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ABSTRACT

The levels of physiochemical parameters and some heavy metals in top soil and sediment from
parts of Israel and Nigeria were determined using standard methods and Atomic Absorption
Spectrophotometer by GBC Avanta Version 2.02. The results showed ranges of mean levels of pH
5.78+0.4 — 8.08+0.001 in Israel and 5.3+0.1 — 6.70+0.2 in Nigeria; Organic matter 0.04+0.09% -
13.49£0.03% in Israel and 1.10£0.7% — 2.69%£0.9% in Nigeria; Total Nitrogen 0.03+0.01% -
0.961£0.1% in Israel and 0.05£0.7% - 0.14+0.2% in Nigeria; Available Phosphorus 1.40+0.06 ppm —
70.184£0.06 ppm in Israel and 14+0.1 ppm — 64.6+0.2 ppm in Nigeria; Potassium 0.64+0.6 meg/100
g —5.7440.02 meq/100 g in Israel and 0.07+0.05 meqg/100 g — 0.08+0.04 meq/100 g in Nigeria. The
highest C/N ratios were 65.25 and 53.67 in Israel and 13.89 and 12.80 in Nigeria which implies
high decomposition and mineralization in Nigeria. The levels of all the heavy metals were below
their standard limits. The mean levels of physicochemical parameters of soils from Israel and
Nigeria showed significant difference (p<0.05). The soil metal index of the heavy metals ranged
from 0.013 — 0.070 in Israel and 0.004 — 0.058 in Nigeria. Cadmium was found to be the heavy
metal with highest enrichment factor value of 87.871 in Israel and 5853.66 in Nigeria. The soils
from Israel were found to be alkaline while those from Nigeria were acidic, nutrient deficient and
need application of land amendment materials.
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1. INTRODUCTION

Urban soil environment is characterized by
human disturbances. Some of the more visible
disturbances are construction projects, cutting
and filling to make roads, building sites and
garage dumps. Other less apparent disturbances
are caused by automobile exhausts, urban dust,
manufacturing wastes and emissions which
contribute some amounts of contaminant
materials to the soil, water bodies and the
atmosphere. Soil quality is the ability of the soil to
serve as a natural medium for the growth of
plants that sustain human and animal life [1].

Soil reaction (expressed as soil pH) is a major
controller of plant nutrient availability and
microbial reaction in soils [2]. Low pH of mine
soils increases the solubility of toxic metals such
as Aluminum and Manganese and allows
leaching of essential nutrients [3].

Organic matter deficiency in soil is one of the
major constraints to agricultural sustainability.
Organic matter is the food source for soil
microbes and serves as a slow-release nutrient
source for plants [3].

According to [4] Nitrogen has been studied for
centuries and is still the most studied element of
soil chemistry, fertility and mineralogy.

The availability of phosphate to plants, however,
tends to decrease as soils become more acid
and the proportion of Al and Fe phosphate
increases [4]. In acid soils, the phosphate ions
react with soluble Fe and Al ions to form
insoluble phosphates, they also adsorb to
surfaces of insoluble Fe, Al and Mg hydroxides
[5]. Much of the phosphorus used by plants,
other than those from applied phosphate
fertilizers, come from organic phosphates
released from decomposition of organic matter.

Cation exchange capacity (CEC) gives an
indication of the soil's potential to hold plant
nutrients. Soils with a high CEC have a much
lower percentage of cations in the soil water, so
are far less susceptible to nutrient loss by
leaching [6]. The Base Saturation (BS) of a soil
tells what percentage of the exchange sites are
occupied by the basic cations. It is the ratio of the
quantity of exchangeable bases to the CEC
expressed as a percent [7].

Tropical soils with a pH of less than 5 are not
productive because of high soil solution
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aluminum and high exchangeable aluminum
which are toxic to roots of many plants [5]. While
also describing acid soils as infertile, [8] also
mentioned such soils as having calcium and
phosphorus deficiency problems.

Heavy metal contamination of the environment is
one of the main environmental problems of
pollution. This is because, once in soil, some of
these metals will be persistent because of their
fairly immobile nature. Other metals however, will
be more mobile migrating to either ground water
aquifers or plants (bioavailability) [9]. Heavy
metal pollution can affect all facets of the
environment but their effects are most long
lasting in soils due to the relatively strong
absorption of many metals onto humic and clay
colloids in soil [10].

The main sources of heavy metal contamination
are; urban industrial aerosols, created by
combustion of fuels, metal ore refining, battery
and power generation operations and other
industrial processes. Acute lead, chromium and
copper poisoning in humans causes severe
dysfunction in the renal, reproductive and
nervous system and are harmful to human health
even at low concentrations in the environment
[11].

This study was carried out to create awareness
of the nutrient status of soils from the study
areas.

2. MATERIALS AND METHODS
2.1 The Study Areas

Seven topsoil and one sediment samples were
collected from Jordan, Mt. Tabor, Galilee and
Dead sea in Israel and Umuola, Ozuzu,
Egbema and Port Harcourt in Nigeria, Rivers
State.

Israel is located, between 29°-33° north of the
equator, which is characterized as a subtropical
region, between the temperate zone and the
tropical zone. The northern and coastal regions
of Israel show Mediterranean climate
characterized by hot and dry summers and cool
rainy winters. The southern and eastern areas of
Israel are characterized by an arid climate. The
rainy season extends from October to early May,
and rainfall peaks in December through February
[12]. Israel is a major exporter of fresh produce
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Fig. 1a. Map of Rivers State Nigeria showing the study areas

and a world-leader in agricultural research and
development (agricultural technologies) despite
the fact that the geography of the country is not
naturally conducive to agriculture. Water
shortage is a major problem. Rain falls between
September and April, with an uneven distribution
across the country [13]. A variety of soils are
found, due to their origin, properties, and
weathering. The major causes of this variety are
the extreme conditions which form soils in Israel
such as climate, different topographic
circumstances and physical weathering from
both water and wind [14].

The Dead Sea is about 400 m below sea level. It
contains a lot of minerals on which many
industries depend.

The study areas in Nigeria are the Rivers State
University Teaching farm Port Harcourt and
communities in Etche Local Government Area in
North Eastern part of Rivers State.

Port Harcourt metropolis is in the Niger Delta
sedimentary basin of Nigeria. It is covered on
the surface by the Benin Formation which is
otherwise called the Coastal Plain Sands [15].
Port Harcourt lies within latitudes 4°43' 07" and
4°54"N and longitudes 6°56'04" and 7°03'20"E
with a mean annual rainfall of over 2000 mm and
mean annual temperature of about 29°C.
The sampling location, Rivers State University
Port Harcourt lies between latitude 4° 47' 49"N
and longitude 6° 58" 52"E. Etche Local
Government area is in Rivers State. It lies within
latitude 5° and 6° N and longitude 4° and 5°E.
Agriculture is the main economic base of the
people with about 90% of the population
engaged in agricultural activities. The area
experiences the normal Niger Delta climate
conditions. The climate of the area is that of
equatorial tropical rainfall occurring almost
through the year except in December, January
and February, which are not completely free from
rainfall.



