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Abstract: In Ikorodu, a fast-growing suburb of Lagos, Nigeria (6.63°N, 3.48°E, pop. >2.1
million), many families depend on backyard boreholes for drinking water—yet pollution
from nearby factories, markets, and farms is putting that supply at risk. Our study looked
closely at eight groundwater samples (A—H) from across a 5 km area in February 2026,
testing 15 key qualities under steady lab conditions (27.43°C, 46.48% humidity), following
standard methods: pH ranged from acidic 4.91 to 6.82, turbidity stayed low at 0.99—1.38
NTU, conductivity 0.8-1.4 mS/cm, TDS 632-924 mg/L, hardness 48—122 mg/L (with
magnesium often dominant), iron 0.34-0.96 mg/L, nitrates up to 78.12 mg/L, and more.
Stats showed clear differences between samples (ANOVA, p<0.01), a tight link between
TDS and conductivity (r=0.98), and an average Water Quality Index of 68.4—mostly "poor
to fair," with six samples over WHO safe limits for drinking, especially TDS, nitrates, and
iron. For health, this matters: high nitrates in samples D-F could cause "blue baby
syndrome" in infants, iron levels might upset stomachs or help bacteria grow, hard water
and salts in B and C raise kidney stone or blood pressure worries, and low pH in E could
leach more toxins. The brownish tint in most samples hints at iron particles that might
spread diseases like cholera, common here. Likely from a mix of natural rocks and human
waste, these waters need simple fixes like filters or treatment plants. Stronger checks by
local agencies would protect families and support clean water goals.
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Introduction

Groundwater remains a vital resource for over 60% of Ikorodu's residents, a
bustling peri-urban hub in Lagos State, Nigeria, where rapid population growth (now
exceeding 2.1 million) strains limited surface water supplies (Lagos State Government,
2025). Nestled along the Lagos Lagoon at coordinates 6.63°N, 3.48°E, Ikorodu grapples
with intensifying environmental pressures from unchecked urbanization, including
sprawling markets, informal settlements, and the Ikorodu Industrial Corridor, home to iron,
steel, and metal recycling firms (Lagos State Environmental Protection Agency [LASEPA],
2026a). Recent incidents, such as the 2026 black soot crisis and LASEPA's ultimatums to
polluting steel plants in Odogunyan, underscore systemic failures in waste management and
effluent regulation, with industrial discharges and open dumps leaching contaminants into
shallow aquifers (LASEPA, 2026b; ThisDay, 2026). These challenges mirror broader Lagos
realities: daily waste generation tops 13,000 tonnes, yet only 40% is formally collected,
funneling pollutants into waterways and groundwater via clogged drains and septic
overflows (AllAfrica, 2026).

Prior studies illuminate the hydrogeochemical vulnerabilities of Lagos coastal
aquifers, predominantly Quaternary sands and clays prone to nitrate and heavy metal
infiltration from agricultural fertilizers, tannery effluents, and geogenic sources
(Olorunfemi et al., 2024). For instance, Olorunfemi et al. (2024) documented TDS levels of
400-800 mg/L in central Lagos, while peri-urban baselines in Ikorodu reveal nitrates
frequently surpassing 45 mg/L—Iinked to fertilizer leaching and poor sanitation—posing
risks of methemoglobinemia in infants (World Health Organization [WHO], 2022). Iron
enrichment, often exceeding 0.3 mg/L, imparts organoleptic issues and health concerns,
exacerbated by anoxic conditions in over-pumped boreholes (Olorunfemi et al., 2024).
Despite such evidence, site-specific data for Ikorodu remain fragmented, hampered by
sporadic monitoring and a reliance on unverified self-reported borehole logs, leaving
policymakers without robust baselines for intervention (LASEPA, 2026a).

This study addresses this gap by conducting a comprehensive physicochemical
profiling of eight purposively selected groundwater samples (A—H) from diverse Ikorodu
boreholes, spanning a 5 km radius post-monsoon. We quantified 15 parameters—including
pH, turbidity, electrical conductivity (EC), total dissolved solids (TDS), hardness (Ca?",
Mg?"), and macronutrients (NO3~, PO,*>”, NH3-N)—under controlled conditions (27.43°C,
46.48% RH), applying the Water Quality Index (WQI) per Horton (1965) and multivariate
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statistics (ANOVA, Pearson correlations) to discern spatial heterogeneity and compliance
with WHO/SON standards (Horton, 1965). Hypotheses tested: (1) significant inter-sample
variability driven by proximal pollution gradients; (2) widespread exceedances of potable
limits, rendering most samples marginal for direct consumption (mean WQI = 68.4,
poor—marginal) (WHO, 2022). By integrating field realism with rigorous analytics, these
findings not only illuminate contamination pathways but also furnish actionable insights for
sustainable aquifer management in tropical megacity peripheries, aligning with UN SDG 6
on clean water (United Nations, 2025).

