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Abstract: Aiming to study the soil depth and rivers slop effects on total copper concentration in Middle 

Euphrates River Region that represent in the mesopotamia plain, soil pedon samples of cultivated territory that 

adjacent to rivers were taken. The seregions are located in provinces of: Karbala, Babylon, Najaf, Diwaniyah, 

and Al-Muthana. Teen soil pedons were taken of areas that adjacent to the main Euphrate River, the Al-Hilaa, 

and the AL-Daghara Rivers in these provinces. Soil pedons of areas that on the banks or close to the main 

Euphrates River were taken of counties of Twarije, Kufa, Gamas, and Al-Samawa. In the same way, soil pedons 

of Missaib, Hashmiah, Diwaniyah, and Rumitha are adjacent to the Hilla River and soil pedons of Al-Daghara 

and Affak belongs to the area of Al-Daghara River. Results showa reduction in total copper concentration for 

all of the tested soil pedons directly related with the depth. Total copper concentration values are the highest at 

the surface layer and reduce as going depth except for soils of Al-Samawa and Al-Rumitha as aresult of polluted 

with dranges water and sewage that added to the rivers. Aggregate copper concentration values are fluctuated 

between 5.710 mg.kg-1 and 41.139 mg.kg-1in all of the studied soils. 
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I. Introduction 
Total soil content of copper is between (5 and 50) ppm. It could be reached 100 ppm sometimes. (1), 

(2). found that the total soil content of copper is fluctuated between 55- 70 mg.kg-1 of soil, and most of which is 

found in composition of primary metal crystals. Copper concentration in soil solution is very little; it is no more 

than (1*10-8) to (60*10-8) molar. Copper an element that is not easy to move in the soil since it is strongly 

associated with the soil separators. It concentration is higher as going up closer to the surface and gets reduced 

as going depth (3), (4), (5). Organic matter is one of the factors that affecting copper concentration. More than 

98% of the soluble copper is strongly attached to organic materials forming organic complexes that are 

unavailable to plants. These complexes reduce the movement of copper down. Therefore, it is stayed in and 

close to the surface of the soil body. Soil copper forms are divided to:  

- Soluble copper in soil solution, which is the least quantity of copper forms compared to other.  

- Copper exchangeable on surfaces of clay minerals and organic maters, which is available to plants. It is in 

balance with soil solution copper. 

- Fixed copper, which is fixed between crystalline metal plates. 

 

The highest concentration of soil copper is found in crystalline plates of the elementary and secondary metals 

. Cu2S, CuFeS2, Cu2O, Cu(OH)2CO3, CuSiO3.2H2O, and Cu(OH)6SO4 are the most important minerals that 

contain copper. This study was conducted to find out the existence of copper in different levels of cultivated 

soils in central the Euphrates River in Iraq and the role of depth and rivers declivity on its concentration. A few 

studies have been conducted in this area of Iraq about copper forms and their levels in calcareous soils. 

 

II. Materials and Methods 
 Soil pedons were determined in cultivated soils close to the main Euphrates River and its branches 

(Hilla and Al-Daghara rivers) in provinces of Karbala, Babylon, Najaf, Diwaniyah, and Al-Muthana. 10 soil 

pedons were made in the mentioned provinces as followed: Soil pedons of adjacent area to the main Euphrates 

River were digged on counties of Twarije, Kufa, Gamas, and Al-Samawa, soil pedons of Missaib, Hashmiah, 

Diwaniyah, and Rumitha were done onsoils that are close to the Hilla River, and soil pedons of Al-Daghara and 
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Affak are belongs to the area of Al-Daghara River. Soil specimens were taken of each diagnostic pedon level for 

laboratory examinations. Assessments of physical characteristics were done according to the following 

mentioned methods and their values are in the tables (1, 2, and 3). Soil minutes volumes test was done by the 

pipette method to assess soil separators according to Day method (6). Virtual density was estimated by Core 

