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      Abstract


      Contamination of aquatic environment is increasing and has been associated with indiscriminate discharge of solid wastes and effluents generated from industrial, domestic and agricultural activities. These wastes and effluents contain harmful substances, such as metals, which constitute a major problem on the quality of the Nigerian coastal water. This study evaluated the impacts of heavy metals on the water and sediment quality of Ologe and Badagry Lagoons, South-West Nigeria. The heavy metals (Cr, Cd, Cu, Zn, Pb and Fe) in water and sediments was analyzed with atomic absorption spectrophotometer (AAS) using standard protocols. The pollution index (PI) indicated that Cd and Pb had significant effects on the water quality of Ologe and Badagry Lagoons. The metal indices (MI) with Cd, Pb and Zn exceeded the threshold level of (MI > 1). The enrichment factor (EF) indicated extremely contamination with Cd and Pb; significantly contamination with Cr and Cu and very highly contamination with Zn in the sediment of Ologe Lagoon (OL), while the EF in the sediment at Badagry Lagoon (BL) revealed significant enrichment. EF values decreased in order: Cd > Pb > Zn > Cr > Cu in Ologe Lagoon and Zn > Pb > Cr > Cu > Cd in Badagry Lagoon. The sediment pollution index (SPI) values of 174.6 in OL and 57.98 in BL that exceeds 20 are classiﬁed as toxic. The geo-accumulation index (Igeo) values for all metals fall in class 0 indicating no pollution, except for Cd that falls within class 1 exhibiting unpolluted to moderate pollution in Ologe lagoon. The calculated mean Effect Range Median quotient (m- ERM-Q) and mean Probable Effect Level quotient (m- PEL-Q) indicated that all metals discharged in the sediment of Ologe and Badagry Lagoons have a 12% and 25% probability of being toxic, respectively. The potential ecological risk factor of heavy metals in the sediment exhibited low ecological risk, except for Cd that indicated moderate ecological risk in Ologe and Badagry Lagoons. These levels of contaminations of the water and sediment with heavy metal beacons for intense strategic biomonitoring due to health concern, as local inhabitants use these lagoons for various economics purposes such as fishing, crop irrigation, dredging, discharge source for industrial effluents and other domestic activities.
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      Introduction


      There is unprecedented increase in the pollution status of most aquatic ecological systems by inorganic and organic compounds (polycyclic aromatic hydrocarbons (PAHs), polychlorinated biphenyls (PCBs) and heavy metals) across most countries of the world [1]. This poses adverse health impacts on both aquatic and terrestrial organisms. Among xenobiotics contaminating aquatic ecosystems, metals are ubiquitous and most persistent xenobiotics due to their non-biodegradability and bioaccumulation potentials in both biotic and abiotic (water and sediments) components of the ecosystems [2]. Moreover, they have multiple sources of entry into aquatic ecosystems. These sources have been broadly classified into natural (benthic agitation, flow changes, and natural erosion) and anthropogenic (effluent discharge and surface run-offs) sources [1,2]. Metals, when in aquatic environment, exhibit low solubility in surface waters but readily get adhered to water sediments and accumulate at the bottom of water body [3]. Therefore, assessment of metal concentrations in sediments plays important role in monitoring pollution status of aquatic ecosystems [1]. Metal concentration assessment in sediments was preferred as indicator of ecological risks assessment associated with aquatic ecosystem pollution [4]. Metals that adhered to sediments may be re-suspended to cause secondary contamination of the water environment. Therefore, sediments act as both sink and source of metals in the aquatic ecosystem [4]. Metals from sediments readily bioaccumulate and biomagnify in food chains via fish consumption (major route), although other aquatic vertebrates and invertebrates may also act as route of human exposure [5].


      Estimation of metal concentrations in water, sediments and aquatic organisms may depict the past as well as the current trend of pollution status of an aquatic ecosystem. Hence, the determination of metal concentrations as index of sediment pollution status and the estimation of potential ecological risk to an aquatic ecosystem requires the use of several ecological assessment tools [6]. While Cd was the lowest with 0.67These tools are used to assess the toxic response factor for a given metal and thus can be used to evaluate the combined pollution risk during exposure, as well as geo-accumulation index, mean probable effect level (PEL) and effect range medium (ERM) quotient. Metal index of pollution analysis has been widely applied as indicators of water quality determination for seawater [7], River water [8,9], and drinking water [10,11].


      Ologe Lagoon and Badagry Lagoons are among the nine continuous Lagoon systems found along the coast of Nigeria. The Ologe Lagoon, a freshwater system transverses Lagos and Ogun States in South-western Nigeria [12]. Based on the peculiarity of its location, Ologe Lagoon receives untreated industrial and domestic wastes from Agbara industrial estate in Ogun State. Although, the managements of the industries claim to operate an integrated waste treatment system before discharging the wastewater into the Lagoon via Owo River [13]. Despites this claim, studies have shown that metals, pesticide and fertilizer residues are highly concentrated in the water and sediments of the Ologe and Badagry Lagoons [14-18]. There is paucity of information associating the metal levels in the sediments with ecological risks in the two Lagoon. Moreover, no recent information on the metal status of the Lagoons in the last decade despites increase in anthropogenic activities around the Lagoons. Protection of water and aquatic ecosystem from adverse effects of pollutants, including metals, is central to environmental risk assessment [19]. Thus, the routine monitoring of heavy metals in aquatic environment is absolutely necessary for the assessment of health status of the ecosystems. Indiscriminate discharge of industrial effluent into water bodies is an increasing phenomenon in most Nigerian coastal water, and demands that these water bodies are routinely monitored to avoid an outbreak of adverse health effects on human and aquatic health.


