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ABSTRACT

The disease burden associated with oil spill exposure is significant 
and rising, particularly in the Tein community. The impact of oil 
activities in the Niger Delta region has become a major source of 
concern for all, prompting a scientific report on their impact on health, 
the environment, agriculture, and people’s lives in general. As a result, 
this paper investigates the Tein community and how the oil company’s 
operations impacted the environment and the lives of the residents in 
general. To assess the various concentrations of contaminants in the 
environmental media studied with the Intervention values prescribed, 
various approaches were used. Standard criteria and procedures were used 
to collect and analyze samples. According 

 the study site poses an unacceptable risk to human health and requires 
immediate intervention. It is recommended that the Nigerian Agip Oil 
Company (NAOC) manage their operations and relationships with the 
community in a sensitive and professional manner in order to avoid conflicts 
and losses, as this will reduce the negative effects of oil operations in Tein 
Community. Furthermore, NAOC should deal directly with landowners 
whose parcels of land are directly affected, rather than through chiefs 
or Community Based Organizations (CBOs). This report supports the 
contention that it provides a valuable source of data for developing effective, 
forward-thinking solutions that are clear and equitable, analyzing differential 
impacts, and thinking hard about policy and decision-makers coherence, 
particularly as it relates to everyone when dealing with oil spills, and can help 
support action toward further oil spills and environmental improvement.

Key Words: OBD-PLUS Microbial Consortium, Petroleum; Polycyclic aromatic 
hydrocarbons; Exploitation ;Pollution, Oil exploration; Extractive 
industries ;Environmental challenges ;Bayelsa state.

INTRODUCTION 

Human exposure to heavy metals and occupational hazards increases as a 
result of industrial activities. Innumerable Niger Delta researchers have 

reported adverse effects on human health as a result of exposure to some of 
these oil spill concentrations in drinking water and food. Even though these 
concentrations are toxic to humans, heavy metal contamination of raw foods 
has become an unavoidable problem in recent years [1-3]. While increased 
industrial activity continues to be a major source of heavy metal exposure in 
humans. When heavy metals such as Lead (Pb), Cadmium (Cd), Mercury 
(Hg), Arsenic (As), Chromium (Cr), and Manganese (Mn) are exposed to 
them, they have serious effects on various human organs and tissues. Human 
exposure to heavy metals causes a variety of disease disorders, including 
nervous system disorders, skin lesions, kidney dysfunction, vascular damage, 
birth defects, immune system dysfunction, cancer disease, gastric irritation, 
hypothyroidism, and other disease conditions. Heavy metals are widely used 
in a variety of industries, and humans are exposed to them through industrial 
activities, air, water, and the consumption of contaminated food, particularly 
in developing countries. Heavy metal pollution is caused by both natural and 
anthropogenic activities. Anthropogenic activity exposure includes mining, 
metal extraction through heating, industrial production processes, and the 
use of heavy metals products in industries. Oil spills, which can occur as a 
result of operational incidents, poor maintenance, or equipment 
corrosion, can have severe and widespread environmental, social, health, 
and economic consequences. Spills can also have long-term negative effects 
on a company’s reputation. Some pollutants (or hazardous substances) 
produced by physical-chemical interactions are associated with the health 
risks and impacts of the oil and gas industry caused by soil and groundwater 
pollution. Pollutants can travel through the air, soil, and water in general. 
Pollution and continuous gas flaring from oil prospecting and production 
have created health risks and made fishing and farming nearly impossible. 
Occasional large oil spills kill fish, destroy agricultural crops, and pollute 
the environment, wreaking havoc on families and communities. Following 
a request made by representatives of Semowari, Ebiwari and Kiriokum 
Family through their solicitor because of the massive oil spillage from the 
Asamabiri, Biseni Idu 14 inches delivery line in Yenagoa to the study,

LGA of Bayelsa State, belonging to the Nigerian Agip Oil Company 
Limited. An Environmental Consulting Group was commissioned to carry 
out a detailed scientific and environmental investigation with the 
following objectives:

• To describe the existing water quality in the area in comparison
with recommended standard.

• To determine the impact of the enmasse destruction of land
resources and marine/fresh brackish/aquatic life in the impacted
areas.

• To determine the overall effect in this damage on the health and
socio-economic life of the plaintiff.

• To use results (1) and (2) above to predict the potential as well as
recovery rate of the ecosystem.

In pursuance of this request a team of specialist scientists from the 
consulting group was dispatched to the affected area in the month of July, 
2021 with a view to achieving these objectives.

Background information on affected areas

The area where the Agip Oil company is situated is a freshwater swamp area 
of the Niger Delta. There are numerous creek lets, channels and man-made 
creeklets which traverse the main land. The creek stretches into Gbaran 
in Yenagoa local government area of Bayelsa State in the Niger Delta (see 
Figure 1 below). 

GOALS AND OBJECTIVES

Occupation

Residents of the affected area work primarily in fishing, farming, logging, 
and hunting. Palmwine is harvested depending on the season, and palm 
fruits are harvested for palm oil production. The kernels are also cracked and 
sold. Other ancillary trades are also involved in the aforementioned main 
economic activities. Various fishing techniques are used, the most common 
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Figure 1) Shows the study area

of which are netting, traps, and pond aquaculture. These techniques are also 
responsible for the majority of the fish caught in the area. The river, creeks, 
creeklets, channels, and ponds support both deep sea and shallow water 
species, on which people rely for a living and education for their children 
[4-15].

