
BIODIESEL AT THE CROSSROADS OF CLEAN ENERGY AND CANCER 
PREVENTION: A DOUBLE-EDGED SWORD IN SUSTAINABLE TRANSPORT

HOMA  HOSSEINZADEH-BANDBAFHA1,  MOHAMMADALI   KIEHBADROUDINEZHAD2*, 
ADEL MERABET3, AMIRHOSSIEN MOTTIE4, KOUSHIKA KUMARESAN2 AND KHALED 
ZOROUFCHI BENIS2*

1Environmental Research and Sustainability Division, Malus Ecolife Inc., Halifax, Nova Scotia, Canada. 
2Circular Process Engineering Laboratory, Department of Process Engineering and Applied Science, 
Dalhousie University, Halifax, Nova Scotia, Canada. 3Division of Engineering, Saint Mary’s University, 
Halifax, Nova Scotia, Canada. 4Biorefining and Remediation Laboratory, Department of Process Engineering 
and Applied Science, Dalhousie University, Halifax, Nova Scotia, Canada.

*Corresponding authors: Khaled.benis@dal.ca, Alibadrodi@dal.ca

HIGHLIGHTS GRAPHICAL ABSTRACT

•	 Biodiesel reduces emissions of PM, UHC and 
CO linked to cancer development.

•	 Intrinsic oxygen content improves combustion 
and lowers formation of toxic pollutants. 

•	 However, biodiesel tends to increase NOX 
emission, raising secondary cancer risks.

•	 Health risks may also arise from  production 
and processing stages.

•	 Balancing emission benefits and risks is 
essential for biodiesel’s safe application. 
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Air pollution is a significant environmental risk 
for cancer, primarily driven by emissions from 
the transportation sector. Biodiesel, a renewable 
alternative to petro-diesel, has emerged as a promising 
strategy to reduce toxic emissions from diesel engines. 
This review critically examines the relationship 
between biodiesel use and cancer risk, evaluating its 
impact across key pollutants, including Particulate 
Matter (PM), Unburned Hydrocarbons (UHC), carbon 
monoxide (CO) and Nitrogen Oxides (NOx). Biodiesel 
combustion generally results in lower emissions of 
PM, UHC and CO, pollutants known to induce DNA 
damage, oxidative stress and chronic inflammation 
and all of which contribute to carcinogenesis. These 
benefits are attributed mainly to the fuel’s intrinsic 
oxygen content, absence of aromatic compounds 
and high cetane number, which collectively promote 
complete combustion. However, biodiesel is 
consistently associated with increased NOx emissions, 
which can lead to the formation of secondary
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carcinogenic pollutants, such as ozone and Polycyclic 
Aromatic Hydrocarbons (PAH). Additionally, potential 
cancer risks may also arise during the production 
and processing of biodiesel. This review uniquely 
integrates toxicological, environmental and life cycle 
perspectives to assess biodiesel’s role in cancer risk, an 
area that remains underexplored. The paper concludes 
that while biodiesel significantly improves air 
quality and reduces several cancer-related exposures, 
optimising its formulation and combustion conditions 
are essential to minimise unintended health trade-offs. 
Biodiesel thus represents both an opportunity and a 
challenge in the broader effort to achieve clean energy 
and cancer prevention.

                           © UMT Press

Introduction 

Cancer is characterised by the dysregulated 
proliferation and unchecked growth of cells 
originating from tissues and organs of the 
body, ultimately resulting in organ dysfunction 
and mortality (AlDosari et al., 2023). This 
pathological process is often initiated by 
genetic lesions that affect the cell cycle, or 
by somatic mutations in upstream signalling 
pathways controlling cellular homeostasis. 
Despite considerable advances in biomedical 
research and therapeutic innovation, effective 
cancer treatment remains a formidable 
challenge (Nguyen et al., 2023). The intrinsic 
complexity of malignancies, including cellular 
heterogeneity, metastatic potential and resistance 
to conventional therapies, such as chemotherapy 
and radiotherapy, continues to hinder clinical 
outcomes. Additionally, the capacity of cancer 
cells to evade immune surveillance poses a 
significant obstacle to achieving long-term 
remission. These factors collectively undermine 
the efficacy of traditional therapeutic strategies, 
which frequently yield suboptimal and transient 
responses (Yahya & Alqadhi, 2021). 

