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Abstract  
The study investigated the concentration of heavy metals in the groundwaters of Oshodi/Isolo/Ilasamaja 

industrial estate for its suitability for domestic use. The study answered 3 research questions and tested a 

hypothesis. To achieve these, the research area was mapped out into 5 research zones andground water samples 

were collected from 5 dug wells and tap water sources, bulked and composites drawn fixed with HNO3 and 

stored in ice cool boxes for analysis. The analytical standards adopted were USEPA models6010and 6020  and 

the instrument deployed for determination of the various metals isAgilent ICP-OES model 5800.The mean 

results obtained were; Pb 0.55±0.17mg/l, Cr, 0.27±0.53 mg/l, Cd,0.06±0.02 mg/l, Hg, 0.02±0.08 mg/l 

andAs,0.06±0.12 mg/l. The mean concentrations of the heavy metal investigated were subjected to test of 

significance with SPSS version 29 at 0.05 level of significance and the p-value was 0.03thus rejecting Ho. The 

study recommends that the industries operating in the industrial estate should adopt world best practices on 

effluents management, stop the discharge of untreated wastes into the operational environment,embark on 

remediation of the already impacted environment to restore the aquifer to its hitherto pristine 

state.Environmental monitoring agencies are enjoined to be on the top of their game in surveillance  
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I. Introduction 
Water is an essential nutrient to both fauna and flora. It constitutes an average of 55 percent of female 

and60percent of male adult body and 75 percent of body baby at birth (Mansourri & Madani 2017; Onwuegbu 

et al., 2013; Sobhanardakani, 2017). Water content of plants range between 98 percent for halophytes to 30 

percent in wilting land plants (Ogwu et al, 2022a; Adjei-Kyereme 2015; Amfo-Out, 2012, Balakrishnan, 2016). 

The earth is composed of 71 percent water, 95 percent of the  earth water is held by the ocean (Chiroma 2014, 

Aneyo, et al., 2016),fresh surface water, lake and land locked seashold 0.013 percent, ground water 1.68 percent 

and glacier 1.86 percent (Ogwu et al., 2022b, Ayeni, 2014; Ghani, 2011), whilethe atmosphere contains 0.001 

percent of the total volume of water on earth (Kalavrouziotis, 2013, Koaner et al., 2014). Water regulates and 

moderates body temperature, lubricates and cushions the joints, protects the spinal cordand other sensitive 

tissues and expels the waste in the body through urination, perspiration, bowl movement, saliva expulsion and 

so on (Ogwu et al., 2021a, World Health Organisation, 2008, Ogwu et al., 2020, Wu, 2020; Zhang, 2011).  

The groundwater provides 37 percent of man’s water need and 98 percent of earth’s available fresh 

water is groundwater (Cheng et al.,. 2014, Zheng et al., 2011, Tong et al., 2021, Ogwu et al., 2020).  

Groundwater pollution has become a global environmental issue since the turn of industrialization 

(Ogwu 2021; Chen, 2015). Groundwater pollution results from seepage of fertilizers and pesticides used in 

agriculture and household pest control, wastewater treatment plants, sanitary landfills, leakage from sewers 

(Ogwu et al., 2021a, Mira et al., 2020, Mahamed & Zahir, 2013; Manikannan & Asokan, 2011),urban activities, 

groundwater pumpage (Kalavrouzrotis, 2011; Nawah, 2015, Abah et al., 2017). Groundwater pollution also 

results from spreading of slurry animal wastes on the land and poorly managed industrial waste containing 

heavy metals such as (Pb, Cu, P, Ni, Mn, Cr, Cd, Hg, V. As and so on into the environment. The presence of 

heavy metals in domestic water results in health complications such as short memory to memory loss, cancer, 

cardiovascular diseases and death (Kalavrouzrotis 2011, Ogwu et al., 2021b, Cheng et al., 2014, Wu, 2020). 

The focus of this study is to determine the concentrations of heavy metals in the ground water of 

Oshodi/Isolo/Ilasamajo industrial Lagos for its suitability human utility.  

The heavy metals investigated are Pb, Cr, Cd, Hg and As.  
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The study was guided by the following research questions.  