Field sampling and observation
Large bodies of oil spill were seen on the surface of the water and on soil, some 
are anchored on the adventitious roots of the mangrove trees and swamps. 
Crude oil was seen on the nets and fish traps. Sampling of water within the 
impacted area lasted for a day the inspection was done. Standard analytical 
techniques were employed in the investigation. The analysis was conducted 
on both soil and groundwater samples obtained from oil spill site at Tein 
community. All sampling, conservation, transportation and analysis followed 
standard procedures described in APHA. All the collected samples were 
transported to the laboratory keeping in an icebox to prevent degradation 
of the organic substances. For soil samples were collected aseptically using 
soil auger to a depth of 30 cm in sterile sample plates and transported to 
the laboratory (Dexcom Solution Limited at 458, Ikwerre Road, Block 2, 
Flat 1, Woherem Estate, Rumuokwuta, Port Harcourt) in a cooling chest 
within 48hours of collection to ascertain the level of pollution on the site. 
Thus, the objective was to characterize the heavy metal of both ground 
water and soil and to determine the level of Total Petroleum Hydrocarbon 
(TPH) [16-22].
Laboratory Investigation

The objective of the laboratory investigations was to characterize the 
quality of water and soil. Samples were obtained to measure the Total 
Petroleum Hydrocarbon (TPH), Polycyclic Aromatic Hydrocarbon 
(PAH), Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, 
Anthracene, Phenanthene, Fluoranthene, Pyrene, Benzo(a) 
anthracene, Chrysene, Benzo (b) fluoranthene, Benzo(k)fluoranthene, 
Benzo(a)pyrene, Dibene(a,b) anthracene, Indeno(1,2,3,cd) pyrene, 
Benzo(g,h,i)pyrene, Benzene, Toluene, Ethyl Benzene and Xylene (BTEX), 
Arsenic, Iron, Cadmium, Chromium, Vanadium, Barium, Lead, Mercury 
as well as Total Heterotrophic Bacterial (THB), Total Heterotrophic 
Fungal (THF) Total Hydrocarbon Utilizing Bacterial (THUB) and Total 
Hydrocarbon Utilizing Fungal (THUF) counts in the soil and water. 
Internationally recommended accepted methods (Standard Methods for 
Examination of water and Wastewater-APHA, 2012) were used for all 
analysis. Appropriate quality control measures were adopted to ensure 
accuracy and precision of the results.

RESULTS AND DISCUSSION

The consequences of oil spills in the Niger Delta can have an impact on the 
physical and social environment; these are examples of a high-risk industry 
that has the potential to cause significant damage to the environment, 
personnel, and property. Furthermore, innocent people are frequently victims 
of human rights violations caused by extractive companies. Recognizing and 
controlling these impacts is critical for preventing human rights violations 

and environmental damage. If there are governance and capacity gaps, this 
can be a serious challenge. Thus, the ecological devastation caused by oil 
exploration has rendered farming and fishing, the primary occupations of the 
indigenous Tein community in the core Niger Delta, obsolete. Results of Total 
Petroleum Hydrocarbon (TPH), Polycyclic Aromatic Hydrocarbon (PAH), 
Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, Anthracene, 
Phenanthene, Fluoranthene, Pyrene, Benzo(a) anthracene, Chrysene, 
Benzo (b) fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Dibene(a,b) 
anthracene, Indeno(1,2,3,cd) pyrene, Benzo(g,h,i)pyrene, Benzene, Toluene, 
Ethyl Benzene and Xylene (BTEX), Arsenic, Iron, Cadmium, Chromium, 
Vanadium, Barium, Lead, Mercury as well as Total Heterotrophic Bacterial 
(THB), Total Heterotrophic Fungal (THF) Total Hydrocarbon Utilizing 
Bacterial (THUB) and Total Hydrocarbon Utilizing Fungal (THUF) counts 
in the soil and water etc (see Table 1 and Table 2 below), demonstrate low 
concentration and where not significant from the recommended standards. 
However, the Total Petroleum Hydrocarbon (TPH) concentration, iron and 
lead were above NAFDAC/WHO recommended standards, thus this value 
is high enough to exert adverse effects on ecosystem services and human 
health. Below, is the flow chart (Figure 2) of the study, which shows the link 
between the environmental pollutants from the soil and groundwater 
pollution and public health impacts on the indigenous Tein communities. 
This flow chart is characteristic for any similar analysis and describes the 
conceptual framework between health and groundwater pollution. The oil 
spill disposed at soil and groundwater is one of the most important factors 
that determine its health risks [23-30].

TABLE 1

Surface water parameters in the study area with that of the DPR target and 
intervention value.

