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Abstract

Dumpsite-induced groundwater contamination remains a pressing environmental and
public health issue in urban and peri-urban areas of Nigeria. Leachate infiltration from
poorly managed waste disposal sites poses severe threats to aquifer integrity and potable
water safety. Given the rapid urban expansion and lack of engineered landfill systems, there
is an urgent need to evaluate subsurface pollution patterns using non-invasive geophysical
techniques. This study aimed to delineate leachate migration patterns and assess the
vulnerability of groundwater resources in the vicinity of selected dumpsites within the
Port Harcourt metropolis using electrical resistivity methods. It further sought to compare
the extent of subsurface contamination across multiple locations and provide scientific
justification for sustainable waste and water resource management. A total of ten dumpsites
(Eliozu, Rumuolumeni, Choba, Eneka, Rumepirikom, Rumuagholu, Sasun, Oyigbo,
Rumuola, and Eleme) were investigated using Vertical Electrical Sounding (VES) and 2D
Electrical Resistivity Tomography (ERT). Schlumberger electrode configurations were
employed to generate pseudo-sections and resistivity inversion models. Data interpretation
focused on identifying zones of low resistivity associated with leachate-impacted layers.
These geophysical outputs were correlated with established hydrological models and
previous studies on dumpsite-induced contamination. The geoelectric models revealed
varying degrees of subsurface contamination across all sites. Low resistivity zones (as low
as 0.3-6.84 Qm) were identified at shallow to intermediate depths (1-20 m), confirming
leachate infiltration into sandy and clayey formations. Sites like Rumuola and Eliozu
exhibited deep contamination profiles, reaching 24 m and 20 m, respectively. In contrast,
Oyigbo and Rumuolumeni showed shallower contamination (2—6 m), indicating either
newer waste deposits or more resistive soil matrices. High resistivity layers (>1000 Qm),
interpreted as potential aquifers, were generally found at depths exceeding 14 m, often
beneath the contaminated zones. The findings confirm the widespread vertical and lateral
migration of leachate plumes from open dumpsites into the subsurface, threatening the
integrity of underlying aquifers. Electrical resistivity profiling proved effective in identifying
contamination hotspots and mapping pollution pathways. The spatial heterogeneity in
leachate penetration highlights the role of local geology and hydrology in influencing
contaminant behavior. Based on the findings, it is recommended that immediate remediation
efforts be prioritized at dumpsites with deeper leachate infiltration, such as Rumuola and
Eliozu, through the installation of engineered liners and leachate recovery systems to curb
further contamination. Borehole drilling for potable water should be strategically planned
to avoid vulnerable zones, targeting deeper, uncontaminated aquifer layers. Government
and environmental agencies should institutionalize routine groundwater monitoring in
communities surrounding dumpsites to detect early signs of pollution. Additionally,
transitioning from open dumping to sanitary landfilling with appropriate environmental
safeguards must be enforced through updated waste management policies, supported by
public awareness campaigns and infrastructure investments aimed at sustainable waste
disposal practices. The presence of leachate-impacted zones within shallow aquifers poses
serious risks for public health, including exposure to toxic metals, pathogens, and organic
pollutants. Consumption of groundwater from these zones can lead to chronic illnesses,
reproductive disorders, and developmental toxicity. Protecting groundwater in waste-
impacted areas is therefore a critical component of environmental health policy.
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Introduction

Port Harcourt’s uncontrolled urban and industrial development
in recent decades has spurred economic activity at a significant
cost. Now, unregulated dumpsites pockmark the landscape, in most
instances within meters of homes. These dumpsites leach toxins
that endanger groundwater, the lifeline of the local populations that
rely on boreholes and wells. Rather obviously, investigating how far
these toxins penetrate underground can no longer be discretionary.
Groundwater energizes daily life in Port Harcourt. Over 60 % of
Nigerians depend on it, and dependence is possibly higher here
due to its shallow Niger Delta aquifers.''® However, studies say
borehole water near dumpsites contains heavy metals i.e., cadmium,
lead, zinc, iron, copper, as well as nutrients and elevated electrical
conductivity, all exceeding WHO and Nigerian standards.!'™'> That
contamination endangers human health and ecosystem balance.!*!8
Research confirms those suspicions. Eseyin and Osu' measured
physicochemical parameters around Port Harcourt dumpsites and
noted that pollutants, i.e., TDS, BOD, COD, EC, nutrients, and heavy
metals, attenuate with distance from the dump, yet remain above safety
levels in the adjacent boreholes. Nwachukwu et al.?® added spatial
nuance: lead slightly exceeded standards at 50 m and 100 m from the
Aluu dumpsite, even though overall water quality remained “good
to very good” hinting at a distance-based contamination gradient
without examining depth. Amadi et al.?! took a step deeper, sampling
groundwater at 10 m below Mbodo-Aluu and found acidic pH (~4.2),
elevated nitrate (56 mg/L), and high cadmium (0.86 mg/L), nickel
(0.42 mg/L), and lead (0.017 mg/L). That clearly shows downward
leachate movement.

Yet as with other studies, the sampling lacks systematic depth
profiling across layers. Knowing the depth of contamination matters
when designing boreholes and mapping risk. Oyelami et al.?> added
radiometric data. Their leachate samples from dumpsites showed
heavy metals (Fe, Cu, Cd, Pb, Cr, Zn, Ni) well above WHO limits
and some radioactive isotopes. They warned of risk to groundwater
and surface water, yet they didn’t sample boreholes at multiple
depths. Alaye et al.?® examined seasonal variation. In rainy versus
dry season, they found Fe, Cu, Mn, Pb, As, Ni above NSDWQ in
boreholes near dumpsites. Health risk assessment flagged elevated
Pb risk for females, As risk for children in rainy season. But again,
no depth variation was captured. These findings resonate with studies
from other polluted areas of Nigeria, like Osun and Bayelsa States.
Raimi et al.! and Awogbami et al.>* demonstrated how hydrocarbon
contamination, industrial waste, and artisanal mining raise toxic
metal concentrations in surface and groundwater, increasing health
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risks for local populations. In a related context, Clinton-Ezekwe et
al.” documented significant heavy metal contamination in Mgbede
oil fields, showing a clear link between pollution sources and water
quality degradation. These works emphasize that leachate pollution
is often not only chemical but biological, posing dual threats
through heavy metals and pathogenic microbes. Moreover, the Niger
Delta’s unique hydrogeology and seasonal hydrodynamics influence
pollutant transport pathways. Raimi et al.,'!'* Morufu et al. 1
Olalekan et al.’’ and Fubara et al.,>*?%?’ Evans et al.?® revealed that
contaminant mobility, biogeochemical transformations, and aquifer
vulnerability vary markedly between rainy and dry seasons. Their
use of geostatistics and multivariate techniques further highlights the
complexity of tracing pollution sources and predicting exposure risks.

