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Abstract

Introduction. A lot of has been heard about dioxins and dioxins-like compounds. These molecules are typically connected
in public awareness with affairs. The main source of dioxins for humans is food (90% of typical exposition); thus, assessment
of dioxins intake and monitoring of levels of dioxins in food remain an important issue.
Objective. The aim of the presented work was checking the reproducibility of the authors’ semi-quantitative food frequency
questionnaire, focusing on products that may contain dioxins and related compounds among adolescents. The uptake
of these compounds was also assessed using obtained data. For survey purposes, an album of food products from the
questionnaire was constructed.
Materials and method. A modified semi-quantitative food frequency questionnaire was constructed and distributed twice
in a 2-week time span among 55, 15-year-old, students of secondary schools.
Results. The correlation coefficient for both declared frequencies and assessed amounts in the case of the majority of food
items was above 0.70. The average assessed intake of dioxins and related compounds was 1.57pgWHO-TEQ/kg body weight
per day, and 1.85 pgWHO-TEQ/kg body weight per day, during test and retest, respectively.
Conclusions. The modified semi-quantitative food frequency questionnaire is a reproducible tool that can be used for
adolescents. Average intake in the analyzed group was lower than the Tolerable Daily Intake, but in contrast to other
countries remains one of the highest intakes in a comparable age group. The main sources of dioxins exposition were fish
(38%), and meat products
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INTRODUCTION
Food frequency questionnaires (FFQs) are one of the most
widely used dietary assessment tools and are designed to assess
usual food intake [1]. Low costs and a relatively low burden for
participants make FFQs a very handy method. Eating habits
during childhood and adolescence are of increasing interest
because of its importance for the health of adults, especially
regarding obesity, cardiovascular disease or diabetes. Food
products, apart from macronutrients, can contain molecules
that are classified as carcinogenic for humans. Dioxins
belong to such molecules. The term ‘dioxins’ indicates a
group of substances that are often called ‘dioxins and related
compounds’, and consist of polychlorinated dibenzo-paradioxins (PCDDs), polychlorinated dibenzofurans (PCDFs),
and polychlorinated biphenyls with dioxin-like properties
(dioxin-like PCBs) [2]. In the environment, complex mixtures
of these molecules are present; therefore, the concept of Toxic
Equivalency Factors (TEFs) was introduced to facilitate risk
assessment. TEFs indicate the concentration of mixtures of
2,3,7,8-substituted PCDDs and PCDFs, and some planar
non-ortho and mono-ortho chlorine substituted DL-PCB
in toxic equivalents of the most potent compound (2,3,7,8TCDD). Concentration of dioxins and similar compounds in
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food items is expressed in pg of Toxic Equivalent (TEQ) per
gram of wet weight, or per gram of fat. TEQ is calculated by
multiplying the concentration of each molecule belonging to
dioxins and related compounds class with the assigned TEF
[3]. The main source of dioxins and related compounds for
humans is food [4]. These compounds accumulate in the body
throughout life [5]. Food exposure, in the case of humans,
is mainly determined by the consumption of products of
animal origin, rich in fat (milk, cheese, fish, seafood or lard)
due to the highly lipophilic nature of dioxins and related
compounds [6]. Since the 1980s, scientists have described
how culinary techniques influence the levels of dioxins and
related compounds. Since then, however, no clear pattern
has been found and it is suggested that not only a particular
way of cooking influences the levels of dioxins and related
compounds, but also specific food items typically rich in
dioxins, such as fish, which can differ between species in
dioxins concentration. Culinary techniques can also have
different impacts on the dioxins concentration, for example,
cooking can reduce the level of PCDD/PCDF in sardines
or veal steak, inversely in hake and tuna, while no changes
are observed in chicken meat. Fried potatoes were found to
be richer in those compounds compared to raw or boiled
potatoes [7].
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OBJECTIVES
The aim of the study was to construct a semi-quantitative
FFQ, tailored to products that contain dioxins and dioxinslike compounds, together with a photographic album of the
portions of the product asked about in the questionnaire, and
checking the reproducibility of this modified questionnaire
among young students of a secondary school. The album of
food products of special interest to the current study was
constucted. Subsequently obtained data were used to assess
dioxins and related compounds intake.
MATERIALS AND METHIOD
The study was conducted among randomly selected 15-yearold secondary school students in Krakow, after approval
by the Bioethics Commission. The group consisted of 34
girls and 21 boys. A widely used method of food intake
assessment – the semi-quantitative FFQ modified for dioxins
assessment, consisting of 129 different questions (questions
took into account different fish species or ways of preparation)
was applied [8]. In the case of products that may differ in
concentration of dioxins and related compounds – mainly
fish, meat or other grilled or smoked food items containing
fat – the participants were questioned more extensively. A
detailed list of products was described previously [9]. Seven
different frequencies were available for selection for each
product, from ‘every day’ to ‘less than once a month’, and
‘never’. Portion sizes were determined using the photographic
album of food products. For more accurate assessment, the
authors’ album was constructed, the aim of which was to
encompass the diversity of products that may contain dioxins
and related compounds, especially among different species
of fish.
Trained interviewers conducted the questionnaire twice
in a two-week interval in September 2013, asking the
participants about their usual summer consumption.
Because of the constant lack of a Polish database of
concentrations of dioxins and related compounds in food
products, the FDA assessment of dioxins in food was mainly
Figure
used, although whenever possible, Polish data were
used,
such as in the case of some fish species [10, 11, 12, 13]. Final
concentrations were calculated for each individual and
expressed in pg TEQ per kilogram of body weight per day. A
medical scale was used to measure the weight of each student
while wearing light clothes and without shoes.
Statistical analysis consisted of comparison between
chosen frequencies and assessed amounts during the first
(FFQ1) and second (FFQ2) studies using the Spermann
correlation coefficient with 95% confidence level (Tab. 1).
Statistica 10.0 programme was used.
RESULTS