Field Id Test method SS1 DPR target value
DPR intervention 

value

DEPTH (m) Instrumental N/A DPR Target Value
DPR Intervention 

Value

Sample Coordinates N/A

TPH, mg/kg ABOVE USEPA 8015 31.97 50 5000

PAH, mg/kg <0.01 1 40

Naphtalene USEPA 8270 <0.01 N/A N/A

Acenaphthylene <0.01

Acenaphthene <0.01

Flourene <0.01

Anthracene <0.01

Phenanthene <0.01

Flouranthene <0.01

Pyrene <0.01

Benzo (a) anthracene <0.01

Chrysene <0.01

Benzo (b) flouranthene <0.01

Benzo (k) flouranthene <0.01

Benzo (a) pyrene <0.01

Dibenz (a, h) anthracene <0.01

Indeno (1,2,3. cd) 
pyrene

<0.01

Benzo (g,h,i) pyrene <0.01

BTEX, mg/kg <0.01 0.8 1250

Benzene

USEPA 8260

<0.01 0.2 30

Toluene <0.01 0.2 1000

Ethylbenzene <0.01 0.2 150

Xylene <0.01 0.2 70

Metal, mg/kg

Arsenic  WS

APHA 3111C

<0.01 10 60

Iron Above 4.12 N/A N/A

Cadmium <0.01 0.4 6

Chromium WS <0.01 30

Vanadium <0.01 N/A N/A

Barium  BS <0.01 50 625

Lead BS 0 15 75
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Mercury <0.01 0.05 0.3

Microbial Analysis 
CFUg-1

Total Heterotropic 
Bacteria (THB)

APHA 9221D

3.0 × 106

Hydrocarbon Utilizing 
Bacteria (HBU)

<1.0 × 
102 

Total Heterotropic 
Fungi (THF)

6.5 × 103

Hydrocarbon Utilizing 
Fungi (HBF)

<1.0 × 
102 

Field id Depth (m) Analyte
Expected 

Concentration
Obtained 

Concentration

Method blank 1 
(methanol)

N/A TPH N/A N/A

Method blank 1 
(dcm:acetone) (1:1)

N/A PAH N/A N/A

PQL: (TPH)- SOIL 0.1 mg/kg, (BTEX)- SOIL 0.01mg/kg, (PAH)- SOIL 0.1 mg/kg

Not Detected: N.D Not Applicable N/A

TABLE 2

Soil samples parameters in the study area with that of the DPR target and 
intervention value. 

Field Id Test method SS1 DPR target 
value

DPR 
intervention 

value

Depth (m) Instrumental N/A DPR Target 
Value

DPR 
Intervention 

Value

Sample coordinates N/A

Sample coordinates N/A

PAH, mg/kg <0.01 1 40

Naphtalene

USEPA 8270

<0.01

N/A N/A

Acenaphthylene <0.01

Acenaphthene <0.01

Flourene <0.01

Anthracene <0.01

Phenanthene <0.01

Flouranthene <0.01

Pyrene <0.01

Benzo (a) anthracene <0.01

Chrysene <0.01

Benzo (b) 
flouranthene <0.01

Benzo (k) 
flouranthene <0.01

Benzo (a) pyrene <0.01

Dibenz (a, h) 
anthracene <0.01

Indeno (1,2,3. cd) 
pyrene <0.01

Benzo (g,h,i) pyrene <0.01

BTEX, mg/kg <0.01 0.2 206

Benzene

USEPA 8260

<0.01 0.05 1

Toluene <0.01 0.05 130

Ethylbenzene <0.01 0.05 50

Xylene <0.01 0.05 25

Metal, mg/kg

Arsenic

APHA 3111C

<0.01 29 55

Iron 314.45 N/A N/A

Cadmium <0.01 0.8 12

Chromium 0 100 380

Vanadium <0.01 N/A N/A

Barium <0.01 200 625

Lead 0.11 85 530

Mercury <0.01 0.3 10

Microbial analysis 
CFUg-1

Total Heterotropic 
Bacteria (THB)

APHA 9221D

6.2 × 
107

N/A N/A

Hydrocarbon 
Utilizing Bacteria 
(HBU)

<1.0 × 
102

Total Heterotropic 
Fungi (THF)

4.0 × 
104

Hydrocarbon 
Utilizing Fungi 
(HBF)

