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Abstract 
     Heavy metals concentration in the soils and sediments has increased worldwide 

during the last century as a result of the rapid increase in population which 

combined by an increase in human activity as agriculture,  industrial and many other 

activities. Ten soil and three river sediment samples were collected from 10 main 

sampling stations at Shatt Al-Hilla River from Sada area to Dora Bridge in Babylon 

province. The chemical analysis of the sedimentation sample in the laboratory 

included pH calculation, electrical conductivity (EC) (Cation Exchange Capacity 

(CEC), organic matter (OM), and heavy metals as (Mn, Ni, Cr, Zn, Cu, Co, Pb, Cd, 

As and Fe). Indirect geochemical background (IGB) of heavy metal was calculated 

by the iterative 2 standard deviations (SD) method. 

     The results of enrichment factor for heavy metals of the soil and sediment show 

that the all heavy metals in the studied samples were within Ef<2 indicate to 

depletion to minimal enrichment (i.e. no or minimal pollution). While Cd in the 

sample (5), Co in the sample (7), Cr in the sample (8) and Mn in the sample (1S) are 

within 2 ≤ EF < 5 indicate to Moderate enrichment. Contamination factor (Cf) for 

heavy metals of soil and sediment show that the all heavy metals in the studied 

samples were within Cf < 1 -Low contamination. While Sample "2" (Cd, Fe), 

sample "3" (Ni, Cr, Pb, and Cd), sample "4" (Mn, Fe) and sample "8" (Cr) are within 

1 ≤ Cf < 3 moderate contamination. 

Pollution load index result of all the soil and sediment samples are less than one 

indicate that  "no pollution" are present, except sample 3 where the PLI value higher 

than 1 indicates the samples have been "polluted ". The modified degree of 

contamination (mCd) data indicate nil to a low degree of contamination for all of the 

soil and sediments samples. 
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يوهنات قجرة تبادل الأ  (EC)، والتهصيل الكهخبائي  pHوالخسهبيات النهخية في المختبخ حداب 
،  Mn ،Ni  ،Cr  ،Zn  ،Cu  ،Co) والمعادن الثقيمة وتذمل ،(OM، والمهاد العضهية ) (CEC)المهجبة

pb ،Cd ،As ،Fe .)( تم حداب الخمفية الجيهكيميائية غيخ المباشخةIGB لممعادن الثقيمة بهاسظة طخيقة )
 ( التكخارية.2SDالانحخافات المعيارية  )

 العيناتجميع الاثخاء لممعادن الثقيمة في التخبة والخواسب أن جميع المعادن الثقيمة في  تملاتظهخ نتائج معا
 تذيخ إلى انخفاض او الحج الأدنى للإثخاء )أي عجم وجهد التمهث أو التمهثوالتي  Ef <2ضمن المجروسة 

في العينة  Mnو  (8في العينة ) Cr( ، 7في العينة ) Co( ، 5في العينة ) Cdالحج الأدنى(. بينما  عنج
(1Sضمن )   5معامل تاثيخ< EF ≤2  والتي تذيخ إلى أثخاء( معتجل. يوهضح عامل التمهثCfلم )عناصخ 

التمهث  ضمن  المجروسة العيناتجميع الثقيمة في  صخاعنالثقيمة في نماذج التخبة والخسهبيات أن جميع ال
( Ni ،Cr ،Pb ،Cd" )3العينة " ،(Cd ،Fe" )2التمهث المنخفض. في حين أن النماذج " –Cf <1 المنخفض

"4( "Mn ،Fe)، "8النمهذج( "Cr ) 3 حج تمهث معتجل ضمنتقع>Cf≥1. 
، "عجم وجهد تمهث" 1لكل عينات التخبة والخواسب الى أقل من  (PLI)  ل التمهثتذيخ نتائج مؤشخ حم      

إلى أن النمهذج "ممهث". وتذيخ بيانات درجة التمهث  1أعمى من  PLIحيث تذيخ قيمة  3باستثناء النمهذج 
(mCd لجميع عينات التخبة والخواسب. -مهث ت( المعجلة إلى )عجم وجهد )درجة منخفضة من التمهث 
 