1. what are the concentrations of Pb, Cr, Cd, Hg and As in the groundwater of Ishode/Isolo/Ilasamaja 

industrial estate 

2. are the concentrations of the heavy metals within the maximum permissible concentrations for heavy 

metals in water as stipulated by World Health Organisation (WHO) 2014 and United State Environmental 

Protection Agency (USEPA), 2008 

3. can the ground water in the industrial estate be utilized for domestic activities? 

 

Study Area  

 
Map of Oshodi/Isolo/Ilasamaja 

Source: Olusina, Joseph & Olaleye, (2017) 

 

Oshodi/Isolo/Ilasamaja industrial estate is one of the 13 industrial estates in Lagos state. It is in OshodI/Isolo 

local government area which lies within the geographical coordinates of 6°30ʹ50.095ʺ N and 3°18ʹ32.241ʺ E. 

Oshodi/Isolo local government area has a population of 1.0 million (National Population Commission (NPC), 

2006) within a land mass of 44.4 Km
2
 (Lagos State Fact Sheet, 2021). It plays host to some notable industries in 

Lagos state amongst these are; Emzor and Afrab Pharmaceuticals, Asuani Textile industries. Daily Need 

Industries, Toyota Motors, Champion and Guardian Newspapers. Chi Industries. Effluents generated by these 

industries canfind their way through seepage to aquifersgroundwater resulting in contamination.  

 

II. Materials and Methods 
Sampling:Oshodi/Isolo/Ilasamaja industrialestate was mapped out into the research zones (Ajayi, 2018, 

Abdulmalik, 2019, Nwankwo, 2021). These wereAbimbola zone, Asuani zone, Emzor, Ajao Estate, and 

Charity/Ladipo Zones. From each of the zones, water samples were collected from 5 wells and taps bulked and 
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composites drawn with plastic sample bottle fixed with nitric acid (Kanulthia et al., 2020) and stored in ice cool 

box for analysis in the laboratory.  

 

Analysis of Samples 

Digestion of samples and metals determination 
The United State Environmental Protection Agency (USEPA), model 6010 as described by (Soma 

2013) was used in the digestion of water samples for elementalsdetermination. 100ml of each of the samples 

wereboiled with slow heat in pyrex beakers containing 10ml of concentrated nitric acid (HNO3). The boiled 

samples were then evaporated on a hot plate to the possible lowest volume, and this should be 20ml. The heated 

beakers were allowed to cool and then another 5ml of concentrated nitric acid added. The samples heating were 

continued with further addition of concentrated nitric acid as necessary until the digestionwere completed. The 

samples were allowed to evaporate again to dryness though not baked, and the beakers allowed to cool and 

werethen filled by addition of 5ml of hydrochloric acid (HCl) solution (1:1 v/v). The sample solutions were 

warmed and 5ml sodium hydroxide (NaOH) added and then filtered. These filtered samples (filtrates) were 

transferred to volumetric flask 100ml and diluted with distilled water to mark and the various metals under 

investigation were then determined with Agilent inductively coupled plasma – optical emission spectroscopy 

ICP-0ES model 5800.  

 

III. Results 
The result of the heavy metals content of the groundwater of Oshodi/Isolo/Ilasamaja industrial estate is as in 

Table 1.  

 

Table 1: heavy metals concentrations of the groundwater in Oshodi/Isolo/Ilasamaja indsutrial estate and the 

WHO maximum allowable concentration in mg/l 
Heavy 

metals  

Abimbola Asuani Emzor  Ajao 

estate 

Charity/Ladipo 𝒙  sd WHO 

MPC 

Pb 0.44 0.33 0.64 0.07 0.55 0.55 0.17 0.05 

Cr 0.34 0.22 0.24 0.25 0.32 0.27 0.53 0.05 

Cd 0.08 0.07 0.03 0.03 0.07 0.06 0.02 0.005 

Hg 0.02 0.01 0.01 0.03 0.02 0.02 0.08 0.001 
As 0.06 0.07 0.08 0.05 0.06 0.06 0.12 0.05 

 

The concentrations of the heavy metals content of the groundwater in Oshodi/Isolo industrial estate were 

presented in graph as in Figure 2 

 

Figure 2Graph presentation of the heavy metals concentrations in the groundwater of Oshodi/Isolo/Ilasamaja 

indsutrial estate and the WHO maximum allowable concentration in mg/l 
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The mean concentrations of the heavy metals investigated were subjected to test of significance with analysis of 

variance (ANOVA) deploying statistical package for social science (SPSS) version 29 and the p-value was 0.03 

thus rejecting H0. 