The identification and coordinates of the
sampling stations in the study areas are shown in
Table 1.

2.2 Sample Collection and Preparation

Soil samples were collected with trowel and an
auger at 0-15 cm depths into polythene bags and
taken to the laboratory for preparation and
analyses. The samples were air-dried, ground to
pass through a 2 mm mesh sieve and stored at
room temperature in well labeled polythene bags.

2.3 Soil pH

The soil pH was determined in a 1:2.5 soil to
water ratio using a glass electrode pH meter; 4 g
of air-dried and sieved (2 mm sieve) soil samples
were weighed into a beaker. Ten milliliters (10
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ml) of distilled water was added, stirred and
allowed to stand for 30minutes before
measurement of the pH [16].

2.4 Available Phosphorus

Available phosphorus was determined
spectrophotometrically using Bray no.1 method,
modified by [17].

2.5 Total Nitrogen

Total nitrogen concentration was determined
using the macro Kjeldahl method [18,19]. In this
method, 5 g of the sample was digested and
distilled. The distillate was titrated with 0.01M
standard sulphuric acid. The percent total
nitrogen was then determined by calculation [16].
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Fig. 1b. Map of Israel showing study areas

Table 1. Geographical location of soil sampling stations

Station No  Location Geographical location
East (longitude) North (latitude)
1 Jordan 035°32' 48.33" 31°50" 13.09"
2 Mt. Tabor 035°23' 23.76" 32°41' 11.82"
3 Galilee 035°31' 32.64" 32°50' 38.52"
4 Dead sea 035°30" 15.54" 31°45' 44.04"
5 Umuola 007°01' 48.0" 04°53.0" 28.0"
6 Ozuzu 006°59.0' 46.0" 05°08' 51.0"
7 Egbema 006°44.0' 08.94" 05°26' 06.54"
8 Port Harcourt(UST farm) 006°58.0' 37.32" 04°48.0"' 13.98"




2.6 Organic Matter (OM)

The organic matter was determined by the
Walkley and Black method which involve the
titration the titration of un-reacted dichromate ion
with standard ferrous ions. The percent organic
matter was calculated by multiplying percent
organic carbon by 1.724.

2.7 Organic Carbon (OC)

10 ml, 1M potassium dichromate was added to 5
g of soil sample and swirled. 20 ml of
concentrated H,SO, were added to the mixture
and swirled. Then after 30 minutes, 100 ml of
distilled water were added followed by 3-4 drops
of ferroin indicator and titrated with 0.5M ferrous
sulphate solution.

2.8 Potassium, Sodium and Magnesium

Potassium, was determined using a flame
photometer [20]. Sodium and magnesium were
determined by flame emission photometer.

2.9 Particle Size

The particle size distribution was determined
using the hydrometer method and the textual
class determined from the Textural Triangular
Diagram [16].

Chloride: Chloride was determined by the
Argentometric method [21]. The chloride ion
concentration of the sample was determined by
titration.

Nitrate: Nitrate was determined using the
Brucine colorimeteric method. Limit of detection
was 0.05 mg/l N-NO; [21]. 2 ml of each sample
was measured into another test tube as blank.
To each of the samples and blank 2 ml of H,SO4
solution was added. The solution was warmed
and the test tubes were dipped into cool water
bath for cooling. 0.2 ml of brucine was added to
each of the solutions in the test tube. The
solution turned pink.

This was followed by heating indirectly for 25
minutes in a well-stirred boiling water bath at
temperature of not less than 95°C. The test
tubes were immersed in cold water bath for
cooling. The solution turned yellow when thermal
equilibrium was reached (at approximately
room temperature). The test tubes were dried
and the solution measured with UV
spectrophotometer.
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Sulphate, Calcium and Sodium: Sulphate was
determined by the Turbidimetric method. Calcium
was determined by the EDTA titration method
and Sodium was determined by direct aspiration
into Flame Emission Photometer.

2.10 Heavy Metals

Heavy metals (Cu, Zn, Pb, Fe, Cd, Mn, Cr, Ni)
were analyzed using Atomic Absorption
Spectrophotometer (AAS) by GBC Avanta
version 2.20 following the standard procedures in
[21].

2.11 Soil Metal Index

The soil pollution level and its variation along the
station were determined using soil metal index
(SMI) which compares the pollution status of the
different stations.

The soil metal index (SMI) for each sampling
station was calculated by dividing the ratio of the
heavy metal concentration in the soil sample to
the standard value of the metal for each metal.

The sum of the value obtained was divided with
the number of metals investigated. The result
was multiplied by 100.

(%+ % bt g_:)

n

SMI =

Where C in mg/kg is the concentration of the
metal at a station and S in mg/kg is the standard
(reference) concentration of the metal and n is
the number of metals determined.

The SMI >100% indicates polluted soils while the
SMI<100% indicates unpolluted soils.

2.12 Enrichment Factor (EF)

The enrichment factor (EF) of metals is a useful
indicator of the station and degree of the
environmental contamination [22]. The EF
compares each value with a given standard level.
The EF was calculated using the method of [23]
shown below.

(/)

. Fe sample
Enrichment Factor (EF) = Mo
(W)standard

Where (Me/Fe) sample is the metal to Fe ratio in
the sample of interest; (Me/Fe) standard is the
permissible value of the metal to Fe ratio. Iron is



used for normalization because natural sources
(1.5%) greatly dominated its input [24].

Where EF < 2 is deficiency to minimal
enrichment; EF = 2-5 is moderate enrichment;
EF = 5-20 is significant and EF > 40 is extremely
high enrichment [25].

3. RESULTS AND DISCUSSION

The pH of the soils ranged from 7.30 — 8.08 with
mean of 7.56+0.26 in soils and 5.78+ 0.4 Dead
sea sediment (Israel) and 5.3 — 6.7 with mean of
5.95+ 0.7 (Nigeria) is moderately acidic. This
range in Nigeria is typical of Niger Delta soils
[26,27] and is less than that of Israel. The soils in
Nigeria were moderately acidic based on pH
ratings by [28] while those in Israel are alkaline
except in the Dead sea sediment which is similar
to the soils in Nigeria. Low pH implies increased
solubility and availability of toxic metals (Fe, Al,
Mn) and this could lead to reduced vegetation
growth, reduced population of N-fixing bacteria
and allows for leaching of essential nutrients. [5]
reported that tropical soils with pH less than 5
are not productive because of high soil solution
aluminum and high exchangeable aluminum
which are toxic to roots of many plants while [8]
described such acid soils as infertile.

