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Abstract

Soil samples from waste dump sites from Imoru and the towns around it were analyzed for their cadmium,
chromium, copper, manganese, nickel, lead and zinc contents in order to determine the distribution and
enrichment of these metals in the area. Results show the average metal content as Cd (1.18 mg/kg™), Cr (0.69
mgkg™), Cu (9.61 mgkg"), Mn (93.41 mgkg"), Ni (2.94 mgkg"), Pb (12.24 mgkg") and Zn (78.82 mgkg’
1).Using Enrichment Factor (EF) the soils were classified as deficient to moderately enriched with Cd and Cr
while they are deficient to minimally enriched with Cu, Mn, Ni and Zn. Calculated Geo-accumulation index
(Igeo) shows the soil to be unpolluted to moderately polluted of all trace metals analyzed for. The C / P index
places the soil as very slightly contaminated to slightly contaminated by Cr, Pb and Ni; severely contaminated to
moderately polluted by Cd; and very slightly to severely contaminated with Cu. Generally, the average
concentration of the trace metals are below international guideline values for environmental quality criteria.

Keywords: heavy metal, soil, enrichment factor (EF), geo-accumulation index (Igeo), contamination / pollution
index

1. Introduction

In many cities of the developing countries, lack of proper waste disposal practices have been recognized as one
of the major sources of anthropogenic pollution/contamination (Udueze, 2004). Pollutants from human and land
use wastes dumped directly into the rivers in and around urban and rural centers have led to various levels of
contamination and loss of the natural ecosystem in many areas (Ihenyen and Aghimien, 2002). Adaikpoh (2011)
determined the contents of some trace elements in the soils within Ifon and environs and reported high mobility
factor (bioavailabilty) of Cd in soils of some sites in Ifon area. This, as reported, poses a threat to the region. A
common approach to determine how much the soil has been affected by heavy metal incursion is to calculate the
Enrichment Factor (EF) for metal concentration above. uncontaminated background level (Huu et al., 2010).

Enrichment Factor (EF)

The EF method normalizes the measured heavy metal content with respect to a reference sample such as Fe, Al
or Zn (Mediolla et al., 2008). Pollution is measured as the amount or ratio of the sample metal enrichment above
the concentration present in the reference station or material. The EF of a heavy metal in the soil is calculated as

EF = [Cmetal / Cnormalizer]soil / [Cmetal / Cnormalizer]control

where Cmetal and Cnormalizer are concentrations of heavy metal and normalizer respectively, both in
the soil and in the control. Enrichment factor is used to differentiate between the contamination / pollution
resulting from natural and anthropogenic sources as well as assessing the degree of anthropogenic influence. As
the EF values increase, the contributions of the anthropogenic origin also increase (Suther, 2000). Contamination
categories based on enrichment factor are as follows:

EF < 2 is deficiency to minimum enrichment
EF = 2-5 is moderate enrichment

EF = 5-20 is significant enrichment

EF = 20-40 is very high enrichment

EF > 40 is extremely high enrichment

Index of geo-accumulation (Igeo)

The degree of metal contamination or pollution in terrestrial, aquatic and marine environment can be evaluated
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using Index of geo-accumulation (Igeo) (Tijani and Onodera, 2009). The Igeo of a metal in the soil is calculated
as thus:

Igeo = log,Cmetal / 1.5Cmetal (control)

where Cmetal is the concentration of the heavy metal in the enriched sample and Cmetal (control) is the
concentration of metal in the unpolluted sample or control. The factor 1.5 is introduced to minimize the effect of
possible variations in the background or control values which may be attributed to lithogenic variation in the soil.