<1.0 × 
102

Field id Depth (m) Analyte Expected 
concentration

Obtained 
concentration

Method blank 1 
(methanol) N/A BTEX <0.01 <0.01

Method blank 1 
(dcm:acetone) (1:1) N/A TPH/

PAH <0.01 <0.01

SS1
N/A TPH N/A N/A

N/A PAH N/A N/A

PQL: (TPH)- SOIL 0.1 mg/kg, (BTEX)- SOIL 0.01mg/kg, (PAH)- SOIL 0.1 mg/kg

Since the result of Total Petroleum Hydrocarbon (TPH) concentration, 
iron and lead show values considerably higher especially for soil 
and groundwater for samples collected on 13th August 2021. The results 
suggest that soil and groundwater quality at the time of sampling could 
adversely affect human health, ecosystem services, destroyed farmlands, 
fishponds, water wells, deprived farming families of vital income. 
All of these have the tendency of causing neurological impairments, 
anemia, kidney failure, immunosuppression, gastrointestinal and 
respiratory irritation, abnormalities of skeletal system, inflammation of 
liver, cancer of the liver, cardiovascular diseases after chronic exposure 
[29]. Furthermore, the effects of heavy metals on humans are affected by 
concentration, route of exposure, and duration of exposure. Heavy metals 
such as Lead (Pb), Cadmium (Cd), Arsenic (As), Manganese (Mn), and 
Mercury (Hg) have been linked to Parkinson’s disease-like neurological 
disorders. Inhaling Pb or Hg from an industrial setting has the potential to 
accumulate in brain cells and cause brain damage. Pb or Cd affects human 
behavior, cognitive deficits, and Intelligence Quotient (IQ). Heavy metal 
exposure may result in endocrine disruption and hormone-dependent 
human cancers (breast, prostate, and testicular cancers), abnormal sexual 
development, pituitary and thyroid function changes, and immune 
suppression. Epidemiological studies link chronic As exposure to an 
increase in the incidence of tumors such as neoplasms of the lungs, liver, 
and skin, coronary artery disease, infertility, and dementia. Pregnant women 
who have been exposed to Pb may experience preterm labor, 
stillbirth, dysplasia, upper and lower respiratory disease, and 
hypothyroidism. While there is also concern about the long time required 
for total biodegradation of various pollutant concentrations with their 
highly toxic low boiling point of aromatic hydrocarbons. High boiling point 
saturated aromatic hydrocarbons have the potential to interfere with aquatic 
organisms’ responses to chemical stimuli, such as sex attractants, with 
equally serious consequences. Similarly, the most dangerous aspect of this 
pollution and indeed all pollution is the problem of toxicant amplification 
since many of the components of crude oil are chemically stable and not 
readily metabolized or excreted once absorbed and are thus available at all 
times in the food chain. The high values of Total Petroleum Hydrocarbon 
(TPH), iron and lead concentration are a warning sign that all is not well 
and it’s an indication of the widespread nature of the problem and 
because some of these sites may have been polluted more than once, 
while filter feeders are widely eaten by the fishermen and also collected 
and sold in areas as far away as Yenagoa and nearby places. Thus, crude 
oil pollution kill fish, their food sources and fish larvae and damages the 
ability of fish to reproduce, causing both immediate damage and long-
term cumulative harm to fish stocks. In addition to its lethal effects, oil 
may cause death by inducing a state of narcosis in which animals 
become dislodged from substrate. In other organisms, oil coating may 
cause death by asphyxiation. The consequences of the various pollutants 
(TPH, BTEX,heavy metals, polychlorinated biphenyls and Microbials).
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Figure 2) The flow chart of the Soil and Groundwater Quality in Tein Community in Biseni Bayelsa State showing exposure to oil spillage pollution and health.

Soil and Groundwater
Quality in Tein Community
of Biseni in Bayelsa State

• Industrial waste e.g., oil
spillage, fall-off or unused
chemicals and raw
materials expired

Public/Environmental Health
Effects

• Skin Disorders – fungal
infection allergic dermatitis,
pruritis and skin cancer

• Respiratory Abnormalities
– bacterial upper respiratory
tracts infections
(pharyngitis, laryngitis and
rhinitis) chronic bronchitis
and asthma.

• Abnorminal and Intestinal
problem – bacterial
enceritis, helminthiasis,
amoebiasis, liver cancer,
kidney and renal failure.

• Dental Disorders – dental
carries and dental pain.

• Ear Infections – Otitis
media and bacterial
infections

• Skeletal Muscular Systems
– back pain

• Central Nervous System –
impairment of neurological
development, peripheral
nerve damage and
headaches.

• Eye Infections – allergic
conjunctivitis, bacterial eye
infections.

• Blood Disorders – Iron
deficiency anaemia.

• Individual vulnerabilities
and community specificity:
people with pre-existing
illnesses, or more vulnerable
individuals such as foetuses,
neonates and children will
be more sensitive than
healthy adults. Certain
communities are at higher
risk of exposure because of
their traditions and food
culture (e.g. geophagists),
socio-economic status and
proximity to pollution
sources.

• Others – malaria, chicken
pox, septic wounds and
congenital abnormalities,
cardiovascular diseases and

Routes of Exposure

These toxicants can be found in
air, water and soil. All can occur
separately or simultaneously and
could find their way into the
human body through:

• Inhalation – movement
of air from the external
environment through the
airways during breathing.

• Ingestion - the
consumption of a
substance by an organism
either man or animals.

• Dermal Absorption – the
movement and uptake of
substances into cells or
across tissues such as skin
by way of diffusion or
osmosis

Environmental Pollutants

• TPH
• PAH e.g., Naphthalene,

Acenaphthylene,
Acenaphthene, Fluorene,
Anthracene, Phenanthene,
Fluoranthene, Pyrene, Benzo(a)
anthracene, Chrysene, Benzo
(b) fluoranthene,
Benzo(k)fluoranthene,
Benzo(a)pyrene,
Dibene(a,b)anthracene,
Indeno(1,2,3,cd) pyrene,
Benzo(g,h,i)pyrene.

• BTEX Constituents e.g.,
Benzene, Toluene,
Ethylbenzene, Xylene.

• Inorganic Trace Constituents
e.g., Arsenic, Cadmium,
Chromium, Vanadium, Iron,
Lead, Barium, Mercury.

