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Abstract. Polycyclic aromatic hydrocarbons (PAH) are widespread environmental contaminants representing
an important group of carcinogens that have been detected in smoked fish. Benzo(a)pyrene (BaP) is the most
well-known and studied representative of these compounds because it is one of the most potent carcinogens
for animals. Occurrence of BaP in smoked fish and canned sprats in vegetable oil has been studied. Raw fish,
vegetable oil, smoked fish as well as canned smoked fish in oil and its fish and oil fractions separately were
analyzed using method of gas chromatography-mass spectrometry (GC-MS). Generally, the level of BaP in
smoked fish samples varied (from 0.8 up to 13.9 pg kg') depending on the disposition of fish in the smoking
chamber and on the method used for smoke production. The results suggest that another factor affecting the
concentration of BaP in finished canned fish in oil is a diffusion of benzo(a)pyrene from fish fraction in oil
fraction, which could reduce the level of benzo(a)pyrene in fish. Oil from canned smoked fish cannot be

recommended as edible constituent.
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Introduction

Foodstuffs such as meat and fish and some types
of cheese have been smoked in many countries for
centuries. Originally the purpose was to preserve the
food, partly by reducing the moisture content and
partly through the transfer of anti-microbiological
components, such as aldehydes and phenols, from
the smoke to the food. Now the smoking is primarily
used toachieve the characteristic taste and appearance
of smoked food, with preservation playing a minor
role. Nevertheless, smoking can still influence
the shelf life of food because components of the
smoke may inhibit growth of some microorganisms.
Smoking in uncontrolled technological conditions,
characteristic for traditional smoking process, results
in high levels of polycyclic aromatic hydrocarbons
(PAH) (Alonge, 1987, 1988; Afolabi et al., 1983;
Simko, 2002).

Polycyclic aromatic hydrocarbons constitute
a large class of organic compounds that have the
carcinogenic activity. PAH have been found in water,
air, soil, and in different foods, including oil, fat,
smoked/grilled products, plants, marine products,
smoking flavourings, coffee, tee, beverages (Gomaa
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et al., 1993). In food, PAH may be present as a result
of processing and cooking, such as smoking, drying,
roasting, baking, frying, or grilling. Vegetables
may be contaminated by the deposition of airborne
particles or by growth in contaminated soil (Guillen
etal., 1997).

To simplify the problems that have been related
with PAH variety and content multiplicity, benzo(a)
pyrene (BaP) has been accepted as indicator for PAH
content in food products. The European Commission
has introduced maximum levels for PAH in certain
foodstuffs viaCommission Regulation No. 1881/2006.
The maximum level of benzo(a)pyrene (5 ngg') was
set for smoked meat and smoked fish products.

In this work we have studied the influence of
the type of smokehouse and fish disposition into the
smoking chamber during smoking on the BaP content
in the product.

Materials and Methods
Materials and Smoking Equipment

The fish, used for this research, was from the
Baltic Sea and Riga Gulf region. The vegetable oil
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(rapeseed and soya oil) was obtained from commercial

suppliers.

Technological process of canned sprats in oil
involves hot smoking including drying (50-70 °C,
10-20 min), cooking (100-135 °C, 15-20 min), and
smoking (60-80 °C, 25-35 min), with subsequent
sorting, packing, filling of oil, and sterilization. The
total level of benzo(a)pyrene in canned sprats consists
of the content of BaP in raw fish, BaP level emerging
from smoking process, and benzo(a)pyrene — from oil
used for canning.

Smoke generators were used for smoking of
fish. The temperature of smoke was from 60 to 80
°C. Alder chips were used as firewood; moisture
content of alder chips was 35-45%. Burning
temperature of woodchips and the grating reached
400-450 °C.

In general, a conveyor-tunnel type smoking
chamber consists of a welded foundation and
welded vertical frames covered on either side and
on the top with steel plates to form a double wall
space. The chamber consists of two symmetrical
parts forming two tunnels. Each compartment of
the chamber consists of several sections. There
are two intermediate sections in the chamber
(entrance and exit) that divide the chamber in three
areas: 1) drying, 2) cooking and smoking, and 3)
chilling.