 

IV. Discussion 
The analysis of the groundwater in Oshodi/Isolo/Ilamaja industrial estate revealed varying 

concentrations of the various heavy metals investigated.  

The concentration of Pb ranged between 0.07 mg/l in Asuani to 0.55 mg/l in Charity-Ladipo industrial 

estate, with a mean of 0.41 mg/l. The WHO and maximum permissible concentration for Pb in drinking water is 

0.05 mg/l. The increased concentration of Pb in the aquifers of the industrial estate is attributed to seepage from 

industries effluents.High concentration of Pb in drinking water has been reported (Githarga et al., 2021; Wang, 

2017).Human exposure to Pb results in abdominal pain, neurological changes, irritability and at higher dose 

death may result (Huang 2010). Prolonged exposure to Pb also results in high blood pressure, muscle and joint 

pains, loss of memory and lack of concentration (Mao et al., 2019).  

The analysis of the of the groundwater in Oshodi/Isolo/Ilasamaja industrial estate also showed that the 

concentration of Cd range from 0.03 mg/l in Emzor to 0.08mg/l in Abimbola with a mean of 0.06 mg/l. WHO 

MPC for Cd in drinking water is 0.005 mg/l. The elevated concentration of Cd in the area is the concomitant 

effect of industrial waste discharges into the environment. Increased Cd in drinking water was reported in 

(Bellinger et al., 2015) and the exposure of human to Cd is associated with damage to lungs resulting in death 

(Ogwu et al., 2020). It also causes cancer (Tang et al., 2016).  

The groundwater analysis of Oshodi/Isolo/Ilasamaja industrial estate gave varying concentrations of Cr 

which range from 0.22mg/l in Asuani to 0.34 mg/l in Abimbola with a mean of 0.27 mg/l. The WHO MPC for 

Cr in drinking water is 0.05 mg/l. The concentration of Cr in the aquifers of Oshodi/Isolo/Ilasamaja industrial 

estate is higher than the acceptable level stipulated by both WHO and USEPA. HIgh concentration of Cr in 

drinking water was documented in (Ogwu et al., 2021; Tang et al., 2021).  Cr contamination in drinking water 

results in cancer of the lungs, nasal and sinuses (Xiao et al., 2019; Cheng et al., 2014).  

The analysis of the ground of Oshodi/Isolo/Ilasamaja industrial estate also revealed that the 

concentration of Hg in the aquifers range from 0.01 mg/l in Emzor to 0.03 mg/l in Ajao estate with a mean 

concentration of 0.02 mg/l. WHO/USEPA MPC for Hg in drinking water is 0.001 mg/l and 0.002 mg/l 

respectively. The mean concentration of Hg in the ground water of Oshodi/Isolo/Ilasamaja industrial estate is 

higher than recommended and this the result of poor waste handling by the industries in the estate. Exposure of 

human to Hg above acceptable limit results in varying health complications such as cognitive and motor 

dysfunctions (Humood, 2073, Naveedullah et al., 2014).  Cardiovascular disease and death (Cheng et al., 2014), 

increased concentration of Hg in drinking water was reported in (Letcort et al., 2016, Mushra et al., 2021).  

