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Introduction

Emission of toxic metals from 
industries is a source of environmental 
degradation, and can affect human 
heath.1-10 Cement production emits 
dust particles of various sizes, volatile 
substances and dangerous metals, 
harming the environment.11,12 Cement 
dust reduces crop yield (through 
stomata clogging), gaseous exchange, 
rate of transpiration and inhibits 
intercellular processes, and also affects 
surrounding ecosystems.13-17 The main 
materials used in the production of 
cement are limestone, shells, and chalk 
or marl combined with shale, clay, 
slate, blast furnace slag, silica sand, 
and iron ore.18 Metals and compounds, 
such as lead, zinc, and sulfuric acid, 
originate from cement manufacturing 
plants.19

In developing countries, like Nigeria, 
soil quality plays a crucial role in 
food production, as metals emitted 
from industries can bioaccumulate in 
plants from soil.20-23 Ingestion of these 
plants can lead to health problems 

and eventually mortality.20-26 Cement 
dust has a high percentage of calcium 
silicate which is harmful to human 
health when ingested.27,28 The alkaline 
compound has the ability to transform 
to C-S-H bond when it reacts with 
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oxygen in the soil, this consequently 
makes the presence of calcium silicate 
a major problem when ingested or 
even with dermal contact.29

Cement dust also contains hexavalent 
chromium, a compound that is highly 
toxic in nature, and has major health 
impacts when bioaccumulation occurs 
up the food chain.35-37

Little or no study has been carried out 
to assess the extent of contamination 
of heavy metals in soils and plants or 
evaluate the health and ecological risks 
associated with cement production 
in the study area.38-40 The research 
was therefore carried out to assess 
the impact of heavy metals found in 
cement dust on the soils and plants 
within and around Ewekoro Portland 
cement factory and also evaluates the 
health impacts.

Methods

Ewekoro is located within latitude N 
6o53’00”-N 6o55’00” and longitude E 
3o12’00”-E 3o13’00” in southwestern 
Nigeria (Figure 1). Ewekoro is found 
along the Sango-Ifo-Abeokuta 
Expressway of Ogun State, bordering 
Papalanto in the west and Abeokuta 
in the east. The town is 54 km from 
Lagos and 24 km from Abeokuta. 
Ewekoro is easily accessible and 
drained mainly by the River Ewekoro, 
which is seasonal in nature and has 
many tributaries.41 The topography 
of Ewekoro is an immeasurable low 
land. The area experiences high 
levels of humidity and shrubbery is 
primarily located on tree plantations. 
The climate is significantly marked by 
two alternating wet and dry seasons. 
The average temperature in the area 
is 27.1oC with the highest and lowest 
temperatures recorded in March 
and August, respectively. The mean 
annual rainfall in the area is 1305 mm 
with the highest rainfall observed 
in June and the lowest rainfall in 
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January.42 According to the United 
States Department of Agriculture 
classification scheme, the soils of 
the area are ferric, quartz and highly 
weathered clay minerals.43,44 Human 
activities in the area include mining, 
quarrying, farming and cement 
production, and has a population of 
55,156.45,46 The area is found within 
the Dahomey basin, which is one 
of the major sedimentary basins in 
Nigeria. Ewekoro is a type locality for 
limestone deposits in the country and 
soil type reflects the presence of clay 
minerals.47,48

Sampling

Thirty (30) topsoil samples weighing 1 
kg each were collected at a depth of 20 
cm in March 2015 using a hand auger. 
After each sample was collected, all 
instruments used for sample collection 
were washed using distilled water and 
dried before use at the next sampling 
point.49 This method was repeated for 
of all of the collected samples. Three 
control samples were collected in 
areas with no observed anthropogenic 
activities. Likewise, 30 healthy plant 
samples, commonly consumed 
by locals were collected from four 
species of plants: Celosia argentea 
(soko), Corchorus olitorius (ewedu), 
Colocasiaesculenta (cocoyam), 
Musa sp.(banana) and Saccharum 
officinarum (sugar cane). The foliage 
was picked into a container and 
tagged.50,51 Two (2) control samples of 
soils and plants were also collected in 
areas with no observed anthropogenic 
activities.

Chemical analysis

In the laboratory, all the soil and 
plant samples were dried at room 
temperature. The sods were pulverized 
and sieved using an impact electric 
sieve shaker. After sieving, clay-sized 
(63 µm) sediments were collected and 
packed into small zip-lock bags. The 

grains were divided into roots, stems, 
and leaves and pulverized to fineness 
(<0.002 mm) using a china clay mortar 
and pestle. Soil and plant samples were 
then digested before analysis.

One (1) gram of soil was weighed 
from each pulverized sample and 
dissolved with 15 ml nitric acid, 
20.0 ml perchloric acid and 15.0 ml 
hydrofluoric acid, and heated for three 
hours and thereafter measured into 
a 100 ml flask with distilled water.51 
Plant samples were thoroughly washed 
in deionized water because they are 
more prone to battering of sediments, 
heated at 105oC for 5 minutes, cooled 
at 70oC for 48-72 hours to a stable 
mass, then turned into a powdery form 
in a 100 μm blender so they could be 
easily dissolved.52-54 A homogenized 
measured mass of 0.25 g was put in a 
100-ml dry Pyrex digestion tube and 
digested with 5 ml of concentrated 
nitric acid was measured with it for 
the metals analysis. Digested samples 
were diluted with ultrapure water 
using a 1:50 dilution factor. Digestates 
were sent for analysis at Acme 
Laboratory Canada. Metals analyzed 
in the samples included copper (Cu), 
lead (Pb), zinc (Zn), chromium (Cr), 
cobalt (Co) and nickel (Ni). Statistical 
analyses were carried out using the 
Statistical Package for the Social 
Sciences (SPSS) software program 
version 21. It was used to calculate 
mean, minimum, maximum, standard 
deviation and bivariate correlation. 

Contamination and risk assessment

The equations described below were 
used to evaluate the contamination, 
ecological and health risks of heavy 
metals in samples. Heavy metal 
contamination in soils was calculated 
using the geo-accumulation index 
(Igeo), contamination factor (CF), 
contamination degree (CD) and 
pollution load index (PLI).