Cancer persists as one of the foremost 
causes of mortality globally, accounting for 
nearly 10 million deaths in 2020 alone. In the 

same year, approximately nine million new 
cases were diagnosed worldwide (Madsen et 
al., 2023). According to estimates from the 
Global Cancer Observatory of the International 
Agency for Research on Cancer (IARC/WHO), 
one in five individuals will develop cancer 
during their lifetime, with one in eight men 
and one in 11 women expected to die from the 
disease. Alarmingly, the global cancer burden 
is projected to rise by at least 67%, reaching an 
estimated 24 million new cases annually by 2040 
(Espina et al., 2023). These trends underscore an 
urgent need for more comprehensive, targeted 
and proactive cancer prevention strategies.

While genetic predisposition and lifestyle 
choices are well-established determinants 
of cancer risk, growing evidence implicates 
environmental pollution as a significant and 
under-recognised contributor to the global 
cancer burden (Bonfiglio et al., 2023) (Figure 
1). Chronic exposure to hazardous airborne 
pollutants, including ozone, sulphur dioxide, 
nitrogen oxides (NOx) and particulate matter 
(PM), has been identified as a significant risk 
factor for multiple cancer types (Liang et al., 
2023). In fact, the International Agency for 
Research on Cancer (IARC) classifies outdoor 
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air pollution, specifically PM, as carcinogenic 
to humans (Group 1). Beyond respiratory 
malignancies, air pollutants may exert systemic 
effects through oxidative stress and endocrine 
disruption. Oxidative stress arises from an 
imbalance between the production of Reactive 
Oxygen Species (ROS) and the cellular capacity 
to neutralise or repair the resulting damage. In 

pulmonary tissues, one of the primary targets 
of airborne PM, this imbalance can trigger 
the release of inflammatory mediators by lung 
epithelial cells, initiating pathways implicated 
in tumourigenesis (Poulsen et al., 2023) (Figure 
2). Notably, some PM components also exhibit 
estrogenic activity, further broadening the 
spectrum of potential oncogenic effects.

 
Figure 1: Share of lung cancer deaths attributed to air pollution, 2021. IHME, Global Burden of Disease 

(2024) – processed by Our World in Data (https://ourworldindata.org/)

Figure 2: Main processes and biomarkers associated with genomic instability, inflammation and cancer risk 
induced by particulate matter exposure.

Source: Perez et al. (2019)
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Air pollution has long commanded the 
attention of researchers and policymakers alike, 
driven by its profound implications for public 
health and environmental sustainability. A 
primary contributor to deteriorating air quality is 
the rapid increase in population and the growing 
reliance on motorised transport. Escalating 
vehicle ownership, the decline of non-motorised 
transport modes, the prevalence of aging fleets 
and insufficient vehicle maintenance together 
pose formidable challenges for regulatory 
agencies tasked with ensuring clean air (Kebede 
et al., 2022). Although there is a gradual shift 
towards low- and zero-emission technologies, 
this transition remains in its infancy and will 
require time for widespread implementation. 
In the meantime, internal combustion engine 
vehicles remain a dominant source of urban 
air pollutants. Recent studies have highlighted 
that on-road traffic is a significant source 
of key pollutants, including PM, NOX and 
carbon monoxide (CO), particularly in rapidly 
urbanising regions (Dhital et al., 2021). These 
emissions not only compromise air quality but 
also contribute to a growing body of evidence 
linking traffic-related air pollution to adverse 
health outcomes, including cancer. 

The transport sector is not only a major 
facilitator of global mobility, but also a significant 
driver of energy consumption and pollutant 
emission. It accounts for approximately 29% 
of global final energy use and consumes nearly 
65% of the world’s oil, positioning it as a key 
contributor to anthropogenic carbon emissions, 
which make up approximately 24% of the 
global total, primarily due to fuel combustion 
(Solaymani, 2019). The health repercussions 
of this environmental burden are increasingly 
evident. Prolonged exposure to traffic air 
pollution is projected to drive a continued rise in 
lung cancer incidence. Simultaneously, climate 
change is expected to intensify ultraviolet (UV) 
radiation exposure, leading to an increase in 
skin cancer cases. Gastrointestinal malignancies 

are also expected to rise, influenced by factors 
such as industrial toxins, food insecurity and 
compromised water supplies. 