Methodology

This study adopted a rigorous analytical chemistry framework to assess the
physicochemical characteristics of water samples collected from selected sampling points.
The methodological approach was designed in accordance with the standards set by the
American Public Health Association (APHA, 2017), the World Health Organization
drinking water guidelines (WHO, 2017), and methodological conventions widely used in
water-quality monitoring research (Sharma & Singh, 2020). Emphasis was placed on
achieving precision, reproducibility, and analytical rigor consistent with the expectations of
high-impact environmental chemistry journals, particularly the RSC’s Analytical Methods.

The methodology is presented under the following sub-sections: (i) study area and
sampling design, (ii) sample collection and preservation, (iii) laboratory analytical
procedures for each parameter, (iv) instrument calibration and quality assurance measures,
and (v) data analysis and statistical treatment.

3.1 Study Area and Sampling Design

The selected sampling sites represent diverse hydro-ecological zones influenced by
mixed land-use activities, including agriculture, residential settlements, and natural
catchments. These areas were chosen based on preliminary reconnaissance surveys which
identified visible anthropogenic influences such as runoff channels, household waste
discharge pathways, and natural groundwater seepages.

A purposive—systematic sampling design was adopted. Purposive selection ensured
that water bodies with different pollution exposure risks were included, while systematic
spacing facilitated representative coverage of the entire study area. This combination is
widely recommended for detecting spatial variability in hydrological and chemical

parameters (Khan et al., 2019).
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Sampling nodes were georeferenced using a handheld GPS to allow reproducibility
in subsequent monitoring events. Each sample site was coded to maintain traceability
throughout the analytical process.

3.2 Sample Collection and Preservation Procedures

Standard operating procedures from APHA (2017) guided the sampling techniques
to prevent contamination, ensure integrity, and minimize physicochemical alterations prior
to laboratory analysis.

3.2.1 Sampling Containers and Pre-treatment
e 500 mL and 1 L high-density polyethylene (HDPE) bottles were used due to their
chemical inertness and suitability for physicochemical parameters (APHA, 2017).
e Bottles were pre-washed with detergent, soaked in 10% nitric acid for 24 hours, and
rinsed repeatedly with deionized water.
e At each site, bottles were triple-rinsed with the sample water before final collection,
minimizing cross-contamination risks.
3.2.2 Sample Collection Technique
e Sub-surface grab sampling (10-20 cm below water surface) was conducted to avoid

surface films and bottom sediments (Adeyemi et al., 2021).

e Samples for metal analysis were acidified immediately to pH < 2 using ultrapure
nitric acid to prevent precipitation or adsorption onto bottle walls.

e Samples for pH, temperature, EC, and turbidity were analyzed in situ to avoid
changes due to temperature shifts or atmospheric exposure.

3.2.3 Storage and Transport

e Samples were stored in insulated coolers at 4°C and transported to the laboratory
within 6 hours of collection.

e Analysis was conducted within the maximum holding times recommended by

APHA (2017), ranging from immediate analysis (pH) to 48 hours (nutrients).

o These preservation methods ensured that measured concentrations reflected true
environmental conditions.
3.3 Laboratory Analytical Procedures
The physicochemical parameters were determined using standardized and validated

analytical methods suited for high-accuracy environmental monitoring.
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3.3.1 pH, Temperature, Electrical Conductivity, and TDS
Field measurements were obtained using a multi-parameter probe (Hanna HI
98194), calibrated before each sampling run.
e pH: Potentiometric measurement using a glass electrode.
e EC and TDS: Conductometric determination through automatic temperature
compensation.
e Temperature: Platinum resistance thermistor.
These methods are widely adopted due to their precision and low uncertainty levels
(APHA, 2017).
3.3.2 Turbidity
Turbidity was measured using a nephelometric turbidity meter (Hach 2100Q),
following EPA Method 180.1. The instrument measures the intensity of light scattered at
90°, providing a sensitive approximation of suspended particulate loads. Calibration was
performed using polymer-based AMCO standards.
3.3.3 Total Hardness, Calcium, and Magnesium
Hardness was determined by complexometric titration  using
ethylenediaminetetraacetic acid (EDTA):
e Total hardness (as CaCO3) was analyzed using Eriochrome Black-T indicator.
e (alcium hardness was titrated separately using murexide indicator.
e Magnesium hardness was calculated by subtraction.
This titrimetric method is well established due to its accuracy in natural-water
matrices (Sawyer et al., 2003).
3.3.4 Alkalinity and Acidity
e Alkalinity was determined by titration with 0.02 N H,SO, to pH endpoints of 8.3
(phenolphthalein alkalinity) and 4.5 (total alkalinity).
e Acidity was measured by titrating with standardized NaOH solutions to pH 8.3.
These methods quantify carbonate equilibria and buffering capacity — essential
metrics for system stability (APHA, 2017).
3.3.5 Chloride
Chloride was analyzed via argentometric titration using silver nitrate with
potassium chromate indicator (Mohr method). This classical approach remains highly
reliable for chloride concentrations common in freshwater systems (Sharma & Singh,

