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ABSTRACT

Grilled meat called "choukouya™ and beef skins known as "kplo™ are widely
consumed in Cote d'lvoire. However, in the District of Abidjan, their cooking
is mainly done with resinous fuels, which are not very savory such as
rubberwood, used tires and rubber debris. These fuels emit compounds toxic to
human consumption, including polycyclic aromatic hydrocarbons (PAHS),
carcinogenic or mutagenic. The objective of this study is to assess the dietary
risks faced by consumers of meat and skins contaminated with PAHs. A food
survey was first conducted. Subsequently, sixty (60) hide samples and 120 meat
samples were collected and analyzed on an Agilent high performance liquid
chromatography chain. The results showed that rubberwood and used tires are
the most widely used fuels. The concentration of benzo(a)pyrene and the sum
of the concentrations of the 4 indicator PAHs exceed their respective standards
(2 pg/kg and 12 pg/kg). The daily exposure dose (DED) is 1.78 ugTEQ/kg
bw/day. The Individual Excess Risk IERs, greater than 107, indicate the
occurrence of carcinogenic or mutagenic effects. In perspective, populations
will be made aware of good culinary practices.
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1. INTRODUCTION

Animal products are an essential component of people's diets and livelihoods. In Cote
d'lvoire, particularly in the district of Abidjan, people appreciate grilled meat
commonly known as "choukouya", beef skin called "kplo". Unfortunately, according
to a field survey, unsavory fuels are used for cooking meat or pickling skins. Indeed,
some craftsmen use rubber or recovered wood, available, of lower cost however
resinous or with paint or varnish, for cooking meat in artisanal metal ovens. Other
craftsmen use tires, plastic or rubber items, to strip animal skins. These pre-treatment
and cooking processes are sources of toxic fumes. Indeed, these fumes generate toxic
compounds for human consumption, including polycyclic aromatic hydrocarbons
(PAHS), carcinogenic and mutagenic [1,2].

Prolonged exposure to certain PAHSs leads to an increased risk of developing cancer
[3]. Similarly, it’s shown that eating red meat and deli meats increases the risk of
colorectal cancer. PAHs are also known to induce many other toxic effects such as
hepatic [4,5].

In Cote d'lvoire, there are between 15,000 and 20,000 new cases of cancer per year,
20% of which are related to food [6]. The preservation of foods, particularly meat and
offal for efficient consumption, often requires smoking and cooking techniques that are
important sources of PAHSs.

The presence of these molecules in the environment, particularly in food, could pose a
risk to human health. Therefore, the determination of the state of contamination of these
foodstuffs becomes crucial in the preservation of the health of the populations. Thus,
the general objective of this study is to assess the risks associated with the consumption
of meat and skins contaminated with PAHSs.

2. MATERIAL AND METHODS
2.1. Sampling

The study took place in three communes in the district of Abidjan, selected for their
intense stripping and restoration activity. These are the communes of Abobo, Port-
Bouét and Yopougon. Two pickling sites and six grilling sites were selected. One of
the two stripping sites is located in the commune of Abobo and is marked by GPS
coordinates 5°27'4"N and 3°58'29"W. The other is in the commune of Port-Bouét, with
GPS coordinates 5°15'45"N and 3°58'11"W. Table 1 shows the GPS coordinates of the
six grilling sites.

Table 1. GPS coordinates of the grilling sites

Port-Bouét Yopougon
Site 1:5°15°34°’N and 3°58°5’W | Site IV : 5°21’18”’N and 4°4°45°W
Site 11 :5°15°35’N and 3°58°9”°’W | Site V :5°21°14’N and 4°4°27°W
Site 111 : 5°15°33’N and 3°58°8>’W | Site VI : 5°20°47’N and 4°3°54”°W
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Sampling of Skins

Pickled beef pelts with flaming rubberwood were purchased at the site. Figure 1 shows
beef skins being stripped with rubberwood. After stripping, they were cleaned and
looked like Figure 2. After cooking and softening with potash, the samples were
conditioned. Figure 3 shows samples of skins during packaging.
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Figure 3: Skin packaging
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Meat Sampling

Fresh meat was purchased and divided into two parts. A first part was used to make the
samples of fresh meat and a second part was grilled with rubberwood. After cooking
and cooling, the grilled meat samples were packaged. Figures 4, 5 and 6 show fresh
meat, grilled meat and the packaging of grilled meat samples, respectively.

