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ABSTRACT 

	This study aimed to evaluate the concentration, vertical distribution, sources, and potential human health risks of polycyclic aromatic hydrocarbons (PAHs) in soils from informal automobile repair workshops across different geological settings in Cameroon, Central Africa. A cross-sectional environmental assessment involving field sampling, laboratory analysis, and quantitative health risk modeling. The study was conducted at six automobile repair workshops located in Bamenda, Buea, and Douala, Cameroon, representing volcanic, ferralitic, and alluvial soil types, respectively. Soil sampling and laboratory analysis were carried out during the dry season. Composite soil samples were collected at three depth intervals (0–15 cm, 15–30 cm, and 30–60 cm) from each workshop and corresponding control sites. Sixteen priority PAHs were extracted using ultrasonic extraction and quantified by gas chromatography–mass spectrometry. Source identification was performed using molecular diagnostic ratios. Carcinogenic risk to adult workers was assessed using benzo[a]pyrene toxic equivalency (BaP-TEQ) and total cancer risk (TCR) models for ingestion, dermal contact, and inhalation exposure pathways, respectively. Total PAH concentrations ranged from 110 to 3,780 µg/kg in workshop soils, compared to 22–226 µg/kg in control soils. Surface soils generally showed higher PAH levels, although enhanced vertical migration was observed in alluvial soils. High-molecular-weight PAHs dominated most samples, indicating mainly combustion-related inputs with additional petrogenic contributions. BaP-TEQ values ranged from 19.5 to 65.9 µg/kg. Total cancer risk values ranged from 1.8 × 10-7 to 6.3 × 10-7, all below acceptable risk thresholds. Automobile repair workshop soils in Cameroon are contaminated with PAHs at levels exceeding background concentrations; however, associated carcinogenic risks to adults are currently negligible. The findings highlight the influence of soil type on PAH mobility and emphasize the need for routine monitoring and improved environmental management in informal workshop settings.
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1. INTRODUCTION

An automobile repair workshop (ARW) is a place where vehicles are repaired and serviced. These ARWs are widespread in rapidly urbanizing regions, often located along roadsides to provide quick services on vehicle maintenance and repair. The proliferation of such workshops has been driven by the exponential growth in vehicle ownership across Sub-Saharan Africa. In Cameroon, the motor vehicle fleet rose from approximately 281,000 in 2010 to 347,000 in 2015 (Helgi Library, 2025), mirroring broader trends in developing economies where vehicle ownership rates have been gradually increasing, averaging about 3 vehicles per 100 people in sub-Saharan Africa (Marubeni Corporation, 2017).

The informal nature of many ARWs in developing countries exacerbates environmental contamination. These workshops typically lack standardized waste disposal practices, and adequate infrastructure, operating without proper drainage systems, impermeable flooring, designated waste storage areas, or environmental management protocols (Nwachukwu et al., 2010; Inti and Adamu, 2024). Consequently, hydrocarbons are frequently released onto soil surfaces or into adjacent drainage channels, including used oils, gasoline residues, lubricants, and improperly disposed vehicle components (Adesina et al., 2024). This operational model sharply contrasts with that of regulated automobile service facilities in industrialized nations, where concrete flooring, oil-water separators, and hazardous waste collection systems are mandated by law (US EPA, 2022).

Polycyclic aromatic hydrocarbons (PAHs) are produced primarily during the incomplete burning of fossil fuels, organic matter and biomass, and are also present in petroleum products (Altarawneh and Ali, 2024; Feng et al., 2025). Their molecular structure comprises at least two benzene rings arranged in distinct molecular configurations (Harvey, 1997; Iniaghe and Kpomah, 2023).Once released into the environment, PAHs remain in soils for long periods because they repel water, bind tightly to soil particles, and resist microbial degradation (Abdel-Shafy and Mansour, 2016), though biological remediation approaches using bacterial consortia have shown promise for degrading recalcitrant PAH compounds (Marzuki et al., 2021, 2023). Smaller PAHs (2–3 rings) are more likely to travel downwards through soil profiles and pose a danger of groundwater pollution due to their higher volatility, while larger PAHs (4–6 rings) exhibit a strong binding affinity for soil organic matter and clay particles, which leads to surface soil deposition and decreased bioavailability (Abdel-Shafy and Mansour, 2016). However, these generalized patterns of PAH distribution in temperate climates may not fully characterize PAH behavior in tropical environments where high temperature, intense precipitation, and distinct soil mineralogy create unique transport and degradation conditions (Wilcke, 2000).

