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ABSTRACT 
 

This study investigates the chemical speciation and fractionation of heavy metals (Cd, Cr, Cu, Ni 
and Pb) in relation to their levels of pollution from six different locations along the course of Owena 
River during the dry and wet season of 2015. The top sediment deposit was subjected to sequential 
extraction and the heavy metals were identified and quantified using atomic absorption 
spectrophotometer. The concentration of the analyzed heavy metals in the top sediment deposit 
were found to occur below the maximum permissible limit of the Dutch reference standard for 
soil/sediment, thereby the sediment collected from Owena river is not contaminated with the 
analyzed heavy metals. The overall results of this research suggest that the mobility and 
bioavailability of heavy metals in sediment collected from Owena River decreases in the following 
order:  Cu > Pb > Cr > Cd > Ni. 
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1. INTRODUCTION 
 

Heavy metals are by definition metals having 
densities higher than 5gmL−1 or a molecular 
mass greater than 5gcm

-3
 which is distinctly 

higher than the average particle density of soils 
(2.65gcm-3), Approximately fifty three of the 
ninety naturally occurring elements are called 
heavy metals and many of these, such as Cu, 
Mn, Fe, and Zn, are essential micronutrients, but 
can become toxic at concentrations higher than 
the amount required for normal growth. Other 
heavy metals, such as Cd, Hg, and Pb, have so 
far unknown roles in living organisms, and are 
toxic even at very low concentrations [1-4]. 
Heavy metals occur naturally in all ecosystems, 
but with large variations in concentration moving 
between atmosphere, hydrosphere, lithosphere, 
and biosphere, it is widely accepted that heavy 
metal contamination in sediment, soil, and 
groundwater is one of the largest threats to 
environmental and human health [5-7]. Heavy 
metals constitute a major threat to humans and 
the ecosystem due to the fact that they are 
stable, non biodegradable and persistent 
environmental contaminants since they cannot 
be biologically and chemically degraded or 
destroyed unlike many other organic toxic 
pollutants [8,9,10,11].  
 
Heavy metals existed in the environment through 
natural process and human activities. The 
variation of natural sources such as acidification, 
erosion and weathering process are common 
ways of heavy metals brought into the 
environment [12]. Human activities such as 
industrial processes, domestic wastes, 
agricultural activities and emissions from vehicles 
and factory plants are the main sources of some 
heavy metals enters and deposited into the 
environment. These activities continuously 
accumulated and increased the metal particles in 
the various environmental systems. All of these 
anthropogenic sources contribute the negative 
impact to the surroundings. Sediment plays a 
major role in determining the pollution pattern of 
marine ecosystem [11,12]. Aquatic sediments 
are the ultimate sinks of pollutants in the marine 
environment and it constitutes an important 
medium for scientific research. Like soils in the 
terrestrial environment, aquatic sediments in the 
aquatic ecosystem are the sources of substrate 
nutrients and become the basis of support to 
living aquatic organisms, Heavy metals 
accumulate in sediments through complex 
physical and chemical adsorption mechanisms 
depending on the nature of the sediment matrix 

and the properties of the adsorbed compounds,, 
Several processes enhance the association of 
heavy metals with solid phase such as direct 
adsorption by fine grained inorganic particles of 
clays, adsorption of hydrous ferric and magnetic 
oxides which may in turn be associated with 
clays, adsorption on natural organic substances, 
which may also be associated with inorganic 
particles and direct precipitation as new solid 
phases [13-15]. Heavy metals naturally occurred 
in all agricultural soils and lake sediments most 
of them are either essential or beneficial to all 
living organisms. However they can become 
toxic, if accumulated in excess amount in the 
food chains. Its harmful effects could cause 
dangerous situations sometimes affecting the 
ecological balance of these ecosystems. Soil 
pollution by heavy metals is a significant 
environmental problem worldwide. In particular, 
heavy metal pollution of surface soils due to 
intense industrialization and urbanization has 
become a serious concern in many developing 
countries [16-18]. Multi-elemental analysis of 
sediment may reveal the presence of heavy 
metals which are contaminants and may have 
toxic influence on ground water and surface 
water and also on plants, animals and humans 
[19]. Accumulation of trace metals occur in upper 
sediment in aquatic environment by biological 
and geochemical mechanisms may become toxic 
to sediment dwelling organisms and fish, 
resulting in death, reduced growth, or impaired 
reproduction and lower species diversity [20].  
 
The investigation of sediments from the water 
bodies is of great interest in aquatic systems 
research, metals tend to become incorporated 
into the underlying sediments hence sediments 
are good indicators of metal contamination 
levels. Sediments reflect the current quality of the 
system as well as providing information on the 
impact of pollution sources [21]. The pollution of 
aquatic environment has become a worldwide 
problem in recent years, because of its toxic 
effects on living organisms. Among 
environmental pollutants, heavy metals are of 
particular concern, due to their potential toxic 
effect and ability to bio accumulates in the 
ecosystem [22]. Heavy metals pollution in the 
natural environment is a worldwide problem 
because they are not removed from water as a 
result of self purification but they can accumulate 
in reservoirs by biological and geochemical 
mechanisms and enter the biological chain. In 
recent decade, many environmental and 
geochemical researchers have used sediment 
quality guidelines (SQGs) as useful tool to 
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assess the sediment chemistry with toxicity 
testing and biological effects [23]. 
 

Heavy metals are present in surface water and 
agrochemicals in various forms, which can be 
classified as soluble (compounds or free ions) 
and particulate (colloidal or adsorbed to 
suspended solids). Different forms of the metals 
exhibit different biological toxicities and 
environmental behaviors. The free (hydrated) 
ions of many metals cause chronic toxicity in 
aquatic organisms. Suspended solids are the 
dominant carriers of heavy metals in surface 
waters, and are responsible for 60%–97% of the 
total metal concentrations [24]. Concern over the 
possible ecological effect of the increasing 
accumulation of metallic contaminants in the 
environment is growing. For this reason, the 
investigation of heavy metals in soil is essential 
since even slight changes in their concentration 
above the acceptable levels, whether due to 
natural or anthropogenic factors, can result in 
serious environmental and subsequent health 
problems [25]. Speciation can be defined as 
identification and quantification of the different 
species or forms of phases in which elements 
occur. It is generally recognized that information 
about the physicochemical forms of the elements 
is required for understanding their mobility, 
pathways and bioavailability. Studies on the 
distribution and speciation of heavy metals in 
sediments can provide not only information on 
the degree of pollution, but specially the actual 
environmental impact, metal bioavailability as 
well as their origin [26,27]. A report on the 
Owena dam in 2012 shows that the distribution 
pattern of heavy metals levels in the water 
column suggests more of lithological origin with 
possible contribution from anthropogenic 
influences through runoff into the water body 
[28]. Contamination profile of pollutants such as 
heavy metals has been reported in Owena River, 
which reveals that the water and sediment is 
contaminated with cadmium [29]. The aim of this 
research is to investigate the chemical speciation 
and environmental pollution risk of selected 
heavy metals (Cd, Cr, Pb. Ni and Cu) in the 
sediment from Owena River. 
 