1. INTRODUCTION 

     The soil is an important environmental media receiving a significant amount of pollutants from 

different sources with time [1]. Heavy Metals associated with soils and sediments in an urban area are 

of environmental significance because of their direct and indirect effects on human health. Heavy 

metals in soils are found naturally or generated from anthropogenic activities. Anthropogenic sources 

of heavy metals in the environment involve many sources as the burning of fossil fuels, municipal 

wastes, sewage, pesticides and fertilizers [2]. River sediment of Shatt Al-Hillah and soil from 

surrounding areas suffer from increased effluent especially in recent years, due to increasing 

population, urban expansion, dense and vast agriculture lands on both sides of the river which result in 

increased uses of fertilizers and pesticide. Theses aforementioned factor necessity led to increased 

contaminants, where the emission and deposition of wastes rich in heavy could be increased in our 

ecosystems, particularly soil in urban and agricultural lands which act as sinks for these metals. 

     Consequently, this study is designed to test the effects of anthropogenic activity on heavy metals 

status of the soil and river sediment in Shatt Al-Hilla area by comparing the result with the 

geochemical background. Assessment of Metal contamination risk index, which can be used as a tool 

to identify the degree of pollution in the soil, was also assessed using the enrichment factor (EF), 

Contamination factor (Cf), Pollution Load Index (PLI), and Modified degree of contamination (mCd). 

It is hoped that the current study could provide baseline data regarding the distribution and 

accumulation of the selected metals in the river sediment of Shatt Al-Hilla and soil of the surrounding 

area and would help reduce the contamination by identifying the major pollution sources.  

2.  Study Area 

     The study area is located in Babil Governorate, Central Iraq, between longitudes (44º 2´E) (45º 

13´E), and  latitudes (32 º 5´N) (33 º 8´N) as shown in Figure-1. The total area of Babil Governorate is 

5119 Km
2
, representing 1.3% of the total area of Iraq. Babil Governorate consists of four districts and 

12 administrative units and 674 villages. These administrative units are located directly on the Shatt 

Al-Hilla or on one or more of its distributors. The study area is a part of Mesopotamian Plain, one of 

the oldest agricultural lands in the world. The main components of sediments are old river deposits 

and irrigation sediment [3].  
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Figure 1- Location map of soil and Shatt Al-Hilla Sediments samples 

  

3. Materials and Methods 

3.1 Sampling Collection and Analysis  

     During dry seasons ( 30/7/2018), ten soil and three river sediments samples were collected from 10 

main sampling stations at Shatt Al-Hilla from Sada Area to Dora Bridge in Babylon Province (Figure- 

1, Table-1). The soil sample was collected at 15 cm depth around the sample area; it was first air dried, 

mixed and transferred into clean and labeled polythene bags and carefully preserved for required 

chemical analysis. .The soil and sediments samples were mix, and sieved through 2-mm-mesh sieve. 

The resulting fine fraction was prepared for digestion. The chemical analysis of the soil and sediment 

samples included  pH calculation, electrical conductivity (EC), Cation Exchange Capacity (CEC), 

organic matter (OM), and heavy metals as Mn, Ni, Cr, Zn, Cu, Co, pb, Cd, As and Fe. The previously 

digested soil samples were used in determining the content of heavy metals using an atomic absorption 

spectrophotometer. 
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Table 1-Location and detailed description of Soil and river sediments samples 

No Longitude Latitude Type Sample name Description 

1 44°17‟52.99”E 32°40‟60.0”N Soil Under bridge 

Under Al-Hidia Barrage and 

high population density, 

beginning Sada City .Pont to 

river policy. 

2 44°23‟43.99”E 32°35‟60.0”N Soil –Sediment Albomustafa 
farmland  and Fish pond  - 

Rural areas and animal activity 

3 
44°25‟9.42”E 

 

32°32‟59.96”N 

 
Soil Alboalwan 

Intensive agricultural and 

animal activity and the 

presence of a drainage water 

drain - Many fish ponds- Rural 

areas and irrigation activity by 

machines to clean the river 

from clay sediment and plant 

4 44°25‟11.57”E 32°31‟47.31”N Soil Babil city 

Tourist and agricultural area – 

boat moving –and some new 

Building in two banks 

5 44°25‟42.88”E 32°31‟0.69”N Soil Western Zoer 
Farmland - fish ponds- 

moderate  population density 

6 44°26‟4.31”E 32°30‟1.05”N Soil Al-Saha 

Population density  -many 

restaurants   and Car – wash 

and Margan Hospital 

7 44°26‟26.43”E 32°28‟45.84”N Soil –Sediment Saad bridge 

High population density 

Residues of commercial 

activities and clinics –sewage 

pipe 

8 44°28‟32.47”E 32°26‟6.64”N Soil Alaffar 
High population density - 

sewage pipes and the large 

9 44°29‟23.14”E 32°25‟4.06”N Soil Almaimir Riverside waste. 

