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Abstract The aim of this study has been to measure the level
of lead, cadmium, nitrates, and nitrites in the daily diets of
children and adolescents from orphanages located in
Krakow (Poland). Diets were collected over four seasons of
2009. The content of cadmium and lead was measured with
flameless atomic absorption spectrometry. Nitrates and nitrites
in diets were measured using the Griess colorimetric method.
In all orphanages, the average intake of lead with daily diets,
regardless of the season, ranged from 1.11 ± 0.15 to
22.59 ± 0.07 μg/kg bw/week. The average cadmium intake
by children and adolescents ranged between 3.09 ± 0.21 and
20.36 ± 2.21 μg/kg bw/week and, for all orphanages,
exceeded the tolerable weekly intake (TWI) level. Daily in-
take of nitrates and nitrites ranged respectively from 27 to
289 % and from 9 to 99 % of the acceptable daily intake
(ADI). The youngest children, with lower body mass, were
particularly sensitive to the excessive intakes of cadmium and
nitrates.
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Abbreviations
ADI Acceptable daily intake
PTWI Provisional tolerable weekly intake

TWI Tolerable weekly intake
BMDL Brenchmark dose lower confidence limits
EFSA European Food Safety Authority
JECFA The Joint FAO/WHO Expert Committee on Food

Additives

Introduction

The occurrence of heavy metals in the environment results
from human activity and the development of civilization
(Järup & Åkesson 2009; Ociepa-Kubicka & Ociepa 2012;
WHO 2010a; WHO 2010b; EFSA 2010; EFSA 2012). In this
context, particular importance is attached to lead and cadmi-
um, heavy metals which are absolutely harmful to the human
body (Ociepa-Kubicka & Ociepa 2012; Engström et al. 2012;
WHO 2010a; WHO 2010b; EFSA 2012).

Lead has been commonly used in industry, particularly in
developing countries. This heavy metal exists in the environ-
ment in nonorganic form and is nonbiodegradable, which is
the major reason for its high occurrence (EFSA 2010; Liu
et al. 2010a; Liu et al. 2010b; Liu et al. 2012). It can be found
in soil, water, various food products (cereal products, potatoes,
leafy vegetables, tap water), as well as in buildings, especially
old ones. It penetrates the human body through inhalation and
ingestion (EFSA 2010; Faulk et al. 2014; Kapusta-Duch et al.
2010; Liu et al. 2010a; Liu et al. 2012; Järup & Åkesson
2009). Some data suggest that even the lowest level of expo-
sure to this metal may cause health problems and may affect,
in particular, the function of the central nervous system, the
liver, and the kidneys. Lead is especially harmful for children.
The US Centers for Disease Control and Prevention decreased
the guidelines for children’s exposure to this metal, based on
its concentration in blood, from 10 μg/dL to the level below
5 μg/dL. It has also been suggested that the concentration of
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lead in children’s blood should not exceed 2 μg/dL, in order to
protect the central nervous system (Betts 2012; Gilbert &Weiss
2006; Faulk et al. 2014). The European Food Safety Authority
(EFSA) CONTAM Panel concluded that the provisional toler-
able weekly intake (PTWI) of 25 μg/kg bw established by the
Joint FAO/WHO Expert Committee on Food Additives
(JECFA) is not appropriate. For this reason, EFSA established
the benchmark dose lower confidence limits (BMDL) in the
case of neurotoxic doses in young children (12 μg/L in the
blood), nephrotoxicity (15 μg/L in the blood), and cardiovas-
cular effect (systolic blood pressure of 36 μg/L in the blood) in
adults. The above mentioned values correspond to the dietary
intake values of 0.50, 0.63, and 1.50 μg/kg bw/day, respective-
ly (EFSA 2010). To the best knowledge of the authors, JECFA
did not make any changes (WHO 2010b).

Cadmium occurs naturally in soil but is also used in indus-
try. One of the major sources of cadmium for humans are
foods of plant origin (cereals, leafy green vegetables, potatoes,
root vegetables) providing even up to 80% of the total amount
of this metal (Engström et al. 2012; Martí-Cid et al. 2008;
Kapusta-Duch et al. 2011; Wilk et al. 2013). The time-
prolonged effect of even small amounts of Cd contributes to
its accumulation, particularly in the liver, kidneys, and bones,
influencing various disorders in the human body. These in-
clude neuronal, nephro, carcino, teratogenic, and immune dis-
orders (Enli et al. 2010; Engström et al. 2012).