Despite these advances, most assessments overlook vertical
stratification, an omission that hampers effective borehole siting
and protection strategies. All these works underscore the problem:
dumpsites raise groundwater contamination, especially with heavy
metals. As they link to SDG 6 (safe water) and SDG 11 (sustainable
urban infrastructure). However, they share a critical gap, nearly all
focus on shallow sampling or single-depth points, without revealing
how deep contaminants penetrate. That matters if your borehole
reaches deeper aquifers. While, it is still debatable how contaminants
distribute vertically beneath dumpsites in Port Harcourt. Seasonal
trends, depth gradients, and complex pollutant mixes (heavy metals,
pathogens, and organics) remain unexplored. This study fills that gap
by collecting groundwater samples at multiple depths across several
dumpsites, profiling key contaminants, comparing with WHO/
NSDWQ guidelines, and analyzing horizontal and vertical spread.
That will support SDG 6 by targeting clean water sources and SDG 11
by informing safer urban waste-water management. Thus, this study
aims to assess how contaminants vary with depth in groundwater
beneath selected dumpsites in Port Harcourt. It focuses on measuring
heavy metals like lead, cadmium, and mercury, microbial pathogens
such as E. coli, and organic pollutants including hydrocarbons. By
sampling groundwater at multiple depths, the research will evaluate
how contaminants spread horizontally and vertically in relation
to dumpsite proximity and local hydrogeology. Overall, the study
seeks to generate evidence that can support improved groundwater
protection under Sustainable Development Goals 6 and 11, which call
for safe water access and more sustainable urban waste practices.

Materials and methods

Study design

This study adopted a quasi-experimental research design to evaluate
the impact of municipal solid waste dumpsites on groundwater quality
across Port Harcourt, Nigeria. The design enabled the comparison of
groundwater conditions at varying distances from each dumpsite,
thereby providing insights into vertical and lateral leachate migration.
Investigations were carried out during both rainy and dry seasons
to understand seasonal dynamics in contaminant dispersal. Each
site was assessed using both geophysical resistivity surveying and
physicochemical/microbiological water analyses.

Study area and sampling sites

The study was conducted across ten active municipal dumpsites
and two supplementary locations in Port Harcourt and its environs,
including Eliozu, Rumuolumeni, Choba, Eneka, Rumepirikom,
Rumuagholu, Sasun (Trans-Amadi), Oyigbo, and Eleme (Figure 1).
Three boreholes were selected per site at radial distances of 200m,
400m, and 600m from the dumpsites to evaluate spatial variation in
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groundwater contamination. Each location was geo-referenced using a
Garmin GPSMAP 64s, ensuring +3m spatial accuracy. The sites were
underlain predominantly by the Benin Formation, a high-permeability
aquifer system that heightens vulnerability to surface contaminants.
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Figure | Map of the study Area showing Sampling Locations.
Geophysical survey

To assess subsurface conditions, Vertical Electrical Sounding
(VES) using the Schlumberger array configuration was performed.
A total of 10 VES points were executed at each site. The ABEM
SAS 300B Terrameter was used with stainless steel electrodes,
and measurements were taken at increasing electrode spacings (up
to 100m) to profile resistivity changes with depth. This technique
enabled the detection of leachate plumes based on their characteristic
low resistivity signatures in comparison to background geological
formations. Control VES points were also conducted at 200m and
400m distances from each dumpsite for baseline comparison.

Hydrogeological and environmental context

The region experiences high annual rainfall (>2500mm), low relief
(<20m above sea level), and a shallow water table (<10m), creating
conditions conducive to contaminant percolation. Soil types ranged
from sandy loams to poorly drained clayey alluvium, influencing the
degree of percolation and runoff. Vegetation included remnants of
rainforest, freshwater swamps, and oil palm plantations, with drainage
systems discharging into the Bonny and New Calabar Rivers.”

Data collection
Site selection

A stratified random method was used to select ten functional
dumpsites based on size, waste volume, and surrounding well density,
following criteria used in similar hydrogeological risk assessments.*
At each site, three sampling points were positioned radially at 200 m,
400 m, and 600 m.

Field sampling procedure
Pre-sampling:

Sampling bottles (HDPE for metal ions, borosilicate for organics)
were acid-washed with 10% HNOs, then rinsed three times with
18.2 MQcm deionized water to eliminate residual ions.>' Wells were
purged using a stainless-steel bailer for 3-5 volumes to flush out
stagnant water.
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Sample collection and preservation:

L. Physicochemical parameters: Water was collected in 1 L HDPE
containers. In-situ pH and EC measurements were performed
immediately using a Hach HQ40D multiprobe calibrated before
each field campaign.

II. Heavy metals: Water samples were acidified with ultrapure HNOs
to pH <2 to stabilize analytes and prevent wall adsorption.’!

III. Microbiological samples: Collected in pre-sterilized bottles
containing sodium thiosulfate to neutralize residual chlorine,
then stored on ice (4 °C) and analyzed within 6 hours of
collection.’

Geolocation:

All sampling sites were georeferenced using a Garmin GPSMAP
64s (£3 m accuracy, WGS84 datum). Elevation data were logged
to assess topographic influences on groundwater flow and potential
leachate pathways.*

Secondary data sources

Reviewed hydrogeological studies relevant to the Niger Delta
region was conducted to obtained baseline data from the Rivers
State Ministry of Environment, and accessed archived reports on
water quality and land use provided by the Niger Delta Development
Commission (NDDC).

Laboratory analysis

All analytical procedures adhered to standard methods outlined by
the American Public Health Association®' and were conducted in ISO/
IEC 17025-accredited laboratories.

Physicochemical Parameters

I. pH and EC: Measured using calibrated electrometric probes
(Hanna HI98107) and standardized buffer solutions (pH 4.01,
7.01,10.01).

II. TDS: Determined gravimetrically after evaporating filtered
samples at 180 °C (APHA Method 2540C).

II1. Heavy metals (Pb, Fe, Mn, Cu, Zn): Quantified via Flame
Atomic Absorption Spectrophotometry (PerkinElmer PinAAcle
900T), with detection limits ranging from 0.01-0.1 mg/L.
Quality assurance was ensured using NIST-certified reference
material SRM 1643e, with acceptable recovery between 92—
107% (ISO 17294-2:2016).