Itanna [29] reported that the availability of heavy
metals increases with decreasing pH. The pH
values obtained in Nigeria imply high tendency of
heavy metal availability. As pH increase from 5.0
to 8.0, iron, manganese, zinc and copper
become less available while phosphorus is
readily available at pH 6.5 [30]. This implies that
the soils in Israel could allow enrichment of
essential nutrients. The similarity of the pH in
soils from Nigeria to the Dead sea sediment
speaks volume for the soils from Nigeria. These
observations imply that the soils from Israel are
more fertile than those from Nigeria.

Organic carbon levels varied from 1.61% at
Jordan — 7.83% at Galilee with a mean of
3.99£1.94% and 0.02 in Deadsea sediment in
Israel while it ranged from 0.64 at Umuola —
1.56% at Egbema with a mean of 1.14+0.19% in
Nigeria. Organic carbon levels below 2% are
taken to be very low for tropical soils [31,32].
Based on this rating, all the soil samples from
Nigeria and Dead sea sediment are low in
organic carbon while those analyzed in Galilee
are high in organic matter.

Organic matter levels in Israel varied from 2.78%
at Jordan to 13.49% at Galilee with a mean of
6.89+3.33% and 0.04% in Deadsea sediment
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while in Nigeria the levels varied from 1.10% at
Umuola — 2.69% at Egbema with a mean of
1.974£0.19%. The values of organic matter from
Galilee exceeded the permissible limit of 3-5%
recommended for 0-15cm depth by [30]. The
organic matter content of soil depends on the
rate of production and decay of wastes and is a
function of temperature, rainfall and nutrient
status [33]. The level of biochemical activity
influenced the variations in organic matter
content. Increased biochemical activity depends
on the level of organic matter as it is the main
source of energy for microorganisms.

According to [34], when soil organic carbon
declines, plant nutrients such as nitrogen and
phosphorus are mostly at risk. This implies that
soils at Galilee and some parts of Israel are of
high value. [35] reported that reduction of organic
carbon in soil is as a result of the ability of
microorganisms to degrade organic carbon. The
very low levels in Dead sea sediment is
attributed to absence of biochemical activity.

The Total nitrogen levels in Israel ranged from
0.03% at Jordan to 0.96% at Mt. Tabor with a
mean of 0.37+0.30% and 0.05% in Deadsea
sediment while in Nigeria the levels ranged from
0.05% at Umuola to 0.14% at Egbema with a
mean of 0.10+0.02%. [32] rated soils with total
Nitrogen levels from 0.1 — 0.2% as low and
<0.1% as very low for tropical soils. The soils of
Nigeria varied from very low to low at Egbema in
their total nitrogen content while in Israel the soils
are moderate at Tabor which is low. Nitrogen
deficiency is more in Nigeria than Israel and this
can limit vegetation growth and sustained
productivity.

Baker and Herson [36] reported that high levels
of total nitrogen suggest active mineralization of
organic nitrogen in soil. The variations observed
in the levels of total N suggest that they depend
on the type of plants grown in the area. The
levels of nitrogen can be classified as low,
medium or high depending on the organic matter
content, total nitrogen and nitrate nitrogen level
of the soil. They showed that when organic
matter is 0 — 1.5% and total nitrogen is 0.1%; the
availability of nitrogen is regarded as low. It is
medium when organic matter and total nitrogen
are 1.5 — 2.5% and 0.1-0.2%, respectively and
high when the soil has more than 0.2% total
nitrogen. [37] further classified total nitrogen in
soils as < 8 pg/g (low), 8 — 20 pg/g (moderate)
and > 20 pg/g (High). The very low level of total
nitrogen in sediment from Dead sea is typical of
inactivity in that sea.



Ideriah; JSRR, 25(5): 1-18, 2019; Article no.JSRR.53256

Table 2. Mean concentrations of physicochemical parameters in soils and sediment in Israel and Nigeria

Parameters Jordan Mt. Tabor Galilee Dead sea sediment Umuola Ozuzu Egbema Port Harcourt
pH 7.3010.2 7.304£0.03 8.08+0.001 5.78+0.4 6.40+00.1  6.70+0.2 5.4+0.32 5.3+0.1
Organic carbon(%) 1.61+0.1 2.54+0.02 7.83+0.02 0.02+0.3 0.64+0.6 1.12+0.5 1.56+0./4 1.25 +0.07
Organic matter %) 2.7840.2 4.39+0.01 13.49+0.03 0.04+0.09 1.10+0.7 1.93+0.8 2.6910.9 2.16+0.2
Total N. (%) 0.03+0.01 0.96+0.1 0.12+0.04 0.05+0.08 0.05+0.7 0.10+0.6 0.14+0.2 0.09 £ 0.02
C:N Ratio 53.67+0.3 2.6510.2 65.25+0.05 0.4+0.07 12.840.8 11.240.9 11.14£0.1 13.891+0.5
Available P. (ppm) 3.51%0.1 14.04+ 0.3 70.18+0.06  1.40+0.06 14.04+0.3 64.610.2 14.0+0.1 58.74 +1.77
Mg (meqg/100g) 2.40+0.4 16.60+0.4 9.80+0.07  67.60+0.05 1.80+0.4 1.60+0.5 1.56+0.6 0.76 £ 0.20
Ca (meq/100g) 14.204£0.5 40.204£0.5 32.60+0.08 50.80+0.04 3.20+0.9 4.80+0.8 5.42+0.7 3.44 £ 0.08
Na (meq/100g) 1.09+0.02 2.17+0.6 2.72+¢0.09  39.35+0.03 1.35£0.01  1.09£0.02 1.10+0.03 0.43+0.03
K (meqg/100g) 0.6410.6 2.05+0.7 2.3110.1 5.74+0.02 0.07+0.06  0.07+0.05 0.08%0.04 0.06 + 0.00
Ex.Acidity(cmol/kg) 0.24+0.02 0.72+0.8 0.32+0.2 0.80+0.01 0.40+0.03  0.32+0.02 0.36+0.01 0.55+ 0.05
Ex.Al (cmol/kg) 0.11+0.5 0.35+0.9 0.16+0.3 0.40+0.1 0.16+0.4 0.08+0.3 0.12+0.2 0.20+40.1
ECEC (cmol/kg) 19.82+0.7 61.71+£0.01 48.1610.4 164.29+0.2 6.90+0.5 7.88+0.6 3.6410.7 5.3210.8
BS (%) 98.73+0.3 98.33+0.02 99.34+0.5  99.86+0.3 93.04+0.1 95.941+0.3 94.62+0.7 91.86+0.9
CI' (ppm) 47.6110.1 156.13£0.03  121.82+0.6 9798.00+0.4 22.64+0.5 82.52+0.1 43.41+0.9 116.34+0.5
S0O4* (ppm) 1.96+0.03 0.410+0.04 5.0£0.7 184.61+0.5 1.54+0.2 0.912+0.1 0.54210.6 8.48+0.0
NO; (ppm) 0.062+0.04 0.21210.05 0.160+0.8 14.0010.6 0.08+0.3 0.150+0.4 0.1120.5 0.03x0.0
Silt (%) 1.28+0.05 19.1540.06 15.28+0.9  4.52+0.7 12.0+0.8 4.0+0.7 3.0+0.6 3.8+0.0
Clay (%) 2.4840.06 22.42+0.07 22.48+0.09 5.2+0.8 13.20+0.2  3.2+0.3 12.0+0.4 7.8+0.0
Sand (%) 96.24+0.07 60.43+0.08 62.24+0.07 90.28+0.9 74.80+0.8 92.8+0.7 85.010.6 88.4+0.5
Textural class S CL SCL S LS S LS S