The EFSA CONTAM Panel established the tolerable
weekly intake (TWI) of cadmium at the level of 2.5 μg/kg bw
in 2009. Two years later, this value was also approved by the
Joint Experts Committee on Food Additives (www.efsa.
europa.eu; EFSA 2009; EFSA 2012). What is more, in 2010
, the JECFA established the provisional tolerable monthly
intake of cadmium at 25 μg/kg bw (WHO 2010a).

Nitrates and nitrites can penetrate food products from the en-
vironment as contaminants and may also be added intentionally
as preservatives: in meat production as the chief components of
curing mixtures and in rennet cheese production. Major sources
of nitrates in human daily diets are vegetables providing up to
80% of the total amount of these compounds (Hord et al. 2009;
Leszczyńska et al. 2009). The problemof the excessive accumu-
lationof thesecompounds inplantsoccursmost frequentlydue to
the application of high doses of nitrogen as fertilizer (WHO
2006). Nitrates belong to the group of chemical compounds of
relatively low toxicity, but in thehumanbody, they are converted
to the nitrites responsible for methemoglobinemia in children.
Moreover, they manifest their toxic effects in the human body
by affecting reproduction, thyroid function, aswell as the inhibi-
tion of bodyweight gain.Nitrites can also affect the humanbody
through participation in the formation of N-nitroso compounds
exhibiting carcinogenic, mutagenic, and embryotoxic effects
(Volkmer et al. 2005; WHO 2006). On the other hand, several
clinical trials are beingcarriedout inorder todetermine thebroad
therapeutic potential of increasing nitrite bioavailability on

human health and disease, including studies related to vascular
aging. Inorganic nitrite, as well as dietary nitrate supplementa-
tion, represents a promising therapy for the treatment of arterial
aging and prevention of age-associated cardiovascular diseases
in humans (Hord et al. 2009; Kapil et al. 2010; Sindler et al.
2014). Adequate daily intake (ADI) for nitrates (sodium and
potassium) and nitrites (sodium and potassium) is up to 5.0 and
0.2 mg/kg bw/day, respectively (WHO 2006).

Based on the abovementioned results of other authors, the
following research hypothesis has been defined: meals for chil-
drenandadolescents inorphanages,preparedbasedoncommon-
ly available food products, may pose a risk for the excessive
intake of lead, cadmium, nitrates, and nitrites, especially in rela-
tion to the population of children with the lowest bodymass.

The major objective of this study has been to increase
knowledge concerning the intake of lead, cadmium, nitrate,
and nitrite with daily diets by children and adolescents from
orphanages. The results of these studies were used in the work-
shop prepared for persons involved in the planning as well as
preparation of daily diets, in order to teach them how to reduce
or eliminate food products constituting the main source of the
abovementioned pollutants. Based on the data obtained, recom-
mendations can be given for other orphanages in Poland.

Materials and methods

Children’s diets

The description of diet preparation was previously reported
(Pysz et al. 2016). Shortly, the study foresees receiving onedaily
diet from the each orphanage per day. Daily diets were collected
fromthesevenorphanages located inKrakow,Poland, for4days
of the week, according to the recommendations (Thomson and
Byers 1994), including Sunday andFriday,when themeals con-
sumed are different owing to the Polish traditions. Diets were
collected during spring, summer, autumn, and winter of 2009.
A total of 112 diets of children and adolescents have been ana-
lyzed. Average meals were collected during the time of con-
sumption.Mealswereput intocertified,sealedcontainers,which
were kept in temperatures of 4 °C, also during their transport to
the laboratory. At the laboratory, the daily diets were weighed.
The obtained weight of the daily diet was compared with the
masscalculatedbasedon the sameday’smenu.Themassofeach
daily diet was corrected for leftovers i.e., 10 % of which are
accepted principles in studies of this type (Kunachowicz et al.
2007; Gawęcki 2010). Daily diets were homogenized using a
homogenizer (CAT type X 120, Paso Robles, CA, USA).