Beyond direct health impacts, climate 
change threatens to deepen social vulnerabilities, 
particularly among economically disadvantaged 
populations. An estimated 100 million people 
are projected to fall into poverty by 2030, 
further exacerbating health inequities and 
cancer mortality in resource-limited settings. 
Moreover, the complex infrastructure required 
for comprehensive oncology care is increasingly 
at risk from climate-induced disruptions, 
including extreme weather events and global 
health crises such as pandemics, which may 
divert critical resources and attention away from 
cancer treatment (Zimta et al., 2021).

Multiple technological interventions 
have been explored to mitigate diesel engine 
emissions, including PM, such as strategies 
like low-temperature combustion, ultra-high 
fuel injection pressures and the incorporation 
of diesel particulate filters (Geng et al., 
2014). Among the various emission-reduction 
approaches, the adoption of alternative fuels has 
garnered increasing global attention. Biodiesel 
has emerged as a promising substitute for 
conventional diesel. Composed of fatty acid 
alkyl esters produced via transesterification of 
triglycerides found in vegetable oils and animal 
fats, biodiesel offers numerous advantages over 
petro-diesel (Agarwal et al., 2015). Chemically, 
it is compatible with existing diesel infrastructure 
and can be blended with conventional diesel at 
virtually any ratio without requiring engine 
modifications (Giakoumis et al., 2012). 

Crucially, biodiesel’s intrinsic oxygen 
content enhances combustion efficiency 
during fuel spray ignition, thereby minimising 
incomplete combustion and PM formation (Shi 
et al., 2006; Rajak et al., 2018). Furthermore, 
the absence of aromatic compounds in biodiesel 
reduces its sooting tendency compared to 
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petro-diesel, contributing to markedly lower 
PM emission  (Nabi et al., 2017). This benefit 
is also supported by the high cetane number of 
biodiesel, which shortens the ignition delay and 
prolongs combustion duration, facilitating more 
complete fuel combustion (Kumar et al., 2013). 
Notably, toxicological studies have shown that 
the carcinogenic potential of PM emitted from 
pure biodiesel combustion is approximately 
94% lower than that of petro-diesel-derived 
PM, highlighting biodiesel’s role as a cleaner 
and safer alternative fuel (Elling, 2001).

However, biodiesel combustion is 
consistently associated with elevated NOx 
emissions (Figure 3), primarily due to the same 
combustion characteristics responsible for PM 
reduction. The high-oxygen content of biodiesel 
enhances combustion efficiency, resulting in 

elevated in-cylinder temperatures under both 
premixed and diffusion-controlled combustion 
regimes, thereby promoting thermal NOx 
formation via the Zeldovich mechanism (Adi et 
al., 2009; Mueller et al., 2009). In addition, the 
lower soot concentration within the combustion 
chamber diminishes radiative heat loss, further 
increasing flame temperature and exacerbating 
NOx generation. Biodiesel’s molecular structure 
also plays a role: Higher degrees of unsaturation 
and shorter carbon chain lengths, which 
correlate with increased cetane numbers, have 
been shown to elevate NOx emissions (Graboski 
et al., 2003). Unlike PM, NOx emissions will 
increase with a higher cetane number due to 
the shortened ignition delay, which permits an 
extended residence time of combustion products 
at elevated temperatures (Hoekman et al., 2012).

Figure 3: Average emission of diesel engines running on different biodiesel blend ratios compared with neat 
petro-diesel. Used with permission from Elsevier. Copyright©2022, Licence Number: 6035550713313

Source: Khalife et al. (2017)
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Traffic-related NOx has been significantly 
associated with increased lung cancer in 
women, exhibiting a Pearson correlation 
coefficient of 0.33 (p = 0.03) (Liaw et al., 2008). 
Beyond direct carcinogenicity, NOx compounds 
also contribute to the formation of secondary 
pollutants; in the presence of hydrocarbons and 
sunlight, they react to generate photochemical 
oxidants, such as ozone and peroxyacetyl 
nitrate (PAN). NOx also undergoes oxidisation 
to form nitrogen dioxide (NO2), a pollutant 
with well-documented long-term impacts on 
respiratory health, particularly among children 
(Kousoulidou et al., 2008). Notably, data 
from the Multiethnic Cohort Study involving 
57,589 women revealed significant associations 
between NOx, NO2, PM2.5, and PM10 exposure 
with increased breast cancer incidence, 
particularly among individuals residing within 
500 metres of major roads. These associations 
were especially pronounced among African 
American and Japanese American women, with 
NOx and NO2 emerging as the most strongly 
linked pollutants (Cheng et al., 2020). 