Microbial parameters

Escherichia coli counts were assessed using membrane filtration
(0.45 pm cellulose acetate filters) on m-FC agar, incubated at 44.5 °C
for 24 h, in line with APHA Method 9222B and WHO microbial water
quality guidelines.*

QA/QC Measures

I. Field blanks: Comprised 10% of the total sample pool,
confirming minimal cross-contamination.

II. Replicates: Duplicate samples were processed in parallel,
showing <5% RPD.

III. Instrument calibration: Carried out after every 10 samples,
using multi-point calibration curves (R? > 0.999).
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Statistical methods

Statistical analysis, including ANOVA and Tukey’s HSD, was
conducted using SPSS v26 to test differences in contaminant levels by
distance and season. Principal Component Analysis (PCA) was done
in R (v4.3.1) to identify major pollution sources. Spatial interpolation
using Inverse Distance Weighting (IDW) in ArcGIS 10.8 produced
contamination maps and vulnerability heatmaps. Moran’s 1 was
computed in QGIS v3.28 to evaluate spatial autocorrelation.

Geospatial analysis

I. Spatial interpolation was performed using Inverse Distance
Weighting (IDW) in ArcGIS 10.8 to model contaminant plumes.

II. Buffer analyses determined the extent of zones exceeding WHO
guideline thresholds.

III. Moran’s I statistic was computed to test spatial autocorrelation
using QGIS v3.28.

Software
I. SPSS v26: Inferential statistics.

II. R v4.3.1: Principal Component Analysis (PCA) to identify
source patterns.

II1. QGIS v3.28: Spatial visualization and autocorrelation analysis.
Ethical considerations

Field blanks and duplicate samples (10%) were used to ensure
accuracy, and all instruments were calibrated using multi-point
standard curves (R? > 0.99). All field activities adhered to the Nigeria
Standard for Drinking Water Quality (NSDWQ, 2007) and WHO
guidelines. Ethical consent was obtained verbally from all well owners
prior to sampling. This integrated methodology effectively addressed
the study’s objectives: characterizing vertical/lateral leachate
migration, seasonal contaminant variations, spatial vulnerability, and
comparing resistivity-based geophysical profiles with hydrochemical
evidence.

Results

The resistivity profile presented in Figure 2 depicts a geophysical
survey result conducted at the Eliozu dumpsite, aimed at assessing the
extent of subsurface contamination. The curve indicates a three-layer
stratification, consistent with an H-type resistivity pattern, where a
conductive middle layer is sandwiched between two more resistive
layers. The topmost layer, with a moderate resistivity of 10.4 Qm,
likely represents lateritic soil, which may have been partially affected
by surface-level contamination. The sharp decrease in resistivity to
0.443 Qm in the second layer strongly suggests significant infiltration
of conductive fluids, most plausibly leachate from the dumpsite
into a sandy-clay matrix. This layer, extending from approximately
24 m to 20 m in depth, indicates the zone most impacted by
subsurface pollution. The third layer reveals a substantial increase in
resistivity to 1047 Qm, indicating a transition to a more competent
and likely impermeable geological unit such as basement rock or
consolidated sandstone, effectively halting the downward migration
of contaminants. This geophysical evidence underscores the need for
urgent environmental management at the dumpsite, especially since
the leachate plume has penetrated a considerable depth, potentially
threatening nearby shallow groundwater resources. The data not only
provides a basis for targeted remediation but also serves as a model for
similar landfill investigations where assessing vertical contamination
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spread is essential for protecting human health and groundwater
integrity.
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Figure 2 VES of Eliozu Dumpsite Researcher’s analysis 2020.

Figure 3 presents both the pseudo and interpreted resistivity cross-
sections for the Eliozu dumpsite, surveyed during the rainy season.
The pseudo-section (top) displays apparent resistivity distribution
with pronounced low-resistivity anomalies (1.87-2.85 Qm) extending
from approximately 2 m to over 19 m depth, especially towards the
western section of the profile. These zones, represented by black
and dark blue shades, signify areas with high moisture content or
contamination, likely due to the infiltration of leachate over time.
The gradational transition into green, yellow, and pink tones toward
the eastern portion suggests reduced contamination or different
lithological characteristics, with resistivity values gradually increasing
up to 43.3 Qm. The resistivity cross-section (bottom) reveals a more
resolved subsurface interpretation composed of discrete geoelectric
layers. A thin upper layer in the western part shows extremely low
resistivity (0.445 Qm), indicating heavily saturated or leachate-
impacted soil. Beneath this, the resistivity increases significantly
(1047-1420 Qm), suggesting a compact, less permeable formation
that likely limits vertical contaminant migration. Toward the eastern
flank, intermediate zones (7.47 Qm, 872 Qm) suggest partially
affected or variably conductive materials, while deeper zones with
resistivity exceeding 3000 Qm may correspond to dry, resistive
bedrock or highly consolidated formations. This delineation is vital
for understanding the extent and direction of leachate transport, and
it provides critical input for groundwater protection strategies and
remediation planning at the site.
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Figure 3 Pseudo section and Resistivity section of Eliozu Dumpsite.
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Figure 4 illustrates the resistivity sounding curve for the
Rumuolumeni dumpsite along Profile 1. The curve exhibits an H-type
configuration, indicative of a three-layer subsurface structure. The
first layer, characterized by a resistivity value of 9.65 Qm, represents
the near-surface material, likely composed of lateritic or sandy soil
with minimal contamination. A significant drop in resistivity to 0.49
Qm is observed in the second layer, extending from approximately
0.67 m to just over 1.7 m depth. This pronounced reduction signals
the presence of highly conductive material likely a leachate-saturated
zone suggesting substantial infiltration of waste-derived fluids into
this shallow subsurface layer. Beneath this, the third layer shows a
notable increase in resistivity to 3.57 Qm, implying a transition into
a less contaminated or more consolidated formation. This upward
trend indicates that the leachate infiltration is likely confined to the
intermediate zone and does not extend significantly deeper. The
relatively low RMS error (2.46%) confirms a good fit between the field
data and the interpreted model. This geoelectrical characterization
is crucial for understanding vertical contaminant migration and
highlights the importance of monitoring and mitigating subsurface
pollution to protect underlying groundwater resources in the area.

