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ALLIUM SATIVUM: FACTS AND MYTHS REGARDING HUMAN HEALTH
Michał Majewski*
Department of Pharmacology and Toxicology, Faculty of Medical Sciences, University of Warmia and Mazury,
Olsztyn, Poland

ABSTRACT

Garlic (Allium sativum L. fam. Alliaceae) is one of the most researched and best-selling herbal products on the market.
For centuries it was used as a traditional remedy for most health-related disorders. Also, it is widely used as a food ingredient – spice and aphrodisiac. Garlic’s properties result from a combination of variety biologically active substances which
all together are responsible for its curative effect.
The compounds contained in garlic synergistically influence each other so that they can have different effects. The active
ingredients of garlic include enzymes (e.g. alliinase), sulfur-containing compounds such as alliin and compounds produced
enzymatically from alliin (e.g. allicin). There is a lot of variation among garlic products sold for medicinal purposes. The
concentration of Allicin (main active ingredient) and the source of garlic’s distinctive odor depend on processing method.
Allicin is unstable, and changes into a different chemicals rather quickly. It’s documented that products obtained even without
allicin, such as aged garlic extract (AGE), have a clear and significant biological effect in immune system improvement,
treatment of cardiovascular diseases, cancer, liver and other areas. Some products have a coating (enteric coating) to protect
them against attack by stomach acids.
Clinically, garlic has been evaluated for a number of purposes, including treatment of hypertension, hypercholesterolemia, diabetes, rheumatoid arthritis, cold or the prevention of atherosclerosis and the development of tumors. Many available
publications indicates possible antibacterial, anti-hypertensive and anti-thrombotic properties of garlic. Due to the chemical
complexity of garlic and the use of different processing methods we obtain formulations with varying degrees of efficacy
and safety.
Key words: garlic, Allium sativum, alliin, allicin, cancer, cardiovascular, antioxidant

STRESZCZENIE

Czosnek (Allium sativum L. fam. Alliaceae) jest jednym z najdokładniej zbadanych i najlepiej sprzedających się produktów
ziołowych na rynku. Przez wieki był on używany jako tradycyjny środek w leczeniu wielu problemów prozdrowotnych. Ponadto, czosnek stosuje się powszechnie jako składnik żywności – cenna przyprawa czy afrodyzjak. Właściwości prozdrowotne
czosnku są wynikiem odpowiedniej kombinacji substancji biologicznie czynnych, które to razem są odpowiedzialne za jego
działanie lecznicze. Związki zawarte w czosnku, synergistycznie wpływają na siebie tak, że mogą one razem mieć całkiem
odmienny efekty. Aktywne składniki czosnku obejmują min. enzymy (np. alliinaza), związki zawierające siarkę - alliina oraz
związki wytwarzane enzymatycznie z alliiny (np. allicyna). Spośród produktów powszechnie sprzedawanych istnieją znaczne
rozbieżności w składzie substancji aktywnie czynnych. Ilość allicyny, głównej substancji czynnej oraz charakterystyczny
zapach czosnku zależą od sposobu przygotowania. Wynika to z tego, iż allicyna jest niestabilna i zmienia się dość szybko
w inne substancje chemiczne. Udowodniono, że produkty uzyskane nawet bez allicyny, takie jak np. ekstrakt z czosnku
poddany specjalnemu procesowi starzenia (AGE) mają wyraźny i znaczący wpływ na poprawę systemu odpornościowego,
w leczeniu chorób układu krążenia czy na postęp w leczeniu nowotwór wątroby. Niektóre produkty apteczne mają powłoki
(powłoka dojelitowa), chroniące substancję czynną przed atakiem kwasów żołądkowych.
Czosnek, był oceniany kliniczne pod względem wielu właściwości, jednak głównie brano pod uwagę leczenie nadciśnienia
tętniczego, hipercholesterolemii, cukrzycy, reumatoidalnego zapalenia stawów, przeziębienia czy zapobieganie miażdżycy
tętnic czy rozwój nowotworów. Wiele dostępnych publikacji wskazuje na możliwe przeciwbakteryjne, przeciwnadciśnieniowe i przeciwzakrzepowe działanie czosnku. Ze względu na złożoność chemiczną czosnku i stosowanie różnych metod
przetwarzania, można otrzymać preparaty o różnym stopniu w zakresie skuteczności i bezpieczeństwa.
Słowa kluczowe: czosnek, Allium sativum, alliina, allicyna, nowotwory, choroby układu krążenia, przeciwutleniacz
* Corresponding author: Michał Majewski, Department of Pharmacology and Toxicology, Faculty of Medical Sciences,
University of Warmia and Mazury, Żołnierska street 14C, 10-561 Olsztyn, Poland, phone +48 89 52 45 342,
e-mail: michal.majewski@uwm.edu.pl
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INTRODUCTION
The usage of garlic for medicinal purposes dates
back to antiquity, to the year 1550 BC, when it was
already a valuable component of food. The Bible
mention garlic with regard to the Jews’ flight from
Egypt. Drawings of garlic were found 3700 years BC
in Egyptian tombs. At that time, garlic had such a high
commercial value, that it was even considered as a
valuable exchange resource. For centuries, garlic has
been used in different ways throughout the world. In
Roman times, the workers and soldiers chewed garlic
before battle, and the Slavs, claimed it to protect against
snakebites. In Africa, fishermen smear their bodies with
garlic extract to protect against crocodiles. In Europe, it
was believed that garlic is able to ward off vampires,
demons, evil spirits and have other magical properties.
To Poland, it came in the Middle Ages, with a caravan
of merchants from the East. Today, garlic is grown
almost everywhere and is known with far more than
three hundred varieties. There is a wild garlic, green,
snake, Siberian. Garlic is a herb with a complex action.
It was used as a cure for heart disease, headaches and
cancer. It was believed as having had the bactericidal
and fungicidal properties as well as to improve the sexual condition and to cure everything from hemorrhoids to
snake bites. Natural medicines are often tried for many
conditions based on tradition, anecdotes or marketing,
but not all of these indications are supported by reliable
or credible scientific research [40].

sulfur compounds include alliin and scordinin A and B.
Recently several novel cyclic sulfoxides called garlicnins were isolated from acetone extracts of garlic [37].
The thiosulfinates (e.g. allicin), ajoenes (e.g. E-ajoene, Z-ajoene), vinyldithiins (e.g.vinyl-1,3-dithiin,
vinyl-1,2-dithiin) and sulfides (e.g. DADS, DATS)
are degradation products from the naturally occurring
cysteine sulfoxide, alliin (Figure 1).
O

O

AGE - aged garlic extract; BBB - blood-brain barrier; CYP - cytochrome P450; DADS - diallyl disulfide;
DAS - diallyl sulfide; DATS - diallyl trisulfide; EOs
- essential oils; EPCs - endothelial progenitor cells;
HDACi - histone deacetylases inhibitors; HDL - high
density lipoprotein; HMG-CoA - 3-hydroxy-3-methylglutaryl-coenzyme A; LDL - low density lipoprotein;
MAPK - mitogen-activated protein kinase; NF-kB - c
factor kappa B; NO - nitric oxide; NOS - nitric oxide
synthase; NPCs - neural progenitor cells; PAEC - pulmonary artery endothelial cell; SAC - S-allylcysteine;
SAMC - S-allylmercaptocysteine;

CHEMISTRY OF GARLIC
Garlic contains more than 2000 biologically active
substances such as volatile, water-soluble and oil-soluble organosulfur compounds (e.g. DAS, DADS, DATS)
along with essential oils, dietary fiber, sugars 32% (included inulin), flavonoids and pectin [7, 49]. The organic
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Figure 1 Schematic metabolism of alliin

When the garlic bulb is crushed, minced, or otherwise processed, alliin is released from compartments
and interacts with the enzyme alliinase. Hydrolysis and
immediate condensation of the reactive intermediate
(allylsulfenic acid) forms allicin (diallyl thiosulfinate),
a substance that is a stronger antibiotic then penicillin or
tetracycline. Allicin itself is an unstable product and will
undergo additional reactions to form other derivatives,
depending on environmental and processing conditions.
Extraction of garlic cloves with ethanol below 0 °C gave
alliin; extraction with ethanol and water at 25 °C led to
allicin; and steam distillation (100 °C) converted the
alliin totally to diallyl sulfides. Sulfur chemical profiles
of Alium products reflect the processing procedure:
bulb, mainly alliin; dry powder, mainly alliin; volatile
oil, almost entirely DAS, DADS, DATS; oil macerate,
mainly vinyl-1,3-dithiin, vinyl-1,2-dithiin, E-ajoene,
and Z-ajoene. Diallyl disulfide can be readily oxidized
to allicin with hydrogen peroxide or peracetic acid.
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Allicin in turn can hydrolyze, giving diallyl disulfide
and trisulfide [54].
The content of alliin is also affected by processing
treatment: whole garlic cloves (fresh) contained 0.25–
1.15% alliin, while material carefully dried under mild
conditions contained 0.7–1.7% alliin [18, 31].
Other elements which can be found in 100 g of
product are vitamin C - 31 mg, B1 - 0.2 mg, PP, B2,
B3, provitamin A and minerals: 400 mg of potassium,
25-28 mg of magnesium, 100 mg of calcium, and trace
elements of iron , copper, nickel, cobalt, chromium, selenium, and germanium. Although selenium and germanium are present in trace amounts, it is very important
in reducing the division of cancer cells, inhibiting their
growth or even destroying cancer cells. Garlic oil is a
yellowish liquid which is insoluble in water and has a
strong garlic odor.

Table 1. Forms of garlic - products and stability
Product

Main ingredient and its characteristic
Up to 65% of fresh garlic is water.
Contains 4–12 mg of alliin per gram.
Raw fresh garlic Fresh garlic contains only alliin and not
allicin. The natural allicin potential is
assumed to be 2.5 – 5.1 mcg/g of alliin.
No data as to the safety of usage.
The content is not well standardized.
It does not contain allicin.
Garlic essential
It does not contain a water-soluble fraction.
oil
Contains only 1% soluble in the oil fraction
of sulfur compounds (DAS, DADS) and
99% of vegetable oil.
Soluble sulfur compounds and alliin.
Oil garlic extract It does not contain allicin.
– macerate
The content is not well standardized.
No data as to the safety of usage.
Includes both alliinase and alliin and low
levels of sulfur compounds soluble in oil.
On an equivalent weight, dry garlic powder
Dried garlic has a higher level of alliin (3x) than fresh
garlic powder in
garlic.
special capsules
Temperatures above 70 oC inactivates the
enzyme alliinase, which is responsible for
converting alliin into allicin.
It does not contain allicin.
The content is not well standardized.
Effects on cholesterol is not well known.
Mainly contains water-soluble compounds
S-allylcysteine (SAC), SAMC and saponins.
Standardized for the content of SAC.
Aged garlic
Contains small amounts of oil soluble sulfur
extract - AGE
compounds (DADS).
(Water-alcohol
Different beneficial effects.
garlic extract)
Safety of therapy is well documented.
Well known, more than 400 scientific studies
Aged garlic does not contain allicin.
* Allicin is highly unstable and very reactive, which causes the fast
break down into other compounds. For this reason, there are no
products on the market, which would contain a detectable amount
of allicin (less than 1 microgram/gram)
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The differential effect of allyl sulfides on Ca2+
signaling and cell death appears to correlate with the
number of sulfur atoms in the structure of these allyl
sulfides [20]. Reaction of DADS with liquid sulfur
gives a mixture containing diallyl polysulfides with
as many as 22 sulfur atoms in a chain [51]. Additional
pharmacological effects may be due to the presence of
compounds such as SAC, SAMC, saponins, N(alpha)-fructosyl arginine and other substances formed during
the lasting extraction process [45].
There is a lot of variation among garlic products
sold for medicinal purposes. The amount of the active
ingredients depends on the method of preparation. Allicin is unstable, and changes into a different chemical
rather quickly (Table 1).

PROPERTIES
Cholesterol and lipids
Garlic consumption helps in fat metabolism,
lowering blood cholesterol levels. Increases “good”
cholesterol HDL and lowers „bad” LDL cholesterol
and triglycerides, protects blood vessels and the heart.
Significantly reduces the activity of the enzyme - HMG-CoA reductase and may have an effect on the level of
cholesterol hydroxylase and other enzymes - fatty acid
synthase and enzymes taking part in pentose-phosphate
metabolism [41, 43, 44, 48].
In vitro studies have shown that garlic has specific
anti-atherosclerotic effects, by reducing the mRNA
expression of inducible nitric oxide synthase (iNOS)
and inhibition of oxidized low-density lipoprotein
(LDL) induced by lactate dehydrogenase (LDH) and
inhibition of oxidized LDL induced by depletion of
glutathione.

OXYDATION PROCESSES AND CANCER
Recent scientific studies have shown that certain
substances in garlic act as a powerful antioxidant and
its sulfur components have anti-tumor properties. Protein fractions purified from fresh garlic bulbs augment
CD8(+) T-cell infiltration into the tumor site, inhibiting
tumor growth more efficiently than garlic extract [12].
In studies both in vitro and on animals, it was shown
that organic combinations of sulfur contained in garlic
can suppress the incidence of many cancers, such as
breast, blood, bladder, gastric, oral cavity, colorectal,
skin, uterus, esophagus, and lung cancers [1, 2, 17, 25,
30, 35, 39, 52]. A high intake of garlic reduces the risk of
prostate cancer up to 50%. Diallyl trisulfide (DATS) has
been reported to possess antioxidant, anti-inflammatory,
and anti-carcinogenic properties by down regulating
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AKT1/TGF-β-activated kinase-mediated MAPK and
nuclear factor kappa-light-chain-enhancer of activated
B cells (NF-κB) pathways [27, 55].
The water-soluble allium derivative, S-allyllmercaptocysteine, inhibits metastases to the lung and adrenal gland by 90% [16]. Also, it was recently concluded
that a combination of alliinase with the appropriate
monoclonal antibody (e.g. rituximab) offers a new powerful and less toxic therapy for B chronic lymphocytic
leukemia B-CLL and other B-cell malignancies [3].
Diallylsulfide, a powerful garlic component, has been
reported to inhibit oxidative stress caused by testosterone and to accelerate testosterone metabolism [45].
It has been proven that mainly AGE protects both
liver and nervous cells and has strong antioxidant properties, while other formulations may stimulate oxidation.
These additional biological properties may be due to the
conversion to compounds which are formed during long
lasting extraction (AGE), called the aging process [10].
Allyl compounds and isothiocyanates can act as
HDACi. They activate epigenetically silenced genes in
cancer cells, causing cell cycle arrested and apoptosis
[11]. Furthermore, garlic is a seleniferous plant, accumulating selenium from the soil against a concentration
gradient. Selenium has many anticancer actions, particularly in control of genes involved in carcinogenesis.

Animal studies indicate protective effects of garlic
in colorectal therapy especially in the treatment of damage caused by methotrexate and 5-fluorouracil [34].
Both, in vitro and animal studies demonstrate that AGE
protects against liver damage caused by substances from
the environment such as bromobenzene and against
cardio toxicity caused by doxorubicin [10, 46]. Also
DADS may contribute to the protective effects against
ethanol-induced liver injury [57].
Garlic protects the brain from a loss of intellectual
capacity, memory, depression and has a potentially positive and preventive therapeutic effect in the treatment
of Alzheimer’s disease [21, 24, 36, 42]. It also improves
spatial memory deficits that are associated with aging.
Some reports suggest that DADS may have adverse effects on hippocampal neurogenesis and neurocognitive
functions, so large amounts of garlic products should
be avoided, particularly during the period of neural
growth [22].

BLOOD VESSELS AND HEART

BONES AND JOINTS

Garlic has been proven to have a significant effect
on the cardiovascular system. It includes areas such as
improving lipid balance, affecting blood pressure, the
inhibition of platelet function, antioxidant properties
and fibrinolytic activity [19, 43, 44, 4 7, 48].
Some of the beneficial effects of dietary garlic
against cardiovascular disorders are mediated via the
generation of hydrogen sulfide and nitric oxide in
cardiomyocytes and PAEC. Garlic has the potential to
protect the heart against myocardial infarction, doxorubicin-induced cardio toxicity, arrhythmia, hypertrophy, and ischemia–reperfusion injury. The induction
of cardiac endogenous antioxidants and the reduction
of lipid peroxidation by garlic has been reported by
several different groups. Other mechanisms, such as
regulating ion channels, modulating Akt signaling pathways, histone deacetylase inhibition, and cytochrome
P450 inhibition, could also be responsible for the cardio
protective effect of garlic [11, 26].
In animal studies the nutraceutical AGE, completely
prevent the dietary fat-induced disturbances of BBB and
normalized the measures of neurovascular inflammation
and oxidative stress [50].

DADS, inhibits the expression of matrix proteases,
responsible for damaging the structure of chondrocytes,
providing a potential mechanism for the protective effect in patients suffering from osteoporosis [53]. Also
its anti-inflammatory properties have been documented.

Garlic consumption enhances neovasculogenesis in
human endothelial progenitor cells (EPCs) and thereby
exerts a preventive effect against ischemic injuries [9].

ORGAN DAMAGE

BACTERIA
In vitro studies show garlic activity against many
types of Gram-negative, Gram-positive bacteria including species such as: Escherichia, Salmonella, Staphylococcus, Streptococcus, Klebsiella, Proteus, Bacillus,
Clostridium and Mycobacterium tuberculosis. The in
vitro antibacterial activity of essential oils obtained
from fresh bulbs of garlic show a good antimicrobial
activity against Staphylococcus aureus, Pseudomonas aeruginosa and Escherichia coli [6]. Even some
bacteria normally resistant to antibiotics (including
methicillin-resistant Staphylococcus aureus) or strains
of bacteria resistant to several antibiotic treatments
(Escherichia coli, Enterococcus spp, Shigella spp)
were sensitive to garlic treatment . The combination of
EOs of onion (75%) and garlic (25%) had a synergistic
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effect on growth inhibition of Aspergillus versicolor and
sterigmatocystin STC production [28].
It is believed that the antibacterial activity is caused
by garlic components such as allicin and the presence
of the allyl group is fundamental for the antimicrobial
activity of sulfide derivatives –DADS, DAD, DATS [6,
14]. A feature unique to allicin is the inability to develop
resistance to these substances by most bacteria. Also,
garlic disinfects the urinary tract, and destroys bacteria
which are resistant to antibiotics.
Other in vitro data show antibacterial activity against Helicobacter pylori infection [29, 33, 38].

FUNGAL, PARASITES AND VIRAL
INFECTIONS
Topically, garlic oil is used in the treatment of tinea
pedis, tinea cruris, onychomycosis, removing warts
and corns [32]. There was even a case of using garlic
virginally standalone or combined with yogurt. In vitro
studies have shown that garlic has antiviral activity against several types of viruses including cytomegalovirus,
influenza B virus, herpes simplex virus type 1 and type
2, parainfluenza virus type 3 and human rhinovirus type
2. It is also a good agent in destroying threadworms in
human body by removing parasites from the gastrointestinal tract. In some cases was used in a rectal form.

DIABETES
Garlic supplementation together with anti-diabetic
medication provides better control of diabetes type 2
patients [4, 23].

DIARRHEA
Garlic is effective against diarrhea caused by products containing castor oil, as well as relieving flatulence, abdominal discomfort or heartburn. Small doses
of garlic leads to increase smooth muscle tension of
the gastrointestinal tract, however large its doses cause
opposite effects.

OTHER
Garlic protects against the effects of environmental
pollution, smoking, and can also help in the treatment
of urinary tract and bile infections. Garlic opens up
the blood vessels, which increases blood flow to other
tissues, improves circulation, and relieves spasms.
Garlic oil suppressed hematological disorders induced
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by chemotherapy and radiotherapy in tumor-bearing
mice [56].
It is particularly recommended for the elderly,
helping to reduce body fat and slow down the aging
process. Through strengthening the immune system
prevents cold and flu symptoms. Prophylactic use of
garlic may decrease the frequency of colds in adults, but
has no significant effect on the duration of symptoms
[13]. The presence of sulfur-containing compounds
mobilizes the body’s immune system against infectious
agents.
In food and beverages, fresh garlic, garlic powder
and garlic oil are used as a flavoring agents. During
World War I, garlic was used to dress wounds, abscesses, and boils. The active compounds of garlic help to
endure headaches and promote sleep.

SIDE EFFECTS AND
CONTRAINDICATIONS
Bleeding
Garlic has antiplatelet properties which increase the
risk of bleeding, especially at the time when it is used
in combination with anticoagulants and antiplatelal
drugs such as aspirin, clopidogrel, ticlopidine, dipyridamole, heparin and warfarin [5]. Then, its necessary
to constantly control INR level denoted for warfarin.
Because of a demonstrated antiplatelet effect, garlic
should be avoided in patients with bleeding disorders
and 1-2 weeks prior to surgery. In addition, prolonged
bleeding after a shaving cut was reported.
Cytochrom activity
Supplements of garlic, which contain allicin can
reduce the expression and activity of cytochrome,
which may cause a clinically significant reduction in
the plasma concentrations of drugs metabolized by this
enzyme. The effect on CYP2C9 was proven without
a noticeable effect on CYP3A4 [15]. Until further data
become available, it would be reasonable to avoid or
take extra caution during concomitant use of allicin
with certain drugs metabolized by CYP 3A4, such as
protease inhibitors, cyclosporine, ketoconazole, itraconazole, glucocorticoids, oral contraceptives, verapamil,
diltiazem, lovastatin, simvastatin and atorvastatin.
Gastrointestinal tract and allergies
Many studies have described adverse effects resulting with the part of the GI tract, such as abdominal pain,
bloating, loss of appetite and garlic breath especially
after intake of fresh garlic, and advice not to consume in
acute gastroenteritis as it may exacerbate the symptoms
of the disease. Excessive intake of garlic may also have
adverse effects on the liver, especially on the muscle
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cells. There have been few cases of allergic reactions
(allergic contact dermatitis, generalized urticaria,
angioedema, pemphigus, anaphylaxis and allergic to
light), a change in platelet function and clotting time.
It’s not recommended to apply garlic on the skin under
occlusive dressings as it can cause burns.
Diabetes
Patients taking drugs for diabetes should be vigilant,
as the garlic therapy does not always go hand in hand
with insulin therapy.
Hypoglycemia
Following administration of chlorpropamide can
also cause hypoglycemia and reduce the bioavailability parameters (t max, C max, AUC) of saquinavir in
patients treated with anti-AIDS medicines [8].
Other
Garlic is not recommended in the treatment of cough with blood and fever associated with pneumonia.
It should not be used in patients with advanced kidney
inflammation [29]. In large doses garlic and its derivatives are dangerous, especially for children (not to be
given for children under 10 months of age). Garlic in
large quantities should be eliminated from the diet for
pregnant women and nursing mothers as it can have
adverse effect on hippocampal neurogenesis and neurocognitive functions [22].
Clinical studies have consistently shown that “garlic
breath” and the peculiar smell of the body are the most
common unpleasant elements after eating garlic.

