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Sixteen Samples of sediment were collected from Shatt Al-Arab river and the Iraqi marine environment in 
southern of Iraq.The samples were distributed one station on Euphrates river before its confluence with 
Tigris river, seven stations along Shatt Al-Arab river and eight stations selected from the Iraqi Marine 
environment.All samples were collected from surface sediment at different waters Column in low tide 
time. Selenium was measured by Spectrophotometric method through using 4-Methyl-o- phenylene 
diamine as complex agent in acidic medium (pH= 1.5). The Iron was measured by Spectrophotometric 
method also by using complex formation with Potassium thiocynat.The results of the total selenium 
measurement and total iron showed the values at extent (1.928-13.818 µg/g) , (2298.418 -4238.702 µg/g)  
respectively in Shatt Al-Arab sediment , while total Selenium and total iron in the marine sediment was 
recorded at range (1.044-11.449 µg/g) ,(1822.789-3996.228 µg/g) respectively . Standard deviation for all 
the stations (n=3) of Selenium and Iron was calculated and showed at extent (0.00160- 0.03032) , ( 0.25225- 
4.69526) respectively . 
 
Keywords : Spectrophotometric method , Total Selenium , Total Iron.  
 
INTRODUCTION  
 
Selenium exists in trace amounts in most crustal materials of earth , the concentration of total selenium in most soil 
lies within the range of 0.01 - 2 µg Se /g [Mayland et al.,1989 , EPA, 1976] , but it´s concentration rarely exceeds 
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500µg/g[UNEP, 1988] .The selenium is found in nature in several states of oxidation and some of its chemical forms 
are volatile and has the four states from oxidation which are elemental selenium (0), selenide (II), selenite (IV) and 
selenate (VI) [Bao et al., 2012, Abdulnabi et al., 2015] . The chemical forms of Selenium present in soils and sediments 
are closely related to the oxidation-reduction potential and  depend on pH in sediment and soil and the role of 
microorganisms[Gonzalez et al.,2006 , Oldfield ,1972] . Selenide (II) can be aerobically oxidised to selenium (0) and 
selenite (IV) at the pH of sea water can be oxidised to selenate (VI) , but in biological systems selenite can also be 
reduced by thiol groups to selenide to form a selenotrisulphide complex. Selenium-protein binding can occur, as in 
the synthesis of seleno-amino acids from inorganic selenium and their subsequent incorporation into peptide chains. 
This process is biologically mediated, involving carbon-selenium bonding[EPA, 1976]. Selenium in soil and sediment 
binds with Fe2O3 in clay minerals and organic material and the binding strength increases as the pH decreases 
[Oldfield ,1972]. The most of sources selenium in soil was divided to natural source such as volcanic eruptions , 
movement of wind , rain water and weathering of rocks and industrial sources such as stations of generation of 
electric power and combustion of coal and oil [Schneider et al.,2015, Staicu et al.,2015,  Bauer ,1997] , these parameters 
released volatile selenium which is subsequently deposited over the surface of the earth[UNEP, 1988, Eisler, 1985] 
and thus it´s transformed to an aquatic system via several operations and reaches to sediment by deposition 
operation through biochemical cycles [EPA, 1976, Porcella et al., 1991]. Sedimentary rocks usually contain 
concentrations of selenium much higher than the earth's . The selenium content sometimes reaches 0.5 mg/g in 
limonite rocks, 2.6 mg/g in vanadium-uranium rocks[Deepa and Lingappa ,2014 , Bem ,1981] while the concentration 
of selenium in sandstones are shows at range 0.05-1.12 µg/g ,0.0-30 µg/g for carbonate rocks[UNEP, 1988] and 
contains at extent 1-100 µg/g in phosphorites rocks [Mayland et al.,1989] and the ratio between the selenium to sulfur 
in igneous rocks are 1:6000 [UNEP, 1988] . Iron metal is the fourth most abundant between the elements and second 
most abundant metal in the Earth’s crust after aluminium. It has the two states from oxidation in natural , ferrous ion 
(Fe+2) and ferric ion (Fe+3) . It is one of the seven metals known in antiquity along with gold, silver, copper, mercury, 
tin and lead . It has both properties lithophile and chalcophile. Iron exist in several common minerals such as pyrite 
FeS