A RMS=2.46%
N| 1 | 2 | 3 | | | |

9.65 0.49 3.57
h | 0.679 1.07
d | 0.679 1.75
Alt |-0.679 [ 9i

Figure 4 VES Curve of Rumuolumeni Dumpsite.
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The Figure 5 below presents the pseudo cross-section and the
interpreted resistivity cross-section of the Rumuolumeni dumpsite,
providing insights into subsurface resistivity distribution and
potential zones of contamination. The pseudo cross-section reveals
a low resistivity zone (1.3-3.87 Qm) occurring between depths of
approximately 2.5 m and 10 m, indicative of leachate infiltration from
surface waste materials. This accumulation of leachate, which is more
pronounced between 14 m and 20 m depths, suggests a downward
migration of contaminants, potentially affecting underlying aquifers.
These resistivity values are consistent with saturated or polluted
zones, underscoring the vulnerability of the subsurface to pollution,
especially in areas with shallow groundwater systems. The resistivity
cross-section further delineates the geological stratification of the
subsurface. The uppermost layer in the rainy and dry seasons has
moderate resistivity values (60.2 Qm and 9.65 Qm respectively), likely
representing contaminated topsoil. A significantly lower resistivity
in the second layer (1.6 Qm and 0.49 Qm) indicates zones where
contaminants have pooled, typically within fine-grained sand layers
that can retain leachate. Contrastingly, the third layer in the rainy
season exhibits a very high resistivity value (>1000 Qm), suggesting
a clean, coarse sandy formation suitable for groundwater extraction.
However, the same layer in the dry season has a resistivity of 3.57
Qm, implying a possible seasonal shift in saturation or contamination.
These findings are critical for environmental monitoring and
groundwater management, especially for preventing the spread of
pollutants and ensuring the safety of nearby potable water sources.
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Figure 5 Pseudo/Resistivity section of Rumolumeni Dumpsite.

Figure 6 illustrates a resistivity sounding curve from the Rumuola
Dumpsite, showing the characteristic H-type response with three
distinct subsurface layers. The first layer, indicated by a relatively
high resistivity value of approximately 49.2 Qm, corresponds to a
lateritic topsoil extending to a depth of roughly 4.47 meters. This
layer likely represents unsaturated or less-impacted material. The
second layer reveals a sharp drop in resistivity to 6.84 Qm, suggesting
the presence of a saturated, leachate-impacted sandy zone that
facilitates fluid movement. This zone spans a thickness of about 9.77
meters, reaching depths where contamination is likely concentrated
due to percolation. The third layer, with a significantly elevated
resistivity of 1122 Qm, indicates the presence of a more resistive
material, such as clean, coarse sand or gravel, which is typical of
aquiferous formations. This resistivity rise implies a transition into
a more competent, less contaminated layer that may offer potential
for groundwater development. However, the depth of this layer,
beginning at approximately 14.2 meters, underscores the necessity
for proper site assessment before exploitation. The model’s low RMS
error (1.01%) indicates a good fit between observed and calculated
data, enhancing confidence in the interpretation. This geoelectrical
signature is crucial for evaluating subsurface integrity and assessing
risks to groundwater resources in areas impacted by waste disposal.

s

Figure 6 VES Curve of Rumuola Dumpsite.

The Figure 7 illustrates both the pseudo and resistivity cross-
sections of the Rumuola borrow pit area, which has been historically
used for waste disposal. In the pseudo cross-section, the uppermost
zone (approximately 0-3.2 m) exhibits notably low resistivity values
ranging between 8.22 Qm and 10 Qm, indicative of high moisture
content and probable leachate infiltration. A widespread green zone,
extending to depths of over 30 m, signifies a permeable sandy formation
that likely acts as a conduit for downward contaminant migration.
This directional flow pattern aligns with expected subsurface leachate
transport influenced by hydrological gradients and the porous nature of
the host sediments. In the corresponding resistivity model, a tripartite
geologic structure is evident. The surface layer shows moderate
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resistivity (49.2 Qm), suggesting lateritic sand with minimal impact
from contamination. Beneath this, a lower resistivity zone (6.84 Qm)
marks a leachate-impacted stratum, supporting the interpretation
of pollutant accumulation. The final layer, characterized by high
resistivity values (1122-1207 Qm), reflects a dense, coarse sandy
deposit, likely functioning as a significant aquifer unit. Its resistivity
profile suggests minimal contamination, making it a potential target
for clean groundwater extraction. This subsurface characterization
is essential for developing appropriate environmental remediation
strategies and managing water resource protection in waste-affected

rseuae cross-secuon

Resistivity cross-section
= —

Figure 7 Pseudo section of Rumuola dumpsite.

Figure 8 presents the result of a vertical electrical sounding (VES)
survey conducted at the Oyigbo dumpsite, characterized by an H-type
resistivity curve. This curve reveals three distinct geoelectric layers,
with a significant drop in resistivity observed in the second layer. The
topmost layer exhibits moderate resistivity, followed by a markedly
low-resistivity layer, indicating the presence of a conductive material.
This pattern typically reflects leachate infiltration into subsurface
formations, as evidenced by the resistivity drop from 2.39 Qm to as
low as 0.457 Qm between depths of approximately 1.42 m to 2.15 m.
The third layer, however, shows a rebound in resistivity (680 Qm),
suggesting a relatively uncontaminated and more resistive formation
below the leachate-impacted zone. The presence of a low-resistivity
layer in the subsurface at shallow depth implies potential groundwater
contamination due to leachate migration from the dumpsite. Such
contamination poses serious health risks to local populations relying
on shallow groundwater sources. This VES interpretation is therefore
crucial for guiding the planning of waste management interventions,
the siting of water boreholes, and the implementation of groundwater
protection measures. Moreover, it underscores the importance of
geophysical investigations in environmental impact assessments,
especially in regions with informal or unregulated waste disposal
practices.

The Figure 9 illustrates a pseudo-section and a resistivity cross-
section derived from electrical resistivity imaging at the Oyigbo
dumpsite. The pseudo-section (top panel) reflects interpolated
apparent resistivity values, suggesting a predominantly low-
resistivity zone from the near surface to a depth of about 6 meters.
This region, dominated by resistivity values typically below 3 Qm,
corresponds to areas of significant electrical conductivity, likely
caused by elevated moisture content and ionic concentration due
to leachate infiltration. The resistivity cross-section (bottom panel)
further refines this interpretation, distinctly showing three layers: a
shallow layer with moderate resistivity, an intermediate layer with
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very low resistivity, and a deeper zone with high resistivity indicative
of a more consolidated and potentially uncontaminated formation.
These findings highlight the subsurface impact of waste leachate on
the geologic profile beneath the dumpsite. The presence of a highly
conductive intermediate layer suggests active contamination, raising
concerns over the integrity of the subsurface environment, particularly
groundwater safety. This stratification emphasizes the necessity for
continuous monitoring and possible remediation measures to protect
groundwater reserves from further degradation. It also underscores the
utility of geophysical methods for environmental risk assessments and
the planning of sustainable waste management practices in vulnerable
areas.
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Figure 8 VES of Oyigbo Dumpsite.
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Figure 9 Pseudo/Resistivity- Section of Oyigbo dumpsite.