The concentration of As in the groundwater of Oshodi/Isolo/Ilasamaja industrial estate as revealed by 

the analysis was between 0.05 mg/l and in Ajao estateto 0.08 mg/l in Emzor with a mean of 0.06 mg/l. The 

WHO and USEPA  maximum permissible concentration for As in drinking water is 0.05 mg/l. The 

concentration of As in the aquifer of Oshodi/Isolo/Ilasamaja industrial estate is higher than recommended.High 

concentration of As in human system results in poor cognitive development and increased death in young adults 

(Cheng et al., 2013). It also results in cardiovascular complication,, skin cancer and also affects the kidney  

liver, bladder and prostate (Wu et al., 2020; Liu et al., 2013). Elevated concentration of As in drinking water 

was reported in (Bellinger et al., 2015, Gao et al., 2020). 

 

V. Conclusion 
Human quest for improved standards of living resulted in industrial revolution with environmental 

degradationasconcomitant effect of the poor effluents management. The situation in Oshodi/Isolo/Ilasamaja 

industrial estate is in tandem with global recurrence which have been impacting heavily on public health. It is 

pertinent for industriesoperators to incorporate United Nations Sustainable Development philosophies into their 

operational module for the general wellbeing of the environment and its components.  

The results of the analysis of the groundwater of Oshodi/Isolo/Ilasamaja industrial estate revealed 

marked deviation from the environmental ethics of operation of industries as spelt by the monitoring agency, 

Federal Environmental Protection Agency(FEPA) and this is antithesis to human health.  

Against the backdrop of the outcome of study, it is recommendedthat the industries operating in 

Oshodi/Isolo/Ilasamaja industrial estate should: 

i. stop the discharge of untreated effluents into the environment  

ii. embark on remediation of the already impacted environment and  

iii. the monitoring agency is advised to up its game and increase their surveillance on the industries 

operating in Oshodi/Isolo/Ilasamaja industrial estate for the wellbeing of the ecosystem for improved ecosystem 

services.  



Speciation of the Heavy Metals In The Groundwaters Of Oshodi/Isolo/Ilasamajaindustrial .. 

DOI: 10.9790/2402-1703020106                                  www.iosrjournals.org                                             5 | Page  

Ajayi M. C. (2018) sampling and samples preparation in environmental studies. Journal of Ecology 21(3), 24-

29.  

Nwankwo, A. J. (2021). Understanding sampling and samples handling in hydrology. Ibadan: Jolik Publisher 

Ltd.  

Soma, M. P. (2013). Samples and sample treatment in analytical sciences. Global Journal of Environment 16(3), 

91-95.  

Abdulmalik, Z. Q. (2019). Sampling technique in environmental studies. Lagos: Azman Book Ltd.  

National Population Census. A publication of National Population Commission, Abuja, Lagos State Fact Sheet 

(2021). A publication of the government of Lagos State, Ikeja Lagos.   

Olusina, Joseph & Olaleye, J. (2017). Journey to Crime Using Dijkstra's Algorithm. Nigerian Journal of 

Environmental Sciences and Technology. 1. 1-14. 10.36263/nijest.2017.01.0019. 

 

REFERENCES 
[1]. Abah, J., Mashebe, P. & Onjefu, S. A. 2017. Assessment of heavy metals pollution status of the pasture grass around Katimo Mulilo 

Municipal solid wastes dumpsite, Namibia. International Journal of Environmental Science and Development 8(5), 372–377.  

[2]. Adjei-Kyereme Y, Donkor AK, Golow AA, Yeboah PO, Pwamang J (2015) Mercuury concentrations in water and sediments in 
rivers impacted by artisanal gold mining in the Asutif District, Ghana. Res J Chem Environ Sci 3(1):40–48 

[3]. Aneyo, I. A., Doharty, F. V., Adebesin, O. A. & Hammed, M. O. 2016. Biodegradation of pollutants in wastewater from 

pharmaceutical, textile and local dye efuent in Lagos, Nigeria. Journal of Health & Pollution 6(12), 34–42. 
[4]. Ayeni, O. A. 2014. Assessment of heavy metals in wastewater obtained from an industrial area in Ibadan, Nigeria. RMZ – Materials 

and the Geoenvironment 61, 19–24. 

[5]. Banzi, F.P., Msaki, P., & Mohammed, N.K. (2015). Assessment of Heavy Metal Concentration in Water around the Proposed 
Mkuju River Uranium Project in Tanzania. Tanzania Journal of Science, 41, 8-18. 

