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Abstract 

Domestic waste leachate infiltration has become a growing environmental and geotechnical concern in rapidly urbanizing regions 

such as Auchi Metropolis. This study investigates the influence of domestic waste leachate on the geotechnical behavior of 

lateritic soils collected from Aviele, Jattu, and Uchi. Standard BS 1377 and ASTM laboratory procedures were used to evaluate 

soil index properties, compaction characteristics, permeability, and swell potential, alongside chemical and microbial 

characterization of the leachate. The soils were predominantly sandy (76–84%) and classified as A-2–4 to A-3 (AASHTO) and 

SP (USCS). Compaction tests showed similar optimum moisture contents of 14.36–14.40%, with maximum dry densities ranging 

from 1.65 g/cm3 for Aviele and Jattu to 1.85 g/cm3 for Uchi, indicating stronger load-bearing capacity at Uchi. Permeability 

coefficients ranged from 1.01 × 10-7 m/s (Jattu) to 3.51 × 10-7 m/s (Uchi), demonstrating low but variable hydraulic conductivity, 

while swell tests revealed minimal expansion, with Aviele recording 2.4% and both Jattu and Uchi showing 0%. Leachate 

analysis indicated acidic conditions and high organic and microbial loads, suggesting potential for chemical alteration and 

biological degradation of soil structure. Overall, results show that leachate exposure increases permeability, alters consistency 

limits, and may reduce long-term soil stability. The study emphasizes the need for improved waste management, engineered 

containment, and geotechnical monitoring to mitigate leachate-related environmental and structural risks in Auchi Metropolis. 
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1. Introduction 

Domestic waste generation has increased significantly in 

developing regions due to rapid urbanization, rising 

population, and inadequate waste management infrastructure. 

In many Nigerian cities, including Auchi Metropolis, waste 

collection systems remain inefficient, leading to the 

proliferation of open and poorly managed dumpsites [11]. As 

domestic solid waste decomposes, it produces leachate 

enriched with organic compounds, dissolved ions, and 
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microbial contaminants [10]. This leachate readily infiltrates 

surrounding soils, posing environmental risks and potential 

threats to groundwater quality [17]. 

Lateritic soils dominate the geotechnical landscape of 

Auchi and are widely used in civil engineering works such as 

road embankments, foundations, and landfill liner systems. 

Their engineering significance is closely tied to intrinsic 

properties such as permeability, compaction behaviour, and 

strength characteristics. However, these soils are highly 

sensitive to physicochemical changes induced by 

contaminants. Previous studies have shown that leachate 

interaction can disrupt soil structure, increase hydraulic 

conductivity, alter consistency limits, and reduce mechanical 

strength [2, 12] Such alterations may compromise their 

performance in both natural and engineered subsurface 

systems. 

The infiltration of domestic waste leachate into lateritic 

subsoils is a growing concern in Auchi, where dumpsites are 

often located near residential settlements, markets, and road 

corridors. With leachate migration occurring directly through 

lateritic profiles, the risk of environmental degradation and 

geotechnical instability increases. Despite the prevalence of 

domestic dumpsites in the region, limited empirical studies 

have focused on the direct impacts of leachate contamination 

on the permeability and environmental quality of lateritic soils 

in Auchi Metropolis. 

Assessing these impacts is critical for sustainable 

engineering practice, land-use planning, and environmental 

protection. This study therefore provides an environmental 

risk assessment of domestic waste leachate on lateritic soil 

permeability and subsurface quality within Auchi Metropolis. 

The findings aim to enhance scientific understanding of 

leachate–soil interactions, support improved waste 

management policies, and guide safe geotechnical decision-

making in areas affected by uncontrolled domestic waste 

disposal. 

2. Materials and Methods 

2.1. Materials 

The lateritic soil used in this study was collected from three 

locations within Auchi Metropolis, Etsako West Local 

Government Area of Edo State, Nigeria. Sampling points were 

selected to represent typical subsurface lateritic soil 

conditions across the area. Soil samples were collected using 

a hand auger at depths of 0.5–1.0 m to avoid interference from 

organic surface materials. The tools used for soil sampling 

included a shovel, hand auger, measuring tape, and labeled 

polythene sample bags. The samples were sealed and 

transported to the laboratory for geotechnical and 

environmental analysis. 