      The United State National Oceanic Atmospheric Administration (USNOAA) has developed Sediment Quality Guidelines (SQGs) for the assessment of contaminants in sediments using chemical and biological effect databases [20]. The chemical concentrations corresponding to the 10th and 50th percentiles of adverse biological effects are called the Effects-Range-Low (ERL) and Effects-Range-Medium (ERM) guidelines, respectively [21]. Another sediment quality guideline which is most widely used to assess the ecotoxicology of sediments is the Threshold Effect Level (TEL) and Probable Effect Level (PEL) approach. These approaches are based on the relation between measured concentrations of metals and observed biological effects, such as mortality, growth or reproduction of living organisms. While TEL refers to the concentration below which adverse effects are expected to occur only rarely, PEL indicates the concentration above which adverse effects are expected to occur frequently [22]. These guidelines along with heavy metal determination in sediments were employed to assess the impact of industrial and domestic activities on the water and sediment qualities of Ologe and Badagry Lagoons in highly industrialized part of South-Western Nigeria.


      Materials and Methods


      Study area


      The study areas, Ologe and Badagry Lagoons, are part of the Lagos Lagoon complex within the southwestern region of Nigeria (Figure 1). Ologe Lagoon is a freshwater body which opens into the Atlantic Ocean via the Badagry creeks and the Lagos harbor. It lies between Longitudes 3°0' and 3°06' E and Latitudes 6°20' and 6°30' N. Similarly, Badagry Lagoon is part of a continuous system of Lagoons and Creeks along the coast of Nigeria forming border with the Republic of Benin and the Niger Delta. It is approximately 60 km long and 3 km wide and lies between Longitudes 3°0' and 3°45' E and Latitudes 6°25' and 6°30' N. These Lagoons serve several socio-economic needs (aquaculture, fishing, sand dredging and drainage) to the towns and villages around their borders [16]. However, they also serve as recipients of industrial effluents from most industrial and human activities within their vicinity.


      
        [image: ] Figure 1: Map showing the selected sampling stations at Ologe and Badagry Lagoons. View Figure 1

      


      Water and Sediment collection and pretreatment


      Water and sediments samples were collected monthly from four (4) selected stations in each of the Ologe and Badagry Lagoons (Figure 1) between October 2013 and April 2015. During sampling, water samples were collected in to a 1 L transparent plastic container, acidified with 2 drops of 68% concentrated HNO3 [23] and stored at 4 ℃ prior to metal analysis within the same week of sample collection. Also sediments were collected using a Van veen grab into transparent polyethene in chilled ice box and transported to the Marine Biology Department for metal analysis.


      Heavy metal analysis in water and sediment samples


      The following metals; Cr, Cd, Cu, Fe, Zn and Pb were selected for analysis due to their ecological relevance [24]. 100 mL of the water sample was added into a pre-cleaned beaker and 0.5 mL of 68% HNO3 and 5 mL of 35% HCl were added and the mixture heated to 95 ℃ for digestion process.


      Following the metal digestion, the volume was made up to 10 mL with 0.1 N of 68% HNO3. The collected sediment samples were air dried, ground into fine powder using pestle and mortar, and sieved using 1 mm (pore size). 2 g of the dried sediment was taken in a digestion beaker and 10 mL of mixture of 35% HCl and 68% HNO3 in the ratio 3:1 was added and then digested at 95 ℃ for 2 h. The metal concentrations of both the digested water and sediment samples were quantified using GBC (Savant AA Sigma) flame atomic absorption spectrometer (AAS). All chemical regents used herein were of analytical reagent grade (Merck, United State). The glassware was pre-cleaned with nitric acid and rinsed with double distilled water.


      Metal quality index (MQI):


      Two metal pollution quality indices; Metal Index (MI) and Pollution Index (PI) were employed to determine the heavy metals pollution status of Ologe and Badagry lagoons.


      Metal Index (MI):


      Metal Index is the method of rating that shows the composite influence of individual parameter on the overall quality of water [25], and is calculated from the formula:


      MI =  ∑ i = 1 n C i ( MAC ) i


      Where C i is the concentration of each analyzed metal (i), and MAC is the maximum allowable concentration of the metal, which was derived based on trend of the metal current status in accordance with Tamasi and Cini [25]. The higher the concentration of a metal compared to its respective MAC value, the worse the quality of the water. The metal index rated between 0 - 1, reflects the relative importance of individual metal quality considered and when metal index value is > 1, it signifies threshold of warning [26].


      Pollution index (PI):


      The pollution index (PI) of individual metal is calculated in accordance with Caerio, et al. [27] method from the equation:


      PI =  [ ( Ci Si ) max 2 +  ( Ci Si ) min 2 ] 2


      Where C i = The concentration of each analyzed metal (i); S i = metal concentration according to standard water quality criteria permissible limits [28]. The value of PI derived from the equation is categorized from no effect to serious effects according to Varol [29] (Table 1).


      
        Table 1: Categorization of water pollution index (PI). View Table 1

      


      Enrichment factor


      Heavy metals in sediments of Ologe and Badagry Lagoons originate from either natural or anthropogenic sources. To evaluate the anthropogenic contribution of the metals, the enrichment factor (EF) was determined in accordance with Tam and Yao [30] method from the equation below.