2. MATERIALS AND METHODS 
 

2.1 The Study Area 
 

The Owena River is located on latitude 
6

0
33'55.3'' and longitude 5

0
8'24.83'' of Ondo 

State, Nigeria. The estimate terrain elevation 
above sea level is 10 meters. Owen River is a 
major source of domestic water supply to the 

people of Akure and the neighboring towns. The 
Owen dam, which is a major dam in Ondo State, 
is constructed as a result of damming the Owena 
River. Fishing and farming and domestic 
activities takes place in the vicinity of the Owena 
River rendering it prone to environmental 
contamination.  
 

2.2 Sampling Treatment and Analysis 
 

The top sediment samples (0-15cm) were 
collected from 6 different locations along the 
Owena River channel during the dry and wet 
season of 2015 using a GPS (Global Position 
System) to ensure consistency. Sediment 
samples were collected using hand auger, and 
stored in a polythene bag prior to analysis. The 
samples were air dried in the laboratory for two 
weeks, and later pulverized using laboratory 
mortar and pestle and sieved with 2mm mesh 
size sieve. The pH of the sediment was 
determined using a pH meter, the organic carbon 
was determined using the wet oxidation method 
of Walkley and Black [30], while the particle size 
and texture was determined by the hydrometer 
method described by Shedrick and Wang [31]. 
The sediment samples were subjected to a multi-
sequential extraction step [32] as stated bellow; 
 
Fraction 1 (Exchangeable metal fraction): The 
sample was extracted with 8 ml 1 M MgCl2 at pH 
7.0 for 1 h with continuous agitation, at room 
temperature.  
 

Fraction 2 (Carbonate bound metal fractions): 
The residue from F1 was leached for 5 h with 8 
ml 1 M sodium acetate adjusted to pH 5.0 with 
acetic acid, at room temperature and with 
agitation.  
 
Fraction 3 (Elements associated with Fe-Mn 
oxide metal fraction): The residue from F2 was 
extracted with 20 ml of 0.04 M hydroxylamine 
hydrochloride in 25% acetic acid for 5 h in boiling 
water bath and with periodic agitation.  
 
Fraction 4 (Organic and sulfide metal 
fractions): The residue from F3 was extracted 
with 3 ml 0.02M HNO3 and 8 ml 30% H2O2 
adjusted to pH 2.0 with HNO3 for 5 h at 850C with 
occasional agitation and then at room 
temperature with 5 ml 3.2 M ammonium acetate 
in 20% HNO3.  
 
Fraction 5 (Inert fraction): Residue from 
fraction 4 was oven dried at 105

0
C. Digestion 

was carried out with a mixture of 5ml conc. HNO3 
(HNO3, 70% w/w), 10ml of hydrofluoric acid (HF, 
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40% w/w) and 10ml of perchloric acid (HClO4, 
60%w/w). 
 

The extract of each fraction was decanted and 
subjected to elemental analysis using atomic 
absorption spectrometer (AAS). Blanks were also 
used for correction of background and other 
sources of error. 
 

2.3 Data Analysis  
 

Data generated on concentrations of each metal 
were analyzed for spatial variation using one way 
analysis of variance (ANOVA) with SPSS 
package version 20.One level of significance (p < 
0.05) was considered in the results interpretation. 
 

3. RESULTS AND DISCUSSION  
 

The speciation of heavy metals in the sediment 
samples was carried by the Tessier sequential 
extraction method. Table 2-6 shows the results of 
the speciation and the seasonal variation of 

heavy metals in the top sediment deposit of 
Owena River at six different sampling sites. 
 
The pH of the sediment falls with the range of 
5.04-7.23 during the dry and wet season, this 
present a slight acidic to alkaline condition [33]. 
The mobility and solubility of trace metals in 
contaminated soil/sediment are greatly 
influenced by the effect of pH. An alkaline soil 
may not favor metal mobility due to high sorption 
of these metals in them while Acidic condition 
(low pH) may enhance metal solubility and 
facilitate the leaching and mobility of trace metals 
in soil/sediment into water column, thereby 
render the metals bioavailable in the aquatic 
environment. The high acidity of soil/sediment 
has been attributed to possible combination of 
the oxidation of pyrite (FeS2) to sulphuric acid, 
depletion of calcium level or increased in the 
level of aluminium concentration in the 
soil/sediment matrix [34]. 

 

 
 

Fig. 1. Map of Owena river showing the six sampling sites 
Point 1: Elev (323M) ZIN (0722187) UTM (0818970), Point 2: Elev (323M) ZIN (0722267) UTM (0818909) 
Point 3: Elev (326M) ZIN (0722220) UTM (0818926), Point 4: Elev (327M) ZIN (0722198) UTM (0818949) 
Point 5: Elev (327M) ZIN (0722239) UTM (0818898), Point 6: Elev (328M) ZIN (0722274) UTM (0818846) 
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The total organic carbon and total organic matter 
in the sediment samples during the dry and wet 
seasons ranges from 0.22 - 2.77 % and 0.38 – 
4.80 % during the dry and wet season, while slit, 
clay and sand in the sediment during the dry and 
wet seasons ranges from 0.024 – 5.136 %, 7.590 

– 9.256 % and 85.24 – 92.38 % respectively.  
TOC/TOM and clay in sediments regulates the 
behavior of other chemical species such as 
metals, it affects biogeochemical processes, 
nutrient cycling, biological availability, chemical 
transport and interactions [35,36]. 

