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Abstract

This research aims at determining the loading of 

contamination of some popular brands of extra-virgin olive 

oil (EVOO) in Port Harcourt, Nigeria, with genotoxic PAHs 

and Heavy Metals to ascertain its safety for consumption. 

The health risk associated with these heavy metals will be 

calculated and assessed. Extra virgin olive oil has 

experienced a surge in its consumption all around the world 

owing to its high nutritional content. Contamination with 

genotoxic PAHs and Heavy Metals can cause severe health 

defects if consumed regularly. PAHs and heavy metals are 

two distinct groups of ubiquitous contaminants with grave 

health consequences such as Tumorigenesis, carcinogenesis, 

organ failures etc. Samples of EVOO were analysed with 

Gas Chromatography/Mass Spectrophotometer and Flame 

Atomic Absorption Spectrophotometer (FAAS) for PAHs 

and heavy metals respectively. After extraction with 

Dichloromethane and digestion with aqua regia (HCl/HNO3; 

3:1) respectively, the results showed the presence of few 

genotoxic PAHs such as benzo[a]pyrene, PAH4 and PAH8 

with concentrations above regulatory limits of 0.002µg/g, 

0.01µg/g and 0.01µg/g respectively. Among the heavy 

metals, Pb and Cd showed the most alarming levels of 

contamination of the heavy metals, above regulatory limits 

of 0.1µg/g and 0.05µg/g, however, analysis with Health 

Risk Index of consumption showed all samples were safe for 

consumption. 
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Introduction 

Oils are important part of human diet. Delivering important micro nutrients such as vitamins E and K for proper growth and 

functioning of living tissues. Olive oil is the oil extracted from the fruit of the Olea european sativa tree. Extra-virgin olive oil 

is extracted mainly mechanically. Sometimes with little heat treatment that does not alter the desired properties of the oil. 

Treatments can include washing, filtration, decantation, centrifugation, without any further refining either with chemicals or 

other processes such as re-esterification (United States Standard for grades of Olive oil, 2010). Standard extra-virgin olive oils 

usually have an acid value of less than 0.8 with a fruity taste. It is believed to have lots of nutritional benefits such as anti-

inflammatory properties, rich source of omega-3 fatty acid, improve bone health, protection against heart diseases etc. It has 

also been alleged to protect against certain cancers such as breast cancer (kiritsakis and Markakis, 1988; Covas, 2007)  [28, 8]. 

This has led to a surge in its consumption all around the world, from the Mediterranean where it is said to have originated. As 

with other fatty foods EVOO can easily be contaminated with PAHs as PAHs are very soluble in fats and are ubiquitous 

environmental contaminants easily finding their way into all types of foods. EVOO can also be regularly contaminated 

significantly with heavy metals found in the environment from a plethora of sources such as metal smelting sites, rock 

weathering, burning of petroleum, metal wastes found in the environment etc, if correct hygiene and proper standards are not 

maintained during planting, harvesting and production. Raising concerns of severe health risks instead of benefits. 

Polycyclic aromatic hydrocarbons are a group of hydrocarbon compounds with at least two aromatic rings fused together to 

form a compound without hetero atoms (ATSDR, 1990) [2]. Formed from incomplete combustion or pyrolysis of organic 

substances such as petrol, wood, firewood, bushes etc, but could also be found naturally in crude oil and coal. Mainly 

generated from anthropogenic activities, but could also be generated from natural processes such as volcanic eruptions, 
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wildfires etc (Lee et al, 1981) [29] Studies have shown that 

the most common and prevalent source of PAHs 

contamination in EVOO is due to environmental 

atmospheric exposure of the olive fruit. (Rodriguez-acuna et 

al, 2008) [41]. 

PAHs can be classified based on the number of fused rings: 

PAHs with fewer than four aromatic rings are classified as 

low molecular weight PAHs such as naphthene, 

phenanthrene, fluorene etc, they are to lesser extent 

associated with disease causation. High molecular weight 

PAHs are PAHs with at least four fused rings. They are 

more persistent, have lower vapour pressure, more water 

insoluble and are important disease causatives (Enviro wiki 

2022 [13]; Cerninglia, 1984). Examples include 

benzo[a]pyrene, chrysene, benzo[a]anthracene, 

benzo[k]fluoranthene, dibenz[a,h]anthracene etc. It is 

difficult to ascribe observed health effects in 

epidemiological studies to specific PAHs because most 

exposures are due to a mixture of PAHs, however, certain 

PAHs have been classified as genotoxic (ATSDR, 2009 [3]; 

Hussain et al, 2019). PAHs frequently classifed as genotoxic 

include benz[a]anthracene, Chrysene, Benzo[e]pyrene, 

Benzo[b]fluoranthene, Benzo[a]pyrene, 

Benzo[k]fluoranthene, dibenz[a,h] anthracene, 

Benzo[ghi]pyrelene, Indeno[1,2,3-cd]pyrene etc (Hussain et 

al, 2018) [16]. Benzo[a]pyrene is the most studied PAH and 

can be used as a marker for PAHs toxicity (Mafra et al, 

2010) [31].  