      EF=  ( C x C Fe )sample ( C x C Fe )Background


      Where C x is the concentration of each metal analyzed in the water and sediment samples and C Fe is the concentration of Iron used as normalizer in accordance with Tam and Yao [30].When EF value is lower than 2, it suggests that the analyzed metals originated entirely from natural processes. While when EF value is greater than 2, it suggests that the metal is of anthropogenic origin [31] (Table 2).


      
        Table 2: Classification of water contamination based on enrichment factor indicesin accordance with Soliman [22]. View Table 2

      


      Sediment pollution index (SPI)


      The enrichment factor facilitates sediment classiﬁcation based on the metal contamination, but it does not take into account individual metal toxicity. Hence, the need for the determination of Sediment Pollution Index (SPI). SPI can be determined from the ratio of a linear combination of EF to the sum of the individual weight of the analyzed metals. This can be derived from the equation below in accordance with Rubio, et al. [32].


      SPI= ∑ W M   ∑ E F M ∑ W M


      Where M = Metal, W M = Normalized weight of each metal and EF = Enrichment factor of a given metal. A weight of 1 is assigned to Cr and Zn, 2 to Cu, 5 to Pb and 300 to Cd [33]. Sediments are classiﬁed as toxic when the SPI value exceeds 20 [33,34].


      Geo-Accumulation Index


      The Geo-Accumulation Index (Igeo) is estimated to determine the level of contamination of the sediments by the analyzed metals. This is done from the equation below in accordance with Varol [29].


      I geo = lo g 2 ( C n 1.5x B n )


      Where C is the measured mass ratio (i) of the metal assessed in the sediment, and B is the background level (i) of the metal. The factor 1.5 was used to correct possible variations in the background values of a particular metal in the environment. Igeo of the analyzed heavy metals allowed the analysis of the single factor contamination index to evaluate the presence of each individual metal and its level of contamination in the study area (Table 3).


      
        Table 3: Classification of Geo-accumulation index of the analyzed heavy metals in accordance with Delgado [44. View Table 3

      


      Mean PEL (M-ERM-Q) and ERM Quotients (M-PEL-Q) are developed by NOAA (National Oceanic and Atmospheric Administration) [35]. They are methods used to determine the possible biological effects of combination of toxicants. The M-ERM-Q is calculated from the equation below in accordance with Caerio [27].


      PEL - Q or ERM - Q =  ∑ [ C i / ( PE L i  or ERM i ) ] /n


      Where C i represent the concentration, EM R i and PE L i the guidelines values for the element i, and n is the number of analyzed metals. Mean quotients are considered as useful tools for reducing a large amount of contaminants into a single entity. By calculating mean quotient, it may be assumed that the adverse effects of the contaminants to aquatic organisms is caused by individual chemicals.


      Potential ecological risk index method


      Potential ecological risk index method determined in accordance with Soliman, et al. [22], considered the characteristics of the examined metal in relation to their environmental behavior. It is an approach employed to evaluate heavy metal contamination from the perspective of sedimentology [22]. According to this method, the potential ecological risk coefficient E r i of a single element and the potential ecological risk index RI of the multi-element can be computed via the equations:


      C f i  =  C s i / C n i  E r i  = T r i  x  C f i  RI =  ∑ i = 1 n E r i


      Where C f i is the pollution coefficient of a single element of "I"; C s i is the measured level of sedimentary heavy metal; C n i is the background level of sedimentary heavy metal; T r is the toxic response factor for the given element "I", which amounts to the toxic requirement and sensitivity requirement (Table 4).


      
        Table 4: Reference values C n i (mg/kg) and toxicity coefficients ( T r ) of heavy metals in sediments. View Table 4

      


      Statistical analysis


      The relationships between heavy metal concentrations investigated in water and sediment of Ologe and Badagry lagoons were determined using Pearson correlation analysis (SPSS version 20 and PAST 3.18) [36]. Principal Component Analysis (PCA) was used for the scattered plot and cluster analysis to assess the correlation and similarities of the heavy metals as well as to identify the potential anthropogenic origins of the metals.


      Results and Discussion


      Heavy metals in surface water


      The spatial distribution of heavy metals in surface water and sediments of Ologe and Badagry Lagoons are shown in Table 1 and Table 2. Table 1 presents the analysis of heavy metal concentrations in the surface water revealed a wide variation across the seasons. Zinc, with the mean concentration values of 5.79 and 8.44 mg/L for dry and wet season respectively (Ologe Lagoon), and 2.22 and 3.42 mg/L for dry and wet season respectively (Badagry Lagoon), recorded the highest values for both seasons and Lagoons. While Cr with mean concentration values of 0.04 and 0.03 mg/L for dry and wet seasons respectively (Ologe Lagoon), and Cd with mean concentration values 0.01 and 0.02 mg/L for dry and wet seasons respectively (Badagry Lagoon), recorded the least values according to the described seasons and Lagoons. The seasonal mean concentrations of the analyzed heavy metals in surface water revealed Cr with 0.03 mg/L, Cd with 0.06 mg/L, Cu with 1.57 mg/L, Zn with 7.06 mg/L and Pb with 0.04 mg/L in Ologe lagoon, and Cr with 0.02 mg/L, Cd with 0.02 mg/L, Cu with 0.61 mg/L, Zn with 2.82 mg/L and Pb with 0.04 mg/L in Badagry Lagoon. The recorded mean concentrations for Cd, Zn and Pb in the Ologe and Badagry lagoons were higher than permissible guidelines from International regulatory limits (Cd - 0.005, Zn - 5.0 and Pb - 0.015 mg/L) [28,37]. Statistical analysis using student's t-test showed that these mean concentrations were significantly (P < 0.05) difference for the heavy metals except Pb Figure 2.