Sampler method (6). In the same way, chemical characteristics were estimated according to the following 

methods and their values are in the tables (4, 5, and 6). Electric connectivity in an extract soil to water (1:1)  was 

measured by an Electrical Conductivity Bridge device (7). Potential of hydrogen (pH)of an extract soil to water 

(1:1)  was assessed by using pH-Meter device (7). Exchange capacity of positive ions were measured by 

ammonium acetate method 1.0 molar at (pH=7) (8). Soil organic matter was estimated by using the method of 

wet digestion by titrationit with ammonium ferrous sulphate according to Wikelly black methods (7). Gypsum 

was estimated by acetone sedimentation method (9). Carbone minerals were estimated by using Cacimeter 

device that based on calculation of Carbon dioxide that resulting of hydrochloric acid reaction 3N, which diluted 

with carbonates (10). Positive soluble ions of K+, Na+, Mg+, Ca+ in extraction )1:1(. Ca+  and Mg+ were estimated 

by the titration method by using Na2 EDTA (11).Using a flame photometer device, K+ and Na+ were assessed 

(9). Negative soluble ions, carbonate and bicarbonate were measured by titration with On the other hand, 

chloride measured by titration with of AgNO3(11). Carbonates were measured by using fogmethod with BaCl2, 

then using the Spectrophotometer (6).  

Total copper concentration assessed through digesting each soil sample by mixture of hydrofluoric and 

acids according to (10), then measuring it leachate using the atomic absorption device. 

Statistical analysis: Data was statistically analyzed (12) computing program.  

 

Table (1) Some of the physical characteristics of the soils that were taken of the main Euphrates  

River adjacent soils. 
 Location Depth 

Cm 
Soil Separators mg. kg-1 Soil texture Bulk Density 

      Mg. m-3 
Silty Loam Clay 

1  

 

Twarije 

0-32 220 420 360 Clay loam 1.40 

2 32-62 220 540 240 Silty loam 1.38 

3 62-86 290 540 260 Loamy 1.42 

4 86-120 310 440 250 Loamy 1.43 

5  

Kufa 

0-31 210 440 350 Clay loam 1.39 

6 31-60 180 370 450 Silty clay loam 1.42 

7 60-120 270 450 280 Loamy 1.42 

8  

Gamas 

0-49 240 510 250 Silty loam 1.38 

9 49-90 240 385 375 Clay loam 1.42 

10 90-115 320 430 250 Loamy 1.43 

11  

 
Al-Samawa 

0-33 190 340 470 Clay 1.39 

12 33-58 160 415 425 Silty clay 1.38 

13 58-99 215 430 355 Clay loam 1.41 

14 99-120 225 405 370 Clay loam 1.42 

 

Table (2) Some of the physical characteristics of the soils that is adjacent to the Hila River.  
 Location Depth 

Cm 

Soil Separators mg. kg-1 Soil texture Bulk Density 
      Mg. m-3 

Silty Loam Clay 

1  

 
Missaib 

0-39 250 300 450 Clay 1.41 

2 39-64 165 410 425 Silty clay 1.40 

3 64-98 165 440 395 Silty clay loam 1.40 

4 98-125 166 450 384 Silty clay loam 1.41 

5  

Hashmiah 

0-34 280 460 260 Loamy 1.40 

6 34-62 205 440 355 Silty loam 1.42 

7 62-115 300 470 230 Loamy 1.43 

8  

 

Diwaniyah 

0-35 166 450 393 Silty clay loam 1.39 

9 35-69 168 460 372 Silty clay loam 1.40 

10 69-130 220 410 370 Clay loam 1.42 

11  

Rumitha 

0-49 190 405 405 Silty clay 1.38 

12 49-72 170 410 420 Silty clay 1.39 

13 72-100 170 445 385 Silty clay loam 1.40 

 

Table (3) Some of the physical characteristics of the soils that is adjacent to the Al-Daghara River. 
 Location Depth 

Cm 

Soil Separators mg. kg-1 Soil texture bulk Density 

      Mg. m-3 

Silty Loam Clay 

1  
 

Al-Daghara 

0-24 210 360 425 Clay 1.39 

2 24-54 175 415 410 Silty clay 1.40 

3 54-85 180 400 420 Silty clay 1.41 
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4 85-110 165 440 395 Silty clay loam 1.41 

5  
 

Affak 

0-21 220 520 260 Silty loam 1.38 

6 21-47 210 380 410 Clay loam 1.42 

7 47-76 230 375 395 Clay loam 1.43 

8 76-110 195 435 370 Silty clay loam 1.42 

 

Table (4) Some of the chemical characteristics of the soils that is adjacent to the main Euphrates River. 

