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Abstract

This study was carried out to assess the level of heavy metals pollution in Ologe
Lagoon, Agbara, Lagos, Nigeria. The Lagoon receives effluents from indus-
tries in the Agbara Industrial Estate. Cored Soft sediments were retrieved
from six random sampling points within the Lagoon and labeled (S1, S2, S3, 54,
S5 and $6). Subsamples of the sediments were prepared and analyzed for heavy
metal concentration. The result from the heavy metal analysis of the sediments
shows that average concentration of Mn, Zn, Cr, Ni, Cr, Ni, Co, Cu and Pb in
the samples was 278.1 ppm, 21.7 ppm, 14.2 ppm, 6.6 ppm, 6.4 ppm, 6.4 ppm and
4.4 ppm, respectively. The correlation between the heavy metals varies from 0.71
to 0.98 shows that they have a strongly positive degree of association which sug-
gests that they are from the same source. The geo-accumulation values for Cu in
all stations ranged between (1 - 2.8 ppm) and it can be deduced that the sedi-
ments are moderately to strongly polluted. Pb varies between 1 and 2.1 suggest-
ing that the sediments are moderately polluted. Zn exhibits strong pollution le-
vels with a range from 2.5 and 3.5 ppm. Co is moderately polluted with 1.5 - 2.4
while Mn shows the highest level of pollution in all stations with L, values
ranging between 4.1 and 5.8. This study showed that the Lagoon accumulates
heavy metals as a result of anthropogenic activities evident in the dumping of
municipal, sewage, industrial waste in the environment and domestic activities
such as auto mobile transportation and mechanic repair workshop. Based on se-
diment quality guidelines, the Ologe Lagoon level of pollution ranged from Cu >
Pb > Zn > Ni > Co > Mn > Cr > Al with Mn having the highest level of pollution.
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1. Introduction

The rapid growth of industrialization and population in Nigeria has brought
about the problem of pollution in the natural environment. Heavy metals are
naturally occurring elements with high atomic weight and a density about five
times more than that of water (Duffus, 2002). Heavy metals are toxic and their
multiple industrial, domestic, agricultural, medical and technological applica-
tions have led to a geometric increase in the ecosystem, especially the wetlands
which serve as sinks for pollutants (Ita & Anwana, 2017). Heavy metals toxicity
and distribution in wetlands can disrupt the ecosystem of the soil and that of the
aquatic flora and fauna which depend on it and in turn pose a threat to human
health (Loizidou et al., 1992).

Metals such as copper (Cu), chromium (Cr), Zinc (Zn), Iron (Fe) and Man-
ganese (Mn) are essential micronutrients required for plant and animal meta-
bolism but can become toxic at high concentrations (Bryan, 1976). Arsenic (As),
cadmium (Cd), chromium (Cr), lead (Pb), and mercury (Hg) have a negative ef-
fect on the ecosystem; they are highly toxic and rank among the priority metals
that are of public health significance (Zheng et al., 2007; Duffus, 2002). Naturally
occurring heavy metals are found throughout the earth’s crust. They are released
into the environment from the weathering of rocks. The average concentration
of naturally occurring heavy metal in sediments can serve as the baseline level of
heavy metal concentration (Smith, 1985; Alloway, 2012; Hariprasad & Daya-
nanda, 2013). Anthropogenic activities are considered the major sources of heavy
metal pollution on the earth surface (Connell et al., 1999; Bosman & Kidd, 2009).
Environmental contamination and human exposure to toxic heavy metals are
predominantly as a result of anthropogenic activities such as mining and smelt-
ing operations, industrialization, and the domestic and agricultural use of metal-
lic compounds. Therefore, the aim of this study is to assess the level of heavy
metal pollution using sediments from Ologe Lagoon, Lagos State, Nigeria.