Geo-accumulation index 

The Igeo was used to assess 
contamination of a specific metal in 
soils by evaluating metal enrichment 
above baseline or background 
values. Geo-accumulation index was 
calculated according to Equation 1.55

Equation 1

Igeo = log2 x Cn / (1.5×Bn)

where, Cn is the metal concentration 
in the sample; Bn is the concentration 
of metal in the background sample, 
and the constant 1.5 is introduced 
to minimize the effect of possible 
variations in the background values 
which may be attributed to lithologic 
variations in the samples. The 
following interpretation for the Igeo 
was given by Loskaet al.: Igeo<0 = 
practically unpolluted, 0<Igeo<1 = 
unpolluted to moderated polluted, 
1<Igeo<2 = moderately polluted, 
2<Igeo<3 = moderately to strongly 
polluted, 3<Igeo<4=strongly polluted, 
4<Igeo<5= strongly to extremely 
polluted and Igeo>5 = extremely 
polluted.56

Contamination factor 

The assessment of soil contamination 
was also carried out using the CF 
in Equation 2. The CF is the single 
element index, and all four classes are 
recognized.57

Equation 2

CF =  Metal concentration in soils /  
Concentration of element in 
background soils

The CF can be classified as follows: 
CF<1: low contamination; 1<CF<3: 
moderate contamination; 3<CF<6: 
considerable contamination; CF≥6: 
very high contamination.
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Contamination degree

The sum of contamination factors for 
all examined elements represents the 
CF of the environment.58 The CD is 
aimed at providing a measure of the 
degree of overall contamination in 
surface layers in a particular sampling 
site. The formula for calculating the 
CD is shown in Equation 3.

Equation 3

Cd = ∑n
i=1Ci

f 

where, Cd is the contamination 
degree and Cf is the contamination 
factor. A CD<6 indicates a low 
degree of contamination, while 
6<CD<12 implies a moderate degree 
of contamination. In addition, 
12<CD<24 indicates a considerable 
degree of contamination, while 
CD> 24 reflects a high degree of 
contamination.

Pollution load index

The PLI is defined as the ratio of 
element concentration in the study 
to the background content of the 
abundance of chemical elements in the 
continental crust and is used to assess 
environment quality.59,60 The PLI for 
the soil samples was determined by 
the equation below, as proposed by 
Tomilson et al. and used by Anjos et 
al.58,59

Equation 4

PLI = (CF1 x CF2 x CF3 x ... x CFn)1/n 	
	

According to Chen et al., the PLI of 
each metal is classified as either low 
(PI≤1), middle (1<PI≤3) or high 
(PI>3).60

Contamination load index 

Equation 5 was used to determine 

the rate of contamination of specific 
metals in the grain/plant.

Equation 5				  
 
CLI =  Ccrop/MPC

Where, CLI is the contamination load 
index; Ccrop is the concentration of 
metal in a plant; MPC is the maximum 
permitted concentration of metals in 
crops, and a contamination load index 
>1 indicates contamination of grains 
by metals.61

Bioaccumulation factor

Bioaccumulation factor is defined 
as the ratio of metal concentration 
in plant to that in the soil.62 It is 
expressed using Equation 6.

Equation  6				  
 
BAF = Cp/Cso 		

Where, BAF is the bioaccumulation 
factor, and Cp and Cso are the 
metal concentration in aerial parts 
of the plant (mg/kg) and in soil 
(mg/kg), respectively. When the 
bioaccumulation factor>1 there is 
mobility of metal from soil to plant.

Ecological risk assessment for metals 
in soils 

Ecological risks of metals were 
evaluated using the ecological risk 
index (ERI) (Equation 7) as presented 
by Mamut et al.63

Equation 7				  
 
ERI = T i

R x C i
f

Where, ERI is the potential ecological 
risk of a single element; TR is the toxic-
response factor; and CF is the pollution 
of a single element factor, which is also 
the contamination factor. The toxic-
response factors for some metals used 

in the study were Zn = 1, Cr = 2, Cu 
= 5, Pb = 5, cadmium (Cd) = 30, Ni = 
5. The results from Equation 7 help to 
produce the risk index (RI), which is 
the summation of the ecological risk 
assessment (Equation 8).64

Equation 8				  
 
RI = ∑m

i=1 x E i
R		

When the ecological risk (ER) is <40 
and RI<150, this implies low ecological 
risk, while 40≤ER<80 and 150≤RI<300 
indicate moderate ecological risk. A 
80≤ER<160 and 300≤RI≤600 indicates 
considerable ecological risk, while 
160≤ER<320 implies high ecological 
risk. An ER≥320 and RI>600 indicate 
very high ecological risk.

Results

The average concentrations of heavy 
metals in soils in the study area are 
presented in Table 1. The mean soil 
concentrations of the metals were Cu: 
41.63 mg/kg; Pb: 35.43 mg/kg; Zn: 
213.64 mg/kg; Cr: 35.60 mg/kg; Co: 
3.84 mg/kg and Ni: 5.13 mg/kg (Table 
1). The results revealed a decreasing 
order of Zn>Cu>Cr>Pb>Ni>Co (Table 
1) for the metals concentrations. 
Sample 21 had the highest 
concentration of Co, while sample 30 
has the least concentration (Figure 
2). For Ni, sample 20 had the highest 
concentration, while sample 30 had the 
lowest (Figure 2). The concentration 
of Zn was highest in sample 4 and 
lowest in sample 1 (Figure 3). The 
concentration of Cr was highest in 
sample 27 and lowest in sample 1 
(Figure 3). The highest concentration 
of Cu was found in sample 27, while 
the lowest was found in sample 1 
(Figure 4). The highest concentration 
of Pb was found around sample 23, 
while the least values were found in 
sample 1 (Figure 4). The study further 
showed that the concentrations of Cr 
in soils in the study area were above 
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the United States Environmental 
Protection Agency (USEPA) standards, 
while the concentrations of Zn, Cu, Pb, 
Ni and Co were below this standard.65 
The average concentrations of the 
metals in soils were greater than those 
in the control samples (Table 1).

Metal concentrations in plants 

The decreasing order of metals in 
plants in the present study area are 
Zn>Cr>Cu>Pb>Ni>Co (Table 1). Zinc 
had a mean value of 135.87 mg/kg, a 
minimum value of 14.90 mg/kg and a 
maximum value of 252.00 mg/kg; with 
a significance of ρ = 0.01. Chromium 
had a mean value of 30.62 mg/kg, a 
minimum value of 1.20 mg/kg and 
a maximum of 343.00 mg/kg, with a 
significant value of ρ = 0.01. Copper 
had a mean value of 26.52 mg/kg, with 
a minimum value of 2.59 mg/kg and 
maximum value of 305.60 mg/kg. The 
concentrations of Zn, Cr, Cu, Pb, Ni 