The rapid proliferation of informal ARWs across sub-Saharan African cities, operating with minimal environmental insight, has created widespread soil contamination affecting urban communities through direct contact, and dust inhalation. In Cameroon, previous studies have focused primarily on microbial degradation of hydrocarbons (Akoachere et al., 2008), with little emphasis on contaminant concentrations, depth profiles or risk assessment. Cameroon’s diverse soil-landscape setting, comprising volcanic, ferralitic, and alluvial soils exposed to similar anthropogenic contamination sources, provides an ideal environment to investigate the influence of soil types on PAH distribution patterns. This knowledge is critical for developing soil-type-specific risk assessment frameworks across informal sector environments where regulatory oversight is minimal. 

This study provides the first comprehensive assessment of PAH contamination in automobile repair workshop soils across diverse geological settings in Cameroon, contributing new insights of international relevance to the understanding of organic contaminant behavior in tropical informal sector environments. This study therefore aimed to (i) quantify PAH concentrations in soils from selected ARWs, (ii) assess vertical distribution patterns across different soil types, (iii) identify potential PAH sources using diagnostic ratios, and (iv) evaluate carcinogenic health risks associated with soil exposure. 

2. material and methods 

2.1	Study area
The study was conducted in three major urban centers in Cameroon: Bamenda (North West Region), Buea (South West Region), and Douala (Littoral Region). Two ARW sites were selected in each city based on intensity of automobile repair activities and accessibility. These cities represent volcanic, ferralitic, and alluvial soil types, respectively, and experience high annual rainfall typical of tropical climates.
In Bamenda (BM), the two sampling sites were located at: 05057’34.9’’ N, 10008’55.6’’ E (BM1) and 05057’00.9’’ N, 10009’25.1’’ E. in Douala, sampling sites were: 4005’49.3’ ’N, 9039’19.0’’ E (DW1) and 4005’53.0’’ N, 9039’08.9’’ E (DW2). In Buea (BU), sampling sites were:  4009’49.9’’ N, 9014’22.1’’ E (BU1) and 4009’11.2’’ N, 9015’16.3’’ E (BU2). Figure 1 is a map of Cameroon showing the study areas. 
2.2	Site Selection and Sampling
Six informal ARWs (two per city) with at least five years of continuous operation were purposively selected. Control sites were positioned at least 500 m away from workshop activities. At each site, composite soil samples were collected at depths of 0–15, 15–30, and 30–60 cm using a stainless-steel auger. Samples were wrapped in aluminum foil, transported to the laboratory, air-dried, sieved (<2 mm), and homogenized.

2.3	Extraction and Quantification of PAHs
PAHs were extracted following US EPA (2007) Method 3550C. The analytical procedure comprised: (1) ultrasonic extraction of 10.0 g of each soil sample using hexane/dichloromethane (DCM) (1:1 v/v) spiked with ortho-Terphenyl; (2) solvent removal via rotary evaporation to approximately 4 mL; (3) purification on a column using acidified silica gel, Florisil, anhydrous Na₂SO₄, and copper powder; (4) PAH elution with 20 mL each of DCM and hexane; (5) concentration of eluate to approximately 2 mL via rotary evaporation; (6) quantitative transfer by rinsing with hexane; (7) nitrogen-assisted evaporation to near-dryness; and (8) final reconstitution in 1.7 mL ethyl acetate. 

PAH analysis was performed using a gas chromatograph (Agilent 6890N) coupled with a mass selective detector (Agilent 5975B). The system was equipped with an Agilent HP-5 GC column (30 m × 320 µm × 0.25 µm film thickness, temperature limit 60–325°C). The injection and detection temperatures were set at 280°C and 300°C, respectively. The column temperature started at 50°C for 2 minutes, then increased to 150°C at 20°C/min, followed by heating to 160°C at 10°C/min, and finally to 300°C at 5°C/min for 15 minutes. Helium was used as the carrier gas at a constant flow rate of 1.2 mL/min. 
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(a)                                                                     (b)
Figure 1: Map of Cameroon showing (a) study area, and (b) sample locations. Maps were generated using ESRI ArcGIS 10.7

2.4	Quality control measures
All glassware were soaked in 5% nitric acid for 24 h, washed with soap, rinsed with distilled water, and dried in an oven at 105°C. Analytical grade reagents were used throughout the analysis. Laboratory blanks were analyzed with each batch of samples through the entire analytical procedure. All samples were analyzed in duplicate.