Figure 10 presents a resistivity model curve for the Eleme
dumpsite, highlighting a four-layer geoelectric structure characterized
by an HA-type curve. The resistivity profile reveals a shallow,
moderately resistive top layer (85.7 Qm), underlain by a significantly
more conductive zone (11.4 Qm) extending from approximately
1.9 m to 8.1 m depth. This middle layer marks the most conductive
part of the profile, with a pronounced resistivity depression that
strongly suggests the presence of leachate accumulation and active
contamination. Below this zone, there is a sharp and consistent
increase in resistivity, rising to 3300 Qm and eventually 5360 Qm
at greater depths, an indication of a clean, consolidated formation
with minimal or no influence from surface pollutants. This resistivity
distribution underscores a clear stratigraphic division between the
leachate-impacted zone and the underlying uncontaminated geologic
units. The identification of the depth interval most affected by
contamination is crucial for environmental planning and remediation
efforts. It provides actionable insights for groundwater protection,
especially in determining safe depths for borehole drilling and
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designing containment strategies for waste seepage. The distinctly
rising resistivity values at deeper levels also reinforce the potential
of the lower layers to serve as viable aquifers, provided they remain
isolated from the upper contaminated zones.
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Figure 10 VES of Eleme Dumpsite.

The Figure 11 presents key outputs from a geophysical resistivity
survey conducted at the Eleme dumpsite, comprising an apparent
resistivity pseudo-section (top) and an interpreted resistivity cross-
section (bottom). The pseudo-section visualizes raw resistivity data
collected at various depths and lateral positions, using a color gradient
to represent resistivity values in ohm-meters (Q-m). Notably, the
pseudo-section reveals a prominent low-resistivity anomaly (blue
and green zones) extending from shallow depths to approximately 8
meters. This anomaly corresponds to leachate infiltration, as leachate
increases ionic concentration and electrical conductivity in affected
soils and groundwater. The interpreted resistivity cross-section refines
this data into distinct subsurface layers, highlighting the spatial extent
of both contaminated and uncontaminated zones. The intermediate
layer, exhibiting very low resistivity values (11.4-15.1 Q-m),
indicates zones impacted by leachate, likely migrating through sandy
or clay-rich formations. In contrast, deeper and adjacent zones with
significantly higher resistivity values (exceeding 1000 Q-m, shown
in red) are indicative of uncontaminated, consolidated sand or gravel,
which may serve as groundwater-bearing formations. This resistivity
imaging approach, widely used in environmental and engineering
geophysics, is instrumental for site assessments, pollution monitoring,
and remediation planning. It enables non-invasive mapping of
subsurface conditions, allowing stakeholders to identify contaminant
plumes, assess risks to groundwater resources, and inform the
development of sustainable waste and water management strategies.

(===
2a0o.m

cudo cross-section and resistivity section
Pseudo cross-section

[ Qm)
100
.sso

Resistivity cross-section

Figure || Pseudo/Resistivity- section of Eleme dumpsite.
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The Figure 12 presents the vertical electrical resistivity sounding
(VES) curve for the Choba Dumpsite, illustrating the variation of
apparent resistivity with electrode spacing on a log-log scale. The
red curve represents the measured field data, while the blue stepped
line indicates the interpreted geoelectric layering. The H-type curve
observed is characterized by an initial decrease in resistivity followed
by an increase with depth, which is typical in environments where a
conductive, contaminated layer is sandwiched between more resistive
strata. Additionally, the uppermost zone exhibits moderate resistivity,
indicating a slightly contaminated silty-clay surface material.
Beneath this, a pronounced low-resistivity layer (approximately 4.49
Q-m) extends from about 2.3 to 8.35 meters, marking the presence
of leachate-impacted, conductive material. At greater depths, the
resistivity increases sharply, indicating a transition to consolidated,
coarse sand that is likely saturated with relatively uncontaminated
groundwater. This stratification is essential for delineating zones
of contamination and for informing remediation and groundwater
protection efforts in the vicinity of the dumpsite.
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Figure 12 VES of Choba Dumpsite.

Figure 13 displays both a pseudo-section and an interpreted
resistivity cross-section for the Choba Dumpsite, offering a clear
visualization of subsurface electrical properties. The upper pseudo-
section reveals a gradation of resistivity values, with the surface layer
exhibiting relatively low resistivity (around 11 Q-m, indicated by blue
shades), consistent with a silty-clay unit affected by contamination.
This low-resistivity zone extends from the surface to approximately
0.5 meters, after which an even lower resistivity channel (deep blue)
descends to greater depths, highlighting a highly conductive pathway
likely associated with significant leachate infiltration and groundwater
pollution. In the lower resistivity cross-section, three distinct
subsurface layers are delineated. The first layer, with a resistivity
of about 11 Q-m, corresponds to the contaminated silty-clay at the
surface. Beneath this, a zone of even lower resistivity (4.45 Q-m)
represents a porous, sandy formation that facilitates the downward
migration of contaminants, acting as a conduit for groundwater
pollution. The deepest layer, with resistivity values ranging from
59.3 Q'm up to 4470 Q-m, is indicative of medium to coarse sand,
which is generally suitable for potable water extraction but may still
exhibit minor contamination due to total dissolved solids (TDS). The
figure underscores the importance of detailed resistivity imaging in
identifying critical zones for groundwater protection and guiding
remediation strategies at waste disposal sites.

Citation: Abiye T, Ayotamuno A, Ezekwe IC, et al. Mapping leachate migration and groundwater risk in Port Harcourt: geoelectrical insights from ten open
dumpsites. Open Access | Sci. 2025;8(1):187-201. DOI: 10.15406/0ajs.2025.08.00263


https://doi.org/10.15406/oajs.2025.08.00263

Mapping leachate migration and groundwater risk in Port Harcourt: geoelectrical insights from ten open

dumpsites

= Preudo cross-section and resistivity section = rEr=]
Pseudo cross-secuon

8
6
4
0
2
'l
-5
-3

H

Ehy

Figure 13 Pseudo/Resistivity- section of Choba dumpsite.

Figure 14 presents resistivity measurements from the Eneka
Dumpsite, illustrating a three-layer subsurface formation characterized
by an H-curve type. The data reveal a sharp decline in resistivity
values from 5.24 Qm in the topsoil to 1.27 Qm in the second layer,
indicative of leachate infiltration contaminating the subsurface up
to a depth of approximately 10 meters. Below this contaminated
zone, the third layer exhibits higher resistivity values, suggesting the
presence of uncontaminated medium to coarse sand. This layered
resistivity profile provides critical insights into the vertical extent of
contamination and the underlying geological structure. The findings
have significant implications for environmental monitoring and
remediation efforts. The abrupt resistivity drop in the second layer
serves as a clear marker of leachate migration, highlighting the
vulnerability of shallow aquifers to pollution from waste disposal
sites. Identifying the uncontaminated third layer is equally important,
as it delineates the boundary of contamination and aids in assessing
groundwater risks. Such data is essential for designing targeted
remediation strategies, such as containment systems or soil treatment,
to mitigate further environmental degradation. The study underscores
the utility of resistivity surveys in mapping contamination plumes and
informing sustainable land-use decisions near waste disposal areas.
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Figure 14 VES of Eneka Dumpsite.

