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Abstract

Lead and cadmium pose a serious threat to human health, hence their content in
food products is regulated by the EU standards, also binding in Poland. Food contamina-
tion with these metals is an etiological factor of civilization diseases. In order to prevent
such disorders, it is extremely important to assess the degree of environmental pollution
with Pb and Cd, reflected by the level of these metals in food products. Determination of
Pb and Cd in food products demonstrates exposure to the toxic effect of these metals and
enables evaluation of the threat to human health in a given population. The aim of this
study has been to estimate the health threat to the population of the Province of Podlasie
(wojewddztwo podlaskie) due to Pb and Cd contamination of cereal products.

The following foodstuffs were analyzed: flour, groats, bread, pasta, rice, bran and soya
products. They were collected in 13 administrative districts of the Province of Podlasie while
monitoring health quality of food products. Pb and Cd concentrations were determined with
the AAS method.

The highest Cd level was noted in pastas (0.058+0.0330 mg kg!) and the highest Pb
level was determined in cuscus (0.120+0.0899 mg kg1). The lowest average Pb concentra-
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tion was found in groats (0.042+0.0306 mg kg~1) and Cd was the lowest in wholemeal
bread (0.016+0.0106 mg kg1).

The average concentrations of Pb and Cd in cereal products did not exceed the per-
missible limits established by the Minister of Health. The permissible level of Pb was not
surpassed until the level of the 90! percentyl (in couscous and soya products). An average
intake of Pb and Cd was within the tolerated amount, corresponding to 10% PTWI and
12% PTWI, respectively. Thus, no threat to the health of the population in Podlasie was
detected.

Key words: lead, cadmium, cereal products, atomic absorption spectrometry.

ZANIECZYSZCZENIE PRODUKTOW ZBOZOWYCI—! PB I CD JAKO CZYNNIK
RYZYKA ZDROWOTNEGO LUDNOSCI WOJEWODZTWA PODLASKIEGO

Abstrakt

Pb i Cd stanowig istotne zagrozenie dla zdrowia ludzkiego, i w zwiazku z tym ich za-
warto§¢ w zywnosci jest limitowana przez normy Unii Europejskiej obowigzujace w Polsce.
Skazenie zywno$ci tymi metalami jest czynnikiem etiologicznym choréb cywilizacyjnych.
Z punktu widzenia profilaktyki tych schorzen bardzo istotne jest poznanie stopnia skazenia
Srodowiska Pb i Cd, czego odzwierciedleniem jest poziom tych metali w produktach spo-
zywczych. Badanie zawartosci Pb i Cd w produktach spozywczych umozliwia ocene stopnia
narazenia na ich toksyczne dziatanie i okreslenie zagrozenia zdrowia badanej populacji ludz-
kiej. Celem pracy byta ocena zagrozenia zdrowia ludnoSci woj. podlaskiego produktami zbo-
zowymi zanieczyszczonymi Pb i Cd.

Materiat do badan stanowily probki maki pszennej i zytniej, kasz, pieczywa biatego
irazowego, makaronow, otrebéw, ryzu i produktéw sojowych pobrane w 13 powiatach woj.
podlaskiego w ramach monitoringu jakosci zdrowotnej srodkéw spozyweczych i przedmio-
tow uzytku. Stezenie Pb i Cd oznaczano metoda AAS.

Najwyzszg zawartosé Cd odnotowano w makaronach (0,058+0,0330 mg kg1), nato-
miast Pb — w kaszy kuskus (0,120+0,0899 mg kg™1). Najnizsza $rednia zawartosé Pb stwier-
dzono w kaszach (0,042+0,0306 mg kg1), a Cd w pieczywie razowym (0,016+0,0106 mg
kg™1).

Stwierdzono, ze Srednia zawartosé¢ Pb i Cd w badanych produktach zbozowych nie prze-
kraczata limitu ustalonego w Rozporzadzeniu Ministra Zdrowia. Przekroczenie dopuszczal-
nej zawartosci Pb stwierdzono dopiero na poziomie 90-percentyla (w kaszy kuskus i pro-
duktach sojowych).

Wykazano, ze Srednie pobranie Pb i Cd miesci sie¢ w granicach pobrania tolerowanego
przez organizm i wynosi odpowiednio 10% PTWI i 12% PTWI, co nie stwarza zagrozenia dla
zdrowia ludno$ci woj. podlaskiego.

Stowa kluczowe: otow, kadm, produkty zbozowe, atomowa spektrometria absorpcyjna.