2
, magnetite Fe

3
O

4
, haematite Fe

2
O

3 
and siderite FeCO

3
. It is also found in many rock-forming minerals such as 

mica , garnet , amphibole , pyroxene and olivine . The abundance of iron in sedimentary rocks is determined by 
various factors such as provenance and pH conditions[EPA ,1994 , James ,1966]. Iron rich sedimentary rocks contain 
15% or more from iron. However, most sedimentary rocks contain iron in varying degrees such as sedimentary 
ironstone , where the dominant iron minerals are siderite, ankerite or oxides of the goethite-limonite type , may 
contain >30% Fe

2
O

3
. Typical levels of iron in sedimentary rocks are given as described: limestone 0.33% ; sandstone 

0.98% , shale 4.7%, and banded iron formation 28% [James ,1966 , EPA ,2003]. This study focuses on two important 
elements in sediment which are selenium and iron because they are essential nutrients that enter in the food chain of 
animals and humans[Abdulnabi et al., 2015]. In addition to that selenium is related with iron in differental sediments 
it depends on pH value . Therefore by knowing   the concentrations and distribution of metals in sediments the 
sources contaminants in aquatic system can be known . Furthermore , many studies worldwide used the sediment of 
rivers, estuaries and seas as indicators for pollution by trace metals[Al-Khuzaie ,2015 , Benzer et al.,2013]. 
 
Experimental Part  
 
Site Selection 
 
Sixteen stations of sediment samples were Selected from sediment rivers and marine sediment in southern of Iraq . 
The stations were distributed as one station(S1) on Euphrates river before its confluence with Tigris river and Shatt 
Al-Arab river formation. Seven stations (S2 - S8) were selected along Shatt Al-Arab river from north of Basra city to 
south of it .These areas are important as they involve  many activities such as population, agriculture, industry and 
commerce [Abdulnabi et al., 2015]. Eight stations (S9 - S16) were selected from the  Iraqi marine environment , they are 
distributed in three sites(S9 - S11) in the iraqi  marine region from southern Fao city towards Khor Abdullah and five 
stations (S12 – S16)  from nearby region of Um Qasr port towards Khor alZubair port in the nearby region from 
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confluence with Basra canal . This area is important  in marine navigation for large number and different loads of 
Ships  pass through it to Arabian gulf. All samples were collected in winter season, December in 2014 and spring 
season,March in 2015 , in different regions from surface sediment in low tide and kept in plastic bags [Al-Saad et al. 
,2007] undercooling and then transferred to laboratory for carry out different operations . Fig.(1) are shown below 
describing the selected sites .  
 

MATERIAL AND CHEMICALS  
 
Nitric acid (65%), Sulfuric acid(97%) and Hydrochloric acid (37%) were obtained from Scharlau .Selenium dioxid 
(Purity99.8%) and KSCN were supplied by Sigma-Aldrich . Perchloric acid(70%) and Hydrofluoric acid (40%) were 
supplied by Himedia . Haxan was purchased from J.T.Baker , Ferric Sulfate was obtained from BDH ,  4-MOPDA was 
supplied by Merck and EDTANa2 was obtained from G.C.C . Deionized water was used for the preparation of all 
solutions.   
 
Instrumentation  
 
Different complex agents were used for the determination of selenium and Iron through complex formation in 
optimal conditions ,selenium was measured in acidic medium at 332nm through using MOPDA,while the Iron was 
measured through using the potassium thiocyanate at 462 nm , all spectral measurements through using UV-Vis 
spectrophotometer  double- beam from type (Shimadzu 1800 PC , Japan) with 1.0 cm quartz cell . Magnetic stirrer 
was used to mix all samples . Thermometer was used for adjust solution temperature. Grab sampler were used for 
collecting all samples from surface sediment.  
 
Procedure  
 
Digestion of sample  
 
All the samples of sediment were collected from various regions of the river sites and marine sites  in Basra city . 
These samples were preserved in cooling , after that , all samples left to dry at room temperature and then grinded 
and sieved through a 63 μm screen to obtain homogeneous particles [Al-Saad et al. ,2007] . Digestion operation 
carried out for all samples with various acids through weight less then 1g from sieved samples in beaker teflon and 
then 9ml of concentrated nitric acid was added with 1ml from hydrochloric acid (1N) and allow for the solution stand 
overnight at room temperature , after that all samples were digested as in the method described in methods of soil 
analysis [Sparks et al. ,1996] .  
 