• Microbial e.g., Total
Heterotrophic Bacteria,
Hydocarbon Utilizing Bacteria,
Total Heterotrophic Fungi,
Hydocarbon Utilizing Fungi.
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causes untoward influences and its effect are very lasting. Not 
forgetting that the overall impact of pollution of this nature and 
magnitude incident on our ecosystem and human health is far more 
difficult to predict. Consequently, the complete recovery of the 
ecosystem may be prolonged for up to 20 years or more if immediate 
action is not taken. Meanwhile, if OBD-PLUS Microbial Consortium is 
used to bioremediate the hydrocarbon polluted soil, it could take less than 
20 years. Under the Nigerian oil industry regulations, oil spill sites should 
be rehabilitated. This means that the soil and water at those sites should be 
treated to deal with the impacts of pollution and restore them as far as 
possible to their normal state [31-40].

CONCLUSION

Oil spillage in Nigeria’s Niger Delta region knows no bounds. Contaminants 
can be found on every continent, even in the most remote areas, and they 
are easily transported from one country to the next. As a result of the oil 
company’s activities, thousands of different synthetic chemical compounds 
and naturally occurring elements with potential toxicity have been released 
into the Tein community environment. These contaminants can have 
residence times in the environment ranging from hundreds to thousands 
of years and are found all over the world. As a result, soil and surface water 
pollution has become one of the most serious threats to human health, but 
its consequences extend far beyond the dimensions and contaminants, as it 
can have irreversible consequences for human and ecosystem health, as well 
as severe economic losses, social inequities and jeopardize the achievement 
of the 2030 Agenda on Sustainable Development. Thus, in addition to 
the risk of disease and illness to the indigenous population living in the 
Tein Community, the impact of the oil spill has local, national, and global 
implications. As a result, proper compensation should be provided to the 
affected victims as a result of Agip oil company negligence. The claimants’ 
means of subsistence have been destroyed as a result of the Agip Oil spill. 
Furthermore, their health is jeopardized. They should be paid for their claim 
because some aspects of it are unquantifiable. As a result, there is a need to 
strengthen new protection pathways to address the growing needs of the Tein 
community in ways that are sustainable, politically viable, and resilient, as 
well as develop effective approaches to curb oil spills at a time when people 
have become more complex and the interplay of public health requires 
greater coordination and collaboration. Strengthening social cohesion and 
community resilience in increasingly diverse societies to adapt to rapid social 
change, including community crises; developing innovative, evidence-based, 
and politically feasible solutions to cross-cutting extractive industries policy 
challenges around the world; and expanding on its efforts to develop cutting-
edge policy approaches that recognize specific contexts, position systems for 
the future, and assist other oil spill affected communities. The following are 
some highlights:

• The relevant oil company have an urgent task ahead in closing
down wells in the Tein community, for the sake of population that
will be affected by oil spillage, because they live in oil spillage sites
and make use of polluted groundwater, also because the indigenous 
population breath in toxins released from gas flaring. Unless the
oil company act now, the growth of soil and surface water pollution 
is inevitable.

• In addition, Clear channels of communication are required
between the oil company and the community stakeholders to
ensure that timely, science-based information on the potential
threats posed by oil spill contaminants is available to community
and other stakeholders.

• Eventually, awareness on soil and groundwater quality and its
proper management should be created amongst public and school
children at the community levels by conducting several seminars,
short films, etc.

• Identification and assessment of risk at potentially polluted sites
is the essential first step in soil and water pollution management.
If contamination at a given site is at levels that can cause harm to
humans, information about such site should be collected at the
appropriate governmental level and made available to the public,
and remediation or risk minimization actions taken accordingly,
especially if the site is used for food production or as a water
reservoir for human consumption.

• Oil company domicile at Biseni in Bayelsa State should as a
matter of urgency begin the changing of all pipes in their oil fields

and should with other agencies carry out a comprehensive Joint 
Investigation Visit (JIV) report. 

• In addition, proper compensations should be given to the affected
victims due to the oil company negligence.

REFERENCES

1. Raimi MO, Ezekwe CI, Abiodun B. Statistical and multivariate
techniques to trace the sources of ground water contaminants and
affecting factors of groundwater pollution in an oil and gas producing
wetland in rivers state,nigeria. Medrxiv;2021.

2. Raimi MO, Sawyerr OH, Ezekwe CI et al . Toxicants in Water:
Hydrochemical Appraisal of Toxic Metals Concentration and Seasonal
Variation in Drinking Water Quality in Oil and Gas Field Area of Rivers 
State, Nigeria.2022.

3. Raimi OM, Sawyerr OH, Ezekwe CI et al. Many oil wells, one evil:
Potentially toxic metals concentration, seasonal variation and human
health risk assessment in drinking water quality in Ebocha-Obrikom Oil
and Gas Area of Rivers State, Nigeria. MedRxiv; 2021.

4. Raimi MO, Sawyerr OH, Ezekwe CI et al. Quality water not everywhere: 
Exploratory Analysis of Water Quality Across Ebocha-Obrikom Oil and
Gas Flaring Area in the Core Niger Delta Region of Nigeria.

5. Segun AA, Raimi MO. Investigating Source Identification and Quality
of Drinking Water In Piwoyi Community of Federal Capital Territory,
Abuja Nigeria.

6. Jacob OA, Anuoluwa OE, Raimi MO. Potential Toxic levels of Cyanide
and Heavy Metals in Cassava Flour Sold in Selected Markets in Oke
Ogun Community, Oyo State, Nigeria.