S=8Sand, CL=Clay Loam, SCL=Sandy Clay Loam, LS=Loamy Sand
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Table 3. Heavy metal concentrations (ppm) in soils and sediment in Israel and Nigeria

Parameters Jordan Mt. Tabor Galilee Dead sea sediment Umuola Ozuzu Egbema Port Harcourt  Standards
Mn 20.77 25.06 23.91 31.69 8.970 170.40 0.01 19.25 2000
Cr 1.65 1.62 274 1.46 0.18 0.29 0.24 0.16 100
Fe 214.33 286.34 816.75 78.28 26.74 1.07 402.37 2.05 50000
Ni 2.95 2.09 3.05 0.93 0.06 0.08 0.03 0.35 50
Cd 1.13 0.04 0.94 0.09 0.01 0.01 0.02 0.72 3
Pb 7.78 0.09 7.54 0.05 9.37 12.30 0.01 3.15 100
Zn 2.69 1.95 5.05 2.05 23.92 35.30 1.80 32.63 300
Cu 0.58 0.85 0.75 0.52 12.60 8.76 0.90 6.42 100
SMI 0.0698 0.0132 0.06617  0.01643 0.0417 0.05262 0.00402 0.0578
Table 4. Enrichment factor values of heavy metals at the study areas
Parameters Jordan Mt Tabor Galilee Dead sea sediment Umuola Ozuzu Egbema Port Harcourt
Mn 2423 2.188 0.732 10.121 8.386 3981.308 0.00062 234.7561
Cr 3.849 2.829 1.677 9.325 3.366 135.514 0.298 39.0244
Ni 13.773 7.299 3.734 11.88 2.244 74.766 0.075 170.7317
Cd 87.871 2.328 19.182 19.162 49.863 155.763 0.828 5,853.66
Pb 18.15 0.157 4.616 0.319 175.21 5747.66 0.0124 768.293
Zn 2.092 1.135 1.031 4.365 149.09 5498.44 0.746 2652.845
Cu 1.3531 1.484 0.459 3.321 235.612 4093.458 1.118 1565.854
Table 5. Soil metal index of heavy metals at the study areas
Parameters Jordan Mt Tabor Galilee Dead sea sediment Umuola Ozuzu Egbema Port Harcourt
Mn 0.010 0.013 0.012 0.016 0.004 0.085 0.000 0.010
Cr 0.016 0.016 0.027 0.015 0.018 0.003 0.002 0.002
Fe 0.004 0.006 0.016 0.002 0.001 0.000 0.008 0.000
Ni 0.059 0.042 0.061 0.019 0.001 0.002 0.001 0.007
Cd 0.376 0.013 0.313 0.030 0.026 0.003 0.006 0.240
Pb 0.078 0.001 0.075 0.001 0.094 0.123 0.000 0.032
Zn 0.009 0.007 0.017 0.007 0.080 0.118 0.006 0.109
Cu 0.006 0.009 0.008 0.005 0.126 0.088 0.009 0.064
TOTAL SMI 0.070 0.013 0.066 0.016 0.042 0.052 0.004 0.058
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Table 6. Pearson’s correlation matrix of heavy metals in soils from Israel and Nigeria

Location Jordan Mt. Tabor Galilee Dead sea Umuola Ozuzu Egbema Port
Harcourt

Jordan 1

Mt. Tabor 0.0639 1

Galilee 0.9991 0.0742 1

Dead sea 0.7222 0.5484 0.7177 1

Umuola -0.0990 -0.5055 -0.1166 -0.4874 1

Ozuzu -0.3241 -0.5537 -0.3427 -0.5278 0.7538 1

Egbema 0.1321 -0.3601 0.1208 -0.1353  0.3323 -0.1310 1

PortHarcourt 0.8484 -0.1626 0.8368 0.5536 0.2343 -0.0136 0.4360 1

Table 7. Pearson’s correlation matrix of heavy metals in soils from Israel

Parameters Mn Cr Fe Ni Cd Pb Zn Cu
Mn 1
Cr -0.3423 1
Fe -0.3935 0.9873 1
Ni -0.9360 0.6483 0.6784 1
Cd -0.7677 0.5292 0.4749 0.8434 1
Pb -0.7666 0.6269 0.5784 0.8759 0.9926 1
Zn -0.3633  0.9809 0.9418 0.6668 0.6480 0.7306 1
Cu -0.3372  0.3954 0.5346 0.3796 -0.1698 -0.0829 0.2223 1
Table 8. Pearson’s correlation matrix of heavy metals in soils from Nigeria
Parameters Mn Cr Fe Ni Cd Pb Zn Cu
Mn 1
Cr 0.7610 1
Fe -0.4403 0.2299 1
Ni -0.1368 -0.6056 -0.4776 1
Cd -0.2576  -0.6481 -0.3471 0.9885 1
Pb 0.7385 0.3606 -0.7264 -0.2317 -0.3745 1
Zn 0.5983 -0.0644  -0.9648 0.5268 0.3926 0.7008 1
Cu 0.2569 -0.2147  -0.8236  0.0011 -0.1147  0.8235 0.6729 1
Table 9. Pearson’s correlation matrix in soils from Israel
Location Jordan Mt. Tabor Galilee Dead sea
Jordan 1
Mt. Tabor 0.9995 1
Galilee 0.9980 0.9982 1
Dead sea 0.9511 0.9516 0.9318 1
Table 10. Pearson’s correlation matrix is soils from Nigeria
Location Umuola Ozuzu Egbema Port Harcourt
Umuola 1
Ozuzu 0.0677 1
Egbema 0.6362 -0.1899 1
Port Harcourt 0.5262 0.5567 -0.2044 1