10 44°30‟4.48”E 32°24‟30.68”N Soil –Sediment Dora barrage 
Farmland  and presence of 

sewage pipes and the large 

     The chemical analysis of the sedimentation sample in the laboratory included  PH calculation, 

electrical conductivity (EC) Cation Exchange Capacity (CEC), organic matter (OM)., and heavy 

metals include Mn, Ni, Cr, Zn, Cu, Co, pb, Cd, As and Fe.  

Table 2-Analytical methods are used for analyses of soil and Shatt Al- Hilla  Sediments samples . 
Parameters Methods of analysis 

Zn, Cd, Cu , Co , Fe ,Cr , Atomic-absorption spectrometer 

Ni, Pb,  Mn, As, Atomic-absorption spectrometer 

pH pH meter 

TDS (mg/l) TDS-EC-pH meter 

EC µs/c Electrical ConductivityTDS-EC-pH meter 

Organic compounds FTIR Prestige-21,Shimadzu 1601 pc, Japan 

3.2. Geochemical background of the Soil and river sediments 

     The background is defined as a relative measure to distinguish between the natural element or 

compound concentrations and anthropologically influenced concentrations in real sample collectives 

which may be determined with direct, indirect, and integrated methods [4] and [5]. 

The statistical method is iterative 2 standard deviations (SD) method. The iterative 2 SD technique 

[average ± 2SD] is mainly used to define background values because it approximates the original data 

set to a normal distribution [6]. 

3.3. Assessment of Metal Contamination  
     To evaluate the degree of contamination in the sediments, we used four parameters: Enrichment 

Factor (EF), Contamination Factor (CF), Pollution Load Index (PLI) and Modified degree of 

contamination (mCd). 

The enrichment factor (EF) 

     The enrichment factor of metals is a useful indicator reflecting the status and degree of 

environmental contamination [7]. 
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     The EF calculations compare each value with a given background level, either from the local site, 

using older deposits formed under similar conditions, without anthropogenic impact, or from a 

regional or global average composition [8]. The EF was calculated using the method proposed by [9] 

as follows 

   
(     ⁄ )       

(     ⁄ )           
                                                              (1) 

     Where (Me/Fe) sample is the metal to Fe ratio in the sample of interest; (Me/Fe) background is the 

natural background value of metal to Fe ratio. 

 Indirect geochemical background obtained from the computation of statistical background methods is 

used as a reference background. In the current study. Iron was chosen as the element of normalization 

because natural sources (1.5%) vastly dominate its input [10][11]. Increasing in EF value indicate 

increasing metals supply from anthropogenic activity [12].  Enrichment factor categories are listed in 

the Table-3. 

Table 3- Enrichment factor (EF) categories [13] 
Enrichment factor (EF) Enrichment factor (EF) Categories 

EF < 2 Deficiency to minimal enrichment 

2 ≤ EF < 5 Moderate enrichment 

5 ≤ EF < 20 Significant enrichment 

20 ≤ EF < 40 Very high enrichment 

EF ≥ 40 Extremely high enrichment 

Contamination factor (Cf) 

     The level of contamination of sediment by metal is expressed in terms of a contamination factor. 

The Cf is the ratio obtained by dividing the concentration of each metal in the river sediments and soil 

(CM) by the background (CB)  value [14]. 

     
  

  
                                                                    (2) 

     Where Cm is the concentration of a given metal in the river sediments and soil river sediment, and 

CB is the background concentration of the metal. CF values for describing the contamination level are 

shown in the Table-4 [15]. 