Human exposure to PAHs can be through respiration 

(breathing in), epidemiological contact, and ingested food 

and water. With the most significant medium of exposure 

said to be through ingested food for non-smokers 

(Valavanidis et al, 2006 [45]; Rengarajan et al, 2005). The 

presence of PAHs in food has been studied extensive in 

other to mitigate its negative consequences and provide 

more information on best practices to eliminate or curb 

drastically PAHs contamination of foods. Various regulatory 

parameters such as Margin of Exposure (MoF), Margin of 

Safety (MoS, where Non Observed Adverse Effect Level, 

NOAEL, is compared to the human exposure to the 

xenobiotics) and BenchMark Dose (BMD) have been 

introduced to help checkmate and provide information on 

contamination and disease causation of PAHs (Bertoz et al, 

2021) [5].  

PAHs themselves are hydrophobic and chemically inert, 

however, as with most carcinogens chemical activation is 

required. This occurs when living systems try to excrete 

them by metabolizing them into lipophilic (water-soluble) 

materials such as diols, epoxides and dihydrodiols etc. The 

initial stage of benzo[a]pyrene metabolism is the formation 

of several epoxides by microsomal CYP-dependent mono-

oxygenase, which can then undergo spontaneous 

rearrangement to phenols or be hydrolysed by epoxide 

hydrolase to dihydrodiols or covalent reaction with 

gluthathione chemically or catalysed by gluthathione-S-

transferase. Further oxidation leads to triols, tetraols, and 

hydroquinones (Kim et al, 1998) [26] These metabolised 

compounds may react with DNA to yield DNA adducts. If 

not repaired or not properly prepared the adducts may 

initiate gene mutation and lead to adverse health effects 

(IARC, 1987) [18]. There are sufficient evidence showing 

benzo[a] pyrene interactions with mammalian gonads or 

gem cell DNA to induce such endpoints as unscheduled 

DNA synthesis, chromosomal aberrations and 

morphological abnormalities. Benzo[a]pyrene is classified 

as Group 2A carcinogen (IARC, 1987; Wyrobeck et al, 

1981) [18, 49]. Alongside its genotoxicity other cases of long 

term exposure to PAHs include decreased immune function, 

respiratory diseases, kidney and liver damage etc (Khairy et 

al, 2009) [24]. 

Heavy metals on their part are a group of high density, 

persistent elements that are capable of causing diseases in 

living systems even at very low concentrations. The name 

heavy metals stems from their high density (at least five 

times denser than water), their ability to cause diseases in 

considerably lower concentrations and persistency in the 

environment (Fergusson 1990; Duffus 2002) [14, 9]. They 

readily bioaccumulate and biomagnify in living systems 

leading to causation of all kinds of diseases.  

Heavy metals usually have variable oxidation states this 

enable them to mimic various important trace elements in 

living systems. They interact with biological systems in two 

ways: Direct interaction which involves binding directly 

with important macromolecules. For example Pb2+ can 

mimic Zn2+ in aminolevulinic acid dehydratase and 

ferrochelatase and bind to it's active site thereby causing 

conformational changes in the molecule and as a result alter 

its biological function (Cangelosi et al, 2017) [6], the other 

pathway is by generating reactive species such as Reactive 

Oxygen Species (ROS) ad Reactive Nitrogen Species 

(RNS). These highly reactive species then interact with 

important biological macromolecules such as the DNA to 

form DNA adducts, alteration of sulfydryl homeostasis, lipid 

peroxidation, oxidative stress etc. Interaction can be 

abstraction or addition reactions by these free radicals 

leading to Carbon-centered sugar radicals and OH- or H- 

adduct radicals of heterocyclic base (Renner et al, 2000; 

Ravana et al, 2000) [40, 38]. The formation of DNA adducts 

can lead to genotoxicity if not repaired or misrepaired by the 

DNA. The usual steps in heavy metal toxicity are; 

Liberation of cation> Reaction with target molecules> 

cellular dysfunction> Reaction (repair) or (disrepair)> 

Toxicity development. 