Available Phosphorus concentrations varied from
3.51 ppm at Jordan to 70.18 ppm at Galilee with
a mean of 29.24+20.69 ppm and 1.40 ppm at
Dead sea while it varied from 14.0 ppm at

Umuola to 64.60 ppm at Ozuzu with a mean of
37.85£13.81 ppm. According to [38] and [32],
available phosphorus value below 15 mg/kg
is regarded as low for tropical soils. The results
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of this study show that the top soils had available  nitrogen accumulation since symbiotic
phosphorus values that are below the critical N-fixing bacteria have a high phosphorus
limit. Low phosphorus levels could hinder demand.
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Calcium levels in Israel ranged from 14.20 in Nigeria to high in Israel in their exchangeable

meq/100 g at Jordan to 40.20 meqg/100 g at Mt.
Tabor with mean of 29.0+7.72 meq/100 g and
50.80 meqg/100 g in Dead sea sediment while it
ranged from 3.20 meqg/100 g at Umuola to 5.42
meq/100 g at Egbema with a mean of 4.22+0.53
meq/100 g. [38] and [32] rated soils with < 2.0
meq/100 g as very low in calcium, 2-5 meqg/100 g
as low and 5-10 meg/100 g as medium. The
levels of exchangeable calcium show that the
soils are low to medium while those of Israel are
high in exchangeable calcium.

Magnesium ranged from 2.40 meq/100 g at
Jordan -16.60 meq/100 g at Mt. Tabor with a
mean of 9.6+4.10 meq/100 g and 67.60 in Dead
sea sediment in Israel while it ranged from 0.76
meqg/100 g at Port Harcourt -1.80 meg/100 g at
Umuola with a mean of 1.43+0.23 meq/100 g in
Nigeria. The soils were found to range from low
to medium in exchangeable magnesium based
on the ratings by [38] and [32]. According to
these authors, exchangeable magnesium values
from 1.5 — 3.0 meg/100 g is medium, 0.5-
1.5meq/100g low and <0.5 meq/100 g very low.

Potassium in Israel ranged from 0.64 meq/100 g
at Jordan — 2.31 meq/100 g at Galilee with a
mean of 1.67+0.52 meqg/100 g and 5.74 meq/100
g in Dead sea sediment while it ranged from 0.07
meg/100 g at Umuola and Ozuzu - 0.08
meqg/100 g at Egbema with a mean of 0.07+0.0
meq/100 g in Nigeria. According to [38], levels of
exchangeable potassium between 0.1 — 0.3
meqg/100 g soil are regarded as low for tropical
and sub-tropical soils and below 0.1 meg/100 g
soil very low. Based on this rating, the soils
analyzed in this study ranged between very low
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potassium content with most of the samples
falling within the ‘very low’ and ‘high’ ranges.
According to [39], amounts of exchangeable
potassium in the tropical savannah are low. The
soils from Israel have the highest mean
exchangeable potassium value. This could be
attributed to cultivation and enrichment of the
soils with fertilizers. The values in Nigeria agree
with [40] who reported that the soils of the
humid southern zone of Nigeria were deficient
in potassium as a result of high leaching
intensity.

The levels of sodium in Israel ranged from 1.09
meq/100 g at Jordan -2.72 meq/100 g at Galilee
with @ mean of 1.99+0.48 meq/100 g and 39.35
meqg/100 g in Dead sea sediment while it ranged
from 0.43 meq/100 g at Port Harcourt - 1.35
meqg/100 g at Umuola with a mean of 0.99+0.20
meqg/100 g in Nigeria. [38] and [32] rated
exchangeable sodium levels below 0.1 meqg/100
g as very low and 0.1 — 0.3 meg/100 g of soil as
low. Based on this, all the soils studied are high
in exchangeable sodium. [32] observed that
although sodium could serve as a substitute for
potassium, it is not an essential plant nutrient.
For this reason, he added that its absence or
presence in only small quantities is not usually
detrimental to plant nutrition. He observed that
when sodium is present in soil in significant
quantities, particularly in proportion to other
cations present, it can have an adverse effect,
not only on many crops, but also on physical
conditions of the soil.

The generally low content
moderate content in

in Nigeria and
Israel of exchangeable



bases in the soils of the study areas could be
attributed to the parent material that underlies the
area as well as leaching of essential plant
nutrients. Increasing the pH and organic matter
levels will make exchangeable bases more
available in the soils.

Exchangeable Acidity (Ex. Acidity) ranged from
0.24 cmol/kg at Jordan -0.72 cmol/kg at Tabor
with a mean of 0.43+0.15 cmol/kg and 0.80
cmol/kg in Dead sea in Israel while it ranged from
0.32 cmol/kg Ozuzu - 0.55 cmol/kg in Port
Harcourt with a mean of 0.41+£0.05 cmol/kg in
Nigeria.

Exchangeable Aluminium (Ex. Al) in Israel
ranged from 0.11 cmol/kg at Jordan — 0.35
cmol/kg at Mt.Tabor with a mean of 0.21+£0.07
cmol/kg in soils and 0.41 cmol/kg in Deadsea
sediment while in Nigeria the value ranged from
0.08 cmol/kg at Ozuzu — 0.20 cmol/kg at Port
Harcourt with a mean of 0.41+ 0.03 cmol/kg.

ECEC in Israel ranged from 19.82 cmol/kg at
Jordan — 61.71 cmol/kg at Mt. Tabor with a mean
of 43.23+12.34 cmol/kg and 164.39 cmol/kg in
Dead sea sediment and it ranged from 3.64
cmol/kg at Egbema — 7.88 cmol/kg at Ozuzu with
a mean of 5.94+0.93 cmol/kg in Nigeria.

In the soils from Israel and Nigeria the highest
levels of Ca (40.20 meg/100 g), Mg (16.60
meq/100 g), Ex. Acidity (0.72 cmol/kg), Ex. Al
(0.35 cmol/kg) and ECEC (61.71 cmol/kg) were
at Tabor while Na (2.72 meg/100 g) and K (2.31
meqg/100 g) were at Galilee.

High levels of exchangeable bases Ca (50.80
mg/kg), Mg (67.60 mg/kg), Na (39.35 mg/kg), K
(5.74 mg/kg), exchangeable acidity (0.80
cmol/kg), Ex. Al (0.40 cmol/kg), ECEC (164.39
cmol/kg), CI' (9798 ppm), SO~ (184.61 ppm)
and NOj (14.0 ppm) were measured in the Dead
sea sediment. This implies high level of
mineralization in the sediment which serves as
sink for environment and hence the use of the
Dead sea sediment in the manufacture of various
cosmetic products.