Table 4-CF and level of contamination [15] 
Contamination Factor (CF) Contamination Level 

Cf < 1 Low contamination 

1 ≤ Cf < 3 Moderate contamination 

3 ≤ Cf < 6 Considerable contamination 

Cf > 6 Very high contamination 

Pollution Load Index (PLI)  

     Pollution load index for each site is calculated  according to  the procedure of Tomlinson[15]  as 

follow; 

    √                          
 

                             (3) 

     Where: n = number of metals and CF = contamination factor. According to [16] the PLI value 

higher than 1 indicates the samples have been polluted while the PLI value less than 1 indicates no 

pollution occurred 

Modified degree of contamination (mCd)  

     The degree of contamination by metals is calculated based on the method presented by Hakanson 

[15] using the following formula:  

   ∑                                             (4) 

     Where ∑Cf is the sum of contamination factor for all metals 

     Furthermore, all n species must be analyzed in order to calculate the correct Cd for the range of 

classes defined by Hakanson [15]. Abrahim & Parker [17] presented a modified and generalized form 

of the Hakanson [15] equation for the calculation of the overall degree of contamination at a given 

sample. The modified equation for a generalized approach to calculating the degree of contamination 

is given as follow: 

    
∑  

 
                                                          (5) 

     Where n is the number of metals analyzed and CF is the contamination factor. According to mCd 

classification Table-5 
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Table 5-Classification of mCd [17] 
mCd values Sediment quality 

mCd<1.5 Nil to low degree of contamination 

1.5≤mCd<2 Low degree of contamination 

2≤mCd<4 Moderate degree of contamination 

4≤mCd<8 High degree of contamination 

8≤mCd<16 Very high degree of contamination 

16≤mCd<32 Extremely high degree of contamination 

mCd>32 Ultra-high degree of contamination 

4. Results and Discussion 

     Analysis results of pH, EC, CEC, and organic matter (OM) for soil and sediment samples along the 

Shatt Al-Hilla course are presented in Table-6. pH value of soil and  Shatt Al-Hilla sediment ranges 

from 7.18 to 8.09 with a mean of 7.67 and7.84 to 8.1 with a mean of 7.94 respectively (Table-6 and 

Figure-2). The values within the alkaline range may be due to the sediment content of carbonate, 

which affects the pH values. Carbonate increases pH moderately [18] whereas the alkaline soils are 

primarily caused by a calcium carbonate-rich parent materials. 

     Electrical conductivity values of soil and  Shatt Al-Hilla sediment ranged from 3.4 to 85 ds/ m with 

a mean 32.19 ds/m and 13.2 to 34 with mean 22.86 respectively. The values of the electrical 

conductivity of soil and sediment samples of the Shatt Al-Hilla were shown in (Table- 6 and Figure-

2). According [19] the sample 8 considered as a very slightly saline, sample 1 as a slightly saline, 

sample 2-3-2S as  a moderately saline while samples 4-5-6-7-9-10-1S-and 3S as  a strongly saline 

(Table 7) Cation exchange capacity (CEC) is a measure of the soil‟s ability to hold positively charged 

ions [20]. CEC of the different types of material (modified from [81] are presented in Table-8. CEC 

values of soil and sediment samples ranged from 9.6 to 17.5 cmol (+)/kg with a mean of 13.2 cmol 

(+)/kg and 10.8 to 13.9 with mean 12.4 cmol (+)/kg respectively. The values of the (CEC) of soil and 

sediment samples of the Shatt Al-Hilla were shown in (Table-6 and Figure-2). CEC result of the 

studied soil is within the normal range and has the ability to retain and supply nutrients, specifically 

cations, Organic matter (OM) content of soil and sediment samples ranges from 0.88 to 1.63 with a 

mean of 1.044 % and0.78 to 0.91 with mean 0.84% respectively. The results of the organic matter 

analysis showed that the levels of the organic matter presented in sediment samples varied throughout 

the river and all sampling sites have relatively low organic matter content (Table-6 and Figure-2). 