The PAH extraction efficiency was validated using recovery studies conducted by spiking soil samples with known amounts of the 16 priority PAHs. Recovery rates for individual PAHs ranged from 80.7% to 96.4%. Limits of detection (LODs) and limits of quantification (LOQs) were determined as three and ten times the standard deviation of blank measurements, respectively, giving values of 0.03–0.10 µg/kg and 0.09–0.30 µg/kg, respectively. Non-detect values (i.e., concentrations below LOD) were treated as zero in subsequent statistical analyses, following established protocols for environmental contaminant assessment (Mihankhah et al., 2020).

2.5	Source Identification
PAH sources were inferred using molecular diagnostic ratios, including low moleular weight/high molecular weight (LMW/HMW), fluoranthene/pyrene (Fla/Pyr), phenanthrene/anthracene (Phen/Ant), and anthracene/(anthracene + phenanthrene) (Ant/(Ant+Phen) (Abdel-Shafy and Monsour, 2016).



2.6	Health risk assessment
2.6.1	Benzo[a]pyrene equivalent concentration (BaP-TEQ)

Toxic Equivalency Factor for individual PAHs (TEFᵢ) was used to calculate the BaP-TEQ concentrations proposed by Nisbet and LaGoy (1992): 
                 (1)

Where BaP-TEQ is benzo[a]pyrene toxicity equivalent, Cᵢ is the individual PAH concentration (mg/kg), and TEFᵢ is the toxicity equivalent factor.

Benzo[a]pyrene was used as the reference compound because it serves as the internationally standardized reference for calculating toxic equivalency factors across (US EPA, 2010). This ensures consistency and comparability of  risk assessments

2.6.2	Exposure Assessment 
Lifetime cancer risks were estimated for adult artisans through three exposure pathways. The chronic daily intake (CDI) for each pathway was calculated using the US EPA human health risk assessment framework (US EPA, 1989; US EPA, 2001).

a) Soil ingestion:	
CDIing =     			(2)

b) Dermal contact:
CDIdern = 		(3)

c) Inhalation:
CDIinh = 			(4)

Where Cs (mg/kg) = BaP-TEQ concentrations in soil (mg kg-1), IRs = soil ingestion rate (0.0001 kg day-1), IRa = inhalation rate (20 m3 day-1), SA = exposed skin surface area (3300 cm2), AF = soil adherence factor (0.2 mg cm-2), ABS = dermal absorption fraction (0.13), EF = exposure frequency (365 days year-1), ED = exposure duration (30 years), BW = body weight (60 kg), AT = averaging time for carcinogens 25,550 days), PEF = particle emission factor (1.36  109 m3 kg-1).

2.6.3	Cancer risk assessment
The lifetime cancer risk for each exposure route was estimated as (US EPA, 1989): 
CR = CDI  CSF			(5)

Where CSF =cancer slope factor for BaP (7.3 mg kg-1 day-1).

The total cancer risk (TCR) was calculated as:
TCR = CRing +CRinh + CRderm		(6)

CR < 110-6 = negligible risk; 1 10-6 ≤ CR ≤ 1 10-4 = acceptable or tolerable risk; CR > 1 10-4 = high risk




3. results and discussion


3.1	Concentration of PAHs in soil
Figure 2 gives the total PAH concentration in ARW soils. The concentration of Σ16 PAHs  ranged from 110 to 3,780 µg/kg, significantly higher than control soils (PAHs were not detected in subsurface and subsoil from the control sites). Surface soils generally showed the highest concentrations, reflecting direct contamination from workshop activities. The PAH concentrations obtained in this study indicate contamination levels ranging from slightly (Σ16PAHs > 200 µg/kg) to heavily polluted (Σ16PAHs > 1,000 µg/kg) based on classification for PAH soil pollution (Maliszewska-Kordybach,1996). This comparison confirms strong anthropogenic contribution to PAH accumulation in soils from automobile repair workshops rather than natural background levels.