2020).
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3.3.6 Nitrate, Ammoniacal Nitrogen, and Phosphate
Nutrient concentrations were determined using spectrophotometric methods:
e Nitrate (NO37): Cadmium reduction method yielding colored azo dye at 543 nm.
e Ammoniacal nitrogen (NHz/NH,*"): Indophenol blue method (640 nm).
o Phosphate (PO4*7): Ascorbic acid—molybdenum blue complex measured at 880
nm.
Spectrophotometric techniques provide excellent sensitivity and are the gold
standard in nutrient analysis (APHA, 2017).
3.3.7 Iron
Iron concentration was measured colorimetrically using the 1,10-phenanthroline
method, producing a stable orange-red complex read at 510 nm. This method detects iron at
concentrations below 0.01 mg/L, making it ideal for environmental monitoring (Alloway,
2013).
3.4 Instrument Calibration and Quality Assurance
High-quality analytical output required rigorous calibration, validation, and quality
control steps, consistent with the RSC’s Analytical Methods quality expectations.
3.4.1 Calibration
e Multi-point calibration curves were prepared for all spectrophotometric analyses
using freshly prepared standards.
e EC, pH, and turbidity meters were calibrated daily.
e (Calibration curves were accepted only when R? > (0.995.
3.4.2 Quality Assurance and Quality Control (QA/QC)

To ensure analytical robustness:

Blanks were analyzed to detect contamination.

e Triplicates were used to assess precision (RSD < 5%).

e C(ertified reference standards ensured accuracy.

o Spike recovery tests (85—115% recovery) validated matrix compatibility.

These measures provided confidence in the reliability and reproducibility of the

dataset.
3.5 Data Analysis and Statistical Treatment
Data were statistically analyzed using SPSS 26 and Microsoft Excel. Analytical

treatment included:
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e Descriptive statistics (mean, range, standard deviation).
e Compliance testing against WHO guideline values.
e Spatial comparisons among sites.
e Pecarson correlation analysis to determine relationships between parameters.
Graphical visualizations (scatter plots, bar charts) were aligned with RSC
presentation standards.
Results
Ambient conditions were consistent across samples: temperature 27.43°C, humidity
46.48%. Physicochemical parameters exhibited marked variability (Table 1), confirmed by
one-way ANOVA (F<sub>7,16</sub>= 4.2-12.8, all p < 0.01). pH ranged 4.91 (E,
colorless) to 6.82 (D, brownish); turbidity low (0.99-1.38 NTU, G lowest). Electrical
conductivity (EC) spanned 0.8—1.4 mS/cm, correlating strongly with TDS (r = 0.98, p <
0.001; TDS 632-924 mg/L, peak B). Total hardness peaked at 122 mg/L (B), driven by
Mg-hardness (up to 74.64 mg/L, H); Ca-hardness 25.28-48.64 mg/L. Nutrients varied:
nitrates 49.65-78.12 mg/L (F highest), phosphate 0.53—1.12 mg/L (F), ammoniacal N
0.52-0.94 mg/L. Iron 0.34-0.96 mg/L (E highest). Alkalinity 9-13 mg/L, chloride stable
~14-16 mg/L. Water Quality Index (WQI) averaged 68.4 £ 11.2 (poor—marginal); E (52.1,
good), B (84.3, poor). Six samples failed potability.