      
        [image: ] Figure 2: Mean concentrations of analyzed heavy metals in surface water. BL- Badagry Lagoon and OL- Ologe Lagoon. View Figure 2

      


      Heavy metals in sediment


      Figure 3 showed the result of the mass ratio of heavy metals in sediment recorded during the dry and wet season in the two sampled Lagoons. Similarly, Zn occurred with the highest value of 68.73 mg/kg (Ologe Lagoon) and 48.12 mg/kg (Badagry Lagoon) for both seasons. While Cd was the lowest with 0.67 mg/kg (Ologe Lagoon) and 0.07 mg/kg (Badagry Lagoon) for both seasons. The mean concentration of Cd in Ologe Lagoon was higher than the permissible guidelines from International regulatory limits (Cd - 0.60 mg/kg) [28]. Statistical analysis using Student's t-test showed that this was significantly (P < 0.05) high.


      
        [image: ] Figure 3: Mean concentrations of analyzed heavy metals in sediments (mg/kg). BL- Badagry Lagoon and OL- Ologe Lagoon. View Figure 3

      


      Table 5 presents a Pearson correlation coefficient matrix calculated for heavy metals in the sediments. There was strong positive correlation between Pb and Cr (r = 0.738*, P < 0.05), Pb and Zn (r = 0.745*, P < 0.05) in Badagry Lagoon and strong negative correlation between Cr and Cu (r = -0.775*, P < 0.05) in Badagry lagoon. This analysis which aimed to establish relationships and determine the common origin of the analyzed metals in the Ologe and Badagry lagoons, suggests that the metals accumulated from similar sources of pollution. The finding herein is in agreement with previous reports from other water bodies from different countries and it suggests that significant correlation between metals indicates redistribution in the sediments by similar physico-chemical processes and or they originate from a common source(s) [38,39].


      
        Table 5: Pearson Correlation coefficient of heavy metals in sediment. View Table 5

      


      Metal index (MI) and pollution index (PI) of the heavy metals in Ologe and Badagry lagoons


      Table 6 and Table 7 present the results of metal index and pollution load index respectively, of the Ologe and Badagry Lagoons. The metal index of the Lagoons showed that Cd, Zn and Pb are at the MI > 1 (threshold level), while Cr and Cu are at the MI < 1. These suggests that Cd, Zn and Pb constitute threat to the biotic communities in both Ologe and Badagry Lagoons, while Cr and Cu may pose no possible threat to the biotic communities. Also, the concentrations of Cd, Zn and Pb in the sampled Lagoons exceeded regulatory guideline limits. Therefore, it suggests that Ologe and Badagry Lagoon ecosystems are threatened by heavy metal pollution (most importantly Cd and Pb). Also that the concentrations of Cr and Cu are below threshold level (MI < 1) does not suggest that they cannot pose any form of threat. It is known that attrace concentrations, they readily accumulate in sediments and biologic tissues and may attain threshold levels [40]. Similarly, they can exhibit additive, synergistic and antagonistic interactive effects at their no observed effect concentration (NOEC) to induce adverse effects on aquatic biota and other tertiary consumers which can provoke serious public health issue [41,42].


      
        Table 6: Metal index (MI) of surface water in Ologe and Badagry lagoons. View Table 6

      

      

      
        Table 7: Sediment Pollution index (SPI) of the heavy metals in surface water of Ologe and Badagry lagoons. View Table 7

      


      The result of the SPI of the analyzed heavy metals in the surface water showed that cadmium (Cd) and lead (Pb) had significant effects ranging from slight to serious effects on the water quality of Ologe and Badagry Lagoons. The SPI value suggests that Cd may have a serious effect on the water quality during both seasons in Ologe Lagoon, and may exact moderate and serious effects on the water quality during both seasons in Badagry Lagoon. Pb showed strong effect during the wet season and moderate effect during the dry season at Ologe Lagoon, and moderate effect during the wet season but serious effect during the dry season at the Badagry Lagoon. This suggests that the water qualities of the studied Lagoons may have been affected by the rate of atmospheric deposition, storm water runoff, domestic or industrial effluent or solid waste discharges that surpassed the carrying capacity of water [28,42,43].


      Enrichment factor


      Enrichment factor was calculated for all the sampling stations in the Lagoons to determine the sources of contamination. Table 8 presents the distribution average enrichment factor (EF) for both Lagoons. The results showed that sediments collected from Ologe Lagoon were extremely contaminated by Cd and Pb, significantly contaminated by Cr and Cu and very highly contaminated with Zn. While sediments collected from Badagry Lagoons howed that all the analyzed metals were significantly enriched in the sediments. The average EF values for the analyzed metals were in the order: Cd > Pb > Zn > Cr > Cu in sediments from Ologe Lagoon and Zn > Pb > Cr > Cu > Cd in sediments from Badagry Lagoon.


      
        Table 8: Mean variation of heavy metals enrichment factors in sediment of Ologe and Badagry lagoons. View Table 8

      


      The evaluation of SPI is based on the calculation of values obtained from enrichment factor. The sediment pollution index (SPI) was deﬁned by Rubio, et al. [32] as a way of classifying the degree of pollution by metals in surface water and sediments. SPI values exceeded 20 in sediments from Ologe lagoon with SPI value of 174.6 and 57.98 in Badagry lagoon, therefore the sediments from these two lagoons are classiﬁed as toxic.


