
Vol.:(0123456789)

 Discover Food           (2024) 4:164  | https://doi.org/10.1007/s44187-024-00239-9

Discover Food

Review

A mini cutting‑edge review of the levels of polycyclic aromatic 
hydrocarbons and their health implications in some vegetables 
in Nigeria

Edidiong Samuel Akwaowo1 · Abib S. Lawal2 · Hillary Onyeka Abugu1 

Received: 4 March 2024 / Accepted: 12 November 2024

© The Author(s) 2024    OPEN

Abstract
Relevant research on polycyclic aromatic hydrocarbons (PAHs) concentrations and the health implications of the levels 
of PAHs in some vegetables in Nigeria were compiled using data obtained from a thorough review of contemporary 
literature between 2010 and 2023. Of the fifteen available studies on PAH in vegetables, around 67% of the studies sam-
pled fluted pumpkin (Telfairia occidentalis). This could be a result of Fluted pumpkin being frequently used owing to its 
believed blood enrichment against anemia patients and having been shown to contain significant quantities of potas-
sium and iron in its leafy vegetables and edible seeds. The vegetables with the highest PAHs concentrations followed the 
trend: Fluted pumpkin > African black pepper > Water leaf > Tomatoes > Others. Vegetables with high PAHs levels have 
been shown to contain less PAHs after being washed in distilled water and much less after being rinsed in a salt solution. 
This was mostly possible when the PAHs source(s) unto the vegetables were from dry depositions. The difference in PAHs 
concentration in the same type of vegetable from different locations revealed that there are different sources of PAHs 
to the vegetable in their respective locations. The potential for cancer risk and its impact on Nigerian health through 
continuous consumption of contaminated vegetables was evident. Therefore, vegetables are to be washed thoroughly 
before consumption at least to reduce the PAHs concentrations and in turn, its effects on man if such contaminated 
vegetables must be consumed.
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1  Introduction

Vegetables are essential to human health since they are an excellent source of vitamins and minerals like iron and calcium. 
The majorities of vegetables are low in calories, and high in fiber, antioxidants, and water content (70%) [1]. For instance, 
Fluted pumpkin is known for its blood enrichment against anemia patients and has been shown to contain significant 
quantities of potassium and iron in its leafy vegetables and edible seeds, Vegetable meals with a lot of dietary fiber, such 
as pumpkin leaf, can aid in weight loss [2].Vegetables are grouped differently, but according to the definition by Kalm-
pourtzidou et al. [3], they are transient crops, unlike potatoes, legumes, and tubers, which are almost permanently grown. 
Vegetable intake in Nigeria has received a lot of attention as a result of a growing understanding of the health benefits 
of vegetables [4]. However, Nigeria was rated seventh in Africa (in 2022) for yearly vegetable consumption per capita, 
with an average of 75 kg of vegetables consumed, compared to the Food and Agricultural Organisation/World health 
organization (FAO/WHO’s) recommendation of 146 kg per year per capita globally [5–7]. The safety of vegetables cannot 
be accounted for due to the population expansion/high demand for vegetables and the country’s industrial develop-
ment, as these factors increase the risk to consumers’ health from toxin contamination [8]. The majority of vegetables can 
be poisoned by pre-infected soil or air deposition because they can grow on any soil [9]. Additionally, due to the effects 
PAHs has on the environment and people, out of all the poisons that have been recorded in the environment (such as 
pesticides, fertilizers, heavy metals, etc.), the presence of PAHs requires immediate attention [10, 11]. Human activities 
like burning of fossil fuels, petroleum cracking, oil spillage, the incineration of household and commercial waste, and 
many more, are typically to blame for soil contamination by PAHs [12].

Polycyclic aromatic hydrocarbons (PAHs) can be described as aromatic compounds without any heteroatoms or 
substitutes, with more than two fused benzene rings. Also, PAHs are planar aromatic compounds with varying poten-
cies of carcinogenicity defined by their individual structures [13–15]. They can be small (about 4 benzene rings) or 
large (greater than 4 benzene rings), with the larger one supposedly being more poisonous and very stable [12]. 
The benzene rings of PAHs consist exclusively of carbon and hydrogen atoms, which are linked together in various 
ring configurations ranging from simple to intricate. These rings possess a wide range of distinct physical, chemi-
cal, and toxicological characteristics [14]. PAHs exhibit a pronounced lipophilicity and affinity for lipids, resulting in 
their limited solubility in water but significant solubility in the majority of organic solvents [16]. It has been observed 
that the initial soil concentrations, the microbial community, and the type of plant all influence how much PAHs is 
absorbed by plants [4]. Forest fires, volcanic eruptions, bacterial and microbial synthesis, deterioration of rock layers 
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comprising hydrocarbons from oil, and decay of vegetative debris constitute natural conduits of PAHs production. 
Anthropogenic sources of PAHs include certain industrial operations involving incomplete combustion, automobile 
emissions, wood-burning stove smoke, airline emissions, smoking or tobacco fumes, crude oil accidental spills, as 
well as wastewater, among others [17–19].