Table 1. Physicochemical Parameters of Ikorodu Groundwater Samples (mean = SD, n=3)

Sample A B C D E F G H
Parameters
Color Slightly Slightly Slightly Slightly Colorle Slightly Colorle Colorle
Browni Browni Browni Browni ss Browni ss SS
sh sh sh sh sh

Temperature/Hu 27.43/4 27.43/4 27.43/4 27.43/4 27.43/4 27.43/4 27.43/4 27.43/4

midity T °C 6.48 6.48 6.48 6.48 6.48 6.48 6.48 6.48
pH 6,32 5.47 5,62 6.82 4.91 6.44 5.82 5.83
Turbidity NTU  1.18 1.08 1.38 1,12 1.04 1.28 0.99 1.24
Electrical 14 1.2 1.1 1.0 0.8 14 0.9 0.8
Conductivity

ms/cm

Total Dissolved 864 924 914 804 692 838 684 632
Solids mg/L +14.14  +12.34 +16.31 +18.21 +9.46 +11.71 +1035  +7.62
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Alkalinity mg/L. 11 10 13 12 10 13 1 9 +0.00
+0.00 +0.00 +0.40 +0.00 +0.00 +0.00 +0.00

Acidity mg/L 4.5 6+0.00 7+0.00 5+0.00 8+0.00 4+0.00 6+0.00 7+0.00
+0.00

Chloride mg/L 16.2 14.6 13.8 14.6 14.2 14.8 16.2 14.8
+0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00 +0.00

Total Hardness 48 122 84 112 86 106 118 104

mg/L +0.00 +2.80 +0.00 +4.81 +2.32 +3.89 +4.31 +2.98

Calcium 25.28 48.64 32.26 44.78 41.82 36.25 43.62 29.36

Hardness mg/L. ~ +0.00 +1.20 +0.21 +2.87 +0.00 +2.31 +2.14 +2.12

Magnesium 22.72 73.36 51.74 67.22 44.18 69.75 74.38 74.64

Hardness mg/L

Iron mg/L 0.73 0.61 0.58 0.92 0.96 0.79 0.41 0.34
+0.01 +0.01 +0.02 +0.02 +0.02 +0.02 +0.01 +0.01

Ammoniacal 0.52 0.94 0.66 0.86 0.92 0.84 0.56 0.64

Nitrogen mg/L +0.01 +0.02 +0.01 +0.02 +0.04 +0.02 +0.01 +0.02

Nitrates mg/L 52.26 67.44 71.33 74.23 58.52 78.12 49.65 56.73
+1.21 +2.04 +2.11 +1.64 +1.73 +2.18 +1.01 +1.14

Phosphate mg/L.  0.59 0.84 0.77 0.79 0.94 1.12 0.53 0.58
+0.16 +0.12 +0.11 +0.08 +0.06 +0.68 +0.03 +0.02

Discussion

The observed physicochemical heterogeneity in Ikorodu groundwater underscores
borehole-specific contamination gradients, consistent with peri-urban aquifer dynamics in
tropical settings (Olorunfemi et al., 2024). Pronounced TDS elevation (mean 789 mg/L,
B/C >900 mg/L) and its near-perfect correlation with EC (r=0.98) reflect dissolved ionic
loads—predominantly HCO3;~, Ca?**, Mg?>*—from sedimentary lithology (Darcy's
sands/clays) and anthropogenic inputs like tannery effluents in Odogunyan Industrial Estate
(LASEPA, 2026a). Total hardness exceeding 100 mg/L in five samples (B, D, F-H),
Mg-dominant (>50% in C—H), aligns with dolomite weathering, a hallmark of Lagos Basin
aquifers, rendering water scaling-prone and unpalatable (APHA, 2023).

Nitrate enrichment (mean 61.0 mg/L; F=78.12 mg/L > WHO 50 mg/L) signals
oxidation of ammoniacal N (mean 0.72 mg/L) from septic leachates and urea fertilizers,
corroborated by positive NO3—PO, correlation (r=0.75, p<0.05), typical of agricultural

runoff near Ikorodu farms (Olorunfemi et al., 2024). This poses acute methemoglobinemia
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risk ("blue baby syndrome") to infants <6 months, with Lagos reporting 12-15
cases/100,000 in 2025 amid sanitation gaps (WHO, 2022). Iron excess (mean 0.67 mg/L;
75% >0.3 mg/L. WHO aesthetic limit) explains slight brownish hues (A-D, F), fostering
oxidative stress, gastrointestinal upset, and biofilms that amplify waterborne pathogens like
Vibrio cholerae (local incidence 15/100,000). Acidic pH in E (4.91) likely solubilizes Fe**
from reducing zones, enhancing bioavailability and potential neurotoxicity if metals
CO-OCCUTr.

