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ABSTRACT
Polycyclic aromatic hydrocarbons (PAHs) contamination was monitored in grilled pork sold in
Beninese street restaurants, as well as in grilled pork from a well-controlled experiment replicat-
ing traditional grilling using Acacia auriculiformis wood as fuel. Fifteen PAHs were analysed using
a high-performance liquid chromatography method coupled with fluorescence detection. To
assess the risk for the consumer, the margins of exposure (MOEs) were calculated, as the ratio
between benchmark PAHs levels and consumer intakes. A MOE below 10,000 indicates a concern
for human health for carcinogenic compounds such as PAHs. Benzo(a)pyrene (BaP) levels up to
17.9 and 53.6 µg/kg were found in grilled pork sampled in restaurants and from the controlled
experiment, respectively. When considering both median estimated daily intake and median
PAHs contamination levels, MOEs calculated for Benzo(a)pyrene (BaP) alone, or for the sum of 2, 4
or 8 PAHs were above 10,000, meaning no risk in these cases. However, for the same PAHs
contamination level, MOE for consumers having large amounts of grilled pork (97.5th percentile
and maximum level of pork consumption) were well below 10,000. When considering the
maximum level of PAHs contamination, MOEs ranged between 257 and 2,757 for the high and
median levels of consumption, indicating a safety concern for these consumers. This study reveals
that Beninese grilled pork consumers from South Benin can be exposed to high levels of PAHs,
which might result in public health issues.
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Introduction

In developing countries, meat and fishery products
are often preserved from spoilage by smoking, cur-
ing, roasting or grilling (Akpambang et al. 2009;
Anihouvi et al. 2013; Kpoclou et al. 2013; FAO
2015a, 2015b). These processes improve both shelf
life and organoleptic properties of the end products.
However, these processes, which are performed in
a traditional way, can result in food contamination
by toxic compounds such as polycyclic aromatic
hydrocarbons (PAHs), which can have adverse
effects on consumers’ health (EFSA 2008; CAC
2009; Agodokpessi et al. 2011; Ledesma et al.

2016). PAHs are chemical contaminants produced
from the incomplete combustion of organic matter
during heat processing of food (including grilling)
andmay be transported through smoke (EFSA 2008;
Lee et al. 2016; Singh et al. 2016; Lu et al. 2017). Due
to their genotoxic properties, 16 PAHs were initially
included in a priority list from European Union
(EU) (SCF 2002). Later, the European Food Safety
Authority (EFSA) showed that four PAHs were par-
ticularly relevant according to both their occurrence
in food and their toxicity, and considered them as
suitable indicators for PAH risk assessment in food
(EFSA 2008). These four PAHs are benzo[a]pyrene
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(BaP), chrysene (CHR), benzo[b]fluoranthene (BbF)
and benz[a]anthracene (BaA). This group is named
PAH4 in this paper. Among PAH4, BaP is the only
compound recognised as carcinogenic for humans
(Group 1) by the International Agency for Research
on Cancer (IARC) (WHO/IARC 2012). The three
others are classified as Group 2B or “possibly carci-
nogenic to humans” (WHO/IARC 2012). Before the
1 September 2014, there was a maximal limit in food
for BaP only, which was 5 µg/kg in both European
(EC, 2006) and Beninese (MAEP 2007) regulations.
Since the 1 September 2014, EU maximal limits for
BaP and PAH4 were lowered to 2 µg/kg and 12 µg/
kg, respectively, while the Beninese regulation
remained unchanged.

Several factors such as temperature and dura-
tion of smoking, distance between heat source and
product, fat content and drainage or type of wood,
can influence the amount of PAHs contaminating
the food after smoking or grilling (Stołyhwo and
Sikorski 2005; Akpambang et al. 2009; CAC 2009;
Farhadian et al. 2010; Kpoclou et al. 2014; Lee
et al. 2016). PAHs contamination of grilled meat,
including pork, has been previously reported
(Poligné et al. 2001; Chung et al. 2011; Chaber
and Cunningham 2015; Ledesma et al. 2015).
Specifically for pork, several studies have reported
the presence of PAHs after grilling (Rose et al.
2015; Lee et al. 2016; Lu et al. 2017) and after
smoking (Ledesma et al. 2016; Zachara et al.
2017). For example, Duedahl-Olesen et al. (2015)
reported high levels of BaP (63 µg/kg) and PAH4
(195 µg/kg) in barbecued samples of Danish pork.

