatic 

elements that impact the region [2]. Monitoring and evaluating 

heavy metal concentrations in soils, groundwater, and the 

atmosphere is critical in order to identify threats to human 

health and avoid bioaccumulation in the food chain and 

additional ecosystem deterioration [3]. Study [4] established 

that activity responsible for most of increasing levels of 

pollution in Samarra City caused by agriculture activity and in 

all suburb area of the city, besides industrial activity 

represented in industrial area which include car repairmen and 

painting and amendment of furniture beside the most 

important on location of pharmacological factory in central of 

city. Study [5] found the soil samples have been negatively 

affected with rise of groundwater recorded increase in value 

pH, moisture, EC and HCO3. The rise of underground water 

may be become big problem threatens future of in the city if 

not found solutions in nearby future. Until now a few data and 

understanding available around soil properties in Samarra 

City. This study came to aim assessment to study some 

physicochemical properties of soil at different depth. 

2. METHDOLOGY

2.1 Field stage 

Six samples were taken from two sites of well in different 

sites at outskirts at 15 meters. Specimens were chosen and 

the locations were determined of each one was recorded by 

using GPS. 
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Figure 1. Map of Iraq showing location of Samarra City 

Source: network 

 

 
 

Figure 2. Location of the study area 
Source: network 

Ground wells 

Administrative boundaries of the city 
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2.2 Soil sampling 

 

First, a survey was conducted in the study area by 

exploratory tours to inspect its geology and select the location 

of the sample. Six soil samples were selected from two bore 

hole at depths (5 m, 10 m, 15 m) in terminal site form Samarra 

City depending on Guidelines for standardized soil sampling 

and analyses. 

 

2.3 Preparation soil samples 
 

A method [6] with some modification was followed in 

preparing soil samples. Soil samples are sieved using a 

stainless steel sieve to remove dirt. All samples were then 

taken to porcelain dishes separately. Each dish containing the 

selected sample was placed in an oven at a temperature of 

approximately 70℃ until a constant weight was obtained. The 

dried mass of each sample was then crushed into a fine powder 

using a mortar and pestle, and kept in a plastic vial with an 

identification tag inside the desiccator. The soil samples were 

preserved and digested with 5 ml of HNO3 (concentrated acid), 

then the samples were heated on hotplate and filtered by using 

filter paper (Whatman). Distilled water was added to dilute the 

mixture.  
 

2.4 Physicochemical properties of soil samples 
 

To determine the required physical and chemical soil 

properties by follow method [7], a soil-testing program was 

carried out at the Soil Mechanics Laboratory at University of 

Samarra. Routine soil physical tests were carried out to 

characterize the soil properties, namely the grain size analysis 

[8], specific gravity (Gs) [9], unified classification system 

[10], atterberge limit (L.L,P.L.) [11], permeability coefficient 

(k) [12, 13]. The chemical tests included the humidity, pH, 

electrical conductivity (EC) and content of (SO4
-2, CO3

-2) 

conducted for soil specimens. 
 

2.5 Heavy metals measurement  
 

The evaluation of selected heavy metals (Pb2+, Cu2+, Zn2+, 

Fe2+) was conducted after extrapolation from the standard 

curve, all the processed samples were examined in duplicates 

with metal concentration average. Preparing 1000 mg/L 

solution of the samples with serial dilution, the results was 

calibrated with relevant Shimadzu AAS Spectroscopic grade 

standards. Heavy metals (Pb2+, Cu2+, Zn2+, Fe2+) analyzed 

using Atomic Absorption Spectrophotometer (AAS) with air 

acetylene flame.  

 

 

3. RESULTS AND DISCUSSION  

 

3.1 Particle size analysis  

 

The separation of soil into classes or groups each having 

similar characteristics and potentially similar behavior called 

classification of soil. It’s aimed to classify the soil and 

inference of its properties. The soil is classified into different 

groups depending on the percentage of the passing of its 

components of gravel, sand, silt, and clay. The results of the 

particle size study of the specimens are in Figure 3 for the first 

borehole. The percentage of gravel ranged 24.6%, 25% at 5 m, 

10 m but about 60 in 15 m and 73%, 72 for sand at 5 m, 10 m 

and 38% at 15 m as well as for silt between (2-3)% for 5 m, 10 

m and 15 m. 

