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Abstract: The quality of soil is influenced by natural activities: geological formations of an area and volume of water (rain),
as well as anthropogenic events such as land use patterns. The patterns correlate with the trace metals load in an area. This
study, thus, seeks to evaluate of the potentially toxic metals loads in both top and sub soils based on land use in the
municipality of Lagos, using pollution indices. Six (6) composite samples collected from top and subsoils in five different land
use areas: Industrial (Ikeja and Ilupeju), Coastal (Iyagbe and Badagry), Residential (Surulere and Yaba), Landfill (Abule Egba
and Igando) and Agricultural areas (Fi, Niger and LASU road), were analyzed for trace metals employing standard method.
Data obtained were subjected to pollution indices namely; Contamination Factor (CF) Enrichment Factor (EF), Geo
Accumulation index (Ig,) and Pollution Load Index (PLI). The EF results showed minimal enrichment by iron (1.0) and lead
(0.39), significant enrichment with zinc (8.9), and extremely high enrichment in respect of cadmium (95.5) and copper (524.3).
The order of metals Cd > Cu > Fe > Zn > Pb is as revealed by I, while the order of PLI value of each area show the impact of
land use; industrial (6.61) > landfill (6.40) > Residential (4.43) > Agricultural (3.30) > Coastal (2.67), indicating varying levels
of deterioration of soils through anthropogenic sourced pollution. Measures must be implemented by the relevant agencies, to
regularly monitor build-ups of metals and environmentally enlighten, ensuring sustainable environment in line with goal
eleven (Sustainable cities and Communities) of Sustainable Development Goals.
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on the environment and human health. The land use concept
contributes to both point and non-point pollution aquatic and
soil environment [6, 7]. Various classification of Land use

1. Introduction

Land use is a socio-economic activity in which land space is

allocated to various uses and purposes agricultural, industrial
residential and government purposes. It could also be
described as a man-made concept that shows how parcels of
land are made use of [1] and is closely related to community
development and its sustainability [2, 3]. Awoniran, [4] also
describe land use pattern as converting and managing a natural
environmental settings such as wilderness or forests into built
environments including human settlement including field,
recreations, residence and industries.

Environmental Pollution Agency (EPA) [5] has shown
interest on various land use pattern and their possible impact

patterns has been reported in many environmental studies [8,
9], but the most commonly referred is the classification by
Balasubramanian [8], which are categorized into five (5), and
they are: Recreational, Transportation, Agriculture,
Residential, and Commercial. Some other land use pattern,
including those that are peculiar to the local environment of
the land use, are often termed Indigenous knowledge (IK) [10,
11]. The Indigenous knowledge is of significance for
sustainability and management of activities natural
environment which include, water and soil conservation [12].
The location of a place is a major factor that dictate what use a
land or land space is allocated to, and other contributing
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factors are availability of water, soil fertility and proximity to
other human activities. There are many environmental
consequences of the inappropriate land use of an area include;
land degradation and soil quality deterioration. It also affect
the pace and nature of development in an area.

Furthermore, land use pattern influences the quality of the
soil’s environment, including disappearance of soil
vegetative cover, topsoil moisture, infiltration and soil water
holding capacity, organic matter, soil fertility, natural
regeneration capacity, and water table. These factors listed
are pointers to soil health status [11].

Soil is a universal sink, which bears the burden of
environmental pollution. Trace metals remain major
pollutants sourced through various activities in the
environment, and are closely tied to Land use patterns. These
activities include management of municipal solid wastes
(MSW), agricultural practices, disposal of industrial solid
wastes and effluents. Trace Toxic metals (TTM) are well-
known environmental pollutants for the negative
environmental consequences as a results of their toxicity, bio-
accumulative nature and persistence in the environment [13,
14]. Land use pattern also affects the concentration and
oxidation state of various trace metals in the environment,
thereby, influencing the toxicity of the metal. Health
implications of trace metals have been extensively
documented [15-17].