CONCLUSIONS
In recent years there have been many pre-clinical,
clinical and in vitro studies on animal models, which
focus on the protective effect of garlic against various
health related disorders, especially heart disease and
cancer. Now it’s well known that products obtained
even without allicin, such as AGE have clear and significant biological effects in the treatment cardiovascular
diseases, cancer, liver problems, improving immune
system and in other areas. There are other chemical
components which can have synergistic properties
altogether. However, the risk of drug interactions with
garlic, especially in the elderly and those with chronic
diseases, is attracting more and more interest. The observed results and intervention studies conducted on
humans are not very consistent so further studies are
needed to understand the real health benefits and the
effects of garlic on the human body.
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ABSTRACT

A vegetarian diet may be adopted for various reasons that can include ecological, economic, religious, ethical and
health considerations. In the latter case they arise from the desire to lose weight, in tackling obesity, improving physical
fitness and/or in reducing the risk of acquiring certain diseases. It has been shown that properly applied vegetarian diet is
the most effective way of reducing body mass (expressed as BMI), improving the plasma lipid profile and in decreasing
the incidence of high arterial blood pressure, cardiovascular disease, stroke, metabolic syndrome and arteriosclerosis. In
addition, improved insulin sensitivity together with lower rates of diabetes and cancer has been observed.
Some studies have however found that a vegetarian diet may result in changes adversely affecting the body. These could
include; hyperhomocysteinaemia, protein deficiency, anaemia, decreased creatinine content in muscles and menstrual disruption in women who undertake increased physical activity. Some of these changes may decrease the ability for performing
activities that require physical effort. Nevertheless, on balance it can be reasonably concluded that the beneficial effects of
a vegetarian diet significantly, by far, outweigh the adverse ones. It should also be noted that the term ‘vegetarian diet’ is
not always clearly defined in the literature and it may include many dietary variations.
Key words: vegetarian diet, physical activity, metabolism

STRESZCZENIE

Dieta wegetariańska może być stosowana z różnych powodów: ekologicznych, ekonomicznych, religijnych, etycznych
lub zdrowotnych. Główną przyczyną stosowania diety wegetariańskiej w celu poprawy zdrowia jest zmniejszenie masy ciała
i/lub walki z otyłością, oraz poprawy sprawności fizycznej i/lub zwalczania niektórych chorób. Wykazano, że właściwie
stosowana dieta wegetariańska w odniesieniu do innych diet, skuteczniej zmniejsza masę ciała (wyrażoną jako BMI), poprawia profil lipidowy osocza krwi, obniża ciśnienie tętnicze krwi, zmniejsza występowanie niebezpiecznych incydentów
chorób sercowo-naczyniowych, chorób mózgowo-naczyniowych, zespołu metabolicznego oraz miażdżycy tętnic. Ponadto
dieta ta poprawia wrażliwości na insulinę związaną ze zmniejszeniem prawdopodobieństwa rozwoju cukrzycy i zmian
rakotwórczych. Według niektórych badań uważa się, że dieta wegetariańska może powodować niekorzystne zmiany w
organizmie, do których należą: hiperhomocysteinemia, niedobór białka, niedokrwistość, zmniejszenie zawartości kreatyny
w mięśniach oraz zaburzenia cyklu menstruacyjnego w przypadku kobiet o zwiększonej aktywności fizycznej. Niektóre
z tych zmian mogą skutecznie zmniejszać zdolność do wykonywania czynności wymagających intensywnego wysiłku
fizycznego. Należy jednak podkreślić, że pozytywne skutki diety wegetariańskiej na organizm człowieka przewyższają
skutki ujemne. Należy jednak zauważyć, że termin ”dieta wegetariańskiej” nie zawsze jest jasno definiowany w literaturze
i zawiera wiele dietetycznych opcji.
Słowa kluczowe: dieta wegetariańska, aktywność fizyczna, metabolizm

INTRODUCTION
The many types of vegetarian diets devised all share
the same characteristic in the elimination of meat, fish
and poultry consumption, whilst some also eliminate
eggs, milk and dairy products. This diet is based on

foodstuffs of plant origin, such as cereals, legumes, root
crops, oilseeds, fruit, vegetables, nuts and mushrooms.
Such plant-based foodstuffs are unfortunately now also
contaminated with many industrial toxins that include
nitrates [19]. It is a however very well recognised that
such foodstuffs contain ingredients beneficial to he-
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alth, for instance fibre, phytoestrogens, antioxidants,
phytochemicals, n-3 fatty acids and a small amount of
cholesterol; the overall effect being reducing the risk
of acquiring the following conditions; cardiovascular
disease, cancer, diabetes and obesity, along with a
plethora of other diseases [9]. Some studies have also
indicated the possibility of increasing human life spans
[28]. Further studies have stressed that only a properly
balanced vegetarian diet is beneficial to health. Whenever a vegetarian diet is ineffective, it is likely that dietary
errors may have been made during its adoption [9].
Table 1. Classification of the different types of vegetarian
diet
Type of vegetarian
diet

Definition

Excludes all types of flesh foodstuffs
(meat, poultry, fish), but permits eating
Lacto-ovo-vegetarian
all other animal products (e.g. eggs, milk,
honey).
Excludes flesh foodstuffs and eggs but
Lacto-vegetarian
allows dairy products, honey, etc.
Excludes consumption of all animal
Ovo-vegetarian
products with the exception of eggs.
Vegan
Excludes all animal products.
Permits consumption of organic, raw and
Vitarian
fresh foods only. Excludes coffee and tea.
Consumption of vegetarian food in the
Liquidarian
form of juices.
Excludes flesh foodstuffs, animal
Fruitarian
products and vegetables.
Eating foods in the form of sprouted plant
Sproutarian
seedlings, such as grains, vegetables,
fruits.
Transitional form between vegetarian
Semi-vegetarian
and meat based diets; limited amount of
meat eaten.
N.B. Some versions of raw food diets emphasize the importance of
not slicing foods before being eaten

Moreover, non-dietary factors may also contribute
towards the efficacy of a vegetarian diet such as following a healthy lifestyle, which includes physical activity
and the avoidance of harmful practices, particularly
smoking and alcohol consumption [10]. It has been
shown that vegetarians possess good health and suffer
fewer from illnesses [12] and have a higher self-respect
concerning their proper eating habits [13] than those
eating a traditional diet. Many controversies have arisen
over the efficacy of adopting a vegetarian diet and thus
the aim of this study was to investigate and review the
evidence within the literature on the impact that such
diets have on the human body; both in a resting state
and during physical exercise.

Nr 1

CHANGES IN BODY MASS DUE TO A
VEGETARIAN DIET
The obsession of modern society with weight reduction is reflected by the creation of numerous and varied
diets. Many indeed demonstrate real effectiveness in
tackling obesity and overweight with the proviso that
success can only be guaranteed if a given diet is strictly
adhered in conjunction with, in parallel, performing
addition physical activity [31]. Changes in body mass
may cause a number of disorders, amongst which are
coronary heart disease, diabetes, hypertension, musculoskeletal disease and various types of cancer [5].
The World Health Organization (WHO) has estimated that at the turn of the twentieth century about 1.2
billion people in the world were overweight [5]. This
has been attributed to easy access to and the low cost
of subsidised processed foods [31].
Various research studies have now established a
relationship between adopting a vegetarian diet with a
decrease in the body weight of adults and adolescents.
Further studies have also demonstrated lower BMI values in people keeping to this type of diet. In the Sabate
and Wien [26] study, the mean body mass of males and
females was respectively 7.6 kg (p<0.001) and 3.3 kg
(p<0.005) lower compared to those consuming meat
in their diets. A study by Spencer et al. [30] showed
that meat-eating subjects, aged 20–97 years, had a
mean BMI higher by 1.92 kg/m2 (p<0.05) in men and
1.54 kg/m2 (p<0.05) in women compared to vegans.
A similar study by Rosell et al [25] evaluated 45,962
Britons aged over 20 years, of whom 16,083 were vegetarians. This found that the body mass of male vegetarians who had followed a vegetarian diet from childhood
(age 1-9 years) , and that of male non-vegetarians were
respectively on average 3.2 kg (p<0.05) and 3.0 kg
(p<0.001) higher than men who started a vegetarian diet
after the age of twenty. Corresponding results for the
BMI demonstrated higher values in men of the first and
second groups (by respectively 1.2 kg/m2, p<0.01 and
0.9 kg/m2, p< 0.001) compared to vegetarians.
The potential effectiveness of vegetarian diets for
dealing with obesity was observed in a study by Tonstad et al. [34] conducted on a group of 22,434 men
and 38,469 women where BMI was measured in six
treatment groups (vegetarians, vegans, lacto-ovo-vegetarians, semi-vegetarians, fish eaters, and meat eaters).
The mean BMI was found lowest in the vegans (23.06
kg/m2) and gradually increased as follows, lacto-ovo-vegetarians (25.7 kg/m2), fish eaters (26.3 kg/m2), semi-vegetarians (27.3 kg/m2) and meat eaters (28.8 kg/m2,
p<0.001). A study by Newby et al [21] confirmed that the
BMI was significantly lower in vegetarians of all types.
Here, women subjects were divided into meat eaters
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(n=54,257), semi-vegetarians (n=960), lactovegetarians
(n=159) and vegans (n=83); results showed significantly
higher body mass and BMI values in women consuming
meat compared to the other groups (p<0.005).
An improper vegetarian diet can however lead to
protein deficiency, which in a study by Nazarewicz [20]
did not cause any deficit in the body’s energy or changes
in the BMI. Studies by Haddad et al. [16], Taiwo and
Thomas [32] did however observe a protein-energy
deficiency in vegetarians. The data thus suggest that
adopting a vegetarian diet can be an effective means
for reducing body mass.

CARDIOVASCULAR DISORDERS
ARISING FROM A VEGETARIAN DIET
The aforementioned study by Haddad et al [16]
demonstrated that compared to meat eaters, vegans had
lower blood levels of saturated and monounsaturated
fats (p<0.01), cholesterol (p<0.001), and higher levels
of fibre (p<0.001), ascorbic acid (p<0.05), folic acid
(women p<0.01, men p<0.001), copper (women p<0.05,
men p<0.001), and manganese (women p<0.05, men
p<0.01). Vegans also showed significant differences
to meat eaters (i.e. controls) by having lower blood
levels of leukocytes (p<0.05), neutrocytes (statistically
insignificant), platelets (p<0.05) and urea (p<0.05) but a
higher concentration of albumin (p<0.05). These values
may indicate a lower content of protein in the vegetarian
diet. In addition, vegetarians run the risk of having a
deficiency of iron, calcium, zinc, vitamin D, and B12,
as well as of amino acids. Unfortunately, there was no
information provided in this study about the quality of
vegetables and fruits consumed by subjects and it is well
known that nutritional content may differ, up to several
times, between foods grown on artificial fertilisers with
organic foods grown on natural fertilisers. The problem
of vitamin B12 deficiency in vegetarians was confirmed
by Herrmann et al. [17], who also showed that plasma
vitamin B12 levels fall with increasing concentrations
of homocysteine (r = -0,299, p<0.05); an effect which
is recognised to be an independent factor for the emergence of cardio-vascular diseases [15].
Eating large amounts of vegetables and fruits, which
form a major part of all vegetarian diet types, also has
a beneficial effect on the cardiovascular system. Plant
based foodstuffs (e.g. apples, onions, broccoli, berries,
olives, lettuce, tomato, red pepper, grapefruit etc.) provide the body with multiple antioxidants. The most active
of these include the antioxidant vitamins (α-tocopherol,
ascorbic acid), flavonoids and carotenoids (lycopene,
lutein, β-carotene, cryptoxanthin, zeaxanthin). Their
biological activity are based on inhibiting the oxidation
of LDL cholesterol, increasing HDL cholesterol and re-
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ducing total cholesterol concentrations in the circulation
[14]. This results in a lower risk of developing arteriosclerosis [27]. A study by Somannavar and Kodliwadmath
[29] confirms that vegetarians have significantly higher
antioxidant levels compared to those eating a mixed
diet (p<0.001). Another health benefit for adopting a
vegetarian diet is that blood levels of total cholesterol
(T-C) and LDL cholesterol (LDL-C) are maintained
correctly. The plasma lipid profiles of vegetarians and
those eating a traditional diet was studied by Dourado
et al [11] which demonstrated that the latter group had
significantly higher average T-C (207.11 mg/dl) and
LDL-C (143.79 mg/dl) blood concentrations compared
to the former at respectively T-C; 160.06 mg/dl, LDL-C;
87.40 mg/dl (p<0.001). Both of the last aforementioned
studies also show that meat eaters have a significantly
higher systolic blood pressure (123.76 mmHg) compared to vegetarians (114.86 mmHg) (p<0.05).
In conclusion, it is clear that in spite of there being
some disadvantages in a vegetarian diet, which are
largely due to it being misapplied, it can effectively
protect against high blood pressure and reduce the risk
of heart disease, stroke and arteriosclerosis.

EFFECT OF A VEGETARIAN DIET
ON METABOLISM AND ENDOCRINE
FUNCTION
The authors take the view that the high amounts
of carbohydrates and low amounts of fat as seen in
vegetarian diets increases cellular insulin sensitivity
thereby affording some protection against diabetes.
This hypothesis was checked in a study by Tonstad et al
[34] conducted on a group of 38,469 women and 22,434
men. It was found that the incidence of type 2 diabetes
occurred in the following groups in descending order
of magnitude; meat eaters (7.6%), semi-vegetarians
(6.1%), fish eaters (4.8%), lacto-ovo-vegetarians (3.2
%) and vegans (2.9%), (p<0.05). A related study by
Wolfram and Ismail-Beigi [35] suggested a correlation
between increased cellular insulin sensitivity (that
provided glucose homeostasis) with the consumption
of vegetables and whole grains. Indeed, the lower risk
of metabolic syndrome in vegetarians as compared to
semi-vegetarians and meat eaters (p<0.001) has been
documented by Rizzo et al [24] whose data showed that
it is reasonable to hypothesise that a vegetarian diet can
also be used in tackling metabolic syndrome.
A low-fat vegetarian diet has been proven effective
in decreasing both blood oestrogen levels and menstrual
cycle disruption [22]. A six-week study by Pirke et al. [23]
however reported the disappearance of menstruation in
a higher number of vegetarians than non-vegetarians. In
addition, women eating a vegetarian diet had in their lu-
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teal phases lower concentrations of luteinizing hormone,
oestradiol and progesterone; these low concentrations of
sex hormones being probably due to a small amount of
animal fat nevertheless present in a vegetarian diet [4].
Women that are particularly vulnerable to disruption
of their menstrual cycle are those that undertake recreational or professional sports. Lower calorie consumption and a smaller supply of fat in a vegetarian diet can
lead to hyperprolactinaemia. This disorder is manifested
by the low blood levels of oestradiol and progesterone
[22]. The relationship between low energy consumption
and menstrual disorders were presented by the Tomten
and Hostmark study [33]. This found that female runners
who consumed low amounts of energy (9.7 + / - 0.5 MJ)
experienced irregular menstrual cycles, whilst women
that consumed significantly more energy (12.3 + / -0.7
MJ) (p <0.01) had regular menstrual cycles. A vegetarian diet lowers cholesterol, LDL, HDL lipoproteins in
the blood [2], which leads to changes in the length and
regularity of the menstrual cycle as well as the age in
which the menopause occurs [6].

A VEGETARIAN DIET AND PHYSICAL
ACTIVITY
It is assumed that a properly designed vegetarian
diet can improve the performance of athletes by means
of the dietary content of macro- and micro-nutrients.
The significant and basic elements constituting a sports
diet are a combination of protein and carbohydrate
[4]. According to Lemon [18], the amount of protein
required depends on the type of sport in question. The
daily intake of protein for endurance training should be
1.2 to 1.6 g per kg of body weight, whilst for stamina
building this should be 1.6 to 1.7 g/kg. The controversy
surrounding vegetarian diets is linked with the fewer
proteins being in foods on the menu. A study by Barr et
al [3] however demonstrates that a vegetarian diet can
provide large amounts of proteins if dairy products and
eggs are included. Vegetarians can additionally supplement their diet with proteins derived from legumes, nuts,
seeds and whole grains [22]. Thus a correctly designed
vegetarian diet should provide an average of 12.5%
energy derived from protein. As reported by Borrine
et al [7], the body’s need for protein is associated with
being provided with adequate amounts of carbohydrates.
The body consumes up to twice as much protein during intense exertion when insufficiently supplied with
carbohydrates. A high carbohydrate intake beneficially
affects muscles and regulates the level of glycogen. The
overall share of energy from sugars ranges from 60 to
65% [7]. A study by Deriemaeker et al. [10] showed
a greater intake of mono- and di-saccharides in males
on a vegetarian diet (283 ± 60 g/day) and for females

(268 ± 45 g/day), compared to a traditional meat eating
diet; males (120 ± 65 g/day) and females (185 ± 38
g/day) (p<0.001). Barr et al. [3] confirmed that the high
proportion of carbohydrates in the diet is associated with
obtaining better results for endurance sports.
Another controversial aspect of athletes adopting
a vegetarian diet (especially women) is the issue of
possible anaemia due to iron deficiency and as a result,
a reduction in exercise capacity [3]. Based on research
conducted by the American Dietetic Association and
Dieticians of Canada [1], iron intake successively
increases for each of the following groups; vegans,
lacto-ovo-vegetarians and meat eaters. It has also been
found that increasing fibre intake and phytic acid reduces blood levels of certain trace elements such as iron
and zinc. A loss of iron in athletes is demonstrated by
gastrointestinal bleeding, increased sweating, haemolysis and menstrual disorders in women. In most cases,
vegetarian athletes can adjust the level of iron by eating
foods rich in vitamin C, citric acid, malic acid, tartaric
acid, fructose and sorbitol [7].
When considering the practical effects of a vegetarian diet on physical activity, the concentration of
creatinine in the muscles should be checked. It is believed that the lower creatinine levels found in vegetarian
athletes should be increased for improving the muscle’s
ability to exercise [3]. Burke et al. [8] have stated that
the administering creatinine as a dietary supplement
can significantly (p<0.05) increase the physical performance and muscle strength of athletes that follow
a vegetarian diet.
Despite the aforementioned studies, the viewpoints
expressed concerning the benefits of a vegetarian diet
and its effect on exercise capacity are not sufficiently
documented in power sports, endurance sports or even
in everyday life to permit anything more than a tentative
conclusion to be drawn at the moment. Further research
is thus essential.

CONCLUSIONS
1. Properly balanced vegetarian diet leads to a lower
body mass and lower BMI, compared to meat eaters.
There have been attempts to use a vegetarian diet
for treating obesity and overweight.
2. A higher intake of carbohydrates achieved through
a vegetarian diet may be beneficial for the body by
decreasing amounts of saturated fatty acids; this
also results in the maintenance of lipid metabolism
and lower blood pressure and reduces the incidence
of arteriosclerosis, coronary heart disease, type 2
diabetes and metabolic syndrome.
3. Improperly applied vegetarian diets can lead to lowered levels of vitamin B12, producing an increase
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in blood levels of homocysteine, which is associated
with increased risk of cardiovascular morbidity, a
reduction in the blood levels of sex hormones and
disruption of the menstrual cycle.
4. Controversies however remain concerning the safety
of a vegetarian diet when adopted by athletes. The
concerns relate to a sufficient supply of proteins, iron
and creatinine together with the occurrence of irregular menstrual cycles, especially in hard-training
women. However, some research has demonstrated
that a properly balanced vegetarian diet can reduce
the adverse symptoms and that such a diet can be
successfully used by top level world-class athletes.
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ABSTRACT

Background. Vegetables constitute a vital part of the human diet, being the main source of minerals, vitamins, dietary fibre
and phytochemicals. They however, also contain nitrates and nitrites, which adversely affect human health.
Objective. To determine nitrate and nitrite content in selected vegetables purchased at supermarket chains in Siedlce and
to assess their impact on consumer health.
Material and methods. Vegetable samples were purchased from local supermarkets in Siedlce, town situated in the Mazovian province (Voivodeship) of Poland. These consisted of 116 samples of nine vegetables types including butterhead and
iceberg lettuce, beetroot, white cabbage, carrot, cucumber, radish, tomato and potato collected between April and September
2011. Concentrations of nitrate and nitrite were determined by standard colorimetric methods used in Poland, with results
expressed as mg per kg fresh weight of vegetables.
Results. Nitrate concentrations varied between 10 mg∙kg-1 to 4800 mg∙kg-1. The highest mean nitrate concentrations were
found in radishes (2132 mg∙kg-1), butterhead lettuce (1725 mg∙kg-1), beetroots (1306 mg∙kg-1) and iceberg lettuce (890
mg∙kg-1), whereas the lowest were found in cucumber (32 mg∙kg-1) and tomato (35 mg∙kg-1). Nitrite levels were also variable; the highest concentrations measured were in beetroot (mean 9.19 mg∙kg-1) whilst much smaller amounts were present
in carrot, cucumbers, iceberg lettuce, white cabbage, tomatoes and potatoes. The daily adult consumption of 100 g amounts
of the studied vegetables were found not exceed the ADI for both nitrates and nitrites.
Conclusions. Findings indicated the need for monitoring nitrate and nitrite content in radishes, butterhead lettuce and beetroot due to consumer health concerns.
Keywords: nitrate, nitrite, vegetables, ADI, acceptable daily intake

STRESZCZENIE

Wprowadzenie. Warzywa zajmują ważne miejsce w diecie człowieka, ponieważ są głównym źródłem minerałów, witamin,
błonnika pokarmowego i substancji fitochemicznych. Warzywa są także źródłem azotanów(V) i azotanów(III), które mogą
wpływać negatywnie na zdrowie człowieka.
Cel. Celem badań było określenie zawartości azotanów(V) i azotanów(III) w wybranych warzywach zakupionych w sieci
handlowej na terenie Siedlec.
Materiał i metody. Warzywa zakupiono w lokalnych supermarketach w Siedlcach (woj. Mazowieckie). Przebadano 116
próbek dziewięciu gatunków warzyw takich jak: sałata masłowa i lodowa, burak ćwikłowy, kapusta biała głowiasta, marchew, ogórek, rzodkiewka, pomidor i ziemniak w okresie od kwietnia do września 2011 roku. Azotany(V) i azotany(III)
w warzywach oznaczono metodą kolorymetryczną zgodnie z Polską Normą. Wyniki podano w mg∙kg-1 świeżej masy warzyw.
Wyniki. Zawartość azotanów(V) w badanych warzywach wahała się od 10 mg∙kg-1 do 4800 mg∙kg-1. Największą średnią
zawartość azotanów(V) stwierdzono w rzodkiewce (2132 mg∙kg-1) i w sałacie masłowej (1725 mg∙kg-1) . Znaczne ilości
azotanów odnotowano także w buraku ćwikłowym (1306 mg∙kg-1) i w sałacie lodowej (890 mg∙kg-1) . Najmniejszą średnią
zawartość azotanów(V) stwierdzono w ogórkach (32 mg∙kg-1) oraz w pomidorach (35 mg∙kg-1) . Zawartość azotanów (III) w
badanych warzywach była zróżnicowana. Największą zawartość azotanów(III) odnotowano w buraku ćwikłowym (średnio
9.19 mg∙kg-1), a znacznie mniejsze w marchwi, ogórkach, sałacie lodowej, kapuście głowiastej białej, pomidorach i ziemniakach. Spożycie po 100 g dziennie badanych warzyw przez osobę dorosłą dostarcza azotany(V) i azotany(III) w ilości
nieprzekraczającej wartość ADI.
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Wnioski. Otrzymane wyniki wskazują na potrzebę monitoringu zawartości azotanów(V) i azotanów(III) w rzodkiewce,
sałacie masłowej i buraku ćwikłowym w trosce o ochronę zdrowia konsumenta.
Słowa kluczowe: azotany(V), azotany(III), warzywa, akceptowane dzienne pobranie, ADI

INTRODUCTION

MATERIAL AND METHODS

Vegetables are undoubtedly vital for human nutrition. A vegetable rich diet provides many health-promoting substances such as minerals, vitamins (A, C, B1,
B6, B9, E), dietary fibre and phytochemicals. A daily diet
that includes vegetables is strongly associated with an
overall good health and wellbeing, improvement of gastrointestinal function and vision, reduced risks of heart
disease, stroke, diabetes, anaemia, rheumatoid arthritis,
peptic ulcer and some forms of cancer [3]. Despite
the nutritional benefit of eating vegetables, they also
contain substances that adversely affect human health
such as nitrates and nitrites. In themselves, the former
are relatively non-toxic but about 5−7% of all ingested
nitrate is reduced by nitrate-reducing microflora to the
more toxic nitrites in the saliva and gastrointestinal
tract. In persons with a high rate of conversion this
value can reach 20% [17]. Nitrites can adversely affect
human health where the best know ill effect of nitrites is
methaemoglobinaemia in infants [4, 11, 17]. Nitrites can
also react with amines or amides to form carcinogenic,
mutagenic and teratogenic N-nitroso compounds [7, 20,
26]. They may cause irreversible changes in the brain,
disturb thyroid functioning impair the absorption of
proteins and fats. Nitrites may affect carotenoid, vitamin
A and the B group vitamins degradation, thus decreasing
the nutritional value of consumed vegetables [21]. Nevertheless, recent studies suggest that a diet containing
nitrate and nitrite rich vegetables is beneficial for health
due to their conversion to nitric oxide which prevents
cardiovascular disease and microbial infection, reduces
hypertension, affords gastric protection and serves as a
nutritional aid for maintaining optimal cardiovascular
health [11, 17, 20].
Vegetables form the major daily intake source of
nitrates in humans supplying about 70-90 % of the total
intake [11, 26, 28]. This intake depends on the type of
vegetables consumed, nitrate vegetable levels and the
amount of vegetables actually consumed [11]. Nitrate
and nitrite accumulation is found not just to depend on
vegetable type but also on many pre- and post-harvest
factors [20, 27]. When large amounts of vegetables are
consumed, which have accumulated high amounts of
nitrates, a need thus arises for the systematic control
of the dietary intake of nitrogenous compounds [10].
The aim of the study was therefore to determine nitrate and nitrite content in selected vegetables purchased
in supermarket chains in a typical large town (Siedlce)
representing Poland.