PAHs could reach plants by the uptake of soil water by roots or by absorption through the stomata and they can 
accumulate in leafy vegetables than in root ones [20]. According to Rajendran et al. [21], they have been scientifically 
demonstrated to possess cancerous along with mutagenic properties. Environmental and public health organizations 
worldwide have been researching PAHs since 1970 [22]. Also, the health risks and concentrations of various polycyclic 
aromatic hydrocarbons have been reported in Nigeria in contaminated soil/farmlands [23, 24], water [8, 25], butter 
and edible oils [26], roasted food and meats [27, 51], fishes [28], pasta [29], rice [30, 31], higher plants [32], fruits [12, 
15] and in edible vegetables [33, 34], etc. The objective of this study is to determine, compile, and summarize the 
levels of 16 priority polycyclic aromatic hydrocarbons (PAHs) in edible vegetable leaves in Nigeria from 2010 to 2023, 
and to assess the potential impacts on human health.

2 � Methodology

A thorough review of the literature was done to assemble significant studies on PAHs contamination and its impact 
on human health in Nigerian vegetables. Standardized keywords and search engines were utilized to locate pertinent 
research publications, including Scopus, researchgate, Web of science, Ebisco, international water association (IWA), 
Google scholar. The papers were initially screened for titles and abstracts before retrieval, and then full-text screen-
ing was performed. Data on PAHs concentration, sample type, city (state), extraction method, analytical processes, 
PAHs, results, conclusion, and further study were mined from the qualified papers (Fig. 1).

Fig. 1   Flow diagram of the 
review process RReevviieeww pprroocceesssseess

SSeeaarrcchheedd tthhee wweebb:: SSccooppuuss,,
WWeebb ooff sscciieennccee,, EEbbiissccoo,,
IIWWAA,, GGooooggllee sscchhoollaarr,,
RReesseeaarrcchhggaattee eettcc

DDoowwnnllooaaddeedd aallll aarrttiicclleess tthhaatt rreeppoorrtteedd
PPAAHHss wwiitthhiinn NNiiggeerriiaa

AArrttiicclleess ggrroouuppeedd iinnttoo ttwwoo 11.. AArrttiicclleess tthhaatt rreeppoorrtteedd
PPAAHHss iinn vveeggeettaabblleess iinn
NNiiggeerriiaa

22.. AArrttiicclleess tthhaatt rreeppoorrtteedd
PPAAHHss iinn vveeggeettaabblleess iinn
NNiiggeerriiaa bbeettwweeeenn 22001100
ttoo 22002233

AArrttiicclleess uusseedd ffoorr tthhiiss rreevviieeww
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3 � Sample preparation, treatments and analysis

Before solvent extraction and organic solvent-based chromatography clean-up, the acquired vegetable samples are 
frequently oven-dried and homogenized using a blender/mortar and pestle. Before chemical analysis, other extrac-
tion techniques were carried out using an ultrasonic extractor, Soxhlet extractor or separating funnel (Table 1). Igbiri 
et al. [41] extracted PAHs from mushrooms and the surrounding environment using an ultrasonic bath (Elmsonic 
S40H). Before immersing the samples in an ultrasonic bath, the samples underwent extraction using a solution 
consisting of equal parts acetone and methylene chloride, which was augmented with 1 mL of the PAHs standard 
solution. Mass spectrometers, flame ionization and electron capture detectors have been coupled with the GC uti-
lized by the different authors, while the HPLC instrument was coupled with a photodiode array detector. Lawal [14] 
noted that though these procedures ensure quality and sensitive data, sample preparation is labour intensive and 
it is expensive (Fig. 2).