 
Table 1. Physicochemical properties, particle size and texture of sediment 

 
Point pH Slit (%) Clay (%) Sand (%) TOC (%) TOM (%) 

Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet Dry Wet 
1 6.14 6.26 0.136 0.106 8.696 7.884 91.168 92.01 2.25 1.36 3.89 2.34 
2 5.84 5.89 5.136 0.904 9.624 8.056 85.24 91.04 2.77 0.90 4.80 1.55 
3 6.43 6.35 0.064 0.024 8.696 7.590 91.24 92.38 1.50 1.0 2.58 1.72 
4 5.04 6.59 2.920 0.920 8.912 8.050 88.17 91.03 1.00 0.42 1.72 0.72 
5 6.72 7.23 2.104 0.608 8.856 9.256 89.04 90.136 0.44 0.22 0.76 0.38 
6 5.81 7.13 2.104 0.608 8.856 7.840 92.04 91.55 0.90 0.90 1.55 1.55 

 
Table 2. Showing the fractionation of Cd (ppm) at different location during the dry and wet 

seasons 
 

Location and season Fractions 
F1 F2 F3 F4 F5 

Point 1 dry 0.030±0.01
b
 0.000±0.00

a
 0.000±0.00 0.067±0.00

g
 0.141±0.00

g
 

Point 1 wet 0.000±0.00a 0.006±0.00c 0.000±0.00 0.044±0.00ef 0.046±0.00a 
Point 2 dry 0.030±0.01

b
 0.000±0.00

a
 0.000±0.00 0.000±0.00

a
 0.159±0.00

h
 

Point 2 wet 0.000±0.00a 0.010±0.00d 0.000±0.00 0.034±0.00c 0.056±0.00b 
Point 3 dry 0.033±0.01

b
 0.000±0.00

a
 0.000±0.00 0.000±0.00

a
 0.132±0.00

e
 

Point 3 wet 0.000±0.00
a
 0.004±0.00

c
 0.000±0.00 0.046±0.00

f
 0.073±0.00

d
 

Point 4 dry 0.023±0.00b 0.000±0.00a 0.000±0.00 0.000±0.00a 0.144±0.00g 
Point 4 wet 0.000±0.00

a
 0.005±0.00

c
 0.001±0.00 0.027±0.00

b
 0.057±0.00

b
 

Point 5 dry 0.000±0.00a 0.000±0.00a 0.000±0.00 0.000±0.00a 0.141±0.00g 
Point 5 wet 0.000±0.00

a
 0.002±0.00

b
 0.000±0.00 0.042±0.00

e
 0.138±0.00

e
 

Point 6 dry 0.001±0.00
a
 0.000±0.00

a
 0.001±0.00 0.000±0.00

a
 0.159±0.00

h
 

Point 6 wet 0.000±0.00a 0.005±0.00c 0.000±0.00 0.038±0.00d 0.068±0.00c 
Data are presented as Mean±S.E (n=3). Values with the same superscript letter(s) along the same column are 

not significantly different (P<0.05) 
 

Table 3. Showing the fractionation of Cr (ppm) at different location during the dry and wet 
seasons 

 

Location and 
season 

Fractions 
F1 F2 F3 F4 F5 

Point 1 dry 0.006±0.00
ab

 0.000±0.00
a
 0.432±0.01

d
 0.323±0.02

abc
 2.733±0.02

e
 

Point 1 wet 0.085±0.01
e
 0.122±0.01

cd
 0.358±0.01

b
 0.355±0.02

bcd
 1.261±0.02

c
 

Point 2 dry 0.013±0.00ab 0.000±0.00a 0.517±0.01e 0.333±0.03abc 1.587±0.02d 
Point 2 wet 0.000±0.00

a
 0.127±0.01

cd
 0.323±0.00

a
 0.320±0.01

abc
 1.140±0.02

b
 

Point 3 dry 0.028±0.00cd 0.073±0.01b 0.433±0.00d 0.361±0.01bcd 1.587±0.01d 
Point 3 wet 0.000±0.00

a
 0.133±0.01

cd
 0.380±0.00

bc
 0.337±0.01

abc
 2.807±0.01

f
 

Point 4 dry 0.017±0.01
bc

 0.059±0.01
b
 0.453±0.00

d
 0.285±0.03

a
 0.406±0.01

a
 

Point 4 wet 0.000±0.00a 0.151±0.01d 0.355±0.02b 0.406±0.01de 1.607±0.02d 
Point 5 dry 0.031±0.00

d
 0.046±0.01

b
 0.377±0.01

bc
 0.404±0.03

de
 1.636±0.02

d
 

Point 5 wet 0.000±0.00a 0.153±0.01d 0.374±0.01bc 0.435±0.01e 1.587±0.02d 
Point 6 dry 0.002±0.00

a
 0.058±0.01

b
 0.397±0.01

c
 0.376±0.01

cde
 2.733±0.02

e
 

Point 6 wet 0.000±0.00a 0.107±0.01c 0.399±0.01c 0.304±0.02ab 1.611±0.00d 
Data are presented as Mean±S.E (n=3). Values with the same superscript letter(s) along the same column are 

not significantly different (P<0.05) 
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Table 4. Showing the fractionation of Cu (ppm) at different location during the dry and wet 
seasons 

 

Location and 
season 

Fractions 
F1 F2 F3 F4 F5 

Point 1 dry 0.023±0.00ef 0.031±0.00a 0.051±0.00g 0.033±0.00a 0.492±0.00j 
Point 1 wet 0.017±0.00

a
 0.036±0.00

bc
 0.035±0.00

c
 0.102±0.00

e
 0.165±0.00

c
 

Point 2 dry 0.022±0.00cde 0.034±0.00b 0.039±0.00d 0.034±0.00a 0.177±0.00d 
Point 2 wet 0.018±0.00

ab
 0.036±0.00

cd
 0.034±0.00

bc
 0.101±0.00

e
 0.126±0.00

a
 

Point 3 dry 0.024±0.00f 0.036±0.00cd 0.045±0.00f 0.042±0.00b 0.137±0.00b 
Point 3 wet 0.021±0.00

c
 0.129±0.00

g
 1.049±0.00

j
 5.037±0.00

g
 0.401±0.00

h
 

Point 4 dry 0.027±0.00
def

 0.036±0.00
cd

 0.032±0.00
b
 0.032±0.00

a
 0.196±0.00

e
 

Point 4 wet 0.021±0.00c 0.044±0.00e 0.081±0.00h 0.093±0.00d 0.224±0.00g 
Point 5 dry 0.023±0.00

ef
 0.031±0.00

a
 0.041±0.00

de
 0.045±0.00

c
 0.137±0.00

b
 

Point 5 wet 0.019±0.00b 0.079±0.00f 0.255±0.00i 0.130±0.00f 0.477±0.00i 
Point 6 dry 0.027±0.00

g
 0.034±0.00

b
 0.029±0.00

a
 0.093±0.00

d
 0.204±0.00

f
 

Point 6 wet 0.023±0.00
ef
 0.038±0.00

d
 0.042±0.00

e
 0.093±0.00

d
 0.204±0.00

f
 

Data are presented as Mean±S.E (n=3). Values with the same superscript letter(s) along the same column are 
not significantly different (P<0.05) 

