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ABSTRACT

The management of used engine oil generated from petrol station auto-care workshops presents a
persistent environmental challenge in many developing countries, particularly where regulatory
compliance and enforcement remain weak. This study examines the spatial distribution of petrol stations
and evaluates regulatory awareness and early-stage compliance gaps in used oil management among
auto-care workshop operators in Abuja Municipal Area Council (AMAC), Nigeria. A mixed-methods
approach was adopted, integrating Global Positioning System (GPS) mapping, ArcGIS-based spatial
analysis, structured questionnaires, and key informant interviews. Petrol stations were mapped and
analyzed to identify spatial patterns, while regulatory awareness and compliance indicators were assessed
using descriptive statistics and mean score analysis. Results reveal a clustered distribution of petrol
stations across AMAC, with no corresponding improvement in regulatory awareness or compliance
levels. Overall regulatory awareness was low (mean score = 2.38), with particularly weak understanding
of emergency preparedness (2.55) and used oil handling, storage, and disposal requirements (2.67). The
findings demonstrate that spatial concentration and proximity to regulatory institutions do not necessarily
translate into better compliance outcomes. This study highlights critical gaps in operator awareness and
institutional engagement, underscoring the need for spatially targeted regulatory sensitization, improved
compliance education, and context-specific monitoring strategies. The results provide evidence-based
insights for strengthening environmental governance and sustainable used oil management in Nigeria’s
downstream petroleum sector.
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1. INTRODUCTION

Used engine oil is a hazardous waste stream with substantial potential to contaminate soil, groundwater,
and surface water when improperly handled. This is largely due to its content of heavy metals, polycyclic
aromatic hydrocar (PAHs), and other toxic degradation products generated during engine operation
(ATSDR, 2020; UNEP, 2019). Even small quantities of used oil can render large volumes of water unfit
for human or ecological use, making its management a critical environmental concern.

Petrol stations with attached auto-care workshops represent important point sources of used oil
generation, particularly in rapidly urbanizing cities in developing countries. These facilities are often
located within densely populated areas and operate alongside informal waste handling practices,
increasing the risk of environmental contamination and human exposure (Akinbile & Yusoff, 2011;
Aderogba, 2014). In Nigeria, the growth of vehicular traffic and reliance on petroleum products have
further intensified the generation of used oil from small-scale auto-maintenance activities.

Regulatory oversight of used oil management in Nigeria is provided through instruments such as the
Environmental Guidelines and Standards for the Petroleum Industry in Nigeria (EGASPIN) and
regulations enforced by the National Oil Spill Detection and Response Agency (NOSDRA). These
frameworks prescribe standards for waste oil storage, spill prevention, emergency preparedness, and
environmentally sound disposal (Federal Ministry of Environment, 2018; NOSDRA, 2011). Despite the
existence of these regulatory provisions, empirical studies consistently report weak compliance and low
levels of awareness among operators of auto-care workshops (Adewuyi & Olowu, 2012; Adebayo &
Olukanni, 2015).

Beyond regulatory provisions, spatial factors play a critical role in shaping environmental risk and
compliance outcomes. The spatial distribution of petrol stations influences cumulative pollution loads,
exposure pathways, and the effectiveness of regulatory monitoring and inspection regimes (EEA, 2019).
However, proximity to regulatory institutions or urban centers does not automatically translate into
improved compliance, particularly where regulatory awareness and communication are limited
(Blackman, 2010).

Previous studies in Nigeria and comparable developing-country contexts have largely examined petrol
stations from the perspectives of siting, groundwater contamination, and enforcement challenges, with
limited integration of geospatial analysis and behavioral assessment of regulatory awareness (Onojake &
Osuji, 2012; Olukanni & Adebayo, 2016). This study therefore addresses this gap by combining GIS-
based spatial analysis with an empirical assessment of regulatory awareness and early-stage compliance
gaps among auto-care workshop operators in Abuja Municipal Area Council (AMAC).