Heavy metals frequently encountered as contaminants in 

extra-virgin olive oils include, Iron (Fe), Copper (Cu), Zinc 

(Zn), Nickel (Ni), Cadmium (Cd), Lead (Pb) etc. All heavy 

metals mentioned above have various health effects on 

living sytems depending on dose. Some of the heavy metals 

mentioned above can also induce rancidity in the oil due to 

oxidations reactions such as Fe and Cu. They are readily 

available in the environment from anthropogenic activities 

such as mining, metal smelting factories, waste disposal and 

even burning of hydrocarbon fuels etc. They could also 

come from natural sources such as volcanic eruptions and 

weathering of rocks (Wilson and Pyatt, 2007; Ihedioha et al, 

2017) [46, 17]. 

Iron (Fe) is the second most abundant metal in the earth 

crust (Lee, 2009) this tells why it is notoriously present in 

many food substances to the point of major contamination. 

It has a density of 7.8g/cm³ and variable oxidation states, 

with +ll and +lll being the most stable (Lee, 2009). It is 

obviously the most used metal in the construction industry. 

Its biological function includes being present in hemoglobin; 

a component of blood for the transport of oxygen, it 

supports muscle metaboism and healthy functioning of 

connective tissues. A healthy human is said to be made up 

of 3-4g of Fe (Johnson-Wimbley and Graham, 2011) [22]. 

Despite it's biological importance, higher than normal 
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concentration in living systems can have severe health 

implications. Mild poison symptoms include vomiting, 

diarrhea, abdominal pains and drowsiness. In more severe 

cases symptoms include tachypnea, low blood pressure, 

seizures and coma, multi organ failure and death 

(Manoguerra et al, 2005) [32]. 

Lead is a silvery shiny/bluish-gray, dense metal with +ll ad 

+lV oxidation states with the +lV state being less stable. Pb 

is used in many engineering and chemical industries such as 

sulfuric acid plant, Pb batteries, pigments, solder for the 

electronic industry, previously used as antiknock in petrol 

etc. (Lee, 2009). All soluble forms of Pb are poisonous, with 

toxicity increasing with solubility (WHO, 2019) [48]. Pb is a 

physiological and neurological toxin in humans. Acute Pb 

poisoning may result in dysfunction in the kidney, 

reproductive system, nervous system, brain and 

subsequently death (Odum, 2006; Kazemipour, 2008 [23]). A 

notably serious effect of Pb poisoning is teratogenicity. 

Other severe health defects of Pb include anemia, fatigue, 

gastrointestinal problems, delayed pregnancy, anoxia 

amongst other health defects. Pb poisoning is mostly severe 

in children (Needleman, 1988) [35]. 

Cadmium is a bluish-white rare metal with +ll oxidation 

state. It was used basically in electroplating steel but 

recently it has been widely employed in the manufacture of 

rechargeable batteries. It also finds use as pigments and in 

electronics (WHO, 2000) [47]. Cd is relatively rare, only 

about 0.2mg/kg of Cd is found in the earth crust. Cd is 

regarded as a Group 1 human carcinogen (WHO, 2000) 

[47].The target organs for Cd toxicity includes liver, placenta, 

kidney, brain, lungs and bones (Sobha et al, 2007) [43]. 

Exposure to Cd can lead to nausea, vomiting, abdominal 

cramps, dyspnea, muscular weakness amongs other 

symptoms depending on the severity of exposure. Severe 

exposure can cause oedema and death. Subchronic 

inhalation can lead to renal effects, pulmonary effects- 

emphysema, bronchiolitis, aveolitis. The itai-itai disease 

break out in Japan exposed the dangers of Cd to the world. It 

has also been associated with anosmia, cardiac arrest, 

cerebrovascular infractions, emphysema, osteoporosis, 

proteinuria cataract formation in the eye (Deruibe et al, 

2007) [11]. 

Nickel is a transition metal with variable oxidation states of 

(-I), (0), (+ll), (+lll) and (+lV), with (+ll) being its most 

stable oxidation state. It has a density of 8.9g/cm³. It has 

application in different industries such as metallurgy, 

electrical engineering, medicine and even in biological 

systems such as its role in lipid metabolism and proper 

functioning of hormones (Lee, 2009). When consumed Ni is 

widely distributed in an organism; distributed across the 

blood brain barrier even across placenta membrane in 

gestating mothers. A higher than normal dose of Ni in the 

body can have severe health effects such as genotoxicity, 

hematotoxicity, immunotoxicity etc. (ESFA, 2020) [12]. It 

also shows strong effects on reproductive systems, and 

developmental toxicity (EFSA, 2020) [12]. 