 

Table 5. Showing the fractionation of Ni (ppm) at different location during the dry and wet 
seasons 

 

Location and 
season 

Fractions 
F1 F2 F3 F4 F5 

Point 1 dry 0.035±0.00cde 0.043±0.00b 0.000±0.00 0.008±0.00a 1.421±0.01 
Point 1 wet 0.046±0.01

de
 0.031±0.01

b
 0.000±0.00 0.022±0.00

b
 0.622±0.01

bc
 

Point 2 dry 0.050±0.00e 0.000±0.00a 0.000±0.00 0.000±0.00a 1.671±0.00g 
Point 2 wet 0.033±0.02

cde
 0.041±0.01

b
 0.000±0.00 0.031±0.01

b
 0.490±0.00

a
 

Point 3 dry 0.039±0.00
cde

 0.000±0.00
a
 0.000±0.00 0.000±0.00

a
 1.443±0.01

e
 

Point 3 wet 0.004±0.00ab 0.033±0.01b 0.000±0.00 0.028±0.00b 0.701±0.00c 
Point 4 dry 0.052±0.00

e
 0.000±0.00

a
 0.000±0.00 0.000±0.00

a
 1.334±0.09

d
 

Point 4 wet 0.000±0.00a 0.036±0.01b 0.000±0.00 0.033±0.01c 0.586±0.01b 
Point 5 dry 0.027±0.00

cd
 0.000±0.00

a
 0.000±0.00 0.000±0.00

a
 1.565±0.01

f
 

Point 5 wet 0.041±0.00de 0.038±0.00b 0.000±0.00 0.034±0.00c 1.370±0.01de 
Point 6 dry 0.021±0.00bc 0.000±0.00a 0.000±0.00 0.000±0.00a 1.619±0.00fg 
Point 6 wet 0.005±0.00

ab
 0.039±0.00

b
 0.000±0.00 0.033±0.00

c
 0.644±0.01

bc
 

Data are presented as Mean±S.E (n=3). Values with the same superscript letter(s) along the same column are 
not significantly different (P<0.05) 

 

Table 6. Showing the fractionation of Pb (ppm) at different location during the dry and wet 
seasons 

 

Location and 
season 

Fractions 
F1 F2 F3 F4 F5 

Point 1 dry 0.013±0.00
c
 0.010±0.00

a
 0.313±0.00

bc
 0.263±0.01

bc
 0.000±0.00

a
 

Point 1 wet 0.000±0.00a 0.000±0.00a 0.353±0.01c 0.000±0.00a 0.247±0.00b 
Point 2 dry 0.010±0.00

b
 0.000±0.00

a
 0.307±0.00

bc
 0.273±0.00

c
 0.000±0.00

a
 

Point 2 wet 0.000±0.00a 0.000±0.00a 0.427±0.01d 0.000±0.00a 0.417±0.00d 
Point 3 dry 0.000±0.00

a
 0.010±0.00

a
 0.297±0.01

bc
 0.247±0.00

b
 0.000±0.00

a
 

Point 3 wet 0.000±0.00
a
 0.270±0.03

d
 0.847±0.01

g
 0.000±0.00

a
 1.060±0.01

f
 

Point 4 dry 0.000±0.00a 0.057±0.00b 0.273±0.01b 0.297±0.01d 0.000±0.00a 
Point 4 wet 0.010±0.00

b
 0.820±0.01

e
 1.397±0.00

h
 0.000±0.00

a
 0.320±0.01

c
 

Point 5 dry 0.010±0.00b 0.000±0.00a 0.000±0.00a 0.380±0.02e 0.000±0.00a 
Point 5 wet 0.000±0.00

a
 0.190±0.01

c
 0.667±0.07

f
 0.000±0.00

a
 0.000±0.00

a
 

Point 6 dry 0.010±0.00
b
 0.010±0.00

a
 0.000±0.00

a
 0.373±0.00

e
 0.000±0.00

a
 

Point 6 wet 0.000±0.00a 0.000±0.00a 0.497±0.01e 0.000±0.00a 0.663±0.01e 
Data are presented as Mean±S.E (n=3). Values with the same superscript letter(s) along the same column are 

not significantly different (P<0.05) 
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Metals such as Cd, Cu, Pb and Zn have been 
reported with high tendency of binding 
tenaciously to organic matter contained in soil, 
sediment and suspended particulate within the 
water column. Organically bound metals may 
dissociate as free ions and participate in cation 
exchange reactions with various minerals and 
living organism, depending on ambient pH, ionic 
strength and temperature. Soil organic matter 
had been reported to be a major soil property 
that greatly affects sorption of heavy metal 
because they contain functional groups that are 
capable of complexing metals. Thus, the organic 
matter of sediments is known to play a major role 
in determining the leaching and bioavailability of 
heavy metals [37,38]. 
 
Analysis of data reveals that the concentration of 
Cadmium in the chemical fraction follows the 
following order residual fraction (74%) > bound to 
organic matter (17%) > exchangeable fraction 
(7%) > bound to carbonate (2%), the 
concentration of Cadmium in the bond to iron 
and manganese fraction is negligible. This result 
shows that the environment is not polluted with 
Cadmium and that Cadmium cannot be leached 
into the water column because the metals is 
associated with the residual fraction, and this 
reveals that Cadmium is of a mainly of a 
lithogenic origin. This result agrees with the 
report on chemical fractionations and 
bioavailability of cadmium and zinc to Cole 
(Brassica campestris L.) grown in the multi-
metals contaminated oasis Soil, Northwest of 
China [39]. 
 
