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Abstract

Smoking and/or grilling, when carried out with traditional methods involving direct contact with wood
combustion fumes, is responsible for high contamination levels with carcinogenic polycyclic aromatic
hydrocarbons (PAHs). The aim of this work was to investigate the PAH content of different smoked or
grilled meat and fish products, commonly consumed in Nigeria. A rapid method involving microwave
assisted saponification and simultaneous extraction followed by solid phase extraction (SPE), HPLC
separation and spectrofluorometric detection was employed. Samples which were smoked or grilled
using traditional systems, which use a wood fire, were heavily contaminated with benzo[a]pyrene
(BaP) at levels ranging from 2.4 to 31.2 pg kg wet weight. Considerably lower contamination levels
were found in samples smoked or grilled in the laboratory using a charcoal fire (BaP from 0.7 to 2.8 ng
kg™ wet weight). The health risk associated to a daily consumption of 100 g of these products was also
evaluated using the margin of exposure (MOE) approach. MOE values lower than 10,000 were
obtained for all smoked/grilled commercial samples, indicating a potential concern for consumer

health.

Keywords: polycyclic aromatic hydrocarbons (PAHs), microwave assisted extraction (MAE), HPLC,

fish, meat, smoking, grilling, risk assessment.
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Introduction

Polycyclic aromatic hydrocarbons (PAHs) are a group of environmental contaminants, originating from
incomplete combustion of organic matter, which have received much attention over the years because
of their ability to cause cancer. It is well known that raw meat (from mammals) does not contain
appreciable levels of carcinogenic PAHs and no accumulation along the food chain has been observed
for these contaminants in animal fat tissue (EFSA, 2008). More controversial is the presence of PAHs
in vertebrate fish. According to most of the authors, due to their ability to rapidly metabolize PAHs,
fish generally contain very low PAH concentrations, even when they come from heavily contaminated
areas (Oost et al., 2003). Nevertheless, some researchers found high PAH concentrations in raw fish
from contaminated waters (Visciano et al., 2006). Some authors (Akpan et al., 1994) reported
benzo[a]pyrene (BaP) concentrations ranging from 5.4 to 44.0 pg kg dry weight for raw fish from 3
Nigerian cities. Amounts found in fish from the same contaminated area showed a correlation with
their lipid content indicating the ability to bio-accumulate PAHs in their fatty tissues. More recently,
Anyakora et al. (2008) reported BaP concentrations between 1.5 and 10.5 pg kg in 4 different fish
samples from the Niger delta, a highly contaminated site due to the extensive petroleum production

activities.

All food processing involving thermal treatments at high temperature and/or direct contact with
combustion gases, such as smoking, toasting, roasting or grilling may be responsible for high PAH
levels in processed foodstuffs. The amount of PAHs generated during the thermal food processing
depends on several parameters such as temperature, duration of the treatment, distance from the source
of heating, oxygen accessibility, fat content, and type of combustible used (Alonge, 1988, Visciano et
al., 2006). Very high contamination levels are expected when food is smoked over an open flame,

while charcoal grilling usually yields small amounts of PAHs (Larsson et al., 1983).

Smoking is an age-old technique which brings desired flavors, improves color and appearance, has a
tenderizing action and preservatives foods (Ihekoronye and Ngoddy, 1985). Traditional direct smoking,
in which the smoke is generated in the same chamber where the product is processed, exposes it to
higher PAH content than indirect smoking which uses a separate chamber for smoke generation. In the
latter case, it is possible to lower PAH load by passing the smoke through filters and washers or by
cooling it before it comes in contact with the food. While in developed countries computerized

smoking chambers with external smoke generators, and emission and temperature control systems, able
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to minimize PAH production, have generally replaced direct smoking systems using traditional kilns
(Karl and Leinemann 1996, Hattula et al., 2001), in other countries such as Nigeria, traditional direct
smoking systems are almost exclusively used even today. The most popular fish smoking method in

Nigeria utilizes wire gauze on steel drums fuelled by wood.

Different approaches have been proposed s for risk characterization of the PAH mixture in food, the
most popular being the use of BaP as a marker and the toxic equivalency factor (TEF) approach. Based
on examination of PAH profiles in food and on evaluation of a carcinogenicity study of two coal tar
mixtures in mice, both the Scientific Committee on Food (SCF, 2002) and the Joint FAO/WHO Expert
Committee on Food Additives Expert Committee on Food Additives (JECFA, 2005) suggested that
BaP should be used as a marker of the occurrence and effect of PAHs in food. However, latterly the
TEF approach was re-assessed and it was deemed as not scientifically valid because of the lack of data
from oral carcinogenicity studies on individual PAHs, their different modes of action and the evidence
of poor predictivity of the carcinogenic potency of PAH mixtures based on the currently proposed TEF

values (SCF, 2002; EFSA, 2008).