Zinc is a bluish grey to white transition metal with an 

unusually only (+ll) oxidation state. It finds use in 

electroplating of iron; galvanised iron, production of 

batteries, etc. Zn is associated with multiple biological 

functions, such as being required for the activity of various 

catalytic enzymes, wound healing, enhancing immune 

function, protein and DNA synthesis, cell signaling etc., 

(Lee 2009; McDonald, 2000 [30]; King et al, 2014 [27]). It also 

supports healthy growth and development of a child during 

pregnancy, childhood and adolescence. Women and men are 

said to contain about 1.5g and 2.5g of Zn respectively. Zinc 

is relatively non toxic, lower intakes but higher than 

recommended dose might induce copper deficiency with 

symptoms- anemia, neutropenia, impaired immune system 

function and adverse effects on the ratio of low to high 

density lipoprotein. Very higher than normal amount of zinc 

in the body can present symptoms such as nausea, vomiting, 

epigastric pain, lethargy and fatigue (McDonalds, 2000; 

King et al, 2014) [30, 27]. 

This research aims at determining the loading of some 

popular brands of extra-virgin olive oil (EVOO) available in 

Port Harcourt, Nigeria, with genotoxic PAHs and Heavy 

Metals to ascertain its toxicity and safety for consumption. 

The health risk associated with these heavy metals will be 

calculated and assessed. Contamination with genotoxic 

PAHs and Heavy Metals can cause severe health defects if 

consumed. PAHs and heavy metals are two distinct groups 

of ubiquitous contaminants with grave health consequences 

such as Tumorigenesis, carcinogenesis, organ failures etc. 

Samples will be with Gas Chromatography/Mass 

Spectrophotometer and Flame Atomic Absorption 

Spectrophotometer (FAAS) for PAHs and heavy metals 

respectively. Analysis with PAHs indicators like PAH4, 

PAH8 and BaP as well as Health Risk Index of heavy metals 

will be done to ascertain safety. The results will be 

informative enough to make recommendations to the 

respective and relevant agencies. 

 

Materials And Methods 

Sampling: 

Samples were bought from reputable retail stores in 

Rumuokoro, Port Harcourt (4.8703°N, 6.9880°E). Choba, 

Port Harcourt (4.89°N, 6.9075°E). All samples are pure 

extra-virgin olive oil without addictives imported from the 

Mediterranean, NAFDAC and SON certified. All samples 

were left in their original package and taken to the 

laboratory. 

Polycyclic Aromatic Hydrocarbons analysis 

Apparatus 

30m × 0.25mm ID fused-silica capillary column, chemically 

bonded with SE-54(DB-5), 1-µm film thickness. Amber 

glass bottles to avoid degradation from light sensitive 

analytes, soxhlet extractor for extraction of PAHs from 

sample. Mechanical shaker-for improved initial miscibility 

fume extractor and other basic laboratory equipment. 

Reagents 

1,1-dimethylchloride, Anhydrous sodium sulphate, methanol 

for rinsing cartridge, Acetone, Reagent water, HCl 0.05M, 

Helium-carrier gas for chromatography. All reagents were 

bought as high purity pesticide quality or equivalent. 

Extraction of PAHs:  

10g of each of the samples were added into a soxhlet 

extractor, Na2SO4 was added and stirred-to remove residual 

water. 30ml of DCM was added as extracting solvent. Bottle 

was corked tightly and a mechanical shaker was employed 

to agitate the mixture for 20 mins after which samples were 

allowed to settle for 1hr under gravity and then decanted 

carefully. The filtrate was allowed to concentrate overnight 

by evaporation in a fume cupboard, before introduction to 

GC/MS machine for analysis. 

 

http://www.multiresearchjournal.com/


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

617 

Heavy Metals analysis 

Apparatus 

Microwave for heating sample to aid digestion. Flame 

Atomic Absorption Spectrophotometer and other basic 

laboratory equipment. 

Reagents 

Aqua regia- concentrated Nitric acid and concentrated 

hydrochloric acid for digesting metals in sample. Distilled 

water. 

Extraction of Heavy Metals: 

20ml of aqua regia-HCl/HNO3, 3:1 was added to 1g of each 

of the oil samples in a conical flask. The mixture is digested 

in a fume cupboard with hot plate, until white fume appears. 

The solution is then cooled in a 100ml volumetric flask and 

topped up to mark with distilled water. A portion of the 

solution is then taken to be analysed with flame atomic 

absorption spectrometer, to test for the required metals- Fe, 

Pb, Cd, Ni and Zn. 

 

Results 

 
Table 1: Loadings of various indicator PAHs of different samples 

 

Samples BaP (µg/g) PAH4 (µg/g) PAH8 (µg/g) 

Sample A 0.40 0.51 0.8 

Sample B 0.35 0.35 0.58 

Mean Conc. 0.3725 0.43 0.69 

Regulatory limit 0.002 0.01 0.01 

 

Five genotoxic PAHs of the EPA 16 priority PAHs that was 

tested for was found in both samples from the GC/MS 

analysis, with 0.80ug/g and 0.58 µg/g for sample A ad B 

respectively. Although less than half of the PAHs tested for 

were detected the amount was above the regulatory limits in 

both samples.  