While numerous studies have explored the 
environmental and health impacts of biodiesel, 
few have critically examined its potential 
role in cancer risk across the entire life cycle 
of production and use. This review uniquely 
synthesises current evidence at the intersection 
of biodiesel emissions and carcinogenesis, 
providing a comprehensive evaluation of both 
the mitigating and risk-enhancing effects of its 
emission. By bridging environmental science 
and oncology, this work provides novel insights 
to inform the implementation of safer biofuels 
and public health strategies.

Biodiesel 

Vegetable oils and animal fats represent 
promising renewable substitutes for petro-diesel 
in compression ignition engines. However, 
their inherently high viscosity poses significant 
challenges for direct application in diesel 

engines  (Kumar et al., 2020). To address this 
limitation, several strategies have been employed, 
including dilution, microemulsification, 
pyrolysis and transesterification (Aghbashlo 
et al., 2021). Among these, pyrolysis and 
hydrothermal liquefaction are notable 
thermochemical conversion processes that 
transform biomass into liquid fuels, commonly 
known as “bio-oil” or “biocrude” (Leng et al., 
2018). Despite their potential, these bio-oils 
often exhibit unfavourable properties, such 
as high viscosity, low volatility, elevated ash 
content, reduced heating value and corrosive 
nature. Dilution is a straightforward approach, 
yet it can lead to carbon deposits in the engine 
cylinder and incomplete combustion. Similarly, 
microemulsification, while offering partial 
improvement, still suffers from drawbacks. 
including limited volatility, poor stability and 
persistently high viscosity (Digambar Singh et 
al., 2020)

Transesterification of vegetable oil is the 
most widely adopted method as it effectively 
converts long-chain, high molecular weight 
triglycerides into smaller, more volatile fatty 
acid methyl-esters (FAMEs), commonly known 
as biodiesel (Nayab et al., 2022). As shown 
in Equation 1, the transesterification reaction 
typically involves the stoichiometric reaction 
of one mole of triglyceride with three moles 
of methanol, yielding three moles of biodiesel 
and one mole of glycerol as a by-product. 
Glycerol, the secondary product of this process, 
holds significant value in various applications. 
It is utilised in the formulation of glycerol-
based fuels and the cosmetics industry, and has 
recently gained attention for its potential use in 
water electrolysis systems as an alternative to 
the oxygen evolution reaction (Oyekunle et al., 
2023).
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Biodiesel, derived from biomass, is a 
renewable energy source with the potential 
to provide continuous and sustainable energy 
supply. Notably, the production of biodiesel, 
particularly second-generation biodiesel 
synthesised from domestic and industrial 
waste, can contribute to environmental 
preservation (Mahlia et al., 2020). In contrast 
to conventional diesel production, biodiesel 
synthesis generates minimal to no waste. 
Chemically, biodiesel typically contains 10% 
to 11% oxygen, trace amounts of nitrogen and 
is virtually free of sulphur (Demirbas, 2007). 
The intrinsic oxygen content enhances engine 
combustion efficiency and lowers the oxidation 
potential of the fuel (Mofijur et al., 2014). 
Furthermore, the combustion of biodiesel 
significantly reduces harmful emissions, with 
total unburned hydrocarbons (UHCs) and 
polycyclic aromatic hydrocarbons (PAHs) 
decreasing by approximately 90% and 75% to 
90%, respectively, compared with conventional 
diesel emissions (Demirbas, 2007).