In Benin, traditionally produced grilled pork may
contain PAHs due either to smoke generated from
different wood species identified as PAHs producers
(Kpoclou et al. 2014), and/or to fat combustion
occurring when fat drips into embers during proces-
sing. Traditional direct grilling is a process during
which pork is directly laid on embers, while during
indirect grilling, embers are produced in a combus-
tion chamber and pork is placed in a grilling cham-
ber, both chambers connected by a hole (Iko Afé
2017). According to the Codex Alimentarius
Commission, the use of the indirect process results
in lower PAHs content than for the direct process
(CAC 2009). The present study aimed to evaluate
the potential PAH contamination in grilled pork
sold in Beninese street restaurants, and to monitor

this contamination in a well-controlled experiment
replicating traditional pork grilling using Acacia
auriculiformis wood as fuel. Since grilled pork is
widely consumed by the Beninese population,
another aim of this study was to assess the exposure
of consumers to PAHs through the consumption of
grilled pork, and to assess the risk linked to this
exposure.

Material and methods

PAH contamination of grilled pork

Sampling of grilled pork in street restaurants
Twenty-four samples of ready-to-eat grilled pork
were randomly collected in street restaurants in
a 131-km radius centred in Cotonou, Republic of
Benin. They included samples with different tradi-
tional grilling methods (direct and indirect) and
types (skewer, slice, piece and wrapped).

Experimental design and sampling
Six pigs of indigenous breed, from the same geni-
tor, fed and bred in the same farm of Porto-Novo
(Southern of Benin), were used for this experiment.
Three processors were selected according to their
skill and experience (minimum of 10 years) in pork
grilling practice to conduct the experiments. Each
processor received two pigs. Each pig, after slaugh-
ter and fur removal (singeing), was divided into
two parts, so each processor worked with four half-
pig carcases. Two half carcases were used for direct
grilling and the other two half carcases were used
for indirect grilling. Each grilling process (direct
and indirect) was conducted in three independent
experiments in duplicate. So, in total, each grilling
experiment (direct or indirect) was repeated 6
times. In addition, a sample of raw meat was kept
from each pig carcase, as a control of PAH con-
tamination before grilling.

The direct grilling was performed using a vertical
grill made with a recycled metallic barrel. The barrel
grill has only one chamber where both combustion
and grilling occur. To be processed, pork was laid on
a grid at the top of the barrel grill. The indirect
grilling was performed with a locally made clay
grill composed of two adjacent compartments (com-
bustion chamber and grilling chamber) separated by
a perforated partition. For all experiments, pork was
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processed according to the same method. Briefly,
after slaughtering, bristles were removed by putting
slaughtered pigs on embers made from wood and
the processors used knives to remove bristles from
pigskin. The carcase was deboned, sliced and sea-
soned before grilling according to direct or indirect
technique. The end of processing was based on the
colour and the texture of grilled pork. The mean
(and standard deviation) temperature measured in
the sliced pork and duration of grilling of the six
experiments were 66°C (± 7.5°C) and 42.2 min (±
13.1min) for direct grilling, and 62.3°C (± 11°C) and
49 min (± 6.3 min) for indirect grilling. A. auriculi-
formis, which is the main firewood used for tradi-
tional pork grilling (Iko Afé 2017), was used for all
experiments.

At the end of the process, the 18 samples (12
grilled samples and 6 raw meat samples) of pork
were transported to the laboratory in cool bags (dry
ice), and then kept at −20°C until the analysis.

Analytical procedure for PAHs determination
PAHs were determined according to the analytical
method described by Kpoclou et al. (2014).