Figure 4 for the second borehole, for gravel its percentage 

10.5% and 15.7% at 5 m,10 m respectively and 61.9% at 15 m 

and 80%, 79% for sand at 5 m,10 m also 35% at 15 m. Finally 

silt percentage in 10 m, 15 m between (3-6)% and for clay at 

5 m as percentage 9.5%. In Figure 5, the flow chart of unified 

soil classification system (USCS) the soils were classified by 

unified soil classification system, the flow chart of this method 

illustrates as shows results of the classification shown in 

Tables 1 and 2. 

 

 
 

Figure 3. Results of sieve analysis for first borehole 

 

 
 

Figure 4. Results of sieve analysis for second borehole 

 

 
 

Figure 5. Soil classification according to plasticity scheme 
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3.2 Liquid Limit and Plastic Limit (Atterberg Limits) 

 

Atterberg Limits Experiments were performed on 6 samples 

of soil fractions going through sieve No. 40 [14] Variation of 

Liquid Limit (L.L), Plastic Limit (P.L) and Plasticity Index 

(P.I) values of varying depths. The test results showed that the 

average of a Liquid Limit of the study area were in Table 3. 

These limits were determined by the Penetration Cone 

scheme [15]. The plasticity index is the difference between the 

Liquid Limit and Plastic Limit of soil. It is an indicator of soil 

quality knowledge. The plasticity coefficient of the tested 

specimens was in Table 3. Based on the unified classification 

(USCS), In first borehole, the soil of the study area at 5 m, 10 

m was classified as sandy soil with gravel, sandy soil with 

gravel and silt respectively  ,and the soil at 15 m was classified 

as gravelly soil with sand. In second borehole the soil of the 

study area at 5 m, 10 m was classified as sandy soil with clay, 

sandy soil with silt and gravel respectively, and the soil at 15 

m was classified as gravelly soil with sand. 

3.3 Permeability coefficient  

 

Soil permeability was ranged between (1.69×10-2–5.41×10-

3) cm/sec in first borehole and soil permeability was ranged 

between (1.33×10-2-1.44×10-3) cm/sec in second borehole as 

shown in Table 4. The results were refer to that the soil was 

medium to high permeability in the upper layer and decrease 

with depth, the reason due to the variety of fine granular found 

in soil pores. 

 

3.4 Specific gravity (Gs)  

 

Table 5 shows the specific gravity values, which varied 

from 2.51-2.63 at a rate of 2.49. The amount of fine materials 

in the soil and the presence of minerals with high specific 

gravity, such as calcite and dolomite, influenced specific 

gravity readings. 

 

Table 1. Unified soil classification system (USCS) 

 

Criteria for Assigning Group Symbols 
Group 

Symbol 

Coarse-grained soils 

More than 50% of 

retained on No. 200 

sieve 

Gravels Clean Gravels 

Less than 5% fines 

a 

  

More than 50% of 

coarse fraction 

retained on No. 4 

sieve 

𝐶𝛼 ≥ 4 and 1 ≤ 𝐶𝑐 ≤ 3𝑐 GW 

𝐶𝛼 < 4 and/or 1 > 𝐶𝑒 > 3𝑐 GP 

Gravels with Fines 

More than 12% 

fines ad 

𝑃𝐼 < 4 or plots below " 𝐴 " line (Figure 5)  GM 

𝑃𝐼 > 7 and plots on or above " 𝐴 " line (Figure 5)  GC 

Sands 

50% or more of coarse 

fraction passes No. 4 

sieve 

Clean Sands 

Less than 5% fines 
b 

𝐶a ≥ 6 and 1 ≤ 𝐶𝑐 ≤ 3𝑐 SW 

𝐶𝑢 < 6and/ or 1 > 𝐶𝑐 > 3𝑐 SP 

Sands with Fines 

More than 12% 

fines b,s 

𝑃𝐼 < 4 or plots below " 𝐴 " line (Figure 5)  SM 

𝑃𝐼 > 7 and plots on or above " 𝐴 " line (Figure 5)  SC 

Fine-grained soils 50% 

or more passes No. 200 

sieve 

Silts and clays Inorganic 
𝑃𝐼 > 7 and plots on or above " 𝐴 " line (Figure 5)  CL 

𝑃𝐼 < 4 or plots below " 𝐴 " line (Figure 5)𝑒 ML 

Liquid limit less then 

50  
Organic 

 Liquid limit - oven dried 

 Liquid limit - not dried 

< 0.75; see Figure 5; OL zone  

OL 

Silts and clays 

Inorganic 

𝑃𝐼 plots on or above " 𝐴 " line (Figure 5)  CH 

Liquid limit 50 or 

more 
𝑃𝐼 plots below " 𝐴 " line (Figure 5)  MH 

 Organic 

 Liquid limit — oven dried 

 Liquid limit - not dried 

< 0.75; see Figure 5; OH zone  

OH 

Highly Organic Soils Primarily organic matter, dark in color, and organic odor Pt 
a Gravels with 5 to 12% fine require dual symbols: GW-GM, GW-GC, GP-GM, GP-GC. 
b Sands with 5 to 12% fines require dual symbols: SW-SM, SW-SC, SP-SM, SP-SC. 