Table 1. Correlation coefficient of both frequencies and amounts
declared between FFQ1 and FFQ2. Results presented only for main
groups of products, including products important in the uptake of dioxins
and related compounds
Products

Correlation coefficient (r)
Declared frequency

Declared amount

Eggs

0.60

0.68

Dairy products

0.66

0.80

Added fats

0.71

0.73

Fast-food, casseroles

0.74

0.77

Vegetables

0.80

0.85

Fruits

0.81

0.80

Fruit or/and vegetable juice

0.92

0.79

Grain products

0.81

0.81

Cakes, biscuits, sweet products

0.84

0.69

Smoked cold meats

0.65

0.80

Pork

0.92

0.94

Beef

0.95

0.92

Chicken

0.78

0.89

Turkey

0.87

0.74

Poultry,deepfried

0.79

0.65

Fried liver

0.78

0.85

Sausages, smoked/grilled

0.91

0.85

Fish: Tuna

0.77

0.73

Sardines

0.89

0.85

Salmon

0.67

0.80

Fish, other

0.89

0.71

The obtained data were used to assess the average uptake
of dioxins and related compounds in the first and second
questionnaires. The overall outcome was 1.57pgTEQ/
kg bw/day in FFQ1 and 1.85 pgTEQ/kg bw/day in FFQ2.
The percentage share of average concentration of main
contributors is shown in Figure 1. Table 2 presents more
detailed results for the most important food groups.

9%
2%
38%

Eggs
1%
4%

Diary products
Added fats
Other
21%

Smoked/grilled/fried
cold meats
Meat
Fish

25%
Coefficients below 0.7 were found for about 15% of all
products and above 0.9 for about 27% – mainly products Figure 1. Percentage share of main contributors of dioxins and related compounds
intake
that were eaten every day, e.g. potatoes, butter, wheat
bread
Figure
1. Percentage
share of main contributors of dioxins and related compounds intake.
and products, rarely consumed, such as coffee, red meat, tripe
and groats. There were no statistically significant differences
in assessment of boys and girls, which is why the results are
presented together as a single group.
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Table 2. Results for the most important food categories in terms of
dioxins intake in FFQ1 and FFQ2
FFQ1

FFQ2

Average
[pgTEQ/kg
bw/day]

SD

Average
[pgTEQ/kg
bw/day]