According to Huu et. al. (2010), seven contamination classes are used to define the degree of metal pollutants in
soils based on the increasing value of the index of geo-accumulation as follows:

Igeo < 0 means unpolluted

0 < Igeo <1 means unpolluted to moderately polluted
1 < Igeo <2 means moderately polluted

2 < Igeo <3 means moderately to strongly polluted

3 < Igeo <4 means strongly polluted

4 < Igeo <5 means strongly to verystrongly polluted

Igeo >5 means very strongly polluted

Contamination / Pollution Index
The contamination / Pollution index is as defined by Lacatusu, 2000.
C /P Index = Concentration of metals in soil / Target value

The target value is a reference value of metals as obtained using the standard table formulated by the Department
of Petroleum Resources of Nigeria (DPR, 2002) for maximum allowable concentration of metals in the soil
(Adaikpoh and Kaizer, 2012). The DPR target values considered here are: Cd (0.8 mgkg™); Cr (100 mgkg™); Cu
(36 mgkg™); Ni (35 mgkg™); Pb (85 mgkg™); Zn (146 mgkg™") and Mn (437 mgkg™). C / P index values less than
one define contamination ranges while values greater than one define pollution (Lacatusu, 2000) as thus ;

<0.1 Very Slight contamination
0.10-0 .25 Slight contamination

0.26 - 0.50 Moderate contamination
0.51-0.75 Severe contamination
0.76 - 1.00 Very severe contamination

1.1 —2.0Slight pollution

2.1 -4.0 Moderate pollution

4.1 — 8.0Severe pollution

8.1-16.0 Very severe pollution
> 16 Excessive pollution

Soils in any area are repositories of heavy metals generated through natural processes or anthropogenetic sources.
At low concentration, heavy metals in plants and animals may not be toxic (except for Lead, Mercury and
Cadmium that are toxic at very low concentration). At high concentrations heavy metals become toxic and a
threat to biotic systems. It is therefore very necessary to monitor the levels of heavy elements in soils within
areas with fast growing population/urbanization. All indices discussed are used to determine the enrichment and
contamination status of the soils in the study area. Results here will serve as baseline data for future monitoring
of contamination/pollution due anthropogenic effects.

1.1 Study Area

Imoru and its environ are within the interior coastal lowland of southwestern Nigeria (Figure 1).

46



Journal of Environment and Earth Science wWww.iiste.org

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) ey
Vol No.14, 2013 ISTE

=0an’

NIGERIA

f IMD‘;J

ELE!

MOLEGE

e Iy
54500 KEY =

| Road $| [ River \,___l '«;amplmgmw e I [sw-pungpnm;+[ 1] 1 2km

Figure 1: Map of study area and sample locations

The study area is located in the southwestern part of Ondo State in Ose local government area of Nigeria
(latitude 6° 50" -6° 55" N and longitude 5° 30' E - 5°45' E). The area is of the tropical hinterland climate of
Nigeria (Emielu, 2000). It comprises of two main distinct seasons; the dry and the wet season. Two major
seasonal air masses determine the climate of the area. The moisture laden south western wind (Tropical Maritime
air mass) is responsible for the several months of rainfall (April — October) while the dry northeastern wind
(Tropical continental air mass) brings about the dry season (November — March), which is usually accompanied
by a dry cold harmattan wind which prevails during the months of December and January (Udo, 1975). During
the rainy season, up to 200m of rainfall may be experienced in the coastal areas of the south, diminishing to
150m in the hinterland. The annual mean temperature is about 27°C (Emielu, 2000). The vegetation type that
prevailed in this region is the mangrove forest type and is associated with sub-equatorial rainforest which is
characterized by dense vegetal growth with a mixture of palm trees, bamboo, etc.

The terrain is generally gently sloping with altitude ranging between 100 — 300m above sea level (Emielu, 2000).
Drainage in the area is essentially relief controlled with low lying to high rising lateritic ridges. The main rivers
(River Ose and River Owan) flow northeast — southwest.

