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ABSTRACT

Open dumpsites remain a major environmental challenge in developing
nations. This study assessed physicochemical properties, heavy metal
concentrations, and ambient air pollutants around the Gosa dumpsite in Abuja,
Nigeria. Soil samples (n=9 + control) were analyzed for texture, organic
carbon, cation exchange capacity, and heavy metals (Zn, Cu, Mn, Pb). Water
samples (n=3) were tested for major ions, pH, conductivity, and organic load
indices. Air pollutants (PMz.5, PM;y, CO, H»S, VOCs) were quantified.
Results revealed sandy loam soils with low organic carbon (0.2-0.3%) and
moderate cation exchange capacity (12—13 cmol/kg). Heavy metals occurred
at low-moderate levels, while water samples showed significant
contamination exceeding WHO/NESREA limits. Air quality was degraded, with
NHs, SO NOz PM..5, and PM;, surpassing permissible thresholds.
Findings highlight risks of groundwater pollution, reduced agricultural
productivity, and public health hazards. Proper waste management,
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groundwater protection, and soil fertility restoration are recommended.

INTRODUCTION

Rapid industrialization and
urbanization have accelerated the generation of
large volumes of waste, creating significant
environmental and health challenges worldwide
(Emmanuel-Akerele & Peter, 2020). Poor waste
management practices particularly
indiscriminate solid waste disposal is among the
most pressing issues, especially in developing
nations where infrastructure and resources are
limited (Byamba-Ochir & Tugjjav, 2019; Kundiri
et al., 2017). Nigeria exemplifies this situation,
with  several open dumpsites posing
environmental and public health risks. The
Gosa dumpsite in Abuja is a notable example,
where poor waste disposal practices have
introduced pollutants, including heavy metals,
into the surrounding environment (Ebisintei et
al., 2015; Magaji, 2012).

Gosa dump site is located in Gosa
community on Musa Yar'’Adua way close to Dr.
Nnamdi Azikiwe international Airport, Abuja the
dump site is about 4 kilometers off the Airport
Road and about 10 kilometers from the Abuja
central District. Previous studies in Nigeria and
other developing regions confirm that dumpsites
contribute to soil degradation, groundwater

contamination, and air pollution. However,
limited site-specific evidence exists for Gosa,
necessitating this study.

STATEMENT OF THE RESEARCH PROBLEM

Solid waste disposal remains a
pressing environmental concern in Abuja,
Federal Capital Territory (FCT), where the
proliferation of open dumpsites particularly the
Gosa dumpsite has become a major ecological
challenge. Poor waste management practices
at this site have been linked to land degradation,
water pollution, and air pollution (Nnaji et al.,
2016). The dumpsite contributes to soil
deterioration and reduced vegetation cover
(Ameh, 2022). In addition, soils around such
sites often exhibit elevated levels of pH, total
dissolved solids, and heavy metals such as lead
(Pb), copper (Cu), nickel (Ni), and zinc (Zn).
This contamination results largely from the co-
disposal of hazardous substances, including
industrial residues, incinerator ash, mining
wastes, batteries, paints, and dyes (Tripathi &
Misra, 2022). These pollutants threaten soil
fertility, ecosystem integrity, animal health, and
human  well-being.  Alterations in  soil
physicochemical properties also disrupt plant
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metabolism and hinder vegetation growth
(lyebor et al., 2020).

STUDY AREA
1.1 Location and Size
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Figure 1.1: FCT showing Gosa dumpsite in AMAC, FCT, Abuja, Nigeria

LITERATURE REVIEW
CONCEPTUAL REVIEW
Waste as a Concept

Waste is broadly understood as
unwanted, unusable, or discarded materials that
arise from human activities. It encompasses all
substances, objects, and by-products that the
generator no longer considers useful and thus
intends to dispose of. According to the World
Health Organization, waste refers to materials
that are not the primary product for which a
process is intended, and which the generator
has no further use of in terms of production,
transformation, or consumption (World Health
Organization, 2020). Waste management
therefore covers the collection, transportation,
treatment, recycling, and final disposal of such
materials  to  minimize  their negative
environmental and health impacts.

Solid waste, in particular, has been classified
into several categories based on its origin and
characteristics. Chavan, Patel, and Deshmukh
(2018)  identified  municipal,  domestic,
commercial, industrial, mining, agricultural, and
construction wastes as the major sources of
solid waste in urban areas. More recently,
Hredoy, Rahman, and Das (2022) emphasized
that modern waste streams also include
electronic waste, biomedical waste, and
hazardous industrial residues, which pose
complex management challenges.