SD

Eggs

0,151

0,198

0,162

0,178

Diary products

0,040

0,122

0,013

0,093

Added fats

0,013

0,182

0,027

0,209

Smoked cold meat

0.266

0.191

0.280

0,183

Pork

0,133

0,182

0,140

0,169

Beef

0,045

0,069

0,074

0,083

Chicken

0,122

0,132

0,210

0,203

Turkey

0,018

0,054

0,030

0,082

Poultry deep fried

0,048

0,101

0,032

0,057

Fried liver

0,054

0,100

0,071

0,109

Sausages, smoked/grilled

0,080

0,202

0,106

0,209

Fish: tuna

0,175

0,195

0,171

0,173

Sardines

0,218

0,315

0,251

0,211

Salmon

0,035

0,101

0,066

0.100

Fish: other

0,043

0,140

0,049

0,137

Other kinds of fried/grilled food

0,132

0,207

0,168

0,270

Products

DISCUSSION
The results obtained indicate high correlation coefficients
between answers, both in terms of declared frequencies and
amounts, which was not expected because of the number
of questions in the questionnaires. According to a study by
Kolodziejczyk, more food items asked about in a questionnaire
were correlated with poorer correlation coefficients between
test-retest [1]. Comparably high correlation coefficients
were more often described for adults, e.g. by Pisani [14].
The differences could be partially caused by different timespans between the first and second questionnaire. Short
time-lags (< 1 month) between test-retest were found to be
correlated with the higher correlation coefficients in the
obtained results [1]. Moreover the short time span allowed the
ruling-out problems with changing dietary habits or changes
in seasonal availability of different products. In the presented
study, the 2-weeks delay between the 2 questionnaires could
be responsible for the high correlation coefficients when
comparing to other studies with a 5–6 months time span
[15, 16]. In the current study, the questionnaires completed
by the participants during both surveys had no statistically
significant differences. A similar phenomenon was described
by Lanfer and Rockett [17, 18].
Due to the high correlations, data from both FFQs
were used to assess the intake of dioxins and related
compounds. Results from the current study (mean exposure:
1.71 WHO-TEQ/kg bw/day) did not exceed the WHO
threshold – Tolerable Daily Intake value (TDI: 2 pg WHOTEQ/kg b.w./day; TWI – Torelable Week Inatke – 14 pgWHOTEQ/kg b.w [19]). However, it would be advisable to lower the
intake of dioxins and related compounds even more, because
about 38% of participants obtained more than 2 pg WHOTEQ/kg b.w./day, and presented results are comparable with
other countries and could be classified as high. In a Danish

study, the mean intake of dioxins and related compounds
among children between 4–14-years-old was two times lower:
0.87 pg WHO-TEQ/kg bw/day. In Danish group, the most
important contributors were fish and fish products (about
32% in whole population), as in the presented Polish study. In
second place were dairy products (about 25%) while in case
of Polish youths, these were almost on the last place (2%) [3].
The presented data indicate a low intake of dairy products
compared with results described in other Polish studies, e.g.
by Wojtyła-Buciora [19].
According to data (2014) published by EFSA (European
Food Safety Authority), the presented results are comparable
with the mean value of dioxins and related compound intake
in the Czech Republic (1.67 WHO-TEQ/kg bw/day), Italy
(1.36 WHO-TEQ/kg bw/day) and Spain (1.33 WHO-TEQ/kg
bw/day), while two times higher mean intake was obtained
in Sweden and Cyprus (0.81 and 0.78 WHO-TEQ/kg bw/day,
respectively), and about three times higher than the German
intake (0.57 WHO-TEQ/kg bw/day). The main food group
with the biggest relative contribution to average exposure of
dioxins and related compounds is fish (63%-38%) and meat
in case of German and Latvia adolescents [20].
As shown above, the mean dioxins and related compounds
intake assessed among Polish adolescents belongs to the
highest compared with other countries. Dioxins and other
similar compounds are typically present in fats and fatcontaining products; thus the general tendency to choose
products low in fat has one more positive aspect: a decrease
in the toxic compounds normally stored in fat.
CONCLUSIONS
1) The majority of products asked about in the modified
semi-quantitative food frequency questionnaire achieved
correlation coefficients above 0.6, including products
that typically contain dioxins and related compounds.
This allows the assessment of this questionnaire as a
reproducible tool.
2) The main source of dioxins and related compounds were
fish and smoked, grilled or fried meat products.
3) The assessed average dioxins intake expressed in toxic
equivalent was lower than the Tolerable Daily Intake (2 pg
TEQ/kg b.w./day) – 1.7 pg TEQ/kg b.w./day.
To the best of the authors’ knowledge, this is the first study
assessing dioxins intake among Polish adolescents.
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