BaP often used as a marker for PAHs contamination in 

foods was the most prevalent, being found in both samples 

as opposed to all other PAH8 that were either found in one 

sample or none of the samples. BaP had concentrations that 

were very higher than the regulatory limits- 0.002µg/g by 

JECFA, WHO, IOC and other regulatory agencies in all 

samples. The values recorded were not far from those of 

similar researches, values as high as 0.92 µg/g was reported 

in the range of maximum values by Alorimah et al (2010) [4]. 

While others such as Texira et al (2006) reported values of 

0.085µg/g, Moret and Conte (2007) 0.009µg/g much more 

lower values. 

PAH4 also showed high concentration, although only two 

were present. Sample A had a higher amount of PAH4 of 

0.51ug/g than sample B with 0.35µg/g although both 

samples showed concentrations that were far above the 

regulatory limit of 0.01µg/g by JECFA.  

The heavy contamination of samples with genotoxic PAHs 

can be traced to three major sources uptake from 

atmospheric exposure; PAHs are ubiquitous and are readily 

found in the atmosphere generated from human and natural 

processes such as burning of coal and hydrocarbons for 

energy, forest fires, volcanic eruption etc. Uptake from soil 

and endogenous biosynthesis and uptake from surfaces 

during extraction such as where it is stored, or machine used 

in processing (Phillips, 1999) [37]. PAHs have been reported 

in all types of food, Extra-virgin olive oils have limited 

means of exposure to PAHs during production, however 

contamination usually remain in the oil whenever they find 

their way in as further purifications are usually not carried 

out to enable it remain a "virgin oil". Around 70 different 

PAHs and related compounds have been identified in food 

stuffs of which Benzo[a]pyrene and benz[a]anthracene are 

the most abundant (Smith et al, 2001) [42]. 
 

Table 2: Loadings of various Heavy Metals of different samples 
 

samples 
Fe 

(µg/g) 

Pb 

(µg/g) 

Cd 

(µg/g) 

Ni 

(µg/g) 

Zn 

(µg/g) 

Sample A 4.281 0.136 0.363 0.198 0.507 

Sample B 2.031 1.102 0.121 0.095 0.336 

Mean Conc. 3.156 0.619 0.242 0.146 0.422 

Regulatory limit in oils 

(WHO, FAO, IOC). 
3.00 0.1 0.05 0.2 0.05 

 

All five heavy metals showed heavy presence in all samples, 

with Fe having the highest concentration and also showing a 

mean concentration that was above the maximum allowable 

regulatory limit. Concentration was in the range of 

2.031µg/g-4.281µg/g. Others such as Kabaran et al (2006) 

reported concentrations of the range of 0.079µg/g - 4.00 

µg/g. Possible sources of Fe contamination in the oils 

analysed could be from fertilizers, pesticides, or even metal 

surfaces during extraction (Kabaran et al, (2006). Fe is also 

found in ambient air; 1.6 µg/m³ and abundant in the earth 

crust. 

Pb had a mean concentration of 0.619µg/g that was above 

the regulatory limit by WHO/FAO. Sample A had a 

concentration that was a little above the regulatory limit 

while sample B had an outrageously high and alarming 

concentration of 1.102µg/g, such that can cause significant 

poisoning. Other researchers reported 0.0277 µg/g to 

0.1263µg/g, Karaban et al (2020). Pb is a major 

environmental pollutant; water, land and air pollutant. 

Sources of Pb pollution include Pb smelters, industrial waste 

water discharge, run offs from dumpsites, pesticides etc.  

Cd also showed heavy metal load in both oils exceeding the 

regulatory maximum limit by regulatory authorities. Mean 

concentration 0.242µg/g and the concentration in both 

samples exceeded the regulatory limits stated in the table 

above. Gubec (2013) [15] reported concentrations of 

0.000088 - 0.00036µg/g in some Italian EVOO, which is 

way lower and below regulatory limits of relevant 

authorities. Dugo (2010) [10] reported values of 0.0021µg/g 

in oil samples near a mining site which are all much lower 

than seen in this samples. Contamination can come from 

elemental Cd present in ambient air (WHO), plants can also 

take up Cd directly from the soil which can lead to 

contamination. Other sources can include factory 

discharges, dump site leachates etc.  

Nickel which is found more abundantly in the earth crust 

than Pb and Cd unexpectedly showed a lower mean 

concentration of 0.146µg/g, 0.198µg/g and 0.095µg/g for 

sample A and B respectively. Mean concentration and 

individual samples concentration was below regulatory 

limit. Nickel is said to constitute 0.008% of the earth crust, 

enriched in coal and crude oil up to 300mg/kg and can be 

found in ambient air at about 124ng/m³ (WHO, 2000) [47]. 