A part of each diet was used for the analysis of nitrates and
nitrites as well as dry mass. The remaining diets were freeze
dried (Christ Alpha 1-4, Gefriertrocknungsanlangen, Germany)
and stored in temperatures of −20 °C until to the other analyses.
In freeze-dry samples, the dry mass was determined.
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Nitrates and nitrites analysis

Homogenized samples were used for the analysis of nitrate and
nitrite contents using the Griess colorimetric method according
to the Polish norm PN-92 /A-75112 (Polish Standard 1992).
Analyses were performed in triplicate. Nitrate content was
assessed using Griess I (sulfanilamide, Sigma-Aldrich, Saint
Louis, USA) and Griess II (n-(1-Naphtyl)ethylene-diamine
dihydrochloride, water solution, Sigma-Aldrich, Saint Louis,
USA). In this method, the reaction of nitrite with n-(1-
Naphtyl)ethylene-diamine dihydrochloride in acidic conditions
results in a color complex and absorbance is measured at the
wavelength of 538 nm. For the best knowledge of authors, daily
diets with certified concentrations of nitrates and nitrites are not
commonly available. This method was verified on the basis of
the recovery ratio of analyzed compounds (analysis of spiked
samples) which were previously used for recovery studies. To
daily diets with a lower content of nitrates and nitrites, KNO2 or
NaNO3 was added in three various known concentrations. For
each sample, analyses were made in triplicate. Sample recovery
rangedbetween80and110%whichwascorrectaccording to the
principles (Konieczka&Namieśnik (ed.) 2007).

The determination of lead and cadmium in daily diets

The concentration of lead and cadmium in freeze-dry diets
was measured using flameless atomic absorption spectrome-
try. The determination of heavy metals content was carried out
via a validated method employing electrothermal atomization
with graphite cuvette (Varian AA240Z; Varian Palo Alto, CA,
USA) according to the EN 14084: 2003 (EN 14084: 2003).
Wet mineralization was conducted using the pressure micro-
wave method (MarsXPres, CEM, Matthews, NC, USA) with
nitric acid (cat no. 1.00441, Suprapur MERCK, Darmstadt,
Germany) in the amount of 10 mL per 0.5 g of sample in the
temp of 200 °C. For the assessment of cadmium content, the
buffer solution was applied (cat. No. 1.14282, MERCK,
Darmstadt, Germany) in the amount of 5 μL per 20 μL of
the diet sample.

For the validation of the method, the reference material
(i.e., cabbage) was used (NCS ZC 73012 GSB-5) approved
by the China National Analysis Center for Iron and Steel
(Beijing China). The concentration of Cd was 35 ± 6 μg/kg
and for Pb 190 ± 30 μg/kg. For Cd precision repeatability was
3.79 % and for the recovery of the sample, 105.02 %. For Pb
precision repeatability was 9.52 % and for the recovery of the
sample, 108.7 %.

Interpretation of results

The content of contaminants in daily diets has been calculated
per real intake, on the basis of the weight of diets as well as the
body mass of children from each orphanage. The average

body mass of children from each orphanage was calculated
(Table 1). Lead intake was compared to the provisional toler-
able weekly intake (PTWI) i.e., 25 μg/kg bw (WHO 2010b).
Cadmium intake was compared to the tolerable weekly intake
(TWI) which is 2.5 μg/kg bw (www.efsa.europa.eu; EFSA
2012). Intake of nitrates and nitrites was compared to the
acceptable daily intake value (ADI). In accordance with the
data from JECFA, the acceptable daily intake (ADI) of nitrates
and nitrites from diets was set to 5.0 mg NaNO3/kg bw/day
and 0.2 mg KNO2/kg bw/day, respectively (WHO 2006).

Statistical analysis

In order to establish the significance of differences between
the content of contaminants in the diets of children from or-
phanages depending on the season, the one-way analysis of
variance (ANOVA) has been applied. The evaluation of sig-
nificant differences was performed using Duncan’s test at the
significance level of p ≤ 0.05.