Standards and reagents. Fifteen PAHs (Dibenzo[a,
e]pyrene (DeP), Dibenzo[a,l]pyrene (DlP), Dibenz[a,
h]anthracene (DhA), Benzo[a]Pyrene (BaP), Benz[a]
anthracene (BaA), Benzo[j]fluoranthene (BjF), Benzo
[k]fluoranthene (BkF), Benzo[ghi]perylene (BgP),
Chrysene (CHR), Dibenzo[a,h]pyrene (DhP), Benzo
[b]fluoranthene (BbF), Indeno[1,2,3-cd]pyrene (IcP),
Dibenzo[a,i]pyrene (DiP), 5-Methylchrysene (5MC),
Benzo[c]fluorene (BcL)) were used in this study.
Standard solutions of individual PAHs and a certified
mix PAHs solution 183 were purchased from Dr
Ehrenstorfer GmbH (Germany). The injection stan-
dard deuterated DiP-D14 (in toluene, purity: 99.7%),
was purchased from LGC Promochem (France).
Commercial solutions purchased were dissolved in
acetonitrile to obtain working solutions which were
stored at 4°C in dark vials sealed with polytetrafluor-
oethylene (PTFE)/silicone caps. Solvents acetonitrile
andmethanol were of HPLC grade and were supplied
by Biosolve (Valkenswaard, The Netherlands).
Solvents dichloromethane and water (HPLC grade)
were purchased from VWR (Leuven, Belgium).
Solvents cyclohexane and n-hexane in Picograde
quality were purchased from Sigma-Aldrich

(Bornem, Belgium) and Promochem (Wesel,
Germany), respectively. Solid Phase Extraction
(SPE) cartridges columns (Chromabond HR-X 6
ml/500 mg) were purchased from Macherey-Nagel
(Eupen, Belgium).

Extraction and purification of grilled pork sam-
ples. Grilled pork samples were ground in meat
mincer (Kenwood, Pro 1600, Model MG510, UK).
About 75 g sample was lyophilised for 48 h
(Freezemobile Virtis, INC. Gardiner, New York)
and 1 g of freeze-dried sample was used for PAH
analysis. The weight difference before and after
lyophilisation enables estimation of the sample
moisture content. Samples were extracted using
an accelerated solvent extraction (ASE 200,
Dionex Corporation). One gram of freeze-dried
sample was weighted in pre-washed ASE cell and
then extracted with hexane/acetone (50:50, v/v)
according to the method described by Veyrand
et al. (2007). Sample extracts were evaporated
using a TurboVap II Evaporator (Zymark,
Germany), before the addition of 5 ml of cyclo-
hexane. Purification was performed using SPE
cartridges. After conditioning the SPE column
using 15 ml of ethyl acetate and 10 ml of cyclo-
hexane, the extract was loaded, and the column
was rinsed with 6 ml of cyclohexane/ethanol
(70:30, v/v). PAHs were eluted using 12 ml of
cyclohexane/ethyl acetate (40:60, v/v), according
to Veyrand et al. (2007). After evaporation of the
solvent to dryness, using a TurboVap, 90 µl of
acetonitrile were added together with 10 µl of
deuterated DiP-D14 (250 pg/µl in acetonitrile),
used as injection standard. For the calculation of
the extraction recovery, four fortified samples
were prepared from blank raw pork bought in
a Belgian supermarket (where no PAH was
detected) by adding, prior the extraction step,
a solution containing the 15 PAHs in acetonitrile,
to reach a final concentration of 1 µg/kg (corre-
sponding to the third point of the calibration
curve), except for IcP and BjF, for which the
spiking concentration was 2 µg/kg (corresponding
to the second point of the calibration curve). In
the same injection series, a procedure blank and
a spiked blank matrix used as an internal quality
control sample were used as controls of both
extraction and purification steps.
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HPLC analysis. HPLC analysis was carried out
using a Model 600 E solvent delivery system,
equipped with a Model 717 automatic injector,
a Mistral TM oven and a 2475 Fluorescence detec-
tor (all from Waters, Milford, MA, USA). A C18
Pursuit 3 PAH (100 mm × 4.6 mm, 3 µm)
equipped with a ChromGuard (10 × 3 nmm) pre-
column, both from VARIAN (Agilent technolo-
gies, Santa Clara, USA), were used to separate the
PAHs. Five microlitres of extract were injected on
the HPLC column. Separation and fluorescence
detection were performed according to the meth-
ods described by Brasseur et al. (2007) and Danyi
et al. (2009). Seven calibration solutions contain-
ing the PAHs in increasing concentrations from
10 to 1600 pg/µL for BjF and IcP (for which the
detection limit is higher than for the other 13
PAHs) and from 2.5 to 400 pg/µL for the 13
other PAHs, were injected with each series of
sample extracts. An independent reference solu-
tion containing the 15 PAHs at a level correspond-
ing to the blank spiked samples (see above) was
used to calculate the recovery for each PAH as the
ratio between both calculated reference solution
and spiked blank matrix concentrations. The deut-
erated internal standard DiP-D14 was spiked at
a constant concentration (i.e. 250 pg/µL in acet-
onitrile) in each calibration and reference level.
The response (ratio between native and internal
standard PAHs peak areas) was plotted against
standard concentrations. Quadratic regression
was used for curve fitting and calculation of native
PAHs. For each detected PAH, the relative reten-
tion time (i.e. the ratio between the retention time
of the PAH found in the sample and the retention
time of the deuterated DIP injection standard) was
checked. This relative retention time should not
differ from the relative retention time of the PAH
of the reference solution by more than ± 2.5% (EC
2002). As an additional quality control, a certified
solution containing the 15 PAHs (each
a concentration of 20 pg/µl) was injected with
each series of samples. The software Empower
(Waters, Milford, MA, USA) was used to control
the gradient, and to process the data. The first
point of the calibration curve was set arbitrarily
as the limit of quantification (LOQ), as it is not
possible to give a quantitative result if the
response is not included in the working range of