Vegetables in 0.5 to 1-2 kg amounts were bought at
local supermarkets in Siedlce, between April and September 2011, consisting of 116 samples from nine different types of vegetable species that included butterhead
and iceberg lettuce (Lactuca sativa L. var. capitata),
white cabbage (Brassica oleracea L. var. capitata L. f.
alba), carrot (Daucus carota L.), cucumber (Cucumis
sativus L.), radish (Raphanus sativus L.), beetroot (Beta
vulgaris L. var. conditiva Alef.), tomato (Solanum licopersicum L.) and potato (Solanum tuberosum L.). All
were in a suitable state for human consumption i.e. fresh
and undecayed. Nitrate and nitrite levels were determined according to a standard colourimetric method used
in Poland [18] where vegetables were boiled in hot water
until sufficiently cooked, followed by a protein precipitation step and filtration. The Griess reagent was used
for measuring nitrites and in the case of nitrate levels,
a previous reduction of nitrate to nitrite was performed.
All analyses were in duplicate and results expressed in
mg per kg of vegetable fresh weight.

RESULTS AND DISCUSSION
Nitrate concentrations were found to vary between 10 mg∙kg-1 to 4800 mg∙kg-1 (Table 1). The highest
mean concentration of nitrates were in radishes (2132
mg∙kg-1) and in butterhead lettuce (1725 mg∙kg-1), with
substantial amounts of nitrates noted in beetroots (1306
mg∙kg-1) and iceberg lettuce (890 mg∙kg-1). The lowest
mean concentration of nitrates were found in cucumbers
(32 mg∙kg-1) and tomatoes (35 mg∙kg-1). These results
were found to be in accordance with how vegetables
are divided by their ability to accumulate nitrates [20]
(Table 2). Highest levels of nitrate were observed in
vegetables of the families; Brasicaceae (radish, cabbage), Chenopodiaceae (beetroot) and Asteracea (lettuce).
The smallest amounts of nitrates were accumulated by
vegetables of the family Solanaceae (potato, tomato)
and Curcubitaceae (cucumber). It is generally seen that
vegetables with edible roots, stems and/or leaves accumulate the most nitrate whereas those of a consumable
fruit form accumulate least [31]. Nitrate concentrations
have been shown to differ amongst the edible parts of
plants [13, 19, 28, 31], and indeed vegetable organs can
be listed by their decreasing nitrate content in the following order: petiole > leaf > stem > root > inflorescence
> tuber> bulb > fruit > seed [19].
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Table 1. Nitrate concentrations in vegetables
NO3Number
(mg∙kg-1 fresh weight)
Vegetables
of samples
Range
Mean
SD*
Beetroot
20
480−2000
1306
405
White cabbage
12
116−1260
436
356
Carrots
13
11−259
82.2
84.8
Cucumber
6
24−40
32
5
Butterhead lettuce
12
530−4440
1725
1101
Iceberg lettuce
15
125−1580
890
541
Radishes
16
710−4800
2132
1427
Tomato
13
10−100
35
32
Potato
9
11−90
54
32
*SD−Standard Deviation

Nitrate levels in beetroots ranged from 480 and 2000
mg∙kg-1 (Table 1) and in 15 out of the 20 studied samples these exceeded 1000 mg∙kg-1 whilst in 8 (i.e. 40%)
they exceeded 1500 mg∙kg-1. Similar concentrations
of nitrates has been found in commercially available
beetroots from the Polish towns of Legionowo, Serock
and Olsztyn [10, 16]. In white cabbage, nitrate levels
were between 116 to 1260 mg∙kg-1 with a mean of 435
mg∙kg-1 (Table 1). Only one out of twelve cabbage
samples had a nitrate concentration more than 1000
mg∙kg-1. These results are similar to the Murawa et al
[16] study and smaller concentrations were found by
Gajewska et al [9]. Studies abroad demonstrated similar
nitrate concentrations in cabbages from Portugal (472
and 547 mg∙kg-1), France (498 mg∙kg-1), Turkey (510
mg∙kg-1) and Estonia (437 mg∙kg-1) [1, 14, 15, 22].
In butterhead lettuce, nitrates levels varied between
530 to 4400 mg∙kg-1 (Table 1). One sample obtained
in the summer (June) exceeded the 3000 mg∙kg-1 nitrate standard value for lettuces grown in the open air
between April 1st to September 30th [6]. Eight out of
twelve lettuce samples had nitrate concentrations over
1000 mg∙kg-1 with two that were above 2000 mg∙kg-1.
Such high concentrations of nitrates in lettuce were also
found by other authors [2, 8, 9, 14-16]. A monitoring
study by Gajda-Wyrębek et al [8] in Poland showed
that the permissible nitrate content was exceeded in
5.6% samples of lettuce grown under cover and in 9.9%
samples of lettuce grown in the open air. A French study
found that the maximum nitrate content in lettuce was
5600 mg∙kg-1 with a mean of 1974 mg∙kg-1 [14] whilst
in southern Turkey the maximum was 3809 mg∙kg-1
with a mean of 1439 mg∙kg-1 [15].
EC regulations have set nitrate levels in iceberg
lettuce ranging from 125 to 1580 mg∙kg-1 and should
never exceed values of 2500 mg∙kg-1 for iceberg lettuce
grown under cover and 2000 mg∙kg-1 for that grown in
the open air [6]. Four out of the fifteen analysed samples
(26.7%) of iceberg lettuce showed the concentration of
nitrates above 1000 mg∙kg-1. The monitoring performed
in Poland during 2007-2008 by Gajda-Wyrębek et al

[8] demonstrated that the allowable nitrate content
in iceberg lettuce was exceeded in only 3.9% of the
samples studied.
Nitrate content in radishes was found in the 710
to 4800 mg∙kg-1 range (Table 1). Levels above 1000
mg∙kg-1 were observed in 13 out of 16 analysed samples;
five of which had values 3.5 to 5 times higher. Such
results are much higher than those obtained in other
studies by Czech and Rusinek (542.8−2890.3 mg∙kg-1)
and Tietze et al (1548.9 mg∙kg-1) [2, 23]. Another study
by Wołejko et al [29], demonstrated that the highest nitrate content in radishes grown in allotments was 4400
mg∙kg-1. Furthermore, Menard et al [14] found that the
maximum nitrate content of nitrates in radish consumed
in France was 5000 mg∙kg-1 with a mean content of
1860.7 mg∙kg-1 whilst Mor et al [15] found 9259 mg∙kg-1
of nitrate in radishes grown in southern Turkey.
Table 2. Vegetables classified according to nitrate concentration [20]
NO3- concentration
(mg∙kg-1 fresh weight)
Very low (<200)

Low (200−500)
Middle (500−1000)
High (1000−2500)

Very high (>2500)

Vegetables
artichoke, asparagus, broad bean,
brussel sprouts, aubergines, garlic,
onion, green bean, melon, mushroom,
peas, peppers, potato, summer squash,
sweet potato, tomato, watermelon
broccoli, carrot, cauliflower, cucumber,
pumpkin, chicory
cabbage, dill, savoy cabbage, turnip
celeriac (celery root), chinese cabbage,
endivie, escarole, fennel, kohirabi, leaf
chicory, leeks, parsley
celery, chervil, water cress, lamb’s
lettuce, ordinary lettuce, radishes,
red beetroot, rocket lettuce, spinach,
swiss chard

Much smaller amounts of nitrates were however
found in carrots (11−260 mg∙kg-1), cucumbers (24−40
mg∙kg-1), tomatoes (10−100 mg∙kg-1) and potatoes
(10−98 mg∙kg-1) as shown in Table 1, in accordance
with the results obtained by Dymowska-Malesa et al
[5], Gajewska et al [9], Murawa et al [16] and WójcikStopczyńska et al [30].
According to literature data [1], the nitrate content
in vegetables can vary between 1 to 10,000 mg kg-1,
with the highest value of 10.800 mg kg-1 being noted in
samples of celery grown under hydroponic conditions.
The accumulation of nitrates in vegetables depends
on many factors; genetic, agricultural (e.g. type of soil,
the dose and chemical forms of nitrogen, availability
of other nutrients, herbicide application etc.) and those
environmental such as air humidity, soil water content
and photoperiodicity. Further differences in nitrate
accumulation may arise from the time of harvest, vegetation season and storage time [20, 22, 24]. According
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to Wojciechowska [27], the main factors that contribute
towards the accumulation of nitrate in vegetables can be
graded as follows: genetic factors −10%, growing period
−15%, soil conditions −20%, fertilisation −30% and
weather conditions −25%. Of the latter two, nitrogen
fertilization and light intensity have been identified in
other studies as being the major factors that influence
nitrate content in vegetables [20, 27].
The nitrate content in plants also changes with age.
Young plants have a higher nitrate content since the
reduction of nitrates does not keep pace with the uptake
rate of this ion. Moreover, a higher nitrate accumulation
is considered typical of plant species with shorter vegetative periods compared to those that take longer to
grow [27], as indeed confirmed by the presented study
where for example the highest nitrate concentrations
were seen in radishes.
Vegetables usually contain small amounts of nitrites
but they may also arise from nitrate reduction whenever
they are improperly stored. The current study found
that vegetable nitrite content was variable. The highest
concentrations of nitrites were observed in beetroots
(mean 9.19 mg∙kg-1) whilst much smaller amounts were
noted in carrots, cucumbers, iceberg lettuce, cabbage
and tomatoes (Table 3). Small amounts of nitrites were
also detected in potatoes. The presented results are however markedly higher than those of other Polish studies
[2, 9, 25]. Very high nitrite concentrations of nitrites
have although been demonstrated in radishes (19 to 60
mg∙kg-1 ) and in lettuce (21 to ca. 30 mg∙kg-1 ) grown in
allotments as published by Wołejko at al [29]. Generally, nitrite content in vegetables usually falls within the
range of 1−2 mg∙kg-1 but it may exceed 20 mg∙kg-1 and
reach up to 60 mg∙kg-1 in potatoes and 57 mg∙kg-1 for
turnip sprouts [2, 20]. In France the maximum content
of nitrites in lettuce and spinach was 25 mg∙kg-1 and
220 mg∙kg-1 respectively [14]. Such high concentrations
of nitrites may result from nitrate reduction occurring
during improper storage, particularly if this is for long
periods at temperatures above those recommended or
without access to oxygen [27].
Table 3. Nitrite concentrations in vegetables
Vegetables

Number of
samples

Beetroot
White cabbage
Carrots
Cucumber
Butterhead lettuce
Iceberg lettuce
Radishes
Tomato
Potato

20
12
13
6
12
15
16
13
6

NO2- mg∙kg-1 fresh weight
Range
2.50−15.00
0.60−1.20
<0.40−0.80
<0.40−0.80
<0.40−3.33
<0.40−1.22
<0.40−3.20
<0.40−1.40
<0.40−0.80

Mean
9.19
0.88
0.46
0.50
1.64
0.60
1.90
0.82
0.50

SD
3.65
0.23
0.15
0.21
0.95
0.31
1.14
0.46
0.18
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Various EC and other governmental bodies have
developed toxicity values for dietary nitrate and nitrite
intake that includes food and water supplies. The Acceptable Daily Intake (ADI) of nitrates has been established
as being 0−3.7 mg∙kg-1 body weight by the European
Commission’s Scientific Committee on Food (SCF) [17]
and the Joint Expert Committee of the Food and Agriculture (JECFA) organisation belonging to the United
Nations/World Health Organization (WHO) [7]. The
daily human intake of nitrate has been shown to occur
from three major sources: vegetables, drinking water
and meat products. Thus, assuming a daily consumption
of 0.5 kg fresh vegetables per person, then the maximum
nitrate levels in vegetables should be 432 mg∙kg-1 [4].
Results so presented in this study demonstrate that
the consumption of only 100 g of vegetables delivers
40.1 to 96.0% of ADI of nitrates to an adult person weighing 60 kg; vegetables consisting of iceberg lettuce,
beetroot, butterhead lettuce or radishes bought between
April 1st and September 30th in Siedlce supermarkets.
Both the SCF [17] and JECFA [7] have respectively
set an ADI for nitrite at 0−0.06 and 0−0.07 mg NO2-∙kg-1
b.w. (body weight). Based on the obtained results it was
calculated that an adult consuming only 100 g of the
studied vegetables can deliver nitrite amounts ranging
from trace to 0.015 mg NO2-∙kg-1 b.w. ; i.e. up to 25.0%
of the ADI (0.06 mg NO2-∙kg-1 b.w.). Taking into account
that the 5% ca. of nitrate that are ingested with food is
converted to nitrites [17], then an adult consumption of
100 g beetroots is equivalent to a daily intake of 0.124
mg NO2-∙kg-1 b.w. which is around twice the estimated
ADI. A consumption of 100 g of radish delivers 0.178
mg NO2-∙kg-1 b.w. which thus approximately exceeds the
ADI value three times. A study by Wawrzyniak et al [26]
has shown that vegetables and their preserves deliver
5−8% of the nitrites in a daily student diet.
Measuring just nitrate content in fresh vegetables is
however insufficient for estimating amounts ingested as
a proportion of the human diet. Nitrate concentrations
may be decreased when vegetables are prepared before
cooking (e.g. washing and peeling) as well as subsequent thermal processing. The highest nitrate loss after
such procedures have been recorded in potato tubers,
beetroot and cabbage [10].
As well as being a nitrate source, vegetables can also
be the main source of ascorbic acid (vitamin C). The
relative levels of these components may be expressed
by means of the ascorbate-nitrate index (IAN) [12],
where this can be used to evaluate the nutritional quality
of vegetables. Thus vegetables can be classified into
three groups on the basis of this IAN value according
to the health risk; <0.5 indicates a risk, >0.5 and <1.0
is considered harmless whilst >1.0 is absolutely safe.
It has also been shown that ascorbic acid may inhibit
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nitrosamine synthesis and so lower the risk of methaemoglobinaemia [12].

CONCLUSIONS
1. Radishes, butterhead and iceberg lettuce together
with beetroots accumulated the largest amounts of
nitrates whereas tomatoes, cucumbers and potatoes
contained the least. The highest nitrite concentrations were found in beetroot, radishes, butterhead
lettuce and potatoes.
2. Nitrate content exceeded the permissible standard in
only one sample of butterhead lettuce; the rest being
acceptable.
3. A daily 100 g consumption of those vegetables studied by an adult does not exceed the ADI values for
nitrates and nitrites.
4. The study results demonstrate the need for monitoring nitrate and nitrite contents in radishes, butterhead lettuce and beetroots in order to safeguard
consumer health.
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EVALUATION OF VITAMINS A, C AND E CONTENT IN DIETS OF
ADOLESCENTS LIVING IN WARSAW, POLAND
Ewa Dybkowska*, Bożena Waszkiewicz-Robak, Edyta Piekot
Faculty of Human Nutrition and Consumer Sciences, Department of Functional Foods and Commodity, Warsaw
University of Life Sciences, Warsaw, Poland

ABSTRACT

Background. Antioxidant vitamins such as alpha-tocopherol (vitamin E), ascorbic acid (vitamin C), and beta-carotene
(provitamin A), play a significant role in protecting the body from an excess of free radicals. The vitamin content of the
diet is thus very important.
Objective. To assess whether the dietary intake of vitamins A, C and E is adequate in a selected group of adolescents living
in Warsaw.
Material and methods. The mean vitamin consumption was estimated using three-day dietary records whilst vitamin contents
of selected foodstuffs were obtained from Food Composition Tables. Both were related to Polish nutrition standards applied
to adolescents; i.e. EAR (Estimated Average Requirement) for vitamins A and C and AI (Adequate Intake) for vitamin E.
Results. Dietary vitamin C in adolescents and vitamin E in girls were around 18-25% lower than that recommended. Diets
that were deficient in vitamins C and E were recorded in 47% to 67% adolescents.
Conclusions. It is therefore necessary to increase the consumption of vegetables and fruit which provide a valuable dietary
source for these vitamins.
Key words: vitamins, antioxidants, intake, adolescents, nutrients

STRESZCZENIE

Wprowadzenie. Witaminy antyoksydacyjne – alfa-tokoferol (witamina E), kwas askorbinowy (witamina C) i beta-karoten
(prowitamina A) pełnią istotną rolę w ochronie organizmu przed wolnymi rodnikami, dlatego odpowiednia zawartość tych
witamin w diecie ma istotne znaczenie.
Cel. Celem badań była ocena poziomu spożycia witamin A, C i E z produktami spożywczymi w wybranej grupie młodzieży
zamieszkałej na terenie Warszawy.
Materiał i metody. Średnie spożycie witamin oszacowano na podstawie badań przeprowadzonych metodą trzydniowego
bieżącego notowania spożycia produktów spożywczych oraz przy zastosowaniu tabel wartości odżywczej produktów
spożywczych i odniesiono do polskich norm dla młodzieży ustalonych na poziomie średniego zapotrzebowania (EAR) dla
witamin A i C oraz na poziomie wystarczającego spożycia (AI) dla witaminy E.
Wyniki. Zawartość witaminy C w diecie młodzieży oraz witaminy E w diecie dziewcząt była o około 18-25% niższa od
zalecanej. Diety ubogie w witaminę C i E spożywało około 47-67% młodych osób.
Wnioski. Istnieje potrzeba zwiększenia spożycia warzyw i owoców, jako ważnych źródeł tych witamin w diecie.
Słowa kluczowe: witaminy, antyoksydanty, spożycie, młodzież, składniki odżywcze

INTRODUCTION
Vitamins A, C and beta-carotene (a vitamin A precursor) are considered as being antioxidant nutrients
and are widely found in plant or plant derived foodstuffs. Their potential health promoting properties are
well recognised and they play a major role in affording

the body protection against an excess of free radicals
in plasma [2, 14, 32]. It is also well documented that
diet-derived antioxidants have a significant impact on
human health. Lowering the prevalence of some forms
of cancer has been demonstrated to be another important
and beneficial effect of a diet rich in fruit and vegetables
containing these vitamins i.e. alpha-tocopherol ascorbic
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acid and beta-carotene [9, 14, 15]. Furthermore, effective antioxidant action has been shown to be dependent on
the concentrations and different combinations of these
vitamins present [2]. It is therefore vital, that appropriate
doses of these substances are consumed from the diet.
Most early studies in Poland have yielded inconsistent
results, where findings have differed according to region
[21, 26]. These suggested that vitamin C intake was
deficient in some of these regions [18, 21], however the
vitamin E data was conflicting [18, 21, 26]. It had also
been suggested that the dietary content of such vitamins
depended on the region, nutritional habits/behaviour and
financial status of those subjects studied. The presented
study thus aimed to extend this research in order to gain
a clearer and more complete picture. Study objectives
were to assess the dietary content of the antioxidant
vitamins (i.e. A, C and E) in a selected group of adolescents residing in Warsaw as well as determining the
dietary sources of these vitamins.

MATERIAL AND METHODS
Dietary vitamin intakes were estimated from 3-day
dietary records. Volunteer pupil subjects were recruited
from junior high schools (middle schools) and high
schools in various districts of Warsaw (i.e. Mokotów,
Ursynów and Bielany). Pupils from each school were
divided into 4 age groups and also by gender. The study was performed during the autumn and winter. The
survey was anonymous and 360 questionnaires were
distributed, of which 96 replies were received; 17 were
however rejected because of being incorrectly filled in.
The total sample was thus 78 subjects who were aged
13-18 years. Of these there were 62% girls and 38%
boys and the largest group were girls aged 16-18 years
constituting 33% of total. Table 1 provides the anthropometric data for the girl and boy pupils.
Table 1. The anthropometric characteristic of girl and boy
subjects (mean ± standard deviation)
Parameters
Age [years]
Body weight [kg]
Height [cm]
BMI [kg/m2]

Girls (n = 48)
15.21 ± 1.53
52.27 ± 8.63
164.38 ± 7.08
19.29 ± 2.50

Boys (n = 30)
15.63 ± 1.52
68.58 ± 10.24
177.07 ± 10.41
21.85 ± 2.60

The mandatory proportion of working days to holidays were observed in all cases. Food Composition
Tables were used to calculate vitamin content. The observed dietary intakes were related to ratios, derived from
Polish Nutritional Standards applied to the adolescent
population, of the EAR for vitamins A and C and the AI
for vitamin E (Table 2). The observed weighted-mean
vitamin intakes in the adolescent subjects were compared to Polish Nutritional Standards from which 90%
of the EAR/AI ratios were determined and found to be
borderline [11]. The percentage of subjects consuming
vitamin deficient diets (i.e. below 90% of the EAR/AI)
were also compared to the Standards. In addition, the
main dietary sources of the test vitamins are presented
as estimated from analysing the dietary composition of
the subjects’ menu.

RESULTS
The average dietary content of vitamin A in girls was
found to be 634.77 µg whilst that for boys was 871.08
µg (Table 2). These both exceeded the average requirement by 29.5% and 38.3% respectively (Figure 1).
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Figure 1. Average content of dietary vitamins in adolescent
subjects surveyed in Warsaw as compared to EAR*/
AI** standards

The average dietary intake of vitamin E in girls was
6.59 mg which was therefore 17.6% less than the AI.
For boys, the corresponding value was 10.63 mg which

Table 2. The nutrient intake in daily diets of girl and boy subjects (mean ± standard deviation) and Nutritional Standards
for vitamins for the Polish population for girls and boys aged 13-18
Component
Energy [kcal]
Vitamin A* [µg]
Vitamin E** [mg]
Vitamin C* [mg]

Girls
1603.16 ± 469.16
634.77 ± 347.61***
6.59 ± 2.52***
41.48 ± 26.79

* Estimated Average Requirement (EAR)
** Adequate Intake (AI)
*** p<0.001

EAR / AI
490
8
55

Boys
2369.87 ± 713.61
871.08 ± 518.97***
10.63 ± 5.47***
52.44 ± 35.04

EAR/AI
630
10
65
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was sufficiently close to be adequate. A low intake of
vitamin C was observed when the subjects’ menus were
analysed; 41.48 mg for girls (i.e. 24.6% below the EAR)
and 52.44 mg for boys (19.3% below the EAR).
In general, the girl subjects consumed significantly
less vitamin A and E than boys (Table 2), however there
were no trends observed for vitamin C. The percentage
of subjects eating vitamin deficient diets are shown in
Figure 2. Here it was found that 67% of all subjects
consumed vitamin C deficient diets below the 90%
EAR and that 60% girls and 47% boys ate vitamin E
deficient diets below 90% of the AI.