The fractionation pattern of chromium in 
sediment from Owena River was characterized 
by dominance in the residual fraction (67%), the 
contribution of chromium to the bound to organic 
matter (14%) and bound to iron and manganese 
(15%) fractions were of similar magnitude. The 

contribution of chromium to the exchangeable 
and bound to carbonate fractions was minor and 
negligible. The occurrence of chromium in the 
sediment from Owena River is mainly lithogenic 
in origin and the possibility of chromium leaching 
into the water column is very low due to the 
dominance of chromium in the residual fraction 
and minor contribution in the exchangeable and 
bound to carbonate fractions. This result agrees 
with several reports on risk assessment and 
geochemical behavior of heavy metals in 
sediments [40-42]. 
 
Copper in the sediment from Owena River was 
found to have its highest concentration in the 
bound to organic matter fraction (52%), this is 
due to the association of copper to organic 
matter, the concentration of copper in the 
residual fraction (26%) was lower but higher than 
the concentration of copper in the bound to iron 
and manganese (15%) and carbonate (5%) 
fractions. The contribution of copper to the 
exchangeable fraction was 2%, which is very low 
and negligible. This result agrees with the report 
on metal speciation in surface sediments of the 
Vigo Ria [43]. The occurrence of copper in both 
residual and non residual fractions reveals that 
copper is of both lithogenic and anthropogenic 
origin, with the highest concentration in the non 
residual fraction shows that most of the copper 
detected in the sediment from Owena River is of 
anthropogenic origin. This result agrees with the 
report on speciation and pollution index of heavy 
metals in river Ala sediment, Akure, Nigeria [44]. 
 
Nickel in sediment from Owena River was mainly 
found in the residual fraction (94%), the 
contributions of nickel to exchangeable, bound to 
carbonate and bond to organic matter fractions 
was observed to be very low and negligible, 
nickel was not detected in the bound to iron and 
manganese fraction. Nickel cannot be leached 

 

 
 
 

Fig. 2. Relative partitioning of Cd in chemical fractions (F=fraction) 
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into the water column of the Owena River 
because from the results, nickel is mostly 
associated with the residual fraction and nickel in 
the sediment of the river Owena is of lithogenic 
origin. This result agrees with the report on 
speciation of heavy metals pollutants and the 
vulnerability of groundwater resource in Okirika 
of Rivers State, Nigeria [45]. 

 
Lead in the sediment from Owena River was 
mainly found in the bound to iron and 
manganese (47%), residual fraction (24%), 

bound to organic matter (16%), bound to 
carbonate (12%). The contribution of lead to the 
exchangeable fraction is negligible when 
compared to other chemical fractions associated 
with lead in the sediment from Owena River. This 
result agrees with the report on speciation of 
heavy metals in sediment deposit of lakes [46]. 
Lead could be possibly leached into the water 
column under a strong oxidizing condition 
because lead in the sediment from Owena River 
is mainly associated with the bound to organic 
matter fraction. The occurrence of lead in the 

   

 
 

Fig. 3. Relative partitioning of Cr in chemical fractions (F=fraction) 
 

 
 

Fig. 4. Relative partitioning of Cu in chemical fractions (F=fraction) 
 

 
 

Fig. 5. Relative partitioning of Ni in chemical fractions (F=fraction) 
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Fig. 6. Relative partitioning of Pb in chemical fractions (F=fraction) 
 

Table 7. Total concentration (ppm) and permissible limit of heavy metals in sediment 
 
Elements    Dry season       Wet season      *Target value of soil        **Intervention value of soil 
Cadmium 0.152                   0.15                  0.8                                12 
Chromium 2.79 3.21  100 360 
Copper  0.43 1.69 36 190 
Lead 0.72 1.74 85 530 
Nickel  1.68 0.93 35 210 

Where *Target values are specific to indicate desirable maximum levels of elements in unpolluted soils. 
**Intervention when remedial action is necessary, Source: Denneman and Robberse 1990[48] and Ministry of 

Housing, Netherland 1994 [49] 

 
sediment from Owena River could be attributed 
to both lithogenic and anthropogenic origin due 
to the relationship of lead concentration 
existence in the residual and non residual 
chemical fractions of lead in the sediment [47]. 
 
Cadmium (Cd): The concentration of Cd in 
sediment ranges from 0.152 ppm during the dry 
season and 0.15 ppm during the wet season. 
These values are lower than the Dutch maximum 
permissible limit of 0.8 ppm. This result agrees 
with the report on Retention and mitigation of 
metals in sediment, soil, water, and plant of a 
newly constructed root-channel wetland (China) 
from slightly polluted source water [50]. 
 
Chromium (Cr): The Cr concentration in the 
sediment was found to range from 2.79 ppm 
during the dry season to 3.21 ppm during the wet 
season. These values were below the Dutch 
maximum permissible limit of 100 ppm, this result 
agrees with the report on the Assessment of 
Heavy Metal Contamination of Agricultural Soil 
around Dhaka Export Processing Zone (DEPZ), 
Bangladesh: Implication of Seasonal Variation 
and Indices [51]. 
 
Copper (Cu): The concentration of Cu in 
sediment ranges between 0.43 ppm during the 
dry season and 1.69 ppm during the wet season 

respectively. These values are below the Dutch 
maximum permissible limit of 36 ppm set for 
sediment. This result agreed with the report on 
heavy metal content of agricultural soil in a 
Mediterranean semiarid are: the Segura River 
Valley (Alicante, Spain) [52].  
 
Lead (Pb): The concentration of lead in sediment 
ranges from 0.72 ppm during the dry season to 
1.74 ppm during the wet season. These values 
are below the Dutch maximum permissible limit 
of 85 ppm in sediment thereby rendering the 
rivers sediment unpolluted with lead. This result 
agrees with the report on heavy metals in surface 
water, sediment, fish and periwinkles of Lagos 
Lagoon [53]. 
 
Nickel (Ni): The concentration of Ni in sediment 
from Owena River ranges between 1.68 ppm 
during the dry season and 0.93 ppm during the 
wet season, this value is below the Dutch 
maximum permissible limit of 35 ppm in sediment 
thereby rendering the rivers sediment unpolluted 
with nickel. This result agrees with the report on 
accumulation of heavy metals in agricultural soils 
and spring seasonal plants, irrigated by industrial 
waste water [54]. 
 