Beyond its emissions benefits, biodiesel 
offers superior lubricating properties, ensuring 
smoother engine performance, reducing 
component wear and extending engine life 
(Ong et al., 2019). Its profile as a renewable, 
biodegradable, non-toxic, non-flammable and 
environmentally friendly fuel makes it an ideal 
candidate for addressing the growing demand 
for cleaner energy sources (Hosseinzadeh-
Bandbafha et al., 2018). These qualities 
not only underscore biodiesel’s practical 
advantages. but also its role in building a 

(1)

sustainable energy future. Remarkably, the 
vision of using vegetable oils as engine fuel 
dates back to 1893, when Rudolf Diesel, the 
inventor of the diesel engine, foresaw their 
potential in powering agricultural machinery. 
His foresight materialised in 1900, when he 
successfully ran an engine on peanut oil at the 
World Exhibition in Paris. This early innovation 
laid the groundwork for future developments, 
including the world’s first industrial biodiesel 
production process, developed by Brazilian 
scientist Expedito Parente in 1977. Just over a 
decade later, in 1989, Austria launched the first 
biodiesel plant using rapeseed oil, marking a 
pivotal moment in the global shift toward bio-
based fuels (Mathew et al., 2021). Top of Form

According to the EASAC (2012) report, 
biodiesel is broadly categorised into first, 
second and third generations, based primarily 
on the origin of the feedstocks. A fourth 
generation, still in its infancy, emerges from 
cutting-edge synthetic biology and genetic 
engineering, which holds exciting promise 
for the future (Digambar Singh et al., 2020). 
First-generation biodiesel, derived from edible 
crops, such as palm oil, soybean, rapeseed 
and corn, had sparked both enthusiasm and 
ethical concerns. While it addresses growing 
energy demands, its reliance on food-based 
feedstocks make it a direct competitor to 
global food demand, driving up food prices and 
straining food security in low-income countries 
(Kiehbadroudinezhad, Merabet, et al., 2023). 
This “food vs fuel” dilemma has galvanised 
scientific efforts to develop sustainable biofuels 
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as innovative solutions to balance energy needs 
with humanitarian and environmental priorities.

Second-generation biodiesel is derived 
from feedstocks that are unsuitable for 
human consumption (Kiehbadroudinezhad, 
Hosseinzadeh-Bandbafha, et al., 2023). 
Sources like plant oils and agricultural waste 
are processed to produce a more sustainable 
form of biodiesel. Notable examples include 
oils from neem, jatropha, nagchampa, karanja, 
oil nut (Calophyllum inophyllum), rubber seeds 
and the Mahua tree (Mahua indica) (Takase et 
al., 2015). This generation of biodiesel offers 
several compelling advantages: It is more eco-
friendly, significantly reduces production costs, 
avoids competition with the global food supply 
and demands less arable land for cultivation. 
As such, second-generation biodiesel presents 
a promising solution to the food-versus-fuel 
dilemma while contributing to a more balanced 
and equitable energy landscape (Digambar 
Singh et al., 2020).

Building on this momentum, third-
generation biodiesel takes innovation a step 
further by utilising microalgae as its primary 
feedstock (Jacob et al., 2021). Unlike traditional 
crops, algae can thrive in saline water, 
wastewater, or even on non-arable land, and 
possess a remarkably high lipid content, making 
them a highly efficient fuel source (Tahir et 
al., 2024). Their rapid growth rate and ability 
to capture carbon dioxide further enhance their 
appeal, positioning algal biodiesel as a scalable, 
environmentally responsible solution. Moreover, 
microalgae can be cultivated year-round and 
tailored to produce specific biodiesel profiles, 
offering both versatility and sustainability. 
Despite current challenges in scaling up and 
cost-effectiveness, third-generation biodiesel 
holds significant promise for transforming the 
bioenergy landscape.

Biodiesel’s Role in Cancer Risk

Biodiesel, Particulate Matter and Cancer Risk

Fine and ultrafine PM can be inhaled and 
deposited in the lungs, where it evades 
mucociliary clearance and induces localised 
and systemic effects (Mack et al., 2020). 
PM is a complex mixture that often carries 
adsorbed carcinogenic compounds, such as 
PAH (Larrea Valdivia et al., 2020), Volatile 
Organic Compounds (VOC) (Zhang et al., 
2021) and transition metals (Sørensen et al., 
2005). These components can generate reactive 
oxygen species (ROS), inducing oxidative stress 
that damages key cellular macromolecules, 
especially DNA. 