Leachate samples were obtained from three major 

dumpsites in Auchi: Jattu Market Dumpsite, Aviele Dumpsite, 

and Uchi Dumpsite. Composite samples were collected using 

sterilized plastic containers following environmental 

sampling guidelines. Leachate was drawn from multiple 

points and depths within the waste mass to ensure 

representativeness. Samples were tightly sealed, stored in 

cooled conditions, and transported for chemical and microbial 

characterization. 

2.2. Methods 

The soil samples were air-dried, pulverized, and sieved in 

accordance with standards [9]. Leachate samples were 

homogenized before testing. To simulate contamination, 

predetermined quantities of leachate were mixed with the 

lateritic soil to evaluate changes in permeability and 

subsurface environmental quality. All mixtures were prepared 

manually to ensure uniform distribution prior to testing. This 

study employed a series of chemical, microbial, and 

geotechnical tests to assess the impact of domestic waste 

leachate on the physical, hydraulic, and environmental 

behavior of lateritic soil in Auchi Metropolis. 

1) pH: Leachate pH was measured using a calibrated digital 

pH meter to determine acidity or alkalinity, which 

influences soil–leachate interaction and pollutant 

mobility. 

2) Chemical Oxygen Demand (COD): COD was 

determined by digesting leachate samples with 

potassium dichromate in acidic conditions, followed by 

titration with ferrous ammonium sulfate. COD indicates 

the organic pollution load of the leachate. 

3) Biological Oxygen Demand (BOD5): Initial dissolved 

oxygen (DO1) was measured. Samples were incubated 

at 20°C for 5 days, after which DO5 was taken. This 

measures biodegradable organic matter that may harm 

subsurface water quality. 

𝐵𝑂𝐷5 = 𝐷𝑂1 − 𝐷𝑂5               (1) 

4) Total E. coli Count: Microbial load was obtained using 

culture-based enumeration on selective agar. Plates were 

incubated at 35–37°C for 24 hours and confirmed at 

44.5°C. Colony-forming units (CFU/mL) were recorded 

to assess microbial contamination risks. 

2.2.1. Geotechnical Tests 

1) Particle Size Distribution (Sieve Analysis): Performed to 

determine soil gradation and classify the lateritic soil. 

This provides insight into how leachate influences 

particle aggregation or dispersion. 

2) Specific Gravity: Determined using the pycnometer 

method [7]. Variations in specific gravity may reflect 

contamination by lighter organic or inorganic 

constituents present in leachate. 

3) Atterberg Limits: Liquid limit, plastic limit, and 

plasticity index were evaluated to determine changes in 

soil consistency and plasticity under leachate exposure 
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[6]. 

𝑃𝐼 = 𝐿𝐿 − 𝑃𝐿                  (2) 

4) Moisture Content: Determined to assess moisture 

variation before and after leachate mixing, which 

influences permeability and soil stability [4]. 

5) Water Absorption: Measured by comparing saturated 

and oven-dry weights of the soil. This indicates the soil’s 

ability to absorb and retain leachate, which affects 

subsurface contamination potential. 

2.2.2. Compaction Characteristics 

Standard Proctor Compaction Test [5] was conducted to 

determine the Optimum Moisture Content (OMC) and 

Maximum Dry Density (MDD) of both natural and leachate-

contaminated lateritic soil [8]. These parameters help evaluate 

structural changes and densification behavior due to leachate 

infiltration. 

The permeability of natural and leachate-treated soil 

samples was determined using the falling head permeameter 

method [8]. The coefficient of permeability (k) was calculated 

using: 

𝑘 =
𝑎𝐿

𝐴𝑡
𝑙𝑜𝑔 (

ℎ1

ℎ2
)                  (3) 

Where k is the coefficient of permeability (cm/s), a is the 

cross-sectional area of the standpipe, A is the cross-sectional 

area of the soil specimen, L is the length of the soil sample, t 

is the time interval for the head drop, and h1 and h2 are the 

initial and final hydraulic heads. This test provided crucial 

data on how leachate affects soil hydraulic conductivity, an 

important factor in assessing subsurface contamination risk. 