the calibration curve. For each sample, the indivi-
dual moisture content was taken into account to
express PAH concentration in µg/kg of wet weight
(the moisture content of pork before grilling ran-
ged between 55.9% and 73.1%).

Estimation of daily consumption of pork by
Beninese consumers

The daily consumption frequency of grilled pork
(how many times the consumer eats grilled pork
per day) was estimated during a face-to-face survey
conducted with 300 consumers of grilled pork, aged
between 18 and 78 years, composed of 17.3% of
women, and with a body weight ranging from 33
to 120 kg with a mean of 70 ± 13 kg (Iko Afé 2017).
To estimate the individual daily intake amount of
grilled pork, each interviewed consumer was asked
how much money they spent on consumption of
grilled pork. A quantity of grilled pork correspond-
ing to the price mentioned by interviewed consumer
was then purchased immediately in the same restau-
rant and weighed to estimate the quantity of grilled
pork consumed. Three hundred data points of
grilled pork daily consumption, expressed in grams
of grilled pork per day, were then obtained by multi-
plying the individual daily frequency of consump-
tion and the weighted quantities of grilled pork. The
minimum,median, 97, 5th percentile andmaximum
daily consumptions of grilled pork were 0.7, 28.6,
214.3 and 342.9 g/day, respectively.

Methodology of risk assessment

Exposure assessment was realised following a deter-
ministic approach (AFSCA 2005). The PAHs
Estimated Daily Intakes (EDI), expressed in ng PAH
per kg body weight (b.w.) per day, were calculated on
the basis of themedian andmaximum contamination
data of grilled pork (n = 36 grilled pork samples) (all
grilled pork contamination data recorded in this
study were considered together (i.e. commercial sam-
ples and samples from the control experiment) as
samples from the control experiment were consumed
as well). The EDI was calculated for each of the 300
consumers, taking into account their body weight and
grilled pork consumption, both recorded during the
consumption survey described above. The EDI were
calculated according to the following formula:
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For risk characterisation, the margin of exposure
(MOE) (EFSA 2005, 2008; Constable and Barlow
2009) was calculated as followed, for the mini-
mum, median, 97.5 percentile and maximum EDI:

MOE ¼ BMDL10 ng=kg b:w:=dayð Þ
EDI ng=kg b:w:=dayð Þ

where the BMDL10 (benchmark dose lower confi-
dence limit) is the 95% lower confidence limit of
a benchmark leading to 10% extra risk of hepatocel-
lular adenomas in laboratory animals (EFSA 2008).
EFSA (2008) has determined BMDL10 for BaP and
various groups of PAHs, i.e. PAH2 (sum of BaP and
BaA), PAH4 (sum of BaP, Chr, BaA and BbF) and
PAH8 (sum of PAH4, BkF, BgP, DhA and IcP). The
BMDL10 of BaP, PAH2, PAH4 and PAH8 used in this
study is 0.07 mg/kg b.w./day, 0.17 mg/kg b.w./day,
0.34mg/kg b.w./day and 0.49mg/kg b.w./day, respec-
tively (EFSA 2008). According to EFSA, for carcino-
genic compounds such as PAH, an MOE above
10,000 means a low concern for consumer’s health
(EFSA 2005, 2008; Constable and Barlow 2009).