      Geo-accumulation index


      The Geo-accumulation index (Igeo) values were used to assess metal pollution in sediments of Ologe and Badagry lagoons. The Igeo is associated with a qualitative scale of pollution intensity, seven classes of pollution from unpolluted (Igeo ≤ 0) to extremely polluted (Igeo ≥ 5) are defined for the quality of sediments based on Igeo values [44,45]. The results of the Igeo value for all metals fall in class 0 indicating no pollution across all stations and seasons, except for Cd that falls within class 1 exhibiting unpolluted to moderate pollution in the sediment of Ologe lagoon as showed in Figure 4. On the basis of the Igeo classification, the metals were enriched and high in the sediments in the order; Cd > Pb > Zn > Cu > Cr in both lagoons.


      
        [image: ] Figure 4: Plot matrix of the geo-accumulation index of heavy metals in sediment with varying gradient of pollution. View Figure 4

      


      Assessment of ecological risk


      Mean PEL and ERM quotient


      The m- ERM-Q calculated for the sampled sites (based on metals; Cr, Cd, Cu, Zn and Pb) which ranged from 0.08 to 0.09 (mean value of 0.09) in the wet season and 0.10 to 0.11 (mean value of 0.10) in the dry season of Ologe lagoon (Figure 5), indicated that the combination of Cr, Cd, Cu, Zn and Pb may have a 12% and 30% probability of being toxic during wet and dry seasons respectively. While, at Badagry lagoon, the m- ERM-Q calculated value of the metals ranged from 0.05 to 0.06 (mean value of 0.05) during both wet and dry seasons, indicating that the combination of Cr, Cd, Cu, Zn and Pb may have a 12% probability of being toxic. On the other hand, the mean value of m-PEL-Q in sediments of Ologe lagoon was determined to be 0.17 across all stations in the wet season and a range of 0.20 - 0.21 (mean value of 0.20) during the dry season, indicating that the combination of Cd, Cr, Cu, Ni, Pb and Zn may have a 25% probability of being toxic.


      
        [image: ] Figure 5: Estimated mean ERM-Q and mean PEL- Q of sediments from Ologe and Badagry lagoons. View Figure 5

      


      Potential ecological risk index method


      The estimated value for the potential ecological risk coefficient ( E r i ) and the potential ecological risk index (RI) are summarized in Table 9. The potential ecological risk factor of heavy metals in the sediment exhibited low ecological risk across all stations in Ologe and Badagry lagoons, except for Cd that showed moderate ecological risk in both wet and dry seasons. Coincidentally, the order of potential ecological risk coefficient ( E r i ) of heavy metals in sediments of both Ologe and Badagry lagoons followed the order; Cd > Pb > Cu > Cr > Zn. The potential ecological risk (RI) across the stations and seasons were below 150 indicating low ecological risk in both lagoons.


      
        Table 9: Heavy metal potential ecological risk index of the Ologe lagoon and Badagry Lagoon. View Table 9

      


      Multivariate statistical analysis


      The multivariate analysis using Principal component analysis (PCA) and Cluster analysis (CA) has been proved to be an effective tool for providing suggestive information regarding heavy metal sources and pathways [46]. The results of the PCA obtained from total metal analysis of sediments from the study sites are presented in Table 9 and Figure 6a. Two main components with Eigenvalues greater than 1 were determined, explaining 81.49% of the cumulative variance. Apparently the result of PCA corresponds well with the correlation coefficients. The first component (PC1), with a variance of 56.96%, was highly correlated with Zn and Pb; correlation coefficients among this group of elements exceeded 0.7 (0.91 and 0.86). On the other hand, zinc and lead showed strong negative loading (-0.56 and -0.62) and copper with weak negative loading (-0.37). The second component (PC2) described 24.53% of the cumulative variance with significant loadings on Cu and Pb (0.73 and 0.81) and moderate positive loadings with Cr and Pb in Badagry lagoon (0.632 and 0.591), suggesting a similar source.


      
        [image: ] Figure 6: a) Scatter plot of heavy metals in sediment defined by PC1 and PC2; b) Dendrogram showing cluster of variables on the basis of similarity. View Figure 6

      


      Cluster analysis is often used to complement PCA, to correlate findings and provide grouping of variables [46]. CA was performed to depict a dendrogram with paired group (UPGMA) and Bray-Curtis coefficient distance in Figure 6b. The cluster analysis results indicate three clusters: 1) Cu-Pb; 2) Zn-Cr-Pb; 3) Cd in terms of similarities. This is a clear indication that Zn, Cr and Pb must have originated from a specific source of discharge either from an industrial activities or natural sources. Cadmium displays none of strong correlations and distance between the other metals, indicating that Cd has originated from different pathways (Table 10).


      
        Table 10: Factor loadings on elements in sediments from Ologe and Badagry lagoons (n = 16). View Table 10

      


      Implications of analyzed metals and the determined pollution indices on the Lagoons