Figure 15 illustrates the geoelectrical interpretation of the Eneka
Dumpsite through a pseudo-section and a resistivity cross-section,
offering critical insights into subsurface conditions. The pseudo
cross-section reveals a progressive reduction in resistivity values from
shallow to deeper layers, with contours indicating a transition from
relatively resistive zones (above 5 Qm) near the surface to markedly low
resistivity values (as low as 1.27 Qm) at deeper levels (approximately
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14-20 m). These low resistivity zones, primarily depicted in green
and blue shades, suggest the infiltration and accumulation of
conductive leachate within subsurface strata, an indication of severe
contamination possibly extending to the groundwater table. The
resistivity cross-section further distinguishes the subsurface into three
principal geoelectric layers. The uppermost layer, with moderate
resistivity values (4.6-5.24 Qm), likely represents unsaturated topsoil.
The second layer, characterized by significantly reduced resistivity
(1.27 Qm), points to a clayey or sandy formation highly saturated
with leachate, corroborating active pollutant transport. Notably,
the deepest layer exhibits a sharp resistivity contrast, with values
reaching 645 Qm, suggesting a more consolidated, coarse sand unit
with high permeability and potential for groundwater extraction. This
profile underscores the environmental risk posed by the dumpsite,
particularly the vulnerability of deeper aquifers to contamination, and
supports the need for urgent remediation and strategic groundwater
monitoring in the area.
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Figure 15 Pseudo/Resistivity- section of Eneka dumpsite.

Figure 16 presents the Vertical Electrical Sounding (VES) curve
obtained from the Rumepirikom dumpsite, reflecting the subsurface
resistivity variation with depth. The A-type curve progression,
characterized by a continuous increase in resistivity, suggests a
three-layered subsurface model. Notably, the intermediate layer
demonstrates a low resistivity value of approximately 11.6 Qm, which
is indicative of a zone affected by leachate intrusion, likely composed
of saturated clay or sandy clay material. This conductive layer lies
between 0.5 m and 12.1 m depth, signaling potential environmental
risk from surface contaminants percolating into subsurface formations.
Beneath this polluted zone, the model reveals a significant increase
in resistivity (up to 340 Qm), suggesting the presence of medium to
coarse sand that is likely free of contamination and could serve as a
potential aquifer. This contrast in resistivity delineates the transition
from a leachate-impacted horizon to a more competent and permeable
geological unit. The significance of this data lies in its application for
hydrogeological assessments, waste site remediation planning, and
groundwater protection strategies. While the current plot effectively
communicates the inversion model, its clarity could be improved by
redesigning it as a resistivity-depth plot with clearly labeled axes,
depth markers, and formation annotations for better interpretability
by multidisciplinary stakeholders.

Figure 17 illustrates both the pseudo and resistivity cross-sections
of the Rumuepirikom dumpsite, revealing the electrical resistivity
distribution of subsurface materials. The pseudo cross-section (top)
shows a color gradient indicating resistivity variation with depth and
lateral position. A pronounced blue region, extending from near the
surface (approximately 1 m) to about 20 m deep, represents zones

Citation: Abiye T, Ayotamuno A, Ezekwe IC, et al. Mapping leachate migration and groundwater risk in Port Harcourt: geoelectrical insights from ten open
dumpsites. Open Access | Sci. 2025;8(1):187-201. DOI: 10.15406/0ajs.2025.08.00263


https://doi.org/10.15406/oajs.2025.08.00263

Mapping leachate migration and groundwater risk in Port Harcourt: geoelectrical insights from ten open

dumpsites

of low resistivity (0.3—10 Qm), which strongly suggests the presence
of conductive materials, most likely leachate-laden zones within
the waste matrix or surrounding soil. The adjacent higher resistivity
zones (green to red shades) mark less conductive, potentially drier or
unpolluted layers, pointing to differential leachate migration patterns
influenced by surface topography or landfill design. The resistivity
cross-section (bottom) further distinguishes the subsurface into
discrete geoelectrical layers. The uppermost layer, with a very high
resistivity value (4700 Qm), may represent a dry, compacted cover
material or resistive fill, possibly unaffected by infiltration. Beneath
this lies a moderately resistive layer (247 Qm), overlying a more
conductive zone (9.7 Qm) that aligns with the suspected leachate-
impacted area. The deepest layer, characterized by a much higher
resistivity (340 Qm), is likely a coarse sand or gravel unit that may
serve as a clean aquifer. The model emphasizes spatial heterogeneity
in contamination and underscores the importance of landfill site
characterization for risk assessment, especially in urban groundwater-
dependent regions.
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The resistivity cross-section (bottom) reveals a more constrained
conductive anomaly, with a large uniform zone of very low resistivity
(~2.03 Qm) dominating the subsurface from 10 m to 100 m depth.
This implies the presence of saturated, possibly polluted, clay or
clayey-sand materials that serve as a conductive medium, potentially
due to accumulated leachate. The resistivity inversion also identifies a
less conductive patch (13.8 Qm) in the upper part, which may indicate
a dry or less contaminated zone. Scientifically, these observations are
critical for groundwater protection, as they provide evidence of vertical
and lateral contaminant transport. Its applications include informing
waste management practices, designing remediation strategies, and
guiding environmental impact assessments, particularly in densely
populated or hydrologically sensitive areas. The results underline the
importance of geophysical surveys in detecting subsurface pollution
pathways and safeguarding water resources.
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Figure 16 VES of Rumuopirikom Dumpsite.
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Figure 17 pseudo/Resistivity- section of Rumuepirikum dumpsite.

Figure 18 illustrates both the pseudo cross-section and inverted
resistivity cross-section for the Rumuagholu dumpsite, providing
insight into subsurface electrical resistivity distribution. In the pseudo
section (top), the resistivity values range from approximately 0.7
Qm (black/blue shades) to over 158 Qm (pink/red shades), with a
visible gradient indicating zones of higher conductivity near the
surface between 1 m to 8 m depth. These low resistivity zones suggest
significant infiltration of leachate, most likely from organic and
inorganic waste decomposition, into shallow subsurface layers. This
contamination plume appears to be migrating downwards and laterally,
indicating the movement of pollutants across the vertical profile.

Figure 18 Pseudo/Resistivity- section of Rumuagholu dumpsite.