The elevated PAH concentrations in some surface soils suggest direct deposition and retention of petroleum hydrocarbons and combustion products from fuels and lubricants, consistent with residues typical of mechanic workshops. This pattern is similar to earlier observations from automobile repair soils in Makurdi, North Central Nigeria, where topsoils exhibited the greatest PAH concentrations that decreased with depth (Eneji et al., 2016). When compared with other African urban soils, the results of this study (110–3,780 µg/kg) are within the range reported for automobile workshop soils from Eket, Akwa Ibom State (470–14,850 µg/kg) (Ekanem et al., 2019) and Ibadan, Oyo State (450–23,400 µg/kg) (Ipeaiyeda and Ogungbemi, 2020), informal trade sites in southern Nigeria (120–8,790 µg/kg) (Iwegbue et al., 2023), and urban soils of Niamey, Niger (372–4,320 µg/kg) (Dan-Badjo et al., 2015) and Cape Town, South Africa (4,080 ± 2,640 µg/kg) (Omores et al., 2017). The results are relatively higher than the range reported for soils from auto-mechanic villages in Abakaliki, Nigeria (18.4–138.5 µg/kg) (Obini et al., 2013) and engine oil contaminated auto-mechanic workshop soils in Wukari, Nigeria (333 µg/kg) (Oko et al., 2024).

Differences in soil types influenced PAH migration patterns, though the limited sample size precludes definitive conclusions. Volcanic soils in Bamenda exhibited stronger retention, whereas alluvial soils from Douala showed relatively uniform vertical profiles, suggesting enhanced vertical migration. Ferralitic soils exhibited intermediate behavior with relatively consistent concentrations across soil depths. These preliminary observations suggest that volcanic soils retain PAHs at the surface level, while alluvial soils may facilitate vertical migration. However, these patterns require validation through larger-scale studies with systematic replication across multiple sites of each soil type. Although limited data exist on the influence of soil type on PAH distribution in tropical environments, studies have reported that PAH concentrations do not always decrease with depth and that subsoil layers can exhibit elevated concentrations relative to topsoils, depending on soil mixing, leaching, and historical deposition patterns (Azzolina et al., 2016).

3.2	Concentration of carcinogenic PAHs
The concentration of carcinogenic PAHs (C-PAHs) in ARW soils (Figure 3) ranged from 20 to 480 µg/kg, with the highest concentration detected at BU2 (30–60 cm), followed by BM2 (15–30 cm). These carcinogenic compounds pose significant health risks due to their genotoxic and mutagenic abilities (Feng et al., 2025). The presence of C-PAHs, even at deeper layers, raises concerns about potential leaching into groundwater and long-term human exposure, especially for inhabitants in proximity to these workshops (Akinkpelumi et al., 2025).


Figure 2: Concentration of total PAHs in soil


3.3	Ring size distribution of PAHs
The ring number distribution pattern of PAHs in each site followed the order: 6-ring > 4-ring > 2-ring > 3-ring in BM1, 6-ring > 3-ring > 4-ring > 2-ring in BM2, 3-ring > 6-ring > 4-ring > 2-ring in DW1, 6-ring > 3-ring > 4-ring > 2-ring in DW2, 6-ring > 2-ring > 4-ring > 3-ring in BU1, and 6-ring > 2-ring > 3-ring > 4-ring in BU2. Six-ring PAHs were the predominant ring size, with benzo(g,h,I)perylene (BghiP) being the most abundant  6-ring compound. The predominance of high molecular weight (HMW) PAHs, particularly 6-ring compounds, is consistent with pyrogenic sources typical of combustion processes in automobile repair activities. 6-ring  and other HMW PAHs are strongly associated with high-temperature combustion and traffic emissions. High concentrations of BghiP is widely reported as a source indicator for traffic emissions and often dominates PAH profiles in environments influenced by motor vehicle emissions ad incomplete fuel combustion (Jamhari et al., 2014). 