DISCUSSION

The presented vitamin A results demonstrate that
dietary vitamin A deficiency is relatively rare, consistent
with other Polish studies of a similar nature. In both these cases, average intakes exceeded those recommended.
Indeed, high dietary contents of vitamin A have been
extensively observed in adolescent pupils [13, 31, 18,
20, 25], students [6, 8, 10, 22, 29] and adults [1, 3, 4, 7,
21, 29, 30]. Other related studies conducted on Warsaw
students [8] and schoolchildren [31] (both females and
males) also showed close agreement for dietary intakes
of vitamin A compared to the presented results. It was
% 100
generally found that the average dietary content of this
90
vitamin, in girls and women of all ages, had exceeded
80
67 67
70
60
recommended intakes by 20 - 50% [1, 6, 8, 18, 25, 29],
60
47
however other studies have demonstrated even higher
50
33
40
levels of vitamin A consumption in women [3, 7, 10,
30
22, 30] that exceeded 1000µg. Furthermore, studies
13
20
conducted on men and boys also showed a high dietary
10
0
vitamin A content, often surpassing 1000 µg [3,6, 13,
Vitamin A
Vitamin E
Vitamin C
18, 20, 22, 25]. In contrast to these findings, a study
performed by Smorczewska-Czupryńska et al. [26] foGirls
Boys
und that the diets of adolescents living in the Białystok
Figure 2. The percentage of adolescent subjects with vitamin- region of Poland had low vitamin A levels in their diets.
-deficient diets
The current study showed that the diets of girls were
deficient in vitamin E, consistent with other reported
Vegetables were found to be the main dietary so- studies [5, 25, 26, 27, 29]. However, similar studies
urce of vitamin C (53%), followed by fruit (31%),with indicate that the diet of girls and women sufficiently
other foodstuffs supplying the remaining 16%. Dietary covers vitamin E requirements [1, 3, 6, 7, 13, 18, 20,
vitamin E was derived from fats (26%), vegetables 21, 22]. It was found that boys obtained enough vitamin
(21%), meat and its products (15%), fruit (12%), con- E from their diets according to requirements, which
fectionery (12%) and other products (14%). Vitamin A was confirmed in previous studies on the nutrition of
in the diet originated from vegetables (39%), milk and schoolchildren [13, 18] and students [6, 22].
dairy products (18%), fats (12%), meat and its products
Deficient dietary vitamin C intakes have been
(11%), whilst other foodstuffs such as eggs, fruit and demonstrated in some studies [4, 21], however other
cereals supplied the remainder (20%). The low dietary findings have been equivocal [6, 13, 18, 23, 27, 28].
intakes of vitamin C observed was from consuming A study by Wolnicka and Taraszewska confirmed high
not nearly enough vegetables or fruit of any kind. The dietary vitamin deficiencies in children, where over
high dietary levels of vitamin E seen in boys was due half were discovered to be at risk from vitamin E and
to high fat consumption. Nevertheless, the relatively C deficiencies [31].
high vitamin A intakes were mostly derived from a
Results from other countries gave similar results.
substantial consumption of fats, offal and vegetables Significant dietary deficiencies in vitamin C were
rich in beta-carotene.
observed in Warsaw adolescents whereas in other EU
In summary, the presented study indicated a signifi- countries the dietary content of vitamin C was much
cant variation amongst a sample of adolescent pupils in higher [12, 16, 17, 19, 24]. In the case of dietary vitatheir dietary intake of the studied antioxidant nutrients min E, girls from Germany consumed higher amounts
vitamins A, C and E. Excluding vitamin C, gender was than Polish girls from Warsaw, however there was no
found to be an important factor in determining the ob- difference between boys [24]. Adolescent diets in Greserved trends. Nonetheless, the intake of vitamin C, via ece, generally showed a relatively high content of this
its main dietary source of fruit and vegetables, should vitamin. Compared to Polish adolescents from Warsaw,
be increased because of its crucial role in maintaining those in the United States, Germany, Greece and Turkey
the body’s health.
demonstrated higher contents of Vitamin A [12, 17, 19,
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24], whilst lower contents were observed in diets of
equivalent subjects from Korea [19].
It is well recognised that dietary antioxidants derived from plants play an active role in affording protection against cancer and arteriosclerosis [9]. An adequate
dietary intake of vitamins A, C and E has been shown
to limit the harm caused by pro-oxidative processes
and so may prevent various disease [9, 14]. Inadequate
dietary intakes of these vitamins may thus significantly
contribute towards an increased risk of cardiovascular
disease and cancer. It is therefore important that diets
contain sufficient quantities of these vitamins.

CONCLUSIONS
1. A dietary deficiency of antioxidant nutrients was
observed in Polish adolescent subjects under study,
especially for vitamin C and E. These surveyed diets
were all deficient in C, and dietary vitamin E in girls
was lower than the Polish Nutritional Standard values. Vitamin A intakes were found to be 29 - 38%
higher than those recommended.
2. Dietary vitamin E deficiencies were observed in a
significant number of subjects (ranging 47 - 67 %).
3. The observed dietary deficit in vitamin C resulted
from a too low consumption of fruit and vegetables.
4. The dietary consumption of vitamins C and E needs
to be increased.
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ASSESSING DIETS FOR ENERGY AND NUTRIENTS CONTENT IN
NURSERY SCHOOL CHILDREN FROM LODZ, POLAND
Elżbieta Trafalska*
Department of Nutrition Hygiene and Epidemiology, Medical University in Lodz, Poland

ABSTRACT

Background. Balanced meals eaten by toddlers at nursery school play an important nutritional role in satisfying a child’s
daily demand for energy and nutrients as well in preventing any dietary deficiencies or excesses from occurring.
Objective. To evaluate the energy and nutritional value of children’s diets at nursery schools in Lodz, Poland.
Materials and methods. Analyses were performed at 30 nursery schools throughout the Lodz city municipality on the basis
of 10 day menus and food inventory reports. Results were calculated using the ‘Dieta 5.0’ computer programme according
to the database at the Warsaw Institute for Food and Nutrition. These were related to nutritional standards for children aged
1-3 years.
Results. On average, dietary calorific values exceeded those of current nutritional recommendations, where protein was
found to be 3 times higher than current standards although falling within the range of reference values. Dietary fat intake
was found to be rather low, with a high content of saturated fat coupled with low intakes of polyunsaturated fatty acids.
Dietary carbohydrates agreed with recommended limits however these were exceeded by the mean sucrose intake. Significant deficiencies were most noted in vitamin D and iodine intake and additionally vitamin E and iron intakes were also low.
However, intakes of sodium, phosphorus, magnesium, zinc, vitamin A, B2, B6 and B12 were above the recommended values.
Conclusions. The diets surveyed in nursery schools need to be better balanced to comply with current standards and dietary
guidelines.
Key words: nursery school, nursery school children, energy, nutrients, diet

STRESZCZENIE

Wprowadzenie. Żywienie w żłobku, zapewniając dzieciom większość posiłków w ciągu dnia, odgrywa istotną rolę w dobowym pokryciu zapotrzebowania na energię i składniki odżywcze, a także w zapobieganiu występowania niedoborów
czy nadmiarów żywieniowych.
Cel. Celem pracy była analiza i ocena wartości energetycznej i odżywczej racji pokarmowych dzieci uczęszczających do
łódzkich żłobków, z uwzględnieniem sezonów żywieniowych.
Materiał i metody. Badania zawartości energii i składników odżywczych w racjach pokarmowych dzieci przeprowadzono
w 30 żłobkach Miejskiego Zespołu Żłobków w Łodzi, na podstawie analizy dekadowych jadłospisów i raportów magazynowych. Do obliczeń wykorzystano program komputerowy Dieta 5.0 z bazą danych Instytutu Żywności i Żywienia. Uzyskane
wyniki odniesiono do aktualnych zalecanych norm żywienia dla dzieci w wielu 1-3 lat.
Wyniki. Średnia wartość energetyczna racji pokarmowych była zawyżona w stosunku do zaleceń. Zawartość białka 3-krotnie
przekraczała normy, ale mieściła się w zakresie wartości referencyjnych. Stwierdzono zbyt niską podaż tłuszczu z dietą,
wysoką zawartość kwasów tłuszczowych nasyconych przy zbyt niskiej podaży kwasów wielonienasyconych. Zawartość
węglowodanów przyswajalnych była zgodna z zaleceniami, ale średnia podaż sacharozy przekraczała wartości rekomendowane. Najbardziej deficytowa była podaż witaminy D i jodu, badane racje pokarmowe zawierały również za mało witaminy
E i żelaza. Zawartość potasu, wapnia, witaminy C, B1, PP i kwasu foliowego w badanych racjach pokarmowych była zgodna
z normą żywieniową. Podaż sodu, fosforu, magnezu, cynku, witaminy A, B2, B6 i B12 znacznie przewyższała zalecane wartości.
Wnioski. Racje pokarmowe dzieci w badanych żłobkach wymagają lepszego zbilansowania w stosunku do aktualnych
norm i zaleceń żywieniowych
Słowa kluczowe: ocena żywienia, żłobki, dzieci, energia, składniki odżywcze, posiłki
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INTRODUCTION

RESULTS

During the transition between infancy and childhood, nutrition plays a vital role in development according
to the child’s ever changing needs. Delivering the required amounts of energy and nutrients from foodstuffs,
(according to individual requirements) is essential for
growth, development and health. Within a normal weekday, nursery school children spend much of their time
there, where they regularly eat main meals, thus forming
the core of their dietary requirements for calories and
nutrients. In some untoward cases however, this could
also cause dietary deficiencies leading to chronic disease
arising in later life [11-14, 16, 17]. The presented study
is focused on determining the energy and nutrient value
of children attending nursery schools in a representative
region of Poland, (Lodz), where seasonal variations
have also been taken into account.

The energy and nutritional mean values of children’s
dietary consumption according to seasonal variation are
shown in Table 1; 912.3 ± 158.5 kcal, where one quarter
of the results were greater than 1000 kcal. Mean dietary
calorific values consumed for 10 day menus in specific
seasons ranged between 832.3 kcal in summer to 965.0
kcal in the autumn; these differences being significant.
According to 2012 standards, the daily calorific requirement from the diet in children aged 1-3 years is 1000
kcal/24 hrs [8] of which 750 kcal is obtained during
nursery school time. The mean dietary content of protein
was found to be 34.1 g which, in most 10 day menus
this level amounted to 3-3.5 times the recommended
EAR and RDA. Dietary calorific results showed that,
on average, protein constituted 15% of the total energy
intake (Ec), falling within the uppermost range of those
values recommended (Table 2). A detailed analysis
however demonstrated that 52.6% of dietary calories
originating from protein exceeded the 15% Ec values
recommended, whilst 1.8% did so above the 20% mark.
Current dietary intakes required for children aged
1-3 years are predicted to be 1-1.17 g/kg body mass/24
hrs. The mean standard EAR are 12 g/24 hrs, whilst the
standard RDA is 14 g/24 hrs, which in an average nursery school diet has a maximum of 10.5 g protein from
4 meals. These amounts are in practice hard to achieve
so as to have a nutritionally balanced diet taking into
the account other dietary components. When assessing
protein intake it is more apt to focus on reference values
of consumption, of which protein constitutes 15% of
the entire calorific intake of a nursery school diet (Ec).
Acceptable daily variations may be as large as 5 - 20%,
however it is recommended that this should not really
exceed the average 15% Ec level.
The fat content of the diets have been shown, on
average, to be 30.9% of the Ec, ranging from 20.6
- 43.1% (Table 2). According to expert opinion, an
infant’s dietary intake of saturated fatty acids should
be stepwise reduced at the expense of unsaturated fatty
acids, which includes polyunsaturated n-3 fatty acids.
Results for nursery schools however were found not to
be compliant. In an infant’s diet, aged 13-36 months, fat
should provide 35-40% Ec and should then be stepwise
reduced. However, limiting fat intakes below 25% Ec
may result in dietary intake deficiencies of essential
unsaturated fatty acids. It was found that dietary fats
were dominated by unsaturated fatty acids and the intakes on the polyunsaturated ones were on average 3.1 g
which constituted 3.0% of the Ec (Table 2).
Mean carbohydrate contents of the studied diets
were 130.8 g, (constituting 54% of the Ec) of which
121.1 g were digestible and thus accorded with recom-

MATERIALS AND METHODS
The study was conducted on 30 nursery school
samples within the Lodz city district. Children’s menus
and food inventory were analysed according to 10 day
menus from September 2011 to May 2012. In all, 1190
reports and menus were received. Only one school,
declared 3 seasons of results due to being closed for
autumn decorations. Inventory data enabled the average
dietary intakes to be calculated.
Results were calculated using the ‘Dieta 5.0’ computer programme according to the database at the Warsaw
Institute for Food and Nutrition [10]. These analyses
included dietary calorific values as well as its composition and nutritional content. Results were then adjusted
for children aged below 6 years and then further related
to nutritional standards for those aged 1-3 years [8].
Nutritional reference values for nursery school children
were taken as being 75% of the EAR (Estimated Average Requirements) for calories and recommended daily
intake (RDA) and Adequate Intake (AI) for consumed
nutrients and their recommended consumption values
expressed in terms of percentage calories obtained from
protein, fat and carbohydrates [23, 24]. The study was
approved by the Bioethical Commission at the Lodz
University of Medicine; decision number RNN/624/12/
KB from 17.07.2012. Statistics included calculation of
the mean, standard deviation and maximum to minimum
ranges. Differences between means were assessed by the
Kruskal-Wallis non-parametric test of variance, taking
a P value of ≤0.5 as being significant.
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Table 1. Dietary calorific and nutrient content shown in total or per season
Calories per nutrient
Energy (kcal)
Protein (g)
Fat (g)
SFA (g)
MUFA (g)
PUFA (g)
Cholesterol (mg)
Carbohydrates (g)
Saccarose (g)
Dietary fibre (g)
Sodium (mg)
Potassium (mg)
Calcium (mg)
Phosphorus (mg)
Magnesium (mg)
Zinc (mg)
Iron (mg)
Iodine (µg)
Vitamin A (µg)
Vitamin E (mg)
Vitamin C (mg)
Vitamin B1 (mg)
Vitamin B2 (mg)
Vitamin B6 (mg)
Vitamin PP (mg)
Vitamin B12 (µg)
Vitamin D (µg)
Folic acid (µg)

Mean total
range (from – to)
912.3 ± 158.5 1)
442.8-1507.0 2)
34.1 ± 7.1
14.8-60.3
31.9 ± 6.8
16.4-58.6
15.8 ± 33
7.7-29.5
10.8 ± 2.7
5.1-23.3
3,1 ± 1,2
1.0-8.9
164.7 ± 54.3
52.4-501.4
130.8 ± 24.8
62.6-245.5
30.3 ± 10.2
3.2-81.1
9.6 ± 2.3
3.6-24.4
657.6 ± 197.6
233.8-1683.8
1645.1 ± 334.3
758.3-3431.8
496.5 ± 126.6
198.2-1075.9
642.4 ± 129.4
306.4-1428.1
130.7 ± 27.9
61.1-388.2
4.2 ± 0.9
1.7-9.5
4.3 ± 1.1
1.7-13.0
20.3 ± 6.9
8.8-72.9
895.8 ± 546.0
200.2-7393.0
2.6 ± 0.8
0.9-6.4
29.1 ± 11.2
1.6-86.0
0.5 ± 0.1
0.2-1.1
1.0 ± 0.3
0.4-3.4
0.9 ± 0.2
0.3-2.3
5.4 ± 1.6
1.4-15.2
2.2 ± 2.0
0.8-33.2
0.8 ± 0.4
0.2-5.6
106.7 ± 33.4
36.2-444.8

Mean for Spring
range (from – to)
919.3 ± 154.7
613.1-1507.0
34.2 ± 6.8
20.4-60.3
32.5 ± 6.8
17.9-58.6
16.2 ± 3.5
9.1-29.5
10.9 ± 2.6
5.3-23.3
3.1 ± 1.3
1.1-8.9
166.7 ± 55.8
63.6-448.5
131.0 ± 23.2
84.4-214.9
30.0 ± 9.9
5.2-68.0
9.6 ± 2.0
5.0-19.8
674.3 ± 184.2
304.5-1349.8
1651.2 ± 313.7
1036.7-2919.7
508.9 ± 132.5
255.0-1075.9
649.5 ± 127.6
361.1-1092.1
130.5 ± 26.5
75.7-236.7
4.2 ± 0.8
2.0-7.3
4.3 ± 1.1
2.5-9.8
20.4 ± 7.9
9.6-72.9
922.0 ± 595.3
240.7-5120.4
2.6 ± 0.8
1.1-6.4
26.4 ± 8.9
8.8-55.3
0.5 ± 0.1
0.3-0.9
1.0 ± 0.3
0.6-2.4
0.9 ± 0.2
0.5-1.7
5.3 ± 1.3
2.9-10.2
2.3 ± 2.3
0.9-21.6
0.8 ± 0.4
0.2-3.5
106.0 ± 34.7
54.6-311.5

Mean for Summer
range (from – to)
832.3* ± 123.6
575.3-1213.0
31.5* ± 6.5
16.8-48.2
29.0* ± 5.8
16.8-48.2
14.2* ± 2.7
7.7-22.0
10.0* ± 2.5
4.8-19.7
2.7* ± 0.9
1.2-6.8
142.9* ± 45.3
52.4-368.9
119.1* ± 18.2
84.9-186.2
27.4* ± 8.6
6.6-53.3
9.0* ± 1.9
3.8-14.3
616.5* ±187.3
285.0-1389.1
1524.2* ± 260.0
877.6-24950
451.4* ± 115.1
237.3-883.9
591.2* ± 108.8
326.7-910.7
125.4* ± 23.5
75.0-212.6
3.9* ± 0.7
1.9-6.4
3.9* ± 0.8
2.2-7.1
18.9 ± 6.0
8.8-46.6
808.4* ± 433.4
227.3-3540.5
2.5 ± 0.7
1.1-6.0
31.4* ± 11.2
8.6-80.9
0.4 ± 0.1
0.3-0.8
0.8 ± 0.2
0.5-1.7
0.8 ± 0.1
0.5-1.6
5.1* ± 1.5
2.5-12.4
1.9* ± 1.4
0.8-12.8
0.7 ± 0.5
0.2-4.9
100.9* ± 24.8
46.3-211.6

Mean for Autumn
range (from – to)
965.0* ± 150.8
621.7-1445.5
36.1* ± 6.7
17.9-58.9
33.7* ± 6.5
17.9-53.2
16.6* ± 3.2
8.9-26.2
11.5* ± 2.7
5.6-21.1
3.0* ± 0.9
1.2-7.1
179.4* ± 52.5
66.8-371.2
138.5* ± 24.4
93.6-245.5
32.8* ± 9.7
6.2-79.9
10.2* ± 2.5
5.2-24.4
678.8* ± 196.6
233.8-1417.3
1752.2* ± 360.8
1084.6-3431.8
527.9* ± 122.3
248.2-987.1
682.4* ± 126.0
406.0-1428.1
138.3* ± 30.4
83.5-388.2
4.4* ± 0.9
2.6-9.5
4.5* ± 1.1
2.7-10.6
22.0 ± 6.9
10.6-64.1
941.9* ± 508.4
251.7-4860.1
2.8 ± 0.8
1.3-5.9
30.8* ± 11.9
11.4-86.0
0.5 ± 0.1
0.3-1.1
1.0 ± 0.2
0.6-2.4
1.0 ± 0.2
0.6-2.3
5.8* ± 1.7
2.7-12.1
2.3* ± 1.8
0.9-21.3
0.8 ± 0.3
0.3-3.2
115.2* ± 33.9
62.3-365.2

SFA – Saturated fatty acids, MUFA – Monosaturated fatty acids, PUFA - Polyunsaturated fatty acids
1)
Mean ± SD 2):minimum-maximum range
* – statistically significant at p<0,05

Mean for Winter
range (from – to)
934.4 ± 170.6
442.8-1502.3
34.6 ± 7.6
14.8-57.9
32.4 ± 7.0
16.4-56.3
16.2 ± 3.3
8.9-27.3
10.8 ± 2.7
5.1-18.8
3.0 ± 1.4
1.0-8.3
170.3 ± 56.2
60.3-501.4
134.7 ± 28.0
62.6-241.5
31.2 ± 11.6
3.2-81.1
9.7 ± 2.6
3.6-22.6
661.6 ± 215.6
274.4-1683.8
1656.3 ± 361.0
758.3-2974.4
498.9 ± 123.8
198.2-877.3
647.9 ± 137.3
306.4-1075.6
128.9 ± 29.5
61.1-252.3
4.2 ± 0.9
1.7-8.3
4.3 ± 1.3
1.7-13.0
19.7 ± 6.1
9.2-48.0
912.7 ± 618.8
200.2-7393.0
2.6 ± 0.9
0.9-5.7
27.8 ± 11.9
1.6-77.4
0.5 ± 0.1
0.2-1.0
1.0 ± 0.3
0.4-3.4
0.9 ± 0.2
0.3-1.9
5.5 ± 1.8
1,4-15,2
2.2 ± 2.4
0.8-33.2
0.8 ± 0.4
0.2-5.6
105.0 ± 37.5
36.2-444.8
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Table 2. The distribution of total energy intake from average diets (% Ec), expressed as totals or per season
Energy derived from
nutrients (% Ec)

Fats
Carbohydrates
Mean

Spring

Summer

Autumn

Winter

15.1
8.8 – 24.2 2)
30,9
20.6 – 43.1
54.0
41.6 – 67.0

15.1
10.7-20.9
31,2
22.3-40.5
53,7
43.4-67.0

15.3
9.7-24.2
30.8
20.8-40.1
58.9
42.2-65.4

15.2
10.9-22.8
30.8
20.6-42.7
54.0
43.4-64.1

15.0
8.8-20.9
30.7
20.7-43.1
54.3
41.6-66.1

1)

Protein

1)

Total

2)

Minimum to maximum range

mendations (Table 1 and 2), where mean saccaride
levels were 30.3 g (13.2% Ec). It is however recommended, that saccarides supply not less than 10% of the
Ec, so that nursery school diets should contain less than
18.7g saccarides; this was observed in only 9.1% cases.
Average levels of dietary fibre were found to be
9.6 g ± 2,3. This can be compared with normal dietary
requirements of 10-15 g fibre for infants aged 1-3 years
as established by the Institute of Food and Nutrition in
Poland and which corresponds to those of the American
Institute of Medicine that sets such levels of 19 g/24
hrs [24]. The observed dietary levels of vitamins and
minerals are shown in Table 1 and indicate that the
lowest levels were consumed during the summer but
the highest were in autumn.
Apart from vitamins D, E, B1, B6 and iodine, these
differences were significant. Mean dietary sodium was
657.6 +/- 197.9 mg which did not significantly exceed
standard values but keeping in mind that this entirely
originated from foodstuffs. Reports from food stores/
depots show that added salt constitutes a 1.2 g daily
load, combined with a sodium intake of around 1100
mg daily. Potassium stood at 1600 ± 334.3 mg, which
reached recommended levels for those attending nursery
schools (Figure 1).

Mean dietary calcium content were found to be
496.5 ± 126.6 mg, which adequately fulfilled the AI
standards requirements from 2008 [9], however those
defined by the EAR and RDA in 2012 showed that the
amounts consumed were at 95% of the RDA, which
may be considered as being satisfactory. Mean Vitamin
D were 0.8 ± 0,4 μg, with maximum levels rising to
5.6 μg; in nursery schools this value approached 5.6 µg.
Current recommendations that take into account the
pleiotropic action of vitamin D give RDA intakes of
15 µg, where during nursery school this should be set as
being 11µg. An iodine deficiency was also found with
average intakes of 20.3 +/-6.9 µg that only satisfied
1/3 of that recommended. Iodine deficiency was also
seen in nursery school children with average values
of 20.3 +/- 6.9 µg/ml from only however 1/3 of those
participating subjects. In order to increase these dietary
components in children, then frequent consumption
of foodstuffs like fish (once or twice every 10 days)
should be recommended in a diet as they are rich in the
aforementioned nutrients.
Mean dietary levels of magnesium and zinc were
found to be respectively 130.7 +/- 27.9 mg and 4.2
+/- 0.9 mg which in turn exceeded the RDA by 218%
and 187%. The iron content of diets was high at 4.3
+/- 1.1 mg, constituting 82% of the standard nutritional

Figure 1. RDA/AI values for vitamins and minerals found in average nursery school diets (as a proportion of the 75% daily
standard)

Nr 1

Energy and nutrients in diet of nursery school children

requirement. Amongst the fat soluble vitamins, dietary
vitamin E levels were low (2.6 +/- 0.8 mg) forming
only 58% of the recommended value. One of the richest
sources of this vitamin are oils, however butter is the
most frequent fat given in nursery schools whereas
vegetable oils are provided in small amounts. Thus an
increase in children’s dietary oils is indicated especially
olive and rapeseed oils. Vitamin C in the diet was on
average 29.1 +/- 11.2 mg which was in keeping with
recommendations whereas vitamin A levels were 895
+/- 546 µg -expressed as the retinol equivalent. Within
the latter, the provitamin A form (beta-carotene) was
predominant which was due to high amounts of carrots
and carrot/fruit juice in the diet. The dietary contents
of vitamin B group vitamins, together with folic acid
accorded with recommendations and in some cases were
higher, (eg. for riboflavin, vitamin B6 and B12).
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may not always fulfil other nutritional requirements.
This can be especially difficult for vitamin D and iodine and thus it is important that such deficiencies are
made up in meals eaten at home. Regarding the latter,
a systematic intake of foodstuffs rich in this vitamin is
necessary, such as fish, egg yolk or milk/dairy (or milk
substitute) products.
Fish are an excellent source of iodine, an element
which can also be found in some mineral waters. These
can be given to children aged 2-3 years, provided the
waters are low or medium mineralised. Dietary deficiencies of the aforementioned nutrients are observed
in the majority of studies carried out on various population groups [1, 2, 4-6, 12, 19]. Apart from vitamin E
and iron, the remaining dietary vitamins and minerals
comply with recommended values and are sometimes
even higher. Similar observation has been recorded in
those studies on nutrition at nursery schools in Poland.
The Weker et al. study for instance was conducted on a
group of 400 children, representative of Poland, aged
13-36 months [19, 20], where excess intakes of sodium,
vitamin C, B group vitamins, magnesium and zinc but
low levels of vitamin D were observed. Furthermore,
and in similar fashion to the presented study, intakes
were very low in the following; iron (4.5 mg), vitamin
D (0.9 µg, folates (78.8 µg) and vitamin E (3.1 mg).
Consumption of calcium was 465.5 mg and a little
below recommended levels, whereas that for magnesium was on average twice higher than recommended
at 136.1 mg. Similar findings were observed in nursery
school children from Warsaw [21]. A study by Sadowska
et al. on nursery schoolchildren from Szczecin showed
a twofold excess over recommended dietary levels for
copper, vitamin A and vitamins B2 and B6. Intakes of
other nutrients were also significantly exceeded such
as B group vitamins, vitamin C, phosphorus, magnesium and sodium but were found deficient in the cases
of calcium, potassium and iron [12]. Similar dietary
shortcomings have been demonstrated in further studies
on small children [1, 2, 4, 5-7, 12, 19]. Eating at home
should make good any of these nutritional losses during
nursery school time, however many studies indicate that
this is not so, where unfortunately in many cases sweet
snacks are given instead [3, 11].