Hot air, which is brought inside from the heat
generator by means of the ventilator through the
supply pipeline in drying area, flowing through
containers with fish is further brought out through
the exit pipeline. The mixture of smoke and air
brought inside by means of the ventilator is supplied
to the cooking and smoking area through the supply
pipeline and is flowing through containers with fish
in a similar manner.

In this research, five different smoking ovens
were used:

A — an oven with two-tunnel conveyor-type smoking
chambers with a smoke generator, produced by
JSC “Miiduranna Texas”, Estonia;

B — an oven with two-tunnel conveyor-type smoking
chambers with a smoke generator, produced by
“Peruza” Ltd, Latvia;

C — a Kverner-Bruk oven with smoke chambers with
a ventilator and underneath location of a smoke
generating furnace;

D — a Kverner-Bruk oven with tunnel-type
modified smoking chambers with a smoke
generator;

E — an electrical oven with a smoke chamber with a
smoke generator.

Sprats in the smoking chamber were hanged up
on frames. Frames in the chamber were placed at
different height.
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Sampling

After the smoking process, approximately a
sample of 500 g of fish was taken according to the
sampling procedure (from specific frame or from
different places on several frames). The sample
was cooled at +4 °C and then sent to the laboratory.
Afterwards it was homogenated in laboratory using
sample mills.

Chemicals

For the sample treatment, cyclohexane (ECD
tested), N,N-dimethylformamide, methanol (HPLC
grade), and sodium chloride (ACS) were purchased
from Acros, ethanol — from J.T. Baker, sodium
sulphate (ACS) — from Fluka, potassium hydroxide —
from Avsista, and silica solid phase extraction (SPE)
tubes (500 mg) — from Phenomenex. Ultra pure water
was produced by a MilliQ filter system. Standards
of benzo(a)pyrene and deuterated standard benzo(a)
pyrene-d , were purchased from Dr. Ehrenstrofer.

Analysis of BaP

Homogenized samples were hydrolyzed with
the solution of potassium hydroxide in ethanol, and
the extracted with cyclohexane. The cyclohexane
solution was washed with water, afterwards — with
a mix of methanol and water, then re-extracted with
N,N-dimethylformamide/water (9:1) blend, and
repeatedly extracted from it with cyclohexane. After
sample cyclohexane solution purification on Silica
SPE column, it was concentrated and analyzed on
Agilent Model 6890 gas chromatograph equipped
with the mass selective detector Model 5973 (Stumpe-
Viksna et al., 2007).

Results and Discussion

In this study, raw fish, vegetable oil, smoked fish,
as well as canned smoked fish in oil, and fish and oil
fractions separately were analyzed using method of
gas chromatography-mass spectrometry (GC-MS).

Fish and marine invertebrates may naturally
contain small amounts of different PAH absorbed
from the environment (Stolyhwo, Sikorski, 2005).
The edible parts of fish from unpolluted seas generally
do not contain detectable amounts of BaP (Rainio et
al., 1986). We found that levels of BaP in the raw fish
were insignificant. BaP content was under the limit
of detection (<0.1 pg kg™') in 30 different samples of
sprats used for canned fish production.

The main amount of PAH in smoked foods comes
from the wood smoke. Cold- and hot-smoked fish
contain much more PAH than raw fish, depending on
the properties of the fish, method and parameters of
smoking, composition of the smoke, and exposure of
the edible parts to the smoke. The concentration of
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BaP found in different studies varies from about 0.05
to 60 ug kg! (Lawrence, Weber, 1984).