In 2005, the European Commission (EC) introduced for BaP (chosen as a marker of the occurrence and
carcinogenic potency of the entire class of carcinogenic and genotoxic PAHs) a maximum levels of 5
ng kg in smoked fish and meat (Commission Regulation 2005/208/EC). Before the introduction of
this Regulation, lower legal limits for BaP existed in a number of EU Member States such as Belgium
(2 ug kg™, Slovak Republic and Germany (1 pg kg™) (Wenzl et al., 2006). Up to now no maximum

allowable levels for PAHs and/or BaP have been established by the government of Nigeria.

Based on new available data, in 2008 the EFSA CONTAM Panel concluded that BaP is not a suitable
indicator for the occurrence of PAHs in food and that 8 high molecular weight PAHs (PAHS), and a
subgroup of 4 PAHs (PAH4), are the most suitable indicators of PAHs in foods, and suggested to use
the margin of exposure (MOE) approach for the risk assessment (EFSA, 2008).

According to Kazerouni et al. (2001), smoked and grilled foods may contribute significantly to PAH
dietary intake if such foods are part of the usual diet. The consumption of traditionally smoked
products could be responsible for the higher incidence of primary liver and stomach cancer in Nigeria
compared with that in Europe and in the USA (Alonge, 1988). To our knowledge there are no recent

consumption data for fish and meat in Nigeria. Yeh et al. (1996) calculated for 394 Nigerians (Benin
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City) of different socioeconomic status an average daily meat and fish consumption of 43.5 and 70.5 g,

respectively.

Limited information on the levels of PAHs in smoked fish and meat in Nigeria is available from the
literature. Afolabi (1983) and Akpan (1994) found BaP concentrations ranging from 11.1 to 66.9 and
from 35.5 to 139 ug kg™ dry weight, respectively, in Nigerian traditionally smoked fish. Alonge (1988)
reported BaP contents from 10.5 to 66.9 pg kg™ in traditionally smoked meat from Nigeria, while
Bababunmi et al. (1982) reported 8.5 pug kg'of BaP in suya meat (a spiced skewered beef very popular
in West Africa, usually grilled over an open fire). More recently, Duke and Albert (2007) found BaP

contents ranging from 6.5 to 21.5 pg kg™ in suya meat from 4 different selling points.

PAH determination in meat and fish samples, when carried out by means of traditional sample
preparation method, is solvent- and time-consuming and can be cause of analyte losses and source of
spurious contamination. To overcome these disadvantages, new extraction techniques, such as
microwave assisted extraction (MAE), able to perform simultaneous rapid extraction of a number of
samples depending on the kind of apparatus, have been recently introduced and applied by different
authors for PAH extraction from food matrices (Garcia Falcén et al., 2000; Herndndez-Borges et al.,

2006; Pena et al., 2006).

The aim of this study was to investigate on PAH levels in some smoked/grilled fish and meat products
commonly consumed in Nigeria and to estimate the potential risk associated with consumption of such
traditionally processed foodstuffs. Unprocessed samples were analyzed, too. For this purpose a quick
and efficient microwave assisted extraction (MAE) method, involving simultaneous saponification and
solvent extraction, was used for sample preparation before HPLC determination and
spectrofluorometric detection of 15 EPA-priority PAHs. The attention was focused on the EPA priority
PAHs as they include the 8 PAHs (PAHS) recently indicated (together with a subgroup of 4 PAHs) as
the most suitable indicators of the presence of carcinogenic and genotoxic PAHs in foodstuffs (EFSA,

2008).

Materials and methods

Reagents and standards
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All the solvents used were of HPLC grade (Sigma, St. Louis, MO, USA). Water was purified with a
Milli-Q System (Millipore, Bedford, MA, USA). The standard PAH mixture (610M) in 1 ml of
methanol/dichlorometane (Supelco, Bellefonte, PA, USA) consisted of: acenaphthene (Ac) (1000
pg/ml), fluoranthene (F1) (200 pg/ml), naphthalene (Na) (1000 pg/ml), benzo[a]anthracene (BaA) (100
pg/ml), benzo[b]fluoranthene (BbF) (200 pg/ml), BaP (100 pg/ml), benzo[k]fluoranthene (BkF) (100
pg/ml), chrysene (Ch) (100 pg/ml), acenaphthylene (Ap) (2000 pg/ml), anthracene (A) (100 pg/ml),
benzo[g,h,i]perylene (BghiP) (200 pg/ml), fluorene (F) (200 pg/ml), phenanthrene (Pa) (100 pg/ml),
dibenz[a,h]anthracene (DBahA) (200 pg/ml), indeno[ /,2,3-cd]pyrene (IP) (100 pg/ml), pyrene (P) (100
pg/ml). All the glassware was carefully washed and rinsed with distilled solvent (acetone and hexane)

before use.