3.4	Composition and Sources of PAHs
The concentration of ΣLMW-PAHs ranged from 30 to 1,890 µg/kg, while the concentration of ΣHMW-PAHs ranged from 80 to 1,890 µg/kg. Notably, DW1 (0–15 cm) and BM2 (0–15 cm) exhibited the highest LMW-PAH concentrations, suggesting significant contributions from petrogenic sources. In contrast, sites like BU2 and BM1 recorded relatively higher HMW-PAHs, suggesting additional pyrogenic inputs, likely from incomplete combustion of fuel or burnt oils. This dual-source contamination aligns with earlier reports in Western Nigeria (Adesina et al., 2024), which attributed elevated HMW-PAHs to combustion-related activities in mechanic workshops. 
The LMW/HMW ratio is commonly used to distinguish between petrogenic (ratio > 1) and pyrogenic (ratio < 1) sources. In this study, surface soils (0–15 cm) from BM1 and BU1 recorded LMW/HMW values of 0.24 and 0.26, respectively, indicating a dominant pyrogenic source (Table 2). However, values from BM2 (1.00) and DW1 (1.06) suggest mixed or weak petrogenic influence. In deeper layers (15–30 cm and 30–60 cm), the ratios varied significantly, with DW1 (1.75) and DW2 (1.05) pointing to increased petrogenic contributions. This trend may reflect the infiltration of petroleum residues over time or deeper accumulation from persistent vehicle-related activities.

The Fla/Pyr ratio showed pyrogenic dominance in BM1 and BM2, consistent with incomplete combustion of fossil fuels. The uniformity of pyrogenic sources, especially at surface soils, highlights the influence of combustion-related activities. Similarly, the Ant/(Ant+Phe) ratio showed that most of the surface soils exhibited pyrogenic inputs, while BM1 and DW1 at subsurface soils suggest mixed sources. The spatial and vertical variation of these ratios implies not only direct input but also possible vertical migration of PAHs.


Figure 3: Concentration of carcinogenic PAHs in ARW soils


Figure 4: Ring-size distribution of PAHs in ARW soils


Table 1. Source identification of PAHs in soils from ARWs
	Isomeric ratio
	Description 
	Depth (cm)
	Calculated ratio

	
	
	
	BM1
	BM2
	DW1
	DW2
	BU1
	BU2

	LMW/HMW
	<1=pyrogenic 
>1=petrogenic

	0-15
	0.24
	1.00
	1.06
	0.77
	0.26
	0.11

	
	
	15-30
	0.14
	0.15
	1.75
	0.52
	0.38
	0.19

	
	
	30-60
	0.38
	0.92
	0.18
	1.05
	0.39
	0.15

	Phen/Ant
	>10= pyrogenic
<10=petrogenic

	0-15 
	1.00
	0.35
	2.92
	1.32
	-
	-

	
	
	15-30
	1.50
	0
	16.0
	-
	-
	-

	
	
	30-60
	-
	-
	-
	-
	1.50
	-

	Fla/Pyr

	>1=pyrogenic
<1=petrogenic

	0-15 
	1.00
	1.00
	-
	1.00
	-
	-

	
	
	15-30
	2.00
	-
	2.00
	-
	1.00
	-

	
	
	30-60
	-
	-
	-
	-
	1.00
	-

	Ant/Ant+Phen

	<0.1=petrogenic 
>0.1=pyrogenic

	0-15 
	0.50
	0.74
	0.26
	0.43
	-
	-

	
	
	15-30
	0.40
	-
	0.06
	0.50
	-
	-

	
	
	30-60
	-
	-
	-
	-
	0.40
	-


3.5	Health risk assessment
3.5.1	Toxic equivalency of PAHs in soils from urban mechanic workshops
The calculated BaP-TEQ values across surface soils in the studied areas are presented in Table 2. The BaP-TEQ concentrations ranged from 19.5 to 65.9 µg/kg, with IcdP contributing the most to overall toxicity, and it accounted for 67.6 to 85.2% of the total BaP-TEQ. This was closely followed by BghiP, which accounted for 9.1 to 30.2% of the total BaP-TEQ. 

3.5.2	Total cancer risk (TCR) of PAHs in ARW soils 
The estimated TCR values for ingestion, inhalation, and dermal exposure routes are presented in Table 3. Cancer risk values ranged from 1.0×10-7 to 3.4×10-7 for ingestion exposure, 1.4×10-11 to 5.0×10-11 for inhalation exposure, and 8.7×10-8 to 2.9×10-7 for dermal exposure. The combined total TCR values ranged from 1.8×10-7 (BM1) to 6.3×10-7 (DW1), with all sites falling well below the USEPA acceptable risk threshold. 