Figure 6 : Packaging of meat samples

A total of sixty (60) hide samples were collected at the 2 pickling sites and 120 meat
samples were collected at the 6 grilling sites for analysis.
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2.2. Analysis of samples

The determination of PAHs was done according to 1ISO 15753:2016 which describes
the method of determination of these molecules in fats of animal and vegetable origin.
In the present study, the following 9 PAHs molecules were assayed: benzo(a)pyrene;
benzo(a)anthracene; benzo(a,h)anthracene; benzo(b)fluoranthene;
benzo(k)fluoranthene; benzo(g,h,i)perylene; chrysene; fluoranthene; indeno(1,2,3-
c,d)pyrene.

The method of analysis of the samples is the chromatographic method [7].
2.3. Risk assessment methodology

The risk considered arises solely from the ingestion exposure of foods that are "kplo"
skin, grilled meat "choukouya" and meat to cook. To assess risks, the FAO/WHO
standardized methodology [8] was used. The Daily Exposure Dose (DED), the Hazard
Ratios (HR) and the Individual Excess Risk (IER) were calculated using the following
formulae:

DED=EDI/bw with EDI the estimated daily intake; bw the body weight;
HR=DED/TRV with TRV the Toxicological Reference Value;

IER =DEDx(T/Tp)x EUR with EUR the Excess Unit Risk ; exposure time T=5 years; the
weighting time Tp = 70 years and bw the body weight determined by the dietary survey.

3. RESULTS AND DISCUSSION
3.1. Contamination levels and exposure assessment

Among PAHS, chrysene has the highest average concentrations in skins in Abobo and
Port-Bouét. In samples of grilled meat (choukouya) from Port-Bouét and Yopougon,
chrysene and fluoranthene have the highest average concentrations. The average
concentrations of benzo(a)pyrene and the sum of the average concentrations of the 4
indicator PAHSs of the European Council are above the MRLs set at 2 pug/kg and 12
ug/kg respectively [9].

It should be noted that the 4 indicator PAHSs are: benzo(a)pyrene; benzo(a)anthracene;
benzo(b)fluoranthene and chrysene. The high concentration of chrysene could be
explained on the one hand by its presence in the resin from rubberwood, fuels most
frequently used for pickling skins and cooking meat. Indeed, some plants such as
conifers can create, for example, phenanthrene or chrysene present in the resin [10].
Similarly, its formation during the combustion of rubber, the substance constituting the
tires used for pickling, is also at the origin of its abundance [11].

The survey showed that the average daily consumption of hides (kplo), fresh meat and
grilled meat (choukouya) is respectively 70 g, 20 g and 80 g in the commune of Port-
Bouét. This commune, with the most complex ration consisting of the three matrices,
was retained for the calculation of exposures. Also, the average body weight (bw) is 65
kg.
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To calculate the EDI and the DED, the toxic equivalent factor (TEF) for each molecule
was taken into account [12]. As the TEF of B(A)P is 1, it has been kept as a reference.
The results obtained are shown in table 2.

TABLE 2. Estimated Daily Intake (EDI) and Daily Exposure Dose (DED)

Food matrix | Average food consumption| EDI (ugTEQ/kg/day) |DED (ugTEQ/kg bw/day)
(g/pers/day) B(AP | YPAHs | B(AP TPAHs
Skins 70 5.643 16.754 0.087 0.258
Fresh meat 20 0.245 1.650 0.004 0.025
Grilled meat 80 3.777 97.305 0.058 1.497
Daily Exposure Dose DED=EDI/bw (ugTEQ/kg.bw/day) 0.149 1.780

Results indicate an overall exposure to PAHs of 1.78 (ugTEQ/kg bw/day) above the
virtually safe dose (VSD) of 0.14 pg TEQ/kg bw/day [13].