The textural classes of the soils and sediment
were sand at Jordan and Dead sea in Israel and
Ozuzu and Port Harcourt in Nigeria while soils at
Umuola and Egbema in Nigeria were loamy
sand. The soils at Mt.Tabor and Galilee were
found to be clay loam and sandy clay loam
respectively. This indicate that the soils and
sediment from Jordan, Dead sea in Israel and
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Ozuzu and Port Harcourt in Nigeria have low
fertility, permeable and high nutrient leaching.
The soils from Mt. Tabor, Galilee, Umuola and
Egbema could be rated more fertile with high
nutrient holding capacity. The light and/or pale
colour of the soils and sediment from Jordan,
Dead sea, Ozuzu and Port Harcourt could be
responsible for their high sand contents while the
soils at Galilee, Mt. Tabor and Egbema have
shades of red due to their clay and iron contents.

The C:N ratio ranged from 2.65 — 65.25 with a
mean of 40.52+£19.23 in soils and 0.4 in Deadsea
sediment in Israel while it ranged from 11.2 —
13.89 with a mean of 12.26+0.67 in Nigeria.
Carbon to Nitrogen ratio is an indicator of
nitrogen mineralization and accumulation in soils.
[41,42] reported low range of C:N ratios for soils
in the Niger Delta region of Nigeria. According to
[2] C/N ratio in the Topsoil is commonly between
10 and 12 in humid regions. The low range in
Nigeria implies high decomposition and
mineralization in the area. If the ratio is below 20,
mineralization will be higher than immobilization
[2].

A t-test showed significant difference (p<0.05) in
the mean levels of the parameters measured
between Israel and Nigeria.

Manganese ranged from 20.77 ppm at Jordan —
31.69 ppm at Dead sea in Israel with mean soil
level of 23.25+1.28 ppm and 0.01 ppm at
Egbema — 170.40 ppm at Ozuzu in Nigeria with a
mean of 49.66+40.44 ppm.

Chromium ranged from 1.461ppm at Dead sea —
1.736 ppm at Galilee in Israel with a mean of
2.0£0.37 ppm in soil and 0.16 at Port Harcourt —
0,178 ppm at Umuola in Nigeria with a mean of
0.22+0.03 ppm.

Iron ranged from 78.284 ppm at Dead sea —
816.75 ppm at Galilee in Israel with a mean of
439.141£189.95 ppm in soil and 1.065ppm at
Ozuzu - 402.37 ppm at Egbema in Nigeria with
a mean of 108.06+98.28 ppm.

Nickel ranged from 0.931 ppm at Dead sea —
3.054 ppm at Galilee in Israel with a mean of
2.7+0.30 ppm in soil and 0.03 ppm at Egbema —
0.35 ppm at Port Harcourt in Nigeria with a mean
of 0.13+£0.07 ppm.

Cadmium in Israel ranged from 0.042 ppm at
Tabor — 1.108 ppm at Jordan with a mean of
0.70£0.34 ppm and 0.008 ppm at Umuola — 0.72



ppm at Port Harcourt with a mean of 0.19+0.18
ppm in Nigeria.

Lead ranged from 0.045 ppm at Dead sea —
7.776 ppm at Jordan with a mean of 5.13+ 2.53
ppm in soil at Israel and 0.01 ppm at Egbema —
12.30 ppm at Ozuzu with a mean of 6.21+2.81
ppm in Nigeria.

Zinc ranged from 1.954 ppm at Tabor — 5.049
ppm at Galilee with a mean of 3.23+ 0.93 ppm in
soil at Israel and 1.80 ppm at Egbema — 36.30
ppm at Ozuzu with a mean of 23.41 ppm in
Nigeria.

Copper ranged from 0.516 ppm at Dead sea —
0.845 ppm at Mt. Tabor with a mean of
0.73+0.08 ppm in soil at Israel and 0.90 ppm at
Egbema — 12.601 ppm at Umuola with a mean of
7.17+ 2.45 ppm in Nigeria.

Low pH (below 5.5) makes metals such as Zn,
Cu, Cr, Mn, Co, Fe and Al more soluble for plant
uptake [43,5,3]. With the low pH values obtained
in Nigeria, the Fe and Mn values obtained show
that the acidic condition of the soils in Nigeria
increased the solubility and availability of these
metals. This situation encourages leaching of
nutrient elements.

The results of Pearson’s correlation coefficients
and their significant levels (P < 0.01) are
presented in Tables 5 — 9.

A correlation coefficient > 0.7 is interpreted as a
strong relationship between two parameters,
whereas values between 0.5 and 0.7 represent a
moderate relationship [44]. Correlation analysis
provides an effective way to reveal the
relationships between multiple variable and thus
have been helpful for understanding the
influencing factors as well as the sources of
chemical components [45]. The relationship
between heavy metals can provide important
information on heavy metal sources and
pathways [46].

In Israel, the concentrations of Mn showed a
strong negative relationship with Ni (-0.9360), Cd
(-0.7677) and Pb (-0.7666); Cr showed strong
positive relationship with Fe (0.9873) and Zn
(0.9809) but moderate positive relationship with
Ni (0.6483), Cd (0.5292) and Pb (0.6269); Fe has
strong positive relationship with Zn (0.9418) but
moderate positive relationship with Ni (0.6784),
Pb (0.5784) and Cu (0.5346). Pb has strong
positive relationship with only Zn (0.7306). Ni has
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strong positive relationship with Cd (0.8434) and
Pb (0.8759) but moderate positive relationship
with Zn (0.6668). Cd showed strong positive
relationship with Pb (0.9926) but moderate
positive relationship with Zn (0.6480). The metal
concentrations showed strong positive
relationship (> 0.9) between all the stations.

In Rivers State, Nigeria, Mn showed strong
positive relationship with Cr (0.7610) and Pb
(0.7385) but moderate positive relationship with
Zn (0.5983). Cr has moderate negative
relationship with Ni (-0.6056) and Cd (-0.6481).
Fe showed strong negative relationship with Pb
(-0.7264), Zn (-0.9648) and Cu (-0.8236). Ni has
strong positive relationship with Cd (0.9885) but
moderate positive relationship with Zn (0.5268).
Pb showed strong positive relationship with Zn
(0.7008) while Zn showed moderate positive
relationship with Cu (0.6729). The concentrations
of metals at Umuola showed moderate positive
relationship with those at Egbema (0.6362) and
Port Harcourt (0.5262). Similar observation was
made between Ozuzu and Port Harcourt
(0.5567).

The observed relationships suggest that the
metals concerned come from similar sources.
The concentrations of Pb and Cu showed weak
correlations with other metals suggesting that
they were from different sources than the other
metals.