Zn had a considerably lower level of contamination 

compared to Fe and even Pb, with a mean concentration of 

0.442ug/g. Zn is also to a lesser extent associated with 

causation of diseases and may require a very high amount to 

induce its negative effects. Therefore, the samples can be 

said to be free from any serious Zn contamination.  

Health Risk Index (HRI) of Heavy metals in Samples. 
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HRI=DIM/RfD 

DIM=(Xoilxquantity)/bodyweight. 

DIM:daily intake of metal. 

Xoil:concentrationofmetalinoil(µg/g) 

RfD: Reference daily intake or. safe maximum provided by 

(FAO/WHO,US-EPA). 

bw:bodyweight.. HRI > 1: unsafe for consumption. HRI < 1: 

safe for consumption. 

 
Table 3: Health Risk Index (HRI) of heavy metals 

 

Heavy 

Metal 

Reference Daily Intake 

(RfD)(mg/kg.bodyweightperday) 

Health Risk 

Index (HRI) 

Ni 0.02 2.8 x10-3 

Pb 0.025 9.30 x 10-3 

Cd 0.001 2.50 x 10-2 

Fe 0.8 1.52 x 10-3 

Zn 0.3 5.4 x10-4 

 

Analysis with HRI show that all samples are safe for 

consumption with regards to the heavy metals tested for. 

 

Conclusion 

After extraction with Dichloromethane and digestion with 

aqua regia (HCl/HNO3; 3:1) respectively, the results showed 

the presence of few genotoxic PAHs such as 

benzo[a]pyrene, PAH4 and PAH8 with concentrations 

above their respective regulatory limits. Lead (Pb) showed 

the most alarming level of contamination of the heavy 

metals above regulatory limits, however, analysis with 

Health Risk Index of consumption showed all samples were 

safe for consumption and no significant threat of heavy 

metal toxicity. 

 

References 

1. Adetutu IA, Iwuoha GN, Michael H Jnr. 

Carcinogenicity of dioxin-like polychlorinated 

biphenyls in transformer soil in vicinity of University of 

Port Harcourt, Choba, Nigeria. Chemistry International. 

2020; 6(3):144-150. Doi: 

https://doi.org/10.5281/zenodo.3547706 

2. Agency for Toxic Substances and Disease Registry. 

Polycyclic Aromatic Hydrocarbons, in Public Health 

Statement. U.S. Department of Health and Human 

Services U.S. Public Health Service, Atlanta, GA, 1990. 

[Google Scholar] 

3. Agency for Toxic Substances and Disease Registry. 

Polycyclic Aromatic Hydrocarbons (PAHs). Centre for 

Disease control, 2009. 

4. Alorima H, Al-Zenki S, Husain A, Sawaya W, Ahmed 

N, Gevao B, et al. Benzo[a]pyrene and total PAHs 

levels in oils and do not reflect the occurrence of the 8 

PAHs. Food Addit part Analytical Chemical Control 

Expsitioo Risk Assessment. 2010; (6):869-878. 

5. Bertoz V, Purcaro G, Conchione C, Moret S. A Review 

of occurrence and analytical determination of PAHs in 

olive oils. Emerging Technologies for Determination in 

Foods, 2021. Doi: 10.3390/foods10020324. 

6. Cangelosi V, Ruckthong L, Vincent L. Lead II up and 

Health, 2017, 271-318. Doi: 

https://doi.org/10.1515/9783110434330-010. 

7. Cerniglia CE. Biodegradation of polycyclic aromatic 

hydrocarbons. Biodegradation. 1992; 3:351-368. 

[Google Scholar] 

8. Covas M. Olive oil and Cardio vascular system. 

Pharmacological Research. 2007; 55(3):175-186. 

9. Duffus JH. Heavy metals, a meaningless term? Pure 

Appl Chem. 2002; 74(5):793-807. [GoogleScholar] 

10. Dugo G. Dipartimento di scienze degli alimenti e 

dell'ambiente, Università di Messina, Messina, Italy. 

Informatore Agrario. 2010; 66(36):63-67. 

11. Duruibe JO, Ogwuegbu MOC, Egwurugwu JN. Heavy 

metal pollution and human biotoxic effects. 

International Journal of Physical Sciences. 2007; 

2(5):112-118. 

12. EFSA. Update on the risk assessment of Nickel in food 

and drinking water. Efsa Journal, 2020. Doi: 

10.2903/j.efsa.2020.6268 

13. Enviro Wiki. Polycyclic Aromatic Hydrocarbons 

(PAHs), 2022. 

https://www.enviro.wiki/index.php?title=Polycyclic_Ar

omatic_Hydrocarbons_(PAHs)&oldid=15965. 