Samples

Raw fish (about 2.5 kg) and commercially smoked fish (about 1.5 kg) of four different species
commonly consumed in Nigeria, namely mudfish (Clarias gariepinus, Claridae), croaker
(Pseudotolithus senegalensis, Sciaenidae), mackerel (Scomber scombrus, Scombridae) and jackfish
(Selar crumenophthalmus, Carangidae), were purchased from 4 different local fish vendors in Akure
(Nigeria). The raw fish was gutted, cleaned and a part (about half) was placed over a wire gauze that
was on burning hardwood charcoal (15 cm away from the hot hardwood charcoal ember). The
mackerel and the jackfish were allowed to cook for 40 min on both sides, while the croaker and the
mudfish were cooked for 90 min on both sides to obtain a greater level of drying. The usual way of
commercial fish-smoking is done on wire gauze placed over steel drums fuelled by burning wood. This
produces a lot of smoke which meets the products directly, without any filtering or washing of the

smoke.

About 1 kg of suya meat and 2.5 kg of smoked dried antelope (“bush meat”) were purchased from each
of three “suya spots” in Akure (Nigeria) and from two local vendors in Oja-Oba (Akure, Nigeria),
respectively. Raw beef (about 1 kg) and antelope meat (about 2 kg) were purchased from 3 and 4
vendors in Akure, respectively. About half of the raw antelope meat and of the thinly-sliced raw beef
meat (the latter brushed lightly with vegetable oil) was placed on a wire gauze over a hardwood

charcoal fire and cooked on both sides slowly for 2 hours and 30 min, respectively.
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All raw (A), laboratory smoked/grilled (B) and commercially smoked/grilled (C) samples were
deboned (if necessary) and cut in small pieces. Samples from different vendors were pooled together to
obtain representative samples (for A, B, and C) for each of 4 types of fish and 2 types of meat products
analyzed. An aliquot of the sample so obtained (about 100 g) was lyophilized, milled, packed in

aluminum foil wraps and stored in the freezer at -20 C prior to analysis.

Apparatus and HPLC conditions

A microwave extractor (Mars, CEM Corporation, Matthews, North Carolina, USA) able to process up
to 14 sample simultaneously was used to extract PAHs from lyophilized samples. A Varian model
9010 HPLC gradient pump (Varian, Palo Alto, CA, USA) equipped with a Rheodyne 7161 injector
with a 20 pL loop was used for analytical determination. A mobile phase consisting of acetonitrile and
water (flow rate of 1 ml/min) was used for HPLC determination. The gradient elution program started
with 40% acetonitrile (isocratic for 5 min), going linearly to 100% acetonitrile (total run time: 40 min).
The column was a C18 reversed phase (Supelcosil LC-PAH), 250 x 3 mm ID, Sum particle size
(Supelco, Bellefonte, PA, USA) thermostatted at 38°C. The detector was a programmable
spectrofluorometer (Jasco, model FP 1520, Cremella, Como, Italy) whose wavelength settings are
reported elsewhere (Moret and Conte 2002). A second spectrofluorometer set at different wavelengths
settings was connected in series with the former and used to confirm analyte identity (Varian

spectrofluorometer, model 9070). Quantification was carried out by the external standard method.

Sample preparation

PAH extraction was carried out by applying the method described by Pena et al. (2006), with little
modifications. Briefly, 400 mg of lyophilized sample were weighed in a teflon lined vessel (Green
Chem plus, CEM Corporation), added with 1.6 mL of water, 8 mL of saturated methanolic potassium
hydroxide and 20 mL of n-hexane. A microwave assisted saponification/extraction was carried out at
120 °C for 20 min. Once cooled, vessels were opened and a measured amount (15 mL) of the organic
extract, corresponding (with a relative uncertainty of less than 2%) to 3/4™ of the added amount of n-
hexane, was withdrawn with a volumetric pipette and concentrated to a few microlitres using a
rotavapor and then a nitrogen flow. In order to minimize volatile PAH losses (which resulted higher
when the last portion of solvent was evaporated to dryness under nitrogen flow or under vacuum), the
residual solvent was allowed to evaporate spontaneously to dryness at room temperature, and the

residue was then dissolved with 400 pL of n-hexane. Sample purification was performed by solid phase
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extraction (SPE). To speed up sample preparation reducing sample manipulation (avoiding the
necessity to wash the test tube with additional solvent in order to realise a quantitative transfer of the
sample extract onto the cartridge), a measured part of the sample extract (200 pL) was directly loaded
on a 500 mg silica cartridge (Supelco), previously conditioned with 2 mL of dichloromethane and 2 mL
of n-hexane. After sample loading, the PAH fraction was eluted with 3 mL of n-
hexane/dichloromethane (70/30). The fraction so obtained was gently concentrated to a few microlitres
under a nitrogen flow and then left to evaporate spontaneously to dryness at room temperature. The
sample residue was dissolved in 100 pL of acetonitrile and directly injected into the HLPC apparatus.
Two different aliquots of each sample underwent the entire analytical procedure (two replicates) and
each replicate was injected twice. Analytical blanks (prepared in duplicate by subjecting all reagents
and solvents, except the sample, to the entire procedure) were analysed (in duplicate) every day
together with the samples and average data obtained were subtracted to those obtained from the real

sample.