Results and discussion

Lead

In all the orphanages, the average intake of lead with daily
diets, regardless of the season, ranged from 1.11 ± 0.15 to
22.59 ± 0.07 μg/kg bw/week, which was from 4.76 to
90.4 % of the PTWI value (Table 2). The highest amount of
lead intake per kilogram body mass was measured in the
youngest children from orphanage I (46.3 % of PTWI). The
smallest amounts (about 12 % of the PTWI) were determined
in the diets from orphanages III and VI. The largest content of
this metal has been found in the diets collected in winter sea-
son, while the lowest level in the diets collected during the
summer season. In orphanage I, significantly higher concen-
tration of lead was measured in winter as compared to the diets
collected in spring (p = 0.015) and summer (p = 0.003). Daily
diets from the orphanages II, III, VI, and VII provided

Table 1 Characteristics of children from orphanages

Orphanage Boys (n) Girls (n) Age (years) Body mass (kg)

Range x Range x

I 12 8 4–6 5.0 13–15 13.6

II 8 15 7–13 11.0 13–43 25.3

III – 30 11–18 15.0 55–61 59.3

IV 26 14 8–20 15.0 20–79 48.7

V 12 8 14–20 16.6 42–72 52.0

VI 40 – 13–20 16.7 35–96 55.4

VII 25 7 16–18 17.6 20–90 59.8
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significantly highest level of lead in winter season as com-
pared to the other seasons (p = 0.004, 0.002, 0.004;
p = 0.005, 0.006, 0.004; p = 0.001, 0.000, 0.001; and
p = 0.007, 0.005, 0.006, respectively). In the orphanage IV,
the highest level of lead was measured in winter as compared
to diets collected in spring (p = 0.012) and autumn (p = 0.016).
In orphanage V, significantly higher content of lead was mea-
sured in diets fromwinter as compared to the diets collected in
summer (p = 0.023) as well as in autumn (p = 0.031).

Thehighestconcentrationof leadindailydietscollected in the
winter seasonmaybeexplainedbyhigher consumptionof cereal
productsandvegetables, especiallycarrot, redbeets, cabbagesas
well as juice which may contain carrots. During the summer
season, probably the consumption of juice containing carrot
was lower. Additionally, vegetables used for meals preparation
were shortly cultivated (earlyvegetables) and it could cause low-
er concentration of lead in the daily diets of children collected in
summer season. Based on the results obtained in our study, the
average intake of lead may be referred as safe for children and
adolescent. Albeit, the children with lower body mass may be
more sensitive than adolescents or adults.

For the best knowledge of authors, in the available litera-
ture lacks data on lead and cadmium contaminants in daily
diets of children from orphanages. Therefore, the results ob-
tained in this study were compared to the results for other
population groups.

Results obtained in our study are similar to data published by
other Polish and foreign authors. Kłos et al. (2009) determined
the level of lead in average daily diets obtained from preschool
gardens from various parts of Poland. The content of lead was
125.5 ± 31.4 μg (46.8 % of PTWI). Analytically assessed lead
concentration in daily diets of children and adolescent (age 10–
19 years, average body mass (58.9 ± 15.9 kg) from educational
centers located in Lublin region (eastern part of Poland) was in
the range 227–364 μg/week (20.7–21.5 % PTWI) (Marzec &
Łukasiewicz 2010). The average intake of analytically assessed
lead by persons from rural area of Świętokrzyskie region
(Poland) was 6.26 μg kg bw/week (25 % of PTWI)
(Leszczyńska & Gambuś 2001). What is more Marzec &
Schlegel-Zawadzka (2004), also reported that intake of lead
(assessed by chemical analysis) by Polish population living in
the Eastern part of Poland was in the range 66.5–106.0 μg/per-
son/day (31–49% of PTWI). The major sources of lead in diets
were vegetables, cereals, meat and its products, and fruits. Liu
et al. (2010b) showed that themean intakeof leadwithdailydiets
amongChinese30children(Jinhu,southeasternpartofChina) in
age1.9–7.0was15.66μgkgbw/week.Thedietary intakeof lead
byadultwithbodymass70kgfromCatalonia region(Spain)was
45.13μg/day (Martí-Cidet al. 2008).Muñozet al. (2005) report-
ed that the intake of lead with food products by population of
Santiago (Chile, average body mass 68 kg) was 206 μg/day
(85 % of PTWI) and was lower than PTWI established by
JECFA. Leblanc et al. (2000) reported that the estimated intakeT
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of lead calculated based on chemical analysis of meals obtained
from French mass catering establishments was 216 μg/day/per-
son.Based on our data aswell as results fromother researches, it
canbe suggested that intakeof leadwith foodproduct byvarious
groups of populations is lower than PTWI value.