Determined of Selenium in the samples  
 
Total selenium was measured through complex formation between 4-Methyl-o-phenylene diamine as complex agent 
with selenite (Se+4) through taking 25 ml from digestion solution and then adding an amount of disodium ethylene 
diamine tetra acetic acid and Potassium thiocyanate , they are used as for eliminating interferences for different ions 
such as (Fe+3 , Cd+2 , Cu+2) with measurement of Selenium . After that, the same procedure previously described was 
carried out for the analysis Selenium (IV) [Abdulnabi et al., 2015] . All the results for determining total selenium are 
shown in table 1 and figure 2 .  
 
Determined of Iron in the samples 
 
Spectrophotometric method for the determination of Iron as ferric ion in solution in acidic medium was used through 
complex formation , reddish brown color was obtained with potassium thiocyanate [Jeffery et al. ,1989 , Janardhan et 
al., 2014] . This procedure is rapid and easy and include preparation of standard solution of Iron (1000 ppm) , from 
this solution serial dilutions were made to obtain different concentration levels of (1 ,5 ,10 ,20 ,30 ,40, 50 ,60 , 70 ,80 ,90 
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,100 ppm) from ferric Ion , after that , 5ml from standard solution and adding 0.1ml potassium thiocyanate (0.05M) 
for this solution then the Iron was measured directly at 462nm and made standard curve according for Beer law . 
This step was repeated on samples through 5ml from digestion solution for sample and 0.1ml of potassium 
thiocyanate was added and measured at 462nm [Janardhan et al., 2014] . Furthermore , the blank solution was used 
in order to obtain high accuracy of results  . All the results for the determination of total Iron are shown in table 1 and 
figure 1.  
 

RESULTS AND DISCUSSION  
 
Iron for all samples were measured by spectrophotometric method at 462nm[Janardhan et al., 2014] . The results are 
shown in figure (1) and table (1) for Iron measurement. Station (S3) showed the highest value when compared with 
all the sites measurements while the highest value of marine sediment was recorded at station (S14). The data of Iron 
measurement were compared in all the stations of Shatt Al-Arab river , the data recorded the highest value in station 
(S3) and the lowest value in station (S6) because the Hartha region (S3) has not undergone dredging operations and 
also it contains the generating station for electrical energy , while the regions of stations (S6) and (S7) have undergone 
continuous dredging works because they are regions of  commercial port and furthermore  the Seba site (S7) is an 
important region between Iraq and Iran  as a navigation line. Also noted the high value was recorded in station (S5) 
because this region contains different immersed iron bodies and has undergone drainage water and waste water 
release without treatment , while the highest value in the Qurna Station (S1) was recorded compared with some other 
stations on Shatt Al-Arab river because the Iron concentration in sediment depends on the type and nature of 
sediment whether it's sand sediment or clay sediment or silt sediment [EPA , 2003] and also depends on different 
activities as the anthropogenic, agriculture and industry [Al-Khuzaie ,2015, Al-Saad et al. ,2007] . In order to 
compared the results of Iron concentration between the marine sediment stations under study , the high value of total 
Iron concentration was recorded in station (S14) while the lowest value was recorded in station (S13) . Also a gradual 
increase in the value of total Iron concentration was noted from station (S9) towards (S11) and then it decreased in 
stations (S12) and (S13) . Furthermore the concentration value of Iron was noted increasing from station (S15) towards 
(S16) because station (S15) has undergone dredging operations because of its location as commercial port and an 
important oil port . Station (S16) is the confluence region between the basra canal and Khor al-Zubair port , the Shatt 
al-Basra canal is a drainage channel, where to the wastewater and industrial waste are released into canal without 
treatment and this explains the increase of iron concentration at this station in comparison with (S15) site . The results 
of Iron analyses in this study has recorded the lowest values when compared with the recorded data in previous 
studies[Mahmood ,2008 , Hassan ,2007] for some of the stations studied here , while it is consistent with the data 
recorded in other studies [Alshmery ,2013].The levels of Iron is exist the most abundant in earth's crust and exists 
more in sediment , especially in clay sediment [EPA ,2003]. On the other hand , the iron levels in sediment depend on 
multi operations occurring in aquatic system such as adsorption and ion exchange on outer surfaces for some 
particles of clay and organic material , they also depend on deposition of some elements in sediment through 
operations of weathering rocks , most of the heavy metals existed within the crystal lattice of the sediment particles 
[Mahmood ,2008] . Furthermore the increase of the concentration levels of Iron in the sediment, might be attributed 
to anthropogenic sources such as domestic wastes , industrial wastes and petroleum refinery operations . All these 
activities were released to the aquatic system without treatments [Al-Khuzaie , 2015 , Al-Saad et al. ,2007] . 
 