7. Sanchez DN, Knapp CW, Olalekan RM et al.  Oil Spills in the Niger
Delta Region, Nigeria: Environmental Fate of Toxic Volatile Organics.

8. Raimi MO, Sawyerr HO, Ezekwe CI et al. Quality Water, Not
Everywhere: Assessing the Hydrogeochemistry of Water Quality across
Ebocha-Obrikom Oil and Gas Flaring Area in the Core Niger Delta
Region of Nigeria. Pollution.2022;31;8(3):751-78.

9. Raimi, M. and Sawyerr, H.Preliminary Study of Groundwater Quality
Using Hierarchical Classification Approaches for Contaminated Sites
in Indigenous Communities Associated with Crude Oil Exploration
Facilities in Rivers State, Nigeria. Open J Yangtze Oil Gas(2022);124-48.

10. Raimi OM, Sawyerr OH, Ezekwe CI.Many oil wells, one evil:
comprehensive assessment of toxic metals concentration, seasonal
variation and human health risk in drinking water quality in areas
surrounding crude oil exploration facilities in rivers state, Nigeria. Int
J. 2022;6(1);23-42.

11. Adiama YB, Sawyerr OH, Opasola AO et al . Assessment of
Microbiological Quality of Ready to Eat Food Served in Ships Along
Warri, Koko and Port Harcourt Water Ways,Nigeria.2022;1(1):1-7.

12. Lateefat, H.M., Akenuwa, F., Adiama, Y.B. and Raimi, M.O., 2022.
Food for the Stomach Nourishing our Future: Assessment of Potassium
Bromate in Local and Packaged Bread Sold in Ilorin Metropolis.j
Microbio  Res.2022;6(1);1-7.

13. Habeeb ML, Opasola AO, Garba M et al. A Wake-Up Call: Determination 
of Antibiotics Residue Level in Raw Meat in Abattoir and Selected
Slaughterhouses in Five Local Government in Kano State, Nigeria. J Vet 
Heal Sci.2022;3(1);54-61.

14. Deinkuro NS, Charles WK, Raimi Mo et al. Environmental Fate of Toxic 
Volatile Organics from Oil Spills in the Niger Delta Region, Nigeria. Int  
J Environt, Eng Edu.2021;3(3);89-101.

15. Afolabi Abiodun Segun, Raimi Morufu Olalekan.When Water Turns
Deadly: Investigating Source Identification and Quality of Drinking
Water in Piwoyi Community of Federal Capital Territory, Abuja Nigeria.
J Chem. 2021;1;38-58

16. Raimi MO, Abiola I, Alima O et al. Exploring How Human Activities
Disturb the Balance of Biogeochemical Cycles: Evidence from
the Carbon, Nitrogen and Hydrologic Cycles. Nit Hydro Cycles.
2017;9(8);23-44.

17. Okoyen E, Raimi MO, Omidiji AO et al. Governing the Environmental

https://www.medrxiv.org/content/10.1101/2021.12.26.21268415.abstract
https://www.medrxiv.org/content/10.1101/2021.12.26.21268415.abstract
https://www.medrxiv.org/content/10.1101/2021.12.26.21268415.abstract
https://www.medrxiv.org/content/10.1101/2021.12.26.21268415.abstract
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4041986
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4041986
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4041986
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4041986
file:///C:\Users\pulsus\Desktop\QCE\Back Up\Q1\august\5\medrxiv.org\content\10.1101\2021.11.06.21266005v1
file:///C:\Users\pulsus\Desktop\QCE\Back Up\Q1\august\5\medrxiv.org\content\10.1101\2021.11.06.21266005v1
file:///C:\Users\pulsus\Desktop\QCE\Back Up\Q1\august\5\medrxiv.org\content\10.1101\2021.11.06.21266005v1
file:///C:\Users\pulsus\Desktop\QCE\Back Up\Q1\august\5\medrxiv.org\content\10.1101\2021.11.06.21266005v1
https://assets.researchsquare.com/files/rs-953146/v1/dbab5dce-07b2-43d8-b0b5-0b2d3c08f259.pdf?c=1633362602
https://assets.researchsquare.com/files/rs-953146/v1/dbab5dce-07b2-43d8-b0b5-0b2d3c08f259.pdf?c=1633362602
https://assets.researchsquare.com/files/rs-953146/v1/dbab5dce-07b2-43d8-b0b5-0b2d3c08f259.pdf?c=1633362602
https://assets.researchsquare.com/files/rs-658748/v1/c5f867d4-20b6-4daf-9268-f47975f70a38.pdf?c=1631885778
https://assets.researchsquare.com/files/rs-658748/v1/c5f867d4-20b6-4daf-9268-f47975f70a38.pdf?c=1631885778
https://assets.researchsquare.com/files/rs-658748/v1/c5f867d4-20b6-4daf-9268-f47975f70a38.pdf?c=1631885778
https://assets.researchsquare.com/files/rs-654453/v1/0c709dc2-8ce2-44df-b83b-c6598609e10d.pdf?c=1631885328
https://assets.researchsquare.com/files/rs-654453/v1/0c709dc2-8ce2-44df-b83b-c6598609e10d.pdf?c=1631885328
https://doi.org/10.21203/rs.3.rs-654453/v1
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4124546
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4124546
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4124546
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4124546
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4088965
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4088965
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4088965
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4088965
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4037709
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4037709
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4037709
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4037709
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4062595
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4062595
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=4062595
file:///C:\Users\UGT0305\Downloads\SSRN-id4062595.pdf
file:///C:\Users\UGT0305\Downloads\SSRN-id4062595.pdf
https://www.biorxiv.org/content/10.1101/2022.01.04.474991v1.abstract
https://www.biorxiv.org/content/10.1101/2022.01.04.474991v1.abstract
https://www.biorxiv.org/content/10.1101/2022.01.04.474991v1.abstract
http://ijeedu.com/index.php/ijeedu/article/view/64
http://ijeedu.com/index.php/ijeedu/article/view/64
https://www.scipublications.com/journal/index.php/ojc/article/view/87
https://www.scipublications.com/journal/index.php/ojc/article/view/87
https://www.scipublications.com/journal/index.php/ojc/article/view/87
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3721724