2. Materials and Methods
Study Area

Ologe Lagoon is a freshwater lagoon; it is amongst the four major lagoons in
Lagos State, southwestern Nigeria together with Epe, Lekki and Lagos Lagoons.
Ologe Lagoon had an area expanse of 9.4 km” with coordinates between latitudes
6°27'N and 6°30'N; longitudes 3°02'E and 3°07'E (Figure 1). River Owo is the
major source of fresh water and sediments into the lagoon before it discharges
into the Atlantic Ocean through the Lagos Harbor and the Badagry Creek (Ane-
tekhai et al., 2007; Kusemiju et al., 2001; Kumolu-Johnson et al., 2010). The la-
goon receives industrial waste and effluents from the Agbara Industrial Estate.
The study area has a climate regime with a dominant wet season between March
and November with an average rainfall of 154 m. The vegetation is of an equa-
torial rain forest and characterized by a fresh water mangrove swamp. The vege-

tation cover remains evergreen throughout the year and is mostly inaccessible.
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Figure 1. Aerial photograph showing sampling points within the Ologe lagoon.

Soil type is hydromorphic and they are seasonally or permanently water logged.
The soil has dull colors, often brown, reddish-brown or dark grey at the surface.
Station 1 was situated close to the contact between the Lagoon and the Agbara
community. Anthropogenic activities going on in this area include; sand dredg-

ing, refuse dumping, and effluents discharge from the industries in Agbara.

3. Methodology

3.1. Sample Collection and Preparation

Sampling and collection was carried out within Ologe Lagoon with the use of a
boat as a means of transportation. Six sampling points (S1, S2, S3, S4, S5 and S6)
were picked within the lagoon and the coordinates were recorded using a Global
Positioning System (GPS) Table 1. Bottom sediments from the lagoon were col-
lected with the aid of a soft sediment Piston corer. The retrieved cores (40 cm)
were divided at depth of 0 - 10 cm, 10 - 20 cm, 20 - 30 cm and 30 - 40 cm into
samples into 4 samples labeled A, B, C and D, respectively. The samples re-
trieved from the cores were then stored in plastic containers which were ade-
quately labeled and taken to the laboratory for sample preparation. The samples
were dried in the open air for 2 weeks in the laboratory, after which they were
pulverized using a mortar and pestle. Subsamples of 2 g were collected in well la-
beled air tight containers before being sent for elemental compositional analyses

at Bureau Veritas Commodities Canada Limited.

3.2. Geochemical Analysis

Heavy metals in the sediments were determined using Induced Coupled Plasma
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Table 1. Coordinates of the sampling stations in the study area.

Station Latitude Longitude
S1 6°29'57.5" 3°6'10.3"
S2 6°29'1.9" 3°5'45.3"
S3 6°28'34.6" 3°5'32.4"
S4 6°28'4.4" 3°5'35.3"
S5 6°29'12.32" 3°6'38.7"
S6 6°29'12.32" 3°6'38.7"

Emission Spectroscopy/Mass Spectroscopy (ICP-ES/MS). Subsamples with <75
um fractions were used for the geochemical analysis. About 0.5 g of the pulp was
weighed into the digestion flask and mixed with Aqua Regia (mixture of 0.5 ml
H20, 0.6 ml concentrated HNO, and 1.8 ml concentrated HCI) for about two
hours at a temperature of 80°C to 95°C. The mixture was cooled and then di-
luted to 10 ml of de-ionized water to homogenize the liquid. The digestion me-
thod using Aqua Regia has been confirmed to be able to leach out all adsorbed
metals from sediment without necessarily attacking the silicate structure of the
solids. It thus makes it possible to measure the quantity of metals present with
greater accuracy and the metals are made easily available for bioaccumulation.
This method has the ability to leach sulphides, some oxides and silicates, the
mineral phases that are rarely attacked include barite, zircon, monazite, sphene,

chromites, garnet, ilmenite, rutile and cassiterite (Scott et al., 1972).