Waste Management as a Concept

Waste management refers to the
systematic administration of activities related to
the handling of waste from its generation to its
final disposal, with the goal of protecting human
health, the environment, and ensuring resource
efficiency. The World Health Organization
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(2020) defines waste management as the
collection, transport, processing, recycling, and
disposal of waste materials in a way that
minimizes risks to health and the environment.
Similarly, the United Nations Environment
Programme  (2021)  describes  waste
management as an integrated system of
controlling the generation, storage, collection,
transfer, processing, and disposal of waste in a
manner that is consistent with the best
principles of public health, economics,
engineering, and environmental sustainability.
In the Nigerian context, the National
Environmental Standards and Regulations
Enforcement Agency (NESREA) define waste
management as a process of ensuring that
waste is handled in compliance with national
environmental  regulations  to  protect
ecosystems and human settlements (National
Environmental Standards and Regulations
Enforcement Agency, 2020).

EFFECT OF DUMPSITE ON SOIL QUALITY

Shehu-Alimi et al. (2020) investigated
the physicochemical and heavy metals
characteristics of soils from three major
dumpsites in llorin Metropolis, North Central
Nigeria. Soil samples were collected from Ita-
Amodu, Sawmill Garage, and Kuntu areas and
analyzed for pH, electrical conductivity,
temperature, sulphates, chlorides, nitrates,
moisture content, organic matter, and heavy
metals including cadmium (Cd), lead (Pb), zinc
(Zn), iron (Fe), and copper (Cu). The study
revealed pH values of 7.1, 7.2, and 6.8, and
organic matter contents of 0.95%, 0.73%, and
1.14% respectively. Moisture contents ranged
between 2.89% and 3.93%. The chloride
contents varied from 31.76 mg/L to 91.63 mgiL,
while nitrates were between 0.06-0.23 mgiL.
Heavy metal analysis showed the presence of
cadmium (0.048-0.62 mg/L), lead (0.056-0.07
mg/L), zinc (0.009-0.066 mg/L), copper (0.028-
0.031 mg/L), and iron (0.190-0.62 mg/L). The
results indicate moderate contamination and
possible risks to soil quality.

EFFECTS OF DUMPSITE ON WATER
QUALITY

Ferreira, Aderibigbe, and colleagues
(2023) investigated groundwater quality in

boreholes and wells around the Olusosun
dumpsite one of Lagos’s largest municipal
waste sites. Methodology: the authors collected
representative borehole and well samples and
analyzed a suite of physicochemical parameters
(pH, electrical conductivity, TDS, major ions),
heavy metals, and microbial indicators using
standard laboratory methods; results were
compared with WHO drinking-water limits and
local standards. Findings: several parameters
including electrical conductivity, total dissolved
solids and selected heavy metals were elevated
in wells closest to the dumpsite, and microbial
contamination was frequently  detected,
indicating leachate influence and risk to potable
groundwater.

EFFECTS OF DUMPSITES ON AIR QUALITY

Open dumpsites and
uncontrolled/poorly managed landfills are
important local sources of air pollution. Key
emissions  include  particulate  matter
(PM,.5/PM,,), gases produced by anaerobic
decomposition (methane, CO), odorous and
toxic trace gases (H.S, NHs3, VOCs such as
benzene and formaldehyde), combustion
products when waste burns (CO, PM, NOx,
SOx, VOCs), heavy metals associated with
fugitive dust, and emerging contaminants
(PFAS) found in landfill gas. These emissions
degrade local air quality, cause acute and
chronic respiratory and other health impacts for
nearby communities and workers, and can
create episodic high-exposure events during
landfill fire (Atmosphere 2024), 15(4),
410; https://doi.org/10.3390/atmos 15040410

RESEARCH METHODOLOGY

This study is anchored on the
principle of hypothesis-testing research design.
The design aimed at testing objective theory
postulated in the form of research hypothesis, to
ascertain the level of chemical parameters and
heavy metal properties in the water, soil and
plants in the study area. This design was
adopted to draw conclusions in the premise of
deductive theory.
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This study relied on numerical dataset
which is most suitable for quantitative analysis.
Physicochemical and heavy metals values in
the water (ground and surface), soil (top and
sub) and plant samples constitutes the
numerical data. The dataset is measured on a
ratio scale (microgram/liter and kg/l) as obtained
from the laboratory analysis.

The study relied solely on primarily
sourced data. Samples of groundwater, soil,
and plant were collected afresh and subjected
to laboratory analysis for biophysical, chemical
and heavy metal concentration. The originality
of the dataset is subject to the fact that the data
were generated and not sourced from existing
archives.

Soil Sampling: Nine points + control,
analyzed for particle size, organic carbon,
cation exchange capacity, and heavy metals.
Water Sampling: Three points, tested for pH,
conductivity, hardness, chloride, sulphate, BOD,
COD, and heavy metals.