Results and discussion

Microwave assisted saponification and extraction

The method proposed by Pena et al. (2006), and applied for this work with little modifications
(introduced for practical reasons), allowed us to perform a simultaneous saponification and extraction
with minimal sample manipulation and solvent consumption. With respect to the conditions optimised
by Pena and co-workers, the amount of sample and all the solvent volumes were doubled in order to
assure that the temperature probe was properly dipped into the liquid phase. Extraction temperature and
extraction time were also adjusted to avoid that at higher temperature the pressure inside the vessel
exceeded the maximum allowable value (when it happens the system is automatically stopped for

safety).

Method Performance

Linearity was verified by injecting in duplicate 7 diluted standard solutions in acetonitrile (in the range
0.1- 39.6 png/kg) and plotting the mean peak area against PAH standard concentration. Regression
coefficients > 0.998 were obtained for all the PAHs. Limits of detection (LOD, s/n =3) and
quantification (LOQ, s/n =10) lower than 0.1 and 0.3 pg/kg dry weight, respectively, were found for all
PAHs (which corresponded to lower LOD and LOQ values when expressed on wet weight basis,

depending on sample moisture content).
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The precision of the method was estimated by performing 6 replicate analyses of the same sample for
each one of the relevant matrices: fish (laboratory smoked mackerel) and meat (laboratory smoked
antelope). Relative standard deviations (RSD%) lower than 10%, except for F and Pa (<23%) were
obtained for all PAHs in both matrices.

Since a suitable reference material with certified content of the target analytes (to test the accuracy of
the method) was not available for meat and fish products, a spiking procedure was used to calculate
recoveries. A 10 g-aliquot of lyophilised raw meat and fish with a low amount of naturally occurring
PAHs, was weighed in a round flask and slurred with 20 mL of n-hexane containing a known amount
of PAH standard mixture (to obtain a final BaP concentration of 2 pug/kg and other quantified PAH
concentrations ranging from 2 to 4 pg/kg). The mixture was efficiently mixed using a rotary evaporator
without using the vacuum supply. The solvent was left to evaporate slowly under continuous stirring

for 2 hours. After solvent removal the sample was left to age for 3 days in the darkness.

The recoveries (mean of 3 replicate analyses) were calculated by comparing the difference between
spiked and unspiked sample with the known amount of PAHs added. Mean recoveries ranging from 78
to 108% (higher than 96% for PAHS) and from 75 to 101% (higher than 93% for PAH8) were found

for meat and fish sample, respectively.

PAH content in raw and smoked/grilled samples

Table I reports concentrations (ug kg dry weight) of each single PAH in both raw and processed
samples. The dry weight of the samples was determined by oven-drying at 103+2 °C until a constant
weight was achieved. PAH amounts are the average of duplicate analyses (two replicates for sample).
Data were not corrected for recoveries. Due to their high volatility with consequent low recoveries and
high coefficients of variation, data concerning Na e Ac were not reported. The sum of 5 low molecular
weight PAHs (LMW-PAHSs) (F, Pa, A, Fl and P), the sum of 8 high molecular weight PAHs (PAHS,
including BaA, Ch, BbF, BkF, BaP, DBahA, BghiP and IP), the total PAHs (T-PAHs) and the LMW-
PAHs/T-PAHs percentage ratios are reported, too. Results reported in table I are expressed on the basis
of dry matter to exclude the diverse concentration effect due to the different loss of water occurring
during food processing and to compare the data obtained to those reported by other authors on meat
and fish products from the Nigerian market. Table II reports also BaP and PAHS8 concentrations in

smoked products on wet weight basis.
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Raw samples (A) had LMW-PAHs ranging from 20.5 to 84.8 pg kg™ dry weight (table I). Considering
the widespread diffusion of these contaminants in the ambient air, it can not be excluded that, at least
part of the contamination originated from food manipulation and processing (cutting, transport and
storage) before and after cooking. PAH8 and BaP content varied between 2.1 and 19.3 and 0.1 and 0.7
ug kg'dry weight, respectively. Data on fish samples were considerably lower than those reported by
other authors for samples from the Nigerian market (Akpan et al, 1994; Anyakora et al., 2008).
Anyway our samples did not come from recognized polluted areas such as the Niger delta.

All the fish samples smoked or grilled on hardwood charcoal in the laboratory (B) had LMW-PAHs
ranging from 113.5 to 209.3 pg kg dry weight (on average 161.1 pg kg dry weight), while the fish
samples smoked by commercial vendors and purchased from the local market (C) had LMW-PAHs
comprised between 152.1 and 936.4 pg kg dry weight (on average 603.7 pg kg™ dry weight). LMW-
PAHs accounted for 77.5-90.0% of the total contamination in smoked/grilled products. Pa was found to
be the most abundant compound, ranging from 30.9% to 58.5% of LMW-PAHSs in all samples. Among
PAHS, Ch and BaA, were found to be the most abundant PAH compounds. BaP contents in the range
0.9-3.4 and 3.0-38.0 pg kg'1 dry weight were found in samples B and C, respectively, while PAHS8
varied from 15.4 to 43.9 pug kg™ dry weight for samples B and from 44.1 to 197.2 pg kg™’ dry weight for
samples C. Among fish samples, the mudfish and the croaker, which had higher quantities of high
molecular weight PAHs, were smoked dried to nearly constant level of moisture, while the mackerel

and jackfish were partially dried.