Table 2. Benzo[a]pyrene toxic equivalency values in ARW soils
	
PAHs
	
TEF
	BaP-TEQ concentration (µg/kg)

	
	
	BM1
	BM2
	DW1
	DW2
	BU1
	BU2

	Nap
	0.001
	0.17
	0.1
	-
	0.07
	0.09
	0.06

	Acy
	0.001
	-
	0.13
	0.23
	0.07
	0.07
	0.02

	Ace
	0.001
	-
	-
	0.31
	-
	-
	-

	Flu
	0.001
	-
	0.17
	0.14
	0.06
	0.03
	-

	Ant
	0.01
	0.2
	11
	1.2
	2.2
	-
	-

	Phe
	0.001
	0.02
	0.39
	0.35
	0.29
	-
	-

	Flo
	0.001
	0.23
	0.49
	0.18
	0.14
	-
	-

	Pyr
	0.001
	0.21
	0.47
	0.55
	0.17
	-
	

	BaA
	0.1
	-
	-
	15
	-
	-
	-

	Chry
	0.01
	-
	-
	0.9
	-
	-
	-

	BbF
	0.1
	-
	-
	4
	-
	-
	-

	BkF
	0.1
	-
	-
	3
	-
	-
	-

	BaP
	1
	-
	-
	40
	-
	-
	-

	Daha
	1
	-
	-
	-
	-
	-
	-

	IndP
	0.1
	16
	38
	-
	29
	27
	14

	BghiP
	0.01
	2.7
	5.5
	-
	3.2
	4.5
	6.1

	ΣBaPTEQ
	19.5
	56.3
	65.9
	35.2
	31.7
	20.2


Table 3. Total cancer risk (TCR) values for different exposure pathways
	
	Cancer risk

	Location
	Ingestion
	Dermal
	Inhalation
	Total

	BM1
	1.0×10-7
	8.7×10-8
	1.5×10-11
	1.8×10-7

	BM2
	2.9×10-7
	2.5×10-7
	4.3×10-11
	5.5×10-7

	DW1
	3.4×10-7
	2.9×10-7
	5.1×10-11
	6.4×10-7

	DW2
	1.8×10-7
	1.6×10-7
	2.7×10-11
	3.4×10-7

	BU1
	1.6×10-7
	1.4×10-7
	2.4×10-11
	3.1×10-7

	BU2
	1.1×10-7
	9.0×10-8
	1.5×10-11
	1.9×10-7




3.6	Limitations of the Study and Recommendations
This study was limited by small sample size－two ARWs per city across three cities (Douala, Bamenda, and Buea) due to financial and logistical constraints. This limited sample size may limit the generalizability of the results to other automobile repair workshop areas within Cameroon and the broader Central African region. Future research should aim to include more workshops across diverse urban and peri-urban settings to better capture the variability in PAH contamination patterns.

Temporal variability: Sampling was conducted during a single season (dry season), and temporal variations in PAH concentrations resulting from weather patterns, seasonal rainfall variations, and seasonal changes in workshop activity levels were not accounted for.  Multi-season sampling studies are recommended in future studies to characterize temporal dynamics more comprehensively.

Co-contaminants: This study focused exclusively on PAHs and did not assess other contaminants commonly present in automobile workshop environments, including heavy metals (Pb, Cd, Zn, Cu), benzene, toluene, ethylbenzene, xylene (BTEX compounds), and particulate matter. Comprehensive environmental and health risk assessments should adopt a multi-contaminant approach.


4. Conclusion
This study provides the first comprehensive assessment of PAH contamination in automobile repair workshop soils across diverse geological settings in Cameroon. The findings revealed that all studied workshop sites contained elevated PAH concentrations, substantially greater than background levels, indicating that these informal sector activities are significant sources of soil contamination in urban environments. 

Soil type played a critical role in determinming then fate and distribution oif PAHs. Volcanic soils showed greater surface retention capacity, while alluvial soils demonstrated enhanced vertical mobility. Diagnostic ratios analysis revealed mixed contamination sources, with both pyrogenic (combustion) and petrogenic (petroleum spillage) origins. Though, the predominance of high molecular weight PAHs, particularly 6-ring compounds underscores the importance of combustion-related activities. While the total cancer risk values fall within US EPA acceptable threshold values, these risk estimates may not fully capture risks for specific high-exposure subgroups or account for cumulative effects from co-contaminants.

These findings have significant implications for environmental management in Cameroon. The study highlights the need for regulatory frameworks and baseline monitoring data specific to small-scale automotive artisans, which remain largely unchecked, despite their proliferation in urban centres. To mitigate health risks and prevent further environmental degradation, regular environmental monitoring, public awareness campaigns targeting workshop operators, occupational health surveillance, and the promotion of best management practices are recommended.
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