It consists of exposure from the consumption of hides and skins (0.258 pgTEQ/kg
bw/day), grilled meat (1.497 pugTEQ/kg bw/day) and fresh meat (0.025 pgTEQ/kg
bw/day). It appears that grilled meat has the highest contribution with 84% followed by
skins (15%) and fresh meat (1%).

3.2. Food risk characterisation
Case of threshold effects: hazard ratio (HR) for PAHs

For threshold effects, Table 3 presents the hazard ratios for B(A)P and the cumulation
of the 4 PAHs.

Table 3. Hazard Ratio (HR) for PAHs

B(A)P | Y4HAPind
Toxicological Reference Value TRV (ug/kg/day) (0.14 |0.5

Daily Exposure Dose : DED 0.149 |119.97
Hazard Ratios HR=DED/TRV 1.064 |239.94

It appears that the hazard ratios are greater than 1 for benzo(a)pyrene and the
cumulation of the 4 indicator PAHs. The occurrence of PAHSs related side effects is
possible. These effects can be abdominal pain, vomiting neurological disorders
(headaches, hallucinations, convulsions). They can be hepatic, haematological or
immunological [14,15].
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Case of effects without threshold: individual excess risk (IER)

To characterize the risks due to chronic toxicity without threshold, the IERs were
calculated taking into account the benzo(a)pyrene EURs and the cumulative 4 PAH
indicators. For B(a)P the EURO established by RIVM is 2 (mg/kgbw/day) . This value
§ deri5ved from a virtually safe dose VSD of 50 ng/kgbw/day for an excess cancer risk
of 10 [16].

Applying the TEF to the cumulation of the 4 indicator PAHS, the corresponding Excess
Unit Risk EUR is 2.574 mg/kg bw/day. Hence the calculated IER shown in Table 4.

Table 4. IER calculated due to B(a)P and cumulation of 4PAHs

PAHSs Excess Unit Risk EUR (mg/kg |Daily Exposure Dose DED|Individual Excess
bw/day)* (mg/kg bw/day) Risk IER

B(@P |2 0.000149 2.128x10°

> PAHing |2.574 0.11997 2.205x1072

The results show that for non-threshold effects, the calculated individual risk excesses
(IER) are above the norm 107°. Therefore, carcinogenic or mutagenic effects have
occurred.

The manifestation of these pathologies could be explained essentially by the structure
and physico-chemical properties of PAH molecules which are the 4 indicator PAHSs.
Indeed, benzo(a)pyrene and benzo(b)fluoranthene molecules have 5 rings, thus
classifying themselves among heavy PAHs with low water solubility (0.0038 mg/L and
0.0015 mg/L) [17] and a relatively high octanol/water partition coefficient (log Kow=
6.04 and log Kow=5.8) [18].

They are therefore inclined to cross biological membranes which are lipid bilayers, and
thus to accumulate in living organisms, thus describing the process of bioaccumulation.

The presence of these molecules in living organisms could promote exchanges with
DNA. Indeed, the existence of "bay" regions in their structure is a determining
parameter of carcinogenic potential. In addition, the benzo(a)anthracene and chrysene
molecules are also lipophilic, with 4 rings also presenting "berry" regions.The regions
(bay and fjord) are made up of angular structures formed by benzene rings and by their
shape represent a steric congestion. The presence of one of these regions makes
degradation of compounds possible by promoting oxidation reactions [19].

4. CONCLUSION

Consumers are exposed to PAHs. Both threshold effects (neurological disorders) and
non-threshold effects (carcinogenic or mutagenic) related to PAHs have occurred. In
perspective, it will be a question of conducting awareness campaigns on good culinary
practices and on the use of rubberwood as timber for work and cabinetmaking.
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