C 𝐶𝛼 =
𝐷60

𝐷10
; 𝐶𝑐 =

(𝐷30)
2

𝐷60×𝐷10
 

d If  4 ≤ 𝑃𝐼 ≤ 7 and plots in the hatched area in Figure 5, use dual symbol GC-GM or SC-SM. 
e If  4 ≤ 𝑃𝐼 ≤ 7 and plots in the hatched area in Figure 5, use dual symbol CL-ML.  

Das [13]. 

 

Table 2. Particle size analysis of studied soils 

 

 Depth Gravel % Sand % Silt % Clay % The Classification 

Sit.1 

5 m 24.6 73 2.4  Poorly graded sand with gravel 

10 m 25 72 3  Well-graded sand with silt and gravel 

15 m 60 38 2  Poorly graded gravel with sand 

Sit. 2 

5 m 10.5 80  9.5 Poorly graded sand with clay 

10 m 15.7 79 5.3  Poorly graded sand with silt and gravel 

15 m 61.9 35 3.1  Poorly graded gravel with sand 
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Table 3. The result of Liquid Limit and Plastic Limit 

 

 The Depth L.L P.L  P. I 

Site 1 

5 m ----- ----- N. P 

10 m 52 34.3 17.7 

15 m ------ ------ N. P 

Site 2 

5 m 54 36.36 17.64 

10 m 60 30.8 29.2 

15 m ------ ------ N. P 

 

Table 4. Permeability coefficient 

 
 Depth Permeability Coefficient (k) cm/sec 

Site 1 

5 m 5.41*10-3 

10 m 6.45*10-3 

15 m 1.694*10-2 

Site 2 

5 m 1.441*10-3 

10 m 6.785*10-3 

15 m 1.34*10-2 

 

Table 5. Specific gravity for soil 

 
 The Depth Specific Gravity 

Site 1 

5 m 2.60 

10 m 2.58 

15 m 2.63 

Site 2 

5 m 2.51 

10 m 2.54 

15 m 2.52 

 

3.5 Chemical tests  

 

From the chemical tests of the soil samples were analyzed 

for Sulphats content, the humidity, carbonate content, 

electrical conductivity (EC) and pH. The results are 

summarized in Table 6. 

 

Table 6. Chemical results for soil specimens 

 

 Depth pH Hum % EC Ds/m 
SO4

-2  

% 
CO3

-2 % 

Site 

1 

5 m 6.8 18 3.1 17 16.5 

10 m 7.2 32.5 4 18 21.5 

15 m 7.9 76 4.6 13 27.5 

Site 

2 

5 m 7.3 21 3.4 22 21.5 

10 m 7.6 36.5 4.2 25 26.5 

15 m 8.1 74.5 5.1 24 31.5 

 

3.6 pH scale  

 

The pH is equal to the negative logarithm of the molarity of 

hydrogen ion concentration and is used to determine the 

acidity or basicity of solutions. The soil pH average in the 

research region were in Site.1 (7.3) and in Site.2 (7.63) as 

shown Table 5. The results suggest that the soil is a basicity 

soil that rise with the depth Table 6. 

 

3.7 Humidity of soil  

 

Measurements of soil humidity in the laboratory (ASTM) 

consistent dependence of surface soil moisture on near-surface 

air humidity is observed; the sensitivity of surface water 

content on relative humidity was found to become stronger as 

the clay content increased and deep increase in the borehole. 

These results indicate that the variability in soil moisture may 

be significantly affected by groundwater from transported 

from the Tigris River and its tributaries. The humidity of soil 

in the research region were in Site.1 (18%, 32.5%, 76%) and 

in Site.2 (21%, 36.5%, 74.5%) as shown Table 6. 