3.3. Data Analysis

The level of heavy metal contamination in the sediments was assessed with the
use of the enrichment factor (EF), Contamination Factor (CF), Geo-accumulation

Index (I,.,) as quantitative indices.

geo

3.3.1. Enrichment Factor (EF)

This can be defined as the minimum factor by which the weight percent of ele-
ments in a body is greater than the average occurrence of that mineral in the
earth’s crust (Sinex & Helz, 1981). It can be used to compare and contrast dif-
ferent areas. Enrichment factor was used to determine the level of enrichment of
Ologe Lagoons sediments. Quality of the sediments from the environment was
determined by comparing the metal content in the sediments and the officially
permitted levels such as (USEPA, 1999). The formula is expressed as:

- Me/ Al i)
Me/ Al

background)

where; Me/Al

Me/ Al p,cgroung) 18 the natural background value of metal to Al ratio. As we do not

, represents the metal to Al ratio in the sample of interest and

(sample

have metal background values for our study area, we used the values from World

Average Shale. Aluminum was selected as the element of normalization because
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it’s predominant in natural sources of sediments (Tippie, 1984) and Average
Shale Values proposed by (Mmolawa et al., 2011) were used as the background

values. The classification used is presented in Table 2.

3.3.2 Contamination Factor (CF)
The assessment of the degree of heavy metal contamination in the sediments was
carried out using the Contamination Factor (CF) which can be expressed as:

C

heavymetal
CF = cawmeta

C

background

Hakanson (1980) categorized the contamination factor into 6 categories, CF <
1 is low contamination; 1 = CF > 3 is moderate contamination; 3 = CF > 6 is

considerable contamination; CF 2 6 is very high contamination.

3.3.3. Geo-Accumulation Index (Igeo)

Geo-accumulation Index as proposed by Muller (1969) was used to classify the
degree of heavy metal contamination in the sediments (Table 3). The formula is
expressed as:

7 sample

1.5%B

7 background

Igeo = 10g2

C, = Measured concentration of heavy metals in the soil samples.

B, = Average shale value.

3.4. Statistical Analysis

The results obtained from geochemical analysis were subjected to statistical
treatment. Both univariate and multivariate analysis were done using SPSS (Sta-

tistical program for the social scientists) and Microsoft excel.

Correlation and Component Analysis

The importance of Principal Component matrix is for data reduction and also to
identify the source of the metals in the sediments, Table 4 showed 2 factors. The
first component were sourced from both anthropogenic and geogenic origin due
to the fact that certain elements which do not naturally occur in the environ-
ment are present alongside those that are naturally deposited, while series 2
shows only geogenic origin due to the fact that the element in this series mostly
alkali earth metals which are gotten from calcareous fossil deposit.

Table 2. Enrichment factor categories (Mmolawa et al., 2011).

Enrichment Factor (EF) Categories
EF <2 Deficiency to minimal enrichment
2<EF<5 Moderate enrichment
5<EF<20 Significant enrichment
20 <EF <40 Very high enrichment
EF > 40 Extremely high enrichment
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Table 3. Showing the classification of geo-accumulation index (Muller, 1969).

Values Quality
L, <0 Unpolluted
0<Tge<1 Unpolluted to moderately polluted
1<, <2 Moderately polluted
2 < <3 Moderately polluted to highly polluted
3<y, <4 Highly polluted
4<T<5 Highly polluted to very highly polluted
5 < Igeo Very highly polluted

Table 4. Concentration of major and trace elements present in Ologe Lagoon in compar-
ison with other background values.