Fish smoked under controlled conditions contains generally about 0.1 pg kg"'of BaP (Stolyhwo and
Sikorsky, 2005). Compared to these data and those obtained from a number of surveys on smoked fish
and meat products from the European market (Moret et al., 1999, Storelli et al., 2003, Watson et al.,
2004, Yurchenko & Molder, 2005, Duedahl-Olesen et al., 2006, EFSA 2008), which rarely reported
BaP concentration exceeding 1 pg kg', samples from the Nigerian market resulted heavily
contaminated. Nevertheless, BaP values found in commercial samples resulted in agreement or were
slightly lower than those reported by Afolabi (1983), Alonge (1988) and Akpan et al. (1994) in
Nigerian traditionally smoked fish and meat. Also data on suya meat well agree with those reported by

Bababunmi et al. (1982) and more recently by Duke and Albert (2007).

The samples analyzed had all a similar PAH profile in agreement with the fact that the source of
contamination was the same for all the samples. With the exception of jackfish (which had similar PAH

content in both commercially and laboratory smoked samples), fish and meat samples from the market
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(C) had considerably higher PAH load than the corresponding samples smoked or grilled in the
laboratory (B). The reason for this could be the food smoking technique utilized for commercial
samples which made use of wood fires instead of charcoal fire used for laboratory smoked samples.
According to Larsson et al. (1983), the combustion of charcoal, being an already pyrolized material,

gives a relatively clean smoke and, accordingly, lower PAH levels in the grilled sample.

Furthermore, in order to increase the shelf-life of the product, fish and meat vendors may re-smoke it
many times until it is sold, thus contributing to increase PAH formation (Afolabi et al., 1983, Alonge,
1988). Histograms of figure 1 show average PAH concentrations as well as minimum and maximum
values for both laboratory and commercially smoked/grilled fish and meat samples. It is interesting to
note that in commercially processed samples PAH amounts vary within a wider range than laboratory
processed products. This could be explained with the fact that, while laboratory samples were smoked
under standardized conditions aiming to avoid the generation of high amount of PAHs, commercial
samples were obtained by different vendors using different conditions which can result in different
PAH load. Smoked/grilled samples had fat content, determined by the AOAC method (1990), ranging
from 13 to 21%. No evident correlation between fat and PAH content was found, neither for

commercial samples (C) nor for samples processed under the same conditions (B).

Figure 2 shows the HPLC traces of a raw fish sample (croaker) and the corresponding sample smoked

in the laboratory.

Compliance with the European legal limit and risk assessment

To make a comparison with the legal limit settled for smoked fish and meat by the European
Commission in 2005 and to calculate PAH intake, table II reports (for the only smoked/grilled
products) BaP and PAHS contents, expressed in pg kg’ wet weight. As we can see, 5 of the 6
commercially smoked/grilled samples contained BaP amounts exceeding the 5 pg kg™ limit, while none

of the laboratory smoked samples exceeded it.

Table II reports also the percentage ratio of BaP to PAHS, as well as BaP and PAHS intake (ng kg bw
day™), calculated considering a daily consumption of 100 g of product (fish and/or meat) per person
and assuming a reference body weight of 60 kg. We used the amount of 100 g product for risk
assessment because it roughly accounts for total meat and fish consumption of Nigerian population

(Yeh et al., 1996). Compared to the median European dietary exposure to PAHs for mean and high
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dietary consumers, which varied between 3.9 and 6.5 ng kg bw day™' respectively for BaP alone, and
between 28.8 and 51.3 ng kg'1 bw day ', respectively for PAH8 (EFSA, 2008), results obtained for
commercially smoked samples always lead to higher dietary exposure (without considering the possible
contribution from other food items). Of course, higher health risk is associated to higher consumption

levels.

The MOE approach was used for risk assessment. MOE is the ratio between a defined point on the
dose-response curve (reference point) for the adverse effect of the compound in the animal
carcinogenicity study and the estimated human intake of the compound. The reference point is
calculated using the benchmark dose (BMD) approach, based on a mathematical modelling being fitted
to the experimental tumour data within the observed range. It estimates the dose that causes a low but
measurable response. The use of benchmark dose lower limit (BMDL() representing the lower bound
of a 95% confidence interval on the BMD corresponding to a 10% tumour incidence was chosen as

reference point on the dose-response curve (Larsen, 2000).

The ESFA Contaminant Panel calculated for BaP and PAH8 a BMDL of 0.07 and 0.49 mg kg bw'l,
respectively (EFSA, 2008). As we can see in table II, using these BMDL,( values (considering a daily
consumption of 100 g per person), MOE values lower than 10,000, were found in all commercially
smoked samples for both BaP (except for the jackfish sample) and PAHS8. The lowest values were
found for the mudfish sample which presented MOE of 1,346 and 1,816 for BaP and PAHS,

respectively.