4 � PAHs in vegetables

Generally, vegetables and/or plants usually don’t go in search of nutrients but nutrients get to them via deposition 
on leaves or absorbed by the root hairs (Fig. 3). Diffusion, root interception, and mass flow are the three mechanisms 
by which nutrients reach the hairs of the root surface [44]. Human exposure to environmental pollutants like PAHs 
can occur through vegetable consumption. According to Duan et al. [45], dietary consumption is one of the main 
ways that people are exposed to PAHs, and it is a very common form of exposure. Furthermore, studies have found 
that the levels of PAHs in vegetables are closely linked to the ambient levels of these contaminants as well as the 
biochemical and biological features of the vegetables [37, 46–48]. The recent discovery of PAHs in vegetables sug-
gests a possible hazard to human well-being, as these vegetables may have been grown in soil, air, or water that was 
contaminated. Several different forms of uncooked food contain them at immeasurable quantities which is a reflec-
tion of their existence in the environment [14]. Based on the author’s findings, plant-based lipids and oils include a 
greater amount of PAHs in their dietary category compared to meat. This is because PAHs levels are generally higher 
on the outermost layer of plants, such as foliage or peels, as opposed to the inner tissues of the plant.

Extensive research has been conducted on Polycyclic Aromatic Hydrocarbons (PAHs) in vegetables throughout 
Nigeria. The specific vegetables that have been subject to the investigation include: Bitter leaf (Vernonia amygdalina), 
Lasiantheraafricana(local name: Editan), Fluted Pumpkin leaf (Telfairia occidentalis), Green leaf (Desmodiumintor-
tumcv), Mushroom, African black pepper (Piper guineense), Scent leaf (Ocimumgrattissimum), Carrot (Daucus Carota), 
Tomatoes, Ewedu (Corchorus olitorius), Celosia argentea (Soko), Amunu tutu/White Spinash (Basella alba), Lettuse 
(Lactuca Sativa), Spring Onions/Alubasaelewe (Allium ascalonicum),Water leaf (Talinum triangulare) and Utazi leaf 
(GangronemaLatifolium) amongst others [4, 6, 15, 33–39, 49]. Notably, the majority research has been done just within 
the eastern and southern regions of the country (Fig. 4).

Also, when comparing the concentrations of different PAHs in vegetables studied, benzo(b)Flouranthene is 
observed to have the highest concentration (Table 1). Benzo(b)Flouranthene is formed during the partial oxida-
tion of organic substances like coal, wood, oil, and gas and can be produced during certain industrial processes of 
which these activities are very peculiar to the cities reported in this research. Reports have it that exposure to this 
compound can lead to potential health effects such as cancer risk as they can accumulate in soil, sediments and 
water, posing a risk to humans, aquatic and other wildlife [16]. As shown in Table 1 above, levels of PAHs from dif-
ferent locations varied markedly as most vegetables were sampled in areas of high industrial activities [6], close to 
dumpsites or automobile repair workshop [35], places were wastewater are used for irrigation [40] and areas of high 
traffic especially in the markets [33, 37, 43].

According to studies conducted in the nation by Dan et al. [40] and Orhuamen et al. [50], water leaf and fluted 
pumpkin are the most popular and widely grown vegetables in Nigeria, respectively. Fluted pumpkin is also the 
vegetable that has been the subject of the most research. Among other vegetables, it was used in ten of the fifteen 
studies on vegetables that we uncovered throughout our review (Fig. 5). Adetunde et al. [4] reported that the fluted 
pumpkin exhibited steady growth across all soil types and their combinations indicating that the plant may possess 
some unique qualities that allow it to thrive even when planted in highly contaminated soils with high oil content 
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where other plants were unable to do so. The resilience of fluted pumpkin can also be linked to the following reasons 
[4, 58]; (I). Its ability to adapt to different light radiation conditions: whether very sunny, partially sunny or shady 
areas, it can thrive provided the soil is moist (II). It can also tolerate seasons of drought or limited soil water quantity.

This makes fluted pumpkin suitable for PAHs contamination site phytoremediation, claims the author. This implies that 
the level of soil pollution affects how much PAHs is absorbed by the produce. Additionally, the PAHs content in vegetables 
was highest in fluted pumpkin followed by African black pepper, water leaf, tomato and others.

In their research, Igwe et al. [33] investigated the occurrence of polycyclic aromatic hydrocarbons (PAHs) in fluted 
pumpkin samples obtained from two markets in Ohafia, Abia state. The researchers divided their sample into three parts: 
the original part was left not washed (UW), the subsequent portion was rinsed with tap water (WTW), and the last part 
was washed with an aqueous solution of sodium chloride (WSS) before undergoing the processes of being dried, grind-
ing, and the extraction procedure. The authors elucidated that the concentration of PAHs in the samples exhibited a 
substantial reduction upon washing with water from the tap, and further diminished with washing with an aqueous 
solution of sodium chloride. Also, the same author gave similar conclusions when he carried out the same procedure but 
this time with African black pepper (Piper guineense) and in two different markets but in the same state.

