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Effect of gasoline exposure to level of inflammatory response: A cross sectional study of measurement of C-Reactive protein in exposed people of Nigeria

ABSTRACT
Aim:
C-reactive protein (CRP) levels are widely recognized as biomarkers of systemic inflammation and have been linked to an increased risk of chronic diseases. However, potential analytical variability and individual biological responses may influence CRP readings particularly in environmental exposure studies. Therefore, careful interpretation of CRP levels is essential when assessing inflammatory responses among gasoline-exposed individuals. This study investigates the impact of prolonged gasoline exposure on inflammatory response, using C-reactive protein (CRP) levels as a biomarker.
Methodology:
A cross-sectional case-control study was conducted involving 60 apparently healthy participants (31 males, 29 females, aged 18–45). The experimental group comprised petroleum station attendants with gasoline exposure of over one year, further categorized into subgroups based on exposure duration: 1–2 years, 3–5 years, and over 5 years. Venous blood samples were collected and analyzed for CRP concentrations using standard laboratory methods.
Results:
CRP levels were significantly elevated in the 3–5 years (5.98 ± 2.29 mg/L) and >5 years (5.37 ± 2.88 mg/L) exposure groups compared to the control group (1.25 ± 0.21 mg/L, p < 0.05), indicating a notable inflammatory response in long-term exposed individuals. 
Conclusion:
Prolonged exposure to gasoline vapors is associated with systemic inflammation, as evidenced by elevated CRP levels. These findings emphasize the potential health risks for petroleum workers and the importance of implementing occupational health safety measures and regular health screenings.
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1. INTRODUCTION
Gasoline plays a central role in the transportation industry, serving as the primary fuel for internal combustion engines in vehicles such as cars, trucks, airplanes, all-terrain vehicles, lawnmowers, generators, and heating systems (Agarwal, 2007). However, exposure to gasoline through inhalation, ingestion, or skin contact has been linked to multiple health hazards, including alterations in hematological parameters and damage to vital organs such as the liver and kidneys. Prolonged exposure can cause skin irritation, respiratory distress, and internal organ dysfunction as a result of dermal absorption, vapor inhalation, or accidental ingestion (Asefaw et al., 2020; Christian et al., 2016; Alzahrani & Rajendran, 2019). These effects are driven by the toxic interaction of petroleum constituents with body tissues and their ability to trigger oxidative stress and inflammatory responses.
In Port Harcourt, Nigeria a major city within the oil-rich Niger Delta region, petroleum-related industrial activities have contributed to worsening air pollution and public health outcomes. Oil and gas operations have been identified as significant sources of ambient air pollution (Zabbey et al., 2021). Residents and workers in this region are increasingly reporting respiratory illnesses, including asthma and pneumonia, signaling a growing environmental health concern (Yakubu, 2017). Among the most affected are petroleum pump attendants, who are continually exposed to gasoline vapors during fuel dispensing, engine checks, and daily station operations. In Nigeria, these workers represent the frontline of fueling services and are particularly susceptible to long-term health risks from hydrocarbon exposure.
Previous studies have shown that repeated exposure to petroleum products can lead to damage in sensitive organs and systems, particularly the lungs, liver, kidneys, and hematopoietic system (Asefaw et al., 2020; Christian et al., 2016; Orolua et al., 2024). Skin contact may result in rashes and inflammation, while inhalation and ingestion can impair internal organ function (Alzahrani & Rajendran, 2019). In the Niger Delta, the widespread use of petroleum products and emissions from oil refineries mean that both residents and workers face near-constant exposure to airborne hydrocarbons and particulate matter. This environmental backdrop makes it important to investigate biological responses to exposure using reliable biomarkers.
C-reactive protein (CRP) is a well-established acute-phase protein synthesized in the liver in response to cytokines such as interleukin-6 (IL-6) and interleukin-1β (IL-1β). Its concentration can increase dramatically up to a thousand-fold during acute inflammation, tissue injury or infection (Sproston & Ashworth, 2018; Mackiewicz et al., 2023). CRP is widely used in clinical settings to detect and monitor systemic inflammation and is closely linked to the pathogenesis of cardiovascular and other chronic diseases (Li & Fang, 2004; Ridker, 2009). It exists in two structural forms: pentameric CRP (pCRP) and monomeric CRP (mCRP), which is pro-inflammatory and typically found at sites of tissue damage (McFadyen et al., 2018). The shift from pCRP to mCRP is driven by activated immune cells and amplifies the local inflammatory response. CRP is not only useful in diagnosing infections and inflammatory disorders, but also in understanding environmental and occupational exposures. Persistent inflammation, if left unregulated, is a key mechanism in the development of chronic diseases such as diabetes and coronary artery disease (Van Dyke & Kornman, 2008). Therefore, CRP serves both as a diagnostic and prognostic tool, capable of detecting early biological responses to unhealthy environmental exposures.
Despite the significant and ongoing exposure of petroleum pump attendants to gasoline fumes, few studies have investigated the systemic inflammatory impact of such exposure using CRP as a biomarker. Given the high-risk environment in Port Harcourt, this study was designed to assess CRP levels among gasoline-exposed workers compared to a non-exposed control group. The goal is to determine whether chronic exposure to gasoline is associated with elevated CRP levels, which may suggest heightened inflammatory responses and increased health risks.