 

3.8 Electrical conductivity (EC) of soil  

 

The electrical conductivity in the soil were (3.1, 4, 4.6) ds/m 

in site 1 and (3.4, 4.2, 5.1) ds/m as in Table 6. These results 

indicate that the electrical conductivity potential rise with 

depth. The electrical conductivity (EC) measured in a soil is 

primarily attributed to sodium and salt (or specifically the 

dissolved ions in solution) is the principal component of the 

soil matrix that conducts electricity, and the EC measured in a 

soil is mostly attributable to sodium. While EC is mainly 

reliant on soil salinity, it will also rise and fall in response to 

soil humidity. 

 

3.9 Sulphats content  

 

The most frequent in soil are Sulphats. The major source of 

sulfates is either gypsum sediment or ions transported from the 

Tigris River and its tributaries which causes groundwater to 

rise. As indicated in Table 6 the average sulphate content in 

the research region were in Site.1 (17%) and Site.2 (23.6%). 

 

3.10 Carbonate content  

 

The carbonate content in the soil specimens were (16.5, 21.5, 

27.5)% in site 1 and (21.5, 26.5, 31.5)% as in Table 6. These 

results indicate that the Carbonate content rise with depth.  

 

3.11 Heavy metals 

 

Descriptive statistics related to the concentration of heavy 

metals in the two cites at Samarra City are presented in Table 

7. The Coefficient Variation (CV) values in the soil were 

found to exhibit high variability. These metals values indicate 

a homogenous distribution; it might increase the effect of the 

point sources. The concentration mean of heavy metals in the 

samples follows the chemical order as: Fe2+ < Zn2+ < Pb2+ < 

Cu2+.[16]. 

In the absence of government oversight, the processes of 

burying the waste of building materials of damaged houses or 

the old ones, are carried out randomly. Especially in the 

outskirts of the city where no one can see that; which mean 

increasing the burial of mineral materials. These elements are 

present in the water due to the leaching processes that take 

place in the soil, which washes the heavy elements to the soil 

bottom. Thus, extracting water might be harmful for human 

health because of heavy metals high concentration in the 

ground water [17]. 

 

Table 7. Concentration of heavy metals in two sites 

 

 Depth Pb2+ Cu2+ Zn2+ Fe2+ 

Site 1 
5 m 125.15 3.40 11.60 12.45 
10 m 104.35 2.15 8.55 9.65 
15 m 79.40 2.90 3.65 7.30 

Site 2 
5 m 86.00 4.65 7.30 9.40 
10 m 75.55 2.50 4.35 6.85 
15 m 61.90 1.80 2.65 4.25 

 

The contamination source was supposedly catchment in 

differing functional purposes and elevations. The heavy metals 

concentration that might reaches the ground water in the sites 

depends on the transferring mass moved through the soil 
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particles. The formed contamination, spreads mainly in the 

upper part of the aquifer. The contamination comes across 

surface water bodies or draining the flow of the ground water. 

In these two sites, the contamination slows down considerably 

and gradually penetrates the soil and eventually reaches the 

ground water [18]. Iron as Fe2+ might be released into water 

from natural deposits or industrial wastes and corrosion of 

metals. The concentration levels of Fe2+ in both sites are 

exceeding the WHO standards levels which was considered to 

be 0.3 mg/L [19]. Zinc in the Zn2+ form can be found naturally 

in water. Frequently in areas near industrial waste, or metal 

plating places and houses materials waste (specially metals). 

WHO has determined the approved zinc concentration as 3.0 

mg/L. The measured concentration in both sites were exceed 

the limited value of WHO [20]. Lead enters the environment 

in the shape of Pb2+ from industry, mining, gasoline, coal, 

plumbing and as water additive. The allowable limit for Pb2+ 

are 0.003mg/L. By compares, the results obtained from the 

two sites were exceed the WHO limitation which considered 

high polluted groundwater found in both places [21]. Copper 

may enter the systems of water in the shape Cu2+ through 

mineral dissolution, industrial effluents, due to the use as 

agricultural pesticide sprays, algaecide and insecticide. The 

standard of Cu2+ allowable limit by WHO is 2.0 mg/L. The 

measured samples were near the WHO limitation and around 

[22]. 

4. CONCLUSIONS

Physical and chemical properties of the soil and heavy metal 

were studied from selected sites of the city of Samarra and to 

various depths and soil classification was carried out 

according to international standards. As showed sedimentation 

of flood fans and slopes. The research region has a basic, non-

ripple topography, yet there are some simple, spaced-out 

ripple. The heavy metals had toxicity, persistence, 

bioaccumulation, and non-biodegradability, there for it pose a 

risk to people and other ecological receivers.  
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