Over recent years in Poland, much attention has
been focused on health and nutrition in children and
adolescents. This is related to an ever increasing incidence of overweight in these groups as well as much
evidence of bad dietary habits leading to significant
increases in various nutritional disorders. These nutritional failings have been observed both in individuals
and the education/school system as a whole. Studies
are often published in Poland on child and adolescent
nutrition (ie. schoolchildren and students), however
there are very few devoted to those at nursery school.
A study by Weker et al on Warsaw nursery schools
found that the mean calorific contents of meals provided were 20% higher than recommended values (964.8
+/- 97.4 kcal), protein was double the standard values
at 33.6 g whilst dietary fat intake was insufficient but
carbohydrates exceeded recommendations (142.0
+/- 18.5 g) [21]. Another study by Hamulka et al. measured the nutritional value of diets consumed by 1-6
year-olds in a Warsaw school for small children and
demonstrated a high calorific content and that this was
incorrectly distributed amongst the meals eaten, with
high amounts of saturated fatty acids and saccarose
but low amounts of complex carbohydrates [6, 18]. A
nutritional assessment study on nursery school children
CONCLUSIONS
conducted in Białystok (Smorczewski-Czuprynski et al.)
clearly showed that the 10 day menus were unbalanced;
the calorific contents were too high as was protein (2.5 1. Mean calorific values in diets of crèche/nursery
fold higher than the EAR), fat was within the lower set
schoolchildren exceeded those recommended, with
limits and carbohydrate was deficient [13].
the lowest in summer and highest in autumn.
Similar dietary shortcomings have been recorded 2. Dietary protein was very much higher compared to
recommended standards, but fell within the reference
by other studies [1, 2, 4-6, 11, 15, 22]. Having a varied
values. Fat content was low and was dominated by
diet is an important way of achieving a correctly basaturated fat with low intakes of polyunsaturated
lanced diet in vitamins and minerals, nevertheless this
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fatty acids. It is thus indicated that the latter needs to
increase by eating more foodstuffs containing these
compounds such as fish and oils.
3. Intakes of digestible carbohydrates complied with
recommendations, however saccarose intake was
excessive.
4. The diets showed deficiencies in the following;
vitamin D, iodine, vitamin E and iron, whereas
significantly excessive intakes were observed for
sodium, phosphorus, magnesium, zinc, vitamins
A, B2, B6 and B12 when compared to recommended
standards.
5. The diets of nursery school children need to better
balance according to recommended standards for
nutrition.
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THE EFFECT OF DAIRY PRODUCTS CHOICE ON CALCIUM DIETARY
INTAKE IN FEMALE UNIVERSITY STUDENTS OF NUTRITIONAL
FACULTY
Dariusz Włodarek*, Dominika Głąbska, Ewa Lange
Chair of Dietetics, Department of Dietetics, Faculty of Human Nutrition and Consumer Sciences, Warsaw University of
Life Sciences - SGGW, Poland

ABSTRACT

Background. Dairy products provide the most important source of calcium in a typical human diet, being of particular
significance to women.
Objective. To determine dietary calcium intakes in a group of female students studying human nutrition at a Warsaw University of Life Sciences –SGGW through analysing the selections made of dairy products.
Materials and Methods. A food frequency questionnaire was used to assess average consumption of dairy products. Total
daily calcium intakes were then estimated by adding the intakes obtained from such dairy products to an average non-dairy
calcium value obtained from other foodstuffs and taken to be 250 mg.
Results. Varied choices were made of dairy foodstuffs, with most subjects consuming milk, milk beverages, cottage cheese
and rennet cheese. Calcium intakes were thus dependent on the dietary assortment of such selected dairy products made.
Whenever cheeses were avoided in the diet, then low calcium intakes became more common.
Conclusions. When compared to dietary recommendations, calcium intakes in this group of young women were inadequately low, especially for those not eating cheese and despite supposedly having sufficient knowledge through studying
this subject area.
Key words: calcium, dairy products, nutritional questionnaire, female students, faculty of nutrition

STRESZCZENIE

Wprowadzenie. Najważniejszym źródłem wapnia w diecie są produkty mleczne, które dostarczają większość dobowej
ilości wapnia w diecie kobiet.
Cel. Celem prezentowanego badania była ocena spożycia wapnia w grupie studentek wydziału nauk o żywieniu człowieka
i analiza wpływu wybieranego asortymentu produktów mlecznych na ilość wapnia w ich diecie.
Materiał i metody. Przeprowadzono ankietę częstości spożycia, w której oceniono przeciętne spożycie produktów mlecznych. Na tej podstawie określono przeciętną dobową ilość wapnia z produktów mlecznych, a dodając 250 mg, które jest
przeciętnie spożywane z produktów innych niż produkty mleczne, również dobową podaż wapnia.
Wyniki. Stwierdzono, że asortyment produktów mlecznych spożywanych w badanej grupie był różnorodny – większość
z badanych spożywała mleko, napoje mleczne, sery twarogowe i sery podpuszczkowe. Podaż wapnia z produktów mlecznych była uzależniona od wybieranego asortymentu produktów mlecznych – kobietom niespożywającym serów trudniej
było osiągnąć dużą ilość wapnia w diecie z produktów mlecznych.
Wnioski. W porównaniu z zaleceniami, ilość wapnia w diecie młodych kobiet, szczególnie tych niespożywających serów,
była niewystarczająca, mimo posiadanej przez nie wiedzy żywieniowej.
Słowa kluczowe: wapń, produkty mleczne, ankieta częstości spożycia, studentki wydziału żywieniowego

INTRODUCTION
It is recognised that individuals suffering from osteoporosis, low bone mass and weak bone tissue have,

as a consequence, increased fracture susceptibility and
bone fracturability [9]. Osteoporosis occurs more often
in women than men, where the frequency increases with
age; particularly affecting postmenopausal women [19].
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Preventing osteoporosis should be tackled in childhood,
as at an such early ages of life, there is a possibility to
increase bone mass by suitable calcium intake with diet
[28]. Increasing the bone mass is possible until the age
of 30 [10], therefore it is vital to ensure an adequate
calcium intake during this time, especially for young
women.
The most important sources of calcium in the diet
are dairy products, providing most of the daily dietary
calcium in women; over 60% of daily calcium intake,
[6, 21]. Previous results published in the scientific
literature have established that the quantity of calcium
from non-dairy products can be regarded as being quite
constant, amounting to around 250 mg. Thus, dietary
calcium depends on its intake from dairy foodstuffs.
In preventing osteoporosis, the consumption of dairy
products has also been found to be as efficient, if not
more efficient, than calcium supplementation [11]. This
high efficiency is due to the presence of lactose in dairy
products [15] which improves calcium assimilation
[24]. The study aim was to assess dietary calcium intake
in a group of female university students of nutritional
faculty and to analyse the influence of chosen dairy
products on the calcium intake.

MATERIALS AND METHODS
Study subjects consisted of 101 female students
aged 20-23 years attending the Faculty of Human Nutrition and Consumer Sciences at the Warsaw University
of Life Sciences - SGGW in Poland. Each were asked
to fill in a questionnaire on the types and frequencies
of foods consumed, focused on assessing their calcium
intake from dairy products. In total, 49 such dairy products that are most commonly available in Poland were
considered. These included milk, yogurt, other milk
beverages, rennet cheese, cottage cheese etc. Questions
were asked also about meals containing dairy products
and typical portion sizes of products and meals.
For each given product, the calcium intake was estimated by the following formula: calcium intake [mg]
= typical portion size [g] x calcium content [mg/g].
The results obtained from the questionnaire were then
analysed by the Polish ‘Dietetic 2’ software package
and a national Polish database on nutritional values
of foodstuffs [15]. Standard error of estimate for used
questionnaire (calculated on the basis of 50 measurements – 2 for each patient with repetition in the period
of 6 weeks) was 180 mg of calcium while median of
difference for two estimations of daily calcium intake
was 12%, that was assessed for other group of Polish
young women. Moreover, applied food frequency
questionnaire was previously used in other groups of
Polish women [27].

Nr 1

The total dietary calcium intake per day was estimated by summing the amount of calcium determined
from all the dairy products consumed with the 250 mg
of calcium obtained from non-dairy products [6, 21].
These were compared with a value of 800 mg i.e. the
Estimated Average Requirements (EAR) level in Poland, as recommended for this age group [12]. Results
are presented as mean values ± standard deviations (SD)
with median, minimum and maximum values also given.
The distribution of analysed factors was verified using
the W Shapiro-Wilk test. The non-parametric Mann-Whitney U test was used to determine the significance
of differences between groups. To define the significance of correlations, the level of significance p≤0.05
was accepted. All statistical analysis were performed
using the Statistica software version 8.0 by StatSoft Inc.

RESULTS AND DISCUSSION
The food frequency questionnaire is a widely used
method for assessing calcium intake [6, 7, 14, 20, 23].
This arises because of calcium being a nutrient that is
supplied by specified group of foodstuffs; dairy products. So instead of analysing the entire diet for calculating calcium intake using the method of dietary recall, it
can be more simply and quickly assessed through using
a food frequency questionnaire.
All women subjects consumed dairy products and
the food frequency questionnaire indicated what choices
of dairy products had been made. It was observed that
89% of women consumed milk, 93% other milk beverages, 90% cottage cheese and 90% rennet cheese. In
total, 73% of women declared consuming dairy products
from all of four analysed groups. Only 5% of women
did not consume any dairy products from at least two of
the four groups. It was mainly found that a wide variety
of dairy products were consumed as almost all subjects
consumed foodstuffs from all the dairy products groups.
Another Polish study, conducted on youth/adolescents, demonstrated cottage cheese consumption by
32% subjects, whilst for rennet cheese it was by 70%
[2]; this was lower than in the presented research. A
Croatian study using a food frequency questionnaire
on an analogous group of female students showed that
consuming dairy products was also less common than
in the current study, where 12% of women subjects declared consuming these products less than once a month
[22]. The higher amounts of dairy products consumption herein, may be due to the particular educational
background of the subject group, who were students of
nutritional faculty at university and who could thus be
expected to be aware of the important role that dairy
products play in a proper diet. Moreover, the Croatian
research showed that the 7% of women who did not con-

Nr 1

37

Influence of dairy products on the calcium intake in diet of students

Table 1. Dairy calcium intake [mg] in the diet of analysed group of women – comparison of calcium intake between those
consuming and not consuming of dairy products
Group of dairy products
Milk
Other milk beverages
Rennet cheese
Cottage cheese
All groups of dairy
products
a
b

Subgroups consuming specified
Subgroups not consuming specified
dairy products
dairy products
Mean ± SD Median Minimum Maximum Mean ± SD Median Minimum Maximum
659 ± 309
598a
69
1791
504 ± 262
477
156
990
657 ± 308
588a
122
1791
435 ± 205
498
69
650
673 ± 304
602a
136
1791
360 ± 162
372
69
601
655 ± 294
588a
122
1791
390 ± 468
167a
69
1202
subgroup consuming all the groups of dairy subgroup consuming no more than 3 of groups
products
of dairy products
704 ± 296
657
238
1791
463 ± 263
420
69
1202

pb
0.0860
0.0584
0.0005
0.0410
0.0001

distribution different than normal (verified on the basis of W Shapiro-Wilk test – p≤0,05)
subgroups compared using U Mann-Whitney test

sume any dairy products also performed low levels of
physical activity, of which 1% had a too low body mass
[22]. It should however be emphasised, that in order to
reduce risk of osteoporosis, not only diet is important
(with adequate calcium content), but also other factors
such as physical activity, an appropriate body mass or
even being slight overweight [18].
The median calcium intake of the women subjects
was found to be 580 mg daily, however the range was
wide; from 69 mg to 1791 mg. Table 1 demonstrates
the analysis of calcium intake in the subgroups of dairy
products. A significantly higher calcium intake was
observed in women consuming cottage cheese and that
consuming rennet cheese compared with subgroups who
did not consume these foodstuffs. Other research has
also showed that higher dairy products’ consumption
is associated with higher calcium intake in the diets of
young women [4]. The present findings demonstrates
that the most important dairy products responsible for
high calcium intakes were cottage cheese and rennet
cheese, that stressed the general and important role of
cheese as a source of calcium. Furthermore, significant
differences in dairy calcium intake were observed between women consuming all the different kinds of dairy
products, with women not consuming at least one kind
of dairy product. It may be concluded, that a wider variety of dairy products provide a higher likelihood that
calcium intake recommendations are met.
The dairy calcium intake was added to 250 mg;
being the quantity of dietary calcium obtained from non-dairy products [6, 21]. This value has been previously
established as being typical from such non-dairy products [6, 21]. A study by of Wądołowska et al. showed
that the mean calcium intake from non-dairy products
observed in Polish women subjects was not higher than
the assumed 250 mg value [26]; on this basis, the median of daily calcium intake of women in present study
could be specified as 830 mg. Other research on young
women gave lower daily calcium intakes of 455 mg [3]
or ranges of 400 – 800 mg [16] in variously defined
groups of individuals. Other factors influencing calcium

intake have been also taken into account in other studies
of individuals already possessing adequate nutritional
knowledge [3]. Indeed this may possibly help explain
the differences of calcium intake observed between the
Chang [3] and Maggiolini et al. [16] studies compared
with the results herein presented. It may be so expected,
that students of nutritional faculty at university have a
higher level of nutritional knowledge than the general
population. According to literature, other factors may
also contribute to higher calcium intake; not having
children, low body mass in proportion to height and
a high level of education [3] which could additionally
explain the high levels found in the presented study.
Here, subjects at least possessed secondary education
and were continuing to study still further; most did not
have children and most had an appropriate body mass.
In nearly 50% of subjects, the calcium intake was
lower than EAR level (Figure 1). The study by Wądołowska et al. on a group of young women showed
that 80% subjects had a calcium intake lower than the
AI level [26]. It must however be pointed out that the
AI level (1000 mg) that was applied to the assessment
was according to the Polish dietary recommendations
from 2008 [13] and was higher than EAR level (800
mg) used in the presented analysis [12]. Moreover, if
the presented results are compared with the 1000 mg

Figure 1. The share of analysed group of women characterised by calcium intake lower or higher than the
recommended EAR level
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AI level, then conclusions become similar to those of the
Wądołowska et al. study [26] i.e. that almost 70% subjects have insufficient calcium intake. An insufficient
calcium intake is typical for young women in Poland,
being observed both from dietary recall studies [1, 5, 8,
17] and measurements made by atomic absorption spectrometry on daily food rations [17]. Other studies that
confirmed this where Cais-Sokolinska and Borski [2],
that compared dairy product and calcium intake in the
diets of girls and boys from 6 European countries; the
country with the highest dairy products consumed and
calcium intakes (for girls) was Croatia, (out of Croatia,
France, Germany, Hungary, Ireland, Poland); whereas
Polish youth had the lowest dairy products intake (400
g daily, vs 1400 g in Croatia). Likewise dietary calcium
intake in Polish girls was one of the lowest (250 mg vs
900 mg in Croatia).
In summary it may be concluded, that in own research, in spite of the fact that most of individuals consumed dairy products, it is possible, that servings were
not sufficient to provide adequate amount of calcium,
that was associated with nutritional habits generally
observed in Poland.

CONCLUSIONS
1. Female students of nutritional faculty at university
consumed a wide variety of dairy products; almost
all consumed milk, other milk drinks, cottage cheese
and rennet cheese.
2. Calcium intakes were in most subjects lower than
those recommended.
3. Calcium intake depended on the dairy products
chosen. In subjects consuming cottage cheese and
rennet cheese the possibility of meeting calcium
intake recommendations was higher.
Conflict of interest
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ABSTRACT

Background. Patients with obesity, including morbid obesity, commit numerous dietary mistakes. They prefer high-energy
diets, but of poor nutritional value. Patients qualified for bariatric procedures show deficiencies in vitamins and minerals
due to insufficient intake of vegetables, fruit and whole grain products.
Objective. Analysis of dietary habits in morbidly obese patients prepared for bariatric surgery, including assessment of
eating style and frequency of consumption of certain products.
Material and methods. The study group contained 39 people aged 18 - 65 years, who were surveyed with a questionnaire
elaborated in the Department of Clinical Dietetics and Nutrition, Medical University of Bialystok. The following factors
were assessed: number of meals, snacking between meals and eating at night, types of snacks eaten, and frequency of consumption of certain foods. Results were analyzed using Statistica 9.0.
Results. The majority of surveyed men (41.7%) ate three meals a day, whereas most women (40.7%) had at least 4 meals a
day. Nearly 85% of the respondents admitted snacking between meals, mainly eating fruit, sweets and sandwiches. Whole
grain cereal, milk and dairy products, fish, fruit, vegetables and pulses appeared in diet of patients qualified for treatment
of obesity very rarely.
Conclusions. Dietary habits of obese patients qualified for bariatric procedures are not consistent with recommendations.
Therefore, these patients should receive nutritional education in order to foster proper eating habits that will help in the
postoperative nutrition
Key words: morbid obesity, adults, nutrition manner

STRESZCZENIE

Wstęp. Osoby z otyłością, w tym z otyłością olbrzymią, popełniają liczne błędy żywieniowe. Dieta otyłych jest wysokoenergetyczna, jednak posiada niską wartość odżywczą. U osób zakwalifikowanych do zabiegów bariatrycznych występują
niedobory witamin i składników mineralnych spowodowane niewystarczającym spożyciem między innymi warzyw, owoców
oraz produktów pełnoziarnistych.
Cel. Analiza zachowań żywieniowych pacjentów z otyłością olbrzymią przygotowywanych do operacji bariatrycznej, na
którą składały się ocena trybu żywienia oraz częstotliwości spożycia poszczególnych artykułów spożywczych.
Materiał i metody. Badaniem objęto grupę 39 osób w wieku 18 – 65 lat. Badanie przeprowadzono z użyciem kwestionariusza ankiety, opracowanego w Zakładzie Dietetyki i Żywienia Klinicznego UM w Białymstoku. Ocenie poddano między
innymi ilość spożywanych posiłków, zwyczaj pojadania między posiłkami i jedzenia w nocy, rodzaj spożywanych przekąsek
oraz częstotliwość spożycia wybranych produktów spożywczych. Analizę wyników wykonano w programie Statistica 9.0.
Wyniki. Wykazano, że większość ankietowanych mężczyzn (41,7%) spożywała 3 posiłki dziennie, a kobiet (40,7%) przynajmniej 4 posiłki dziennie. Blisko 85% badanych pojadało między posiłkami, głównie owoce, słodycze i kanapki. Osoby
zakwalifikowane do chirurgicznego leczenia otyłości zbyt rzadko spożywały produkty zbożowe z pełnego przemiału, mleko
i przetwory mleczne, ryby, warzywa i owoce oraz nasiona roślin strączkowych.
Wnioski. Sposób żywienia osób otyłych zakwalifikowanych do zabiegów bariatrycznych nie jest zgodny z zaleceniami
żywieniowymi. Należy objąć ich edukacją, w celu kształtowania prawidłowych zachowań żywieniowych, które pomogą
w późniejszym żywieniu pooperacyjnym.
Słowa kluczowe: otyłość olbrzymia, dorośli, sposób żywienia
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INTRODUCTION
The prevalence of obesity, including morbid obesity,
increases with age and is a major health problem in
developed and developing countries. Obesity is becoming increasingly common also in Poland. The National
Multicenter Health Survey (WOBASZ) (2003 – 2005)
demonstrated that overweight and obesity affected 61%
of Polish men and 48.1% of Polish women, with more
women (2.2%) suffering from pathological obesity
(BMI ≥ 40 kg/m2) in comparison with men (0.6%) [3].
Obesity, especially its morbid form, is the major
cause of many diseases, particularly cardiovascular disorders and type 2 diabetes which increase the risk of premature death [22, 40]. Bariatric surgery is recently the
most efficient method of obesity treatment. It provides
to the significant loss of body mass and consequently to
the improvement of patient’s quality of life [12]. What
is more, bariatric surgery significantly improves metabolism of insulin, glucose and lipids [20, 21].
The diet of the obese patients is nutritionally poor.
It is characterized by low intake of whole-grain cereal
products, milk and dairy products, red meat, sea fish,
fruit and vegetables. According to international reports,
patients qualified for surgical treatment of obesity are
often diagnosed with nutritional deficiencies, especially
of vitamins D3, B1, calcium, iron, zinc and selenium [14,
17, 27, 28, 36] which occur due to insufficient supply
of dietary nutrients [2, 10, 26, 35, 36].
In accordance with the European guidelines of
Bariatric Scientific Collaborative Group, the decision
for bariatric surgery should be preceded by an assessment of dietary habits and nutritional status, since
effective dietary preparation of the patient before the
procedure determines their post-operative condition.
The aim of the study was to analyze eating behaviors
of patients with morbid obesity prepared for bariatric
surgery, including the evaluation of eating habits and
frequency of consumption of certain foods.

MATERIAL AND METHODS
The study involved 39 patients (27 women and 12
men) qualified for surgical treatment of obesity. The
average age was 39.4 ± 12.93 (range 18 - 65) for women
and 38.1 ± 11.77 (range 20-62) for men. The mean body
mass index was 46.8 ± 7.96 kg/m2 in women (range
36.1 - 72.6 kg/m2) and 45.0 ± 6.78 kg/m2 (range 38.3
- 60,5 kg/m2) in men. The study subjects were surveyed
with a questionnaire elaborated in the Department of
Clinical Dietetics and Nutrition, Medical University of
Bialystok. The first part of the questionnaire contained
particulars and questions concerning eating habits (such

as number of meals consumed, snacking between meals,
eating at night, type of snacks eaten, places where food
was consumed). The second part was related to the usual
frequency of consumption of certain food products. The
results were analyzed using Statistica 9.0. The study
was approved by the Ethics Committee UMB No. RI002/525/2010. All patients signed a voluntary consent
to participate in the study. The study was financed from
research funds of the Department of Clinical Dietetics
and Nutrition, Medical University of Bialystok.