2. METHODOLOGY
In Port Harcourt Metropolis, Nigeria, two distinct populations participated in a cross-sectional case-control study. For this study, a total of 60 participants between the ages of 18 and 45 were enlisted. Blood samples were collected from study participants in plain sample bottles for determination of C-reactive protein levels. After collection, the blood samples were conveyed immediately to the University of Port Harcourt Teaching Hospital where they were separated with a centrifuge and analyzed at the Department of Chemical Pathology, University of Port Harcourt Teaching Hospital, Choba, Rivers State, Nigeria. Samples were centrifuged for 5 minutes at 1000 rpm. The serum was separated from the cells and transferred into a Bijou (sample) bottle at 200C. The C-reactive protein was determined using the latex agglutination method (Trivedi et al., 2019). The principle is based on an immunological reaction in which the antibodies against C-reactive protein bind to biological inoculated particles and C-reactive protein in the test specimen. When serum containing CRP is greater than 0.6mg/dl is mixed with the latex reagent; visible agglutination occurs.
The raw data collated by the present study was analyzed using Statistical Package for Social Science (SPSS) (version 23 for Windows 11, SPSS Inc., Chicago, USA). Descriptive statistics including means, standard deviations, and confidence intervals, were calculated for CRP value and electrolytes.  All statistical tests were two-tailed, and a p-value of <0.05 was considered statistically significant. Results were presented as mean ± standard deviation or mean ± standard error (SE) where appropriate.

[bookmark: _Hlk172658841]3. RESULTS
There were 60 participants involved in this study. 40 participants had been exposed to PMS inhalation by reason of working as petrol pump attendants consistently for a year and above. This exposed group encountered various PMS derivatives for at least 8 hours per day. While 20 participants were individuals who have not been constantly exposed to PMS inhalation on a daily basis, they served as the control group. Table1 below, presents the socio-demographic attributes and exposure duration of petrol station attendants compared to a control group. It includes the distribution of gender, duration of exposure to PMS fumes, age categories of the participants and existing lifestyles.
Table 2 below presents the mean levels of the inflammatory marker C-reactive protein (CRP) across different groups based on durations of gasoline exposure. The control group (unexposed individuals) recorded the lowest CRP level (1.25 ± 0.21 mg/L), while participants exposed for 1–2 years showed a similar CRP level (1.73 ± 0.77 mg/L), indicating minimal inflammatory response in both groups. However, a marked increase in CRP was observed among those with prolonged exposure: individuals exposed for 3–5 years and over 5 years had significantly elevated CRP levels (5.98 ± 2.29 mg/L and 5.37 ± 2.88 mg/L, respectively). Statistical analysis revealed significant differences in CRP levels between the control and 1–2 years group and the 3–5 and >5 years group (p < 0.05). These findings suggest that sustained exposure to gasoline vapours may induce chronic inflammatory responses, as evidenced by the elevated CRP levels in long-term exposed individuals. Moreover, no discernible trend or pattern was observed for these electrolyte concentrations with increasing duration of exposure as well as age, suggesting that long-term exposure did not result in systematic alterations in the levels of these electrolytes. The analysis considered age groups ranging from 18 to 45 years, although variations were observed but did not follow a consistent trend with increasing age.
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	 Gas Station Attendant
 (n=40)
	 Control Group (n=20)

	 Male n (%)
	 21(52.5%)
	   10 (50%)

	 Female n (%)
	19 (47.5%)
	   10 (50%)

	 Comparison Based on Duration of Exposure

	 Non-exposed 
	 20(33.3%)
	

	1 – 2 years
	 25(41.7%)
	

	 3 – 5 years
	 8(13.3%)
	

	 Above 5 years 
	 7(11.7%)
	

	 Comparison Based on Age of Exposed Participants

	 18 - 25 years
	12 (30%)
	

	 26 - 35 years
	16 (40.0%)
	

	 36 - 45 years
	12 (30%)
	

	 Lifestyle Factors

	 Smokers
	 0
	         0

	 Pregnant
	 0
	         0
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Table 2: Comparative Analysis of C-Reactive Protein Levels by Exposure Duration and Age Group
	Category
	Group
	CRP (mg/L) ± SEM
	Superscript

	Exposure Duration
	Control
	1.25 ± 0.21
	a

	
	1–2 years
	1.73 ± 0.77
	a

	
	3–5 years
	5.98 ± 2.29
	b

	
	>5 years
	5.37 ± 2.88
	b

	Age Group
	18–25 years
	3.01 ± 1.78
	b

	
	26–35 years
	3.93 ± 1.59
	b

	
	36–45 years
	2.48 ± 0.86
	a


Values represent the Mean ± Standard Error of Mean (SEM) for the sample (n=60). Means within each section that do not share the same superscript alphabet are significantly different (p < 0.05). CRP, C-reactive protein; mg/L, milligrams per liter;