Cadmium

The average cadmium intake with diets by children and adoles-
cents ranged between 3.09 ± 0.21 and 20.36 ± 2.21 μg/kg bw/
week. In all orphanages, the TWI value was exceeded, which is
an important finding of our studies (Table 3). As in the case of
lead, the largest cadmium intake per kilogram body mass was
found in orphanage I, in each season. In this orphanage are the
children aged4–6.High level of cadmiumwasmeasured indiets
form orphanage II, IV as well as V. The significantly higher
content of cadmiumwas found in diets collected fromwinter as
compared to the diets collected in spring in orphanage IV. A
reason for higher intake of cadmium with consumed food was
similar like in the case of lead. Persons who plan menu and
prepare diets should pay more attention in selecting food prod-
ucts. They candecrease the amount of cereal flakes and groats in
diets, which aremajor sources of this heavymetal.Washing and
peelingof vegetablesmay reduce the concentrationof pollutants
(cadmium, lead) in final product.

Intake with daily diets too large amounts of heavy metals
hinders the use of many nutrients by blocking the active sites
of the enzymes; they can also react with nucleic acids, increase
urinary excretion of microelements (as the effect of renal tu-
bular damage), and reduce hematological indices (Chowdbury
& Chandra 1987; Goyer 1997).

Results obtained in this study are similar to data published
by EFSA (EFSA 2012). Albeit in some cases, in our study, the
content of cadmium in diets of assessed subpopulation was
higher than in EFSA report (EFSA 2012). When we have
compared the exposure of children to cadmium to the previous
value of provisional tolerable weekly intake 0.007 mg/kg bw/
week, the exposure to this metal was still too high. Similar
results were published by Watanabe et al. (2013), who report-
ed that the intake of cadmium with daily diets, by Japanese
children aged of 3–6, was 4.20 μg/kg bw/week. Our results
differ from those reported by the majority of other authors,
who determined cadmium content in diets of children, adoles-
cents, and adults at the lower level compared to the PTWI
value. Marzec & Łukasiewicz (2010) reported lower content
of cadmium in daily diets of children from educational centers
(Lubelskie region, Poland). The cadmium content was in the
range 121–214 μg/week (34.2–45.2 % PTWI). Also, Liu et al.
(2010b) reported that the daily diets of Chinese children
contained cadmium in amount 1.49 μg/kg bw/week, which
was lower than PTWI value. Concentration of cadmium was
analytically assessed. In previously published papers by other
Polish researchers, usually the concentration of cadmium in T
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diets of various groups of populations has not exceeded PTWI
value. Leszczyńska & Gambuś (2001) reported lower content
of cadmium in average daily diets from households of rural
area of Świetokrzyskie region (Poland). The level of cadmium
was in the range 2.03–6.63 μg/kg bw/week. Marzec &
Schlegel-Zawadzka (2004) measured the content of this heavy
metal in household diets from Eastern Poland, on the level
16.4–34.5 μg/person/day (27–58 % PTWI). They have found
that major source of this heavy metal in diets were cereals,
vegetables, and meat products. Kłos et al. (2008) reported that
concentration of cadmium in selected diets, obtained from
military health resorts located in various parts of Poland,
was in the range 27.0 ± 17.5–76.0 ± 22.2 μg/day (20.13–
30.39 % PTWI, PTWI = 0.007 mg/kg bw). Additionally, pub-
lished data from other countries usually show lower cadmium
content in daily diets than PTWI value. Sand & Becker (2012)
reported mean dietary cadmium exposure for adults from
Belgium on the level 2.3 μg/kg bw/week. The highest con-
centration of this heavy metal was in potatoes, wheat flour,
and fish and seafood. Exposure to cadmium with average
British daily diets was 12 μg/day (Ysart et al. 2000). Muñoz
et al. (2005) showed that for adult person from Santiago
(Chile), the estimated cadmium intake with food products
was 20 μg/day. The major sources of cadmium were fish
and shellfish, spices, cereals, potatoes, meat, milk and its
products, and vegetables. Also in Belgium, chemically
assessed mean intake of cadmium was 23.1 ± 6.6 μg/day
(Van Cauwenbergh et al. 2000). Martí-Cid et al. (2008) report-
ed that the intake of cadmium with food products by average
Spanish person from Catalonia region was 9.80 μg/day. The
highest concentration of cadmium was determined in fish and
shellfish, potato, milk and dairy products, vegetables, fruits,
and meat and meat products. According to the data published
by Leblanc and co-workers (2000), the dietary exposure of
French consumer to cadmium intoxication was 60 μg/day/
person. Rubio et al. (2006) showed higher level of cadmium
in food products frequently consumed by Canary Island
(Spain) population, i.e., 72.8 μg/day (for person weighted
70 kg), which was 29.12% of PTWI. Additionally, the highest
mean concentration of cadmium was in fish, legumes, red
meat, and vegetables. This value also did not exceed PTWI.
Based on literature review, Van Cauwenbergh et al. (2000)
reported that daily intake cadmium by populations of various
countries around the world was in the range 7.1–56.3 μg/day.