14. Fergusson JE. The Heavy Elements: Chemistry, 

Environmental Impact and Health Effects. Oxford: 

Pergamon Press, 1990. [Google Scholar]. 

15. Guleca A. Study on evaluation of heavy metal contents 

of extra-virgin olive oil which was produced by organic 

and conventional agricultural methods in Turkey, 2013. 

16. Hussain K, Hoque RR, Balachhandran S, Medhi S. 

Monitoring risk analysis of PAHs in the environment. 

Hand Book of Environmental Material Management, 

2018. Doi: 10.1007/978-3-319-58538-3-29-2. 

17. Ihedioha JN, Ukoha PO, Andekere NR. Ecological and 

human health risk assessment of heavy metal 

contamination in soil of a municipal solid waste dump 

in Uyo Nigeria. Environmental Geochemistry and 

Health. 2017; 39(3):497-515. 

18. International Agency for Research on Cancer. 

Monograph on the evaluation of carcinogenic risk of 

chemicals to humans. Lyon, France: IARC, 1987. 

https//publiations.iarc.fr. 

19. International Agency for Research on Cancer (IARC). 

Some non-heterocyclic polycyclic aromatic 

hydrocarbons and some related exposures. IARC 

Monographs 92; Lyon, France, 2010. [PMC free article] 

[PubMed] [Google Scholar] 

20. International olive council (IOC), Carlifonia Trade 

Standard for Oils. The international standards under 

resolution COI/T.15/NC no 3-25, 2003. 

21. Iwuoha GN, Akinseye A. Toxicological symptoms and 

leachates quality in Elelenwo Rivers State, Nigeria. 

Chemistry International. 2019; 5(3):198-205. Doi: 

https://doi.org/10.5281/zenodo.2064343 

22. Johnson-Wimbley TD, Graham DY. Diagnosis and 

Management of Iron deficiency and anemia in the 21st 

century. Sage Journals, 2011. Doi: 

10.1177/1756283X11398736.4(3):177-184. 

23. Kazemipour M, Ansari M, Tajrobehkar S, Majdzadeh 

M, Kermani HR. Removal of lead, cadmium, zinc, and 

copper from industrial wastewater by carbon developed 

from walnut, hazelnut, almond, pistachio shell, and 

apricotstone. Journal of Hazardous Materials. 2008; 

150:322-327. 

24. Khairy MA, Kolb M, Mostapha AR, Anwa E, Bahadir 

M. Risk assessment of polycyclic aromatic hydrocarbon 

in a Mediterranean sub-enclosed basin affected by 

human activities. (Abu Quir Bay, Egypt). Journal of 

Hazardous Materials. 2009; 170(1):389-397. 

25. Kabaran S, Gulee A, Besle HT. Is there any health risk 

http://www.multiresearchjournal.com/
https://doi.org/10.5281/zenodo.3547706
https://doi.org/10.5281/zenodo.2064343


International Journal of Advanced Multidisciplinary Research and Studies   www.multiresearchjournal.com 

619 

of heavy metals through dietary intake of olive oil that 

was produced in Morphou, Cyprus. Progress in 

Nutrition. 2020; 22. Doi: 10.23751. 

26. Kim JH, Stanbury KH, Walker NJ, Trush MA, 

Strickland PT, Sutter TR. Metabolism of 

benzo[a]pyrene and benzo[a]pyrene-4,5,8-epoxide in 

human using cytochrome P450 1B1. Carcinogenesis. 

1998; 19(10):1847-1853.  

27. King JC, Cousins RJ, Ross AC, Caballero B, Cousins 

RJ, Tucker KL, et al. Zinc In Modern Nutrition in 

Health and Disease, 2014, 189-205. 

28. Kiritsakis A, Markakis P. Olive oil: A review. 

Advances in Food Research. 1988; 31. Doi: 

org/10.1016/s0065-2628 (08)60170-6. pp 453-482. 

29. Lee ML, Novotny MV, Bartle KD. Analytical 

chemistry of polycyclic aromatic compounds. 

J.Chromatogr, 1981, 19-194. 

30. MacDonald RS. The Role of Zinc in Growth and Cell 

Proliferation. The Journal of Nutrition. 2000; 

130:1500S-8S. 

31. Mafra I, Amaral JS, Oliviera MBPP. Polycyclic 

aromatic hydrocarbon (PAHs) in olive oils and other 

vegetable oils. In olive oils and olive oils in health and 

disease prevention, potential for carcinogenesis. 

Academic Press Cambridge, Massachusetts USA, 2010, 

489-498. 

32. Maguerra AS, Erdman AR, Booze LL, Christianson G, 

Wax PM, Scharma EJ, et al. Iron Ingestion: An 

evidence-based concensus guideline for out-of-hospital 

management. Clinical Toxicoogy. 2005; 43(6):553-570. 