Table 6-pH, EC, CEC, and organic matter (OM) results of soil and sediment samples along the Shatt 

Al-Hilla course  

S. No. 
Parameter ( Soil Sample) 

PH EC (ds/m) MO % CEC cmol (+)/kg 

1 7.7 6.6 1.13 15.4 

2 7.55 8.9 1.1 13.9 

3 7.62 12.6 1.36 17.5 

4 8.09 32.0. 1.21 16 

5 7.82 85 0.88 9.6 

6 7.93 54 0.98 12.4 

7 7.61 64 0.92 11.5 

8 7.48 3.4.0 1.04 13.5 

9 7.18 18 0.93 10.2 

10 7.8 46.5 0.89 12.4 

Min 7.18 34 0.88 9.6 

Max 8.09 85 1.36 17.5 

Mean 7.67 32.19 1.044 13.2 

SD 0.25 28.7 0.15 2.5 

Sediments Samples 

1S 7.82 34.1 0.78 10.8 

2S 7.9 13.2 0.85 12.7 

3S 8.1 21.4 0.91 13.9 

Min 7.84 13.2 0.78 10.8 

Max 8.10 34 0.91 13.9 

Mean 7.94 22.86 0.84 12.4 

SD 0.13 10.4 0.06 1.56 



Manea et al.                                               Iraqi Journal of Science, 2019, Vol. 60, No.5, pp: 1055-1068 

1061 

 

 
Figure 2-Variation pattern of pH , OM, CEC and EC in soil and sediment samples . 

 

Table 7-Classification the soil and sediment according EC and described general relationship of EC 

and plant growth [19]. 

Class ECe (dS m−1) Plant Growth 

Non saline 0-2 Salinity effects mostly negligible 

Very slightly saline 2-4 Yields of very sensitive crops may be restricted 

Slightly saline 4-8 Yields of many crops restricted 

Moderately saline 8-16 Only tolerant crops yield satisfactory 

Strongly saline >16 Only a few very salt-tolerant crops yield satisfactory 

Table 8-CEC of the different types of material (modified after [18]) 

Type of material CEC (meq/100g) 

Kaolinite 3-15 

Chlorite 10-40 

Illite 10-40 

Smectite 80-150 

Organic matter 150-400 

Goethite & Hematite up to 100 

     Heavy metals concentration in ppm of soil and sediments with geochemical background index and 

sediment quality guidelines, are presented in Table-9. Sediment contamination in (trace element) is a 

measure of environmental pollution. The increase in soil content from rare elements leads to disease 

[11]. 

Table 9-Heavy metals concentration in ppm of soil and sediments with geochemical background 

index and sediment quality guidelines 
Type Metal Mn Ni Cr Zn Cu Co Pb Cd As Fe 

S
o

il
 

S
a

m
p

le
s Min 21 8.9 9 31 15 11.3 9.6 2.4 5.1 314 

Max 74 68 31.6 131 102 43 76.5 11.5 8.20 3120 

Mean 43.7 28.9 18.2 77.3 59 30.3 32 4.8 6.29 1021 

SD 17.1 18.5 7.6 32.3 26.5 11.8 21.2 2.8 0.9 859 

S
ed

im
e
n

t 

sa
m

p
le

s Min 34 12.4 9 31.6 15 21 13 2.7 5.2 321 

Max 43 21.6 15 48 46 34.1 31 3.1 6.8 745 

Mean 38 15.9 11.5 37.5 28 28.1 20.9 2.9 6.13 599.6 

SD 4.58 4.9 3.1 9.09 16.09 6.6 9.17 0.2 0.83 219.2 

IGB* 64 46.4 23 135 106 49 53.3 5.34 12 1098 

WHO,2004 - 20 25 123 25 - - 6 - - 

USEPA,1999 30 16 25 110 16 - 40 0.6 - 30 

IGB*: Indirect Geochemical Background that calculate according to aforementioned statistical methods 
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Manganese: Mn concentration in soil samples ranges from 21 to 74 ppm with a mean of 43.7 ppm 

and ranges from 34 to 43 ppm with a mean 38 ppm in sediment samples (Table-9 and Figure-3A). The 

fourth sample contains a concentration of manganese (74 ppm) higher than  IGB of Mn (64 ppm) this 

may result from the variations in the source materials from which soils are derived or anthropogenic 

activities. In comparison with sediment quality guideline, the mean value of Mn exceeds the limits 

[23].  

Copper: Cu concentrations in the soil range from 9.6 to 76.5 ppm with a mean of 32 ppm and in Shatt 

Al-Hilla sediment samples range from 13 to 31.0 ppm with a mean of 20.9 ppm (Table-9 and Figure 

3A). All samples contain a concentration of Cu less than  IGB (106), this means that copper exists at 

levels lower than its natural occurrences in soil or rocks in the study area. In comparison with 

sediment quality guideline [the mean value of Cu exceed the limits of [23] and [24]. 