Concentration in reference materials

Range Mean + SD UcCC ACC ASV

Ca 0.02-1.3 0.31 £0.35 2.99 5.29

Ti 0.01-0.03 0.02 £0.01

Al 0.1-1.97 0.70 £ 0.58 8.03 8.42

Na 0.01-0.25 0.09 +0.08

K 0.01-0.25 0.07 £ 0.07 2.81 1.08

0-0.08 0.02 £ 0.02

Mg 0.01-0.55 0.16 £ 0.17 1.32 3.18

S 0.10-5.21 1.25+1.45
Mo 0.5-73.1 8.63 £ 19.94

As 5.0-5.0 5.00 + 0.00 1.5 1

U 0.8-13.9 3.38 £4.46

Th 05-7.6 2.84 +£2.25

Sr 6.0 - 95 34.53 £25.94

\Y% 13- 65 28.75 +£20.90

La 1.2-21.2 7.21 £6.08

Cr 2.2-442 14.22 +13.15 85 185

Ba 9-109 32.78 £28.80

Hg 0.06 - 0.21 0.13 £0.08

Sc 0.5-7.5 2.57 £2.00

Tl 0.5-0.7 0.60 = 0.10

Ga 50-7.0 6.25 £ 0.96

Cu 0.5-20.9 6.43 £6.20 25 75 45
Pb 0.7-11 4.49 +3.48 17 8 20
Zn 5.0-46.0 26.44 + 14.06 5
Ni 0.8-21.4 6.69 £ 6.00 44 105 68
Co 22-17.1 6.44 £ 4.28 17 29 19
Mn 14 - 1039 278.13 + 343.44 500 1400 850
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4. Results and Discussions

4.1. Geochemical Analysis

The concentration of 30 elements (Ag, As, U, Mo, Cd, Sb, Bi, V, W, Hg, Ti, Ga,
Se, K, Ca, P, La, Mg, Ba, Ti, Cr, U, Zn, Ni, Co, Mn, Fe. Th, Sr, and Mo) were de-
termined. Thirteen elements had concentrations below detection limits in some
sediments samples: Ag (0.5 ppm), As (5 ppm), U (0.5 ppm), Mo (0.5 ppm), Cd
(0.5 ppm), Sb (0.5 ppm), Bi (0.5 ppm), V (10 ppm), W (0.5 ppm), Hg (0.05), Ti
(0.5 ppm), Ga (5 ppm) and Se (2 ppm). Seven toxic metals (Co, Cu, Cr, Ni, Zn,
Mn, and Pb) were considered for the assessment of heavy metal pollution in the
lagoon. The statistics of the results of the geochemical analysis of the sediments
together with other reference values are presented in Table 4. The heavy metal
ranges for the average concentrations in the stations are Cu (2.63 - 18.63 ppm),
Pb (2.08 - 9.98 ppm), Zn (15.50 - 45.00 ppm), Ni (2.50 - 17.60 ppm), Co (3.23 -
12.53 ppm), Mn (70.50 - 839.50 ppm) and Cr (4.58 - 39.20 ppm). The order of
abundance of heavy metals in the six sample stations are as follows; S1: Mn >
Zn > Cr > Cu > Ni > Co > Pb; §2: Mn > Zn > Cr > Co > Ni > Pb > Cu; $3: Mn >
Zn > Cr > Co > Cu > Ni > Pb; S4: Mn > Zn > Cr > Co > Pb > Ni > Cu; S5: Mn >
Zn > Cr > Cu >Co > Ni > Pb; S6: Mn > Zn > Cr > Ni > Co > Cu > Pb.

In Station 1, Cu and Ni have concentration above the USEPA standards (USEPA,
1999). A plot showing the distribution of major elements and heavy metals con-
centration is presented in Figure 2. The plot shows that Station 1 has higher ab-
undance of elements which could be as a result of the proximity of the sampling
point to the Agbara industrial estate. The average heavy metal concentrations from

the Sampling points were compared with geochemical background values
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Figure 2. Distribution pattern of major elements and heavy metals concentration across
the six sampling points.
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such as United State Environmental Protection Agency Standard (USEPA, 1999)
and the Average Shale Value (Turekian & Wedepohl, 1961). The concentration
of Mn in Station 1 is higher than the global average shale values and the United
State Environmental Protection Agency. The enrichment suggests contributions
from anthropogenic activities such as smelting and industrial effluents. Pb (avg.
4.49 ppm) has the lowest concentration highest in the sediments.