Doi: 10.1081\CLT-200068842. 

33. Moret S, Conte LS. Polycyclic aromatic hydrocarbon, 

in edible fats and oil occurrence and analytical methods. 

Journal of Chromatography, 2000. Doi: 10.1016/s0021-

9673(00)00079-0. 

34. Mene DF, Iwuoha GN. Genotoxicity and 

carcinogenicity of traditionally roasted meat using 

indicator polycyclic aromatic hydrocarbons (PAHs), 

Port Harcourt, Nigeria. Chemistry International. 2021; 

7(3):217-223. Doi: 

https://doi.org/10.5281/zenodo.4900600 

35. Needleman HL. The persistent threat of lead: Medical 

and sociological issues. Currentt Problems in Pediatric 

and Adolescent care. 1988; 18(12):697-744.  

36. Odum HT. BackGround of Published Studies on Lead 

and Wetland. In:Howard.Heavy Metals in the 

Environment Using Wetlands for Their Removal. Lewis 

Publishers, NewYork USA, 2000, 32. 

37. Phillips DH, Deswiz M, Sciasky M, Lan C, Cozzone P, 

Bernard M. PolycyclicAromatic hydrocarbons in the 

diet. Mutation research critical toxicology and 

environmental mutagenes. Mutation Research. 1999; 

443:139-147. 

38. Ravana JL. Single oxygen induced oxidation of cellular 

DNA. Radical induced damage to DNA, mechanism 

and measurement1,2. Journal of Biological Chemistry, 

2000, 1102-1115. 

39. Rengarajan T, Rejandran P, Nanderkumen N, 

Lukeshkumar B, Nislujaki I. Exposure to polycyclic 

aromatic hydrocarbons with special focus on cancer. 

Asian Pacific Journal of Tropical Biomedicine. 2015; 

5(3):182-189. 

40. Renner W, Kotschan S, Hoffman C, Obermayer-Pietsch 

B, Pilger E. A common 936C/T mutation in the gene for 

vascular endothelial growth factor associated with 

vascular endothelial growth factor plasma levels. 

Journal of Vascular Research. 2000; 37(6):443-448. 

41. Rodriguez-Acuna R, Perez-Camino MC, Cert A, 

Moreda W. Polyclic aromatic hydrocarbons in Spanish 

olive oils: Relationdship between benzo[a]pyrene and 

total polycyclic aromatic hydrocarbon content. Journal 

of agric food chemistry, 2008. Doi: 10.1021/jf8016699. 

42. Smith KEC, Thomas GO, Jones KC. Seasonal and 

species differences in the air-pasture transfer of PAHs. 

Environmental Science & Technology. 2001; 

35(11):2156-2165. [Google scholar] 

43. Sobha K, Poornima A, Harini P, Veeraiah K. A study 

on biochemical changes in the fresh waterfish, 

catlacatla(hamilton) exposed to the heavy metal 

toxicant cadmium chloride. Kathmandu University 

Journal of Science, Engineering and Technology. 2007; 

1(4):1-11. 

44. Teixeira VH, Cassal S, Olviera MBPP. PAHs content in 

sunflower, soybean and virgin olive oils: Evaluation in 

commercial samples and during refining process. Food 

Chemistry, 2007. 

45. Valavanidis A, Fiotakis K, Vlahogianni T, Bakeas EA, 

Triantafillaki S, Paraskevopoulu V, et al. 

Characterisation of atmospheric particulates, particle-

bound transition metals and polycyclic aromatic 

hydrocarbon of urban air in the centre of Athens 

(Greece). Chemosphere. 2006; 65(5):760-768. 

46. Wilson B, Pyatt FB. Heavy metal dispersion, 

persistence and bioaccumulation around an ancient 

copper mine situated in Anglesey, UK. Ecotoxicology 

and Environmental safety. 2007; 66(2):224-231. 

47. World Health Organization. Nickel regional office for 

Europe, Copenhagen, Denmark, 2000, 1-7. 

48. World Health Organisation. Safety evaluation of certain 

food additives and contaminants, 2019. 

https://apps.who.int/iris/bitstream/handle/10665/44515/

WHO_TRS_960_eng.pdf;jsessionid=AFB1D95650165

62EA09FFBFF1734B190?sequence=1 

49. Wyrobek A, Gordon L, Watchmaker G, Gelboin HV. 

Interaction between polycyclic aromatic hydrocarbons 

and cellular macromolecules. Polycyclic hydrocarbons 

and Cancer.Vol.2: Molecular and Cell Biology. 

Academic Press, NewYork, 1981, 3-36. 

http://www.multiresearchjournal.com/
https://doi.org/10.5281/zenodo.4900600