The objectives of this study are to:

(i) map and analyze the spatial distribution of petrol stations in AMAC;

(ii) assess the level of regulatory awareness among auto-care workshop operators regarding used oil
management; and

(ii1) identify early-stage compliance gaps associated with awareness deficits.

By integrating spatial and behavioral perspectives, the study provides evidence to support more targeted
and effective environmental governance strategies.

2. MATERIALS AND METHODS

2.1 Study Area

Abuja Municipal Area Council (AMAC) is the largest and most urbanized area council within the Federal
Capital Territory (FCT), Nigeria. It hosts a high concentration of commercial activities, transport
infrastructure, and petrol stations, many of which operate auto-care workshops. The area’s rapid urban
growth and reliance on petroleum products make it a critical case study for environmental compliance
assessment.
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2.2 Research Design

The study employed a cross-sectional survey design combined with ex-post facto analysis. Both
quantitative and qualitative methods were used to capture spatial, institutional, and behavioral dimensions
of used oil management.

2.3 Data Collection

2.3.1 Spatial Data

Geographic coordinates of petrol stations within AMAC were collected using handheld GPS devices
during field surveys. The coordinates were imported into ArcGIS 10.x software for spatial analysis.

2.3.2 Population, Sampling Technique, and Sample Size

The study population comprised all petrol stations within the Abuja Municipal Area Council (AMAC).
According to records from the Nigerian Midstream and Downstream Petroleum Regulatory Authority
(NMDPRA, 2023), AMAC hosts a total of 197 petrol stations. Given the study’s analytical focus on
regulatory awareness, spatial distribution, and compliance patterns rather than a full census, a
representative sample of stations was selected.

A purposive (purposeful) sampling technique was adopted to identify information-rich cases relevant to
the study objectives. This approach is widely applied in environmental and regulatory research where the
emphasis is on selecting units with specific characteristics rather than random representation (Chaein,
1981; Patty, 2002). In this study, petrol stations with functional auto-care workshops, located in densely
populated and high-activity areas, were deliberately selected to capture locations with higher used oil
generation and compliance relevance. Purposive sampling enhances analytical depth and credibility by
focusing on cases most pertinent to the research problem (Enago Academy, 2019; Tareh & Arasa, 2022).
To determine an appropriate and statistically valid sample size, the Taro Yamane formula was applied at a
95% confidence level (e = 0.05). Based on a population of 197 petrol stations, the calculated sample size
was 132 stations, with one respondent selected from each station. In addition, two key informants, one
from each of the relevant regulatory agencies were included to provide institutional and enforcement
perspectives.

Table 1. Population and Sample Size Distribution of Petrol Stations in the Study Area

Study Area Total Petrol Stations Independent Marketers Major Marketers
Abuja (FCT) 367 241 126
AMAC (Study Population) 197 116 81
Sample Size 132 71 61

Sample Size Determination
The sample size was calculated using the Taro Yamane formula:

n=N/1+N (e)

Where:
e n=sample size
e N = population size (197)
e ¢ =level of significance (0.05)
n=197/1+ 197 (0.05) 2= 197/1.4925 = 132

2.3.2 Survey Data

Structured questionnaires were administered to operators of auto-care workshops located within selected
petrol stations. The questionnaire assessed regulatory awareness across key dimensions, including
knowledge of relevant regulations, emergency preparedness, used oil handling practices, and awareness
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of regulatory oversight. Key informant interviews were also conducted with selected regulators and
station managers to provide contextual insights.

2.4 Data Analysis

2.4.1 Spatial Analysis

ArcGIS was used to generate distribution maps and conduct nearest-neighbor and clustering analysis to
determine spatial patterns of petrol station locations.

2.4.2 Awareness and Compliance Analysis

Survey responses were analyzed using descriptive statistics. Mean scores were computed using a
five-point Likert scale to evaluate levels of regulatory awareness and compliance readiness.