Zinc: Zn concentrations in the soil range from 31 to 131 ppm with a mean of 77.3 ppm and in Shatt 

Al-Hilla sediment samples ranges from 31.6 to 48 ppm with a mean of 37.5 ppm (Table-9 and Figure- 

3A). All samples contain a concentration of Zn less than IGB (135), this means that Zn exists at levels 

lower than its natural occurrences in soil or rocks in the study area. In comparison with sediment 

quality guideline, the mean value didn't not exceed [12]. and [24] limits. 

 

 

 
                 Figure 3-Heavy metals in the soil and Shatt Al-Hilla sediment samples. 
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Nickle:  Ni concentrations in the soil range from 8.9 to 68 ppm with a mean of 28.9 ppm and in Shatt 

Al-Hilla sediment samples range from 12.4 to 21.6 ppm with a mean of 15.9 ppm (Table- 9 and 

Figure- 3B). The third sample contains a concentration of Ni (68 ppm) higher than IGB (46.4) this 

may result from the variations in the sources rocks or anthropogenic activities. In general, Ni means 

concentration of soil are exceeding the [23] and [24] limits but for river sediments Ni mean (15.9) was 

very closer to [23] limits and lower than [24] limit. 

Cobalt: Co concentrations in the soil range from 11.3 to 43 ppm with a mean of 30.3 ppm and in Shatt 

Al-Hilla sediment samples ranges from 21 to 34.1 ppm with a mean of 28.1 ppm. All samples contain 

a concentration of Co less than IGB (49) suggest that Co exists at levels lower than its natural 

occurrences in the soil of the study area (Table-9 and Figure-3B). 

Lead:  Pb concentrations in the soil range from 9.6 to 76.5 ppm with a mean of 32 ppm and in Shatt 

Al-Hilla sediment samples ranges from 31 to 31 ppm with a mean of 20.9 ppm (Table-9 and Figure- 

3B). The third sample contains a concentration of pb (76.5 ppm) higher than IGB (53.3). In 

comparison with sediment quality guideline, the mean value did not exceed the limits, and this result 

shows that the Shatt Al-Hilla sediments are not polluted by Pb. 

Chromium: Cr concentrations in the soil range from 9 to 31.6 ppm with a mean of 18.2 ppm and in 

Shatt Al-Hilla sediment samples ranges from 9 to 15 ppm with a mean of 11.5 ppm (Table-9 and 

Figure-3C), the third and eighth samples contains a concentration of Cr 31.6 and 29.3 ppm 

respectively, higher than IGB (23), this may result from anthropogenic activities. In comparison with 

sediment quality guideline, the mean value did not exceed the limits. But the soil is contaminated with 

Cr at site 3 and 8, due to many anthropogenic activities at these two sites, as shown in Table-1. 

Arsenic: As concentrations in the soil range from 5.1 to 8.2 ppm with a mean of 6.29 ppm and in 

Shatt Al-Hilla sediment samples ranges from 5.2 to 6.8 ppm with a mean of 6.13 ppm (Table-9 and 

Figure-3C). When comparing the As concentrations in soil and sediment samples with the IGB  of  As 

(12), all samples contain a concentration of As less than  IGB, this means that As exists at levels lower 

than its natural occurrences in the soil in the study area. 

Cadmium: Cd concentrations in the soil range from 2.4 to 11.5 ppm with a mean of 4.8 ppm and in 

Shatt Al-Hilla sediment samples range from 2.7 to 3.1 ppm with a mean of 2.9 ppm (Table-9 and 

Figure-3C). The second, third and fourth samples contain a concentration of Cd 9.6, 7.5 and 11.5 ppm 

respectively, higher than  IGB, this may result from anthropogenic activities that are represented in 

Table-1. Such activates may lead to increase in Cd concentration at these three sites above the IGB, 

WHO [12] and [13]. 

Iron: concentrations in the soil range from 314 to 3120 ppm with a mean of 1021 ppm and in Shatt 

Al-Hilla sediment samples range from 321 to 745 ppm with a mean of 599 ppm (Table-9 and Figure- 

3C). The second, third and fourth samples contain a concentration of Fe 1350,  3120 and  2450 ppm 

respectively, higher than  IGB (1098). In comparison with sediment quality guideline, the mean value 

were exceeded USEPA [12] limit that means the soil and river sediments are polluted with iron.  