Figure 19 represents the Vertical Electrical Sounding (VES)
curve and model parameters for the Rumuagholu dumpsite using a
Schlumberger array. The interpretation curve (red line) fitted to the
measured data (black dots) demonstrates a good correlation with
an RMS error of 1.46%, indicating a reliable model fit. The curve
suggests a three-layer geoelectric structure. The first layer, with a
resistivity of 4.32 Qm and a thickness of 0.512 m, likely represents
a surface deposit of fine, moisture-retaining sand. The second layer
has a markedly lower resistivity of 1.23 Qm and a thickness of
approximately 1.23 m, indicating a leachate-saturated zone, most
likely due to infiltration of waste-related pollutants. Beneath this is
a third layer with a significantly higher resistivity value of 3146 Qm,
characteristic of a dry, coarse sand or gravelly formation capable of
storing clean groundwater. The sharp contrast between the second and
third layers is significant, as it highlights the interface between the
contaminated zone and a potentially potable aquifer. This geoelectric
structure is crucial for hydrogeological assessment and landfill
monitoring, as it aids in understanding subsurface contamination
dynamics. In practical terms, the identification of these layers informs
decision-making regarding safe borehole placement, groundwater
protection policies, and site-specific remediation efforts in urban
dumpsite environments.

Figure 20 presents both the pseudo cross-section and resistivity
inversion model for the Sasun dumpsite, offering a detailed depiction
of subsurface electrical resistivity distribution. The pseudo-section
indicates elevated resistivity values from the surface down to
approximately 2.5-3.5 meters, suggestive of lateritic or unsaturated
sandy soil. A marked decline in resistivity is observed beginning
around 2.6 meters and extending to about 16 meters, which
corresponds to a conductive zone likely caused by the percolation of
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leachate from the dumpsite. This low-resistivity zone, visualized by
blue to black shading, points to significant subsurface contamination.
The resistivity inversion cross-section delineates a four-layer
geoelectric structure. The first and second layers associated with
lateritic and clayey/sandy materials exhibit moderate resistivity
values ranging from approximately 69 to 319 Qm. Beneath these, a
third layer characterized by significantly lower resistivity (~4.45 Qm)
represents a leachate-impacted zone, indicating the vertical migration
of pollutants. The fourth and deepest layer, with resistivity exceeding
3000 Qm (depicted in red), corresponds to a dry, coarse sand or
sandstone formation, likely serving as a potential aquifer. These
findings are critical for environmental monitoring and groundwater
management, as they highlight both the depth and extent of waste
infiltration, emphasizing the importance of site-specific remediation
and safe groundwater extraction planning.
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Figure 19 VES Curve of Sasun Dumpsite.
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Figure 20 Pseudo/Resistivity- section of Sasun dumpsite.

Summarily, Figure 21 illustrates the depth range of subsurface
leachate contamination across ten locations within the study area,
highlighting variations in the extent of vertical leachate infiltration
from dumpsites. Sites such as Rumuola and Eliozu exhibit the
deepest contamination zones, extending from approximately 13-
24 meters and 2.4-20 meters respectively, indicating prolonged and
significant leachate migration. In contrast, Oyigbo, Rumuolumeni,
and Rumuagholu show shallower contamination depths (typically
under 10 meters), which may reflect newer dumpsites, less permeable
subsurface materials, or early-stage leachate development. These
variations point to localized geologic and hydrologic differences
influencing contaminant behavior. A key takeaway is the variability
in the depth of contaminant penetration, which emphasizes that
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leachate impact is not uniform across locations. Sites like Eneka,
Eleme, and Sasun Hotels have intermediate contamination depths
ranging between 10 and 16 meters, suggesting partial leachate
percolation through clay-sand sequences into deeper sandy or gravel
layers. This is significant for hydrogeological assessments, as deeper
contamination increases the risk of aquifer pollution, particularly
if the underlying formations are unconfined or poorly protected.
Furthermore, the presence of leachate in deeper layers could mean
that natural attenuation or biodegradation processes at shallower
depths are insufficient to prevent vertical pollutant migration. In real-
world terms, these findings have important implications for landfill
site management, groundwater protection policies, and environmental
risk assessments. Areas with deeper leachate penetration may require
immediate intervention, such as engineered liners, leachate recovery
systems, or relocation of waste activities. For groundwater studies,
this provides vital data for delineating pollution vulnerability zones,
guiding borehole placement, and determining appropriate monitoring
well depths. Overall, this analysis supports proactive strategies to
safeguard water resources and protect public health in urban and peri-
urban communities affected by open dumping practices.
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Figure 21 Depth Range of Subsurface Leachate contamination across various
Locations.

Source: Researcher Fieldwork (2021)

Discussion

The resistivity profiles across multiple dumpsites in Nigeria
reveal consistent geophysical signatures of leachate contamination,
underscoring the pervasive environmental risks posed by unregulated
waste disposal. To begin with, the Eliozu dumpsite exhibits an H-type
resistivity curve, featuring a highly conductive middle layer (0.443
Qm) indicative of leachate-saturated zones, consistent with findings
from Raimi et al.,' Abiye & Raimi'"'"?, and others. This pattern aligns
with studies in Port Harcourt and Lagos, where similar low-resistivity
anomalies were linked to leachate infiltration into permeable
sandy-clay layers.*'*3* Moreover, the sharp contrast (>1000 Qm)
between contaminated and basal layers suggests the presence of an
impermeable boundary, reinforcing the role of vertical stratification
in delineating pollution extents.*> Expanding on this, seasonal
variations significantly influence leachate distribution, as evidenced by
pronounced low-resistivity anomalies (1.87-2.85 Qm) during the rainy
season at Eliozu. This observation is supported by studies in South-
South Nigeria, where rainfall intensifies contaminant transport.'*25-28
Additionally, the spatial asymmetry in resistivity values suggests
directional flow, likely driven by hydraulic gradients, a phenomenon
also documented in Benin dumpsites.’*>” Furthermore, heterogeneity
in soil composition affects leachate dispersion, with resistivity
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variations (up to 43.3 Qm) highlighting localized contamination
hotspots.!14152528 Thus, geoelectrical profiling proves indispensable
for targeted remediation and groundwater monitoring.''>47 Similarly,
at the Rumuolumeni dumpsite, shallow leachate infiltration (0.49
Qm within 1.7 meters) confirms rapid contaminant migration, a trend
echoed in urban landfills across Nigeria.*'*37°! However, resistivity
recovery in deeper layers (3.57 Qm) suggests partial confinement,
though residual contamination persists.”* This pattern mirrors
findings from oil-impacted zones in Rivers State, where geoelectrical
models effectively delineated pollution boundaries.®'%* Importantly,
the low RMS error (2.46%) validates the reliability of these methods
for groundwater protection planning.**> Transitioning to seasonal
dynamics, resistivity at Rumuolumeni fluctuates dramatically,
exceeding 1000 Qm in rainy seasons but dropping to 3.57 Qm in dry
periods, underscoring rainfall’s role in leachate mobility.”!>3