The area has a rural community with dispersed settlement. It is sparsely populated. According to the National
Population Commission results (1991), the population is about 4,063. This has increased, according to the census
data of March, 2006 to 144,139. The settlement is linear along the major road where some of the inhabitants are
engaged in petty trading and subsistence agriculture. The area is underdeveloped and lacks basic infrastructures
such as hospitals, public water supply, regular power supply etc. Accessibility of the people to health facilities is
of great concern because they lack well equipped health centers. The geology of the area is that of a sedimentary
basin with sandstone being overlain by shale and laterite. It has being described by Reyment (1965), Adekoke
(1977) and Adaikpoh (2011).

2. Method of study
2.1. Sampling method

Sediment samples were collected randomly from seven towns - Imoru and others around it (Table 1) at depth
range of 0-30 cm, with the aid of a stainless steel iron cover and stored in black polythene bags for laboratory
analysis.
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2.2. Analysis Procedure

The samples were first air-dried and later thoroughly homogenized using agate mortar and pestle. The partial
extraction method was applied by weighing one gram of each sample into washed glass beakers, and the samples
digested by adding 20 cm® of aqua-region (mixture of HCI and HNO; at a ratio of 3:1) and 10 cm® of 30% of
hydrogen peroxide (H,O,). The H,O, was introduced in small proportions to avoid any possible overflowing,
which may lead to loss of materials (soil) from the beaker. These samples were then covered with wash glasses
and heated over hot plate to about 90°C (near boiling point). They were then filtered hot, so as to separate the
insoluble solids. These solid parts were then rinsed with hot HNO; after which the final dilution was made with
distilled de-ionized water. All the samples were then stored in plastic containers and refrigerator until they were
subjected to Atomic Absorption Spectrophotometry (AAS) method of analysis. The metals determined were
Cadmium (Cd), Chromium (Cr), Copper (Cu), Lead (Pb), Manganese (Mn), Nickel (Ni) and Zinc (Zn).

3. Results
The results are presented in Tables 1-4 and Figures 2-8.

Table 1. Contents of sampled metals of soils in Imoru and Environs (mgkg™)

Sample site/Number Cd Cr Cu Mn Ni Pb Zn
Ifon (N=8 )
Mean 1.88 1.30 23.24 133.48 5.70 24.35 136.00
+1.07 +0.63 +5.58 +28.23 +0.82 +5.44 +6.62
Lowest <0.001 0.02 <0.001 23.12 3.76 4.86 25.22
Highest 2.30 1.56 29.66 167.44 6.43 32.48 147.36
Imoru (N=8)
Mean 1.20 0.30 12.12 116.07 3.60 18.85 143.08
+0.61 +0.11 +5.77 +42.61 +2.65 +9.33 +51.66
Lowest <0.001 0.27 4.01 13.96 1.04 11.86 65.09
Highest 1.42 0.40 18.53 162.62 6.14 21.47 158.32
Sobe (N=8)
Mean 1.63 0.90 15.60 151.04 3.90 15.60 124.80
+0.58 +0.73 +5.11 +32.58 +2.90 +6.54 +25.67
Lowest 0.21 0.52 8.65 98.32 2.18 12.33 90.28
Highest 1.98 1.40 16.73 176.40 5.33 18.80 133.65
Jjegba (N=7)
Mean 0.84 0.60 3.82 37.98 1,70 5.60 23.40
+0.66 +0.44 +0.61 +5.48 +1.75 +2.53 +4.77
Lowest 043 0.02 221 23.21 1.21 421 20.81
Highest 1.56 0.83 3.98 48.65 1.98 11.48 31.77
Elerinla (N=7 )
Mean 1.52 0.50 4.10 68.08 2.70 11.95 40.40
+0.32 +0.41 +0.18 +10.18 +2.18 +3.54 +6.13
Lowest 1.08 0.30 3.36 21.92 2.34 6.18 31.11
Highest 1.66 0.56 4.33 71.05 4.52 14.55 49.94
Omolege ( N=8)
Mean 0.53 0.61 4.90 64.24 1.46 4.16 38.20
+0.48 +0.44 +3.68 +39.32 +072 +1.53 +10.50
Lowest <0.001 0.48 1.22 15.76 1.38 2.12 36.74
Highest 0.61 0.96 8.15 78.27 1.66 4.65 51.22
Arimogija ( N=8)
Mean 0.52 0.27 2.33 68.86 1.50 5.18 41.80
+1.27 +0.47 +0.32 +26.32 +0.77 +2.81 +8.32
Lowest <0.001 0.08 1.62 53.43 1.08 1.65 3741
Highest 1.86 0.64 348 82.50 2.40 9.37 48.20
Study Area :
Mean (N=64) 1.18 0.69 9.61 93.41 2.94 12.24 78.82
Lowest <0.001 0.30 1.22 13.96 1.04 1.65 20.81
Highest 2.30 1.56 29.66 176.40 6.43 32.48 158.32
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Table 2. Enrichment factor of trace metals in soil sample from Ifon, Imoru, Sobe, Elerinla and Omolege waste
dump sites.