Data analysis

Descriptive statistics (minimum, median, maximum,
percentile and mean ± standard deviation) were per-
formed using Microsoft Excel 2013 software. One-
way analysis of variance (ANOVA) was used to com-
pare means of several groups (control, direct grilled
samples and indirect grilled samples) with Statistica 7
(Version 7.1, StatSoft France, 2006). Dunnett post hoc
test was carried out to compare PAH contamination
in grilled pork from different processing methods
(direct and indirect grilling) to the one in a control
raw pork sample. A significant difference was
accepted at p < .05.

Results and discussion

Validation of the analytical method

Recovery (extraction yield) was calculated from four
replicates and ranged between 50.2% and 110.3% for
the 15 PAHs analysed (Supplementary data 1) and
between 77.0% and 105.9% for the PAHs of the PAH4
group, which is in agreement with the performance
criteria described in the European Commission

Regulation (EC) N° 333/2007 (EC 2007) (PAH4
recovery must be between 50% and 120%). PAH
LOQs, on basis of 50% moisture content, were 0.1
µg/kg except for IcP and BjF, which displayed a LOQ
of 0.5 µg/kg (Supplementary data 1). The relative
retention time of all PAHs detected in samples com-
pliedwith the criteria of variation of ± 2.5% compared
to the relative retention time of the standard PAHs
(EC 2002).

PAHs contents of commercial samples of grilled
pork randomly collected

Table 1 shows minimum, maximum and median
PAHs contents found in 24 commercial samples of
grilled pork, and Supplementary Data 2 shows the
individual concentrations of PAH. No significant
difference (p > .05) was recorded from the com-
parison of BaP and PAH4 average concentrations
of the four types of grilled pork (piece, slice,
skewer and wrapped grilled pork) using the
Kruskal–Wallis test. BaP concentrations varied
between 0.4 and 17.9 µg/kg. For PAH4 and
PAH8, concentrations ranged from 3.7 to 129.6
µg/kg and from 4.1 to 157.7 µg/kg, respectively.
Most samples (70.8% and 95.8%, respectively)
exceeded the EU maximum limit (EC 2006) of 2
µg/kg for BaP and 12 µg/kg for PAH4 (data not
shown). Such high-level contamination in grilled
pork can be explained by the processing practices;
as recorded in a previous survey with stakeholders
(Iko Afé 2017), pork is in direct contact with
smoke during processing, which is a PAHs food
contamination factor (Stołyhwo and Sikorski
2005). Moreover, there is no possibility to set the
temperature of fuel (wood or charcoal) combus-
tion to a constant value for processing and there is
no standard size for pieces of pork to be spread on
grill for processing. These conditions constitute
important sources of variability in contamination
levels of grilled pork. This variability can explain
the high standard deviation recorded for BaP (3.5
± 2.6 µg/kg; 8.7 ± 6.0 µg/kg; 2.4 ± 1.5 µg/kg; 5.4 ±
6.1 µg/kg for piece, slice, skewer and wrapped
grilled pork, respectively) and PAH4 (35.6 ± 17.3
µg/kg; 72.1 ± 42.9 µg/kg; 23.0 ± 6.6 µg/kg; 52.2 ±
48.2 µg/kg, respectively) concentrations (data not
shown).
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Effect of grilling process on pork contamination
with PAHs

PAHs content in raw pork
As shown in Figure 1, BaP levels in raw meat
ranged between 0.9 and 3.4 µg/kg while PAH4
levels varied between 3.9 and 18 µg/kg. Two sam-
ples out of six were non-compliant with both the 2
µg/kg (BaP) and 12 µg/kg (PAH4) EU maximal
limits (EC 2006). However, the highest level of
BaP recorded in raw pork (3.4 µg/kg) is below
the maximum limit in smoked meat (5 µg/kg) set
by Benin regulation (MAEP 2007).

This contamination is probably due to singeing
used for pig hair removal, as recorded by Nnaji et al.
(2017) with PAHs in cattle meat fromNigeria. These
authors showed levels of BaP of 5.70 ± 1.30 µg/kg in
singed meat before washing and 2.10 ± 0.80 µg/kg
after washing. Also, this contamination of raw pork
could result from an indirect exposure to wood
smoke before grilling, as previously reported by
Onyango et al. (2012) in Kenya, where PAH con-
taminations were observed at concentrations below
1 µg/kg (wet weight) in raw pork, goat meat and beef
exposed to smoke on processing sites.

