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ABSTRACT

Polyeyclic Aromatic Hydrocarbons (PAHs) are a class of complex organic chemicals, possessing
a fused ring structure with at least 2 benzene rings. They are environmental pellutants that oceur
naturally in coal and crude oil and in emissions from forest fires and volcanoes. The PAHs also
enter the environment via., incomplete combustion (pyrolysis) of organic materials such as coal,
garbage, waste tyres, tobacco, ete. Several epidemiologic and laboratory studies have shown that
exposure to PAH results in adverse health outcomes ranging from irritation of the exposed
surface to cancers. The world 1s faced with the problem of adequate disposal of used tyres which
{among other uses) have unfortunately been used in abattoirs in Nigeria to de-fur kanda, a popular
cow skin delicacy, hence exposing the butchers to PAHs. This article reviews the chemistry and
biochemistry of PAHs and discusses the need for appropriate regulation of exposure to PAHs

especially in Nigerian workplaces,
Key words: Polycyclic aromatic hydrocarbons, occupational exposure, Nigeria

INTRODUCTION

The United States Knwironmental Protection Agency estimated that 2-3 billion scrap tyres are
in landfills and stockpiles across the United States and approximately one scrap tyre per person is
generated every year (Reisman, 1997). Globally, more than 240 million vehicle tyres are burnt for
various reasons, such as: (1) As a source of cheap fuels in cement kilns, coking plants and allied
industries, (2) As a form of waste disposal in muniecipal refuse dumps and incinerators, (though
illegal in most. places), (3) As a way of expressing displeasure with government’s political and other

socio-economie policies during demonstrations and stand-offs; just to mention but a few. In Nigeria,
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Table 1: Some representative PAHs, their chemical structure and some physicochemical properties

Compound (IUPAC name) Mol. wt. Vapour pressure at 25°C (kPa) Boiling point "C Carcinogenicity Structure
Phenanthrene 178 2,3%1075 339-340

o
e

Anthracene 178 36 *107° 340 +

Fluoranthene 202 551077 375-393

Pyrene 202 3,1 *10°¢ 360-404 [
Benzo(a)anthracene 298 1,5 *1078 435 + ()ﬁ)
Chrysene 298 571071 441-448 + [ISI)
Benzo(aypyrene 252 7,3 #1071 493-496 + (%I)
Benzo(g, h, i)perylene 278 1,3 *1071 525 + @

OSPAR Commission, 2003

all of the above find application, yet there is, coupled to the above, a nation-wide practice of
incinerating tyres in the processing of the skins of slaughtered domestic animals such as goats,
sheep and cows,

The skins of animals known locally as pome or kanda are major culinary delicacies in Nigeria,
Other parts like the head, legs and tails, ete., of these animals are notable delicacies and command
high prices in the market. For possible economic reasons, butchers find it expedient to use tyres as
fuel. In using burning tyres to process edible animal skin, the butchers and the consumers may be
unduly exposed to PAHs above safe limits. The International Agency for Research on Cancer
reported that PAHs are carcinogenic to humans (TARC, 1983). The use of tyres as fuel for meat
processing in Nigeria is therefore worrisome especially as the prevalence of cancers in Nigeria is
rising (Ifere et al., 2012). The contamination of the ecosystem with PAHs could also result in
ground water pollution especially with the increase in the number of private shallow wells and bore
holes in Nigeria. These could pose public health problems and consequently lead to severe economic
burdens on both the country’'s struggling health systems and the populace, majority of whom are
extremely poor by World Bank standards.

CLASSIFICATION, CHEMISTRY AND SOURCES OF PAHs

Polyeyelic Aromatic Hydrocarbons (PAHs) also referred to as Polyeyelic Organic Matter (POM),
Polynuclear Aromatics (PNAs) are a class of complex organic chemicals possessing a fused ring
structure with at least 2 benzene rings (ATSDR, 1995). Typical examples of PAHs are naphthalene,
2-methylnaphthalene, 1-methylnaphthalene, acenaphthylene, acenaphthene, fluorene,
phenanthrene, anthracene, fluoranthene, pvrene, benzo(a)anthracene, chrysene,
benzo(b)luoranthene, benzo(k)fluoranthene, benzola)pyrene, indeno(1,2,3-cd)pyrene,
dibenzo(ah)anthracene and benzo(gh,ijperylene (Table 1) (ATSDER, 1995). Poly Aromatic
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Polycyclic aromatic hydrocarbons (PAHs) in the atmosphere
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Fig. 1: Sources of polyeyclic aromatic hydrocarbons in the environment,