Figure 4 illustrates the oxidative stress-
related pathways triggered by PM, as reported 
in recent literature (Vilas-Boas et al., 2024). 
In parallel, PM exposure activates pro-
inflammatory signalling pathways (e.g., NF-κB, 
MAPK), leading to chronic inflammation (Li et 
al., 2020), which in turn contributes to a pro-
carcinogenic microenvironment by promoting 
cellular proliferation, inhibiting apoptosis, and 
increasing angiogenesis. Epigenetic alterations, 
including DNA methylation and histone 
modification, have also been observed in 
response to PM exposure (Shukla et al., 2019), 
suggesting additional mechanisms by which PM 
can dysregulate gene expression and facilitate 
oncogenesis. Collectively, these processes 
may initiate and promote the development 
of malignancies, particularly lung cancer, in 
populations with prolonged exposure.
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Figure 4: Oxidative stress pathways are triggered by exposure to particulate matter. A schematic 
representation of key molecular pathways activated by fine and ultrafine particulate matter, highlighting the 
role of reactive oxygen species (ROS) in oxidative stress, DNA damage, inflammation and carcinogenesis. 

Source: Vilas-Boas et al. (2024)

PM is widely recognised as one of the 
most hazardous pollutants emitted from diesel 
engines. These fine particles are predominantly 
formed in the fuel-rich zones of the combustion 
chamber, especially under high temperatures and 
pressures near the core of the fuel spray (Pang et 
al., 2006). However, an increasingly compelling 
body of research demonstrates that biodiesel can 
significantly mitigate PM emissions compared 
with conventional diesel (Reyes et al., 2006; 
Kumar et al., 2013; Devendra Singh et al., 
2015; Rajak et al., 2018).

One of the most promising aspects of 
biodiesel lies in its inherent oxygen content. 
Oxygen facilitates more complete combustion 
by enriching the pyrolysis region of the fuel 
spray, thereby reducing soot formation and 
leading to cleaner exhaust (Shi et al., 2006). 
Essentially, biodiesel promotes a more efficient 

combustion process, thereby minimising the 
conditions under which PM is typically formed 
(Rajak et al., 2018). Furthermore, biodiesel 
contains negligible aromatic compounds, unlike 
petro-diesel, which substantially lowers its 
sooting tendency (Nabi et al., 2017). The higher 
cetane number further supports this advantage 
by shortening ignition delay and extending the 
combustion duration, ensuring a smoother and 
complete burn (Kumar et al., 2013).

Therefore, since PM is a significant carrier 
of carcinogenic compounds, the reduction of 
its formation will directly lower the inhalation 
exposure to these harmful substances. By 
minimising the generation of ROS and 
inflammation associated with PM, biodiesel 
combustion may play a role in the reduction of 
DNA damage, mutagenesis and other cancer-
related processes. 
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Biodiesel, Unburned Hydrocarbons and Cancer 
Risk 

UHC represent a hidden yet serious public 
health concern. Released during the incomplete 
combustion, UHC comprise a complex mix of 
VOC (Dhamodaran et al., 2023), many of which 
are well-established carcinogens. Notably, 
substances like benzene, 1,3-butadiene, toluene 
and xylene (Kumar et al., 2020) are among the 
most carcinogenic organic compounds.

While some studies have noted a rise in 
UHC emission with biodiesel blends, often 
linked to its high viscosity, density and low 
energy content, a growing body of research has 
also highlighted the opposite trend. Numerous 
studies have demonstrated that biodiesel can 
significantly mitigate UHC emission (Altaie 
et al., 2015; Man et al., 2016; Bueno et al., 
2017; Manigandan et al., 2019). This reduction 
is primarily attributed to the intrinsic oxygen 
content of biodiesel, which enhances post-flame 
oxidation and increases flame speed, particularly 
in fuel-rich zones (Fattah et al., 2014). Such 
properties promote more complete combustion 
and facilitate the oxidation of hydrocarbon 
intermediates, thus lowering UHC output. The 
absence of aromatic hydrocarbons in biodiesel 
further suppresses UHC formation by limiting 
the generation of persistent organic pollutants 
(Giakoumis et al., 2012). Additionally, the high 
cetane number advances combustion phasing, 
contributing to more thorough fuel oxidation 
(Kwanchareon et al., 2007). Therefore, by 
lowering UHC emissions, this will reduce 
the quantity of carcinogenic VOC into the 
atmosphere. 