PAHs content in pork after grilling
PAH concentrations in grilled pork are shown in
Table 2, Figure 2 and Supplementary data 3. The
concentrations of BaP ranged between 2.4 and 53.6
µg/kg for direct grilled pork and between 4.8 and
34.8 µg/kg for indirect grilled pork (Table 2). For
PAH4, the concentration recorded ranged between
53.8 and 300.6 g/kg for direct grilled pork and
between 59.9 and 182.5 µg/kg for indirect grilled
pork. The maximum concentrations of BaP and
PAH4 recorded during the controlled experiment
exceeded their maximum concentrations observed
in collected commercial samples.

This can be explained by the fact that commercial
samples were from different processing sites using
different fuels (Iko Afé 2017) including charcoal of
low PAH production and these commercial samples
were also composed of several types of pork (skewer,
slice, piece and wrapped). Moreover, during the

Table 1. Minimum, median and maximum PAHs (µg/kg, wet
weight) content in 24 commercial grilled pork as marketed to
consumers in South Benin.
PAHs Minimum Maximum Median

BbF 0.5 23.0 5.3
DlP 0.2 2.2 0.4
DhA 0.1 2.2 0.5
BgP 0.4 14.1 3.6
DeP 0.3 5.8 1.2
BjF 1.1 14.5 3.5
BcL 0.5 31.4 9.1
BaA 1.5 46.8 9.5
CHR 1.3 53.1 11.0
5MC 0.2 8.3 1.4
BkF 0.2 8.0 1.7
BaP 0.4 17.9 3.5
IcP 0.8 10.9 2.3
DiP 0.4 0.9 0.5
DhP <0.1 <0.1 <0.1
∑PAH2 1.7 71.0 14.7
∑PAH4 3.7 129.6 30.1
∑PAH8 4.1 157.7 37.9
∑PAH15 16.8 548.6 133.2

Legend. PAH2: benzo[a]pyrene; chrysene; PAH4: PAH2, BaA and BbF; PAH8:
PAH4, BkF, BgP, DhA and IcP; PAHs in bold refer to individual and sum of
PAH4.
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Figure 1. Individual concentration of BaP and the sum of PAH4 in raw pork samples used for direct grilling (1–3) or indirect grilling (4–6).
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controlled experiment, only hard wood from Acacia
auriculiformis was used for all experiments, as it was
shown to be the most commonly used for traditional
pork grilling (Iko Afé 2017). Several reports show that
Acaciawood produces large amounts of PAH in food-
stuffs during grilling and smoking (Essumang et al.
2013; Kpoclou et al. 2014).

All 12 grilled samples from the controlled experi-
ment showed that the BaP and PAH4 levels are above
2 (BaP) and 12 µg/kg, (PAH4)maximum limits set by
European Commission (EC) regulation n° 1881/2006
(EC 2006).

The significant differences (p < .05) recorded
between PAHs concentration in raw pork and grilled
pork (Figure 2) suggest the grilling process as the
main source of grilled pork contamination. Chung

et al. (2011), Viegas et al. (2012) and Oz and Yuzer
(2016) have also recorded contamination of meat
products including pork due to grilling processes.
Moreover, no significant difference (p < .05) in sum
of PAH4 (Figure 2(a)) and individual PAHs (Figure 2
(b)) concentrations was recorded between grilled
pork samples from both direct and indirect grilling
processes. This shows that both grilling methods
(direct or indirect) lead to contamination of grilled
pork with PAHs. This could be explained by the
functioning of two grills used in our study. Indeed,
the two compartments (combustion chamber and
grilling chamber) of locally made clay grill are sepa-
rated by a perforated partition leading to direct con-
tact of smoke with pork throughout the process.
However, they differ from each other by the fact
that during indirect grilling fat cannot drop into
embers whereas in direct grilling this is possible.
This factor of difference seems not to be sufficient
to create any real difference in contamination with
PAHs in this study. These results differ from those of
Lee et al. (2016) who reported significant reduction in
PAHs concentrations when a device preventing fat
dropping onto fire was implemented.