Olalekhan, et al

6 J Environ Chem Toxicol Vol 6 No 4 July 2022

Impact of Dredging: Consequences for Marine Biodiversity in the Niger 
Delta Region of Nigeria. Insights Mining Science and Technology. 
2020;30;2(3):555586.

18. Raimi MO, Odipe OE, Anu B ET AL. Leaving No One Behind?
Drinking Water Challenge on the Rise in Niger Delta Region of Nigeria: 
A Review. Drinking Water Challenge on the Rise in Niger Delta Region 
of Nigeria: Rev.2020.

19. Suleiman RM, Raimi MO, Sawyerr OH. A deep dive into the review of
national environmental standards and regulations enforcement agency
(NESREA) act. Int Res J Appl Sci.2019:2663-5577.

20. Raimi MO, Adedotun AT, Emmanuel OO et al. An analysis of bayelsa
state water challenges on the rise and its possible solutions. Acta
Scientific Agriculture. 2019;3;110-25.

21. Olalekan RM, Adedoyin OO, Ayibatonbira A, et al. “Digging deeper”
evidence on water crisis and its solution in Nigeria for Bayelsa state: a
study of current scenario. Int J Hydrol;2019;3(4):244‒257.

22. Sawyerr HO, Raimi MO, Adeolu AT et al.Measures of Harm from Heavy 
Metal Pollution in Battery Technician within Ilorin Metropolis, Kwara
State, Nigeria. Commun Soc Media.2019;28:2576-5388.

23. Edna Ateboh P, Raimi MO. Corporate civil liability and compensation
regime for environmental pollution in the Niger Delta. Int J Geogr Inf
Sci 2018;5(06):3870-93.

24. Raimi MO, Nimisngha D, Odipe OE, et al. Health risk assessment
on heavy metals ingestion through groundwater drinking pathway for
residents in an oil and gas producing area of Rivers State, Nigeria. Open 
J Yangtze Oil Gas. 2018;3:191-206.

25. Raimi MO, Ezugwu SC. Influence of organic amendment on microbial
activities and growth of pepper cultured on crude oil contaminated
Niger delta soil. Int J Econ Energy Environ. 2017;2(4):56-76.

26. Raimi Morufu Olalekan, Sabinus Chibuzor Ezugwu. An Assessment of
Trace Elements in Surface and Ground Water Quality in the Ebocha-
Obrikom Oil and Gas Producing Area of Rivers State, Nigeria. Int J Sci
Eng Res.8(6),ISSN:2229-5518.

27. Raimi MO, Pigha TK, Owobi OE. Water-Related Problems And Health
Conditions In The Oil Producing Communities In Central Senatorial
District Of Bayelsa State. Imp J Interdiscip Res. 2017;3(6). Raimi MO,
Ezekwe CI, Sawyerr HO.

28. Raimi MO. 21st Century emerging issues in pollution control. 6th
Global Summit and Expo on Pollution Control.2019 Amsterdam.

29. Raimi MO, Samson TK, Ajayi BS, et al. Air of Uncertainty from
pollution profiteers: Status of ambient air quality of sawmill industry in

Ilorin Metropolis, Kwara State, Nigeria.

30. Ajibola AF, Raimi MO, Steve-Awogbami OC, et al. Policy Responses 
to Addressing the Issues of Environmental Health Impacts of Charcoal 
Factory in Nigeria: Necessity Today; Essentiality Tomorrow. SSRN. 
2020:2576-5388.

31. Raimi MO, Adio Z, Emmanuel OO, et al. Impact of Sawmill Industry on 
Ambient Air Quality: A Case Study of Ilorin Metropolis, Kwara State, 
Nigeria. SSRN;3(1).

32. Jacob OA, Anuoluwa OE, Raimi MO. Potential Toxic levels of Cyanide 
and Heavy Metals in Cassava Flour Sold in Selected Markets in Oke 
Ogun Community, Oyo State, Nigeria. Res Sq.

33. Ebuete Abinotami Williams, Raimi Morufu Olalekan, Ebuete Ibim 
Yarwamara, et al. Renewable Energy Sources for the Present and Future: 
An Alternative Power Supply for Nigeria. Energy Earth Sci. 2019;2(2)

34. Olalekan RM. Ihuoma Blossom Adindu, Esther Onyinyechi Udensin, 
et al. 2020 Health Impact Assessment: Expanding Public Policy Tools 
for Promoting Sustainable Development Goals (SDGs) in Nigeria. EC 
Emergen Med Crit Care. 2020;4.