RESULTS
The analysis showed that the majority of obese men
qualified for bariatric surgery (50%) lived in large cities
(population of over 150,000 inhabitants). The results are
presented in Table 1. The highest percentage of obese
women (48.1%) was residents of small towns. Women
and men with higher education accounted for 33.3%
and 16.7%, respectively; 33.3% of women and 33.3%
of men had secondary education; 25.9% of women and
33.3% of men had vocational education. Nearly 59%
of patients surveyed were employed; women more frequently performing mental work (37%), whereas men
- physical work (50%). Over 23% of the respondents
were unemployed. Pensioners accounted for approximately 18% of all the respondents.
Table 1. Characteristics of examined women and men
Women
Men
n = 27
n = 12
n
%
n %
Place of living

Total
n = 39
n
%

City
(more than 150,000
inhabitants)

10

37

6

50

16

41.0

Town
(less than 150,000
inhabitants)

13

48.1

4

33.3

17

43.6

2

16.7

6

15.4

1
1
4
4
2

8.3
8.3
33.3
33.3
16.7

2
2
11
13
11

5.1
5,1
28.2
33.3
28.2

Rural areas
None
Primary
Vocational
Secondary
University

4
14.8
Education
1
3.7
1
3.7
7
25.9
9
33.3
9
33.3

In the current study, the majority of men surveyed
(41.7%) had three meals a day, and women (40.7%) at
least 4 meals a day (Table 2). In both groups, breakfast,
dinner and supper were the most frequently consumed
meals. Breakfast was eaten more frequently by women
than men (92.6% vs 75%), whereas dinner (100% vs
88.9%) and supper (100% vs 96.3%) - more often by
men as compared to women. Lunch was consumed by
only 33.3% of the respondents, and only 20.5% ate at
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tea time. As many as 71.8% of the respondents (70.4%
of women and 75% of men) ate irregularly and the
intervals between meals were longer than 4 hours. The
most frequently, the respondents ate at home (92.6% of
women and 66.7% of men). About 89% of women and
75% of men participating in the study were snacking
between meals (often up to 40.7% of women and 35.9%
of men). Night snacking habit was reported by 18.5%
of women and about 8% of men. Most commonly eaten
snacks were fruits (61%), sweets (50%) and sandwiches
(47%). Women showed a stronger preference for sweets
and fruit, whereas men for fruit and sandwiches. Detailed evaluation of eating habits is shown in Table 2.
Table 2. Nutritional habits of obese patients qualified for
bariatric procedures.

Mental work
Physical work
Pensioner
Unemployed
1
2
3
≥4
Breakfast
Lunch
Dinner
Tea
Supper
Yes, often
Yes, sometimes
Rather not
No, never
Yes, often
Yes, sometimes
Rather not
No, never
At home
At a restaurant
In bars
Buy ready meals
Home + bar
Home + reastaurant

Women
Men
n=27
n=12
n
%
n
%
Occupation
10
37
3
25
4
14.8
6
50
5
18.5
2
16.7
8
29.6
1
8.3
Number of meals
0
0
0
0
6
22.2
3
25
10
37
5
41.7
11
40.7
4
33.3
Meals
25
92.6
9
75
9
33.3
4
33.3
24
88.9
12
100
7
25.9
1
8.3
26
96.3
12
100
Snacking
11
40.7
3
25
13
48.1
6
50
3
11.1
2
16.7
0
0
1
8.3
Eating at night
2
7.4
0
0
3
11.1
1
8.3
1
3.7
2
16.7
21
77.8
9
75
Eating place
25
92.6
8
66.7
0
0
0
0
0
0
1
8.3
1
3.7
1
8.3
1
3.7
1
8.3
0
0
1
8.3

Total
n=39
n

%

13
10
7
9

33.3
25.6
17.9
23.1

0
9
15
15

0
23.1
38.5
38.5

34
13
36
8
38

87.2
33.3
92.3
20.5
97.4

14
19
5
1

35.9
48.7
12.8
2.6

2
4
3
30

5.1
10.2
7.7
76.9

33
0
1
2
2
1

84.6
0
2.6
5.1
5.1
2.6

Apart from dietary habits, also routine frequency
of consumption of certain products was assessed in the
study. The analysis revealed that people qualified for
surgical treatment of obesity ate whole grain cereal products very rarely. More than 29% of women consumed
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cereal only once a week, and nearly 26% less than once
a month. The majority of men (41.7%) ate cereal once
or twice a month, and 25% did not eat those products
at all. Women ate pasta and rice 1-2 times a week, and
men once a week. Obese patients were also found to
prefer white bread. More than 41% of women and 58%
of men consumed white bread at least once a day. Daily
consumption of wholemeal rye bread was reported by
only 22.2% of women and 25% of men. The largest
group of women (29.6%) did not consume wholemeal
rye bread at all and 41.7% of men admitted consuming
it only once a week.
The assessment of the frequency of milk intake
revealed that this product was consumed by only
37% of women and 16.6% of men, 7 or more times
a week. Milk fermented beverages in daily diet were
consumed by only 29.6% of women and 8.3% of
men. In both groups, cottage cheese was eaten usually
once a week (by 41% of women and 25% of men).
The main source of protein, present in the diet of the
obese patients qualified for surgical treatment, was meat.
In the current study, the most commonly consumed meat
was poultry and pork. The largest group of women
(51.8%) had poultry meat 2-3 times a week, whereas
men (41.7%) 4-6 time a week. Pork was consumed once
a week by 33.3% of the respondents, 4-6 times a week
by 22.2%, and 2-3 times a week by 18.5%. The largest
percentage of men (41.7%) ate pork 2-3 times a week,
and 25% of them ate pork 7 times a week or more. In
both groups, the consumption of marine fish was very
seldom (once a week). The frequency of consumption
of fat meat products seems to be alarming. Sausages,
luncheon meat, meat pies in the group of obese women
were routinely consumed at a frequency of 2-3 times
a week, and once a week in the group of obese men.
Daily consumption of raw vegetables was reported
by only 40.7% of women and 41.7% of men, and raw
fruits by 29.6% and 33.3%, respectively. Potatoes in
both groups were consumed at a frequency of 4-6 times a week. A very low intake of legumes is alarming.
More than 38% of all the respondents consumed such
products only 1-2 times a month, 23% less than 1-2
times a month, and nearly 31% did not eat them at all.
It was also observed that obese patients chose butter
and soft margarine (in both groups consumed 7 times
a week or more) rather than olive oils and vegetable
oils (in both groups used only 2-3 times a week).
The consumption of confectionery products by patients
qualified for bariatric surgery is very common, especially among women. More than 29.6% of women consumed sweets up to 7 times a week or more, and 25.9% of
them 2-3 times per week. The highest percentage of men
(33.3%) ate sweets 2-3 times a week. Men consumed
large quantities of sweet fizzy drinks, with 33.3% of
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them consuming it 7 times a week or more and nearly
17% 4-6 times a week.

DISCUSSION
High energy diet, low physical activity and sedentary lifestyle play an important role in the emergence
of obesity [7, 49]. It has been proven that the main
factors contributing to the development of obesity are:
a small number of meals, irregular food intake, too long
intervals between meals and snacking [51].
In the current study, men reported to eat 3 meals a
day, and women at least 4 meals a day. In another study
involving a group of morbidly obese patients qualified
for bariatric surgery, 50% of respondents consumed 3
meals per day [5]. Similar results have been obtained
by other authors [19, 24, 43, 50]. In accordance with
the prevention and treatment of overweight and obesity, 4-5 meals are recommended to eat per day, as the
distribution of daily food intake in smaller portions is
beneficial for maintaining healthy body weight. In an
American study, consuming meals more often during
the day was associated with a lower risk of obesity (≥ 4
meals vs. 3 meals) [31]. This seems to be confirmed by
the observations reported by Gacek and Chrzanowska,
who showed a statistically significant correlation between BMI and the number of meals [19]. It also affects
food consumption in patients after bariatric surgeries.
In the present study, the most frequently eaten
meals were respectively supper, dinner and breakfast.
Comparable results have been obtained by Stefańska,
who reported that over 90% of overweight and obese
patients had three main meals (breakfast, dinner and
supper) [45].
From a nutritional point of view, the most important meal of the day is breakfast. Many studies have
provided evidence that regular breakfast consumption
improves insulin sensitivity and glucose tolerance during subsequent meals, and also contributes to lower
levels of triglycerides and LDL cholesterol in the blood
[16, 33, 42]. The morning meal provides an appropriate
amount of carbohydrates which affect the release of
hormones responsible for the feeling of satiety [6, 13],
whereas the presence of substantial amounts of protein
and fat from milk and dairy products modulates ghrelin
secretion, thus inhibiting the feeling of hunger [18].
Avoiding breakfast is associated with an increased
incidence of obesity [31]. In a study conducted by van
der Heijden et al., men eating breakfast regularly were
characterized by a lower body weight gain, compared
to those who did not eat breakfast [47]. According to
British observations, patients consuming high-energy
breakfasts had a lower mean BMI and lower weight
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gain over the following five years, compared to those
consuming low-calories breakfasts [41].
In our study, more than 71% of the respondents consumed meals irregularly, which is a common phenomenon among Poles, both with normal and excessive body
weight [5, 8, 19, 24, 29, 34]. Food intake irregularity is
one of the dietary factors conditioning overweight and
obesity [8, 15, 38]. It also may impede a 5 meal regime
after bariatric surgery.
In our study, over 84% of the respondents qualified
for bariatric treatment admitted snacking between meals. This percentage was higher in a study conducted by
Boniecka et al. [5]. Similar results have been obtained
by Mędrela-Kuder, who reported snacking habit in 96%
of women with excess body weight [34]. In the current
study, the most commonly consumed snacks between
meals were fruits, sweets and sandwiches. Similar results have been obtained by other authors [5, 37, 45].
Type of food and frequency of consumption also play
an important role in the prevention and treatment of
overweight and obesity. A properly composed menu,
containing such products as whole grain cereal, skim
milk and dairy products, fruit and vegetables, lean meat,
fish or pulses, helps maintain good health.
The assessment of the frequency of consumption of
the selected products by the morbidly obese qualified
for bariatric surgery showed a very low intake of grits,
pasta, rice and wholemeal bread. Similar results have
been obtained by Stefańska et al. [45] in their research
presenting that wholemeal bread and grits were eaten
once a day by 33% of obese women, whereas only once
a week by obese men (28.3%). In the present study,
consumption of white bread and semi-confectionery
products at least once a day was reported by 41% of
women and 52% of men. Such low intake of wholemeal
products may cause deficiency of B vitamins, especially
vitamin B1. It has been proven that 15-29% of patients
with morbid obesity show vitamin B1 deficiency [9,
17]. We also observed a low intake of milk and dairy
products in obese patients. In a study conducted by
Stefańska et al., the largest number of obese women
-30%- reported intake of milk and dairy products at least
once a day, whereas obese men (about 28%) 2-3 times
a week [44]. Milk and dairy products are an excellent
source of easily absorbed calcium. Several studies have
shown a negative correlation between calcium intake
and serum lipids, blood glucose and insulin levels [1,
39]. In addition, Liu et al. have shown that the risk of
metabolic syndrome decreases with a greater consumption of calcium [30]. Insufficient intake of milk and
dairy products can also cause latent deficit of calcium
in patients who are prepared for bariatric surgery.
Our observations and results reported by other
authors demonstrate a high intake of meat (poultry and
pork) among people with normal and excessive body
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weight [8, 25, 44, 46]. In this study, obese patients
demonstrated low intake of fish (only once a week).
Similar results have been obtained by Ostrowska et al.
[37], Ilow et al. [25], Gacek et al. [19], Włodarek et al.
[50]. Moreover, the majority of respondents reported
consumption of beef and veal less than once a month.
Red meat is an excellent source of easily absorbed iron,
and its low consumption may contribute to iron severe
deficiency. Other studies involving patients with morbid
obesity have revealed iron deficiency in 12% - 43.9% of
them [17, 32, 48]. Vegetables and fruit should dominate
in the diets of overweight and obese patients. Of those
surveyed in the present study only 40.7% of women and
41.7% of men reported daily intake of raw vegetables,
and 29.6% and 33.3% of raw fruits, respectively. In a
study by Włodarek et al., 79% of obese women and 64%
of obese men reported daily fruit intake. Only 45% of
respondents reported consumption of vegetables once
a day and every fourth person consumed it 3 times a
day [50]. Similarly, another study has shown that the
diet of people with excess body weight is characterized by low intake of fruits and vegetables, which are a
valuable source of food fibers, vitamins and minerals
[34]. This can cause insufficient supply of vitamin C,
which is indispensable for the absorption of iron in the
gastrointestinal tract.
The assessment of dietary habits showed a very low
consumption of legumes that are rich in B vitamins,
potassium, iron and magnesium. It should be noticed
that about 30% of all the respondents did not consume
them at all. Another study evaluating the frequency of
consumption of selected products by obese patients
presented that more than 60% of men and women consume pulses less than once a week [44]. The analysis
of fat intake revealed that the obese patients preferred
soft margarine and butter. Olive oil and vegetable oils
were used 2-3 times a week. Preferences concerning
fat spreads vary. Female inhabitants of Legnica with
its surroundings and Warsaw often used soft margarine,
while obese patients with high blood pressure chose
butter [8, 23, 25]. Vegetable oils were most commonly
used for frying [4, 8, 11, 25]. Both in our study and in
those conducted by other authors, 20-35% of the respondents consumed sweets 2-3 times a week [44, 50],
and large amounts of sugary drinks delivering glucose
and fructose to the body. Excessive intake of simple
carbohydrates in diet increases its energy value and is
one of the main reasons for the positive energy balance.
It can be thus concluded that the nutrition manner of the
respondents are not consistent with dietary guidelines.
Numerous studies have shown nutritional deficiences,
especially of vitamin D3, vitamin B1 and iron in morbidly
obese individuals qualified for bariatric surgery, despite
dietary energy excess [14, 17, 26, 27, 28, 36]. This is
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due to inadequate intake of whole grain cereal products,
legumes, milk, dairy products, beef, veal and fish.

CONCLUSIONS
1. Dietary mistakes committed by obese patients, such
as consumption of high-energy products (meat, fat)
and low intake of milk and dairy products, could
increase the risk of morbid obesity.
2. Cconsumptions of large amounts of high-energy
products with poor nutritional value may provide
to the development of latent nutritional deficiencies.
Obese patients should be encouraged to eat more
grains, cereal products, vegetables, fruit, milk and
dairy products, red meat and fish with simultaneous reduction of the intake of fatty meat and sweet
snacks.
3. Obese patients qualified for bariatric procedures
should receive dietary education in order to foster
healthy nutritional habits that will help to maintain
healthy diet after surgery.
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EFFECT OF DIFFERENT DRYING CONDITIONS FOR THE VIABILITY OF
CANDIDA ALBICANS PRESENT ON CARRIERS
Ewa Röhm-Rodowald*, Agnieszka Chojecka, Bożenna Jakimiak, Olga Wiercińska, Beata Ziemba,
Krzysztof Kanclerski
Department of Biological Contamination Control, National Institute of Public Health – National Institute of Hygiene,
Warsaw, Poland

ABSTRACT

Background. Problems in substantial under recovery of Pseudomonas aeruginosa and Candida albicans from carriers have
been demonstrated for laboratories performing phase 2, step 2 efficacy tests on disinfectants relative to levels required by
the EN 13697 standard. It was thus necessary to determine recoveries of these microorganisms following procedural losses
incurred during drying and to optimise drying conditions such that recoveries then complied with the standard.
Objectives. The aim of the study was to establish optimal drying conditions for the recovery of Candida albicans ATCC
10231 from carriers.
Materials and Methods. The evaluation was performed according to the EN 13697:2001 standard procedure. A test suspension of Candida albicans and interfering substance were inoculated onto the surface of carriers (2 cm diameter stainless
steel discs) and then dried under different conditions consisting of: a 37°C incubation with and without an incubator fan as
well as at 23°C (room temperature) in a laminar air flow cabinet. Carriers were dried until the surfaces appeared visibly dry
and the number of surviving organisms then recovered from the surface were quantified. The following were calculated for
colony forming units (cfu); N (log10 cfu in a 0.05 ml test suspension), NC (the control log10 cfu in neutralizing medium),
Nts (cfu numbers remaining on the surface) and the N-NC difference which should not exceed 2 log10 when microorganism
recoveries are adequate and without any toxicity effects of the neutralising medium. Experiments was conducted using
validating procedure (NC) which is performed with distilled water.
Results. Drying at 37°C adversely affected the survival of Candida albicans and prevented the levels of microbial recovery
from carriers to reach those specified by the EN 13697 standard. However, drying at around room temperatures of 23°C
reduced Candida albicans mortality and increased recoveries from the carrier to levels compliant with the standard, where
the N-NC differences were not greater than 2 log10.
Conclusions. The viability of Candida albicans ATCC 10231 is sufficiently improved when carriers are dried at 23°C, even
if the drying time exceeds 60 minutes. The density of the initial test suspension (N) should also be increased.
Key words: chemical disinfectants, quantitative carrier test, fungicidal activity, drying conditions, Candida albicans ATCC
10231

STRESZCZENIE

Wprowadzenie. Laboratoria wykonujące badania skuteczności środków dezynfekcyjnych fazy 2 etapu 2 (metody nośnikowe), przede wszystkim według normy EN 13697, zasygnalizowały problemy z odzyskiwaniem z nośników Pseudomonas
aeruginosa i Candida albicans na poziomie wymaganym w normie. Konieczne było podjęcie badań dotyczących wpływu
warunków suszenia zaszczepionych nośników na odzysk oraz wyznaczenia optymalnych warunków odzyskiwania drobnoustrojów po suszeniu inoculum.
Cel. Celem niniejszych badań była ocena wpływu różnych warunków suszenia nośników z naniesioną zawiesiną Candida
albicans ATCC 10231 na odzysk tych drobnoustrojów.
Materiał i metody. Badania wykonano zgodnie z procedurą stosowaną w normie EN 13697: 2001. Zawiesinę testową
Candida albicans oraz substancje obciążające nanoszono na powierzchnie testowe (dyski stalowe o średnicy 2 cm) i suszono w różnych warunkach: 37oC w cieplarce bez nawiewu, 37oC w cieplarce z nawiewem, 23oC w komorze laminarnej
z nawiewem. Nośniki suszono do momentu uzyskania powierzchni wizualnie suchej.
Po suszeniu liczba żywych organizmów odzyskanych z powierzchni była określana ilościowo. Z liczby jednostek tworzących
kolonie (jkt) obliczano: N (log10 jtk w 0,05 ml zawiesiny testowej), NC (log10 jtk na nośniku w kontroli neutralizowania),
*Corresponding author: Ewa Röhm-Rodowald, Department of Biological Contamination Control, National Institute of Public Health
– National Institute of Hygiene, Chocimska street 24, 00-791 Warsaw, Poland, phone: +48 22 54 21 330, fax +48 22 54 21 305,
e-mail: erodowald@pzh.gov.pl
© Copyright 2013 by the National Institute of Public Health - National Institute of Hygiene
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Nts (liczba jkt, która pozostała na powierzchni nośnika) oraz różnicę N-NC, która w przypadku prawidłowego odzysku
drobnoustrojów i braku toksycznego działania neutralizatora nie powinna przekraczać 2.
Badanie wykonano, jako badanie walidacyjne NC, z użyciem wody destylowanej.
Wyniki. Suszenie w temperaturze 37oC niekorzystnie wpływało na przeżywalność Candida albicans i uniemożliwiało
uzyskanie odzysku drobnoustrojów z nośnika na poziomie wymaganym w normie EN 13697. Suszenie w temperaturze
pokojowej (około 23oC) zmniejszało śmiertelność Candida albicans i zwiększało odzysk drobnoustrojów z nośnika, pozwalając na spełnienie wymagania normy, wg którego różnica N-NC jest nie większa niż 2 w dziesiętnej skali logarytmicznej.
Wnioski. W celu zwiększenia przeżywalności Candida albicans ATCC 10231 nośniki należy suszyć w temperaturze 23oC,
nawet, jeżeli czas suszenia przekracza 60 min. Wskazane jest również zwiększenie gęstości testowej zawiesiny wyjściowej (N).
Słowa kluczowe: chemiczne środki dezynfekcyjne, ilościowa metoda nośnikowa, działanie grzybobójcze, warunki suszenia,
Candida albicans ATCC 10231

INTRODUCTION

The minimum time required to achieve the appearance
of dryness must be determined by a given laboratory
A fundamental property of disinfectants is their but should not exceed 60 minutes [2]. It is seen that
efficacy of anti-microbial action. The principles gover- the shorter the time of drying then the smaller is the
ning the assessment of such actions are laid down in the reduction of the test organism’s viability. The PseuEuropean Committee for Standardisation as part of the domonas aeruginosa and Candida albicans strains are
Technical Committee 216 (CEN/TC 216) and so defined particularly sensitive to such drying. The problem of
in the European Standards. Studies of chemical disinfec- recovering these bacteria was reported in 2012 at the
tants’ activity are divided into the following categories: meeting of CEN/TC 216/WG 3 concerning revising the
suspension tests -phase 1 and phase 2 step 1; carriers’ EN 13697 standards [1]. It was proposed that studies
tests- phase 2 step 2. Disinfectant tests carried out in be performed at various laboratories to;
the laboratory conditions allow the standardization and - check the numbers of bacteria/fungi lost during
control of the test conditions and the elimination of
drying,
accidental factors that may affect their activities.
- assess the effect of drying on microorganism recoStandardised methods for the evaluation of bacterivery,
cidal activity and fungicidal activity of disinfectants are - improve the recoveries of microorganisms after
quantitative methods where reductions in the numbers
the inoculum is dried (especially for Pseudomonas
of viable microorganisms are defined after using the
aeruginosa and Candida albicans),
disinfectant in the proper parameters eg. concentrations, - prepare a common proposition for the CEN/TC
time etc.
216 regarding drying conditions for normally used
The carrier methods of phase 2 step 2 are based on
carriers.
inoculation of the surface of a carrier with test microThe aim of the presented study was to evaluate the
organisms, drying and then applying the disinfectant effect of various drying conditions for a suspension
solution under defined conditions.
of Candida albicans ATCC 10231 on microorganism
The carrier then undergoes neutralisation and after recovery and establish the optimal drying conditions.
a suitable interval, the numbers of viable microorganisms are determined by measurement of recoveries
MATERIALS AND METHODS
on the carrier surface [12]. The method also includes
measuring the numbers of viable microorganisms left
Studies were performed in accordance with EN
on the surface in the presence of only hard water and
comparing these amounts with the reduced numbers 13697:2001 standard procedures [2]. A suspension of
the test bacteria Candida albicans ATCC 10231 was
when the test disinfectants are applied.
According to European requirements, standardi- prepared in solutions of Bovine Serum Albumin (BSA)
sation includes the type of test microorganism, pre- at concentrations of 0.3 g/L and 3.0 g/L of which 50 µl
paring solutions, presence of loading substances and were placed onto the carrier surface (stainless steel
the methods of neutralisation. It is recommended that discs; 2 cm in diameter). These were then dried under
carriers are dried at 37°C until the surface is visualised different conditions until the appearance of dryness was
as being dry. How long the carriers are dried after the visualised. Carriers were then transferred into the 10 ml
suspension of microorganisms has been applied, has of neutralisers with 100 µl of distilled water, followed
not been precisely set because such drying occurs at by agitation with 5g of glass balls. The liquid phase
different rates according to laboratory conditions and containing the test mixture was then diluted 10-1, 10-2,
the type of drying device (eg. with or without a fan). 10-3 and 10-4. A 1ml aliquot was taken from each dilution
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Figure 1. Values for test suspensions (N) and test surface recoveries (NC) under different temperatures and drying times.
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in carriers that appeared to be visually dry after 1 hour
( x  x' )
0,05
formula: N
=
log
[
x
]
of drying at 37°C (Figure 1).
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a sterile pipette. The surface was rinsed with 10 ml of laminar air flow cabinet conditions at 23 °C (NC23), or
incubators under the following 3 conditions; (1) 1 hour at 25°C; (2) 0.5 hours at 37°C; (3) 1
45°C. Initial studies on carrier recoveries were then performed with or without drying in
hour at 37°C. Recoveries after drying the carriers were performed under selected conditions
incubators under the following 3 conditions; (1) 1 hour at 25°C; (2) 0.5 hours at 37°C; (3) 1
using the following; 37°C incubation with and without an incubator fan and at 23°C (room
hour at 37°C. Recoveries after drying the carriers were performed under selected conditions

52

E. Röhm-Rodowald, A. Chojecka, B. Jakimiak, et al.

Nr 1

Figure 2. Values for test suspensions (N) and test surface recoveries (NC) in clean and unclean conditions using different
equipment. Error bars represent the standard deviation.
Figure 2. Values for test suspensions (N) and test surface recoveries (NC) in clean and
unclean conditions using different equipment. Error bars represent the standard deviation.