In another piece of literature, three sections of tomato samples from two markets—one not washed (UWS), another 
rinsed with distilled water (WSD), and the third rinsed with lukewarm distilled water (WWW)—were evaluated for organic 
contaminants following established protocols. The measured concentrations (in milligrams per kilogram) for the Ago-
Aduloju and Shasha samples showed that the ranges of polycyclic aromatic hydrocarbons (PAHs) were 0.447–12.5 and 
0.231–19.000 [0.447 (WWW), 4.78 (WSD), and 12.5 (UWS) for Ago-Aduloju samples]. According to the findings, washing 
tomatoes in warm water is more effective than other methods in lowering pollutants [37]. This suggests that washing 
vegetables before eating them, particularly washing with purified water or a sodium chloride solution, is very crucial.

5 � Health risks/effects of PAHs

Due to their harmful effects, PAHs have gained public attention in recent years, especially with the rate of industri-
alization growing faster and faster, causing pollution and environmental degradation. The rate of contamination is 
increasing year after year, and exposure to humans and the environment is inevitable [14]. PAHs, such as chrysene, 
indeno[1,2,3-cd]pyrene, benzo[b]fluoranthene, dibenz[ah]anthracene, benzo[k]fluoranthene, benzo[a]anthracene, 
and benzo[a]pyrene, are highly toxic and have been identified as potential human carcinogens by the International 
Agency for Research on Cancer (IARC). Exposure to these highly toxic PAHs poses a significant risk to human health 
[51]. However, other PAHs should not be disregarded as they also may pose a cancer risk. The most researched PAHs, 
which have unsubstituted multi-ring structures, do not interact with DNA and must be altered for them to cause 
cancer [52]. PAHs are taken in by humans through the act of inhalation, smoking, direct skin contact, and eating food 
that has been roasted or that has been cultivated on polluted land. The toxicity, mode of exposure, and exposed 
concentration all affect how it affects humans [53]. According to Abdel-Shafy and Mansour, [16], Polycyclic aromatic 
hydrocarbons (PAHs) can cause both immediate (e.g., eye or skin irritation, diarrhea, nausea, and vomiting) and 
long-term (e.g., glaucoma, kidneys and liver disease, respiratory issues, weakened antibodies, respiratory issues, and 
allergies) health impacts in people. In their study, Karimi et al. [54] elucidated that polycyclic aromatic hydrocarbons 
(PAHs) present in the atmosphere trigger allergies in children residing in industrialized countries. These PAHs are the 
primary cause of hospital admissions and school absenteeism among children.

The following was noted with the vegetables sampled in this study: Okereke et al. [20] examined amounts of 
Polycyclic Aromatic Hydrocarbons (PAHs) in three frequently eaten vegetables grown in farms located within two 
societies, Alakahia and Eleme, in Rivers state, Nigeria. Additionally, the possible impact of these PAHs levels on 
human health was investigated. The overall amounts of polycyclic aromatic hydrocarbons (PAHs) in vegetables vary 
between 1.34–9.51 µg/kg. The estimated concentrations of carcinogenic potency equivalents for vegetables taken 
from Alakahia and Eleme villages were also determined (0.31–1.51 and 0.37–0.97 µg/kg respectively). These values 
were higher than the screening threshold for vegetables (0.23), indicating that consuming these vegetables poses 
a danger to the population who is exposed.

In their investigation, Onuoha and Karibo [39] determined that the high levels of PAHs found in the veggies from 
Rumuosi and Choba offer a serious health risk to the population that regularly consume these plants. Communities 
in the research region should take a pro-active stance against people involved in unlawful practices like artisanal 
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refining and burning of petroleum products. These activities have a significant negative influence on public health 
and way of life by leaving a large environmental footprint.

The presence of PAHs in vegetables grown near hair salon places is becoming increasingly worrying, as highlighted 
by Ijere et al. [34]. This is particularly worrisome because a significant portion of the population, including urban 
residents in Aba South and Umuahia South, as well as rural areas in Isuikwuato and Ohafia, rely on these vegetables 
as a source of essential nutrients in their daily diet. The study utilized a gas chromatograph (GC) to analyze 19 distinct 
polycyclic aromatic hydrocarbons (PAHs) present in waterleaf and fluted pumpkin leaves. The results were compared 
to the Control samples obtained from the research locations, and also to the standards set by FEPA [55] and FAO/
WHO [56]. The concentration of polycyclic aromatic hydrocarbons was beyond the acceptable threshold, indicating 
their potential danger to human consumption.