Hydrocarbons {(PAHs) may also contain additional fused rings that are not the six-sided ring of
benzene (Ravindra et al., 2008). They are environmental pollutants found naturally in coal and
crude o1l and emissions from forest fires and volcanoes. Apart from natural sources, most PAHs
entering the environment arise from incomplete combustion (pyrolysis) of organic materials such
as coal, garbage, waste tyres and tobacco, ete. (Fig. 1). Others are by-products of industrial
processes such as aluminium, iron and steel production in foundries, mining and oil refining
(WHO, 2000).

At ambient temperatures, pure PAHs generally exist as colourless, white or pale yellow-green
solids. Normally, they have high melting and boiling points, low vapour pressure and very low
water solubility. Consequent upon these, they are highly lipophilic and chemically inert. In the
atmosphere, they are present in both vapour and particle phases. Most PAHs do not dissolve readily
in water although they are commonly found in minute quantities in industrial and municipal
effluents. Some PAHs readily evaporate into the air and persist in the atmosphere for months to
years often transported through long distances before re-entering the earth through particle
settling or during rainfalls (Shen ef al., 2011).

Predominantly, two- or three-ringed PAHs (naphthalene, acenaphthene, anthracene, fluorene,
phenanthrene) are present in air in the vapour phase; four-ringed PAHs (fluoranthene, pyrene,
chrysene) exist both in the vapour and in the particulate phase and PAHs with five or more rings
{(benzo(a)pyrene, benzo[g, h, i]perylene) are found usually in the particle phase. Upon release into
the atmosphere, the fate of gaseous PAH mixtures appear to be determined by their molecular
weight, such that PAHs with more than four rings tend to adsorb to particulate matter, while those
with less than four rings tend to remain gaseous until removed via., precipitation (Skupinska et al.,
2004).

Poly Aromatic Hydrocarbons (PAHs) typically undergo three types of chemical reaction;
electrophilic substitution, oxidation and reduction. During their transport. and accumulation in the
atmosphere, PAHs may underge chemical and photochemical reactions probably resulting in
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compounds that are more toxic than the parent compounds. Most PAHs are likely to react with air
and compounds borne in air (e.g., O;, NO, and 50,) to form PAH derivatives such as nitro-PAHs
and oxygenated derivatives (Walgraeve et al., 2010; Shen et al., 2011).

The burning of tyres, say in kanda processing releases several compounds and particles [such
as Carbon Monoxide (CO), Sulfur Oxides (50, Oxides of Nitrogen (NQ,), Volatile Organic
Compounds (VOCs) and other Hazardous Air Pollutants (HAPs), such as Pelychlorinated Biphenyls
{(PCBs), dioxins, furans, hydrogen chloride, benzene and most especially Polycyclic Aromatic
Hydrocarbons (FAHs)] into the environment. Metals such as arsenie, cadmium, nickel, zinc,
mercury, chromium and vanadium are also released in the process (Carrasco ef al., 2002;
Ferrao ef al., 2008). It is thought that the effects attributable to PAHs may in fact be accentuated
by its co-contamination with other chemicals as found in the cocktail of chemicals so-released into
the environment (Reisman, 1997).

ROUTES OF EXPOSURE TO PAHs

Exposure 1s assessed qualitatively or quantitatively. It describes the intensity, frequency and
duration of contact and often quantifies the rate at which the chemical or agent crosses the
protective layer or 1s taken-up, the route of the chemical or agent across the protective layer
{dermal, oral, or respiratory), the dose (actual quantity of the chemical or agent crossing the layer)
and the amount. absorbed (UUSKEPA, 1992a; Leung and Paustenbach, 1994). Exposure 1s a difficult
term to scientifically define. There is however some consensus among scientists that exposure
entails contact of the human outer protective covering (largely dermal, oral or respiratory) with a
chemical or an agent (USEFPA, 1989, 1992b; Allaby, 1989),

For most people, PAHs exposure occurs quite regularly through the air, water, soil and
food (Fig. 1). Exposure could be in both occupational and non-cccupational settings and may
involve more than one route of exposure simultanecusly. The use of certain cosmetics 1s yet another
hidden means of exposure, especially as there have been reports of high levels of PAHs in say,
tattoo ink. Some pharmaceuticals especially dermal preparations, plastics, insect repellents and
some household goods contain PAHs., Simultaneous exposure through multiple routes such as
concomitant dermal and inhalation exposures usually results in higher doses of the chemical or
agent being taken-up (ATDSR, 2009; Le Du-Lacoste et af., 2013).