Risk assessment results according deterministic
approach

Exposure assessment
Table 3 shows PAHs EDI of grilled pork by consu-
mers, estimated using median and maximum BaP,
PAH2, PAH4 and PAH8 levels in the 36 samples

Table 2. PAHs content (µg/kg, wet weight) in direct and indir-
ect grilled pork obtained from the controlled experiment.

Direct grilled pork (n = 6) Indirect grilled pork (n = 6)

PAHs Minimum Maximum Median Minimum Maximum Median

BbF 11.5 48.7 22.5 8.7 22.0 19.9
DlP 0.7 2.5 1.1 0.2 0.3 0.3
DhA 0.5 10.3 4.8 0.6 3.5 1.8
BgP 9.7 29.7 16.6 5.2 22.4 17.1
DeP 0.9 7.2 3.6 2.3 3.7 3.0
BjF 7.2 36.1 17.0 5.6 20.6 14.4
BcL 8.0 62.7 26.9 12.7 30.8 21.7
BaA 18.4 105.6 53.8 22.5 43.3 39.1
CHR 21.5 92.7 47.6 20.8 82.4 27.5
5MC 1.1 2.2 1.6 0.4 0.6 0.5
BkF 4.9 17.6 10.2 3.5 14.4 9.6
BaP 2.4 53.6 28.3 4.8 34.8 16.4
IcP 6.1 26.2 14.7 3.6 17.4 12.1
DiP 1.5 4.2 2.3 0.2 1.3 0.8
DhP 0.4 0.8 0.6 <0.1 <0.1 <0.1
∑PAH4 53.8 300.6 154.3 59.9 182.5 104.0

Legend. PAHs in bold refer to individual and sum of PAH4.

a

b

b

0

40

80

120

160

200

240

Rawpork (n=6) Direct grilled

pork (n=6)

Indirect gri lled

pork (n=6)

C
o
n
c
e
n
t
r
a
t
io
n
(
µ
g
/
k
g
,
w
e
t
w
e
ig
h
t
)

Raw pork (n=6)

Direct gri lled

pork (n=6)

Indirect grilled

pork (n=6)

a
a a

a

b

b

b

b

b

b

b

b

0

10

20

30

40

50

60

70

80

90

100

BbF BaA CHR BaP

C
o
n
c
e
n
t
r
a
t
io
n
(
µ
g
/
K
g
,
w
e
t
w
e
ig
h
t
)

Raw pork

(n=6)

Direct gri lled

pork (n=6)

Indirect

gril led pork

(n=6)

(a ) (b)

Figure 2. Comparison of sum of PAH4 (a) and individual PAHs (b) concentrations in raw and grilled pork according to grilling
process. Raw pork = Control; Mean ± standard deviation; value with the same letter is not significantly different (p = .05).
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analysed. The EDI (expressed as ng/kg b.w/day), con-
sidering median contamination levels, ranged from
0.1 to 24.2 for BaP, 0.4 to 115.3 for PAH2, 0.7 to 237.2
for PAH4 and from 1.0 to 310.7 for PAH8. In a worst-
case scenario, using maximum PAHs contamination
levels, the EDI ranged from 0.7 to 235.7 for BaP, 2.0 to
643.2 for PAH2, 4.1 to 1321.3 for PAH4, and 5.2 to
1689.5 ng/kg b.w/day for PAH8.

Risk characterisation
The MOEs calculated using median and maximum
PAHs concentrations are shown in Table 3. When
using median PAHs levels, MOE ranged from 2,888
to 941,826 for BaP, 1,475 to 481,018 for PAH2, 1,433
to 467,503 for PAH4 and 1,577 to 514,300 for PAH8,
depending on the grilled pork consumption level.
For high consumers (97.5 percentile and maximum
level of consumption), as well as when themaximum
concentrations of PAHs were considered for MOE
calculation, these MOEs were well below 10,000,
indicating a potential concern for their health.