Lead, chromium, arsenic, cadmium, and mercury, are on
the list critical metals that are of public health interest. These
potentially toxic metals are considered systemic toxicants to

cause multiple organ damage, even at lower levels of
exposure. The consumption of excessive trace metal in food
items can cause dysfunction in the human digestive,
cardiovascular and central nervous system [18]. A chronic
exposure to potentially toxic metals like Cd, Pb, and Cr, may
cause cancer, liver damage, and eventually, death [19]. In
Africa, particularly, soils from various types of land use
patterns are used for subsistence farming, and top soils from
landfills or dumpsites are often scrapped, then transported to
support the fertility of non-performing farms. This practice is
not only dangerous to the integrity of the ecosystem but also
constitutes a trace metal compromise on food web.
Therefore, this study aims at investigating the trace metal
assessment and effect of land use pattern on the quality of
soil in the municipality of Lagos.

2. Experimental
2.1. Study Area

The study was carried out in five different land use areas in
Lagos State: Industrial areas (Ikeja and Ilupeju), Coastal
areas (Iyagbe and Badagry), Residential areas (Surulere and
Yaba), Landfill areas (Abule Egba and Igando) and
Agricultural land (Fi Niger Area and Lasu road- Ojo) with
details shown below in Table 1. while control samples for the
study was picked from a remote part behind the new Students
residential village in Lagos State University campus with
GPS coordinates N6°28'56N 3°15’47E and N6°28'55N 3°.

Table 1. Details of Land use areas and Coordinate.

Land use Location GPS Description
N6°32'3, E3°35°41 . . L
7, N A N6°32'4, E3°35°44 These areas have been in use for Agricultural a(.)tl\'lltlt?s
, s (crop) for over three decades. The farmers specialize in
. N6°32'6, E3°35°44 . . S
Agricultural N6°30'1. E3°32736 vegetables and shrubs, thus involving application of
L s, O, N6°30128, E3°32°44 fr}::tt;ztiz ;jlriarrlntl;;ilssoeillnd fertilizers thereby increasing
N6°3028, E3°32°44
N6°37'28, E3°39°45
Ikeja N6°37'25, E3°39°41 These areas are known industrial estates and have been in
Industrial N6°37'25, E3°39°43 existence for over six decades. Ikeja industrial estates
N6°34'28, E3°38°44 alone accommodate more than 3000 industries, including
Ilupeju. N6°34"28, E3°38°44 primary, secondary and tertiary industries.
N6°34'28, E3°38°44
N6°25'8, E3°15°58
Iyagbe N6°25'9, E3°15°58 Iyagbe and Badagry sampling locations are coastal
Coastal N6°292, E3°18°57 communities in Ojo, and Badagry local Government
N6°292, E3°18°57 areas respectively, with Fishing, and sediment dredging
Badagry. N6°29"28, E3°18°44 as main preoccupations in these areas.
N6°2928, E3°18°44
N6°33"28, E3°34°43
Sl W19 33,25’ e 34,41 These areas are part of the municipalities of Lagos. They
S N6°33'25, E3°34°43 . L. . .
Residential R are fully residential with socio environmental
N6°3028, E3°39°44 ionifi : - d il activiti
Yaba. N6°30728, E3°39°44 significance, transportation and commercial activities.
N6°3028, E3°39°44
N6°31'28, E3°39°43
Abule Egb N6°31'25, E3°39°41
H e o 1me Taongs They are fully government-controlled dumpsites. Abule
N6°31'25, E3°39°43 .
Landfill ’ R Egba (10.2 hectares opened in 1978) and Igando (8
N6°3028, E3°34°44 hectares, opened in 1993)
Igando. N6°3028, E3°34°44 » P ’

N6°31'28, E3°39°43
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2.2. Samples and Sampling Technique

Soil samples were taken employing a stainless soil auger at
five different sampling locations, in different land use areas.
The sampling locations were carefully chosen to give true
representative samples guided by the pre-sampling site
survey. The soil samples were collected at two depths; 0 -15
cm (top soil), and 15-30 cm (sub soil) in the months of
February and July, 2021. All soil samples were kept in well-
labelled polyethylene bags and transported to the laboratory
for analyses.

2.3. Chemical Laboratory Analyses

2.3.1. Preparation and Treatment of Soil Sample

The soil samples collected were air dried, ground using a
pre-cleaned mill (mortar and pestle), and sieved through a
2.00 mm sieve size. The mortar and pestle was cleaned after
each sieving to prevent cross-contamination.