[6]. Bellinger EG, Sigee DC, Bellinger EG, Sigee DC. 2015. Freshwater Algae: Identification, Enumeration and Use as Bioindicators, 

2nd Edition. 
[7]. Chen H, Teng Y, Lu S, Wang Y, Wang J. 2015. Contamination features and health risk of soil heavy metals in China. Sci Total 

Environ. 512:143–53. https://doi.org/10.1016/j.scitotenv.2015.01.025 PMID: 25617996  

[8]. Cheng H, Li M, Zhao C, Li K, Peng M, Qin A, et al. 2014. Overview of trace metals in the urban soil of 31 metropolises in China. J 
Geochem Explor.; 139:31–52. https://doi.org/10.1016/j.gexplo.2013.08. 012  

[9]. Gao S, Wang Z, Wu Q, Zeng J. 2020. Multivariate statistical evaluation of dissolved heavy metals and a water quality assessment in 

the Lake Aha watershed, Southwest China. Peerj. 8. https://doi.org/10. 7717/peerj.9660 
[10]. Ghani, A. 2011. Efect of chromium toxicity on growth, chlorophyll and some mineral nutrients of Brassica juncea L. Egyptian 

Academic. Journal of Biological Sciences 2(1), 9–15. 

[11]. Githaiga KB, Njuguna SM, Gituru RW, Yan X. 2021. Water quality assessment, multivariate analysis and human health risks of 
heavy metals in eight major lakes in Kenya. J Environ Manag.; 297. https:// doi.org/10.1016/j.jenvman.2021.113410 PMID: 

34346396  

[12]. Humood AN 2013. Assessment and management of heavy metal pollution in the marine environment of the Arabian Gulf: A review 
Marine Poll. Bull. 72(1) 6-13. 

[13]. Kalavrouziotis, I. K. (2011). Basic principles of treated wastewater reuse planning in ecologically sensitive areas. Water, Air & Soil 

Pollution, 221, 159–168. 
[14]. Kinuthia, G.K., Ngure, V., Beti, D, Lugalia R, Wangila A, and Kamau L. (2020). Levels of heavy metals in wastewater and soil 

samples from open drainage channels in Nairobi, Kenya: community health implication. Sci Rep 10, 8434. 

https://doi.org/10.1038/s41598-020-65359-5 
[15]. Kooner, R., Mahajan, B. V. C. & Dhillon, W. S. 2014. Heavy metal contamination in vegetables, fruits, soil and water – A Critical 

Review. International Journal of Agriculture, Environment & Biotechnology 7(3), 603–612. 

[16]. Lefcort H, Vancura J, Lider EL. 2010. 75 years after mining ends stream insect diversity is still affected by heavy metals. 
Ecotoxicology. 19(8):1416–25. https://doi.org/10.1007/s10646-010-0526-8 PMID: 20680454  

[17]. Luo, Y., Rao, J., & Jia, Q. (2022). Heavy metal pollution and environmental risks in the water of Rongna River caused by natural 

AMD around Tiegelongnan copper deposit, Northern Tibet, China. PloS one, 17(4), e0266700. 
https://doi.org/10.1371/journal.pone.0266700 

[18]. Manikannan R, Asokan S, Ali AHMS (2011) Seasonal variations of physico-chemical properties of the Great Swamp, Point 

Calimere Wildlife Sanctuary, South-east coast of India. Afr J Environ Sci Technol 5(9):673–681 
[19]. Mansourri, G. & Madani, M. 2016. Examination of the level of heavy metals in wastewater of Bandar Abbas Wastewater Treatment 

Plant. Open Journal of Ecology 6, 55–61, https://doi.org/10.4236/oje.2016.62006. 