These temporal shifts corroborate prior studies linking heavy
rainfall to enhanced aquifer vulnerability.'*® Notably, partially
saturated sandy layers retain contaminants, as observed in
biogeochemical studies.”>**47 Consequently, seasonal monitoring is
critical for optimizing remediation timing and prioritizing intervention
zones.$414330 Shifting focus to Rumuola, the H-type resistivity curve
(6.84 Qm mid-layer) confirms leachate percolation, consistent with
findings by Aiyesanmi & Imoisi®* and Clinton-Ezekwe et al.’-!®
Meanwhile, the underlying resistive layer (1122 Qm) suggests
aquifer protection, aligning with studies on deep geologic barriers.® '
Similarly, at the Rumuola borrow pit, low-resistivity zones (8.22-
10 Qm) within 3.2 meters highlight shallow contamination, while
permeable sandy layers facilitate deeper migration.”!3>2% These
findings reinforce the need for vertical stratification analysis in
remediation strategies.>* At the Oyigbo dumpsite, the H-type
response (0.457 Qm) reveals shallow leachate plumes (1.42-2.15 m),
posing direct aquifer threats.’>** However, deeper resistivity rebounds
(680 Qm) indicate uncontaminated zones, supporting borehole
siting in consolidated formations.!"'> Likewise, resistivity imaging
at Eleme delineates a four-layer HA-type curve, with contamination
(11.4 Qm) confined to 1.9-8.1 meters, while deeper strata (3300-
5360 Qm) remain pristine.> 247 Such stratification is critical for
groundwater extraction planning, as seen in Ebocha-Obrikom and
Mgbede.”'*13 Broadening the perspective, regional analysis reveals
variable leachate depths extending up to 24 meters in Rumuola and
20 meters in Eliozu reflecting site-specific hydrogeological conditions
(Figure 22, 23).%% These variations underscore the urgency of
tailored remediation, particularly in high-permeability zones.*%¢!
Most critically, conductive leachate zones (2-20 m) threaten shallow
aquifers, with hydrochemical studies confirming toxic metal infiltration
(Figure 24).51%% In conclusion, the integration of geophysical and
chemical data provides a robust framework for risk assessment and
intervention. To mitigate these risks, immediate measures such as
engineered landfills, bioremediation, and seasonal monitoring are
essential >**7 Furthermore, policy reforms and stricter enforcement
by agencies like NESREA are imperative to curb further groundwater
degradation.’”"26374 Ultimately, this study highlights the need for
multidisciplinary collaboration to safeguard water resources and
public health in Nigeria’s rapidly urbanizing landscapes.

Implications for policy and interventions

The geophysical evidence of extensive vertical and lateral leachate
migration from multiple dumpsites in Port Harcourt and surrounding
areas calls for a robust review and enforcement of environmental
waste management policies. Existing legislation should be updated to
mandate geophysical surveys and Environmental Impact Assessments
(EIAs) before the siting or expansion of waste disposal facilities. The
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clear detection of contamination in shallow and, in some cases, deep
aquifers demands that groundwater protection zones be legislated,
monitored, and enforced. Policy frameworks should prioritize the
conversion of open dumpsites into engineered sanitary landfills
with impermeable liners and leachate collection systems. Integrated
interventions, including community education, routine groundwater
surveillance, and health risk assessments, are essential to mitigate the
long-term public health impacts associated with uncontrolled waste
leachate infiltration.
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Figure 22 A bar chart showing the vertical extent of subsurface leachate
contamination across the ten studied dumpsites.The depth values (in meters)
reflect the extent to which pollutants have infiltrated the subsurface, based on
geoelectrical resistivity results. Darker red shades indicate deeper contaminant
penetration, with Rumuola (24 m) and Eliozu (20 m) being the most affected.
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Conclusion

This study has established that indiscriminate waste disposal
practices at several urban and peri-urban dumpsites in Rivers State,
Nigeria, have resulted in significant subsurface contamination,
with leachate plumes migrating to depths ranging from 2 to over
24 meters. The electrical resistivity method employed effectively
delineated contaminated zones, highlighting areas where pollutants
threaten groundwater resources. These results reveal a pressing need
for environmental remediation, sustainable dumpsite engineering,
and strategic public health interventions to safeguard water quality in
affected communities.

Summary of the findings

I. All surveyed dumpsites, including Rumuola, Eliozu, Choba,
Eneka, Oyigbo, and Rumuagholu, exhibit vertical and lateral
leachate migration, confirmed through low resistivity zones
(0.3-15 Qm).

II. Resistivity curves (H-type and A-type) consistently indicated
three to four subsurface layers, with leachate-impacted zones
sandwiched between more resistive strata or underlying
unpolluted aquifers.

III. Dumpsites such as Rumuola and Eliozu show deeper
contaminant penetration (13-24 m), whereas others like Oyigbo
and Rumuolumeni exhibit shallower leachate profiles (<10 m).

IV. High resistivity zones (>1000 Qm) identified at depth indicate
potential aquifers that remain uncontaminated but are at risk
without intervention.

V. The findings correlate strongly with previous studies on landfill
leachate behavior and groundwater pollution.

Recommendation

It is recommended that dumpsites with evidence of deep
contamination be prioritized for remediation through containment
strategies such as geomembrane liners, clay barriers, and leachate
drainage systems. Groundwater monitoring wells should be installed
at regular intervals and depths around each site to track contaminant
migration. Waste management policy must shift from open dumping
to engineered landfilling, supported by strict enforcement of waste
segregation and recycling. Public health authorities should also conduct
epidemiological studies in high-risk communities to understand
the health implications and develop context-specific responses.
Finally, interdisciplinary collaboration between geoscientists, health
professionals, urban planners, and policymakers is essential for long-
term environmental and health security.

Significant statement

The detection of leachate migration into aquifer zones signifies
a direct threat to potable water sources used by urban and peri-
urban populations. This can lead to exposure to toxic substances
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such as heavy metals, pathogens, and dissolved solids, which are
known to cause gastrointestinal infections, reproductive disorders,
developmental issues in children, and even carcinogenic outcomes
over prolonged exposure. These findings underscore the urgent need
for public health monitoring and risk communication, especially
in communities relying on shallow hand-dug wells or boreholes in
proximity to dumpsites. Thus, graphically it is represented as Figure
25.

Study limitations

While the electrical resistivity method provided reliable subsurface
imaging, it is inherently interpretative and best validated through
complementary data such as borehole logging, water chemistry
analyses, and microbial assessments, which were not covered in
this study. Furthermore, the spatial resolution is limited by electrode
spacing and terrain constraints at some sites. Seasonal variability
in water table levels and leachate migration was not accounted for,
suggesting that repeat surveys across dry and rainy seasons would
yield a more comprehensive contamination profile. Despite these
limitations, the findings offer critical baseline data for environmental
and public health action.
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