and Co in plants are above CODEX 
recommended limits.61

Contamination assessment of soils 
and plants

Results of the contamination 
assessment of heavy metals in soils 
in the study area are presented in 
Table 2. Copper had minimum and 
maximum Igeo values of 0.94 and 3.19, 
respectively, with an average of 2.23, 
while Pb had minimum and maximum 
Igeo values of -1.08 and 2.97, 
respectively, with a mean value of 0.69. 
Zinc showed a mean Igeo value of 1.84, 
while the average value of Igeo for Cr 
was 1.70. The minimum Igeo value 
for Co was -1.26, with a maximum 
value of 5.71 and a mean of 4.66, while 
the minimum Igeo value for Ni was 
1.57 with a maximum Igeo value of 
6.32. In addition, the results showed 
that the CF for Cu in soils of the area 
showed a minimum and maximum 

of 2.88 and 13.64, respectively, while 
for Pb the CF ranged between 0.71 
and 11.76.The average CF value for Zn 
was 9.05 and 6.03 for Cr. For Co, the 
CF ranged between 0.63 and 78.58, 
and for Ni the minimum CF was 4.45 
and the maximum was 119.59. The 
minimum CD for heavy metals in soils 
in the study area was 11.90, while the 
maximum was 105.82. In plants in the 
area, the mean contamination load 
index for Cu, Pb, Zn, Cr and Ni was 
44.20, 77.30, 226.45, 23.55 and 34.27, 
respectively (Table 3).

Bivariate correlation

The results of the significant values (> 
0.01) (Table 3) revealed that all metals 
in plants and soils originated from the 
same source, with the exception of Zn, 
which showed a varied value in soils 
and plants, suggesting different sources 
for the two media. This was confirmed 
in the results of the bivariate 

Table 1 — Average Concentration of Heavy Metals in Soils and Plants of the Study Area
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Figure 2 — Spatial distribution of cobalt and 
nickel in topsoil in the study area

Figure 3 — Spatial distribution of zinc and 
chromium in topsoil in the study area
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correlation (Table 4) that revealed the 
following significant correlations: Pb-
Cu (r=0.680); Cu-Cr (r=0.699); Co-Cu 
(r=0.553); Pb-Cr (r=0.638); Co-Zn 
(r=0.529); Co-Cr (r=0.509) and Co-Ni 
(r=0.624) in soil and (Cu: r=0.682; Pb: 
r=0.606; Zn: r=0.923; Cr: r=0.973 and 
Ni: r=0.924) in plants, implying that 
the sources of these metals in plants in 
the study area originate predominantly 
from uptake from soils.  

Bioaccumulation assessment of 
heavy metals in plants 

The outcomes of the bioaccumulation 
assessment of heavy metals in plants 
in the study area are shown in Table 
3. The minimum and maximum 
bioaccumulation factor for Cu was 
0.04 and 1.84, respectively, and ranged 
between 0.01 and 5.09 for Pb. The 
average bioaccumulation factor for Zn, 
Cr, Co and Ni was 1.39, 0.86, 0.43 and 
0.78, respectively.

Ecological risk 

Results of the ecological risk 
assessment of heavy metals in soils in 
the study area are presented in Figure 
5. The minimum ERI for Cu was 14.41, 
while the maximum was 68.22. For 
Pb, the minimum and maximum ERI 
was 3.55 and 58.81, respectively. For 
Zn, the ERI ranged between 0.53 and 
33.26, with an average of 9.05, while 
the minimum and the maximum ERI 
for Cr was 2.71 and 34.57, respectively. 
Nickel had a minimum and maximum 
ERI of 22.27 and 597.95, respectively. 
The overall ERI for all the metals 
ranged between 49.71 and 749, with an 
average of 350.26

Discussion

Except for Cr in soils of Ewekoro, 
concentrations of heavy metals were 
below the recommended limits set 
by the USEPA.65 However, they were 
above their corresponding measured 
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concentrations in the background soils 
(Table 1). Relating the above results 
with similar studies done in Ashaka 
and Obajana cement production areas 
in Nigeria, the concentrations of Cu, 
Pb, Zn and Ni in soils of the study area 
were above those reported in the two 
areas.55-58 However, concentrations 
of Co in soils were lower than those 
reported in Ashakasoils, and higher 
than those in Obajana soils. In 
addition, concentrations of potentially 
toxic metals in plants in this area were 

above the recommended limits.60 The 
spatial distribution of Co and Ni in 
soil (Figure 2) revealed that Jagun had 
higher concentrations of Co than other 
parts of the study area. In addition, 
Zn was highly concentrated in the 
northeast and southwest of the study 
area (Figure 3). Concentrations of Cr 
were high in the northwest around 
Ewekoro, Lapeleko and Jagun (Figure 
3). Copper was well distributed in 
soils across the study area, but was 
highly concentrated around Ewekoro, 

Lapeleko, Jagun and Papalanto (Figure 
4). Concentrations of Pb were high in 
soils around Ewekoro and Lapeleko 
(Figure 4). The study revealed that 
aerial deposition of metal-laden soils 
might have contributed significantly 
to their concentration in the area. A 
study by Afolabi et al. showed that 
more than 70% of the inhabitants of 
the area live in houses about 2 km 
from the cement processing factory.45 
This indicates that toxic metals in soils 
of the area are highly concentrated in 
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Table 2 — Geo-Accumulation Index, Contamination Factor, Contamination Degree and Pollution Load Index  
of Heavy Metals in Soils

Table 3 — Bioaccumulation Factor and Contamination Load Index of Heavy Metals in Plants
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areas where people live. In addition, 
concentrations of heavy metals in 
plants of the area were above the 
recommended limits set by CODEX.61

In the study area, the Igeo revealed 
that soils are unpolluted to strongly 
polluted by Cu Pb and Cr (the 
classification has been clearly defined 

in Equation 1), while they are 
unpolluted to extremely polluted by 
Zn and Co (Table 2). In addition, soils 
are moderately to extremely polluted 
by Ni (Loska et al).56 However, the 
results of the CF showed that the soils 
in the area ranged from lowly to very 
highly contaminated by Pb, Zn and 
Co, while Cu and Cr present moderate 

to very high contamination (the 
classification is defined in Equation 
2). Nickel showed considerable to very 
high contamination in soils of this 
area. The CD showed that heavy metals 
in soils of the area pose a moderate 
to high degree of contamination 
(Table 2). This was affirmed by the 
PLI which also revealed a moderate 

Table 4 — Bivariate Correlation of Heavy Metals in Soils and Plants
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to high degree of pollution (Table 2). 
This showed that cement production, 
processing, and transportation coupled 
with the abandoned railway track 
in the area might have significantly 
contributed to the high degree of 
contamination recorded in the area. 
According to Afolabi et al., land and 
aerial pollution contributed 6.40% and 
80.81% of the total pollution in the 
study area.45 Oral ingestion, dermal 
contact and inhalation of contaminated 
soils and dusts might have contributed 
significantly to the spread of diseases 
in the area as reported by Afolabi et 
al.45 In addition, the contamination 
load index revealed that plants in this 
area are highly contaminated by heavy 
metals. Consumption of contaminated 
vegetables and plants may also 
contribute to health issues in the study 
area.