2.3.2. Determination of pH

20.0 g of the sieved soil samples weighed into a 250 mL
beaker, 20 mL deionized water was added and mixed with
occasional stirring using a glass rod while standing for 30
minute. The pH value was afterwards taken using a pH meter
(pHep HANNA HI 98107) that had been pre calibrated with
buffer solutions.

2.3.3. Determination of Potentially Toxic Metals in Soils by
Atomic Absorption Spectrophotometric Method

A precise 2.0 g of the sieved soil samples was weighed
into a clean 250 mL beaker, and moistened with drops of
deionized water to prevent spattering during digestion,
thereby leading of loss of soil materials. 10.0 mL of
concentrated HNO; was used to digest the weighed sample
on a hot plate in a fume cupboard until the volume was
reduced to 3 mL volume.

A mixture of concentrated acids of 5 mL each of HCI,
HNO;, and HCIO, was further used to digest the residues
obtained [20] at room temperature for 10 minutes, until the
solution was reduced to a final volume of about 5 mL on a
hot plate in the fume cupboard. The digest was cooled,
filtered using Whatman No. 1 filter paper into a 100 mL
volumetric flask and made up to mark with the deionized
water. The digest was analysed for metals using a model 210
VGP flame atomic absorption spectrophotometer. A standard
addition technique was introduced to compensate for the
usual wvariation caused by interferences in the sample
solution. The blank samples were treated in same way test
samples were analyzed. Each analysis was repeated twice, to
ascertain the validity of the method. The control samples
were also treated as test samples.

3. Data Analysis

Soil laboratory analyses generate results (Data) that were
subjected to statically analyse using Graph Pad Prism
(version 5.00). Descriptive analysis was carried out.

Correlations were performed in a pairwise fashion employing
the Pearson correlation procedure. Different pollution indices
were also applied to assess potential ecological risks. These
pollution indices include; Contamination Factor (CF),
Enrichment Factor (EF), Geo accumulation Index (Ig,), and
Pollution Load Index (PLI).

Geo Statistical Analyses

3.1. Contamination Factor (CF)

The pollution index expresses the load of contaminant of
soil, and it is calculated using equation (1).

_ CmetqiSample

CF (D

CmetalControl

Where C,.1 (sample) is the concentration of the potential
toxic metals in the study test sample and C,.y (control)
concentration of the metal in the unpolluted control sample.
The result is then categorized as:

1) CF < 1 indicates low contamination.

2) 1<=CF < 3 indicate moderate contamination.

3) 3<=CF < 6 indicate considerable contamination.

4) CF > 6 indicate very high contamination.

3.2. Enrichment Factor (EF)

This is an index that helps in determining how much an
element in a sample has increased relative to average natural
abundance because of human activity. Of potential toxic
metals in the soil it is calculated using equation (2).

C
[7(: metal ]Sample
EF = n%rmal;zer (2)
[Lm](,‘ontrol
Cnormalizer

Where C,, are concentrations of potential toxic metals in
soil samples and unpolluted control, Ciomalizer are
concentrations of normalizer in soil samples and unpolluted
control samples [21]. Five (5) categories of metal
contamination are recognise as follows;

1) Category one: EF < 2 mean deficient to minimal

enrichment.

2) Category two: EF 2-5 mean moderate enrichment.

3) Category three: EF 5-20 mean significant enrichment.

4) Category four: EF 20-40 mean very high enrichment.

5) Category five: EF > 40 mean extremely high

enrichment.

3.3. Pollution Load Index (PLI)

The index helps to determine the level to which a site is
polluted by metals. It is calculated using equation (3):

PLI=(CF; X CF, X CF3 X ... CF,)/n 3)

Where n is the number of metals studied,

CF is the contamination factor.

The degree of site deterioration is categorized into the
following:

1) PLI <1 reveal perfect site,
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2) PLI =1 reveal baseline pollution,
3) PLI >1 reveal deterioration.