Air Quality Monitoring: PM,.5, PM,,, CO,
H,S, VOCs measured at varying distances from
dumpsite. Air quality analysis was conducted
around the Gosa dumpsite to determine the
concentration of major atmospheric pollutants
produced from the decomposition and burning
of municipal solid waste. The parameters
measured include Carbon monoxide (CO),
Nitrogen dioxide (NO,), Sulphur dioxide (SO,),
Ammonia  (NH3), Methane (CH,), and
Particulate Matter (PM,.s and PM;).

The study adopted both the
descriptive and inferential statistical methods of
data analysis. The descriptive statistics includes
both mean and standard deviation of the
derived data obtained from the laboratory
analysis, while Anova statistics, student t-test
and correlation constituted the inferential
statistics adopted in this study to provide
meaningful inferences on the study hypothesis.
The data analysis commensurate to the study
objects.

RESULTS AND DISCUSSION;
Air Quality Result Table
Parameter At Dumpsite (A) | 500m Away (B) | 1000m Away (C) | WHO Standard
CO (ppm) 8.5 5.2 2.1 9 ppm
NO, (ppm) 0.08 0.05 0.02 0.04 ppm
SO, (ppm) 0.06 0.04 0.01 0.02 ppm
NH; (ppm) 1.20 0.75 0.30 0.20 ppm
CH, (%) 35 2.1 0.8 Not specified
PM,.5 (ug/m®) | 55 40 22 25 pg/m?®
PMo (Mg/m?) 120 85 50 50 pg/m?

Air: Pollutant concentrations highest at dumpsite, decreasing with distance. NHz, SO,, NO,, PM,.5, PM;,

exceeded WHO limits.
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SPATIAL DISTRIBUTION OF PHYSICOCHEMICAL AND HEAVY METALS CONCENTRATIONS IN THE
SOIL AND WATER AROUND THE DUMP SITE
Spatial distribution of physicochemical concentrations in the Soil
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Figure 4.1: Spatial analysis of physicochemical concentrations in the Soil

Spatial distribution of Heavy metals concentrations in the Soil
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Figure 4.2: Spatial analysis of Heavy metals concentrations in the Soil

Comparative analysis of Heavy metals in Soils between the field results with the set standards.

Parameter Gosa NESREA FAO
Zn 3.1 5.0 3.0
Cu 0.3 15 0.1
Fe 5.21 2.0 0.3
Mn 0.83 - 0.2
Pb 0.84 0.1 0.05

Source: Field survey, (2026)
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The results of the heavy metal
analysis in Gosa soils (Table 1.3) reveal
widespread contamination when benchmarked
against NESREA and FAO permissible
standards. Although zinc (3.1 mg/L) falls below
the NESREA threshold (5.0 mglL), it slightly
exceeds FAO's agricultural limit (3.0 mg/L),
indicating a potential risk of gradual soil
accumulation and eventual crop uptake. Copper
(0.3 mg/L) is within NESREA's permissible
concentration (1.5 mg/L) but surpasses FAQ'’s
guideline (0.1 mg/L) by threefold, highlighting
the likelihood of long-term phytotoxicity and soil
quality impairment if irrigation continues with
contaminated water. The most striking result is
iron (5.21 mg/L), which greatly exceeds both
NESREA (2.0 mg/L) and FAO (0.3 mg/L) limits,
signifying severe contamination and posing
risks of iron overload in crops and adverse
health outcomes in consumers. Likewise,
manganese (0.83 mg/L) is more than four times
FAO's permissible limit (0.2 mg/L), while lead
(0.84 mg/L) surpasses both NESREA (0.1 mg/L)
and FAO (0.05 mg/L) thresholds by wide
margins, raising immediate concerns about
toxicological impacts on humans, livestock, and
soil ecology.

THE POTENTIAL ECOLOGICAL AND
HEALTH RISKS ASSOCIATED WITH THE
OBSERVED LEVELS OF
PHYSICOCHEMICAL PARAMETERS AND
HEAVY METALS IN THE STUDY AREA.

The analysis of heavy metals in the
Gosa site reveals concentrations that exceed
several national and international standards,
raising serious ecological and public health
concerns. Zinc was detected at 3.1 mgiL,
slightly above the FAQ irrigation threshold of 3.0
mg/L but within NESREA's permissible limit of
5.0 mg/L. Although zinc is an essential
micronutrient for plants and humans, the World
Health Organization (WHO, 2021) notes that
long-term exposure to elevated concentrations
can cause soil accumulation and eventual
phytotoxicity. Crops irrigated with such water
may show reduced yields and nutritional quality,
while in humans, chronic exposure could impair
immune function and cause gastrointestinal
disturbances.