3. RESULTS

3.1 Spatial Distribution of Petrol Stations

Spatial analysis revealed that petrol stations in AMAC are unevenly distributed, with noticeable clustering
along major transportation corridors and commercial districts. Peripheral residential zones showed
relatively lower densities.
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Figure 1: Spatial distribution of petrol stations in Abuja Municipal Area Council (GIS map).
Nearest-neighbor analysis indicated a clustered pattern rather than random or uniform distribution,
suggesting market-driven siting rather than regulatory planning considerations.

3.2 Regulatory Awareness Levels

Table 1 presents mean scores for key regulatory awareness indicators among auto-care workshop
operators.
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Table 1: Mean Scores of Regulatory Awareness Indicators

Awareness Variable Mean Score
General regulatory awareness 2.38
Emergency preparedness procedures 2.55

Used oil handling, storage and disposal 2.67

Awareness of regulatory enforcement ~ 2.45

Overall awareness levels were low across all indicators, with none attaining the threshold for adequate
awareness.

3.3 Spatial Proximity and Awareness Relationship

Analysis showed no significant association between proximity of petrol stations to regulatory offices and
higher awareness levels. Operators located within central clusters exhibited similar awareness deficits as
those in peripheral locations.

4. DISCUSSION

The clustered spatial distribution of petrol stations observed in AMAC reflects commercial demand,
accessibility, and traffic flow considerations rather than environmental planning objectives. Similar
clustering patterns have been reported in other Nigerian cities and across developing-country urban
contexts, where market forces largely determine facility siting decisions (Akinbile & Yusoff, 2011; EEA,
2019). Such spatial concentration increases the cumulative risk of localized soil and groundwater
contamination, particularly where hazardous wastes such as used oil are poorly managed.

The consistently low regulatory awareness scores recorded across all indicators suggest that compliance
challenges are rooted in systemic communication and capacity gaps. Emergency preparedness and used
oil handling requirements were especially poorly understood, reinforcing earlier findings that highlight
weak dissemination of regulatory information to small-scale auto-care operators (Adebayo & Olukanni,
2015; Olukanni & Adebayo, 2016). These deficiencies heighten the likelihood of accidental spills,
improper storage, and informal disposal practices.

Notably, the absence of a clear relationship between spatial proximity to regulatory institutions and
awareness levels challenges assumptions underlying conventional inspection-based enforcement
strategies. This finding aligns with regulatory scholarship indicating that proximity-based oversight is
ineffective where inspections are irregular, sanctions are weak, and compliance assistance is limited
(Blackman, 2010; World Bank, 2020). Instead, sustained engagement, targeted training, and simplified
regulatory communication are more likely to influence operator behavior.

The findings underscore the importance of integrating spatial intelligence with regulatory outreach. GIS-
based mapping provides regulators with a powerful tool for identifying high-risk clusters and prioritizing
intervention. However, its effectiveness depends on parallel investments in awareness creation, operator
education, and consistent follow-up (EEA, 2019; UNEP, 2019).

5. Policy Implications

The findings suggest that environmental regulators should adopt spatially targeted awareness and
compliance strategies rather than uniform enforcement approaches. GIS-based facility mapping can be
used to prioritize high-density clusters for focused training, inspections, and monitoring.

Integrating spatial analysis into regulatory planning can improve resource allocation and enhance
compliance outcomes. Strengthening operator education and embedding regulatory awareness into routine
licensing processes are also critical.

6. CONCLUSION

This study demonstrates that while petrol stations in AMAC exhibit clustered spatial distribution,
regulatory awareness and early-stage compliance in used oil management remain consistently low. Spatial
concentration alone does not improve compliance outcomes, highlighting systemic gaps in regulatory
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communication and operator engagement. Addressing these gaps requires integrating spatial intelligence
with targeted awareness programs and strengthened institutional outreach. The findings contribute
empirical evidence to support more effective environmental governance and sustainable used oil
management in Nigeria’s downstream petroleum sector.
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