The BaP levels found in smoked fish from
commercial smokehouses are shown in Figure 1.
Depending on the used construction of smoking
equipment and disposition of fish into the smoking
chamber, the average level of benzo(a)pyrene in
smoked semi-finished fish (after the smoking stage
and before canning) ranged from 0.7 up to 13.9 pg kg .
Fish products which were smoked in smokehouses
with a ventilator and underneath location of a smoke
generating furnace (C), contained the highest BaP
levels in comparison to those with a smoke generator
or to the electrical smokehouse (Figure 1).

The content of benzo(a)pyrene in smoked
semi-finished fish products differed substantially
depending not only on the type of a smokehouse, but
also on fish disposition into the smoking chamber in
vertical plane (Figure 1).

Comparison of BaP concentration in smoked
fish by sampling in different places in smokehouses
with a smoke generator and with upper input of
smoke showed that samples smoked on upper
frame contained highest amount of BaP due to its
full concentration in incoming smoke. The greatest
differences in benzo(a)pyrene content, depending on
placement of fish samples, were found in fish samples
smoked in the older generation smokehouse (A) with
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a smoke generator in comparison with the modified
smokehouse (B) and Kverner-Bruck smokehouse
(D), although between them greater concentrations
of BaP in fish smoked in such type of smokehouse
were found in fish samples using smokehouse (B);
however, that might be explained by differences
in the smoking methods. A higher amount of BaP
was also found in fish samples smoked on upper
frame of the electrical smokehouse. Similarly, BaP
concentration distribution between smoked fish
sampled in different places of the smokehouse (C)
with a ventilator was higher than in samples from
other smokehouses.

We compared the concentration of BaP in
smoked fish by sampling in different points (places
located at similar height) on the same frame. Results
showed relatively great differences between BaP
concentrations in fish samples smoked in smokehouse
A with a smoke generator (see Figure 2). Obviously,
smoke flow distribution in that smoking chamber is
greatly uneven.

Although we observed general tendency towards
dependency of BaP content in smoked fish on the
construction and operation of a smokehouse as well
as on the position of fish in the flux of smoke, the
results of samples analysis showed high dispersion
of benzo(a)pyrene level in the smoked product even
in the same equipment and at the same fish location.
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Fig. 1. Average benzo(a)pyrene levels in fish samples smoked in different smokehouses and
in different places in a smoking chamber: A — a smokehouse with two-tunnel conveyor-type smoking
chambers with a smoke generator, produced by JSC “Miiduranna Texas”, Estonia, and upper smoke inflow;
B — a smokehouse with two-tunnel conveyor-type smoking chambers with a smoke generator, produced
by “Peruza” Ltd, Latvia, and upper smoke inflow; C — a Kverner-Bruk smokehouse with a ventilator and
underneath location of a smoke generating furnace, and smoke inflow from below; D — a Kverner Bruck
smokehouse with modified smoking chambers with a smoke generator and upper smoke inflow;
E — an electrical smokehouse with a smoke generator and upper smoke inflow.
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Fig. 2. Benzo(a)pyrene levels in fish samples taken from different points on the same frame in
smoking chamber A.
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Fig. 3. Changes in benzo(a)pyrene concentration during a week in fish samples smoked in
smokehouse A with a smoke generator.

This dispersion could be provoked by differences
in fat content in raw fish or by changes in smoke
chemical composition during the smoking process.
Influence of other unknown factors on the content of
contaminants can not be excluded.

Since the smokehouses were cleaned once a week,
it can be assumed that the product has been fouled
by tar residues from the previous processing. The
changes in BaP levels in smoked fish during a week
were investigated to verify such hypothesis. Analysis
of results showed that the level of carcinogen on 3rd-
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Sth day after smokehouse cleaning had diminished
approximately by half (see Figure 3). The reduction
in BaP levels in smoked fish produced at the end of
the week can be explained by the PAH sorption in tar
deposits on the walls of the smoking chamber or by
some unknown factors.

However, in canned smoked fish in oil, the part of
contamination with PAH might have originated from
the vegetable oil used. The average BaP level found
in the vegetable oil used for canned, smoked sprats
production was 0.38 ug kg™
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Fig. 4. Comparative ratio of benzo(a)pyrene (%) in fish and oil fractions.