35. Raimi MO. A review of environmental, social and health impact 
assessment (Eshia) practice in Nigeria: a panacea for sustainable 
development and decision making. MOJ Public Health. 2020;9(3-2020). 

36. Habeeb LM, Olaniyi OA, Yusu AB, et al. Elixirs of Life, threats to 
Human and Environmental Well-being: Assessment of Antibiotic 
Residues in Raw Meat Sold Within Central Market Kaduna Metropolis, 
Kaduna State, Nigeria. BioRxiv. 2022.

37. Raimi MO. A Critical Review of Health Impact Assessment: Towards 
Strengthening the Knowledge of Decision Makers Understand 
Sustainable Development Goals in the Twenty-First Century: Necessity 
Today; Essentiality Tomorrow.  SSRN. 2020:2652-3655.

38. Raimi MO, Oluwatoyin OA, Olalekan A. Health impact assessment: A 
tool to advance the knowledge of policy makers understand sustainable 
development goals: A review. SSRN. 2020;1(1):1002.

39. Raimi MO, Tuebi M, Okoyen E, et al. A Beacon for Dark Times: 
Rethinking Scientific Evidence for Environmental and Public Health 
Action in the Coronavirus Diseases 2019 Era. 2019. SSRN.

40. Vivien OT, OBAFEMI AA, EMENIKE GC. Analysis of Women’s 
Participation in Agriculture in Selected States in Niger Delta, 
Nigeria.2019.

https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3721724
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3721724
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3591111
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3591111
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3591111
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3591111
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3498797
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3498797
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3498797
file:///C:\Users\UGT0305\Downloads\SSRN-id3454661.pdf
file:///C:\Users\UGT0305\Downloads\SSRN-id3454661.pdf
file:///C:\Users\UGT0305\Downloads\SSRN-id3454661.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3395232
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3395232
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3395232
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3215036
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3215036
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3216025
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3216025
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3216025
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3155463
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3155463
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3155463
https://www.ijser.org/onlineResearchPaperViewer.aspx?AN-ASSESSMENT-OF-TRACE-ELEMENTS-IN-SURFACE-AND-GROUND-WATER-QUALITY-IN-THE-EBOCHA-OBRIKOM-OIL-AND-GAS-PRODUCING-AREA-OF-RIVERS-STATE-NIGERIA.pdf
https://www.ijser.org/onlineResearchPaperViewer.aspx?AN-ASSESSMENT-OF-TRACE-ELEMENTS-IN-SURFACE-AND-GROUND-WATER-QUALITY-IN-THE-EBOCHA-OBRIKOM-OIL-AND-GAS-PRODUCING-AREA-OF-RIVERS-STATE-NIGERIA.pdf
https://www.ijser.org/onlineResearchPaperViewer.aspx?AN-ASSESSMENT-OF-TRACE-ELEMENTS-IN-SURFACE-AND-GROUND-WATER-QUALITY-IN-THE-EBOCHA-OBRIKOM-OIL-AND-GAS-PRODUCING-AREA-OF-RIVERS-STATE-NIGERIA.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3108032
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3108032
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3108032
file:///C:\Users\UGT0305\Downloads\results_of_the_unep_foresight_process_on_emerging_environmental_issues.pdf
file:///C:\Users\UGT0305\Downloads\results_of_the_unep_foresight_process_on_emerging_environmental_issues.pdf
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3894626
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3894626
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3894626
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3622937
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3622937
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3622937
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3586971
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3586971
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3586971
https://assets.researchsquare.com/files/rs-658748/v1/c5f867d4-20b6-4daf-9268-f47975f70a38.pdf?c=1631885778
https://assets.researchsquare.com/files/rs-658748/v1/c5f867d4-20b6-4daf-9268-f47975f70a38.pdf?c=1631885778
https://assets.researchsquare.com/files/rs-658748/v1/c5f867d4-20b6-4daf-9268-f47975f70a38.pdf?c=1631885778
http://www.scholink.org/ojs/index.php/ees/article/view/2124
http://www.scholink.org/ojs/index.php/ees/article/view/2124
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3686075
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3686075
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3634716
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3634716
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3634716
https://www.biorxiv.org/content/10.1101/2022.01.04.474997.abstract
https://www.biorxiv.org/content/10.1101/2022.01.04.474997.abstract
https://www.biorxiv.org/content/10.1101/2022.01.04.474997.abstract
https://www.biorxiv.org/content/10.1101/2022.01.04.474997.abstract
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3628738
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3628738
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3628738
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3628738
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3560365
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3560365
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3560365
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3708064
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3708064
https://papers.ssrn.com/sol3/papers.cfm?abstract_id=3708064
http://seahipaj.org/journals-ci/june-2019/IJISSHR/full/IJISSHR-J-8-2019.pdf
http://seahipaj.org/journals-ci/june-2019/IJISSHR/full/IJISSHR-J-8-2019.pdf
http://seahipaj.org/journals-ci/june-2019/IJISSHR/full/IJISSHR-J-8-2019.pdf