 Total selenium for all the samples was measured by spectrophotometric method at 332nm by using complex agent in 
acidic medium . The results are shown in table1 and figure2. This data records the highest value in station (S2) when 
compared with the results of all the rest sites. Results of selenium was compared for all sites along Shatt Al-Arab 
river from Qurna (S1) towards Fao station (S8) ,the measurement showed high value in station (S1) when compared 
with all the other stations except for (S2) site because the qurna station undergoes different anthropogenic activities 
such as agriculture , domestic wastes and river navigation . This activities increase the selenium concentration in the 
aquatic system [Abdulnabi et al., 2015, Staicu et al., 2015] . After that selenium was converted to Selenium metal 
through biochemical pathways and deposited in sediment, these stages are called biogeochemical cycle for Selenium 
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[Porcella et al., 1991] . Similarly the concentration value of selenium increased from station (S1) to station (S2). After 
that the concentration of selenium decreased from station (S2) towards station (S6) because , in station (S2) this region 
has not undergone dredging works but was subjected to various pollutants such as wastewater release and industrial 
waste to river without treatment [Abdulnabi et al., 2015] . Additionally , the region was affected by agricultural 
activities and burning natural gas processes which usually accompany  extraction operations of oil and gas . All these 
processes cause the ecosystem pollution of selenium [Schneider et al., 2015, Staicu et al., 2015] . Moreover the 
concentration of selenium was increased in station (S7) and (S8) when compared with sites (S4-S6) . The results of the 
selenium concentration were compared for all the marine stations(S9-S16) . The data has shown gradual increase of 
selenium concentration from station (S8) towards (S11) site and recording the highest value at station (S11) in marine 
stations that might be attributed to marine navigation [Abdulnabi et al., 2015] or its depend on the type and nature 
components of the sediment . After then the concentration of selenium was decreased from station (S11) towards (S14) 
and the station (S13) recorded lowest value in the concentration of selenium in marine stations . The frequent Increase 
in the concentration of selenium was noted in station (S15) because this area undergoes the loading and unloading 
operations of commercial loads and oil loads inside the Khor Al-Zubair  port , while station (S16) recorded low 
concentration of selenium when compared with station (S15) and high value compared from station (S12) to station 
(S14) . The most important sources of selenium pollution of aquatic system are weathering of rocks, combustion of 
coal and oil , movement of wind, irrigation and drainage operations, wastewater and  industrial waste. All these 
processes cause the ecosystem pollution of selenium [Abdulnabi et al., 2015, Schneider et al., 2015, Staicu et al., 2015] . 
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  Fig 1 : Locations the sample selected in Southern of Iraq 
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Fig. 2: Concentration of total Iron µg/g  
 

 
Fig. 3 : Concentration of total Selenium µg/g  

 

Zuhair A.Abdulnabi et al. 
 



Indian Journal Of Natural Sciences                                                                          www.tnsroindia.org. © IJONS                                        
 

Vol.6 / Issue 34 / February 2016                           International Bimonthly                                     ISSN: 0976 – 0997        
 
 
 

10482 
 

   

Table 1: Concentration of total Selenium and total Iron of stations selected from surface sediment 
samples   
 

Standard 
Deviation (SD) 

Mean(n=3) of 
Conc. of Iron 

µg/g 

Standard 
Deviation (SD) 

Mean(n=3) of  
Conc. of Selenium 

 µg/g 

No. of 
samples 

1.80851 3530.9826 0.01769 12.5171 S1 

0.25225 2950.2284 0.01508 13.8181 S 2 
0.92949 4238.7022 0.03032 11.4135 S 3 
4.36139 2787.5308 0.01763 3.08873 S 4 
2.75607 4088.6053 0.01565 2.21071 S 5 
0.68903 2298.4189 0.00368 1.92871 S 6 
1.27416 2298.6669 0.01031 8.76880 S 7 
2.34808 3380.0613 0.00771 6.24506 S 8 
1.98205 2765.3078 0.01580 8.00352 S 9 
2.07168 2893.0633 0.01669 10.0184 S 10 
2.51323 3302.1541 0.02742 11.4493 S 11 
4.69526 3035.6283 0.00675 1.50397 S 12 
3.23124 1822.7891 0.00645 1.04407 S 13 
2.73351 3996.2288 0.01923 1.49494 S 14 
4.22377 3351.5558 0.00160 10.6313 S 15 
4.18162 3421.0106 0.00697 4.93188 S16 
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