Conclusions

Traditionally smoked and/or grilled fish and meat from the Nigerian market was found to be heavily
contaminated, with BaP amounts often exceeding by far the limit of 5 pg kg settled in 2005 by the
European Commission. MOE values lower than 10,000, which according to EFSA (2008) indicate a
potential concern for consumer health, were generally found in commercially smoked samples for both
BaP and PAHS8. This demonstrates the need for legal limits in traditionally smoked foodstuffs in
Nigeria and possible risk management action. In agreement with previous works, it has been
demonstrated that, the use of charcoal smoke instead of smoke from burning wood can help in lowering

the final PAH load at levels around 2 pg kg™

http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk



Page 13 of 20 Food Additives and Contaminants

©CoO~NOUTA,WNPE

References

Afolabi OA, Adesulu EA, Oke OL. 1983. Polynuclear aromatic hydrocarbons in some Nigerian
preserved freshwater fish species. J. Agric. Food Chem. 31:1083-1090.

Akpan V, Lodovici M, Dolara P. 1994. Polycyclic aromatic hydrocarbons in fresh and smoked fish
samples from three Nigerian cities. Bull. Environ. Contam. Toxicol. 53:246-253.

Alonge DO. 1988. Carcinogenic polycyclic aromatic hydrocarbons (PAH) determined in Nigerian
Kundi (smoke-dried meat). J.Sci. Food Agric. 43:167-172.

Anyakora C, Arbabi M, Coker H. 2008. A screen for benzo(a)pyrene in fish samples from crude oil
polluted environments. Am. J. Environ. Sci. 4:145-150.

AOAC (1990). Official methods of analysis. Washington, DC, Association of Official Analytical
Chemists.

Bababunmi EA, Emerole GO, Uwaifo AO, Thabrew MI. 1982. The role of aflatoxins and other
aromatic hydrocarbons in human carcinogenesis. In: Host factors in carcinogenesis, eds. Bartsch H,
Armstrong N. IARC Scientific Publication 39:395-403.

Commission Regulation (EC) No 208/2005, Off. J. Eur. Comm. 2005, L34, 3-5.

Duedahl-Olesen L, White S, Binderup ML. 2006. Polycyclic aromatic hydrocarbons (PAH) in Danish
smoked fish and meat products. Polycyclic Aromatic Compounds. 26:163-184.

Duke O, Albert 10. 2007. Polynuclear aromatic hydrocarbons concentrations in char-broiled meat suya.
J. Appl. Sci. 7:1873-1879.

EFSA. 2008. Polycyclic Aromatic Hydrocarbons in Food. Scientific Opinion of the Panel on
Contaminants in the Food Chain (Adopted on 9 June 2008) [Internet]. The EFSA Journal. 724:1-114;
[cited: 2009 Aug 09]. Available from:  http://www.efsa.europa.eu/EFSA/efsa locale-
1178620753812 1211902034842.htm

Garcia Falcon MS, Simal Gandara J, Carril Gonzdles Barros ST. 2000. Analysis of benzo[a]pyrene in

spiked fatty foods by second derivative synchronous spectrofluorimetry after microwave-assisted
treatment of samples . Food Addit. Contam. 17: 957-964.

Hattula T, Elfving K, Mroueh UM, Luoma T. 2001. Use of liquid smoke flavouring as an alternative to
traditional flue gas smoking of rainbow trout fillets (Oncorhynchus mykiss). Lebensm.-Wissen. u-
Technol. 34:521-525.

Hernéndez-Borges J, Rodriguez-Delgado MA, Garcia-Montelongo FJ. 2006. Optimization of the
microwave-assisted saponification and extraction of organic pollutants from marine biota using

experimental design and artificial neural networks . Chromatographia 63:155-160.

http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk


http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_1211902034842.htm
http://www.efsa.europa.eu/EFSA/efsa_locale-1178620753812_1211902034842.htm
http://www.sciencedirect.com/science/journal/00236438
http://www.sciencedirect.com/science/journal/00236438

©CoO~NOUTA,WNPE

Food Additives and Contaminants Page 14 of 20

Ihekoronye AI, Ngoddy PO. 1985. Integrated Food Science and Technology for the Tropics ,
Macmillan Publishers Limited , London.

JECFA. 2005. Summary and conclusions of the sixty-fourth meeting of the Joint FAO/WHO Expert
Committee on Food Additives Expert Committee on Food Additives [Internet]. Food and Agriculture
Organization (FAO), Rome, World Health Organization (WHO), Geneva; [cited: 2009 Aug 09].

Available from: http://www.who.int/ipcs/food/jecfa/summaries/summary_report 64 final.pdf

Karl H, Leinemann M.1996. Determination of polycyclic aromatic hydrocarbons in smoked fishery
products from different smoking kils. Z. Lebensm.-Unters. -Forsch. 202:459-464.

Kazerouni N, Sinha R, Hsu CH, Greenberg A, Rothman N. 2001. Analysis of 200 food items for
benzo[a]pyrene and estimation of its intake in an epidemiologic study. Food Chem. Toxicol. 39:423-
436.