Generally the SMI values obtained were below
100% suggesting that the soils of the study areas
though contaminated are unpolluted with heavy
metals. The spatial variation of SMI reflects effect
of anthropogenic activities in the enrichment of
heavy metals.

The enrichment factor (EF) was used to quantify
the level of the potential anthropogenic effects in
soils from the study areas. The EF values
increase with the contributions of anthropogenic
sources [47]. The EF > 1 indicates that the
abundance of the heavy metals in the soil may
not come from the local soil background but
other natural and/or anthropogenic sources such
as vehicle emissions, industrial emissions, etc
[48]. The EF < 5 though not significant, indicates
metal accumulation while EF > 5 indicate soil
contamination for related metals. The values of
EF are greater than 5 for Ni (13.77), Cd (87.87),
Pb(18.15) at Jordan; Ni (7.30) at Mt Tabor; Cd
(19.18) at Galilee; Mn (10.12), Cr (9.33), Ni
(11.88), Cd (19.16) in Dead Sea; Mn (8.39), Cd
(49.86), Pb (175.21), Zn (149.09), Cu (235.61) at



Umuola; Mn (3981.31), Cr (135.51), Ni (74.77),
Cd (155.76), Pb (5747.66); Zn (5498.44), Cu
(4093.46) at Ozuzu; Mn (234.76), Cr (39.02), Ni
(170.73), Cd (5853.66), Pb (768.29), Zn
(2652.85), Cu (1565.85) at Port Harcourt.

The results showed significant enrichment with
Ni and Pb at Jordan, Ni at Mt Tabor, Cd at
Galilee, Mn, Cr, Ni, Cd in Dead Sea and Mn at
Umuola. It showed very high enrichment with Cr
at Port Harcourt. The results showed extremely
high enrichment with Cd at Jordan, Umuola,
Ozuzu, Port Harcourt; Pb, Zn, Cu at Umuola,
Ozuzu, Port Harcourt; Mn, Ni, at Ozuzu, and Port
Harcourt and Cr at Ozuzu. This implies that the
metals showed extremely high enrichment in
Nigeria than Israel. Only Cd showed extremely
high enrichment in Jordan while all the metals
determined showed extremely high enrichment in
Ozuzu and Port Harcourt except for Cr at Port
Harcourt. This observation could be attributed to
the use of heavy farming implements and
machinery in Port Harcourt (Rivers State
University teaching farm) and Ozuzu in Etche, a
major farming area in Rivers State, Nigeria. The
highest enrichment of Cd and Pb in Port Harcourt
and Ozuzu respectively indicate the importance
of industrial and traffic emissions from fossil fuel
and other anthropogenic sources as contributors
to the metals concentrations.

4. CONCLUSION

The findings from this study have shown that the
soils in Nigeria are acidic and nutrient-deficient
as most of the values were below permissible
limits while soils from Israel are alkaline. The
observed soil pH can influence nutrient
absorption and plant growth through its influence
on nutrient availability and the presence of toxic
ions. The concentrations of heavy metals
especially the high Fe and Mn values obtained
show that the acidic condition of the soils
increased the solubility and availability of these
metals.

The soils in Nigeria need application of land
amendment materials such as organic wastes
(from plants and animals) than soils in Israel as
the soil physicochemical properties show that all
the soils of the study areas in Nigeria are acidic
and low in Organic Matter, Total Nitrogen,
Available Phosphorus and Exchangeable Bases
while those in Galilee and Mt. Tabor in Israel are
moderate. The levels of exchangeable bases,
exchangeable acidity and ECEC were higher in
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soils from Israel than Nigeria and highest in Dead
sea sediment than soil from both countries.

ACKNOWLEDGEMENTS

The Commanding Bishop W. W. Bunting is
heartily appreciated for making the Israel trip
possible.

COMPETING INTERESTS

Authors have declared that

interests exist.

no competing

REFERENCES
1. Karlen DL, Mausbach MJ, Doran RG, Cline
RF, Harris, Schuman GE. Soil quality: A
concept, definition, and framework for
evaluation (A Quest Editoral). Soil Science
Society of American J. 1992;61:4-10.
Brady NC, Weil RR. The nature and
properties of soils. Fifteen Edition. Prentice
Hall Inc., New Jersey. 1996;18.

Reuter R. Sewage sludge as an organic
amendment for reclaiming surface mine
wastes. Soil Science Society of Amrica
Journal. 2001;65:1736-1744.

Isiimah NO, Dickson AA, Igwe C.
Introductory soil chemistry and biology for
agriculture and biotechnology. Osia Intl.
Publishers Ltd, Port Harcourt; 2003.
Donahue RL, Miller RW, Shickluna JC.
Soils. An introduction to soils and plant
growth (fifty Edition). New Delhi, Prentice-
Hall of India. 1990;667.

Lines — Kelly R. Soil sense. National
Landcare Programme, New South Wales
Department of Primary Industries; 2004.
Soil Science Society of America. Glossary
of Soil Science Terms; 2007.

Hue NV, lkawa H. Acid soils in Hawaii:
Problems and management. Department
of Agronomy and Soil Science, College of
Tropical Agriculture and Human
Resources, University of Hawii, Manoa;
2006.

Manceau A, Boisset M, Sarret G,
Hazeman J, Mench M, Cambier P, Prost
R. Direct determination of lead speciation
in contaminated soils by EXAFS
spectroscopy. Environ  Sci. Technol.
1996;30:1540-1552.

Alloway BJ, Arye DC. Chemical principles
of environmental pollution. Blackie London.
1994;101-200.

10.



11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

21.

22.

23.

24.

Wyatt CJ, Fimbres C, Romo L, Mendez
RO, Grijalva M. Incidence of heavy metal
contamination in water supplies in
Northern Mexico. Environmental Research.
1998;114-9.

Israel Science and Technology Directory;
1999.

Available:www.science.co.il

Agriculture in Israel. Retrieved; 2008.

Dan J, Gerson R, Kogumdjisky H, Yaalon
DH. Arid soils of Israel. Agricultural
Research Organization, Special
Publication 190; 1981.

Alabo EH, Fitzhen WH, Ogarea FA.
Geotechnical properties of a tropical red
soil from parts of Eastern Niger Delta,
Nigeria. Nig. Jour. Min. Geol. 1984;20:1-6.
Loganathan P. Laboratory manual of soil
and plant analysis. University of Science
and Technology, Port Harcourt, Nigeria.
1984;5-50.

Olsen SR, Sommers LE Analysis of soil
available phosphorus. Method of soil
analysis. Part 2. Chemical and
Microbiological Properties, 2" Edn. Agron.
Mongr. 9, ASA and SSSA, Madison, WI,
USA; 1982.