 
 

Table (5) Some of the Chemical characteristics of the soils that is adjacent to the Hila River. 

 Location Dept

h 

EC 

ds.m
-1 

PH Soluble ions Cmolc.kg-1 
CEC 

ds.m
-1

 

Carbonat

es metals 

O.M Gyp

s Ca+

2 

Mg+

2 

Na+

2 

K+1 SO4
-2 

Cl-1 HCO

3
-1 

CO3
-1 

Gm.kg-1 

1  

 
Missaib 

0-39 14.2

2 

7.6

8 

4.2

3 

3.92 7.5

5 

0.04

6 

1.8

8 

4.9

8 

1.34 Nill 39.5

8 

336 13.8

4 

2.50 

2 39-
64 

5.10 7.7
2 

1.5
4 

1.23 2.7
0 

0.04 0.6
4 

1.8
4 

0.46 Nill 36.3
6 

281 10.2
2 

2.79 

3 64-

98 

4.60 7.7

9 

1.4

4 

1.09 2.5

3 

0.03

3 

0.6

0 

1.7

1 

0.38 Nill 34.2

5 

289 8.30 1.34 

4 98-
125 

4.36 7.7
0 

1.3
5 

1 2.3
6 

0.03
3 

0.2
7 

1.6
6 

0.51 Nill 34.8
8 

252 7.14 0.75 

5  

Hashmia

h 

0-34 7.40 7.6

3 

2.0

3 

1.70 4.1

3 

0.03

2 

1.0

5 

2.6

6 

0.63 Nill 21.3

6 

270 9.78 1.69 

6 34-

62 

10.7

4 

7.6

9 

3.2

2 

2.82 5.8

6 

0.03

9 

1.4

3 

4.0

3 

0.87 Nill 23.0

0 

278 6.29 2.38 

7 62-
115 

1.83
2 

7.6
1 

0.5
9 

0.39 0.8
8 

0.02
2 

0.2
2 

0.6
9 

0.14 Nill 22.1
8 

246 6.00 1.08 

8  

 

Diwaniya
h 

0-35 5.19 7.3

8 

1.5

5 

1.20 2.8

3 

0.03

4 

0.6

5 

1.8

9 

0.42 Nill 33.6

5 

294 12.7

3 

0.76 

9 35-

69 

8.18 7.4

6 

2.4

1 

2.14 4.6

6 

0.04

5 

1.1

0 

3.3

0 

0.16 Nill 34.1

2 

132 8.25 0.85 

1

0 

69-

130 

6.62 7.4

2 

2.3

2 

1.46 3.6

3 

0.03

2 

0.9

7 

2.4

1 

0.52 Nill 31.6

5 

240 7.12 0.46 

1

1 

 

Rumitha 

0-49 3.69 7.5

5 

1.2

2 

0.87 2.3

8 

0.02

6 

0.5

3 

1.5

4 

0.32 Nill 36.2

8 

278 14.1

2 

0.28 

1

2 

49-
72 

3.32 7.5
1 

0.9
1 

0.85 1.7
8 

0.02 0.3
8 

1.2
2 

0.28 Nill 37.4
0 

246 11.4
5 

0.56 

1

3 

72-

100 

4.14 7.6

3 

1.2

6 

0.94 2.4

0 

0.02

4 

0.5

4 

1.5

6 

0.33 Nill 33.7

4 

228 8.26 0.24 
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Table (6) Some of the chemical characteristics of the soils that is adjacent to the Al-Daghara River. 