3.4. Geo Accumulation Index (I,,,)

The I, of potential toxic metals in the soil may be
calculated using equation (4),

logz[C Sample
Igeo — 82[Cmetal ple] (4)
1.5[CpetqiControl]

Where,

Cretalisamplesy 15 the concentration of the potential toxic
metals in the test sample, while C, (control) is the
concentration of the metal in the control sample. Factor 1.5 is
introduced to minimize the effect of the possible variations in
the background or control which may be attributed to
lithogenic variations in the soil [22]. The degree of pollutant
is evaluated using seven contaminant categories based on the
increasing value of the index as follows:

1) Category one: I,.,= 0 indicates unpolluted,

2) Category two: 0< = I,,<l indicates unpolluted to

moderately polluted,

3) Category three: 1< = I,,<2 indicates moderately
polluted,

4) Category four: 2< = I,,<3 indicates moderately to
strong polluted,

5) Category five: 3< = I,,<4 indicates strong pollute,

6) Category six: d4< = I,,<5 indicates strong to very
strong polluted,

7) Category seven: I,,>=5 indicates very strong polluted.

4. Results and Discussion

The result of pH and level of potential toxic metals
investigated in this study is presented in Table 2. The pH
values obtained ranged from 4.4 to 7.8 which fall within the
normal soil pH range of 3.0-10 [23]. High level of acidity or
alkalinity will affect the availability of nutrients, particular
the micro nutrients and potential toxic metals, hence resulting
in unbalanced absorption of elements in plants [24] Iyagbe
soil shows an acidic pH value and this could ultimately lead
to the death of some soil micro-organisms [25] The pH of
soil could be affected by the geological formation of an area,
the volume of rainfall in that area, and the nature of human
activities in the environment. The applications of chemicals
and fertilizers could also be a pointer to the acidic pH
observed in both Fi — Niger, and LASU road - Ojo areas. The
situation with the range of pH 4.8 -5.1 is similar to that of

Olusosun dumpsite study [20]. Onwordi et al., [26] reported a
similar result in a study of the level of potential toxic metals
in soils around a cultivated agricultural land in Lagos.

The level of potential toxic metals in this study shows a
general trend that reveals high concentration in topsoil more
than in subsoil except in a few locations. This portends great
health risk to man because of possible metal absorption by
plants in the root zone (top soil region). The order of
potential toxic metals analyzed in both top and subsoil is
Fe>>Zn > Cd > Cu > Pb. The concentration of iron in all the
study areas is high except for the FI-NIGER area and an
indication of the geological formation and sources from
various anthropogenic activities such as run off from farm.
The Fe level in the area study is lower compared to control
samples, however the Fi — Niger samples had the lower value
of iron when compared with other land use pattern studied.
The iron load obtained in the industrial area is also lower
compared with study., [27]. Iron is classified as a nutritive
element at low concentration, but becomes toxic to human
metabolic systems when the level is high. The iron has been
implicated in several disease conditions when in execs [28,
29]. The concentrations of zinc, copper, and cadmium
observed in this study are lower than the USEPA [30]
allowable limits, but higher compared to values in control
samples as shown in Table 2. It is an indication of metal
build-up which is both significant and dangerous.

Zinc exists in the soil solution as a divalent cation Zn2+,
and its availability for uptake depends on several factors,
including; soil pH, organic matter, climatic conditions, and
interaction with other metals such as Cu and Fe. The levels of
zn are high in industrial, residential, and landfill areas, but
low in agricultural areas possibly as a result of phosphorous
treatment in the soil to tame high levels of zinc [31]. Zinc is
needed for proper functioning of immune healing of wound,
clotting of blood, proper functioning of thyroid, and much
more. Uwitonze et al., [32] reported that zinc also plays a key
role in maintenance of sight and strong effects against viruses
at a high level, but it causes nausea, vomiting, stomach
cramps, loss of appetite, diarrhea, headaches, low copper
levels, lower immunity, at low levels. The concentrations of
Copper in this study displayed the same trend as that of zinc.
Copper is an essential chemical element and trace mineral
that occurs naturally in rock, soil, sediment, water, and at low
levels, in the air as well as anthropogenic sources which
include manure, mineral fertilizers, application of pesticides,
urban runoff, Industrial solids and liquid wastes, and
municipal solid waste and landfill leachate [33].

Table 2. Levels of metals in soils (mg/kg) and pH values in Land use areas.