Nitrates

Nitrate intake calculated per NaNO3 ranged from 70 to
339mg/person/day and in some cases exceeded the ADI value
(Table 4). The largest exceeding of the ADI value for nitrates
was found in the orphanage I, in which there were the youn-
gest children. Intake of these compounds was in the range 74–
197 mg/person/day (2–189 % of ADI). Nitrates do not pose a T
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threat to human health, but they can be converted to nitrite,
which are toxic. The lowest intake of nitrates with the daily
diets, compared to the ADI, was found in orphanages III and
VI. Generally, the highest content of nitrates was measured in
diets collected in winter season. During this period, ADI for
nitrates was exceeded from 3 to 189 %, in the five orphanages.

The significantly higher content of nitrates was measured in
diets collected in winter season from orphanages I and VII as
compared to the diets collected in other seasons (p = 0.003,
0.004, 0.003 and p = 0.035, 0.034, 0.037, respectively). The
major sources of nitrates in daily diets, especially coming from
the winter season, were vegetables (carrot, red beets, cabbages).
Intake of these substances from daily diets can be reduced by
proper washing of vegetables. A good option may be also
purchasing these products from the controlled organic farms.

Our results are similar to data published byWawrzyniak et al.
(2008a). They reported that estimated intakeof nitrateswithdaily
diets by children from selected preschools located in Warsaw,
Poland,washighandsignificantlyexceededtheADIvalue(range
121.9–172.3 % of ADI). Assessment of nitrate intake was per-
formed based on menu from 10 days of the autumn, winter, and
spring season. The major sources of these nitrates in diets were
vegetables. Additionally, they concluded that the amount of ni-
tratescontainedintheconsumedfood,whencalculatedper1kgof
children bodyweight, wasmuch higher than identically calculat-
ed for adults. Also, Bawa et al. (2008) reported that estimated
intake of nitrates by children aged 2–6 was 59.2 ± 36.8 mg/per-
son/day (106.6%ADI). These authors also found that in case of
othersubgroups(childrenaged7–10,adolescents,pregnantwom-
en),ADIwasnotexceeded.Opposite toourresults, itwasreported
byother authors that dailynitrate intakewithdietsbychildrenand
adults was lower, compared to the ADI. Leszczyńska (2000) re-
ported that analytically assessed concentrationof nitrates, in daily
dietsofhouseholdscollected inautumnandspring fromruralarea
of Świętokrzyskie region (Poland), was 140.9 mg/person/day
(44%ADI) and 167.3 mg/person/day (57%ADI), respectively.
Also, Wawrzyniak et al. (2008b) estimated that daily intake of
nitrates in Polish households was lower than in our studies
(132–190mgNaNO3person/day56.8%ADI).Additionally cal-
culated,averageintakeofnitrateswithdailydietsbystudentsfrom
Poland did not exceed ADI value (77.3 mg NaNO3/person/day
i.e., 25.1 % ADI). Vaessen & Schothorst (1999) reported that
median intake of nitrates with diets in Nederlandwas 80mg/per-
son/day. Tamme et al. (2006) reported that intake of nitrates by
Estonian population was 58mg/day.