Biodiesel, Carbon Monoxide and Cancer Risk 

Unlike classical carcinogens, CO is not directly 
genotoxic and does not initiate cancer. However, 
chronic exposure reduces the efficiency of 
oxygen delivery to tissues and organs as the gas 
binds to haemoglobin with an affinity of 200 to 
300 times more than oxygen (McGrath et al., 

1993; Patel et al., 2023). The resulting hypoxic 
condition can activate hypoxia-inducible factors 
(HIFs) (Pawlus et al., 2013), which affect genes 
involved in angiogenesis, cell survival and 
metabolic adaptation — processes that support 
tumour growth and progression. Furthermore, 
chronic CO exposure can exacerbate oxidative 
stress, also an established hallmark of tumour 
progression. Emerging evidence suggests 
that CO, particularly when endogenously 
produced via heme oxygenase activity, may 
contribute to a pro-oxidant microenvironment 
in aerobic mammalian cells (Piantadosi, 
2008). This environment not only disrupts 
redox homeostasis, but also triggers signalling 
cascades associated with ROS generation, 
potentially fostering conditions favourable for 
tumour development and progression.

In the context of biodiesel combustion, few 
studies have reported increased CO emission due 
to poor atomisation and incomplete combustion 
linked to biodiesel’s high viscosity and density 
(Nalgundwar et al., 2016; Bueno et al., 2017). 
A more consistent body of evidence supports 
a CO-reducing effect. Numerous studies have 
demonstrated that biodiesel’s inherent oxygen 
content enhances combustion efficiency, 
enabling the more complete oxidation of carbon 
species and thereby significantly reducing CO 
emission (Özener et al., 2014; Al-lwayzy et al., 
2017; Dhamodaran et al., 2017; Pandian et al., 
2017; Manigandan et al., 2019). This improved 
combustion profile not only supports cleaner 
air, but may also reduce the cumulative cancer 
risk associated with chronic exposure to CO and 
other co-emitted toxicants.

Biodiesel, Nitrogen Oxides and Cancer Risk 

NOx, primarily comprising nitric oxide (NO) 
and nitrogen dioxide (NO2), are reactive gases 
produced during high-temperature combustion 
processes, such as those in vehicle engines. 
Although NOx compounds are not classified as 
primary carcinogens, they contribute to cancer 
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risk through indirect mechanisms. NO2 is a 
strong oxidant that can induce oxidative stress 
and lower lung tissue antioxidant defences 
(Raz-Maman et al., 2025). These conditions 
promote a tumour-supportive microenvironment 
by enhancing cell proliferation, inhibiting 
apoptosis and generating reactive oxygen and 
nitrogen species (ROS/RNS) that can damage 
DNA. Furthermore, NOx is involved in the 
atmospheric formation of ozone and secondary 
PM, which contains PAH and heavy metals. 
Long-term exposure to NOx, especially in 
urban and traffic-dense environments, has 
been epidemiologically linked to an increased 
incidence of lung cancer and other respiratory 
diseases. Thus, while NOx may not directly 
initiate carcinogenesis, it plays a significant 
contributory role in the risk of air pollution-
related cancers.

NOx represents the most deleterious 
pollutants emitted from diesel engines, with 
profound implications for both human health 
and the environment (Palash et al., 2013). 
Based on Agarwal et al. (2006), NOx formation 
is inherently linked to the elevated flame 
temperatures typical of diesel combustion 
in oxygen and nitrogen-rich conditions. 
Intriguingly, while biodiesel is often hailed for 
its sustainability benefits, numerous studies, 
such as those by Mosarof et al. (2016), 
Aldhaidhawi et al. (2017) and Manigandan et 
al. (2019) suggest that it can exacerbate NOx 
emissions. This paradox stems from the inherent 
properties of biodiesel: Its structural oxygen 
content enhances combustion completeness, 
elevating in-cylinder temperatures (Chen et al., 
2018). 

The higher degree of unsaturation in 
biodiesel fuels has similarly been implicated 
in further temperature elevation during 
combustion (Ban-Weiss et al., 2007). Moreover, 
the oxygenated nature of biodiesel reduces soot 
formation, when compared when petro-diesel, 
will inadvertently raise flame temperatures by 

diminishing radiative heat losses (Mueller et 
al., 2009). Additionally, its shortened ignition 
delay due to high cetane number will increase 
the residence time of reactants and combustion 
intermediates at high temperatures (Senthil et 
al., 2019). As a result, despite its renewable 
nature, biodiesel’s tendency to elevate NOx 
emissions may indirectly heighten long-term 
cancer risk in populations exposed to traffic-
related air pollution.