      Metals are common and have been well described as aquatic micro-pollutants. They constitute the oldest chemicals widely studied for their high level of deleterious effects on aquatic and terrestrial organisms including human beings [37,47,48]. Metal toxicity to animals and human is still highly relevant and will continue to increase due to natural and anthropogenic processes which generate and discharge wastes containing different metals into the environment [48]. Moreover, they persist in the environment and within tissues of organisms, due to their non-biodegradability that enhance bioaccumulation and biomagnification [49]. Biota in aquatic ecosystems come in contacts with these metals through water, sediments and or food sources and are daily exposed to individuals and or mixtures of these metals. Findings from the multivariate analysis using Principal component analysis (PCA) and Cluster analysis (CA) that the analyzed metals were from a specific source of origin is in tandem with the report of Ndimele, et al. [40] and Kumolu-Johnson, et al. [31] that the studied Lagoons received direct dumping of solid wastes and industrial effluents from the surrounding anthropogenic activities. The results from the enrichment factor that Ologe and Badagry sediments are enriched with the analyzed metals suggests the ability of these metals to accumulate in the sediments than the surface water [50]. This finding is in concert with the reports of Zhuang and Gao [42] that the sediments of Laizhou Bay and coastal waters of Zhangzi Island in China were enriched with metal pollutants and suggesting direct or indirect discharge of anthropogenic generated waste with metals into the aquatic environment. It also agrees with the Geo-accumulation index (Igeo) that Ologe lagoon is moderately polluted by Cd and Pb and Badagry Lagoon by Zn and Pb [50,51]. Although, the estimated value for the potential ecological risk coefficient ( E r i ) and the potential ecological risk index (RI) showed that the analyzed metals in the sediment exhibited low ecological risk across all stations in Ologe and Badagry lagoons, however, considering that metals rarely degrade but with high bioaccumulation potentials suggest deleterious impacts on aquatic biota. Some of the analyzed metals herein have been shown to bioaccumulate in Cynothrissamento [17] and Chrysichthys nigrodigitatus [52] collected from the studied Lagoons.


      Health impacts of metal accumulation in resident biota from the studied Lagoons may include significant increase in genome instability and pathological lesions (Loss and disorganization of the primary and secondary lamellae, multifocal degeneration, hemorrhages, cellularinfiltration, congestions, vacuolations, atresia, and necrosis) in viscera including liver, kidney, gills and gonads and cancer development [53]. This suggests that metal exposure may be highly disturbing to the health status of the residence organisms which may lead to genetic related diseases, reproductive disorder and tumour formation [53].


      Among the analyzed metals herein, Cd and Pb that were well enriched in the studied Lagoons do not have any known biochemical and physiological roles in biological system. Moreover, they are among the list of top prioritized hazardous sub-stances [54]. Moreover, they have been classified as probable human carcinogen (Group 2B) for Pb [55] and carcinogen (GroupA) for Cd [56]. It is also important to note that other analyzed metals, Zn, Cr and Cu though are essential nutrients that play vital roles in physiological processes of most aquatic species at trace concentrations. However when in access concentration due to bioaccumulation in tissues or environment, they are capable of disrupting via generation of dangerous free radicals that will disrupt the biological homeostasis of the aquatic forms leading to harmful health impacts [57,58]. More importantly current studies on metal toxicity are focusing on scientific importance of interactions among individuals of these metals in the cassation of pathophysiological disorder [41].


      Human consumption of aquatic resources contaminated with metals (Pb and Cd) from an ecosystem have been associated with renal failure and chronic anaemia and well spread high mortality [5,59]. Also, Amadi, et al. [10] have shown that heavy metal toxicity can result in damaged or abnormal central nervous system functioning, lower energy levels, and damage to blood composition, lungs, kidneys, liver, and other vital organs especially when biomagnified in human. Thus, the heavy metals concentrates in Ologe and Badagry lagoons beacon for health concern as local inhabitants use the lagoons for various economics purposes such as fishing, crop irrigation, dredging, discharge source for industrial effluents and other domestic activities.


      References


      
        	Ochieng EZ, Lalah JO, Wandiga SO (2007) Analysis of heavy metals in water and surface sediment in five Rift Valley Lakes in Kenya for assessment of recent increase in anthropogenic activities. Bull Environ Contam Toxicol 79: 570-576.

        



        	Li F, Huang J, Zeng G, Yuan X, Li X, et al. (2013) Spatial risk assessment and sources identification of heavy metals in surface sediments from the Dongting Lake, Middle China J Geochem Explora 132: 75-83.

        



        	Jain CK, Gupta H, Chakrapani GJ (2008) Enrichment and fractionation of heavy metals in bed sediments of river Narmada, India. Environ Monit Assess 141: 35-47.

        



        	Malferrari D, Brigatti MF, Laurora A, Pini S (2009) Heavy metals in sediments from canals for water supplying and drainage: Mobilization and control strategies. J Hazard Mater 161: 723-729.

        



        	Harada M (1995) Minamata disease: Methylmercury poisoning in Japan caused by environmental pollution. Crit Rev Toxicol 25: 1-24.

        



        	Yang Z, Wang Y, Shen Z, Niu J, Tang Z (2009) Distribution and speciation of heavy metals from the mainstream, tributaries, and lakes of the Yangtz River catchment of Wuhan, China. J Hazard Mater 166: 1186-1194.

        



        	Filatov N, Pozdnyakov D, Johannessen O, Pettersson L, Bobylev L (2005) White sea: Its marine environment and ecosystem dynamics influenced by global change. Springer and Praxis Publishing, UK, 1-472.

        



        	Amadi AN (2012) Quality Assessment of Aba River using heavy metal pollution index. Ame J Environ Engr 2: 45-49.

        



        	Lyulko I, Ambalova T, Vasiljeva T (2001) To integrated water quality assessment in Latvia. MTM (Monitoring Tailor-Made) III, Proceedings of International Workshop on Information for Sustainable Water Management. Netherlands, 449-452.

        



        	Amadi AN, Yisa J, Okoye NO, Okunlola IA (2010) Multivariate statistical evaluation of the hydrochemicalfacies in Aba, Southeastern Nigeria. Int J Biol Physical Sci 15: 326-337.