Figure 3. Values for test suspensions (N) and test surface recoveries (NC). Error bars represent the standard deviation.

in incubator with fan at 37 °C (NC37f). The recoveries
DISCUSSION
from carriers dried in incubator without fan at 37 °C
Figure 3. Values for test suspensions (N) and test surface recoveries (NC). Error bars
(NC37) were however, insignificantly lower compared
Results indicate that drying at 37°C has a large effect
represent the standard deviation.
to those under clean conditions. Indeed, both organic on Candida albicans viability resulting in a significant
loadings demonstrated highest recoveries when subjec- reduction as well as recoveries which were well below
ted to drying in laminar air flow cabinet conditions at those specified in the EN 13697 standard. Drying at
23 °C (Figure 2).
room temperature (ie. 23°C) reduces Candida albicans
In accordance with the EN 13697 standard, the dif- mortality and increases the carrier recovery of microorferences between the previously defined (N) and (NC) ganisms which fulfils the requirements that the N-NC
values should be equal or less than 2 log10, thus indica- difference should not exceed 2 log . The influence of
10
ting an adequate recovery of microorganisms together drying on microorganism viability has
been the subject
without any toxic effects resulting from neutralisation. of many studies, where the sensitivity of Gram-negative
This condition was fulfilled only in those carriers dried bacteria is greater than for the Gram positives [3, 4, 6,
under laminar air flow cabinet conditions (NC23), at 8]. Very few studies have however been focused on the
both organic loadings; taking into account the result effect of drying on fungal viability [5].
means obtained from n = 4 carriers. In the case of other
Variations observed in viability after drying, in part
conditions (ie. NC37f or NC37), the average N-NC arise due to different species and strains as well as in
differences were higher than those of the set standards the differing experimental conditions adopted which
(Figure 3). Cell numbers forming colonies which re- include the numbers and colony density of the test sumained on the carrier surfaces (Nts), were found to be spension together with the moisture in the environment
less than 100 in all tests thereby being compliant with [5, 9]. Carrier drying studies performed on Aspergillus
the EN 13697:2001 standard.

Nr 1

Effect of drying conditions for the viability of Candida albicans

flavus and Penicillium spp. at 55°C over 30 minutes,
(using various suspension dilutions 102, 104 and 106
of spores/g), demonstrated that the drying deactivated
respectively 32% and 36.6% of the Aspergillus flavus
and Penicillium spp spores. The deactivation levels
decreased the more concentrated the suspension was ie.
the greatest recoveries were achieved at 106 spores/g [5].
The drying time also affects microorganism viability [4,
5, 6]. European standards state that the shorter the drying time then the test organism viability decreases less,
particularly for Pseudomonas aeruginosa, therefore it
is recommended that drying times should not exceed
60 minutes [2].
Studies by Fuster-Valls et al. [3] compared the
drying at 22 °C of Gram-Positive and Gram-Negative
bacterial suspensions on steel carriers under conditions
of slow or fast air flow generated in a cabinet fitted with
fans. It was found that the numbers of Pseudomonas
aeruginosa and Enterobacter cloacae fell below detection limits using a long drying period of 4-6 hours.
However in the case of Staphylococcus aureus, some
cells remained viable for at least 3 days. When the
drying was rapid, there were dramatic falls in Pseudomonas aeruginosa after only 2 hours, down to below
the detection limits, but single cells of Staphylococcus
aureus could be detected even after 72 hours [3].
Drying inoculum at 22°C is also recommended in
methods used to define the efficacy of disinfectants
intended for eliminating microorganism from the surface of tomatoes [7]. The latest drafts of the European
Standards show a tendency to avoid drying at 37°C,
but to instead use room temperature in laminar air
flow cabinets [10, 11]. In such conditions, a visual
appearance of dryness would be difficult to obtain in
under 60 minutes and thus a drying period of 65 – 75
minutes was used in the current study. Other ways for
increasing microorganism viability have been proposed in the draft standards such as increasing the initial
suspension density (N) up to 108 cfu/ml in the case of
Pseudomonas aeruginosa together with using glycerol
as a thinner when preparing the suspensions [10, 11].
The presented study show that the protective effect
of organic loading on the viability of microorganisms
is confirmed when carriers are dried at 37°C in an incubator or at 23°C under laminar air flow conditions
inside a cabinet.

CONCLUSIONS
An increase in the viability of Candida albicans
ATCC 10231 on carriers and compliance with the EN
13697 standard can be achieved by the following means:
(1) Drying the carrier at 23°C, even if the visual appearance of dryness occurs after 60 minutes.
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(2) Increasing the initial suspension concentrations (N).
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ENVIRONMENTAL IMPACT OF THE USE OF RADIOFREQUENCY
ELECTROMAGNETIC FIELDS IN PHYSIOTHERAPEUTIC TREATMENT
Krzysztof Gryz*, Jolanta Karpowicz
Laboratory of Electromagnetic Hazards, Central Institute for Labour Protection – National
Research Institute (CIOP-PIB), Warsaw, Poland

ABSTRACT

Background. Electromagnetic fields used in physiotherapeutic treatment affect not only patients, but also physiotherapists,
patients not undergoing treatment and electronic medical equipment.
Objective. The aim of the work was to study the parameters of the electromagnetic fields of physiotherapeutic devices with
respect to requirements regarding the protection of electronic devices, including medical implants, against electromagnetic
interference, and the protection of the general public (patients not undergoing treatment and bystanders), as well as medical
personnel, against the health hazards caused by electromagnetic exposure.
Material and methods. The spatial distribution of electric and magnetic field strength was investigated near 3 capacitive
short-wave and 3 long-wave diathermies and 3 ultrasound therapy units, as along with the capacitive electric currents caused
by electromagnetic field interaction in the upper limbs of the physiotherapists operating these devices.
Results. The physiotherapists’ exposure to electromagnetic fields depends on the spatial organisation of the workspace
and their location during treatment. Electric fields able to interfere with the function of electronic medical implants and in
which anyone not undergoing treatment should not be present were measured up to 150-200 cm away from active applicators of short-wave diathermy, and up to 40-45 cm away from long-wave diathermy ones. Electric fields in which workers
should not be present were measured up to 30-40 cm away from the applicators and cables of active short-wave diathermy
devices. A capacitive electric current with a strength exceeding many times the international recommendations regarding
workers protection was measured in the wrist while touching applicators and cables of active short-wave diathermy devices.
Conclusions. The strongest environmental electromagnetic hazards occur near short-wave diathermy devices, and to a lesser
degree near long-wave diathermy devices, but were not found near ultrasound therapy units.
Key words: electromagnetic hazards, induced current, occupational safety and health, physiotherapeutic diathermies,
active implanted medical devices

STRESZCZENIE

Wstęp. W rehabilitacji fizykoterapeutycznej wykorzystuje się pola elektromagnetyczne, które oddziałują nie tylko na pacjentów, ale także na fizjoterapeutów, pacjentów nie poddawanych tym zabiegom i aparaturę elektroniczną.
Cel badań: Celem pracy była ocena oddziaływania pól elektromagnetycznych urządzeń fizykoterapeutycznych na funkcjonowanie elektronicznych urządzeń medycznych, w tym implantów, w kontekście bezpieczeństwa i zdrowia pracowników,
pacjentów nie podlegających zabiegom i osób postronnych.
Materiał i metody. Zbadano rozkład przestrzenny pola elektrycznego i magnetycznego przy 3 pojemnościowych diatermiach
krótkofalowych i 3 długofalowych oraz 3 urządzeniach do terapii ultradźwiękami, a także pojemnościowe prądy elektryczne, płynące wskutek oddziaływania pola elektromagnetycznego przez kończyny górne osób obsługujących te urządzenia.
Wyniki. Narażenie fizjoterapeutów na pole elektromagnetyczne zależy od organizacji przestrzennej stanowiska pracy i miejsca
ich przebywania w czasie zabiegu. Pole elektryczne, w którym możliwe są zakłócenia w funkcjonowaniu elektronicznych
implantów medycznych i nie powinny przebywać w nim osoby nie podlegające zabiegom, stwierdzono w odległości do 150200 cm od aktywnych diatermii krótkofalowych, a do ok. 40-50 cm od diatermii długofalowych. W odległości do 30-40 cm
od kabli i elektrod diatermii krótkofalowych stwierdzono pole elektryczne, w którym nie powinni przebywać pracownicy.
Przy dotykaniu do elektrod i kabli aktywnej diatermii krótkofalowej, zmierzono pojemnościowy prąd elektryczny przepływający w ręku wielokrotnie przekraczający zalecenia międzynarodowe dotyczące ochrony pracowników.

* Corresponding author: Krzysztof Gryz, Laboratory of Electromagnetic Hazards, Central Institute for Labour Protection – National
Research Institute (CIOP-PIB), Czerniakowska 16, 00-701 Warsaw, Poland, phone +48 22 623 46 50, fax +48 22 623 36 93,
e-mail: krgry@ciop.pl
© Copyright 2013 by the National Institute of Public Health - National Institute of Hygiene
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Wnioski. Najsilniejsze środowiskowe zagrożenia elektromagnetyczne występują przy aktywnych diatermiach krótkofalowych, przy diatermiach długofalowych znacznie słabsze, a przy urządzeniach do terapii ultradźwiękami nie stwierdzono
takich zagrożeń.
Słowa kluczowe: zagrożenia elektromagnetyczne, prąd indukowany, prąd kontaktowy, bezpieczeństwo i higiena pracy,
diatermie fizykoterapeutyczne, aktywne implanty medyczne

INTRODUCTION
Posttraumatic rehabilitation and degenerative disease treatment may both involve thermal therapies using
electromagnetic energy, such as: infrared, microwave
and radiofrequency radiation or ultrasound therapy, in
which local exposure to electromagnetic fields (EMF)
also occurs [16]. The application of EMF energy causing
thermal effects in the body consists in the flow of radiofrequency (RF) capacitive currents (i.e. with a frequency
exceeding 0.1 MHz) between two applicators with a
high electric potential difference. Such procedures lead
to the unintentional dispersion of EMF around the applicators and their supplying cables, being EMF sources
(Figure 1). Electric current flows not only through the
body of the treated patient, but also through the body
of others- the physiotherapist or bystanders, if they find
themselves within the EMF, near an active diathermia
device (DD), or in direct contact with its EMF-emitting
elements [15]. This causes intended effects in the treated
patients, but unintended ones in anyone present nearby,
such as medical personnel (physiotherapists assisting
EMF treatment or other personnel of the medical center, such as physiotherapists doing other therapy or
administrative personnel present near by active DD) or
bystanders (patients waiting for therapy, being treated
by other therapy or their attendants).

Near active DD (being primary EMF sources),
even in adjoining rooms, secondary EMF sources may
occur, i.e. metal objects emitting induced EMF, such as
furniture, water and sewage piping or a central heating
installation. The EMF near the secondary sources are
usually many times weaker than those from the primary
ones.
Because ultrasound emission involves piezoelectric
converters supplying time-variable high electric voltage
with a frequency of 1÷3 MHz, ultrasound therapy also
involves localised exposure to EMF of that frequency
near the applicator.
The electric voltage and current in metal objects
induced by RF EMF may disturb the work of electronic
devices, such as active implantable medical devices
(AIMD), (e.g. heart stimulators, cochlear implants and
insulin pumps) or diagnostic and therapeutic medical
devices (e.g. electrosurgical units) [1]. Such interference may consist in accidentally setting on an alarm in a
device, disrupting the sound or image generated by the
device, slowing down the pump, stopping or resetting
the device or disrupting the transmission between a
terminal and its central unit.
Chronic exposure to RF EMF may also be linked
with health deterioration, such as the development of
cancer (e.g. IARC’s classification 2B), and may therefore influence the health of physiotherapists employed for
many years near DD [6]. Research on workers exposure
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metal object,
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Figure 1. Diagram of impact of electromagnetic fields produced by short-wave diathermy devices (SWDDs) on human and
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to RF EMF is among the research priorities of the World
Health Organization [19].
The most frequently used parameters characterising the RF EMF impact include electric field strength
(E) and magnetic field strength (H), measured in the
environment. They can be used for both an indirect
assessment of the hazards arising from thermal effects
in humans, as well as the assessment of interference in
a device operation. The thermal effects in the body are
directly determined using the specific energy absorption
ratio – known as SAR – by measuring the temperature
increase in the human body phantoms, or by using virtual models [7]. The results of those studies can be used
for planning the method of applying EMF to the patient,
or for assessing the hazards to the medical personnel or
bystanders exposed to EMF dispersed from DD. A SAR
assessment cannot be performed in the place of DD use.
Another exposure parameter measured is the electric
current flowing through the limbs of a human touching
objects affected by the EMF, or staying near an EMF
source. It allows the control of the compliance with the
limits of the local SAR in the limbs, where the strongest
thermal effects may occur. Limb current measurements
can be performed in laboratory conditions and where
DDs are used.
The measurements of electric and magnetic fields
strength are routine environmental impact tests performed in the workplace. The current flowing in the limbs
is measured sporadically, only by a few research units
world-wide.
The results of our survey among 37 members of
the physiotherapists indicate that they received insufficient information about EMF hazards at work (39%
of responses). In addition, the technical data available
to users lack detailed information about the level and
range of the EMF around DDs. Information about the
environmental impact of the EMF is limited to general
warnings about possible adverse effects on AIMD. Consequently, the identification of the scale of EMF hazards
to humans and electronic devices may be inappropriate,
and therefore the preventive measures applied at physiotherapeutic centres may be inappropriately suited to
the actual needs.
The aim of the study was to evaluate the EMF
generated by DDs in the context of requirements for
protecting electronic devices, including AIMD, against electromagnetic interferences, and protecting the
health and safety of the general public (bystanders) and
medical personnel.

MATERIAL AND METHODS
The subject of the study included the parameters of
EMF present around short-wave and long-wave DDs
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and ultrasound (sonotherapeutic) devices during the course of therapy. The aim of the study was to evaluate the
safety of electronic devices used in the vicinity of active
DDs, as well as the safety of anyone not involved in the
therapy – medical personnel and bystanders. The EMF
exposure to therapeutic patients was not investigated.
The evaluation of the environmental impact of
EMF in the vicinity of active DDs included the measurement of electric field strength (E), expressed in
volts per metre (V/m) and magnetic field strength (H),
expressed in amperes per metre (A/m). According to
the requirements of regulations and standards, the primary field was measured in the absence of humans in
the measurement area [3, 7, 14, 17]. When assessing
the EMF impact on electronic devices, the maximum
value of the signal was accounted for, regardless of its
modulation; whereas, when assessing the impact on
humans, both the maximum value and the mean value
in time (correlated with thermal effects) were taken
into account [12].
During the measurements, the tested devices operated with the following settings:
- short-wave diathermia devices (SWDDs, type Curapuls, by Enraf-Nonius) – continuous or modulated
wave with a maximum duty cycle and pulse duration,
as well as a maximum power output; emitted EMF of
27.12 MHz frequency, used capacitive applicators,
output power of 350 W (continuous wave) or 1000 W
(pulsed modulated);
- long-wave diathermia devices (LWDDs, type
Skanlab Bodywave by Labyrynt Development AS)
– continuous or modulated wave with a maximum
duty cycle and pulse duration, as well as a maximum
power output; emitted EMF of 1 MHz frequency,
output power 1 W at 100 ohms load;
- sonotherapeutic units (SU, type Sonicator by Mettler
Electronics Corp.) – a modulated wave with a maximum duty cycle and power output, emitted EMF
of 1 MHz frequency, output power of 20 W.
In all cases the measurement results were normalised - taking into account the modulation parameters
and the metrological parameters of the meters - versus
the values corresponding to the maximum value of the
electric or magnetic field strength - during the pulse or
the continuous wave.
During the SWDDs use, applicators are located near
the patient’s body without the help of a physiotherapist
– their contact with the active SWDDs may happen
only sporadically, but in the course of LWDDs or SUs
use continuous quasi-massage by the active applicator
handled by physiotherapist is performed. An additional
assessment regarding the thermal effects in the body was
made based on the measurements of currents flowing in
the limbs I, expressed in milliamps (mA) – Figure 2 [9].

Diagram of impact of electromagnetic fields produced by short-wave diathermy devices
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Table 1. Measurement results of electric field strength root
mean square value near physiotherapeutic devices
Electric field strength E [V/m]
Kind of device
SWDDs
LWDDs
SUs
Distance from treatment applicators and supplying cables :
10 cm
760-1160
170-750
4-10
30 cm
200-640
50-180
1-5
50 cm
85-110
20-60
<2
100 cm
12-30
5-20
<1
150 cm
5-20
1-5
< 0.4
200 cm
2-15
<2
< 0.4
Distance from generator in front of control panel. where worker
approach:
10 cm
30-50
10-25
<2
30 cm
10-30
5-10
<1
50 cm
7-10
<5
< 0.4
Place of measurements near
physiotherapeutic devices

Figure 2. Measurement of electric current in upper limb of
worker touching control panel of short-wave diaMeasurement of electricthermy
currentdevice
in upper
limb ofwith
worker
touching
control panel of shortgenerator
the use
of clamp-on
- 0.4 V/m –sensitivity of measurement device
hermy device generatorcurrent
with the
use
of
clamp-on
current
meter
meter
SWDDs – short-wave diathermy devices; LWDDs – long-wave
diathermy devices; SUs – sonotherapy units

During the measurements near SWDDs, the patient’s body load was simulated by a 1.5 litre container
of 1% NaCl solution. Near LWDDs and SUs measurements were carried out during routine physiotherapeutic
procedures, using an active applicator touching the
patient’s hand.
14

Devices
The EMF measurements were carried out using
a broadband meter: Narda EMR-300 (Germany),
equipped with isotropic probes for measuring the RMS
values of electric and magnetic field strength: type 9.2
with a measuring range of 0.4 to 1,400 V/m, within
the frequency band of 0.1 to 3,000 MHz, and type 12
with a measuring range of 0.02 to 16 A/m, within the
frequency band of 0.3 to 30 MHz. The current flowing
in the arms of the physiotherapists was measured using
the RMS value meter type HI-3702 by Holaday (USA),
with a measuring range of 1 to 1,000 mA, within the
frequency band of 0.009–110 MHz. The sensitivity of
the apparatus enabled the performance of a reliable
assessment of the environmental impact near the DDs.
The measurement uncertainty did not exceed 20%, in
accordance with relevant requirements [14]. The accuracy of the meters was tested in an accredited calibration
laboratory CIOP-PIB (accreditation certificate from
Polish Centre for Accreditation No AP 061).

RESULTS
Measurements in the vicinity of 3 SWDDs with capacitive applicators, 3 LWDDs and 3 SUs were carried
out in different physiotherapeutic centres in Poland.
The DDs represented typical construction solutions,

Table 2. Measurement results of magnetic field strength root
mean square value near physiotherapeutic devices
Magnetic field strength H [A/m]
Place of measurements
near physiotherapeutic
Kind of device
devices
SWDDs
LWDDs
SUs
Distance from treatment applicators and supplying cables:
10 cm
0.020.70-3.0
0.30-0.40
0.05
30 cm
0.10-0.50 0.20-0.30
< 0.02
50 cm
0.05-0.30
0.02-0.1
< 0.02
100 cm
0.02-0.10
< 0.02
< 0.02
150 cm
0.02-0.05
< 0.02
< 0.02
200 cm
< 0.02
< 0.02
< 0.02
Distance from generator in front of control panel. where worker
approach:
10 cm
0.20-0.30
0.1-0.2
0.02-0.1
30 cm
0.10-0.20
< 0.02
< 0.02
50 cm
0.02-0.05
< 0.02
< 0.02
- 0.02 A/m – sensitivity of measurement device
SWDDs – short-wave diathermy devices; LWDDs – long-wave
diathermy devices; SUs – sonotherapy units

Table 3. Measurements results of current root mean square
value flowing in upper limb of workers while
operating investigated physiotherapeutic devices
Electric current I [mA]
Measurement conditions
Worker touching control panel
Worker touching treatment
applicator
Worker touching cable supplying
treatment applicator

Kind of device
SWDDs LWDDs
SUs
3-120
2-4
<1
23-560

5-6

<1

13-780

4-6

<1

- lesser values in given ranges were measured while worker
standing in longer distance touched particular element of device
by straight hand, greater when approach to the investigated device
- 1 mA – sensitivity of measurement device
SWDDs – short-wave diathermy devices; LWDDs – long-wave
diathermy devices; SUs – sonotherapy units
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Table 4. Requirements regarding protection against undesirable impact of electromagnetic fields of frequency emitted by
SWDDs. LWDDs and SUs
Parameter characterizing field / Frequency / (kind of device)
Electric field strength E [V/m]
Magnetic field strength H [A/m]
Requirements
0.5-3 MHz
27.12 MHz
0.5-3 MHz
27.12 MHz
(LWDDs and SUs)
(SWDDs)
(LWDDs and SUs)
(SWDDs)
International guidelines [2, 3, 7] - values averaged over 6 minutes:
General public exposure limits. according to
87
28
0.73
0.073
ER and ICNIRP
Occupational exposure limits. according to
610
61
1.6
0.16
ED and ICNIRP
Requirements of legislation established in Poland [16, 17] - maximum values in time:
General public exposure limit
20-33
6.7-7
0.8-3.3
0.1
Occupational exposure
33-1000
6.7-200
0.8-100
0.3-3
> 100 for 0.5 MHz
Prohibited exposure limit
> 1000
> 200
>3
> 26.6 for 3 MHz
Notes:
SWDDs – short-wave diathermy devices; LWDDs – long-wave diathermy devices; SUs – sonotherapy units
ER – European recommendation [2]
ICNIRP –ICNIRP guidelines [7]
ED – European directive [3]

also produced as models with similar parameters by
other manufacturers and under different trade names.
The results of measurements of electric field
strength in the vicinity of the applicators, their supplying
cables and the DDs generators are given in Table 1, and
the results of measurements of magnetic field strength
are given in Table 2. The results of measurements using
a current clamp-on probe placed on the wrist of workers
are summarised in Table 3. The measurements were
made without the participation of the medical personnel
of physiotherapeutic centres, under regular conditions
in which physiotherapeutic procedures are carried out.