Biodiesel Production and Cancer Risk 

In terms of hazards, the life cycle of biodiesel 
reveals hidden health risks, particularly in 
relation to carcinogenic exposure. At the 
feedstock level, particularly in first-generation 
crops, the intensive use of pesticides and 
fertilisers can release hazardous agrochemicals, 
such as atrazine and glyphosate, both of which 
have been linked to carcinogenicity (Figure 5). 
During oil extraction and processing, workers 
may be exposed to VOC and PM, including 
methanol and formaldehyde, well-known 
for their toxic and potentially carcinogenic 
properties. Toxic vapours are also produced 
in transesterification, where vegetable oils are 
reacted with alcohols and a base catalyst to 
produce biodiesel esters and glycerol. Moreover, 
inadequate purification may leave residual 
chemicals in the final product, further increasing 
potential exposure and health concerns. These 
overlooked stages warrant critical attention 
when assessing the full carcinogenic footprint 
of biodiesel production. 

Finally, biodiesel has the potential to 
mitigate climate change, a global crisis 
increasingly linked to cancer risk. Rising 
temperatures accelerate the formation of 
ground-level ozone and prolong the persistence 
of airborne pollutants like PM2.5 and PAH (Ebi 
et al., 2008). Wildfires, intensified by heatwaves 
and prolonged droughts, release a complex 
cocktail of toxic compounds associated with 
lung cancer and brain tumours (Korsiak et al., 
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2022). Recent studies show that people living 
within 50 km of wildfires had a 4.9% higher risk 
of lung cancer and a 10% higher risk of brain 
tumours compared to those unexposed (Korsiak 
et al., 2022). Additionally, shifting climate 

patterns are expanding the range of pathogens 
and vectors, increasing the incidence of virus-
related cancers, such as those linked to hepatitis 
B and C (Ribeiro et al., 2024).

Figure 5: A simplified model for mechanisms by which pesticides induce and develop chronic disease. Used 
with permission from Elsevier. Copyright©2022, Licence Number: 6035551148807

Source: Mostafalou et al. (2013)
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Conclusions 

This review underscores the dualistic role 
of biodiesel in shaping the landscape of 
environmental carcinogenesis. As a renewable 
and clean-burning alternative to petro-diesel, 
biodiesel offers significant potential to mitigate 
key air pollutants, particularly PM, UHC 
and CO, which may be directly or indirectly 
implicated in cancer development. Its intrinsic 
oxygen content, higher cetane number and lack 
of aromatic hydrocarbons contribute to more 
complete combustion, reducing emissions of 
several compounds known to induce oxidative 
stress, chronic inflammation, DNA damage and 
tumour-promoting microenvironments. These 
features make biodiesel a promising ally in 
efforts to reduce the cancer burden associated 
with traffic-related air pollution. 

However, the widespread adoption of 
biodiesel is not without challenges. Elevated NOx 
emissions, driven by biodiesel’s combustion 
characteristics, present a persistent concern, 
given NOx’s role in the formation of secondary 
pollutants such as ozone and carcinogenic 
particulate matter. Additionally, potential health 
risks may arise across biodiesel’s life cycle, 
including exposure to hazardous chemicals 
during feedstock cultivation, fuel processing 
and combustion, particularly in the absence of 
stringent emission controls and industrial safety 
protocols.

Ultimately, the transition toward biodiesel 
and other biofuels must be carefully managed 
within a broader framework of clean fuel 
innovation, emissions regulation and public 
health protection. When integrated with cleaner 
engine technologies, advanced after-treatment 
systems, and sustainable feedstock selection, 
biodiesel can serve as a viable tool not only 
for reducing carbon emissions and addressing 
climate change, but also for lowering the 
incidence of environmentally linked cancers. 
As global energy systems evolve in response 

to climate and health imperatives, biodiesel 
stands at a critical intersection of renewable 
energy advancement and cancer prevention 
strategy. To this end, we recommend that future 
research prioritise comprehensive toxicological 
evaluations of biodiesel life cycle and the 
formulation of clear regulatory standards to 
balance the environmental benefits of biodiesel 
with its potential health impacts.
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