Fig. 2   Sample preparation, treatment and analysis

Fig. 3   PAHs Pathway from soil 
and atmosphere to vegetables
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In a particular study, the estimated daily intake values for children’s exposure varied as follows 459–4876 (benzo[a]
pyrene), 1809 to 8378 (PAH2), 2733–13,036 (PAH4), and 4143–12,568 (PAH8) ng kg−1 bw day−1, respectively. For adult 
exposure, the estimated daily intake values ranged from 115–1219 (benzo[a]pyrene), 452–2095 (PAH2), 683–3259 
(PAH4), and 1036–3142 (PAH8) ng kg−1 bw day−1, respectively. The estimated MOE (Margin of Exposure) value was 
less than 10,000, indicating that the veggies were unsuitable for human consumption. While the cancer risk levels 
(> 1 × 10–6) suggested that consuming these veggies could increase the risk of cancer due to PAHs, the Hazard Index 
levels were less than one (1), indicating that they had no other non-carcinogenic problems associated with them [6]. 
In addition to the aforementioned studies, others found a lower carcinogenic risk of PAHs from vegetables; although 
they argued that future PAHs health risks should be monitored carefully and prevented by taking precautions.

Animals (especially mice) used in laboratory studies developed stomach cancer while the pregnant ones gave 
birth to offspring with defects and decreased body weight after ingesting PAHs in food over time, as reported by 
the US EPA (Environmental Protection Agency), even though studies weren’t specifically done using vegetables and 
weren’t done in Nigeria [16, 57–60]. Despite this, it remains undetermined if it also becomes applicable to individuals.

6 � Limitations of this study

This review was based on a search and data obtained from the following: Scopus, Web of science, Ebisco, IWA, and 
Google scholar alone. As a result, we might have missed certain works. We believe that the publications we found 
accurately reflect the current level of knowledge regarding the potential health effects of PAHs in Nigerian vegeta-
bles. Furthermore, because there is little information available on the PAHs levels in vegetables in Nigeria that were 
collected from ten (10) different states in the nation, the concentrations presented may not be an accurate reflection 
of the PAHs levels in Nigerian vegetables. Additionally, there may be variations in extraction, analytical procedures, 
and strategies responsible for the pronounced variations in PAHs values reported in the research we analyzed. Fur-
thermore, no biological investigation was carried out or health center reports were consulted to determine the direct 
effects of PAHs on a specific living thing or a person who ate a contaminated vegetable. Despite these drawbacks, 
this study emphasizes the need for greater research on PAHs and its effects on health in Nigeria as there is evidence 
for a wide range of exposures from a variety of sources.

Fig. 4   Locations in Nigeria 
were PAH in vegetables had 
been studied
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7 � Conclusion and future research prospect

To assess the health implications of PAHs exposure in Nigeria, we evaluated their concentrations in vegetables and 
examined the associated impacts. This analysis was based on publications spanning from 2010 to the present. The 
majority of the research from the 15 publications consulted for this study was conducted in 10 states, mostly in the 
Eastern (Abia, Anambra, Ebonyi, Enugu, and Imo) and Southern (Akwa Ibom, Delta, and Rivers) regions of the nation. No 
studies from the North, just one from the West (Lagos) and middle-belt (Edo) were found. In the articles utilized in this 
study, fluted pumpkin, water leaf, and bitter leaf were the veggies that were most frequently sampled. It was claimed 
that fluted pumpkin was a crop with potential for phyto-remediation of PAHs in contaminated locations, though more 
research is required to confirm this. To make PAHs-contaminated locations safe, it is very important to explore various 
bio-remediation techniques in Nigeria. In part of the literature, the vegetables exhibited elevated concentrations of 
PAHs, and subsequent investigation revealed that the application of water (preferably lukewarm water that had been 
distilled) and a salt solution resulted in a notable reduction in these levels. However, further research is required to validate 
these findings. Only a small number of articles have addressed the potential for cancer, but it is crucial for Nigeria to 
diligently evaluate the physiological impacts of the overall intake of polycyclic aromatic hydrocarbons (PAHs) into 
the body via the consumption of food, particularly vegetables. The sources of PAH and its effects on health should 
be widely known and understood by the general people. Policies must be put in place to safeguard citizens from 
untreated industrial effluents dumped into the environment.
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