Mobility and Bioavailability of heavy metals in 
sediment collected from Owena River.   
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Sequential extraction procedures provide useful 
information for risk assessment, since the 
amount of metals mobilized under different 
environmental conditions can be estimated. In 
the present study, it is reasonable to state that 
the mobility and bioavailability of the metals 
decrease approximately in the order of the 
extraction sequence from bioavailable to non 
bioavailable [55-57]. In a sequential extraction 
the mobile and bioavailable fraction are the F1 
and F2 while F3, F4 and F5 and the fraction with 
low mobility and low bioavailability respectively 
[58-60].  
 

The overall results of this research suggest that 
the mobility and bioavailability of heavy metals in 
sediment collected from Owena river decreases 
in the following order:  Cu > Pb > Cr > Cd > Ni. 
 

4. CONCLUSION 
 
The heavy metal content in the top sediment 
deposit of Owena River has been fractionated by 
sequential extraction procedure in order to 
determine the environmental fate of selected 
heavy metals (Cd, Cr, Cu, Ni and Pb). This study 
reveals that nickel, chromium and cadmium were 
mainly associated with the residual fraction and 
the minor contribution to exchangeable and 
bound to carbonate fractions reduces the 
possibility of nickel, chromium and cadmium 
leaching into the water column. Copper and lead 
has their major contribution in the bound to 
organic matter and bound to iron and 
manganese fractions respectively, therefore the 
probability of copper and lead in the sediment 
leaching into the river will mainly occur under a 
strong oxidizing or reducing condition 
respectively. The total concentration of the heavy 
metals when compared to the Dutch maximum 
permissible limit shows that the sediment of 
Owena River is not polluted with the analyzed 
heavy metals. This study also provides baseline 
information on the concentration of heavy metals 
in the top sediment deposit of Owena River, 
which can be used to evaluate future problems 
due to anthropogenic activities.  
 

COMPETING INTERESTS 
 
Authors have declared that no competing 
interests exist. 
 

REFERENCES  
 
1. Rita SM. The pollution of tree leaves with 

heavy metal in Syria. IJCRGG. 

2014;6(4):2283-2290 ISSN: 0974-4290  
www.sphinxsai.com 

2. Tobias IE, Ezejiofor AN, Udebuani AC, 
Ezeji EU, Ayalogbu EA, Azuwuike CO, et 
al. Environmental metals pollutants load of 
a densely populated and heavily 
industrialized commercial city of Aba, 
Nigeria. Journal of Toxicology and 
Environmental Health Sciences. 
2013;5(1):1-11.  
DOI:10.5897/JTEHS11.081 

3. Sherameti I, Varma A. Detoxification of 
heavy metals, soil biology (eds. 30). 
Springer-Verlag Berlin Heidelberg; 2011.  
DOI:10.1007/978-3-642-21408-0_2  

4. Tibebu K, Berhan T.  Assessment of dairy 
feeds for heavy metals. ASRJETS. 
2015;11(1):20-31.   

5. Yuanan H, Hefa C. Application of 
stochastic models in identification and 
apportionment of heavy metal pollution 
sources in the surface soils of a large-
scale region. Environmental science and 
technology. Environ. Sci. Technol. 
2013;47:3752−3760. 
DOI:dx.doi.org/10.1021/es304310k |  

6. Mindaugas R, Gytautas I, Stanislovas S, 
Vytautas O. Assessment of heavy metal 
contamination and spatial distribution in 
surface and subsurface sediment layers in 
the northern part of Lake Babrukas. 
EKOLOGIJA. 2012;58(1):33–43. 

7. Br Med Bull. Impact of environmental 
pollution on health: Balancing risk. 
2003;68(1):167-182.  
DOI:10.1093/bmb/ldg032 

8. Eze MO. Effect of solid waste source 
(Dumpsite Type) on heavy metal 
contaminations in Urban Soils of Bauchi, 
Nigeria. American Chemical Science 
Journal. 2015;9(2):1-14.  

9. Pawan R, Pratima S, Chirika S, Pradeep 
K. Studies and determination of heavy 
metals in waste tyres and their impacts on 
the environment. Pak. J. Anal. & Envir. 
Chem. 2006;7(2):70-76.    

10. Mohd ZA, Veronica CL, Mohd TA.  Metal 
pollution and ecological risk assessment of 
Balok River. Sediment, Pahang Malaysia. 
American Journal of Environmental 
Engineering. 2015;5(3A):1-7.  
DOI:10.5923/c.ajee.201501.01 

11. Tajam, J, Kamal L. Marine environment 
risk assessment of Sungai Kilim, 
Langkawi, Malaysia: Heavy Metal 
Enrichment Factors in sediments as 



 
 
 
 

Rasheed et al.; PSIJ, 21(4): 1-13, 2019; Article no.PSIJ.22148 
 
 

 
11 

 

Assessment. Indexes. International Journal 
of Oceanograph. 2013;1-6.   

12. Demirak A, Yilmaz F, Tuna L, Ozdemir N. 
Heavy metals in water, sediment and 
tissues of Leuciscus cephalus from a 
stream in southwestern Turkey. 
Chemosphere. 2013;63(9):1451-1458. 

13. Ikama EU, Solomon FD, Rebecca AE, 
Unyime EU. Evaluation of status of heavy 
metals pollution of sediments in Qua-Iboe 
River Estuary and Associated Creeks, 
South-Eastern Nigeria. Environment and 
Pollution. 2013;2(4).  

14. John RG, Heidi CH, David AR, Ronald CA, 
Terry IB, Howard ET. Heavy Metals in the 
Mississippi River. U.S. GEOLOGICAL 
SURVEY CIRCULAR 1133. Reston, 
Virginia; 1995. 

15.  Abata EO, Aiyesanmi AF, Adebayo AO, 
Ajayi OO. Assessment of heavy metal 
contamination and sediment quality in the 
urban river: A case of Ala River in 
Southwestern –Nigeria. IOSR-JAC. 
2013;4(3):56-63.   