Detail description result of enrichment factor (Ef), Contamination factors (Cf), modified degree of 

contamination (mCd) and pollution load index (PLI) of the heavy metals for the soil and sediment 

samples of   Shatt Al-Hilla are listed in the Tables-(10 and 11). 
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Table 10-Detail description result of (Ef), PLI of the heavy metals for the soil and sediment samples 

of Shatt Al-Hilla.  

Enrichment factor (Ef) 

S.ID. Mn Ni Cr Zn Cu Co Pb Cd As Fe PLI 

Soil and sediment samples  

1 1.2 0.32 0.66 0.81 0.82 0.09 0.93 1.27 0.85 1 0.68 

2 0.94 0.5 0.66 0.68 0.4 0.37 0.96 1.48 0.4 1 0.76 

3 0.15 0.51 0.5 0.24 0.34 0.31 0.51 0.5 0.17 1 1.02 

4 0.5 0.34 0.43 0.42 0.35 0.22 0.2 0.94 0.22 1 0.88 

5 1.15 0.1 1.43 0.88 1.52 1.92 2.05 2.52 1.94 1 0.69 

6 0.8 0.05 0.51 0.7 0.16 0.87 0.4 0.51 0.65 1 0.47 

7 0.84 1.5 1.25 0.6 1.12 4.61 1.6 1.01 1.01 1 0.56 

8 1.1 0.67 3.36 0.58 0.05 0.12 0.45 1.29 1.65 1 0.40 

9 1.10 0.26 0.92 0.76 0.83 0.52 0.33 1.02 0.87 1 0.50 

10 1.31 0.5 1.33 0.88 0.87 1.23 0.34 1.32 1.34 1 0.59 

1S 2.3 1.03 1.41 0.84 0.74 1.48 1.22 2.01 1.61 1 0.36 

2S 0.85 0.39 0.67 0.34 0.2 0.89 0.86 0.81 0.85 1 0.42 

3S 1.34 1.17 1.72 0.9 1.09 1.77 0.63 1.29 1.55 1 0.46 

Min. 0.15 0.05 0.43 0.24 0.05 0.09 0.20 0.50 0.17 1.0 0.36 

Max. 2.30 1.50 3.36 0.90 1.52 4.61 1.94 2.52 1.94 1.0 1.02 

Mean 1.04 0.56 1.14 0.66 0.65 1.10 0.8 1.22 1.00 1.0 0.59 

SD 0.55 0.42 0.79 0.21 0.44 1.22 0.54 0.55 0.57 0.0 0.19 

Table 9-Detail description result of Cf and mCd of the heavy metals for the soil and sediment samples 

of Shatt Al-Hilla. 

B - Contamination factors (Cf) 