The present study further revealed the 
presence of metals transfer from soil 
to plants across most of the study area 
(Table 3). Bivariate correlation (Table 
4) revealed that Cu, Pb, Zn, Cr and Ni 

were mobilized from soils to plants, 
while Co was not. Although metals 
in plants might have originated from 
soils in the area, aerial deposition of 
contaminated dusts is another possible 
means of contamination, entering 
plants through their stomata.

Correlation analysis of metals in 
soils showed that the potentially 
toxic elements in soils of the area 
might have originated from common 
mixed anthropogenic and point 
sources. Major possible sources of 
metals in soils of the area are cement 
production, processing, processing, 
rail and vehicular transportation. It 
was observed that Cu, Pb, Zn and Cr 
in soils of the study area posed low to 
considerable ecological risk (Figure 5), 
while Ni posed considerable to very 
high ecological risk (the classification 
is defined in Equation 8).

Conclusions

The present study was carried out 
to assess the extent of heavy metals 

contamination and their potential 
ecological risk in soils and plants 
of Ewekoro, southwest Nigeria. 
Concentrations of heavy metals in 
soils and plants in the area were above 
those in background samples and 
cement production areas across the 
country. Soils and plants in the area are 
contaminated by heavy metals which 
possibly originate from anthropogenic 
activities, especially from cement 
production and processing as well as 
rail and vehicular transportation. In 
addition, crops in the area are strong 
bioaccumulators of these heavy 
metals, although aerial deposition of 
contaminated dust is also a potential 
source of metals. Furthermore, the 
ecological risk potential of heavy metals 
in soils of the area ranged from low 
to considerably high. Further studies 
should be conducted on the extent of 
heavy metal bioaccumulation in this 
area and the potential health risk to 
local residents. Stricter rules should 
be introduced to regulate cement 
production activities to lower the 
emission rate of cement dust polluted 
with metals into the environment.

Acknowledgements 
This study was funded as part of 
employment.

Copyright Policy  
This is an Open Access article 
distributed in accordance with 
Creative Commons Attribution 
License (http:// creativecommons.org/ 
licenses/by/3.0/).  

 
References

1.	 Tchounwou PB, Yedjou CG, Patlolla AK, Sutton 

DJ. Heavy metals toxicity and the environment. EXS 

Suppl.2012;101:133-64.

2.	 Waseem A, Arshad J, Iqbal F, Sajjad A, Mehmood 

Z, Murtaza G. Pollution status of Pakistan: a 

Figure 5 — Ecological risk index of heavy metals in soils in the study area

Laniyan, Adewumi

Contamination and Risk of Heavy Metals in Ewekoro, Nigeria

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jhp/article-pdf/10/25/200306/2649975/2156-9614-10_25_200306.pdf by N

igeria user on 09 February 2022



Journal of Health & Pollution Vol. 10, No. 25 — March 2020
11

Research

retrospective review on heavy metal contamination of 

water, soil, and vegetables. Biomed Res Int [Internet]. 

2014 [cited 2019 Dec 13];2014:Article 813206 [29 p.]. 

Available from: http://dx.doi.org/10.1155/2014/813206

3.	 Obiora SC, Chukwu A, Toteu SF, Davies TC. 

Assessment of heavy metal contamination in soils 

around lead (Pb)-zinc (Zn) mining areas in Enyigba, 

Southeastern Nigeria. J Geol Soc India [Internet]. 

2016 [cited 2019 Dec 13];87:453-62. Available from: 

www.doi.org/10.1007/s12594-016-0413-x Subscription 

required to view.

4.	 Khan HR, Seddique AA, Rahman A, Shimizu 

Y. Heavy metals contamination assessment of water 

and soils in and around Barapukuria Coal Mine Area, 

Bangladesh. Am J Environ Prot [Internet]. 2017 Jul 

[cited 2019 Dec 13];6(4):80-6. Available from: www.

doi.org/10.11648/j.ajep.20170604.11

5.	 Strachan S. Trace elements. CurrAnaesthCrit 

Care. 2010;21:44-8.

6.	 Muhammad S, Shah MT, Khan S. Health 

risk assessment of heavy metals and their source 

apportionment in drinking water of Kohistan 

region, northern Pakistan. Microchem J [Internet]. 

2011 Jul [cited 2019 Dec 13];98(2):334-3. Available 

from: https://doi.org/10.1016/j.microc.2011.03.003 

Subscription required to view.

7.	 Jia Z, Zhou S, Su Q, Yi H, Wang J. Comparison 

study on the estimation of the spatial distribution of 

regional soil metal(loid)s pollution based on Kriging 

Interpolation and BP Neural Network. Inter J Environ 

Res Public Health [Internet]. 2018 Dec [cited 2019 

Dec 13];15(1):Article 34 [14 p.]. Available from: www.

doi.org/10.3390/ijerph15010034

8.	 McLaughlin MJ, Zarcinas BA, Stevens DP, 

Cook N. Soil testing for heavy metals. Commun 

Soil Sci Plant Anal [Internet]. 2000 [cited 2019 Dec 

13];31(11-14):1661-1700. Available from: www.

doi.org/10.1080/00103620009370531 Subscription 

required to view.

9.	 McLaughlin MJ, Hamon RE, McLaren RG, 

Speir TW, Rogers SL. Review: a bioavailability-

based rationale for controlling metal and metalloid 

contamination of agricultural land in Australia and 

New Zealand. Aust J Soil Res [Internet]. 2000 [cited 

2019 Dec 13];38(6):1037-86. Available from: https://

doi.org/10.1071/SR99128 Subscription required to 

view.

10.	 Kabata-Pendias A, Pendias H. Trace elements in 

soils and plants. 2nd ed. Boca Raton, FL: CRC Press; 

1992 Feb. 365 p.

11.	 Laniyan TA, Olatunji AS, Fagade OG. 

Environmental risk assessment of cement dust on 

soils and vegetables in an urban city of South Western 

Nigeria. WIT Trans Inf Commun Technol [Internet]. 