Land use area Location Depth Fe Cu Zn Cd Pb pH
0-15 1870.7 5.26 98.7 68.1 2.00
COASTAL IYAGBE 15-30 1402.8 3.31 60.2 37.7 2.00 44
BADAGRY 0-15 784.6 3.21 52.3 1.05 2.00 78
15-30 844.7 2.01 68.8 10.4 2.00 ’
0-15 1280.6 7.46 101.7 60.6 2.00
RESIDENTIAL SURULERE 15-30 1346.1 4.56 110 67.1 2.00 60
YABA 0-15 2098.7 32.6 76.6 76.2 2.00 5.6




American Journal of Environmental Protection 2023; 12(1): 23-31 27

Land use area Location Depth Fe Cu Zn Cd Pb pH
15-30 2049.1 9.32 145.8 88.1 2.00
0-15 1858.4 12.3 92.8 42.8 1.50
IGANDO 15-30 1845.7 11.4 94.1 40.3 1.50 7
LANDFILL ABULE EGBA 0-15 1901 14.1 167 92.3 2.00 57
15-30 1740 121 146 58.11 2.00
0-15 64.4 10.6 64.4 25.6 2.0
FINIGER 15-30 35.1 4.46 35.1 38.4 20.9 >
AGRICULTURAL 0JO 0-15 849.2 27.2 43.2 26.7 79.1 48
15-30 1452.9 17.4 25.9 19.6 57.7
0-15 2597 13.6 161 83.2 2.00
INDUSTRIAL IKEJA 15-30 2515 12.7 207 84.7 2.00 69
ILUPEJU 0-15 2101.7 12.1 196 97.2 2.00 6.7
15-30 2304.6 14.1 186 83.6 12.5
Mean+t SD 1547.1£73 16.1£25 154+£56 55.1£29 10.14£20 6.0+1.1
Control LASU 0-15 3910 0.53 58.9 0.20 49.63 6.8
15-30 2270 0.18 9.80 0.21 55.70
[29] 4300 7500 85 420
Standards [34] 36 300 3.0 100
[35] 50 0.8 85

Top soil =0 - 15 cm, Sub soil =1

Cu plays cofactor role in various enzymes and performs
essential roles in processes such as photosynthesis,
respiration, and the electron transport chain. Copper toxicity
to roots occurs when Cu exceeds 50 mg/kg in sandy soils up
to 150 mg/kg for silty-clay or clay soils [36]. The human
body system needs little amounts of copper from diets as a
buildup of copper could be health hazardous. It may result in
brain damage, liver failure, or death if it is not treated [37].
Copper has also been implicated in an inherent genetic
disorder known as Wilson Disease [38]. Cadmium (Cd) is
toxin that is scarcely of any known benefit in human body.
The main source of cadmium to man is the ingestion of
certain foods grown in contaminated soil, and exposure to
cigarette smoke [39]. Cd has been implicated in the
impairment of lung functions and consequently increasing
the risk of lung cancer [40, 41]. The inter elemental
association amongst the metals investigated in this study is
evaluated using Pearson correlation coefficient as shown in
Table.

Table 3. Correlation coefficient of trace metals in the soils of different land
use in Lagos.

Fe Cu Zn Cd Pb
Fe 0
Cu -0.593 0
Zn 0.899 -0.631 0
Cd 0.754 -0.435 0.711 0
Pb 0.453 0.0528 0.291 0.136 0

This concept, furthermore, tells more about the origin of
each metal. Correlation coefficients are used to measure the
strength of the relationship between two variables. An
elemental pair Fe/Zn maintains a very strong positive
relationship indicating the same source of origin. Hence, the
higher the level of iron observed in the study area, the higher
the zinc too. Cadmium was observed to have a strong
positive interrelation with both Fe and Zn. Cu/Zn
interrelationship is though strong but negative indicating

reverse in their origin.

Clusters Analysis

The dendrogram of hierarchical cluster analysis (Figure 1)
shows four clusters clearly at a 2.8 index of dissimilarities.
The clustering of land use area indicates soil qualities which
varied in a way to suggest the influence of both natural
(geochemical formation of the environment) sources and
anthropogenic sources which include; urban runoff, leachate
from landfill, and applications of chemical and fertilizers.
Clusters I, II, III, and IV can be differentiated on the strength
of iron contamination.