        



        	Nikolaidis C, Mandalos P, Vantarakis A (2008) Impact of intensive agricultural practices on drinking water quality in the EVROS Region (NE GREECE) by GIS analysis. Environ Monitor Assest 143: 43-50.

        



        	Nwankwo DI (2004) Microalgae: Our indispensible allies in aquatic monitoring and biodiversity sustainability. University of Lagos Inaugural Lecture Series, University of Lagos Press, 44.

        



        	Kusemiju V, Fadiya AA, Aderinola OJ, Akintola SL (2001) Comparative analysis of heavy metals in water, sediments and tissues of Lumbricus violaceus from Agbara and Iba streams. Nig J Res Review Sci 2: 114-117.

        



        	Agboola JI, Anetekhai MA, Denloye AAB (2008) Aspects of the ecology and fishes of Badagry creek (Nigeria). J Fish Aquat Sci 3: 184-194.

        



        	Anetekhai MA, Akin-Oriola GA, Aderinola OJ, Akintola SL (2007) Trace metal concentration in Macrobrachium vollenhovenii from Ologe Lagoon, Lagos, Nigeria. J Afrotropical Zool 3: 25-29.

        



        	Clarke EO, Anetekhai MA, Akin-Oriola GA, Onanuga AIS, Olarinmoye OM, et al. (2004) The diatom (Bacillariophyta) diversity of an open access lagoon in Lagos, Nigeria. J Res Rev Sci 3: 70-77.

        



        	Kumolu-Johnson CA, Ndimele PE, Akintola SL, Jibuike CC (2010) Copper, zinc and iron concentrations in water, sediment and Cynothrissamento (Regan 1917) from Ologe Lagoon, Lagos, Nigeria: a preliminary survey. Afri J Aquat Sci 35: 2-9.

        



        	Ndimele PE, Jenyo-Oni A, Jibuike CC (2009) The levels of lead (Pb) in water, sediment and a commercially important fish species (Chrysichthysnigrodigitatus) (Lacepede, 1803) from Ologe Lagoon, Lagos, Nigeria. J Environ Extension 8: 70-75.

        



        	Bere T, Tundisi JG (2011) Toxicity and sorption of dissolved cadmium and chromium III on tropical freshwater phytoperiphyton in laboratory mesocosm experiments. Sci Total Environ 409: 4772-4780.

        



        	Protocol for the derivation of canadian sediment quality guidelines for the protection of aquatic life canadian council of ministers of the environment (1995) CCME EPC-98E 1-35.

        



        	Long ER, McDonald D, Smith SL, Calder FD (1995) Incidence of adverse biological effects within ranges of chemical concentrations in marine and estuarine sediments. Environ Manage 19: 81-97.

        



        	Soliman NF, Nasr SM, Okbah MA (2015) Potential ecological risk of heavy metals in sediments from the Mediterranean coast, Egypt. J Environ Health Sci Engr 13: 70-82.

        



        	APHA (2005) Standard methods for the examination of water and waste water. (21st edn), Washington, D.C: American Public Health Association.

        



        	Muohi AW, Onyari JM, Omondi JG, Mavuti KM (2003) Heavy metals in sediments from Makupa and Port-Reitz Creek systems: Kenyan Coast Environ Int 28: 639-647.

        



        	Tamasi G, Cini R (2004) Heavy metals in drinking waters from Mount Amiata (Tuscany, Italy): Possible risks from arsenic for public health in the province of Siena. Sci Total Environ 327: 41-51.

        



        	Bakan G, Boke Ozkoc H, Tulek S, Cuce H (2010) Integrated environmental quality assessment of Kizilirmak River and its coastal environment. Turk J Fisheries Aquat Sci 10: 453-462.

        



        	Caerio S, Costa MH, Ramos TB, Fernandes F, Silveira N, et al. (2005) Assessing heavy metal contamination in Sado Estuary sediment: An index analysis approach. Ecol Indicators 5: 151-169.

        



        	USEPA (2011) USEPA regional screening level (RSL) summary table. Washington, DC.

        



        	Varol M (2011) Assessment of heavy metal contamination in sediments of the Tigris River (Turkey) using pollution indices and multivariate statistical techniques. J Hazard Mater 195: 355-364.

        



        	Tam N, Yao M (1998) Normalization and heavy metal contamination in mangrove sediments. Sci Total Environ 216: 33-39.

        



        	Hernandez L, Probst A, Probst JL, Ulrich E (2003) Heavy metal distribution in some French forest soils: Evidence for atmospheric contamination. Sci Total Environ 312: 195-219.

        



        	Rubio B, Nombela MA, Vilas F (2000) Geochemistry of major and trace elements in sediments of the Ría de Vigo (NW Spain): An assessment of metal pollution. Mar Pollut Bull 40: 968-980.

        



        	Singh M, Müller G, Singh IB (2002) Heavy metals in freshly deposited stream sediments of rivers associated with urbanisation of the Ganga Plain, India. Water Air Soil Pollut 141: 35-54.

        



        	Noura D, Abdelfattah A, Manel E, HabibA (2018) Assessment of streambed sediment contamination by heavy metals: The case of the Gabes Catchment, South-eastern Tunisia. J Afri Earth Sci 140: 29-41.

        



        	Long ER, Morgan LG (1990) The potential for biological effects of sediment-sorbed contaminants tested in the National Status and Trends Program. NOAA Tech Memo NOS OMA 52. US National Oceanic and Atmospheric Administration, Seattle, Washington, 175.