Nitrites

Despite the fact that in same days of the week, the content of
nitrites in food diets of children from orphanages (calculated
per KNO2) exceeded the tolerable daily intakes; averages
established for all the research days in different seasons did
not exceed these values (Table 5). The highest nitrite intake T
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from diets was in the spring season. The ADI coverage ranged
from 8.7 % (autumn) to 98.5 % (spring). Intake of nitrite with
some diets, by children from orphanage I, in three research
seasons was even up to 200 % of ADI value. An average daily
intake ranged between 54 % of the ADI value in winter to
99% in spring. In this institution are the youngest children, for
whom such a high supply of nitrite may be particularly harm-
ful, since these contaminants may inhibit weight gain as well
as cause methemoglobinemia. Nitrite (and nitrate too) causes
degradation of vitamins A, C, and B groups and tryptophan in
the human body. They also cause worse metabolism of pro-
teins and iodine (Majchrzak 1985; Dudka et al. 1997;
Myshkin et al. 1997).

In the orphanage II, the amounts of nitrites in daily diets
were higher in the spring than in summer (p = 0.039) and
autumn (p = 0.045).In orphanage IV, the content of nitrites
was significantly higher in the diets from the summer than
from autumn (p = 0.019). In addition, in the case of diets from
the institution VI, statistically significant differences were
found between winter and autumn (p = 0.043), spring and
summer (p = 0.005) as well as spring and autumn
(p = 0.003). Additionally, diets from the winter and spring
season were characterized by higher contents of these com-
pounds. The good way to reduce the consumption of nitrite
may be decreased in the diet of cured meat and rennet cheese.

Results obtained in this study are similar to data published
by Wawrzyniak et al. (2008b). They reported that daily diets
of children from preschools located in Warsaw, Poland,
contained 0.52–0.72 mg NaNo2 (34.5 ± 18.6–48.2 % ± 17.6
ADI). In other studies, daily intakes of nitrites with diets of
students and in households from Poland did not exceed the
ADI value (Leszczyńska 2000; Wawrzyniak et al. 2008a;
Wawrzyniak et al. 2010). Similar trends were also observed
by other researchers in Nederland (Vaessen & Schothorst
1999), Japan (Ishiwata et al. 2000) as well as in Estonia
(Tamme et al. 2006).

Conclusion

Results obtained in this study demonstrate that, in any case,
the intake of lead and nitrites by children and adolescents from
orphanages did not exceed the permitted values. Intake of
cadmium exceeded the TWI value in every season in all or-
phanages. Intake of nitrates exceeded the ADI value in winter
season almost in all orphanages. On the other hand, the youn-
gest children due to their low body mass and consequently,
low values of the acceptable daily intake (ADI) as well as the
provisional tolerable weekly intake (TWI), were particularly
exposed to the excessive intakes of cadmium (667 % of TWI
per year) and nitrates (156 % of ADI per year). The consump-
tion of vegetables as well as cereal-based dishes, including
breakfast flakes and groats, must be lowered to reduce intake

of cadmium and lead with daily diets. In winter season, the
major source of nitrates and nitrites were root vegetables (car-
rot, redroots) as well as cruciferous vegetables, especially cab-
bage, additionally cured meat and rennet cheese in case of
nitrite. Consumption of these products should be also reduced.
Proper preparation, including washing of vegetables, may re-
duce the content of lead, cadmium, nitrates, and nitrites. A
good way may be purchasing mentioned group of products
from the controlled organic farms, as well.

Based on our results, it can be suggested that the intake of
lead, cadmium, nitrates, and nitrites with daily diets should be
regularly monitored, especially in the case of children.
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