Cluster I comprise land use soil locations 5, 6, 1, 4, and 10
with a very high level of iron concentration. Another
common trend in all soil locations is the higher level of iron
and cadmium in topsoil than in subsoil. Cluster II is a lone
cluster with soil location of 9 with the peculiarity of having
the highest level of element iron ranging from 2515 to 2597
mg/kg.

Cluster III comprises soil locations 3, 8, and 2 with the
peculiarity of iron concentration lower at the topsoil and
higher at the subsoil. Cluster IV is also a lone soil location
of 7 with the lowest concentration of iron (64.4/35.1 mg/Kg
for top/subsoil) in the entire study area. The scree plot of
the dendrogram is shown in figure 2 The scree plot helps in
revealing level of several factors to retain in the principal
component analysis (PCA) [42]. The observed values for
geo statistical variables investigated; Contamination factor,
Enrichment factor, and Geo accumulation Index of potential
toxic metals of the land use soil as presented in Table 4.
They help in further interpreting the basic descriptive data
generated from laboratory analyses, thereby enhancing a
better  understanding of the soil environment.
Contamination factor values as shown in table 3 reveal low
contamination of iron and lead, considerable contamination
of zinc, and very high contamination of cadmium and
copper. The EF values for the soil investigated are shown in
Table 4.
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Dendrogram using Average Linkage (Between Groups)
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Figure 1. Dendrogram showing clustering of the land use soil locations.
Scree Plot
4
3—
@
2
s
c 27
Q
L
w
1-
0
T T T T T T
1 2 3 4 5 6

Component Number

Figure 2. The scree plot of the dendrogram.
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Lead and iron have minimal enrichment while zinc has
significant enrichment and an extremely high enrichment
concerning Cadmium and copper. The Ef and I, are
indicators of the presence and degree of man induced

contaminant deposition in soil. The two indices help to
determine the level of contaminants and the health status of
the soil environment. The geo accumulation Index values in
this study are presented in table 4 below.

Table 4. Enrichment factor, Contamination factor, and Geo accumulation Index of potential toxic metals of the land use soil.

Fe Cu Cd Zn Pb
C(Ms) mg/kg 1547.1 16.1 55.1 154 10.1
C(Fes) mg/kg 1547.1 1547.1 1547.1 1547.1 1547.1
C(Mc) mg/kg 3090 0.355 0.21 34.4 52.7
C(Fec) mg/kg 3090 3090 3090 3090 3090
CF 0.50 45.4 262.4 448 0.19
EF 1.00 95.5 524.3 8.9 0.39
Lo 1.74 4.92 7.50 1.58 -2.97

The negative value of Pb (-2.97) shows that the soils under
investigation were not affected by Pb pollutant. I,.,values of
iron and zinc (1.74) and (1.58) respectively classified the two
metals as moderately polluted. The Iy, of copper places the
metal in the zone of strong to very strong polluted, while the
Ieeo value of cadmium (7.50) classified the metal as very
strong polluted.

Pollution Load Index (PLI) is another pollution index of
importance tool. It evaluates the degree to which soil
sediments associate, and how potential toxic metals might
impact the micro flora and fauna of the soil. Hence, it helps
in revealing the extent of deterioration of the study area. PLI
calculated from the entire study is 8.18, which indicates a
deterioration status.

5. Conclusion

This study investigated the quality of soils in different land
use areas in Lagos municipal city. This was achieved through
the determination of trace metals load in the soils from the
study area. Various Geostatistical pollution indices were
employed to reveal the degree of pollution and health status
of the soils in the study areas. The enrichment factors (EF)
value of potential toxic metals determined revealed no
enrichment by iron and lead, a significant enrichment with
zinc, and a high enrichment with respect to cadmium and
copper. The geo accumulation Index (Ig,) presented the order
of pollution of metals investigated as Cd > Cu > Fe > Zn >
Pb. Conclusively, the PLI showed the order of the worst
deteriorated areas as industrial area > landfill area >
residential area. This also indicates a general deterioration of
the soils under investigation through man induced sourced
pollutants. Strict regular environmental monitoring will keep
the trace metal load in view thereby ensuring safety of man
and sustainability of environment.
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