The correlation exercise shows a strong degree of association between all the
elements and Al suggesting that the elements in Ologe Lagoon have a common
source except for Ca, Ba and P (Table 5). The principal component analysis is
presented in Table 6 and the analysis shows that the elements can be divided
into two components. Predominant elements in Component 1 are Al, K, Sc, Cr,
Th, Fe, Ni, Cu and S which accounted for a total variance of about 79.71% in the
data matrix. The strong degree of association of Component 1 with Fe, Mn and
Al suggests that the elements are geogenic in origin and likely product of wea-
thering and erosion of rocks (Mico et al., 2006; Bloomfield et al., 1976). Compo-
nent 2 elements are Ba, Ca and P which account for a total variance of about
13.40% and the sources are more likely to be from biological processes in the
marine environment.

The concentration distribution of heavy metals across vertical profiles re-

trieved from cores samples of soft sediments at S1, S2, S3, S4, S5 and S6 within

Table 5. The correlation of elements in sediments from Ologe lagoon.

Cu Pb Ni Co Mn Fe Th Ca P La Cr Mg Ba Ti Al K Sc S

Cu 1.0

Pb 09 1.0

Ni 1.0 09 1.0

Co 08 09 0.8 1.0

Mn 09 09 08 0.7 1.0

Fe 09 09 09 09 08 1.0

Th 1.0 0.8 1.0 0.8 0.8 09 1.0

Ca 04 0.7 04 06 0.7 05 03 1.0

P 06 08 06 0.7 08 0.6 05 09 1.0

La 10 09 1.0 08 09 09 1.0 05 0.7 1.0

Cr 10 09 1.0 08 08 09 1.0 03 0.6 1.0 1.0

Mg 1.0 09 1.0 0.8 09 09 09 05 07 1.0 09 1.0

Ba 02 05 03 05 05 03 01 09 0.7 03 02 03 1.0

Ti 09 0.7 09 06 07 08 09 02 04 09 09 08 01 1.0

Al 10 09 10 08 08 09 1.0 04 06 1.0 1.0 1.0 02 09 1.0

K 10 08 10 07 08 09 1.0 03 05 1.0 1.0 09 01 09 1.0 1.0
S¢c 10 09 10 08 08 09 1.0 04 06 1.0 1.0 09 02 09 1.0 1.0 1.0

S 09 08 09 08 08 1.0 09 04 05 09 09 09 02 07 09 09 09 1.0
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Table 6. Principal component analyses of elements in sediments of Ologe lagoon.

Elements Factor 1 Factor 2
Cu 0.99
Pb 0.74 0.40
Ni 0.97
Co 0.68 0.37
Mn 0.70 0.41
Fe 0.91
Th 1.04
Ca 0.96
P 0.34 0.76
La 0.97
Cr 1.00
Mg 0.91
Ba 1.00
Ti 0.98
Al 1.00
K 1.00
Sc 1.00
S 0.92
Eigenvalues
Total 14.35 2.41
% of Variance 79.71 13.40
Cumulative % 79.71 93.11
Total 14.09 5.45

the Ologe lagoon is illustrated in Figure 3. Generally, the heavy metals concen-
tration fluctuated with depth and were observed to be depleted at the shallow
depth (0 and 10 cm) in stations S1, S4, S5 and S6 suggesting the impacts of sand
dredging activities within the lagoon. Naturally, elements accumulate more
within the first 10 cm of the profile, due to adsorption to organic materials and
relatively immobility (Ong & Kamaruzzaman, 2009). Cu, Cr, Mn and Ni were

observed to be greatly accumulated at the top of the sediments in the profile S4.

4.2. Contamination Indices in the Sediments

4.2.1. Enrichment Factor

Enrichment factor was calculated using Al due to its wide usage as a reference
material. The element was also used because it is present in the environment in
small quantities (Loska & Wiechula, 2003). The result of the EF of the sediments
classified and presented in Table 7. The result showed that Cr and Cu are
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Figure 3. Distribution of heavy metal concentration with depth across sample points (S1,
S2, S3, §4, S5 and S6) in Ologe lagoon.
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Table 7. Classification of enrichment factor in heavy metals from Ologe sediments.