METABOLISM OF PAHs IN HUMANS

Upon exposure to PAHs just like other xenobiotics, the human body metabolises the PAH into
more polar and scluble by-products that are more readily excreted through the kidneys as urine
or as exudates from the skin or in the faeces (Fig. 2). In some cases, the metabolism 1s aimed at,
enabling the reabsorption of the metabolite through the biliary system. The PAHs metabolism is
usually catalysed by Cytochrome P-450 monoxygenase complex. The enzyme complex carries out,
the oxidation, hydrolysis and reduction reactions that detoxify the xencbiotic (Franco et al., 2008).
The oxidation of PAHs by the cytochrome F-450 family of enzymes and the subsequent
hydroxylation by epoxide hydrolase yields electrophilic and hydrophilic epoxy diols.

The water soluble products of the reactions usually complexes of glutathione, sulfates or
glucorenic acid are excreted from the body as hydroxylated metabolites or conjugates. These
conjugation reactions apart from making the metabolites easy to excrete also protects cells from
potential damage from the water soluble adducts (Skupinska et al., 2004). The hydroxylated
metabolites are usually excreted wia., urine and/or faeces while the conjugates are reabsorbed in
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Fig. 2: Scheme of the metabolism of a typical PAH, benzo(a)pyrene

the small intestine if they are biliary conjugates. This metabolic pathway is of great importance as
the hydroxyl metabolites in urine are usually measured as biomarkers of PAH exposure
(Strickland et ¢l., 1996). In some instances however, products of xenobiotic transformation reactions
can form covalent interactions with proteins and nucleic acids resulting in the formation of adducts
that can compromise normal cell function, triggering a series of deleterious effects that often lead
to cancers (WHO/TPCS, 1998; Jacob and Seidel, 2002; Brandt and Watson, 2003). Benz[a]pyrene,
for example, is known to form adducts with guanine and adenine and such adducts result in
mutations of the genetic code and could lead to deleterious health consequences if not. corrected by
the cell’s repair systems.

BIOMARKERS OF PAH EXPOSURE

Environmental assessment of PAH mixtures can be based on a representative of the group such
as benzo(a)pyrene or a group of PAHs (Brandt and Watson, 2003; Franco et al., 2008). In animals,
the unaltered PAH or its metabolites are searched for in the blood, urine, faeces or other body
fluids. Pyrene is commonly found in PAH mixtures and its predominant urinary metabolite,
1-hydroxypyrene (1-OHP) i1s used as an indicator of exposure to PAHs (Granella and
Clonfero, 1993; CDCP, 2005; Serdar et al., 2012). The American Conference of Governmental
Industrial Hygienists recommends that 1-OHP measurement [first introduced as a biomarker of
exposure to PAHs by Jongeneelen et al. (1986) be used as an end-of-shift or end-of-week urine
sampling method for measuring PAHs’ Biological Exposure Index (BEID (ACGIH, 2005;
Heikkila et al., 1995). Its advantage is that pyrene is present in all PAH mixtures at relatively high
concentrations. In contrast te other PAH metabolites which are excreted mainly in the faeces,
1-OHP is mainly excreted in the urine.

The determination of thicethers in urine is reported to be of little value, since smoking 1s a
strong confounding factor. Furthermore, no differences in thicether excretion in urine were
observed hetween controls and coke-oven workers or between workers 1n coke and
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graphite-electrode-producing plants (Ferreira et al., 1994a, b). Again, urine samples from workers
at an aluminium plant and from coke-oven workers did not show differences in PAH levels in urine
between exposed workers and controls (Venier ef al., 1985; Haugen et al., 1986).

In Nigeria, neither 1-OHF nor thicethers in urine are available as routine pre or post-shift
urine tests as PAH exposure is not regulated by any legislation.

POPULATIONS AT RISK OF PAH EXPOSURE

PAHs are ubiquitous. Hence, entire populations are exposed to PAHs in one way or another to
varying degrees. Historically, an English surgeon Percival Pott noted an unusually high incidence
of serotal cancer among London Chimney sweeps in 1775 and suggested that the cbservation was
due to their constant exposure to soot and ash. Since, then PAH-related cancers have been induced
in laboratery animals and found in humans especially subjects in contact with coal-tars, soot, coke
and other PAHs containing substances (Kennaway, 1955; Kjaerheim, 1999).