 Locatio
n 

Dept
h 

EC 
ds.

m-1 

PH Soluble ions Cmolc.kg-1 
CEC 

ds.

m-1
 

Car
bon

ates 

met
als 

O.
M 

Gy
ps 

Ca
+2 

Mg
+2 

Na
+2 

K+1 SO

4
-2 

Cl-

1 

HCO

3
-1 

CO

3
-1 

Gm.kg-1 

1  

 

Al-
Daghara 

0-24 2.1

0 

7.5

6 

0.6

9 

0.4

8 

1.0

4 

0.02

7 

0.2

6 

0.8

0 

0.15 Nil

l 

38.6

9 

235 14.6

5 

1.2

3 

2 24-

54 

4.1

4 

7.5

1 

1.3

0 

0.9

9 

2.4

6 

0.02

5 

0.5

5 

1.5

7 

0.34 Nil

l 

35.1

7 

289 9.82 1.4

0 

3 54-
85 

3.6
8 

7.6
0 

0.9
9 

0.9
1 

2.0
3 

0.31 0.4
4 

1.3
2 

0.32 Nil
l 

36.2
6 

294 8.59 0.8
2 

4 85-

110 

3.2

0 

7.5

8 

0.8

9 

0.8

0 

1.7 0.03

2 

0.3

7 

2.0

7 

0.53 Nil

l 

32.1

8 

250 7.29 0.6

0 

5  
 

Affak 

0-21 6.4
8 

7.8
1 

2.1
8 

1.3
6 

3.6
2 

0.02
8 

0.9
3 

2.3
2 

0.51 Nil
l 

22.3
0 

285 10.3
3 

0.4
2 

6 21-

47 

6.6

6 

8.0

3 

2.2

5 

1.4 3.7

4 

0.03

6 

0.9

5 

2.3

4 

0.55 Nil

l 

29.0

6 

261 9.29 0.3

1 

7 47-

76 

5.5

6 

7.8

8 

1.7

1 

1.3

1 

3.2

2 

0.02

6 

0.7

0 

2.0

7 

0.52 Nil

l 

27.8

5 

279 8.10 0.3

8 

8 76-

110 

4.1

2 

7.8

3 

1.2

3 

0.9

1 

2.3

8 

0.02

5 

0.5

3 

1.5

7 

0.35 Nil

l 

30.1

8 

257 6.23 0.2

6 

 

III. Results and Discussion 
Total soil copper of the main Euphrates River adjacent soils: 

Table (7) shows total copper concentrations of the soils soil that are adjacent to the main Euphrates 

River. There is a reduction in its concentration as going deep in soil body. The highest value of aggregate copper 

is at the first level of depth on Al-Samawa location (35.91) mg.kg-1. The least value is at the second depth level 

on Kufa. On the other hand, the third depth level of Kufa County has a greater value than the second level, 

which is an exception along with the third level of Gamas County, which has also a greater value of total copper 

than the upper depth level, which is close to the ground water, table (3). The results in table (7) is consisted with 

what (13) (14) found, but not with the research of Jadoa who study copper situations in some of the Iraqi soils. 

According to his research, values of total copper is between (16.80- 57.85) mg.kg-1, and he state that soil 

contents of total copper are varied from one location to another. He attributes that variation to the differences in 

mineral composition of the original soil and to the factors the compose it (15) (2). refer to that copper content of 

original soil and factors that compose soil are the main factors in determining total copper and its distribution in 

the soil body. Results presented that aggregate copper values are the highest at surface layer. This agrees with 

(16) (17). They state that copper is strongly attached to the organic matter compounding mineral organic 

components since there are especial locations to tightly linked copper to carboxylic group. Existence of high 

quantity of carbonate minerals and rising power of hydrogen limit unleashing copper and then block losing it 

from the soil. Samawa’s soils soil has greater total copper content than other locations of the Euphrates River. 