16. Yuanan H, Xueping L, Jinmei B, Kaimin S, 
Eddy Y, Hefa. Assessing heavy metal 
pollution in the surface soils of a region 
that had undergone three decades of 
intense industrialization and urbanization. 
Environ Sci Pollut Res. 2013;20:6150–
6159. 
DOI:10.1007/s11356-013-1668-z 

17. Peng S, Jun X, Yafeng W, Liding C. 
Assessment of ecological and human 
health risks of heavy metal contamination 
in agriculture soils disturbed by pipeline 
construction. Int. J. Environ. Res. Public 
Health. 2014;11:2504-2520.  
DOI:10.3390/ijerph110302504.  

18. Keli Z, Weijun F, Zhengqian Y, Chaosheng 
Z. Contamination and Spatial Variation of 
Heavy Metals in the Soil-Rice System in 
Nanxun County, Southeastern China. Int. 
J. Environ. Res. Public Health. 
2015;12:1577-1594.  
DOI:10.3390/ijerph120201577.  

19. Suciu I, Cosma C, Todica M, Bolboaca S, 
Jantschi L. Analysis of soil heavy metal 
pollution and pattern in central 
Transylvanian. Int. J. Mol. Sci. 
2008;9:434–453. 

20. Praveena S, Radojevie M, Abdullahi M, 
Avis Z. Factor – cluster analysis and 
enrichment study of mangrove sediments–
An example from Mengkabong Sabali. The 
Malaysian Journal of Analytical Science. 
2007;2(2):421-430. 

21. Nwadinigwe CA, Udo GJ, Nwadinigwe AO.  
Seasonal variations of heavy metals 
concentrations in Sediment Samples 
Around Major Tributaries in Ibeno Coastal 
Area, Niger Delta, Nigeria. International 
Journal of Scientific and Technology 
Research. 2014;3(11).     

22.  Malami DI, Zakaria ZI, Mohammed MI, 
Audu AA. Comparison of levels of some 
metals in the water and sediment from 
Challawa Gorge Dam, Kano, Nigeria. 
Bajopas. 2014;7(1):80–84.  
DOI:http://dx.doi.org/10.4314/bajopas.v7i1.
15 

23. Sany B, Sulaiman A, Monazami G, Salleh 
A. Assessment of sediment quality 
according to heavy metal status in the 
West Port of Malaysia. International 
Journal of Biological, Biomolecular, 
Agricultural, Food and Biotechnological 
Engineering. 2011;5(2).  

24. Hong Y, Xin Q, Hailong G, Yulei W, 
Bisheng X. Seasonal and spatial variations 
of heavy metals in two typical Chinese 
Rivers: Concentrations, environmental 
risks, and possible sources. Int. J. Environ. 
Res. Public Health. 2014;1:11860-11878.  
DOI:10.3390/ijerph111111860.  

25. Yahaya M, Mohammad S, Abdullahi K. 
Seasonal variations of heavy metals 
concentration in abattoir dumping site soil 
in Nigeria. J. Appl. Sci. Environ. Manage. 
2009;13(4):9–13.  

26. Ramirez M, Massolo S, Fraiche R, Correa 
J. Metal speciation and environmental 
impact on sandy beaches due to El 
Salvador Coppermine, Chile. Marine 
Pollution Bull. 2005;50:62-71 

27. Fagbote EO, Olanipekun EO. Speciation of 
Heavy Metals in Sediment of Agbabu 
Bitumen deposit area, Nigeria. J. Appl. Sci. 
Environ. Manage. 2010;14(4):47–51.  

28. Oyhakilome GI, Aiyesanmi AF, Akharaiyi 
FC. Water Quality Assessment of the 
Owena Multi-Purpose Dam, Ondo State, 
Southwestern Nigeria. Journal of 
Environmental Protection. 2012;3:14-25. 
DOI:http://dx.doi.org/10.4236/jep.2012.310
03    

29. Ololade IA, Ajayi AO. Contamination 
profile in major rivers along highway in 
Ondo State, Nigeria. Journal of Toxicology 
and Environmental Health Sciences. 
2009;1(3):038-053.  

30. Akan JC, Mohammed TA, Zaynab MC, 
Fanna IA. Assessment of pollutants in 
water and sediment samples in lake Chad 



 
 
 
 

Rasheed et al.; PSIJ, 21(4): 1-13, 2019; Article no.PSIJ.22148 
 
 

 
12 

 

basin, Baga, North Eastern Nigeria. 
Journal of Environmental Protection. 
2012;3:1428-1441 
DOI:http://dx.doi.org/10.4236/jep.2012.311
161 

31. Sheldrick B, Wang C. Particle size 
distribution. In Soil Sampling and Methods 
of Analysis, Carter MR (ed). Canadian 
Society of Soil Science, Lewis Publishers: 
London. 1993;449-511. 

32. Tessier A, Campbell P, Bisson M. 
Sequential extraction procedure for the 
speciation of particulate trace metals. 
Analytical chemistry. 1979;51:7. 

33. Vitosh M, Johnson J, Mengel B. Tri-state 
fertilizer recommendation for corn, soya 
bean and wheat in extension. Bulletin 
E.252, New York; 1995. 

34. Aiyesanmi AF. Baseline heavy metals 
concentration in river sediments within 
okitipupa southeast belt of the Nigerian 
bituminous sands field. J. Chem. Soc. Nig. 
2008;33(2):29-41. 

35. Darlene W. Total organic carbon in 
Maryland Coastal Bays sediments: Status 
of a regulator of chemical and biological 
processes. Maryland’s Coastal Bays: 
Ecosystem Health Assessment. Maryland 
Geological Survey, Baltimore; 2005. 
Accessed 3 November 2015.  

36. Niemirycz E, Gozdek J, Koszka-Maroń D. 
Variability of organic carbon in water and 
Sediments of the Odra River and Its 
Tributaries. Polish J. of Environ. Stud. 
2006;15(4):557-563. 

37. Gale N, Adams C, Wixson B, Loftin K, 
Huang Y. Lead, zinc, copper and cadmium 
in fish and sediments from the Rig River 
and Flat River Creek of Missouri’s Old 
Lead Belt. Environ Geochem. and Health. 
2004;26:37–49. 

38. Eunice YT. Assessment of heavy metal 
concentration and fractionation in selected 
dumpsite soils within Ibadan Metropolis, 
Nigeria. Journal of Agriculture and Ecology 
Research International. 2015;4(3):117-
127.  