S.ID. Mn Ni Cr Zn Cu Co Pb Cd As Fe mCd 

1 0.96 0.92 0.5 0.62 0.65 0.78 0.73 0.97 0.42 0.62 0.717 

2 0.6 0.61 0.78 0.83 0.49 0.46 0.82 1.76 0.45 1.22 0.80 

3 0.43 1.46 1.37 0.69 0.96 0.87 1.43 1.4 0.45 2.84 1.12 

4 1.15 0.77 0.95 0.97 0.82 0.51 0.46 2.15 0.48 2.31 1.05 

5 0.32 0.29 0.39 0.25 0.43 0.54 0.58 0.71 0.5 0.28 0.42 

6 0.7 0.46 0.43 0.61 0.14 0.76 0.34 0.44 0.52 0.88 0.52 

7 0.5 0.89 0.71 0.35 0.66 0.23 0.97 0.59 0.55 0.59 0.6 

8 0.43 0.26 1.27 0.22 0.21 0.83 0.18 0.5 0.6 0.39 0.43 

9 0.82 0.19 0.65 0.56 0.61 0.37 0.24 0.74 0.59 0.73 0.55 

10 0.85 0.33 0.83 0.57 0.57 0.82 0.22 0.86 0.68 0.65 0.63 

1S 0.67 0.29 0.39 0.24 0.21 0.42 0.35 0.58 0.43 0.29 0.38 

2S 0.57 0.36 0.45 0.23 0.14 0.59 0.58 0.54 0.53 0.67 0.46 

3S 0.53 0.46 0.65 0.35 0.43 0.69 0.24 0.5 0.56 0.39 0.48 

Min. 0.32 0.19 0.39 0.22 0.14 0.23 0.18 0.44 0.42 0.38 0.38 

Max. 1.15 1.46 1.37 0.97 0.96 0.87 1.43 2.15 0.68 2.84 1.12 

Mean 0.65 0.56 0.72 0.49 0.48 0.60 0.54 0.9 0.52 0.91 0.62 

SD 0.23 0.46 0.36 0.31 0.26 0.20 0.36 0.53 0.07 0.78 0.23 

 

     The results of enrichment factor for heavy metals of the  soil and Shatt Al-Hilla Sediment 

according classification in Table-3 shows that  the all heavy metals in samples ( 1, 2, 3, 4, 6, 9, 10, 2S, 

and 3S)  were within Ef<2 indicate to depletion to minimal enrichment (i.e. no or minimal pollution). 

While Cd in Sample (5), Co in the sample (7), Cr in the sample (8) and Mn in the sample (1S) are 

within 2 ≤ EF < 5 indicate to moderate enrichment (Table-10.A and Figure-4(A, B, and C).   

     According to the results of contamination factor (Cf) and classification in Table-4 for heavy metals 

of the  soil and Shatt  Al-Hilla Sediment show that  the all heavy metal in samples (1, 5, 6, 7, 9, 10, 1S, 

2S  and 3S) lay within Cf < 1  Low contamination. While sample "2" (Cd and Fe), sample "3" (Ni, Cr, 
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Pb, and Cd) sample "4"(Mn and Fe) and sample "8' (Cr) are within 1 ≤ Cf < 3 moderate contamination 

as shown in Table-10.B and Figure 5-(A, B, and C). 

     The pollution load index result of all the soil and Shatt Al-Hilla sediment samples are less than one 

indicate that  "no pollution" are present, except sample 3 where the PLI value higher than 1 indicates 

the samples have been "polluted " as shown in Table-10 A and Figure-6. 

     The modified degree of contamination (mCd) data according to classification in the Table-5 

indicates nil to a low degree of contamination for all of the soil and sediments samples (Table-10B and 

Figure- 7). 

 

 
Figure 4 A , B, C-Variation pattern of Enrichment factor values in Soil and Shatt Al-Hilla  sediment 

samples. 
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Figure 5-A,B and C:Variation pattern of contamination factor (Cf) values in Soil and Shatt Al-Hilla  

sediment samples. 
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Figure 6- Variation pattern of the pollution load index values in Soil and Shatt Al-Hilla  sediment 

samples. 

 
Figure 7-Variation pattern of the modified degree of contamination (mCd) in Soil and Shatt Al-Hilla  

sediment samples. 

 

5. Conclusions  
     In Study area, pH value of Soil and Shatt Al-Hilla sediment within the alkaline range, and the 

results of the organic matter analysis have relatively low organic matter content. 

     The results of enrichment factor for heavy metals of the soil and Shatt Al-Hilla sediment show that 

the all heavy metal in soil samples (1, 2, 3, 4, 6, 9 and 10), and sediment samples  (2S, and 3S)  within 

Ef<2 indicate to depletion to minimal enrichment (i.e. no or minimal pollution). While Cd in the 

sample (5), Co in the sample (7), Cr in the sample (8) and Mn in the sample (1S) are within 2 ≤ EF < 5 

indicate to Moderate enrichment. The results of contamination factor (Cf) for heavy metals of the soil 

and Shatt  Al-Hilla sediment show that the all heavy metals in soil samples ( 1, 5, 6, 7, 9, and 10) and 

sediment samples 1S, 2S, and 3S)  within Cf < 1 -Low contamination. While sample "2" (Cd, and Fe) 

sample "3" (Ni, Cr, Pb, and Cd) sample "4" (Mn, and Fe) and sample "8'(Cr) are within 1 ≤ Cf < 3 

moderate contamination. The pollution load index result of all the soil and Shatt Al-Hilla sediment 

samples are less than one indicate that  "no pollution" are present, except sample 3 where the PLI 

value higher than 1 indicates the samples have been "polluted ". The modified degree of contamination 

(mCd) data indicates nil to a low degree. 
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