INTRODUCTION

Lead (Pb) and cadmium (Cd) are highly toxic elements, which are quick-
ly absorbed from the alimentary tract. Afterwards, they easily pass through
biological barriers and accumulate in internal organs. Even small amounts
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of Pb and Cd may cause metabolic disorders (KozieLEc et al. 2002, MALARA et
al. 2002, WoJsciEcHOWSKA-MAZUREK et al. 2008, MEDYNSKA A. et al. 2009, DoBRza-
NsKI et al. 2009, WINIaRSKA-MIEczaN 2009). Lead is the cause of many diseas-
es, including cancer of the stomach, ovaries, kidneys and leukemia; it also
causes irreversible damage to the nervous system. Cadmium is responsible
for decalcification and deformation of bones, myatrophy and anosmia, impo-
tence and hypertension; it has also been classified as carcinogenic to hu-
mans by the IARC (Starska et al. 1996, KozieLEc et al. 2002, ATSDR 2007,
2008, ForTiER et al. 2008, Iavicoi et al. 2009, EFSA 2009, 2010, TROJANOWSKI
et al. 2010, Kantuczak et al. 2011, Nowak et al. 2011).

Lead and cadmium pose a serious threat to human health, hence their
content in food products is regulated by the EU standards, also binding in
Poland. Food contamination with these metals is an etiological factor of
civilization diseases. It is extremely important for prophylaxis to know the
extent of environmental pollution with Pb and Cd, reflected in the levels of
these metals in food products. Determination of Pb and Cd in food products
enables one to estimate the exposure to their toxic action and therefore to
assess the health risk in particular human populations. Nowadays, due to
environmental pollution, all food products are contaminated with Pb and
Cd. Since Poland accessed the European Union, only these two metals have
been taken into consideration for the assessment of food contamination
(WoJciEcHowsKA-MAZUREK et al. 2003, WoJcik-StorpczyNska 2003, BACZEK-KWINTA
et al. 2011).

The objective of this study has been to determine whether consumption
of cereal products by residents of Podlasie threatens their health due to Pb
or Cd contamination.

MATERIAL AND METHODS

The material for analysis included 148 samples of cereal products (wheat
and wholemeal flour, cereals, groats, bran, white and wholemeal bread, pas-
ta and soya products) collected in 13 districts of the Province of Podlasie
while monitoring health quality of food and other household products.

The sample collection procedures complied with the binding standards.
Validated analytical methods were applied, in line with the EU legal criteria
for the methods used for official food testing (Commission Directive 2001/
22/EC of 8 March 2001, Directive of Minister of Health of 30 April 2004.
Journal of Law No 120 item 1257). Certified reference materials were used
for quality control. The recovery was 98% for Pb and 96% for Cd, and the
coefficient of variation was 4.2% and 3.6%, respectively. Concentrations of
Pb and Cd were determined by atomic absorption spectrophometry (AAS).
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The contamination of cereal products with Pb and Cd was determined
with reference to the binding Polish norms (Directive of Minister of Health
of 13 January 2003). The intake of these metals with cereal products was
estimated according to the data published by the Statistical Office in
Bialystok concerning consumption of all the analyzed groups of products
(GUS 2008). The risk to human health posed by Pb and Cd in cereal prod-
ucts was evaluated by comparing their mean intake with the provisional
tolerable weekly intake (PTWI).

The results were statistically analyzed using the software Statistica 7.1.
The Duncan’s test was applied to compare the significance of differences
between the means depending on the type of cereal product. The level of
significance was p < 0.05.

RESULTS AND DISCUSSION

The level of Pb in cereal products available in Podlasie ranged from
0.013 mg kg1 to 0.275 mg kg™!, depending on the type of foodstuff. The
mean Pb content was 0.080+0.0545 mg kg~!, median — 0.061 mg kg~1; 90%
of results did not exceed 0.125 mg kg1.

The cereal products from Podlasie Province contained from 0.000 mg Cd
kg1 to 0.100 mg Cd kg™!. The mean Cd content was 0.028+0.0217 mg kg1,
median — 0.025 mg kg™1; 90% of results did not exceed 0.059 mg kg1.

The results show distinct dispersion of the values of the elements stud-
ied within one assortment. The highest Pb content was noted in couscous
(0.120 mg kg1 + 0.0899), with 90% of results not exceeding 0.250 mg kg1.
The level of Pb was the lowest in barley groats (0.042 mg kg=! + 0.0306)
and only 10% of results exceeded 0.085 mg kg=1. These values were statisti-
cally significant (Figure 1).

The lowest mean amounts of Cd were noted in wholemeal bread and
rye flour (0.016 mg kg1 = 0.0106, 0.018 mg kg~! + 00099, respectively), and
only 10% of results were higher than 0.025 mg kg~!. Statistical analysis
revealed (Figure 1) a significantly higher Cd content in pasta (0.058 mg kg1
+ 0.0330) and bran (0.039 mg kg‘1 +0.0181) as compared to other cereal
products. In 10% of the examined pasta samples, the Cd content was
0.100 mg kg!.