Several studies in the scientific iterature, especially epidemiclogic studies have shown increased
cancer mortality in workers exposed to PAH mixtures (Boffetta ef al., 1997; Bosetti ef al., 2007,
Olsson et al., 2010; McClean et al., 2011; Miller ef al., 2012; Hogstedt ef al., 2013). Workers exposed
to PAHs include (but are not limited to) aluminium smelters, asphalt workers, carbon black workers;
chimney sweeps, coal-gas workers, coke oven workers, tyre and rubber manufacturing workers,
wood workers exposed to creosote ete. (Steenland et al., 1990; Bhatia ef al., 1998; Armstrong et al.,
2004; Moret et al., 2007 Palm et al., 2011; Serdar et al., 2012; Bruschweiler ef al., 2012).

Other groups exposed to PAHs are women who cook over wood fires or coal stoves (Islami ef al.,
2012) and their foetuses {(if they are pregnant) {(as PAH and its metabolites have been shown to
cross the placenta in various animal studies) (Tang ef al., 2012), smokers (Zhong et al., 2011) and
tattoo aficionados (Regensburger et «l., 2010). Children and pregnant women are the most
susceptible sub-groups (Choi ef al., 2012). Preparation of food and meat in ways that involve
charbroiling, grilling, roasting, barbecuing, ete. and heating of homes with wood or coal fires also
increase the risk of exposure to PAHs (Viau ef al., 2000; Daniel et al., 2011; Islami et al., 2012).

In Nigeria, all of the above groups are obtainable and also additionally people in some
traditional cccupations like fish/meat smoking and the relatively new practice of using tyre fire to

de-fur edible animal skin and parts.

HEALTH EFFECTS OF EXPOSURE TO PAHs

Poly Aromatic Hydrocarbons (PAHs) exist in nature as muxtures. In nature, a population is
exposed to PAH mixtures not single PAHs. Hence, the health effects depend usually on the PAH
mixtures the population is exposed to. The structure of a given PAH and the substituted groups in
it determine how harmful the PAH will be. However, PAH mixtures are usually not acutely toxic,
In fact, most times the acute toxicity observed upon exposure to PAHs may be attributable to other
more acutely toxic agents like hydrogen sulphide and sulphur dioxide produced when (for example)
tyres are burnt in the open. Such acute effects include but are not limited to headaches, respiratory
and dermal irritation and nausea. Naphthalene, the most abundant constituent of coal tar is a skin
irritant and its vapours may cause headache, nausea, vomiting and diaphoresis (Rom, 1998).

Some reported health effects associated with occupational exposure to PAHs include, erythema,
burns and warts on sun exposed areas of the skin with progression to cancer (the toxic

effects of PAH mixtures on the skin are enhanced by exposure to ultraviolet light); irritation and
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photosensitivity of the eyes; cough, bronchitis and bronchogenic cancer; leukoplakia,
buchal-pharygeal cancer and cancer of the lips; leukaesmia and lymphoma, haematuria and kidney
and bladder cancers (ATDSE, 2009; Hogstedt et al., 2013; Man et al., 2013).

Carcinogenicity of PAHs is related to the presence of an electron dense region known as the
K-region {Pullman and Pullman, 1955; Baird ef al., 2005). Since, the populations are exposed to
PAH mixtures and many of which have exhibited no carcinogenic potentials, it 1s postulated that
two or more substances within the mixtures may compete with receptors or metabolizing enzymes
and such action may result in carcinogenic or chemo-preventive effects (Zeiger, 2003; Baird et al.,
2005). Some cancers attributable to PAH mixtures and indicative of route of exposure include lung
and bladder cancer (Armstrong ef al., 2004; Zhong et al., 2011}, esophageal cancer (Islami et al.,
2012) and sinonasal cancer (Bruschweiler et al., 2012).

Among women, studies have shown that exposure to PAH mixtures in the first trimester 1s
linked to impairment. and restriction of intrauterine growth of the foetus (Choi et al., 2012). This
is implicated in the causation of childhood asthma (Tang ef af., 2012) and it has adverse effects in
the behavicural development of children between the ages of 6 and 7 years (Perera et al., 2012).
It is also associated with gastroschitisis, a form of teratogenicity (Lupo ef al., 2012).