Larsen JC. 2006. Risk assessment of chemicals in European traditional foods. Trend Food Sci.
Technol. 17:471-481.

Larsson BK, Sahlberg GP, Eriksson AT, Busk LA. 1983. Polycyclic aromatic hydrocarbons in grilled
food. J. Agric. Food Chem. 31:867-873.

Moret S, Conte LS, Dean D. 1999. Assessment of polycyclic aromatic hydrocarbon content of smoked
fish by means of a fast HPLC/HPLC method. J. Agric. Food Chem. 47:1367-1371.

Moret S, Conte LS. 2002. A rapid method for polycyclic aromatic hydrocarbons determination in
vegetable oils. J. Sep.Science. 25:96-100.

Pena T, Pensado L, Casais C, Mejuto C, Phan-Tan-Luu R, Cela R. 2006. Optimization of a microwave-
assistad extraction method for the analysis of polycyclic aromatic hydrocarbons from fish samples. J.
Chromatogr. A. 1121: 163-169.

SCF. 2002. Opinion of the Scientific Committee on Food on the risks to human health of polycyclic
aromatic hydrocarbons in food (expressed on 4 December 2002) [Internet]. European Commission;

[cited: 2009 Aug 09]. Available from: http://ec.europa.eu/food/fs/sc/sct/out153_en.pdf

Stolyhwo A, Sikorsky ZE. Polycyclic aromatic hydrocarbons in smoked fish — a critical review. Food
Chem. 91:303-311.

Storelli MM, Giacominelli SR, Marcotrigianoi GO. 2003. Polycyclic aromatic hydrocarbons,
polychlorinated  biphenyls, chlorinated pesticides (DDTs), hexachlorocyclohexane, and
hexachlorobenzene residues in smoked seafoods. J. Food Prot. 66:1095-1099.

Van der Oost R, Beyer J, Vermeulen NPE. 2003. Fish bioaccumulation and biomarkers in

environmental risk assessment: a review. Environ. Toxicol. Pharmacol. 13:57-149.

http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk


http://www.who.int/ipcs/food/jecfa/summaries/summary_report_64_final.pdf
http://ec.europa.eu/food/fs/sc/scf/out153_en.pdf
http://www.sciencedirect.com.oxf.scopeesprx.elsevier.com/science/journal/13826689

Page 15 of 20 Food Additives and Contaminants

©CoO~NOUTA,WNPE

Visciano P, Perugini M, Amorena M, Ianieri A. 2006. Polycyclic aromatic hydrocarbons in fresh and
cold-smoked Atlantic salmon fillets. J. Food Prot. 69:1134-1138.

Wenzl T, Simon R, Kleiner J, Anklam E. 2006. Analytical methods for polycyclic aromatic
hydrocarbons (PAHs) in food and the environment needed for new food legislation in the European
Union. Trends Anal. Chem. 25:716-725.Watson R, Denton W, Anyadiegwu M. 2004. PAHs — Report
on seafish survey of UK seafood smoking businesses and products [Internet]. Seafish Scotland [cited:
2008 Aug 09]. Available from:
http://www.seafish.org/pdf.pl?file=seafish/Documents/SR557 PAH final.pdf

Yeh LL, Kuller LH, Bunker CH, Ukoli FA, Huston SL. 1996. The role of socioeconomic status and

serum fatty acids in the relationship between intake of animal foods and cardiovascular risk factors.
Ann. Epidemiol. 6:290-298.

Yurchenco S, Molder U. 2005. The determination of polycyclic aromatic hydrocarbons in smoked fish
by gas chromatography mass spectrometry with positive-ion chemical ionization. J. Food Comp. Anal.

18: 857-869.

http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk


http://www.seafish.org/pdf.pl?file=seafish/Documents/SR557_PAH_final.pdf

©CoO~NOUTA,WNPE

Food Additives and Contaminants Page 16 of 20

Figure 1. Average PAH concentration (ug kg') for laboratory (B) and commercially smoked/grilled

(C) fish and meat samples. Bars indicate minimum and maximum values. For abbreviations see table L.

Figure 2. HPLC traces of a raw sample of croaker and of the corresponding sample smoked in the

laboratory (using charcoal fire). For peak abbreviations see table I.

http://mc.manuscriptcentral.com/tfac Email: fac@tandf.co.uk



Page 17 of 20 Food Additives and Contaminants

1

g Table I. PAH content (ug kg™' dry weight) in raw, laboratory and commercially smoked/grilled fish and meat samples from the Nigerian market