This refers to that an increase in total copper content as going south with the river slop. This could due to the 

increases in adding pollutants to the river (Sewage and drain waste), which increase their accumulations with the 

river slop. There are significant differences among locations of the main Euphrates River counties and within 

location depth according to level of confidence (0.05). 
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Table (7) Total copper values of the soils that are adjacent to the main Euphrates River 

 
 

Total soil copper of the Hilla’s River adjacent soils: 

Table (8) presents total copper concentrations of the soils soil that are adjacent to the Hilla River. 

Results showa reduction in its concentration as going deep in soil except for Diwania’s pedons where the second 

depth levels have the greatest copper content as compared with other levels of depth of the same location. The 

highest total copper value is at the first depth level at Missaib county (30.68) mg.kg-1. The lowest value is at the 

third depth level on Hashmiah county (7.35) mg.kg-1. Soil content of total copper is varying from one location to 

another, which due to the differences in mineral composition of the original soil. Copper is strongly attached to 

soil separators. Thus, its movement into the soil is not easy, and then its level srise up close to the surface and 

drops as going down (18) (5).  Aggregate copper values are the highest close to the surface and get declinedas 

going deep except for Diwana’s pedons, which the second level has the highest copper content as compared 

with the upper level.in the soil leads to copper lacking since it by sedimentation it forming CuCO3(19) (20). 

Missaib County has more total copper content than other counties, and this because it’s high content of clay and 

organic matter, table (5). There are significant differences not just among locations of the Hilla River soils, but 

also within depth levels of each location using confidence level of (0.05). 

 

Table (8) total copper values of the soils that are adjacent to the Hilla River. 
 Location Depth     cm Total copper mg.kg-1 

1  

 

Missaib 

0-39 30.68 

2 39-64 22.267 

3 64-98 20.416 

4 98-125 14.290 

5  
Hashmiah 

0-34 19.83 

6 34-62 11.21 

7 62-115 7.35 

8  
 

Diwania 

0-35 19.715 

9 35-69 21.366 

10 69-130 14.398 

11  
Rumitha 

0-49 23.630 

12 49-72 20.528 

13 72-100 12.419 

LSD values:  Location = 0.0004*, Depth = 0.0001*  Location depth interaction =0.0005* 

 

Total soil copper of the Daghara’s River adjacent soils:  

Total copper concentration is presented in table (9). Results clearly show that copper concentration 

decreases with depth. The highest copper content value was recorded at the surface level of depth at Al-daghara 

county (41.13) mg.kg-1. The least value was found at the fourth depth level on Afak County (10.41) mg.kg-1. On 

Al-daghara location, the fourth level had higher copper content than the upper one because it is ground water 

limits table (9). This refers to the level of contamination that ground water causes. This situation led this depth 

level to has more copper content. Table (9) shows significant differences among and within locations using 5% 

confidence level. These variations are due to the changing in the original soil and to the effect of other factors in 

the soil (21) (22). For all of the studied locations, the highest value of gross copper is excited in the surface 

layer, table (9). This may due to the strongly attachment of copper with organic matters and carbons minerals 

(5) (23). Therefore, soils of the upper level have more copper concentration as compared with deeper levels for 

all of the studied soils. Values of total copper in all counties clearly suggest that total copper concentration is the 

highest at the surface layer and gets reduced as going deeper, tables (7,8,9). There is an increase in total copper 

concentration as the river slops down toward the south where it is stream flows to. The highest copper 
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concentration value is recorded on Rumitha County, which is located southern of the Euphrates River. The 

reverse was found at both of Daghara and Hilla Rivers because the contamination of the added waste to the 

river. This may also due to the lacking of water quantity supplied, which the contamination with this element 

comparing to the Euphrates River.   

 

Table (9) Total copper values of the soils that are adjacent to the Al-Daghara River. 
 Location Depth  cm Total copper mg.kg-1 

1  

 
Al-Daghara 

0-24 41.139 

2 24-54 33.530 

3 54-85 20.467 

4 85-110 22.810 

5  

 
Affak 

0-21 26.910 

6 21-47 21.731 

7 47-76 13.521 

8 76-110 10.416 

LSD values:   Location = 0.0004*,   Depth = 0.0001*   Location depth interaction =0.0005* 
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