REGULATION OF EXPOSURE TO PAHs IN NIGERIA AND OTHER DEVELOPING
COUNTRIES: HINDRANCES; SUGGESTED SOLUTIONS

No literature was found to substantiate the existence of any PAH standard as a national policy
in Nigeria. The existing laws aimed at ensuring a healthy and safe workplace for the MNigerian
worker are hardly enforced. There 1s a dearth of inspectors from the relevant government
ministries, departments or agencies., Occupational health and safety practices are scarcely adhered
to, except may be in multi-national companies and large corporations. The standards recommended
by the ATDSE (2009) in the Table 2 for the regulation of PAHs may however find application in
Nigeria.

Table 2: Standards and regulations for Polycyclic Aromatic Hydrocarbons (PAHs)

Agency Focus Level Comments
American Conference of Air: Workplace 0.2 mgm® for benzene-soluble coal tar Advisory: TLV* (8 h TWAT
Governmental Industrial pitch fraction
Hxrgienists
National Institute for Air: Warkplace 0.1 mg m~ for coal tar pitch volatile Advisory: RELE (8 h TWA)
Occupational Safety agents
and Health
Occupational Safety and Air: Workplace 0.2 mgm™® for benzene-soluble coal Regulation: (benzene soluble fraction of
Health Administration tar pitch fraction coal tar volatiles) PEL§ (8 h workday)
U.S. Environmental Water 0.0001 mg L MCLY for benz(a) anthracene
Protection Agency
0.0002mg L7* MCL for benzo(a)pyrene,
benzo(b)fluoranthene, benzo(lfluoran-thene,
chrysene
0.0003mg Lt MCL for dibenz(a, h)anthracene
0.0004 mg L.t MCL for indenol (1, 2, 3-c, d) pyrene

*TLV: Threshold limit value, $TWA (Time-weighted average): Concentration for a normal 8 h workday and a 40 h workweek to which
nearly all workers may be repeatedly exposed, REL (Recommended exposure limit): Recommended airborne exposure limit for coal tar
pitch volatiles {cyclohexane-extractable fraction) averaged over a 10 h work shift, §PEL (Permissible exposure limit): The legal airborne
(PEL) permissible exposure limit for coal tar pitch valatiles (benzene soluble fraction) averaged over an 8 h work shift, TMCL: Maximum

contaminant level
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POSSIBLE INTERVENTION STRATEGIES

Strategies that will mitigate the exposure of Nigerians to PAHs are sorely needed. Such
intervention strategies must be simple, cheap and acceptable to all concerned irrespective of
educational, socio-cultural, ethnic and religious differences. Below are suggested intervention
strategies that will in the long run eliminate totally or ameliorate considerably, the deleterious
effects of the exposure to PAHs from burning tyres as used in abattoirs in Nigeria,

A national guideline for the reduction in the level of FAHs in the environment should be
developed and an agency set up in the Federal Ministry of Environment and charged with
enforcing such guidelines. Such a document should ensure the points listed below are captured,

among others:

*  Regular health promotion campaigns organized by the relevant authorities aimed at educating
the workers and eliciting a change of attitude with respect to work-related exposures to PAHs
should be carried out

*  Personal Protective KEquipment (PPE) in the form of masks, protective heat resistant clothing,
sturdy work boots and gloves should be made available to kanda processorsfroasters and their
habitual use such equipment should be enforeed

« Bafer means of processing (especially de-furring) animal skin and parts is needed and should
be introduced. The use of bailing water 1s suggested. Though the cost of energy to bail the water
may be a problem, organizing the kanda processors into co-operatives and introducing energy
saving boilers and recyclers may help in lowering the cost

«  Other uses for the animal skin and parts (for example in the leather and tanning industry)
should be identified to forestall their being consumed as food. These roasters can now be
retrained and absorbed in an alternate industry

¢ Acquisition of other skills that can give the roasters other opportunities at gainful alternative
employment that is healthier and safer will also ensure that fewer people are exposed to PAHs

CONCLUSION

Exposure to polyeyelic aromatic hydrocarbons results in a wide array of disease conditions yet
human beings are constantly exposed to them through different sources. In Nigeria, the processing
of kanda, employs the burning of old tyres and the exposure of the processors to PAHs.
Unfortunately, there are (as vet) no regulations aimed at reducing exposure to these harmful
environmental pollutants in Nigeria. The development of such regulations and their

implementation is central to saving exposed populations from the risks associated with exposure to
PAHs.
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