Metal Ifon Imoru Sobe Elerinla Omolege
Cd 0.64 0.47 0.49 2.96 1.09

Cr 0.61 0.16 0.38 1.87 242

Cu 1.73 1.04 1.03 1.78 2.25

Mn 1.00 1.00 1.00 1.00 1.00

Pb 0.03 0.02 0.02 0.01 0.005

Ni 0.002 0.001 0.001 0.001 0.0004
Zn 0.63 0.76 0.51 0.001 0.36

Table 3. Index of Geo-accumulation (Igeo) of trace metals in soil sample from Ifon, Imoru, Sobe, Elerinla and
Omolege waste dump sites.

Town Cd Cr Cu Mn Pb Ni Zn
Ifon 0.72 0.42 0.79 0.12 0.55 0.98 0.20
Imoru 0.21 -1.93 0.70 0.12 0.50 0.73 0.20
Sobe 0.56 -0.17 0.69 0.13 0.47 0.77 0.20
Elerinla 0.77 -2.43 0.58 0.06 0.46 0.64 0.08
Omolege | -1.17 -1.73 0.65 0.06 0.27 0.24 0.08
Table 4. Contamination / pollution (C/P) index value (Target = DPR Values)

Metal Ifon Imoru Sobe Ijegba Elerinla | Omolege | Arimogija
Cd 2.35 1.50 2.04 1.58 1.90 0.67 0.65
Cr 0.013 0.003 0.009 0.006 0.005 0.005 0.006
Cu 0.65 0.28 0.43 0.11 0.11 1.36 0.01
Mn 0.31 0.27 0.35 0.09 0.16 0.15 0.16
Pb 0.29 0.22 0.18 0.07 0.14 0.05 0.06
Ni 0.16 0.10 0.11 0.05 0.08 0.04 0.04
Zn 0,93 0.98 0.92 0.17 0.30 0.28 0.31
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Figure 2. Mean concentration of cadmium for different towns

The average Cadmium content in the soils examined is 1.18 mg/kg" and ranges from <0.001 — 2.30 mgkg™" in
the soil samples (Table 1). The average concentration for soils of each town is plotted in figure 2. These are
within the natural limits of 0.01-3.0 mg/kg in soil as given by EC (1986) and MAFF (1992). The EF for Cd of
soils from Elerinla is 2.96 (Table 2) indicating moderate enrichment while soils from other towns have EF for
Cd less than 2 showing deficiency to minimum enrichment of Cd in the soil. The Igeo of Cd ranges from -1.17
in Omolege to 0.77 in Ifon (Table3), interpreted as unpolluted to moderately polluted. The C/P index ranges from
0.65 in Arimogija to 2.35 in Ifon (Table 4) indicating severe contamination to moderate pollution.
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Figure 3. Mean concentration of chromium for different towns