Another factor that affects the concentration of BaP
in finished canned fish in oil is a diffusion of benzo(a)
pyrene from fish fraction in oil fraction, which could
reduce the level of benzo(a)pyrene in fish. By separate
detection of BaP concentration in oil and fish fraction
of canned fish in oil as well as undivided sample, a
decrease by about 73 up to 95 percent of the initial
BaP amount in fish was found. For the BaP content
in percentage in fish and oil fractions see Figure 4.
If a person consumes only a fish fraction of canned
smoked fish in oil, he becomes by 56+8 percent less
contaminated than if he consumes the same amount
of fish and oil together. By comparison, an equivalent
mass of only an oil fraction produces approximately
a 355+108 percent higher dose of BaP. The change in
the level of contamination with BaP in fish fraction in
comparison with the total contamination level in the
whole product was calculated according to equation 1.
In the same way it was done for oil fraction according
to equation 2:

C(%), =L 100. ()
C

t
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t

where

C(%) . — alteration in benzo(a)pyrene content in
fish fraction relative to BaP content in
an undivided sample of canned fish in
oil, %;

C(%) , — alteration in benzo(a)pyrene content in
oil fraction relative to BaP content in an
undivided sample of canned fish in oil,
%03
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¢ concentration of BaP in fish fraction,
ng kg
¢, — concentration of BaP in oil fraction, ug
kg
c,— average concentration of BaP in the
vegetable oil used in production,
ngkg';
¢,— concentration of BaP in an undivided
sample, pg kg
The research suggests that the consumer, using
smoked fish as food, ingests less content of BaP than
its total content in the product, therefore the oil from
canned smoked fish cannot be recommended as an
edible constituent.

Conclusions

Generally, the level of BaP in smoked fish
samples varies depending on the disposition of fish
in the smoking chamber and on the method used for
smoke production. In order to obtain characteristic
and favourite properties of canned sprats, it is very
difficult to ensure the level of benzo(a)pyrene below
5.0 ugkg' in all stages of the technological procedure
of a batch.

After sterilization and storage, part of BaP from
canned sprats is transferred to oil which is not usually
consumed. This diminishes the risk of contamination.
Oil from canned smoked fish cannot be recommended
as an edible constituent.

Treatment of smoked fish with oil can be used for
diminishing the PAH level in the final product.
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Anotacija

Policikliskie aromatiskie ogltidenrazi (PAO) ir viena no lielakajam organisko savienojumu klasém, kam piemit
kanceroggna aktivitate un kurus atrod ari kiipinatas zivis. Benzo(a)piréns (BaP) ir viens no visvairak pétitajiem
savienojumiem, un to izmanto ka markieri PAO noteik3ana. Saja darba més veicam pétijumu par BaP saturu
zivis, kas kiipinatas dazados apstaklos. Nozimigi benzo(a)piréna koncentraciju ietekméjosi faktori ir diimu
generators, atraSanas vieta kiipinasanas kamera, ka arf citi faktori. Kapinatu zivju konservos lielaka dala BaP
pariet ellas frakcija, tadgjadi patérétaji, uztura lietojot kiipinatu zivju produktus ella, uznem mazaku BaP
daudzumu neka produkta kopuma.

LLU Raksti 21 (315), 2008; 24-29 29



	Levels of Benzo(a)pyrene (BaP) in Fish, Smoked According to Different Procedures = Benzo(a)pirēna (BaP) saturs zivīs, tās kūpinot dažādos apstākļos / Ilze Stumpe-Vīksna, Andris Morozovs, Vadims Bartkevičs, Agnese Kukāre
	Abstract
	Key words
	Introduction
	Materials and Methods
	Materials and Smoking Equipment
	Sampling
	Chemicals
	Analysis of BaP

	Results and Discussion
	Conclusions
	Literature
	Anotācija