39. Yang Y, Nan Z, Zhao Z, Wang S, Wang Z, 
Wang X.  Chemical fractionations and 
bioavailability of cadmium and zinc to cole 
(Brassica campestris L.) grown in the 
multi-metals contaminated oasis soil, 
Northwest of China. Journal of 
Environmental Sciences. 2011;23(2):275–
281. 

40. Uwumarongie-Ilori GE, Okieimen FE. 
Assessment of the redistribution extent of 

As, Cr and Cu during sequential extraction. 
Journal of Soil Science and Environmental 
Management. 2011;2(5):147-152.   

41. Jing L. Risk assessment of heavy metals 
in surface sediments from the Yanghe 
River, China. Int. J. Environ. Res. Public 
Health. 2014;11:12441-12453. 
DOI:10.3390/ijerph111212441   

42. Doddaiah S, Shivanna S, Swamy S, 
Budiguppe M. Speciation and geochemical 
behaviour of heavy metals in industrial soil 
of Mysore City, India. Journal of 
Environmental Protection. 2012;3:1384-
1392.  

43. Maria J, Ricardo P, Wilson M, Jeff B, 
JUAN S. Metal speciation in surface 
sediments of the Vigo Ria (NW Iberian 
Peninsula). Scientia Marina. 2008;72(1): 
119-126. 

44. Aiyesami AF, Oguntuase AA, Idowu GA. 
Investigation and pollution index of heavy 
metals in river Ala sediment, Akure, 
Nigeria. Int. J. Biol. Chem. Sci. 2010;4(6): 
2348-2359.  

45. Tamunobereton-ari I, Omubo-Pepple V, 
Tamunobereton-ari N. Speciation of heavy 
metals (Cu, Pb, Ni) pollutants and the 
vulnerability of groundwater resource in 
Okrika of Rivers State, Nigeria. Am. J. Sci. 
Ind. Res. 2011;2(1):69-77. 
DOI:10.5251/ajsir.2011.2.69.77 

46. Zerbe J, Sobczyński T, Elbanowska H, 
Siepak J. Speciation of heavy metals in 
bottom sediments of lakes. Polish Journal 
of Environmental Studies. 1999;8(5):331-
339. 

47. Amuda OS, Onianwa PC, Ayodele ET, 
Imeokparia FE. Trace metals 
contamination of lake sediment in Ibadan, 
Nigeria. Intern. J. Bio. Appl. Sci. 
2005;10(3):121-128. 

48. Denneman PR, Robberse JG. 
Ecotoxicological risk assessment as a 
base for development of Soil quality 
criteria. The NPO report. National Agency 
for the Environmental Protection. 
Copenhagen; 1990. 

49. Ministry of Housing., Netherlands, Physical 
planning and Environmental Conservation. 
Report HSE 94.021;1994. 

50. Baoling W, Wang Y, Weidong W. 
Retention and mitigation of metals in 
sediment, soil, water, and plant of a newly 
constructed root-channel wetland (China) 
from slightly polluted source water. 
Springer Plus. 2014;3:326. 
Available:http://www.springerplus.com/cont



 
 
 
 

Rasheed et al.; PSIJ, 21(4): 1-13, 2019; Article no.PSIJ.22148 
 
 

 
13 

 

ent/3/1/326 
51. Syed HR, Tanveer MA, Mohammad SI, 

Mohammad AA, Mohammad AA. 
Assessment of heavy metal contamination 
of agricultural soil around Dhaka export 
processing zone (DEPZ), Bangladesh: 
Implication of Seasonal Variation and 
Indices. Appl. Sci. 2012;2:584-601.               
DOI:10.3390/app2030584 

52. Micó C, Peris M, Sánchez J. Recatalá L. 
Heavy metal content of agricultural soils in 
a Mediterranean semiarid area: the Segura 
River Valley (Alicante, Spain). Spanish 
Journal of Agricultural Research. 2006; 
4(4):363-372. 

53. Aderinola OJ, Clarke EO, larinmoye OM, 
Anatekhai MA. Heavy metals in surface 
water, sediments, fish and Perwinkles of 
Lagos Lagoon. American-Eurasian J Agric 
& Environ Sci. 2009;5(5):609-617.  

54. Muhammad A, Chaudhary M, Shujah Z, 
Imran M, KHURAM A, ASMA I. 
Accumulation of Heavy Metals (Ni, Cu, Cd, 
Cr, Pb) in Agricultural Soils and Spring 
Seasonal Plants, Irrigated by Industrial 
Waste Water. Journal of Environmental 
Technology and Management. 2011;2(1).                                

55. Nair A, Juwarkar A, Devotta S. Study of 
speciation of metals in an industrial sludge 

and evaluation of metal chelators for their 
removal. Journal of Hazardous Materials. 
2008;152:545-553. 

56. Harrison RM, Laxen DP. Lead poisoning 
causes and control. Charpman and Hall, 
London; 1981. 

57. Maina HM, Egila JN, Shagal MH. Chemical 
speciation of some heavy metals in 
sediments in the vicinity of Ashaka Cement 
Factory, Gombe State, Nigeria. J. Res. 
Environ. Sci. Toxicol. 2012;1(7):186-194.  

58. Wang X, Chen L, Xia S, Zhao J. Changes 
Of Cu, Zn, and Ni Chemical Speciation In 
Sewage Sludge Co-Composted With 
Sodium Sulfide And Lime. Journal of 
Environmental Sciences. 2008;20:156-160. 

59. Jiwan S, Ajay S. Chemical speciation of 
heavy metals in compost and compost 
amended soil -A review. International 
Journal of Environmental Engineering 
Research. 2013;2(2):27-37.   

60. Cai Q, Mo C, Wu Q, Zeng Q, Katsoyiannis 
A. Concentration and speciation of heavy 
metals in six different sewage sludge-
composts. Journal of Hazardous Materials. 
2007;147:1063-1072. 

 

_________________________________________________________________________________ 
© 2019 Rasheed et al.; This is an Open Access article distributed under the terms of the Creative Commons Attribution License 
(http://creativecommons.org/licenses/by/4.0), which permits unrestricted use, distribution, and reproduction in any medium, 
provided the original work is properly cited. 
 
 
 

Peer-review history: 
The peer review history for this paper can be accessed here: 

http://www.sdiarticle3.com/review-history/22148 