2014 [cited 2019 Dec 13];47:133-9. Available from:  

www.doi.org/10.2495/RISK140121

12.	 Sett R. Responses in plants exposed to dust 

pollution. Hortic Int J [Internet]. 2017 [cited 2019 Dec 

13];1(2):53-6. Available from: www.doi.org/10.15406/

hij.2017.01.00010

13.	 Ade-Ademilua OE, Obalola DA. The effect of 

cement dust pollution on Celosia argentea (Lagos 

Spinach) plant. J EnvironSci Technol [Internet]. 2008 

[cited 2019 Dec 13];1(2):47-55. Available from: http://

dx.doi.org/10.3923/jest.2008.47.55

14.	 Oves M, Khan MS, Zaidi A, Ahmad E. Soil 

contamination, nutritive value, and human health 

risk assessment of heavy metals: an overview. In: Zaidi 

A, Wani P, Khan M, editors. Toxicity of heavy metals 

to legumes and bioremediation. Vienna,Austria: 

Springer; 2012. 1-27 p.

15.	 Abimbola AF, Kehinde-Phillips OO, Olatunji 

AS. The Sagamu cement factory, SW Nigeria: is the 

dust generated a potential health hazard? Environ 

Geochem Health [Internet]. 2007 [cited 2019 Dec 

13];29:163-7. Available from: https://doi.org/10.1007/

s10653-006-9068-7Subscription required to view.

16.	 Gbadebo AM, Bankole OD. Analysis of 

potentially toxic metals in airborne cement dust 

around Sagamu, southwestern Nigeria. J Appl 

Sci [Internet]. 2007 [cited 2019 Dec 13];7(2):35-

40. Available from: http://dx.doi.org/10.3923/

jas.2007.35.40

17.	 Mandal A, Voutchkov M. Heavy metals in soils 

around the cement factory in Rockfort, Kingston, 

Jamaica. Int J Geosci [Internet]. 2011 [cited 2019 Dec 

13];2:48-54. Available from: http://dx.doi.org/10.4236/

ijg.2011.21005

18.	 How cement is made [Internet]. Skokie 

(IL):Portland Cement Association; c2019 [cited 2019 

Dec 13]. [about 2 screens]. Available from:https://

www.cement.org/cement-concrete-applications/how-

cement-is-made

19.	 Andrzej J. Bees and their products as indicators 

of environment pollution. Med Weter. 1987;43(6):352-

6.

20.	 Khan ZR, Midega CA, Pittchar JO, Murage 

AW, Birkett MA, Bruce TJ, Pickett JA. Achieving 

food security for one million sub-Saharan African 

poor through push-pull innovation by 2020. Philos 

Trans R Soc B [Internet]. 2014 Apr [cited 2019 Dec 

13];369(1639):Article 20120284 [11 p.]. Available 

from: https://doi.org/10.1098/rstb.2012.0284

21.	 Wang J, Liu G, Li T, Zhou C. Physicochemical 

studies toward the removal of Zn(ii) and Pb(ii) ions 

through adsorption on montmorillonite-supported 

zero-valent iron nanoparticles. RSC Adv [Internet]. 

2015 [cited 2019 Dec 13];5:29859-71. Available from: 

www.doi.org/10.1039/C5RA02108A Subscription 

required to view.

22.	 Lin H, Sun T, Xue S, Jiang X. Heavy metal spatial 

variation, bioaccumulation, and risk assessment of 

Zostera japonica habitat in the Yellow River Estuary, 

China. Sci Total Environ [Internet]. 2016 Jan 15 [cited 

2019 Dec 13];541:435-43. Available from: https://

doi.org/10.1016/j.scitotenv.2015.09.050 Subscription 

required to view.

23.	 Gao J, Wang L. Ecological and human health 

risk assessments in the context of soil heavy metal 

pollution in a typical industrial area of Shanghai, 

China. Environ Sci Pollut Res [Internet]. 2018 Sep 

[cited 2019 Dec 13];25(27):27090-105. Available from: 

www.doi.org/10.1007/s11356-018-2705-8Subscription 

required to view.

24.	 Khan K, Lu Y, Khan H, Ishtiaq M, Khan S, Waqas 

M, Wei L, Wang T. Heavy metals in agricultural 

soils and crops and their health risks in Swat 

District, northern Pakistan. Food Chem Toxicol 

[Internet]. 2013 Aug [cited 2019 Dec 13];58:449-

58. Available from: https://doi.org/10.1016/j.

fct.2013.05.014Subscription required to view.

25.	 Al-Omran, AM, Al-Harbi AR, Wahab-Allah MA, 

Nadeem M, El-Eter A. Impact of saline water rates 

under surface and subsurface drip irrigation system 

on tomato production. Turk J Agric.2010;33:1-15.

26.	 Adewumi AJ, Laniyan TA, Xiao T, Liu Y and 

Ning Z. Exposure of children to heavy metals from 

artisanal gold mining in Nigeria: evidences from 

bio-monitoring of hairs and nails. Acta Geochim 

[Internet]. 2019 [cited 2019 Dec 13]. Available 

from: www.doi.org/10.1007/s11631-019-00371-

9Subscription required to view.

27.	 Jain R, Jain PL. Pollution of soil due to cement 

factory near Narsingarh, Madhya Pradesh (India). J 

Environ Res Dev. 2006 Oct-Dec;1(2):151-4.

28.	 Lamare ER, Singh OP. Effect of cement dust 

on soil physico-chemical properties around cement 

plants in Jaintia Hills, Meghalaya. Environ Eng Res 

[Internet].2020 [cited 2020 Jan 21];25(3):409-17. 

Available from: https://doi.org/10.4491/eer.2019.099

29.	 Parks J. Your daily additives – anticaking agents 

– calcium silicate. Natural News Blogs [Internet].  

2013 Aug 29 [cited 2020 Jan 21];Environment:[about 

4 screens]. Available from:  https://naturalnewsblogs.

com/your-daily-additives-anticaking-agents-calcium-

silicate/

Laniyan, Adewumi

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jhp/article-pdf/10/25/200306/2649975/2156-9614-10_25_200306.pdf by N