Mean Min Max Description

Cu 1.59 0.80 3.87 minimal to moderately enriched
Pb 3.07 1.82 6.30 minimal to significantly enriched
Zn 3.31 2.05 6.43 moderate to significant

Ni 1.03 0.72 1.52 minimal enrichment

Co 5.39 2.81 10.75 moderate to significant

Mn 3.36 1.04 14.46 minimal to significantly enriched
Cr 1.75 1.40 2.38 minimal to moderately enriched

minimal to moderately enriched; Pb and Mn are minimal to significantly enriched;
Zn and Co are moderate to significantly enriched while Ni has minimal enrich-
ment. The result for enrichment factor shows the high presence of anthropogen-
ic influence from industrial release of effluents into the Ologe Lagoon agreeing
with the work of (Han et al., 2006; Edori & Nna, 2018).

4.2.2. Contamination Factor (CF)

The contamination factor of Cu, Pb, Zn, Ni, Co, Mn, and Cr for all the samples
collected from the lagoon ranged between 0.01 - 0.42, 0.04 - 0.55, 0.05 - 0.51,
0.01 - 0.27, 0.11 - 0.86, 0.02 - 1.22 and 0.02 - 0.44 respectively. The values indi-
cate low contamination of the sediments in the lagoon.

4.2.3. Geo-Accumulation Index (Igeo)

The Geo-accumulation (I,,) values for all seven heavy metals (Cu, Pb, Zn, Nij,
Co, Mn and Cr) in the sediments are presented in Table 8 and classified ac-
cording to Muller (1969). The Igeo values for Cu and Pb in the stations ranged
between 1 and 2.8 indicating moderately to strongly pollution in the sediments;
Zn ranged from 2.5 to 3.5 and suggests a moderate to strong pollution levels; Co
also shows a level of pollution of (1.5 - 2.4) making it moderately polluted. I,
values for Mn indicates extremely pollution in all stations with values ranging
between 4.1 and 5.8. Cr showed a moderate to strong level of pollution with val-

ues of between 2.2 and 3.5.
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Table 8. Geo-accumulation index of different heavy metals in Ologe lagoon.

Elements L., Range Description
Cu 1-2.8 From moderately polluted to extremely polluted
Pb 1-8.7 Moderately polluted to extremely polluted
Zn 2.5-35 From moderately to Strongly polluted
Ni 1.6-3.1 From moderately polluted to strongly polluted
Co 1.5-2.4 Moderately polluted
Mn 41-538 From strongly polluted to extremely polluted
Cr 22-35 From moderately polluted to strongly polluted

5. Conclusion

This study showed that the Lagoon accumulates toxic metals as a result of anth-
ropogenic activities evident in the dumping of municipal and industrial waste
and showed that Ologe Lagoon is a major sink for effluents from Agbara Indus-
trial Estate. The heavy metal contents in the Lagoon sediments Cu, Pb, Zn, Ni,
Co, Mn, Cr, Al concentrations were taken in Part per Million (PPM) ratio with
an average concentration of metals in each station. Based on Sediment Quality
Guidelines, the abundance of Cu, Pb, Zn, Ni, Co, Mn, Cr and Mn in the Ologe
Lagoon suggests moderate pollution with only Mn having strongly to extremely
polluted values. The anthropogenic sources of this metal include municipal
waste discharges, sewage sludge, and mineral processing (smelting). The sedi-
ments of Ologe Lagoon have a range of minimal to extremely high enrichment
of Cu, Pb, Zn, Ni, Co, Mn, Cr, and Al. Cr showed the highest level of enrichment
in Station 1 while other stations were of significant levels of enrichment. The
mean values of 7 elements (Cu, Pb, Zn, Ni, Co and Mn) have a strong positive
correlation or relationship with each other. The good and strong positive corre-
lations indicate that the heavy metals in Ologe Lagoon might have a common
source which is likely anthropogenic origin. The abundance of Mn may be at-
tributed to anthropogenic activities especially from the metal dumps sites and
smelting industry. The mean concentration of Mn was more than the sediment
quality guidelines thus making it a pollutant to the environment. Environmental

monitoring of the Ologe Lagoon is highly recommended.
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