3. Results and Discussion 

The results and discussion presents the results of laboratory 

tests conducted to assess the impact of domestic waste 

leachate on lateritic soils in Auchi Metropolis. The tests aimed 

to evaluate soil index properties, compaction behavior, 

permeability, and absorption, providing insights into 

subsurface contamination risks and environmental 

implications. 

Index properties determine the soil’s texture, cohesiveness, 

and susceptibility to chemical alteration by leachate. 

Parameters evaluated include particle size distribution, 

specific gravity, moisture content, Atterberg limits, and linear 

shrinkage. 

Soils from Aviele, Jattu, and Uchi were predominantly 

sandy, with sand content ranging from 76% to 84% and minor 

fines (10–19%). Based on AASHTO classification, these soils 

fall within the A-2–4 to A-3 category and SP under USCS, 

indicating poorly graded sands with low cohesion and 

moderate permeability. The coarse-grained texture suggests 

high susceptibility to leachate infiltration, increasing risks of 

subsurface contamination. 

 
Figure 1. Index Properties of Soil Sample (Aviele, Jattu, Uchi). 

Table 1. Summary of Index Properties of Soil Samples. 

Property Aviele Jattu Uchi 

Specific Gravity 2.54 2.65 2.58 
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Property Aviele Jattu Uchi 

Moisture Content (%) 15.2 15.2 15.2 

Liquid Limit (%) 7 22 21 

Plastic Limit (%) 6 16 10 

Plasticity Index (%) 1 6 11 

Linear Shrinkage (%) 0.5 0.93 1.4 

 

Table 1 and Figure 1 show clear variations in the index 

properties of lateritic soils from Aviele, Jattu, and Uchi. 

Specific gravity values (2.54–2.65) fall within the normal 

range for tropical laterites, indicating stable mineral 

composition consistent with recent findings on Nigerian 

residual soils [3, 9] Moisture content remains uniform (15.2%), 

suggesting similar in-situ moisture regimes across the 

sampled locations. The consistency limits vary significantly: 

Aviele exhibits very low plasticity (PI = 1%), typical of sandy 

lateritic soils with minimal clay activity [1]. Jattu and Uchi 

show higher plasticity (PI = 6% and 11%), reflecting increased 

clay fraction and greater water sensitivity, similar to lateritic 

soils documented in recent geotechnical [16]. Linear 

shrinkage values follow the same trend, increasing from 

Aviele (0.5%) to Uchi (1.4%), indicating higher shrink–swell 

potential where plasticity is greater [13]. Overall, Aviele soil 

is the least plastic and least compressible, while Uchi 

demonstrates the highest susceptibility to volumetric changes. 

The Standard Proctor test evaluated the optimum moisture 

content (OMC) and maximum dry density (MDD) to 

understand soil workability and strength under leachate 

influence. 

 
Figure 2. compaction Test Results. 

Table 2. Compaction Test Results. 

Sample OMC (%) MDD (g/cm3) 

Aviele 14.4 1.65 

Jattu 14.36 1.65 

Uchi 14.36 1.85 

 

Table 2 and Figure 2 show that all samples have similar 

OMC values (~14.3–14.4%), indicating comparable moisture 

needs for compaction. However, Uchi exhibits a higher MDD 

(1.85 g/cm3) than Aviele and Jattu (1.65 g/cm3), suggesting 

denser particle packing and better load-bearing potential, 

consistent with recent findings on compacted lateritic soils [14, 

18]. 

The falling-head test measured the hydraulic conductivity 

of the soils to assess leachate migration potential.
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Figure 3. Permeability Test Results. 

Table 3. Permeability Test Results. 

Sample Coefficient of Permeability (m/s) 

Aviele 2.61 × 10-7 

Jattu 1.01 × 10-7 

Uchi 3.51 × 10-7 

Table 3 and Figure 2 indicate that all samples fall within 

low-permeability ranges typical of lateritic soils, though with 

notable variation. Jattu shows the lowest permeability (1.01 × 

10-7 m/s), suggesting tighter pore structures and higher 

resistance to leachate flow, while Uchi records the highest 

value (3.51 × 10⁻m/s), implying more open pathways for fluid 

movement. Aviele lies mid-range. These differences align 

with recent international findings on soil microstructure 

influencing hydraulic behavior [15, 18]. 