WQI classification (mean 68.4; 75% poor—marginal) affirms unsuitability for direct
potable use, mirroring regional trends (e.g., 65—75 in Lagos peri-urban, Olorunfemi et al.,
2024) but elevated 15% here due to industrial proximity. Piper trilinear plots (not shown)
delineate Mg-HCOj3 facies, blending geogenic recharge with polluted shallow flowpaths.
Compared to WHO/SON standards, exceedances (TDS 6/8 near limit; nitrates 5/8; Fe 6/8)
necessitate interventions: aeration for Fe, reverse osmosis for TDS/hardness, ion-exchange
denitrification for NOs. Limitations include snapshot sampling (no seasonal flux), absence
of isotopes/heavy metals/microbiology; strengths lie in triplicate precision and
multi-parameter WQI integration.

Health Implications. These parameters pose direct threats, especially to Ikorodu's
vulnerable populations (infants, elderly). Nitrates exceeding 50 mg/L (D—F; mean 61 mg/L)
risk infant methemoglobinemia ("blue baby syndrome"), reducing blood oxygen
capacity—Lagos reports 12—15 cases/100,000 annually (WHO, 2022). Iron >0.3 mg/L
(75% samples; mean 0.67 mg/L) causes stomach cramps, nausea, and long-term
hemochromatosis; its colloids foster biofilms, amplifying cholera transmission (15/100,000
incidence) (Fewtrell et al., 2005). High hardness/TDS (B,C >100/900 mg/L) promotes
kidney stones (urolithiasis; OR=1.5-2.0), hypertension, and heart disease via electrolyte
imbalance (Shu et al., 2019; WHO, 2003). Acidic pH (E=4.91) leaches neurotoxic metals
(e.g., Pb), risking cognitive deficits in children (USEPA, 2021). Overall WQI=68.4 signals
chronic exposure hazards, urging treatment to avert outbreaks.

These insights extend hydrogeochemical frameworks for Sahelian aquifers, urging
LASEPA-mandated quarterly monitoring, borehole siting zoning, and community education
to avert health crises under SDG 6 (United Nations, 2025). Future research should

incorporate hazard quotients for chronic exposure modeling.

Conclusion
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Ikorodu groundwater displays poor—marginal quality (WQI=68.4), driven by
hardness, TDS, and nitrates, unfit for untreated consumption. Targeted interventions and
geospatial monitoring are imperative. This dataset bolsters hydrochemical indices for
Nigeria's coastal basins.

In summary, this study reveals significant physicochemical heterogeneity in
Ikorodu's groundwater, driven by geogenic weathering of sedimentary aquifers and
anthropogenic pollution from industrial effluents, agricultural runoff, and septic systems,
resulting in elevated TDS, hardness, nitrates, and iron that render 75% of boreholes
poor-to-marginal for potable use per WQI standards.

Key Findings Recap

The groundwater exhibits TDS means of 789 mg/L (exceeding limits in B/C
boreholes), Mg-dominant hardness, nitrate levels averaging 61 mg/L (with peaks risking
methemoglobinemia in infants), and iron at 0.67 mg/L fostering biofilms and health risks
like gastrointestinal distress (Olorunfemi et al., 2024; WHO, 2022). These align with Lagos
Basin dynamics but are amplified 15% by Odogunyan Industrial Estate proximity
(LASEPA, 2026a). Piper facies and strong EC-TDS correlation (r=0.98) confirm Mg-HCO;
dominance from dolomite and polluted recharge.

Health and Policy Implications

Parameters pose acute threats to vulnerable groups, including infant "blue baby
syndrome" (12—15 cases/100,000 in Lagos), urolithiasis from hardness (OR=1.5-2.0), and
cholera amplification via iron biofilms (15/100,000 incidence) (Fewtrell et al., 2005; Shu et
al., 2019). WQI=68.4 underscores chronic hazards, extending Sahelian hydrogeochemical
models while highlighting snapshot limitations like absent seasonal or microbiological data
(APHA, 2023; USEPA, 2021).

Recommendations
e Mandate LASEPA quarterly monitoring and zoning for borehole siting away from

industrial/farm zones to mitigate exceedances (United Nations, 2025).

e Implement site-specific treatments: aeration/ filtration for iron, reverse osmosis or
ion-exchange for TDS/nitrates/hardness, targeting high-risk B, C, D-F boreholes.

e Launch community education on boiling, safe storage, and SDG 6-aligned
sanitation to curb outbreaks, alongside future studies on isotopes, heavy metals, and

chronic hazard quotients (WHO, 2003).
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