Bremner JM. Analysis of total nitrogen.
Method of Soil Analysis Part 3. Chemical
Methods. SSSA Book Series No. 5 SSSA
and ASA, MADISON, WI, USA; 1996.
Mulvaney RL. Mineral nitrogen
determination. Method of Soil Analysis Part
3. Chemical Methods. SSSA Book Series
No. 5 USA New Dehli; 1993.

Kundsen N, Patterson GA, Pratt PF.
Analysis of Na and K methods of sail
analysis. Chemical and Microbiological
Properties. Sec. Edn. Agron. Monogr. 9,
ASA SSSA, Madison, WI, USA; 1982.
APHA. Standard methods for the
examination of water and waste water. 19"
Edn. New York, USA; 1995.

Feng H, Han X, Zhang W, Yu L. A
preliminary study of heavy metal
contamination in Yangtze River Intertidal
Zone due to Urbanization. Marine Pollution
Bulletin. 2004;49:910-915.

Sinex S, Helz G. Regional geochemistry of
trace elements in Chesapeak Bay
ediments. Environmental Geology. 1981;3:
315-323.

Tippie V. An environmental characteriza-
tion of Chesa-Peak Bay and a frame work
for action. In: Kennedy, V. Ed. The Estuary
as a Filter, Academic Press, New York.
1984;467-487.

17

25.

26.

27.

28.

29.

30.

31.

32.

33.

34.

35.

36.

37.

Ideriah; JSRR, 25(5): 1-18, 2019; Article no.JSRR.53256

Mmolawa K, Likuku A, Gaboutloeloe G.
Assessment of heavy metal pollution in
soils along Roadside Areas in Botswana.
African Journal of Environmental Science
and Technology. 2011;5:186-196.

Isiimah NO. An inventory of some
chemical properties of selected surface
soils of River State of Nigeria. In
Proceeding of 15" Annual Conference of
Soil Science Association of Nigeria.
Kaduna. 1987;217-233.

Odu CTIL, Nwoboshi OF, Esuruoso,
Ogunwale OJA. Industry operation areas.
Proceeding of the International Seminar on
the Petroleum and the Nigerian
Environment. Port Harcourt. 1985;117-123.
Brady NC, Weil RR. The nature and
properties of soils (Eleventh Edition).
Prentice Hall Inc., New Jersey, USA.
1994;740.

Iltanna F. Comparative study on sall
pollution with toxic substances on
farmlands close to old and new industrial
sites in Ethiopia. Bull. Chem. Soc. Ethiop.
1998;12(2):105-112.

Brady NC. The nature and properties of
soils. 8" Edition. Macmillan Publishing
CO., INC., New York. USA; 1974.

Metson AJ. Methods of soil analysis for soil
survey samples. New Zealand Department
of Soil and Industrial Research. Soil
Bureau Bulletin 12, Government Printer,
Wellington, New Zealand; 1961.

Landon JR. Booker tropical soil manual. A
handbook for soil survey agricultural land
evolution in the tropics and sub-tropics.
Longman  Science and  Technical.
1991;474.

Smith RT, Atkinson K. Techniques in
pedology. A handbook for environmental
and resource studies. 1% Edition, Elek
Science, London; 1975.

Stocking M. Soil erosion and land
degradation. In: O’Riordan T, (Ed) Environ-
mental Science for Environmental Manage-
ment. Longman, England. 1997;224.
Stegman RS, Heevenklage J. Biological
treatment of oil contaminated soils. In
Bioreactor in R. E. Olfen Buttel (Eds), on
site Bioremediation Process Xerenobiotic
and Hydrocarbon Treatment. 1991;188-
199.

Baker KH, Herson DS. Bioremediation.
McGraw — Hill Publishing Company, New
York; 1994.

Enwezor WO, Udo EJ, Usoroh NJ,
Ayotade KA, Adepetu JA, Chude VO,



38.

39.

40.

41.

42.

43.

Udegbe CIU. Fertilizer use and
management practices for crops in Nigeria;
1988.

llaco BV. Agricultural compendium for rural
development in the tropics and sub-tropics.
Elsevier Amsterdam. 1985;738.34.

Jones MI, Wild A. Soils of West African
Savanna. The maintenance and improve-
ment of their fertility. Commonwealth
Bureau of the Soils  Technical
Communication of the Harpenden. No. 55,
UK Commonwealth Agricultural Bureau
(CAB), Farnham Royal, 246; 1975.
Udechukwu ARH. The potassium status of
acid sands of Eastern Nigeria. M. Phil.
Thesis, University of Nigeria, Nigeria,
Nsukka; 1972.

Ideriah TJK, Omuaru VOT, Adiukwu PU.
Heavy metal contamination of soils around
municipal solid wastes dump in Port
Harcourt, Nigeria. Global Journal of
Environmental Sciences. 2005;4(1):1-4.
Ideriah TJ, Ideriah BJ. Effects of crude oil
spillage on physico-chemical and heavy
metal concentrations in  soils from
Ablagada, Nigeria. Global Journal of Pure
and Applied Sciences. 2006;12(4):539-
543.

Torbert JL, Tuladhar AR, Burger JA, Bell
JC. Minesoil property effects on the height

44.

45.

46.

47.

48.

Ideriah; JSRR, 25(5): 1-18, 2019; Article no.JSRR.53256

of ten-year-old white pine. Journal of
Environmental Quality. 1988;17:189-191.
Pam E, Akiti T, Osac S, Ganyaglo S,
Gibrilla A. Multivariate cluster analysis of
some major and trace elements distribution
in an unsaturated zone profile, Densu
River Basin, Ghana. African Journal of
Environmental Science and Technology.
2011;5:155-167.

Li X, Liu L, Wang Y, Luo G, Chen X, Yang
X, Hall M, Guo R, Wang H, Cui J, He X.
Heavy metal contamination of urban soil in
an Old Industrial City (Shenyang) in
Northeast China. Geoderma. 2013;192:50-
58.

Manata D, Angelone M, Bellanca A, Neri
R, Sprovieri M. Heavy metals in urban
soils: A case study from the City of
Palermo (Sicily). Science of the Total
Environment. 2002;300:229-243.

Emad MH, Abdelaal Kh. AA. Impact of
Nitrogen fertilization levels on morpho-
physiological characters and yield quality
of some maize hybrids (Zea mays L.).
Egyption J. Agron. 2015;37(1):35-48.
Thornton |. Metal contamination of soils in
urban areas. In: Bullock, P. and Gregory,
P. J., Eds., Soils in the Urban
Environment. Blackwell, Oxford. 1991;47-
75.

© 2019 Ideriah; 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. sdiarticle4.com/review-history/53256

18