Copper levels were recorded at 0.3
mg/L, which falls within NESREA's permissible
limit of 1.5 mg/L but is three times higher than
the FAO recommended guideline of 0.1 mg/L.
The WHO (2021) guidelines for drinking water
quality set an upper safe limit of 2.0 mgiL,
suggesting that immediate health risks may be
low. However, in irrigation contexts, such
accumulation can negatively affect seed
germination, microbial balance, and soil fertility.
Over time, excessive copper in soils may
reduce crop yields, while in human populations,
high copper ingestion has been linked to liver
and kidney damage as well as gastrointestinal
irritation in sensitive groups.

Iron was found at 521 mg/L, far
exceeding NESREA (2.0 mg/L), FAO (0.3
mg/L), and WHO (2021) standards, which set a
maximum acceptable concentration of 0.3 mg/L
in drinking water. Elevated iron levels present a
dual ecological and health threat. In soils, they
can cause hardpan formation, restrict root
aeration, and induce toxicity in crops such as
rice and leafy vegetables. From a human health
perspective, long-term iron ingestion can lead to
hemochromatosis, a disorder associated with
liver, pancreas, and heart damage, while also
affecting water aesthetics by imparting
unpleasant taste, odor, and discoloration.

Manganese concentration at 0.83 mg/L
also surpasses the FAO irrigation guideline (0.2
mg/L) and exceeds the WHO (2021) drinking
water guideline of 0.4 mg/L. Manganese
accumulation in soils can reduce phosphorus
availability and impair photosynthesis, lowering
crop productivity and soil quality. In human
populations, chronic exposure to elevated
manganese is associated with neurological
disorders, including manganism, a Parkinson’s-
like condition. Children are particularly
vulnerable to neurodevelopmental effects,
making this parameter especially concerning in
the Gosa context.

CONCLUSION

The study revealed that the soils in the
study area are generally slightly acidic to
neutral, with moderate cation exchange
capacity and adequate levels of essential
macronutrients such as calcium, magnesium,
potassium, and phosphorus, indicating that the
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soils are reasonably fertile but limited by low
organic carbon and organic matter content. Soil
physical properties such as texture, bulk
density, and moisture content suggest moderate
suitability for crop cultivation, although organic
amendments are needed to enhance water
retention, aeration, and biological activity.
Heavy metal analysis showed that zinc, copper,
iron, and manganese were within acceptable
limits, but lead concentrations were elevated at
specific points, particularly around the heap
base, raising localized environmental and
health concerns.

Overall, the findings imply that while the soils
are suitable for agricultural use, their long-term
sustainability depends on improved organic
matter management and careful monitoring of
heavy metal accumulation to prevent ecological
and public health risks.

RECOMMENDATIONS

Based on the findings and conclusion
of the study, the following recommendations are
considered appropriate:

1. The soils are moderately acidic (pH
6.7-6.9) with low organic carbon
(0.2-0.3%). To improve fertility and
enhance microbial activity, farmers
should adopt organic amendments
(manure, compost, crop residues)
and lime application where necessary
to sustain neutral soil reaction for
optimum nutrient availability.

2. Pollutant concentrations are highest
at the dumpsite and decrease with
distance. This suggests that improved
waste management strategies are
necessary to reduce environmental
and health risks associated with the
dumpsite

3. Exchangeable bases (Ca?*, Mg?*, K*,
Na*) and phosphorus were within
acceptable ranges but showed spatial
variations.  Site-specific ~ fertilizer
application and precision nutrient
management should be encouraged
instead of blanket fertilizer use,
ensuring  balanced  supply of
macronutrients  and  preventing
localized deficiencies.

4. Cation exchange capacity (12.1-13.6
cmol’kg) was moderate, suggesting
soils have limited buffering capacity.
This calls for regular soil testing and
tailored fertilization to avoid nutrient
leaching. Incorporating leguminous
cover crops could also improve
nitrogen supply and boost soil nutrient
retention.

5. Levels of Zn, Cu, Fe, and Mn were
within safe limits, but traces of lead
(Pb up to 1.06 mg/kg at SS1) were
detected. Regular monitoring of
heavy metals in soils, irrigation water,
and crops is necessary to avoid long-
term accumulation in the food chain.
Phytoremediation using tolerant plant
species may also help mitigate risks
in hotspot areas.

6. Since both physicochemical
properties and  heavy  metal
concentrations show spatial variation
across sampled sites, site-specific
soil  management is  strongly
recommended. Precision agriculture
tools and farmer ftraining on
sustainable irrigation practices can
enhance soil health and productivity
while reducing environmental risks.
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