        



        	Hammer Ø, Harper DAT, Ryan PD (2001) PAST: Paleontological statistics software package for education and data analysis. Paleontologia Electronica 4: 1-9.

        



        	World Health Organization (WHO) (1977) Environmental Health Criteria 3: Lead, Geneva.

        



        	Bai JH, Cui BS, Chen B, Zhang KJ, Deng W, et al. (2011) Spatial distribution and ecological risk assessment of heavy metals in surface sediments from a typical plateau lake wetland, China. Ecol Modell 222: 301-306.

        



        	El-Amier YA, Elnaggar AA, El-Alfy MA (2017) Evaluation and mapping spatial distribution of bottom sediment heavy metal contamination in Burullus Lake, Egypt. Egypt J Basic Applied Sci 4: 55-66.

        



        	Pejman A, Bidhendi GN, Ardestani M, Saeedi M, Baghvand A (2015) A new index for assessing heavy metals contamination in sediments: A case study. Ecol Indicators 58: 365-373.

        



        	Alimba CG, Dhillon V, Bakare AA, Fenech M (2016) Genotoxicity and cytotoxicity of chromium, copper, manganese and lead, and their mixture in WIL2-NS human B lymphoblastoid cells is enhanced by folate depletion. Mutat Res Genet Toxicol Environ Mutagen 799: 35-47.

        



        	Zhuang W, Gao X (2014) Integrated assessment of heavy metal pollution in the surface sediments of the Laizhou Bay and the coastal waters of the Zhangzi Island, China: Comparison among typical marine sediment quality indices. PLoS ONE 9: e94145.

        



        	Bawa-Allah KA, Saliu JK, Otitoloju AA (2018) Heavy metal pollution monitoring in vulnerable ecosystems: A case study of the Lagos Lagoon, Nigeria. Bull Environ Contam Toxicol 100: 609-613.

        



        	Delgado J, Barba-Brioso C, Nieto JM, Boski T (2011) Speciation and ecological risk of toxic elements in estuarine sediments affected by multiple anthropogenic contributions (Guadiana saltmarshes, SW Iberian Peninsula): I surficial sediments. Sci Total Environ 409: 3666-3679.

        



        	Hakanson L (1980) An ecological risk index for aquatic pollution control. A sedimentological approach. Water Res 14: 975-1001.

        



        	Hu D, He J, Lu C, Ren L, Fan Q, et al. (2013) Distribution characteristics and potential ecological risk assessment of heavy metals (Cu, Pb, Zn, Cd) in water and sediments from Lake Dalinouer, China. Ecotoxol Environ Saf 93: 135-144.

        



        	Carroll RE (1966) The relationship of cadmium in the air to cardiovascular disease rates. J Ame Med Associa 198: 267-279.

        



        	Nriagu JO (1985) Cupellation: The oldest quantitative chemical process. J Chem Edu 62: 668-674.

        



        	Ghosh L, Adhikari S, Ayyappan S (2006) Distribution of lead, cadmium and chromium in sediment and their availability to various organs of a freshwater Teleost, Labeo rohita (Hamilton). J Fisheries Aquat Sci 1: 200-208.

        



        	Bassey EE, Ifedayo OA (2014) Geoenvironmental assessments of heavy metals in surface sediments from some creeks of the great Kwa River, Southeastern Nigeria. J Environ Earth Sci 4: 15-26.

        



        	Chen TR, Yu KF, Li S, Price GJ, Chi Q, et al. (2010) Heavy metal pollution recorded in Porites corals from Daya Bay, northern South China Sea. Mar Environ Res 70: 318-326.

        



        	Ndimele PE, Kumolu-Johnson CA, Anetekhai MA (2011) Spatial and temporal variations of some heavy metals in water, sediment and Chrysichthysnigrodigitatus (Lacepede, 1803) from Ologe Lagoon, Lagos, Nigeria. Int'l J Biol Chem 5: 248-257.

        



        	Alimba CG, Saliu JK, Ubani-Rex OA (2015) Cytogenotoxicity and histopathological assessment of Lekki Lagoon and Ogun River in Synodontis clarias (Linnaeus, 1758). Toxicol Environ Chem 97: 221-234.

        



        	DeRosa CT, Johnson BL, Fay M, Hansen H, Mumtaz MM (1996) Public health implications of hazardous waste sites: Findings, assessment, and research. Food Chem Toxicol 34: 1131-1138.

        



        	International Agency for Research on Cancer (IARC) (2006) Inorganic and organic lead compounds. Lyon: IARC monographs on the evaluation of carcinogenic risks to humans, 87.

        



        	International Agency for Research on Cancer (IARC) (1993) Summaries and evaluations: Cadmium and cadmium compounds (Group 1). Lyon: IARC Monographs on the evaluation of carcinogenic risks to humans, Vol. 58.

        



        	Gaetke LM, Chow CK (2003) Copper toxicity, oxidative stress and antioxidant nutrients. Toxicology 189: 147-163.

        



        	Pittman JK (2005) Managing the manganese: Molecular mechanisms of manganese transport and homeostasis. New Phytol 167: 733-742.

        



        	Matsunami J (2010) Hundred years of cadmium poisoning: Recollection and prospects, KatsuraShobo, Toyama. In: M Kaji, Role of experts and public participation in pollution control: The case of Itai-itai disease in Japan. Ethics Sci Environ Polit 12: 99-111.

        



        	Hilton J, Davison W, Ochsenbein U (1985) A mathematical model for analysis of sediment coke data. Chem Geol 48: 281-291.

        


      

      

    

  