[20]. Mirza ATM, Tanvir R, Moutushi P, Nikhil B, Mahmud H, Md. Khorshed A, Zakia A, (2020) Heavy metal pollution assessment in 
the groundwater of the Meghna Ghat industrial area, Bangladesh, by using water pollution indices approach. Appl Water Sci 

10:186. https://doi.org/10.1007/s13201-020-01266-4 

[21]. Mishra S, Kumar A, Shukla P. 2021. Estimation of heavy metal contamination in the Hindon River, India: an environmetric 
approach. Applied Water Science. 11(1). https://doi.org/10.1007/s13201-020- 01331-y  

[22]. Mohamed HM, Zahir HA (2013) Vedaranyam study of groundwater quality at Dindigul Town, Tamilnadu, India. International 
Research Jounrnal of Environment Science 2(1):68–73 

[23]. Naveedullah, Muhammad Z, Hashmi, Chunna Yu, Hui S, Dechao D, Chaofeng S, Liping L, Yingxu C 2014 Concentrations and 

human health risk assessment of selected heavy metals in surface water of the siling reservoir watershed in Zhejiang province, 
China. Pol. J. Environ, Stud. 23 (3): 801- 811 

[24]. Nawab J, Khan S, Shah MT, Khan K, Huang Q, Ali R. 2015. Quantification of Heavy Metals in Mining Affected Soil and Their 

Bioaccumulation in Native Plant Species. Int J Phytoremediation. 17(9):801-13. doi: 10.1080/15226514.2014.981246. PMID: 
26079739. 

[25]. Nazir, R., Khan, M., Masab, M., Rehman, H.U., Rauf, N., Shahab, S., Ameer, N., Sajed, M., Ullah, M., Rafeeq, M., & Shaheen, Z. 

(2015). Accumulation of Heavy Metals (Ni, Cu, Cd, Cr, Pb, Zn, Fe) in the soil, water and plants and analysis of physico-chemical 
parameters of soil and water Collected from Tanda Dam kohat. Journal of Pharmaceutical Sciences and Research 7(3), 89–97. 

https://doi.org/10.%207717/peerj.9660
https://doi.org/10.1038/s41598-020-65359-5
https://doi.org/10.1371/journal.pone.0266700
https://doi.org/10.4236/oje.2016.62006
https://doi.org/10.1007/s13201-020-01266-4


Speciation of the Heavy Metals In The Groundwaters Of Oshodi/Isolo/Ilasamajaindustrial .. 

DOI: 10.9790/2402-1703020106                                  www.iosrjournals.org                                             6 | Page  

[26]. Ogwu C, Imobighe M, Okofu S, Attamah F (2022), Speciation of heavy metals in fish species in the wetlands of oil-bearing 
communities of the Niger Delta; IJB, V21, N2, August, P169-178. https://innspub.net/speciation-of-heavy-metals-in-fish-species-in-

the-wetlands-of-oil-bearing-communities-of-the-niger-delta/ 

[27]. Ogwu C. (2021). Heavy metals loadings of Telfairia occidentalis (Fluted pumpkin) grown in Ekpan (Host community of Warri 
Refinery and Petrochemical) Nigeria. Quest Journals: Journal of Research in Agriculture and Animal Science. 8(1), 16-20 

[28]. Ogwu C., Azonuche J E and Okumebo V. O.  (2021). Heavy metals content of Telfairiaoccidentalis (fluted pumpkin; order: 

Violales, Family: Cucurbitacea) grown in Ebedei (An oil and gas bearing community) Niger Delta, Nigeria. Quest Journals: Journal 
of Research in Humanities and Social Science. 9(4), 74-78 

[29]. Ogwu C.,Azonuche J. E and Okeke, M. (2020). Heavy metals contamination status of Telfairiaoccidentalis (Fluted pumpkin) grown 

in Uzere oil rich community, Niger Delta. Quest Journal: Journal of Research in Agriculture and Animal Science. 7(7), 12-17 
[30]. Ogwu C.,Azonuche J., and Achuba F (2021). Heavy metals quantification of Telfairia occidentalis (Fluted pumpkin, Order: 

Violales, family: Cucurbitaceae) grown in Niger Delta oil producing areas. International Journal of Biosciences. 13(2) 170-179.  