According to Jung et al., 2006, sources of Cr in the soils could be due to waste consisting of lead-chromium
batteries, coloured polythene bags, discarded plastic materials and empty paint containers. The average
concentration of Cr in soils of Imoru and environ is 0.69 mgkg" and ranges from 0.30 — 1.56 mgkg™' in the soil
samples. The average for each town is plotted in figure 3. These are lower than the critical permissible level
which is 50mg/kg for soil recommended for agriculture by EC (1986) and MAFF (1992). The EF range from
0.16 — 2.42 in Ifon. showing that the samples fell within the class of deficiency to minimal enrichment —
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moderate enrichment. The Igeo of Cr ranges from -2.43 in Elerinla to 0.42 in Ifon (Table3), interpreted as
unpolluted to moderately polluted. The contamination/pollution index obtained for Cr ranged from 0.003 — 0.013
indicative of very slight to slight contamination.
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Figure 4. Mean concentration of copper for different towns

The average copper content in the soil is 9.61 mgkg™ and its concentration range is 1.22-29.66 (Table 2). The
content for each town is as presented in figure 4. The EF of Cu ranged from 1.03 (in Sobe) to 2.25 (in Omolege)
showing deficiency to minimum enrichment in the soil. The Igeo ranged from 0.58 to 0.79 interpreted as
unpolluted to moderately The normal threshold value prescribed in soil is 30 mgkg" and copper normally
accumulates in the surface horizons (Kabata- Pendias, 2004). polluted. The C/P index ranged from 0.01
(Arimogija) — 0.65 (in Ifon) indicating very slight contamination to severe contamination. This shows that
copper is of low concentration in the soil.
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Figure 5. Mean concentration of manganese for different towns

The average concentration of Manganese in the soils is 93.41 mgkg" and ranges from 13.46 — 176.40 mg/kg™
(Table 2). The content in each town is present in figure 5. It has an EF of unity although indicating crustal origin
and falls into the category of deficiency to minimal enrichment. The Igeo ranges from 0.06 to 0.12 translating to
unpolluted to moderately polluted soil. The C/P value ranges from 0.09 in Ijegba to 0.35 in Sobe, is very slight
contamination to moderate contamination.
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Figure 6. Mean concentration of nickel for different towns

The average concentration of Nickel in the soils is 2.94 mgkg™ and ranges from 1.04 — 6.43 mg/kg" (Table 1).
The content in each town is ploted in figure 6. Nickel in soil is usually present in the organically bound form,
which under acidic and neutral conditions increases its mobility and bio availability (Kabata — Pendias and
Pendias 1999). The EF value ranges from 0.0.0004 in Omolege to 0.02 in Ifon (Table 2) which falls under the
deficiency to minimal enrichment category and the C/P index ranging from 0.04 — 0.16 (very slight
contamination — slight contamination). The Igeo for Nickel ranges from 0.24 — 0.98 (Table 3) showing
unpolluted to moderately polluted soil.
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Figure 7. Mean concentration of lead for different towns

Lead in the soils of the study area could be from automobile exhaust fumes as well as dry cell batteries, sewage
effluents, runoff of wastes and atmospheric depositions. The average concentration of Lead in the soils sample is
12.24 mgkg™" and ranges from 1.65 — 32.48 mg/kg"' (Table 1). The content in each town is present in figure 7.
These values are lower than EU (1986) upper limit of 300 mg/kg and the maximum tolerable levels proposed for
agricultural soil, 90-400 mg/kg set by WHO (1993). The EF value ranges from 0.0.005 in Omolege to 0.03 in
Ifon (Table 2) which falls under the deficiency to minimal enrichment category with the C/P index ranging from
0.05 — 0.29 (very slight contamination — moderate contamination). The Igeo for Lead ranges from 0.27 — 0.55
(Table 3) showing unpolluted to moderately polluted soil
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Figure 8. Mean concentration of zinc for different towns

Zinc belongs to a group of trace metals, which are essential for the growth of humans, animals and plants and are
potentially dangerous for the biosphere when present in high concentrations. The average concentration of zinc
in the soils sample is 78.82 mgkg™ and ranges from 20.81 — 158.32 mg/kg"' (Table 1). The content in each town
is present in figure 8. The main sources of pollution are industries and the use of liquid manure, composted
materials and agrochemicals such as fertilizers and pesticides in agriculture (Gowd et al., 2010). The EF value
ranges from 0.001 in Omolege and Elerinla to 0.76 in others (Table 2) which falls under the deficiency to
minimal enrichment category and the Igeo ranges from 0.08 — 0.98 (Table 3) showing unpolluted to moderately
polluted soil. The C/P index for zinc ranging from 0.28 in Omolege to 0.98 (moderate contamination — very
severe contamination).