 


4. DISCUSSION
Gasoline contributes significantly to the economy of nations, including Nigeria. However, pollution due to gasoline exposure can have major adverse effects on public health. One of the most vulnerable demographic groups are petroleum station workers, who are in daily contact with gasoline and thus experience consistent exposure to its harmful components. Many of the toxicological effects associated with gasoline exposure are attributed to its specific constituents such as benzene, toluene, ethylene, and xylene (BTEX) which are classified as volatile organic compounds (Al Madhoun et al., 2008).
These compounds are known to be highly toxic and, in some cases, carcinogenic to humans (Folabi & Phan, 2020). They have been associated with hematological disorders such as pancytopenia, aplastic anemia, and increased risk of acute myeloblastic leukemia (Folabi & Phan, 2020; Lee et al., 2015; Ren et al., 2010). Moreover, VOCs have been linked to liver and kidney dysfunction (Bin-Mefrij & Alwakeel, 2017; Olmedo-Buenrostro et al., 2017). Prior studies have investigated the health impact of petroleum exposure, focusing on hepatic and renal impairments as well as changes in hematological profiles in affected populations (Asefaw et al., 2020; Teklu et al., 2021). C-reactive protein (CRP), an acute-phase protein synthesized in the liver, is stimulated by inflammatory cytokines such as interleukin-6 (IL-6), tumor necrosis factor-alpha (TNF-α), and IL-1β. It is considered superior to erythrocyte sedimentation rate (ESR) and other inflammation markers due to its sensitivity and clinical reliability (Abraham & Thirumurthi, 2009). Inflammation is widely implicated as a biological mechanism underlying exposure-related health effects, with components such as particulate matter, metals, and endotoxins known to possess proinflammatory properties (Jacobs et al., 2010). In the present study, CRP levels were observed to be higher in the 3–5 years and >5 years exposure groups compared to the control and 1–2 years exposure groups. Age-wise analysis revealed that individuals aged 26–35 years exhibited the highest CRP levels, while those aged 36–45 years had the lowest. The elevated CRP levels in long-term exposure groups suggest a chronic inflammatory response potentially driven by consistent contact with BTEX compounds. These toxicants are known to activate immune pathways and stimulate the release of proinflammatory cytokines, leading to elevated CRP levels (Laveti et al., 2013). Numerous studies support the association between long-term occupational exposure to petroleum products and systemic inflammation, often reflected by raised CRP levels. For instance, research has shown that prolonged exposure to VOCs in petroleum fumes can trigger oxidative stress and immune system activation, both of which contribute to systemic inflammation (Shen et al., 2024; Amor-Carro et al., 2020). In a study by Abdrabouh (2022), rats exposed to gasoline fumes demonstrated significantly elevated TNF-α, as well as fibrotic markers such as TGF-β1, collagen type-1 (COL-1), and hydroxyproline (HYP), further linking inhalation exposure to inflammatory and tissue remodelling responses. Moreover, inflammatory cytokines are known to be released from mast cells recruited to inflammatory sites. Under normal conditions, mast cells are typically absent in the lungs but become detectable during inflammation, as several studies have confirmed (Komi et al., 2020; Uslu & Yoruk, 2015). Given the evidence that persistent inflammation may pose serious health risks to petroleum workers, this study underscores the necessity of routine health monitoring for gasoline station attendants, particularly those with long-term exposure. Interestingly, the slight decrease in CRP levels observed in individuals exposed for more than 5 years compared to those in the 3–5 year group may suggest a physiological adjustment effect. This is consistent with findings that prolonged exposure to environmental toxins can initially trigger a rise in inflammatory markers, which later stabilize due to the body’s compensatory immune-regulatory mechanisms (Edwards & Myers, 2008; Faraut et al., 2013).

5. CONCLUSION
[bookmark: _GoBack]The study observed significantly higher levels of CRP in attendants exposed to gasoline for over 5 years compared to the control group. This finding suggests that long-term exposure to gasoline can trigger inflammatory responses. Further research is needed to investigate the genetic and molecular mechanisms underlying the health effects of gasoline exposure. This could include studies on genetic susceptibility and DNA damage among exposed individuals. Also, it is important to extend similar investigations to individuals exposed to alternative fuels used in internal combustion engines, such as hydrogen gas, solar-powered systems and biofuels These comparative studies will help determine whether cleaner fuels present reduced biological risks or different toxicological profiles. Also, evaluating the combined effects of exposure duration, age, lifestyle, and use of protective equipment could offer more insights. Regular monitoring and protective measures should be prioritized to safeguard the health of fuel station workers, particularly in high-exposure regions such as Port Harcourt and similar urban-industrial settings.
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