[31]. Ogwu C., Ideh Victor, Imobighe Mabel (2022), Bioaccumulation of heavy metals in some pelagic and benthic fish species in 
selected wetlands in oil-bearing communities of the Niger Delta; International Journal of Biosciences. 20 (6), Pp. 128-139. 

https://innspub.net/bioaccumulation-of-heavy-metals-in-some-pelagic-and-benthic-fish-species-in-selected-wetlands-in-oil-bearing-

communities-of-the-niger-delta/ 
[32]. Onuegbu, T. U., Umoh, E. T. & Onwuekwe, L. T. 2013. Physico-chemical analysis of efuents from Jachon chemical industries 

limited, makers of Bonalux emulsion and gloss paints. International Journal of Science and Technology 2(2), 169–173.  

[33]. Sobhanardakani, S. 2017. Tuna fsh and common kilka: health risk assessment of metal pollution through consumption of canned fsh 
in Iran. Journal of Consumer Protection and Food Safety 12(2), 157–163. 

[34]. Tang J, Song Y, Wang Q, Lin B, Yang C, Guo N, et al. 2016. Geological Characteristics and Exploration Model of the 

Tiegelongnan Cu (Au-Ag) Deposit: The First Ten Million Tons Metal Resources of a Porphyry-epithermal Deposit in Tibet. Acta 
Geoscientia Sinica. 37(6):663–90. CSCD:5868665. 

[35]. Tong S, Li H, Tudi M, Yuan X, Yang L. 2021. Comparison of characteristics, water quality and health risk assessment of trace 

elements in surface water and groundwater in China. Ecotoxicol Environ Saf.; 219. https://doi.org/10.1016/j.ecoenv.2021.112283 
PMID: 34015707 

[36]. Wang J, Liu G, Liu H, Lam PKS. 2017. Multivariate statistical evaluation of dissolved trace elements and a water quality 

assessment in the middle reaches of Huaihe River, Anhui, China. Sci Total Environ. 583:421–31. 
https://doi.org/10.1016/j.scitotenv.2017.01.088 PMID: 28126280  

[37]. WHO (World Health Organization) 2008 Guidelines for drinking water quality 3rd Ed. Incorporating the first and second agenda 

volume recommendations. WHO, Geneva. 
[38]. Wu J, Lu J, Zhang C, Zhang Y, Lin Y, Xu J. 2020. Pollution, sources, and risks of heavy metals in coastal waters of China. Human 

and Ecological Risk Assessment. 26(8):2011–26. https://doi.org/10. 1080/10807039.2019.1634466 

[39]. Xiao J, Wang L, Deng L, Jin Z. 2019. Characteristics, sources, water quality and health risk assessment of trace elements in river 

water and well water in the Chinese Loess Plateau. Sci Total Environ.; 650:2004–12. 

https://doi.org/10.1016/j.scitotenv.2018.09.322 PMID: 30290343  

[40]. Zhang C, Qiao Q, Piper JDA, Huang B. 2011. Assessment of heavy metal pollution from a Fe-smelting plant in urban river 
sediments using environmental magnetic and geochemical methods. Environ Pollut.; 159(10):3057–70. 

https://doi.org/10.1016/j.envpol.2011.04.006 PMID: 21561693.  

 

 

Ogwu, C, et. al. “Speciation of the Heavy Metals In The Ground waters Of 

Oshodi/Isolo/Ilasamaja industrial Estate Lagos Nigeria."IOSR Journal of Environmental Science, 

Toxicology and Food Technology (IOSR-JESTFT), 17(3), (2023): pp 01-06. 

https://innspub.net/speciation-of-heavy-metals-in-fish-species-in-the-wetlands-of-oil-bearing-communities-of-the-niger-delta/
https://innspub.net/speciation-of-heavy-metals-in-fish-species-in-the-wetlands-of-oil-bearing-communities-of-the-niger-delta/
https://innspub.net/bioaccumulation-of-heavy-metals-in-some-pelagic-and-benthic-fish-species-in-selected-wetlands-in-oil-bearing-communities-of-the-niger-delta/
https://innspub.net/bioaccumulation-of-heavy-metals-in-some-pelagic-and-benthic-fish-species-in-selected-wetlands-in-oil-bearing-communities-of-the-niger-delta/
https://doi.org/10.%201080/10807039.2019.1634466