4 Mudfish Jackfish Mackerel Croaker Suya Antelope

5 A B C A B C A B C A B C A B C A B C
6 F 7.3 71 140.1 0.6 14.0 7.3 29 8.6 27.0 0.3 71 72.0 1.2 42 31.6 06 11.1 533
7 Pa 43.3 96.9 485.1 10.2 104.8 74.9 414 60.0 269.4 6.6 56.5 372.0 16.6 61.8 246.9 124 944 210.6
8 A 5.3 153 26.5 1.2 5.0 4.7 6.8 4.4 48.0 0.7 6.3 72.6 1.5 81 48.8 0.8 13.6 70.0
20 Fl 17.3 38.2 115.0 4.0 39.6 39.8 16.4 21.1 100.7 70 195 169.7 9.7 327 122.9 79 314 1214
11 P 3.5 46.5 63.0 4.5 46.0 254 173 246 942 6.8 24.1 250.1 9.7 317 1252 70 32.1 1343
12 BaA 0.8 4.2 39.4 0.3 6.9 7.4 0.9 2.5 12.6 0.2 1.8 17.5 04 25 154 04 36 196
13 Ch 4.6 7.7 55.2 0.8 152 16.3 4.2 5.8 20.0 0.7 37 55.4 1.1 4.8 25.6 1.0 74 39.6
14 BbF 1.1 59 23.2 0.7 7.3 5.7 0.8 2.0 10.0 02 28 21.5 0.3 1.6 12.3 0.1 36 156
15 BkF 0.6 1.8 15.1 0.4 2.7 2.4 0.3 0.9 6.3 0.1 1.2 13.0 0.1 1.2 6.0 02 20 6.6
16 BaP 0.7 2.6 38.0 0.3 3.4 3.0 0.3 0.9 6.6 0.1 1.3 21.5 0.1 1.7 10.1 0.1 2.8 7.9
17 DBahA 0.3 1.2 3.4 3.6 1.2 0.9 5.6 0.9 1.3 09 0.8 25 0.1 0.1 1.5 0.1 2.2 0.9
18 BghiP 1.1 3.0 8.5 0.2 6.6 6.6 7.3 1.4 8.9 1.2 27 6.9 1.2 21 7.8 0.2 3.1 7.5
19 P 0.3 0.4 145 n.g. 0.6 1.8 n.g. 1.0 6.4 3.3 1.8 4.6 0.4 1.4 6.5 00 3.0 3.8
20 LMW-PAHs 76.6 204.0 829.6 20.5 209.3 152.1 848 118.6 539.3 21.5 1135 936.4 38.7 138.5 575.3 28.7 182.5 589.7
g;’ PAHS8 9.4 26.7 197.2 6.3 43.9 441 19.3 154 721 6.8 16.1 1429 3.7 154 852 21 277 1015
23 T-PAHs 86.1 230.7 1026.9 26.8 253.2 196.2 1041 1339 611.4 28.3 129.6 1079.3 424 153.9 660.6 30.9 210.2 691.2
24 LMW /T-PAHs (%) 89.0 88.4 80.8 764 827 775 814 885 88.2 759 87.6 86.8 91.2 90.0 871 93.2 86.8 853
25 Data are mean of two replicate analyses (each one injected twice). A = raw samples; B = laboratory smoked/grilled samples; C= commercially smoked/grilled samples; n.q. = not
26 quantifiable for the presence of interference. Abbreviations: fluorene (F), phenanthrene (Pa), anthracene (A), fluoranthene (Fl), pyrene (P), benz[a]anthracene (BaA), chrysene (Ch),
27 benzo[b]fluoranthene (BbF), benzo[k]fluoranthene (BkF), benzo[a]pyrene (BaP), dibenz[a,h]anthracene (DBahA), benzo[g,h,i]perylene (BghiP), indenol[/,2,3-cd]pyrene (IP), LMW-
28 PAHs = low molecular weight PAHs (F+Pa+A+F1+P), PAH8 = BaA+Ch+BbF+BkF+BaP+DBahA+BghiP+IP, T-PAHs = total PAHs (LMW-PAHs + PAHS).
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Table II. Risk assessment
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Mudfish Jackfish Mackerel Croaker Suya Antelope

B C B C B C B Cc B Cc B Cc
BaP (ug kg wet weight) 21 312 28 2.4 07 52 11 189 15 84 22 63
PAHS (ug kg'1 wet weight) 22.2 161.9 351 34.8 126 577 129 1258 134 704 224 81.6
BaP/PAHS8 (%) 9.6 19.3 7.8 6.8 5.7 9.1 8.3 15.1 11.0 11.9 10.0 7.7

Daily human exposure™
ng BaP kg bw day"** 36 520 4.6 4.0 12 87 18 316
ng PAH8 kg™ bw day'** 37.0 269.8 585 581 21.0 96.1 21.4 209.6

BaP-MOE
PAH8-MOE

19,698 1,346 15,251 17,722 58,464 8,008 39,200 2,218
13,237 1,816 8,379 8,437 23,386 5,096 22,867 2,338

2.4 14.0 3.7 10.5
223 1173 373 1359

28,664 5,015 18,864 6,652
21,989 4,177 13,152 3,605

Data are mean of two replicates analyses (each one injected twice). B = laboratory smoked/grilled samples; C= commercially smoked/grilled samples.

*Daily human exposure was calculated on the basis of amounts of 100 g fish or meat consumed daily.
**Assuming a reference body weight of 60 kg.
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Low molecular weight PAHs High molelecular weight PAHs (PAHS)
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