igeria user on 09 February 2022

http://dx.doi.org/10.1155/2014/813206
http://www.doi.org/10.1007/s12594-016-0413-x
http://www.doi.org/10.11648/j.ajep.20170604.11
http://www.doi.org/10.11648/j.ajep.20170604.11
https://doi.org/10.1016/j.microc.2011.03.003
http://www.doi.org/10.3390/ijerph15010034
http://www.doi.org/10.3390/ijerph15010034
http://www.doi.org/10.1080/00103620009370531
http://www.doi.org/10.1080/00103620009370531
https://doi.org/10.1071/SR99128
https://doi.org/10.1071/SR99128
http://www.doi.org/10.2495/RISK140121
http://www.doi.org/10.15406/hij.2017.01.00010
http://www.doi.org/10.15406/hij.2017.01.00010
http://ascidatabase.com/author.php?author=O.E.&last=Ade-Ademilua
http://ascidatabase.com/author.php?author=D.A.&last=Obalola
http://dx.doi.org/10.3923/jest.2008.47.55
http://dx.doi.org/10.3923/jest.2008.47.55
https://doi.org/10.1007/s10653-006-9068-7
https://doi.org/10.1007/s10653-006-9068-7
http://dx.doi.org/10.3923/jas.2007.35.40
http://dx.doi.org/10.3923/jas.2007.35.40
http://dx.doi.org/10.4236/ijg.2011.21005
http://dx.doi.org/10.4236/ijg.2011.21005
https://www.cement.org/cement-concrete-applications/how-cement-is-made
https://www.cement.org/cement-concrete-applications/how-cement-is-made
https://www.cement.org/cement-concrete-applications/how-cement-is-made
https://doi.org/10.1098/rstb.2012.0284
http://www.doi.org/10.1039/C5RA02108A
https://doi.org/10.1016/j.scitotenv.2015.09.050
https://doi.org/10.1016/j.scitotenv.2015.09.050
http://www.doi.org/10.1007/s11356-018-2705-8
https://doi.org/10.1016/j.fct.2013.05.014
https://doi.org/10.1016/j.fct.2013.05.014
http://www.doi.org/10.1007/s11631-019-00371-9
http://www.doi.org/10.1007/s11631-019-00371-9
https://naturalnewsblogs.com/your-daily-additives-anticaking-agents-calcium-silicate/
https://naturalnewsblogs.com/your-daily-additives-anticaking-agents-calcium-silicate/
https://naturalnewsblogs.com/your-daily-additives-anticaking-agents-calcium-silicate/


Journal of Health & Pollution Vol. 10, No. 25 — March 2020
12

Research

30.	 Gadd GM. Metals, minerals and microbes: 

geomicrobiology and bioremediation. Microbiology 

[Internet]. 2010 Mar [cited 2020 Jan 21];156(3):609-

43. Available from: https://doi.org/10.1099/

mic.0.037143-0

31.	 Gall JE, Boyd RS, Rajakaruna N. Transfer of 

heavy metals through terrestrial food webs: a review. 

Environ Monit Assess [Internet]. 2015 Apr [cited 2020 

Jan2 1];187(4):Article201. Available from: https://doi.

org/10.1007/s10661-015-4436-3 Subscription required 

to view.

32.	 Rai PK, Lee J, Kailasa SK, Kwon EE, Tsang YF, 

Ok YS, Kim KH. A critical review of ferrate(VI)-

based remediation of soil and groundwater.Environ 

Res [Internet]. 2018 Jan [cited 2020 Jan 21];160:420-

48. Available from: https://doi.org/10.1016/j.

envres.2017.10.016 Subscription required to view.

33.	  M, Penuelas J. Pharmaceuticals and personal-

care products in plants. Trends Plant Sci [Internet]. 

2017 Mar 1 [cited 2020 Jan 21];22(3):194-

203. Available from: https://doi.org/10.1016/j.

tplants.2016.12.010 Subscription required to view.

34.	 Kim HS, Kim KR, Kim WI, Owens G, Kim KH. 

Influence of road proximity on the concentrations 

of heavy metals in Korean urban agricultural soils 

and crops. Arch Environ ContamToxicol [Internet]. 

2017 Feb [cited 2020 Jan 21];72(2):260-8. Available 

from: https://doi.org/10.1007/s00244-016-0344-y 

Subscription required to view.

35.	 Alley R. Allergic reactions to concrete dust. 

Healthfully [Internet]. 2017 Jul 27 [cited 2020 Jan 

21];Diseases and injuries:[about 6 screens]. Available 

from:  https://healthfully.com/allergic-reactions-

concrete-dust-8379961.html

36.	 Musa J. How cement dust puts lives at risk 

silently. The Citizen [Internet].  2017 Oct 23 [cited 

2020 Jan 21];Magazine:[about 6 screens]. Available 

from: https://www.thecitizen.co.tz/magazine/how-

cement-dust-puts-lives-at-risk/1840564-4151982-

d41bp0z/index.html

37.	 Safety data sheet (SDS): Portland cement 

[Internet]. Raleigh (NC): Martin Marietta Materials; 

2018 Jun [cited 2020 Jan 21]. 12 p. Available from: 

https://cdn.martinmarietta.com/media/1429/

portland-cement-sds-june-2018.pdf

38.	 Iqbal MZ, Shafig M. Periodical effect of cement 

dust pollution on the growth of some plant species. 

Turk J Bot. 2001;25:19-24

39.	 Ade-AdemiluaOE, Obalola DA. The effect of 

cement dust pollution on Celosia argentea (Lagos 

spinach) plant. J Env Sci Technol [Internet]. 2008 

[cited 2019 Dec 13];1(2):47-55. Available from:http://

www.dx.doi.org/10.3923/jest.2008.47.55

40.	 Mandre M, Kloseiko J, Ots K, Tuulmets L. 

Changes in phytomass and nutrient partitioning in 

young conifers in extreme alkaline growth conditions. 

Environ Pollut [Internet]. 1999 May [cited 2019 

Dec 13];105(2):209-20.Available from:https://doi.

org/10.1016/S0269-7491(98)00220-6 Subscription 

required to view.

41.	 Akinyemi LP, Odunaike RK, Adeyeloja A. 

Physicochemical characterization of limestone 

deposits at Ewekoro, Ogun State, south-west of 

Nigeria and the environment impact. J Environ Earth 

Sci [Internet]. 2015 [cited 2019 Dec 13];5(18):36-41. 

Available from: https://www.iiste.org/Journals/index.

php/JEES/article/view/26020

42.	 Ewekoro climate [Internet]. Oedheim, German: 

Climate-data.org; [cited 2019 Oct 2]. [about 6 

screens]. Available from: https://en.climate-data.org/

africa/nigeria/ogun/ewekoro-362721/

43.	 Gbadegesin SA. Soils. In: Onakomaya, SO, 

Oyesiku K, Jegede J, editors. Ogun state in maps. 

Ibadan, Nigeria: Rex Charles Publication; 1992. 207 p.

44.	 Gbadegesin SA. Vegetation. In: Onakomaya, 

SO, Oyesiku K, Jegede J, editors. Ogun state in maps. 

Ibadan, Nigeria: Rex Charles Publication; 1992. p. 

21-22.

45.	 Afolabi A, Francis AF, Adejompo F. Assessment 

of health and environmental challenges of cement 

factory on Ewekoro Community Residents, Ogun 

State, Nigeria. Am J Hum Ecol [Internet]. 2012 

[cited 2019 Dec 13];1(2):51-7. Available from: http://

worldscholars.org/index.php/ajhe/article/view/79

46.	 Census 2006: results for Nigeria. Abuja, Nigeria: 

National Population Commission; 2006.