4. Conclusion

Soils from Imoru and environs have average metal content as Cd (1.18 mg/kg™"), Cr (0.69 mgkg"), Cu (9.61
mgkg™), Mn (93.41 mgkg™"), Ni (2.94 mgkg™"), Pb (12.24 mgkg") and Zn (78.82 mgkg").Using Enrichment
Factor (EF) the soils were classified as deficient to moderately enriched with Cd and Cr while they are deficient
to minimally enriched with Cu, Mn, Ni and Zn. Calculated Geo-accumulation index (Igeo) shows the soil to be
unpolluted to moderately polluted of all trace metals analysed. The C / P index place the soil as very slightly
contaminated to slightly contaminated by Cr, Pb and Ni; severely contaminated to moderately polluted by Cd;
and very slightly to severely contaminated of Cu. Generally, the average concentration of the trace metals are
below international guideline values for environmental quality criteria. For those soils that were defined
generally as unpolluted to moderately polluted by some metals by the Igeo, the C / P index further gave finer
sub- groups (eg. very slightly contaminated to slightly contaminated levels ). The concentration of Cd, Cr, Cu,
Mn, Ni, Pb and Zn are all within tolerable levels hence the area can be used for agricultural and recreational
purposes.

References

Adaikpoh E. O. (2011), Sequential extraction of cadmium, lead and zinc in soil profiles of ifon and evirons,
southwest nigeria: submission for their availability to terrestrial organisms. India Journal of Science and
Technology 4 (4) : 399-403

Adaikpoh, E. O. & Kaizer, A. N. (2012), Trace metal enrichment in sediments from Otofure and Teboga waste
dump sites in Benin City, Nigeria International Journal of Chemistry. 4 (4) : 14-27. Doi:10.5539/ijc.v4ndp14

Adegoke, O.S. (1977), Stratigraphy and paleontology of the Ewekoro Formation (Paleocene) of Southwestern
Nigeria. Bull. Am. Paleontol., 71: 1-357.

Department of Petroleum Resources, (2002), Environmental guidelines and Standards for the petroleum
industries in Nigeria Department of Petroleum Resources, Ministry of Petroleum and Mineral Resources, Abuja,

53



Journal of Environment and Earth Science www.iiste.org

ISSN 2224-3216 (Paper) ISSN 2225-0948 (Online) ey
Vol.3, No.14, 2013 IIS E
Nigeria.

EC (council of the European Communities) (1986), Directive 86278 EEC on the Protection of the Environment
and in Particular of the Soil when Sewage Sludge is used EEC. Brussels

Emielu, S. A. (2000), Senior Secondary Geography. Geographical bureau Nigerian limited, Ilorin. 315p.

Gowd, S. S., Reddy, R. M. & Govil P. K. (2010), Assessment of heavy metal Contamination in Soils at Jajmau
(Kanpur) and Unnao Industrial areas, of the Ganger plain, Uttar Pradesh. India J. Hazard Mater., 174. 173 — 121.

Huu, H. H. , Rudy, S. & Damme, A. V. (2010), Distribution and contamination status of heavy metals in
estuarine sediments near Cau Ong harbor, Ha Long Bay, Vietnam. Geol. Belgica. 13(1-2) : 37-47.