The soil absorption test determined dimensional stability 

under moisture variations induced by leachate. 

 
Figure 4. Swell Test. 

Table 4. Swell Test Results. 

Sample Swell (%) 

Aviele 2.4 

Jattu 0 

Uchi 0 

Table 4 and Figure 4 shows that only Aviele exhibits 

measurable swelling (2.4%), indicating the presence of minor 

expansive minerals, while Jattu and Uchi show no swelling, 

reflecting higher structural stability. This pattern aligns with 

recent studies noting variability in lateritic soil expansiveness. 

Leachate from domestic waste in Auchi Metropolis 

significantly influences lateritic soil properties. The soils’ 

sandy nature, moderate-to-high permeability, and low 

plasticity render them prone to leachate infiltration, affecting 

subsurface quality. Chemical and microbial analysis of 

leachate showed acidic pH (4.0–5.4), high COD/BOD ratios, 

and E. coli contamination, indicating potential degradation of 

soil minerals and organic contamination of the subsurface. 

Compaction and permeability tests suggest that Uchi soil has 

superior load-bearing capacity, whereas Aviele and Jattu are 

moderately stable but more susceptible to environmental risks. 

Leachate-contaminated soils in Auchi require stabilization, 

engineered containment, and proper drainage to ensure safe 

environmental and structural performance. 

4. Conclusion 

This study assessed the environmental risks of domestic 

waste leachate on lateritic soils in Auchi Metropolis, focusing 

on permeability, subsurface quality, and geotechnical 

behavior. Laboratory analyses revealed that lateritic soils in 

the area are predominantly sandy with low to moderate 

plasticity, making them highly susceptible to leachate 

infiltration and subsequent subsurface contamination. 

The results demonstrated that leachate significantly influences 

soil properties: it alters particle interactions, reduces dry density, 

increases moisture retention, and affects hydraulic conductivity. 

Uchi soil exhibited the highest compaction and load-bearing 

potential, while Aviele and Jattu soils showed higher 

permeability and slight swelling tendencies, indicating a greater 

risk of leachate-induced environmental degradation. Chemical 

and microbial analyses of leachate indicated acidic conditions, 

high organic load, and microbial contamination, further 

emphasizing the potential threat to soil and groundwater quality. 

The study confirms that uncontrolled domestic waste 

disposal in Auchi poses substantial risks to subsurface 

environmental quality and soil stability. To mitigate these 

risks, proper waste management strategies, soil stabilization, 

engineered containment systems, and effective drainage 

measures are recommended. These findings provide valuable 
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insights for sustainable land-use planning, environmental 

protection, and safe geotechnical practices in areas affected by 

domestic waste leachate. 

Abbreviations 

BOD Biological Oxygen Demand Over 5 days 

(mg/L) 

COD Chemical Oxygen Demand (mg/L) 

CFU Colony Forming Units (microbial count) 

DO1 Initial Dissolved Oxygen (mg/L) 

DO2 Dissolved Oxygen After 5-day Incubation 

(mg/L) 

L Length of Soil Specimen (m) 

LL Liquid Limit (%) 

MDD Maximum Dry Density (g/cm3) 

OMC Optimum Moisture Content (%) 

PI Plasticity Index (%) 

PL Plastic Limit (%) 

SPG Specific Gravity (Dimensionless) 

t Time Interval for Hydraulic Head Drop (s) 

AASHTO American Association of State Highway and 

Transportation Officials 

APA American Psychological Association 

ASTM American Society for Testing and Materials 

BS British Standard 

CFU/mL Colony Forming Units Per Milliliter 

COD Chemical Oxygen Demand 

DO Dissolved Oxygen 

LL Liquid Limit 

LS Linear Shrinkage 

MDD Maximum Dry Density 

MSW Municipal Solid Waste 

OMC Optimum Moisture Content 

PSD Particle Size Distribution 

SP Poorly Graded Sand (Unified Soil 

Classification System) 

USCS Unified Soil Classification System 
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