47.	 Gbadebo AM, Bankole OD. Analysis of 

potentially toxic metals in airborne cement dust 

around Sagamu, Southwestern Nigeria. J Appl 

Sci [Internet]. 2007 [cited 2019 Dec 13];7(1):35-

40. Available from:  http://dx.doi.org/10.3923/

jas.2007.35.40

48.	 Ogunkunle CO, Fatoba PO. Contamination 

and spatial distribution of heavy metals in topsoil 

surrounding a mega cement factory. Atmos Pollut Res 

[Internet]. 2014 Apr [cited 2019 Dec 13];5(2):270-82. 

Available from:  https://doi.org/10.5094/APR.2014.033

49.	 Ma L, Qin X, Sun N, Yang G. Human health risk 

of metals in drinking-water source areas from a forest 

zone after long-term excessive deforestation. Hum 

Ecol Risk Assess [Internet]. 2014 [cited 2019 Dec 

13];20(5):1200-12. Available from:  https://doi.org/1

0.1080/10807039.2013.854134 Subscription required 

to view.

50.	 Dzierzanowski K, Popek R, Gawronska H, Sæbo 

A, Gawronski SW. Deposition of particulate matter 

of different size fractions on leaf surfaces and in 

waxes of urban forest species. Int J Phytoremediation 

[Internet]. 2011 [cited 2019 Dec 13];13(10):1037-46. 

Available from: https://doi.org/10.1080/15226514.2011

.552929Subscription required to view.

51.	 Sæbo A, Popek R, Nawrot B, Hanslin HM, 

Gawronska H, Gawronski SW. Plant species 

differences in particulate matter accumulation on leaf 

surfaces. Sci Total Environ [Internet]. 2012 Jun 15 

[cited 2019 Dec 13];427-428:347-54. Available from: 

https://doi.org/10.1016/j.scitotenv.2012.03.084Subscri

ption required to view.

52.	 Hu Y, Wang D, Wei L, Song B. Heavy metal 

contamination of urban topsoils in a typical region of 

Loess Plateau, China. J Soil Sediments [Internet]. 2014 

[cited 2019 Dec 13];4:928-35. Available from: https://

doi.org/10.1007/s11368-013-0820-1Subscription 

required to view.

53.	 Kachenko AG, Singh B. Heavy metals 

contamination in vegetables grown in urban and 

metal smelter contaminated sites in Australia. Water 

Air Soil Pollut [Internet]. 2006 [cited 2019 Dec 

13];169(1-4):101-23. Available from: https://doi.

org/10.1007/s11270-006-2027-1Subscription required 

to view.

54.	 Zhang N, Zhang HJ, Zhao B, Sun QQ, Cao YY, 

Li R, Wu X, Weeda S, Li L, Reiter RJ Guo Y. The 

RNA‐seq approach to discriminate gene expression 

profiles in response to melatonin on cucumber lateral 

root formation. J Pineal Res [Internet]. 2014 Jan [cited 

2019 Dec 13];56(1):39-50. Available from: https://doi.

org/10.1111/jpi.12095Subscription required to view.

55.	 Odat S. Application of geoaccumulation 

index and enrichment factors on the assessment of 

heavy metal pollution along Irbid/Zarqa highway-

Jordan. J Appl Sci [Internet]. 2015 [cited 2019 

Dec 13];15(11):1318-21. Available from: www.doi.

org/10.3923/jas.2015.1318.1321

56.	 Loska K, Wiechula D, Barska B, Cebula E, 

Chojnecka, A. Assessment of arsenic enrichment of 

cultivated soils in southern Poland. Pol J Environ Stud 

[Internet]. 2003 [cited 2019 Dec 13];12(2):187-92. 

Available from:http://www.pjoes.com/Assessment-

of-Arsenic-Enrichment-of-Cultivated-r-nSoils-in-

Southern-Poland,87543,0,2.html

57.	  Fosu-Mensah BY, Addae E, Yirenya-Tawaiah 

D, Nyame F. Heavy metals concentration and 

distribution in soils and vegetation at Korle Lagoon 

area in Accra, Ghana. Cogent Environ Sci [Internet]. 

2017 [cited 2019 Dec 13];3:Article 1405887 [14 p.]. 

Laniyan, Adewumi

Contamination and Risk of Heavy Metals in Ewekoro, Nigeria

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jhp/article-pdf/10/25/200306/2649975/2156-9614-10_25_200306.pdf by N

igeria user on 09 February 2022

https://doi.org/10.1099/mic.0.037143-0
https://doi.org/10.1099/mic.0.037143-0
https://doi.org/10.1007/s10661-015-4436-3
https://doi.org/10.1007/s10661-015-4436-3
https://doi.org/10.1016/j.envres.2017.10.016
https://doi.org/10.1016/j.envres.2017.10.016
https://doi.org/10.1016/j.tplants.2016.12.010
https://doi.org/10.1016/j.tplants.2016.12.010
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20HS%5BAuthor%5D&cauthor=true&cauthor_uid=27999877
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20KR%5BAuthor%5D&cauthor=true&cauthor_uid=27999877
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20WI%5BAuthor%5D&cauthor=true&cauthor_uid=27999877
https://www.ncbi.nlm.nih.gov/pubmed/?term=Owens%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27999877
https://www.ncbi.nlm.nih.gov/pubmed/?term=Kim%20KH%5BAuthor%5D&cauthor=true&cauthor_uid=27999877
https://doi.org/10.1007/s00244-016-0344-y
https://healthfully.com/allergic-reactions-concrete-dust-8379961.html
https://healthfully.com/allergic-reactions-concrete-dust-8379961.html
https://www.thecitizen.co.tz/magazine/how-cement-dust-puts-lives-at-risk/1840564-4151982-d41bp0z/index.html
https://www.thecitizen.co.tz/magazine/how-cement-dust-puts-lives-at-risk/1840564-4151982-d41bp0z/index.html
https://www.thecitizen.co.tz/magazine/how-cement-dust-puts-lives-at-risk/1840564-4151982-d41bp0z/index.html
https://cdn.martinmarietta.com/media/1429/portland-cement-sds-june-2018.pdf
https://cdn.martinmarietta.com/media/1429/portland-cement-sds-june-2018.pdf
http://www.dx.doi.org/10.3923/jest.2008.47.55
http://www.dx.doi.org/10.3923/jest.2008.47.55
https://doi.org/10.1016/S0269-7491(98)00220-6
https://doi.org/10.1016/S0269-7491(98)00220-6
https://www.iiste.org/Journals/index.php/JEES/article/view/26020
https://www.iiste.org/Journals/index.php/JEES/article/view/26020
https://en.climate-data.org/africa/nigeria/ogun/ewekoro-362721/
https://en.climate-data.org/africa/nigeria/ogun/ewekoro-362721/
http://worldscholars.org/index.php/ajhe/article/view/79
http://worldscholars.org/index.php/ajhe/article/view/79
http://dx.doi.org/10.3923/jas.2007.35.40
http://dx.doi.org/10.3923/jas.2007.35.40
https://doi.org/10.5094/APR.2014.033
https://doi.org/10.1080/10807039.2013.854134
https://doi.org/10.1080/10807039.2013.854134
https://doi.org/10.1080/15226514.2011.552929
https://doi.org/10.1080/15226514.2011.552929
https://doi.org/10.1016/j.scitotenv.2012.03.084
https://doi.org/10.1007/s11368-013-0820-1
https://doi.org/10.1007/s11368-013-0820-1
https://doi.org/10.1007/s11270-006-2027-1
https://doi.org/10.1007/s11270-006-2027-1
https://doi.org/10.1111/jpi.12095
https://doi.org/10.1111/jpi.12095
http://www.doi.org/10.3923/jas.2015.1318.1321
http://www.doi.org/10.3923/jas.2015.1318.1321
http://www.pjoes.com/Assessment-of-Arsenic-Enrichment-of-Cultivated-r-nSoils-in-Southern-Poland,87543,0,2.html
http://www.pjoes.com/Assessment-of-Arsenic-Enrichment-of-Cultivated-r-nSoils-in-Southern-Poland,87543,0,2.html
http://www.pjoes.com/Assessment-of-Arsenic-Enrichment-of-Cultivated-r-nSoils-in-Southern-Poland,87543,0,2.html