Ihenyen, A. E. & Aghimien, A. E. (2002), A Study of Trace heavy metals in Warri Soils and Vegetables, South-
eastern, Nigeria. African Journal of Environmental Pollution and Health. 1: 72 — 82.[

Jung C. H., Matsuto T. & Tanaka N. (2006), Flow analysis of metals in a municipal solid waste management
system. J. Waste Manage. 26: 1337-1348.

Kabata — Pendias, A. & Pendias, H. 1999), Biogeocemistry of trace elements.2™ ed. Wyd Nauk PWN Warszawa.

Kabata — Pendias. A. (2004), Soil — Plant transfer of heavy metals — An Environmental Issue. Geoderma, 122.
143 - 149.

Lacatusu, R. (2000), Appraising Levels of Soil Contamination and pollution with Heavy Metals, European Soil
Bureau Research Report Number 4. 93-402.

MAFF (Ministry of Agriculture, Fisheries and Food) and Welch Office Agriculture Department (1992), Code of
Good Agriculture Practice for the Protection of Soil. Draft Consultation Document, MAFF, London.

Mediolla, L. L.; Domingues, M. C. D. & Sandoval, M. R. G.,(2008), Environmental Assessment of an Active
Tailings Pile in the State of Mexico (Central Mexico), Res. J. Environ. Sci., 2 (3), 197 — 208.

National Population Commission (1991). Final Results of Population Census of Nigeria, Ose local government
area, Ondo State.

Projected Result of Census Data (2006), National Population Census Data, Ose local government area, Ondo
State.

Reyment, R. A. (1965), Aspects of the Geology of Nigeria. University of Ibadan Press. 145p

Tijani, M. & Onodera, S. (2009), Hydrogeochemical Assessment of Metals Contamination in an Urban Drainage
System: A Case Study of Osogbo Township , SW-Nigeria, Journal of Water Resource and Protection. 1( 3) : 164-
173.

Udo, R. K. (1975), Geographical Regions of Nigeria. Heinemann Educational Books Limited, London. 210p.

Uduezue, N. L. (2004), Elements of Hydrogeology. Printed by Abubakar Tafawa Balewa University Press,
Bauchi-Nigeria. 1 — 17.

World Health Organization, Standard maxima for metals in Agricultural soils, 1993.

54



This academic article was published by The International Institute for Science,
Technology and Education (IISTE). The IISTE is a pioneer in the Open Access
Publishing service based in the U.S. and Europe. The aim of the institute is
Accelerating Global Knowledge Sharing.

More information about the publisher can be found in the IISTE’s homepage:
http://www.iiste.org

CALL FOR JOURNAL PAPERS

The 1ISTE is currently hosting more than 30 peer-reviewed academic journals and
collaborating with academic institutions around the world. There’s no deadline for
submission. Prospective authors of IISTE journals can find the submission
instruction on the following page: http://www.iiste.org/journals/  The IISTE
editorial team promises to the review and publish all the qualified submissions in a
fast manner. All the journals articles are available online to the readers all over the
world without financial, legal, or technical barriers other than those inseparable from
gaining access to the internet itself. Printed version of the journals is also available
upon request of readers and authors.

MORE RESOURCES

Book publication information: http://www.iiste.org/book/

Recent conferences: http://www.iiste.org/conference/

IISTE Knowledge Sharing Partners

EBSCO, Index Copernicus, Ulrich's Periodicals Directory, JournalTOCS, PKP Open
Archives Harvester, Bielefeld Academic Search Engine, Elektronische
Zeitschriftenbibliothek EZB, Open J-Gate, OCLC WorldCat, Universe Digtial
Library , NewJour, Google Scholar

e BSCO INDEX@ COPERNICUS
ros INFORMATION SERVICES DN RSN B LI AR

@ vmensyize sourmaocs @

£z Elektronische
@0® Zeitschriftenbibliothek

open

GEORGETOWN UNIVERSITY

LIBRARY



http://www.iiste.org/
http://www.iiste.org/journals/
http://www.iiste.org/book/
http://www.iiste.org/conference/