The above findings are similar to those reported in the 1990s by BULINsk1
et al. (1990, 1992), ILow et al. (1999) and Faranpysz et al. (1987). The results
are also consistent with later research by other Polish authors (Kot 2003,
Kot, ZArREBA 2007, WoJCIECHOWSKA-MAZUREK et al. 2008, Kot et al. 2009 ME-
DYNSKA et al. 2009).
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Fig. 1. Results of Anova analysis for the Pb and Cd content in cereal products (mg kg1)

SmoczyNska et al. (1999) obtained higher levels of Pb and Cd in flours
from southern Poland (0.104 mg kg™! and 0.034 mg kg1, respectively), which
was consistent with the data reported in the 1980s (ZawaDzkA et al. 1985).

The contents of toxic metals in Polish food products do not differ signifi-
cantly from those reported from other countries. Only cereal products from
Germany and Finland have lower Pb and Cd concentrations (BRUGGEMANN,
KuMPULAINEN 1995, BRUGGEMANN et al. 1996, TAHVONEN, KUMPULAINEN 1994,
SCOOP 2004, Food Standards Agency 2004, 2007, EFSA 2009, 2010). By far,
lower Pb levels were also revealed by the Polish food monitoring of 2004
supervised by the Department of Food Research, National Institute of Pub-
lic Health — National Institute of Hygiene (NIZP-PZH) (WoJciEcHOWSKA-MAZU-
REK et al. 2008).
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Rye flours contained more Pb as compared to wheat flours, whereas the
Cd content was the highest in wheat flour. These results are supported by
other authors in various parts of Europe and Poland (BRUGGEMANN, KumPU-
LAINEN 1995, BRUGGEMANN et al. 1996, BULINSKI et al. 1990, 1992, KoT, ZAREBA
2007, Kor et al. 2009).

The mean Pb content in bread was similar to or higher than the Pb
level in the flours from which the bread was produced, which is consistent
with observations of other authors (BRUGGEMANN, KuMPULAINEN 1995, Kot 2003,
Kor, ZargBa 2007). This is explained by the effect of the technological proc-
ess and addition of other ingredients during the production process. The Cd
content in pasta was almost twice as high as in wheat flour. Worthy of note
is the fact that white bread had more Pb and Cd than wholemeal bread.
Most authors confirm higher concentrations of these elements in wheat
bread (BuLINSKI et al. 1990, 1992, Kot 2003, Kor, ZAREBA 2007).

Contamination of cereal products with Pb and Cd was determined based
on standards binding in Poland (Directive of Minister of Health of 13 Janu-
ary 2003). Results have been presented in Figure 2.

It was only at the 90! percentile that the content of Pb in couscous
(125%) and soya products (112.5%) exceeded the standard limit established
in the Directive of the Minister of Health of 13 January 2003. In 10% of the
pasta samples, the level of Cd was on the borderline of the permitted limit.
In other cereal products, the mean levels of Pb and Cd as well as the 90th
percentile values did not exceed 62% of the permitted limit.

The temporary PTWI doses of Pb and Cd from all sources tolerated by
a healthy human, established by the Joint FAO/WHO Expert Committee,
are respectively 0.025 mg kg1 and 0.007 mg kg~ body weight (Commission
Regulation (EC) no 1881/2006 of 19 December 2006). Taking into account
the mean concentrations of Pb and Cd in the respective cereal products and
their intake-related data, a weekly intake of these metals was determined
for an adult person of 60 kg body weight. Results have been presented in
Figure 3.

The calculated intake of Pb and Cd with cereal products is within the
limits of tolerable intake, being 9.7% PTWI and 12% PTWI respectively, of
which 47% (for Cd) and 85% (for Pb) come from bread.

Taking into account high intake of cereal products, especially bread, the
levels of Pb and Cd should be considered elevated yet not health-threatening.
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% PTWI

Fig. 3. Pb and Cd in respective cereal products from Podlasie Provincee
with reference to PTWI

CONCLUSIONS

1. The mean levels of Pb and Cd did not exceed the limit values. The
Pb content was found to be higher than the standard limit only at the 90th
percentile (in couscous and soya products).

2. The intake of Pb and Cd with cereal products is within the limits of
tolerable intake (10% PTWI and 12% PTWI, respectively) and does not threat-
en the health of the population in Podlasie Province.

3. Significant variations were found in Pb and Cd levels in the cereal
products studied depending on the type of the product.
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