Journal of Health & Pollution Vol. 10, No. 25 — March 2020
13

Research

Available from: https://doi.org/10.1080/23311843.20

17.1405887

58.	 dos Anjos MJ, Lopes RT, de Jesus, EF, 

Assis JT, Cesareo R, Barradas CA. Quantitative 

analysis of metals in soil using X-ray fluorescence. 

Spectrochim Acta B [Internet]. 2000 Jul [cited 2019 

Dec 13];55(7):1189-94. Available from: https://doi.

org/10.1016/S0584-8547(00)00165-8 Subscription 

required to view.

59.	 Tomlinson DL, Wilson JG, Harris CR, Jeffrey 

DW. Problems in the assessment of heavy-metal levels 

in estuaries and the formation of a pollution index. 

HelgolMeeresunters [Internet]. 1980 [cited 2019 

Dec 13];33(1-4):566-75. Available from: https://doi.

org/10.1007/BF02414780

60.	 Chen TB, Zheng YM, Lei M, Huang ZC, Wu HT, 

Chen H, Fan KK, Yu K, Wu X, Tian QZ. Assessment 

of heavy metal pollution in surface soils of urban 

parks in Beijing, China. Chemosphere [Internet]. 2005 

Jul [cited 2019 Dec 13];60(4):542-51. Available from: 

https://doi.org/10.1016/j.chemosphere.2004.12.072 

Subscription required to view.

61.	 Thirty-third Session of the Codex Committee 

on Food Additives and Contaminants; 2001 Mar 

12-16;The Hague, The Netherlands. Rome, Italy: Food 

and Agriculture Organization of the United Nations; 

2001. 300 p. Report No.: ALINORM 01/12A.

62.	 Bu-Olayan AH, Thomas BV. Translocation and 

bioaccumulation of trace metals in desert plants of 

Kuwait Governorates. Res J Environ Sci [Internet]. 

2009[cited 2019 Dec 13];3(5):581-7.Available from: 

https://doi.org/10.3923/rjes.2009.581.587

63.	 Mamut A, Eziz M, Mohammad A. Pollution 

and ecological risk assessment of heavy metals in 

farmland soils in Yanqi county, Xinjiang, northwest 

China. Eurasian Soil Sci [Internet]. 2018 [cited 

2019 Dec 13];51(8):985-93. Available from: https://

doi.org/10.1134/S1064229318080082 Subscription 

required to view.

64.	 Hakanson L. An ecological risk index for 

aquatic pollution control - A sedimentological 

approach. Water Res [Internet]. 1980 [cited 2019 

Dec 13];14(8):975-1001. Available from: https://doi.

org/10.1016/0043-1354(80)90143-8 Subscription 

required to view.

65.	 Supplemental guidance for developing soil 

screening levels for superfund sites [Internet]. 

Washington, DC: United States Environmental 

Protection Agency; 2002 Dec [cited 2018 Aug 30]. 187 

p. Available from: https://nepis.epa.gov/Exe/ZyPURL.

cgi?Dockey=91003IJK.TXT

66.	 Wufem BM, Ibrahim A, Maina HM, Gungsat 

NJ, Barnabas NJ. Distribution of heavy metals in 

cultivated soils around Ashaka cement factory in 

Gombe State, Nigeria. Int J Chem Stud. 2016;4(6):116-

20.

67.	 Odoh R, Archibong CS, Anidobu CO. Heavy 

metals profile and variations of soil properties in a 

vicinity of cement factory in Obajana in Kogi State 

of Nigeria. Int J Adv Res Chem Sci [Internet]. 2018 

[cited 2019 Dec 13];5(8):5-13. Available from: http://

dx.doi.org/10.20431/2349-0403.0508002

Laniyan, Adewumi

D
ow

nloaded from
 http://m

eridian.allenpress.com
/jhp/article-pdf/10/25/200306/2649975/2156-9614-10_25_200306.pdf by N

igeria user on 09 February 2022

https://doi.org/10.1080/23311843.2017.1405887
https://doi.org/10.1080/23311843.2017.1405887
https://doi.org/10.1016/S0584-8547(00)00165-8
https://doi.org/10.1016/S0584-8547(00)00165-8
https://doi.org/10.1007/BF02414780
https://doi.org/10.1007/BF02414780
https://doi.org/10.1016/j.chemosphere.2004.12.072
https://doi.org/10.3923/rjes.2009.581.587
https://doi.org/10.1134/S1064229318080082
https://doi.org/10.1134/S1064229318080082
https://doi.org/10.1016/0043-1354(80)90143-8
https://doi.org/10.1016/0043-1354(80)90143-8
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=91003IJK.TXT
https://nepis.epa.gov/Exe/ZyPURL.cgi?Dockey=91003IJK.TXT
http://dx.doi.org/10.20431/2349-0403.0508002
http://dx.doi.org/10.20431/2349-0403.0508002