In Nigeria, Akpambang et al. (2009) also reported
MOE well below 10,000 for BaP and PAH8 EDI
from consumption of traditionally smoked-dried
bush meat. In EU, the EFSA (2008) calculated
MOEs above 10,000 (15,900–17,900) for median
consumers, using mean EDI of PAHs from various
food sources. However, when 97.5 percentile EDI
was used, the MOEs (9,500–9,900) were below
10,000 for PAH2, PAH4 and PAH8 but not BaP
(10,800). In this study, MOE values are much
lower than the values recorded by EFSA. The further
the MOE is below 10,000, the highest is the risk,

meaning that there is a real concern for the Beninese
grilled pork consumer health. Even if data exist on
risk assessment on food consumption contaminated
with PAHs conducted in European, Asian and
American countries, very few studies have been
recorded in case of African countries (EFSA 2008;
Domingo and Nadal 2015; Ingenbleek et al. 2019) to
enable comparisons. Furthermore, the probabilistic
approach of risk assessment that involves use of
distribution has not been explored in this study
and should be performed in the future when more
data become available.

Also, the present study did not consider the con-
sumption of other grilled or smoked products or any
other source of PAH exposure, whichmeans that the
risk due to PAH intake is probably underestimated.
Beside the risk associated with meat consumption,
consumers may also be exposed to PAHs through
inhalation in grilled pork eating-places. Boström
et al. (2002) showed that PAHs exposure via ambient
air could be responsible for lung cancer, and Zhang
et al. (2009) reported that the death rate due to lung
cancer among non-smoking Chinese people in rural
areas might arise from exposure to smoke produced
from biomass and coal combustion in kitchen. To
manage the risk linked to PAHs exposure, it seems
important to decrease their levels in grilled pork
through improvement of grilling processes and
awareness campaign. The same recommendation
was made by Akpambang et al. (2009) who showed
that when bush meat was smoked under controlled
condition, MOEs were above 10,000, indicative of
a lower risk for consumers.

Table 3. EDI and MOE of grilled pork consumer using median (scenario 1) and maximum (scenario 2) concentrations of BaP, PAH2,
PAH4 and PAH8 recorded in 36 grilled pork samples.

EDI (ng/kg b.w/day) MOE

BaP PAH2 PAH4 PAH8 BaP PAH2 PAH4 PAH8

Scenario 1*
Minimum 0.1 0.4 0.7 1.0 941,826 481,018 467,503 514,300
Median 2.6 12.4 25.6 33.5 26,803 13,689 13,304 14,636
97.5 Percentile 17.8 84.7 174.2 228.2 3,932 2,008 1,952 2,147
Maximum 24.2 115.3 237.2 310.7 2,888 1,475 1,433 1,577
Scenario 2**
Minimum 0.7 2.0 4.1 5.2 96,871 86,202 83,925 94,592
Median 25.4 69.3 142.4 182.0 2,757 2,453 2,388 2,692
97.5 Percentile 173.1 472.4 970.4 1240.8 404 360 350 395
Maximum 235.7 643.2 1321.3 1689.5 297 264 257 290

Legend. BMDL10 (BaP): 0.07 mg/kg b.w/day; BMDL10 (PAH2): 0.17 mg/kg b.w/day; BMDL10 (PAH4): 0.34 mg/kg b.w/day and BMDL10 (PAH8): 0.49 mg/kg b.
w/day (EFSA, 2008).

*: Median PAHs levels: 5.5 µg/kg, 26.2 µg/kg, 54.0 µg/kg and 70.7 µg/kg for BaP, PAH2, PAH4 and PAH8, respectively.
**: Maximum PAHs levels: 53.6 µg/kg, 146.3 µg/kg, 300.6 µg/kg and 384.3 µg/kg for BaP, PAH2, PAH4 and PAH8 respectively.

8 O. H. IKO AFÉ ET AL.



Conclusion

Grilled pork as marketed in South Benin is highly
contaminated with BaP and PAH4, with levels
exceeding nine times (BaP) and eleven times
(PAH4) the limits set in European regulation (EC
2006) and four times the maximal limit of BaP set
in regulation of Benin (MAEP 2007). None of the
direct and indirect grilled pork samples were compli-
ant to this European regulation. Additionally, no sig-
nificant difference (p > .05) was recorded between
PAHs concentrations of direct grilled pork and indir-
ect grilled pork as well as for commercial samples and
for samples from the grilling processing. From this
study, it appears that grilled pork consumption pre-
sents risk for consumers’ health due to PAHs inges-
tion as MOE below 10,000 were recorded for higher
consumers considering a median PAHs meat con-
tamination and also when median EDI was used in
the worst scenario using maximum PAHs concentra-
tions. Improvement of traditional pork grilling is
required as a risk management action to preserve
consumers’ health.
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