DISCUSSION
The principles of evaluating electromagnetic fields
around physiotherapeutic devices
In view of possible adverse effects of the EMF on
humans and the material environment, requirements and
recommendations for the assessment and mitigation of
such exposure have been established. Separate requirements apply to the protection of electronic devices,
the general public and workers. Those requirements
do not apply to patients undergoing treatment under
conditions specified by the requirements for medical
procedures. According to the European Directive [4]:
“medical devices must be designed and manufactured
in such a way that, when used under the conditions and
for the purposes intended, they will not compromise the
clinical condition or the safety of patients, or the safety
and health of users or, where applicable, other persons,
provided that any risks which may be associated with
their use constitute acceptable risks when weighed

against the benefits to the patient and are compatible
with a high level of protection of health and safety.”
The permissible exposure of the general public to
the EMF is determined by the non-compulsory European recommendation implementing the guidelines of
ICNIRP – International Commission on Non-Ionizing
Radiation Protection [2, 7]. ICNIRP guidelines apply
only to protection against the immediate effects of
EMF occurring during the exposure or immediately
afterwards (recognised as short-term effects). In Poland, the rules for permissible exposure of the general
public are defined in a Regulation of the Minister of the
Environment and also apply to protection against the
adverse effects of exposure, but including the chronic
ones (recognised as long-term effects) [18].
The technical requirements for ‘electromagnetic
compatibility’ (EMC) apply, among other things, to the
immunity of electronic medical devices supporting the
human organism (including AIMD) to the interference
caused by EMF. In accordance with the IEC EN 606011-2 standard, medical devices should be resistant to
interference caused by an electric field with a strength
of 3 V/m within the frequency range from 80 MHz to
2.5 GHz [8]. The required immunity level for life-supporting devices is higher: 10 V/m. According to the
ICNIRP recommendations, within this frequency band
the permissible exposure for the general public is 28-61
V/m (frequency dependent), whereas in Poland it is set
as 7 V/m (frequency independent). Within those values,
AIMDs should work without any interference, provided they meet the requirements of the aforementioned
standard, although with exposures nearing the ICNIRP
limit some interference may occur.
The hazards arising from interference in the work
of AIMD due to the impact of the EMF are important
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for patients, medical personnel and bystanders. Concerning workers who are users of AIMD, the standards
for assessing exposure to EMF with a frequency of
0 Hz to 300 GHz say that, in the event of exposure
exceeding the limits set by ICNIRP for the general
public, a detailed assessment of the conditions of such
exposure and hazards caused by possible malfunctions
to AIMD is required [5]. Because the SWDDs and
LWDDs generate strong EMF, their manufacturers
recommend that, for safety reasons, patients with
AIMD be excluded from treatment. Although the IEC
EN 60601-1-2 standard does not refer to EMF of frequencies generated by DDs. Similar recommendations
can be found in publications setting out the rules for
physiotherapeutic procedures [13].
Therefore, it was assumed that, in order to assess
whether hazards for AIMD users exist, the limits of
general public exposure, as recommended by ICNIRP,
would be used (Table 4).
The ICNIRP recommendations are also the basis
for the requirements set out under the European Directive on workers’ exposure. They were also taken into
account when drafting the Polish labour regulations
(Table 4) [3, 7, 17], which stated that EMF exposure
exceeding the limit values for the general public is called “occupational exposure”; whereas the highest EMF
exposure is recognised as prohibited exposure (where
workers should not be present in the highly exposed
area). Only workers who have no medical contraindications to be affected by EMF exceeding the general
public exposure level may be subjected to “occupational
exposure” [11]. Pursuant to international recommendations, the contraindications include the use of AIMDs,
such as pacemakers and infusion pumps. Workers not
operating the field source should remain in a location
with “non-occupational exposure” – i.e. EMF of a level
acceptable for the general public, pregnant women and
young workers [11].
Thermal effects in the body are subject to additional
assessment based on the measurement of the currents
flowing in the limbs [3, 7, 9]. Taking into account the
anthropometric dimensions and the anatomical structure
of humans, the electrical current with a frequency from
0.1 to 110 MHz passing through the wrist, regardless of
the conditions under which it occurs, should not exceed
40-50 mA [10].
The assessment of electromagnetic hazards near to
physiotherapeutic devices
During the procedure carried out, the strength of
electric and magnetic fields near applicators and cables
connecting the generator to the SWDDs applicators was
found to be exceeding the exposure limits set for the
general public (not applicable to the treated patients)

Nr 1

as well as the limits of prohibited exposure for workers
[2, 3, 7, 17, 18].
Electric fields exceeding the permissible level of
general public exposure set in Poland may occur up to
150-200 cm from the applicators and cables, when the
highest output power is used for procedures involving
SWDDs; however, magnetic fields at such levels may
occur up to 30-40 cm. Within this area, there may be
interference in the functioning of AIMD, even if they
meet the requirements of the EMC standard [8]. On
the other hand, taking into account the criteria for the
assessment of exposure to workers set out in national
and international regulations, an electric field exceeding
the level of prohibited exposure may occur up to 3040 cm, and for the magnetic field – this can go up to
10 cm from applicators and cables. The level of EMF
at a distance exceeding 100 cm from the applicators
and cables of SWDDs is determined by the previously
mentioned configuration of metallic objects nearby
the active SWDDs, which may increase the ranges of
electric fields of particular levels – in comparison to
the empty space. The small size of treatment rooms and
cabins where SWDDs are used at physiotherapeutic
centres leads to a situation in which those devices may
cause hazards to the medical personnel involved in other
activities, as well as patients nearby, involved in other
procedures or simply waiting, as well as for medical
electronic devices, including AIMD used nearby.
In light of the findings, in the case of SWDDs it is
necessary to take preventive measures, such as shielding
the cabins in order to limit the range of strong EMF,
or providing sufficiently spacious rooms to ensure that
strong EMF are kept inside the treatment room or cabin.
Restrictions on the general public being near to LWDDs
are much smaller (for the electric field assessed against
the limits set in Poland for general public exposure it
is approximately 40-50 cm from the active applicators and their supplying cables). No EMF at levels
exceeding the limits for prohibited workers exposure
was found. However, exposure by LWDDs requires
attention because physiotherapists hold the applicator
in their hands during the entire procedure. Exposure by
LWDDs operators is decreased (approximately halved)
when cables supplying active and passive applicators
are close to each other. The manuals of such devices
advise that cables do not come into contact with the
medical staff or patient.
The SUs do not emit EMF at levels exceeding the
exposure limit for the general public set in Poland.
However, it should be noted that the results of the
assessment of the level of both the electric and magnetic
fields can be unreliable in assessing the risk for humans
directly near the EMF source or touching its elements
– for example, if physiotherapists are approaching an
active SWDDs and touching the cables supplying the
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applicators or the applicators, or when they are holding
an LWDDs or an SUs applicator during the procedure.
Physiotherapists holding an active SWDDs applicator
or touching other components of a DD emitting EMF
remains in an area of strong EMFs (exceeding the limit
set for general public exposure, and even the level of
prohibited exposure), and the electric current flowing
in his/her hand reaches several hundred mA. The results of our survey indicate that physiotherapists often
touch active SWDDs applicators (29% of responses).
This indicates that such exposure may apply to a relatively large number of physiotherapists and should be
reduced by minimising duration of activities near an
active SWDDs.
EMF generated by SWDDs and LWDDs, as well
as the conditions of exposure to patients and medical
personnel, may always cause interference in AIMD,
and the place of the operation of such devices should
be marked with warnings for AIMD users.

CONCLUSIONS
1. Among physiotherapeutic devices, SWDDs are the
strongest source of radiofrequency EMF impact,
both on medical devices as well as on physiotherapists and other people near active devices.
2. EMF with levels exceeding limits provided for in
international recommendations and national regulations as regards general public exposure or the undisturbed operation of electronic devices may occur
up to 2 m from applicators and supplying cables in
the case of SWDDs, and up to 0.5 m in the case of
LWDDs; no such EMF was found near SUs.
3. Carrying out procedures with an active SWDDs
applicator results in exposing the physiotherapists
to EMFs exceeding the permissible limits, both as
regards the medical personnel EMF exposure, as
well as the electric currents flowing through the
body.
4. The level of medical personnel exposure largely
depends on the spatial organisation of workplaces
and the type of occupational activities, as well as the
distance between the physiotherapists and an active
DDs during the procedure. With the EMF switched
on, touching applicators and their supplying cables
should be prohibited.
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Lucyna Gromulska
Department of Health Promotion and Postgraduate Education, National Institute of Public Health – National Institute of
Hygiene, Warsaw, Poland

ABSTRACT

Background. The excessive use of health care services by obese people constitutes a serious financial burden to all highly
developed countries. As yet however, this has not been recognised to be a problem in Poland.
Objective. To provide a preliminary analysis of Warsaw inhabitants in their use of and quality of received health care by
comparing obese subjects with those of normal weight.
Materials and methods. Study subjects were fifty three obese (BMI>30) and one hundred eighty one normal weight
(18.5<BMI<25) inhabitants of Warsaw, who had taken part in a study on social participation in health care reforms. The
use of health care services covered: visits to public health care physicians, hospitalisation and visiting private physicians.
Assessing health care quality was by evaluating overall the health care system and the family doctor as well as out-of-pocket
treatment expenses and any difficulties in accessing physicians.
Results. Obese subjects perceived their health to be significantly worse than those of normal weight and significantly more
of them never attended private practice. Consultation with public health physicians was also frequently, but not significantly,
higher in the former whilst hospital admissions were the same in both groups. Obese subjects gave considerably lower
general assessments of the quality of the health care system and more often perceived their medical expenses as being very
high, nevertheless, both these differences were statistically insignificant.
Conclusions. The obtained findings have allowed us to formulate new recommendations for future research. These will
examine various uses of health care services by the obese, i.e. family doctors and other specialists of public primary health
care, out-patient clinic physicians and private physicians (according to their defined specialisations), hospitals according
to location and rehabilitation centres. Account will be taken of visiting frequency, admission waiting time for physicians,
length of visits, amounts of prescribed medication, out-of-pocket payment for treatment and medication, frequency of surgical interventions, satisfaction with given treatments and physician attitudes towards obese patients. Moreover, the socioeconomic status of the obese will be investigated as a potential obstacle to using health care services.
Key words: overweight, obese, health care utilisation, health care quality

STRESZCZENIE

Wprowadzenie. Częstsze korzystanie przez osoby otyłe z usług opieki zdrowotnej stwarza poważne koszty we wszystkich
wysoko rozwiniętych państwach. W Polsce problem ten nie został dotychczas rozpoznany.
Cel badań. Przedstawiona praca ma na celu dokonanie wstępnej analizy korzystania z opieki zdrowotnej i oceny jej jakości
przez otyłych mieszkańców Warszawy w porównaniu do osób ważących prawidłowo.
Materiał i metody. Do analizy włączono 53 otyłych (BMI>30) i 181 prawidłowo ważących (18,5<BMI<25) mieszkańców
Warszawy, którzy wzięli udział w badaniu uczestniczenia społeczeństwa w reformowaniu opieki zdrowotnej. Korzystanie
z usług opieki zdrowotnej obejmowało: wizyty u lekarzy publicznej opieki zdrowotnej, hospitalizację i wizyty u lekarzy
prywatnych. Na jakość opieki zdrowotnej składały się: ogólna ocena systemu zdrowia, ocena lekarza rodzinnego, własne
wydatki na leczenie i trudności w dostaniu się do lekarza.
Wyniki. W porównaniu do respondentów ważących prawidłowo otyli znacząco gorzej postrzegali własne zdrowie i znacząco
większy ich odsetek nigdy nie odwiedził prywatnych lekarzy. Oni częściej (ale nieistotnie statystycznie) konsultowali się z
lekarzami publicznej opieki zdrowotnej, natomiast przyjęcia do szpitala były takie same w przypadku obu grup. Jeśli chodzi o jakość systemu opieki zdrowotnej, otyli respondenci zauważalnie niżej oceniali ogólnie system i częściej postrzegali
własne wydatki na leczenie jako bardzo wysokie, jednak obie różnice były nieistotne statystycznie.
* Corresponding author: Piotr Supranowicz, Department of Health Promotion and Postgraduate Education,
National Institute of Public Health – National Institute of Hygiene, Chocimska street 24, 00-791, Warsaw, Poland,
tel.: +48 22 54 21 334, fax: +48 22 54 21 375, e-mail: psupranowicz@pzh.gov.pl
© Copyright 2013 by the National Institute of Public Health - National Institute of Hygiene
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Wnioski. Uzyskane wyniki pozwoliły nam na sformułowanie zaleceń dla naszych przyszłych badań. Sprawdzą one korzystanie z różnych usług opieki zdrowotnej przez otyłych (lekarze rodzinni i inni specjaliści publicznej podstawowej opieki
zdrowotnej, lekarze poradni o różnych specjalnościach, szpitale ze względu na położenie, ośrodki rehabilitacyjne, lekarze
prywatni o różnych specjalnościach), uwzględniając częstość wizyt, czas oczekiwania na przyjęcie do lekarza, długość wizyt, ilość przepisywanych leków, koszty własne leczenia i leków, częstość zabiegów chirurgicznych, zadowolenie z danego
leczenia, a także postawa lekarza wobec pacjenta. Ponadto, badaniu poddany będzie status społeczno-ekonomiczny otyłych
jako potencjalna przeszkoda korzystania z usług opieki zdrowotnej.
Słowa kluczowe: nadwaga, otyłość, korzystanie z opieki zdrowotnej, jakość opieki zdrowotnej

INTRODUCTION
Obesity is generally regarded as a growing financial
burden to the public purse. Costs are estimated as being
1.3% – 2.7% of total health care spending or 0.1% –
0.7% of GDP in European countries [5, 6], whilst costs
in the United States are as much as 4.8% - 9.1% and
1.2 – 1.4% respectively [3, 14]. These increased costs
of obesity arise from the greater risk of suffering from
chronic disease compared to persons without this condition and which thereby require the more frequent use of
health care services. As yet however, there have been no
such cost assessments of obesity carried out in Poland.
In a previous article by the authors, the risk of overweight and obesity in chronic diseases amongst Warsaw
inhabitants was analysed using information collected
by the survey method [12]. The aim of the presented
paper is use the self-report method for measuring the
differences between obese and normal weight Warsaw
inhabitants in their use of health care services and perceived quality of health care.

MATERIAL AND METHODS
The presented study forms part of a wider research
project on social participation in health care reforms,
whose general aim was to examine the usefulness of
information gathered by the survey method for creating
and implementing health care policy. It was expected
that a number of important public health problems, as
perceived by citizens themselves, would be thus become recognised and that recommendations for future
research could be formulated. The initial survey was
performed in 2011 in Warsaw, whose purpose was to
develop a tool that would gather as much information as
possible using the shortest questionnaire. Four hundred
and two subjects expressed their willingness to participate in the study and returned completed questionnaires,
previously provided. The presented analysis included
fifty three obese and one hundred eighty one normal
weight subjects. Obesity was defined as a BMI>30, and
normal weight as being 18.5<BMI<25. A more detailed
description of the sample and questionnaire design was
described in our previous article [11].

Self-rated health was treated as being a global health measure. The use of health care services covered;
visits made to public health care physicians (primary
health care providers and specialists), hospitalisation
and visiting private physicians. Assessing health care
quality was by evaluating the health care system overall
and the family doctor as well as out-of-pocket treatment
expenses and any difficulties in accessing physicians.
Data for each parameter was subjected to statistical
analysis by the Chi-squared test (using the Epi Info
programme) to test the differences between obese and
normal weight respondents in the use of and assessment
of health care. A p<0.05 level was taken as being significant.

RESULTS
Obese subjects perceived their health to be significantly worse than normal weight respondents (Table
1). There were only minor and insignificant differences
between the number of public health care visits made
between groups; with obese subjects being the more
frequent. Both groups did not differ in hospitalisation
rates. Significantly fewer obese subjects made visits to
private physicians within the last year.
Table 1. Self-ratings for health and the use of healthcare
services in the preceding year made by normal
weight and obese subjects living in Warsaw
Use of the health care services

p1

Self-rated health
very good/good

48.3

29.4

0.016

Visits to public health care physicians
twice or more

50.3

59.6

0.235

Hospitalisation
once or more

23.3

23.1

0.969

Visits to private physicians
never

22.7

38.5

0.022

Chi-square test

1

Normal
Obese
weight
(n=53)
(n=181)
%
%
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No statistically significant differences were found
between groups for evaluating health care quality (Table
2). Nevertheless, it is worth noting that obese subjects
were more likely to adversely evaluate their health care
and to assess their medical expenses as being very high,
while fewer of them negatively evaluated their family
doctor or perceived any difficulties in getting access to
the physicians.
Table 2. Evaluation of health care quality by normal weight
and obese subjects living in Warsaw
Health care quality

Normal
Obese
weight
(n=53)
(n=181)
%
%

p1

General evaluation of health care
system
adverse

34.1

42.8

0.083

Evaluation of family doctor
adverse

24.3

17.3

0.288

Out-of-pocket payment for treatment
very high

13.9

22.6

0.125

Difficulties in getting to physicians
very common

25.0

18.9

0.355

Chi-square test

1

DISCUSSION
It should first be stated that the presented research is
preliminary and thus even if there are strong underlying
differences in statistical significance between groups,
they may not be necessarily apparent.
The current study showed that health as perceived
by the obese was worse compared to those of normal
weight. Additionally, it was found from the previous studies that the obese have a much higher risk of
contracting chronic disease [12]. They are therefore
expected to use health care services more frequently
than normal weight people; our findings however did
not confirm this. There were also minimal differences
in visits made to public health care physicians between
groups. Unexpectedly, it was found that the obese were
admitted to hospital as often as those of the control
group. Contrary to our findings, obesity in all high-developed countries was found to increase the frequency
of consultations with the primary health care physicians
(general practitioners), as well as with out-patient clinic specialists; the frequency however being greater
in Western European countries [15, 16, 18] than in the
United States [7, 9, 10]. The large differences between
the obese and normal weight people admitted to hospital
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and length of hospital stay were also confirmed [1, 4,
9, 10, 16].
Several previous studies indicated that factors such
as the quality of a health care system, society attitudes
towards obesity, a given country’s financial status
and the socio-economic status of the obese appear to
influence how health care is utilised by the obese. In
countries that rank highest in patient-friendly health care
[2], the frequency of consultations with physicians by
all citizens was very high, nevertheless, obese persons
seem to consult physicians significantly more frequently
[15, 18]. Furthermore, in such countries the obese were
also twice more frequently provided with information on
healthy lifestyles and encouraged to be more physically
active [8]. In contrast, health care in the USA is much
less favourably assessed by WHO [19], where general
practitioners do not reserve more time for treating the
obese [7]. Moreover, obese persons issue more claims
related to their treatments [10]. A good example of the
relationship between a country’s economic climate and
how health care is utilised is provided by Estonia. It was
found that obese Estonians only slightly more sought
medical practioners compared to normal weight persons
during the economic crisis of 1990-1994. However
in the most successful year for the economy in 2004,
these differences were considerably increased [13]. It
thus seems likely that the Polish health care crisis may
cause the obese not to receive the appropriate healthcare
that is their due. This could explain the lower ratings
for evaluating the health care system by the obese as
noted in the presented study. It is also well known that
a low socio-economic status amongst the obese is associated with worse health and therefore this group can
be expected to use health care more often. A German
study has shown that obese persons with a high socio-economic status were those who more frequently used
all types of medical services, although they were rarely
ill, compared to those obese of low socio-economic
status [17]. The presented study demonstrates that the
obese were more unlikely to visit private physicians
and they more often perceived their medical expenses
as being very high. This finding may indicate that the
lower socio-economic status in obese inhabitants of
Warsaw may be a factor that partially limits their use
of health care services.

CONCLUSIONS
Unquestionably, obese people suffer from worse
health and they are more likely to suffer from chronic disease so arising. As a discrete risk group, they should be
provided with appropriate health care, as well as being
encouraged by physicians to adopt a healthy lifestyle. It
is therefore obvious that they will more often use health
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care services. Despite this, our preliminary analysis did
not confirm these assumptions. The presented findings
however have allowed recommendations to formulate
for future research in order to more precisely identify
how often the various health care services are taken
advantage of by obese Poles, together with any barriers
that prevent this from happening. Our future research
will thus consist of the following:
1. A more detailed investigations in the use of the
various health care services by the obese (i.e. family doctors and other specialists of public primary
health care, specialist physicians in out-patient clinics, hospitals according to location, rehabilitation
centres and specialist private physicians). In this,
due consideration will be given to the frequency of
visits, visit waiting time, length of visits, amounts
of proscribed medication, out-of-pocket expenses
for treatment and medicines, frequency of surgical
interventions, patient satisfaction with particular
treatments and the attitudes of physicians towards
obese patients.
2. To determine whether socio-economic status of
the obese constitutes a barrier for using health care
services; in particular focusing on factors such as
gender, age, education, marital status, occupation,
place of residence, level of wealth, disability and
mental well-being.
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ABSTRACT
Background. For evaluation of the mobility of metals present in soil various approaches based on sequential
extraction procedures (Tessier’s, BCR or modified BCR) have been proposed, but they are very laborious and
time-consuming.
Objective. The aim of this study was to develop a new fast extraction procedure for the determination of mobile
fractions of copper in soil.
Material and methods. The samples of soil that vary in terms of physicochemical properties and certified reference material (BCR-701) were used in this study. The three-stage modified BCR procedure used for fractionation
of copper in soil was accelerated by ultrasound irradiation using an ultrasonic probe. The content of copper in
soil extracts was determined by electrothermal atomic absorption spectrometry (ETAAS).
Results. The extraction conditions for separation of mobile fractions of copper from soil with the use of ultrasonic probe were optimized. The working parameters of the probe were as follows: the power was 15 W for
all fractions while the sonication time was 7 min, 10 min and 6 min for fraction I, fraction II and fraction III,
respectively. The developed procedure was validated; linearity of calibration graphs, limit of detection and limit
of quantification, accuracy and repeatability of the procedure were evaluated. The content of copper in fraction
I-III in soil samples collected from Podlaskie Voivodeship was at the level of 0.09-1.92 mg·kg-1, whereas its
pseudo-total content was in the range 2.75-9.75 mg·kg-1.
Conclusions. The developed ultrasound assisted sequential extraction procedure allowed for shortening the total
extraction time from 48 h to 27 minutes in comparison to conventional modified BCR procedure. The studied
soil contains a low pool of copper bioavailable to plants because a sum of mobile fractions (FI-FIII) represents
only 22-46% of its pseudo-total content.
Key words: copper in soil, mobile fractions of copper, ultrasound probe, modified BCR sequential extraction,
electrothermal atomic absorption spectrometry, certified reference material BCR 701,
STRESZCZENIE
Wprowadzenie. Ocena zawartości mobilnych form metali w glebie najczęściej prowadzona jest z wykorzystaniem praco- i czasochłonnych procedur ekstrakcji sekwencyjnej wg Tessiera, BCR oraz zmodyfikowanej
procedury BCR.
Cel badań. Opracowanie nowej szybkiej procedury ekstrakcji sekwencyjnej wspomaganej ultradźwiękami do
oznaczania mobilnych frakcji miedzi w glebie.
Materiały i metody. Badania prowadzono wykorzystując próbki gleb różniące się właściwościami fizykochemicznymi oraz certyfikowany materiał odniesienia (BCR-701). Trójetapowa zmodyfikowana procedura BCR
zastosowana do frakcjonowania miedzi w glebie została przyspieszona przez wykorzystanie ultradźwięków.
Do oznaczania analitu w otrzymanych ekstraktach zastosowano technikę atomowej spektrometrii absorpcyjnej
z atomizacją elektrotermiczną (ETAAS).
* Corresponding author: Barbara Leśniewska, Institute of Chemistry, University of Bialystok,
Hurtowa street 1, 15-399 Białystok, Poland, phone: +48 85 7457821, fax: + 48 85 7470113,
e-mail: blesniew@uwb.edu.pl
© Copyright 2013 by the National Institute of Public Health - National Institute of Hygiene
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Wyniki. W pracy zoptymalizowano warunki ekstrakcji mobilnych frakcji miedzi z gleby z wykorzystaniem sondy
ultradźwiękowej. Jako optymalne warunki pracy sondy ultradźwiękowej przyjęto: moc sondy 15 W dla wszystkich
frakcji oraz czas 7 min dla Frakcji I, 10 min dla Frakcji II i 6 min dla Frakcji III. Opracowaną procedurę zwalidowano wyznaczając: linowość, granice wykrywalności i oznaczalności, dokładność i powtarzalność wyników.
Zawartość miedzi we frakcjach I-III wyekstrahowanych z gleb pobranych z terenu województwa podlaskiego
była na poziomie 0,09-1,92 mg·kg-1, natomiast jej całkowita zawartość wynosiła od 2,75 do 9,75 mg·kg-1.
Wnioski. Opracowana procedura ekstrakcji sekwencyjnej wspomaganej ultradźwiękami pozwala na skrócenie
czasu ekstrakcji mobilnych frakcji miedzi z 48 godzin do 27 minut w stosunku do tradycyjnej zmodyfikowanej
procedury BCR. Badane gleby zawierają niewiele miedzi biodostępnej dla roślin, a suma mobilnych frakcji
miedzi (frakcje I-III) stanowi tylko od 22 do 46% jej całkowitej zawartości.
Słowa kluczowe: miedź w glebie, mobilne frakcje miedzi, sonda ultradźwiękowa, ekstrakcja sekwencyjna wg
zmodyfikowanej procedury BCR, atomowa spektrometria absorpcyjna z atomizacją elektrotermiczną, certyfikowany materiał odniesienia BCR 701

INTRODUCTION
Copper is an essential micronutrient for plant development, which is involved in various electron transport
reactions in photosynthesis and respiration process, as
well as in lipid metabolism and fatty acid synthesis
[7, 9]. Copper plays a significant role in carbohydrate
distribution, nitrogen reduction and fixation, protein
metabolism, and cell wall metabolism. It controls the
production of DNA and RNA and is involved in the
mechanisms of disease resistance. Copper deficiency
affects physiological processes and greatly inhibits the
reproduction of plant (i.e. reduces seed production),
while its excess causes some toxic symptoms such as
chlorosis, reduction of root growth, photosynthesis
and chlorophyll production and often is accumulated
in plant tissues [9, 12].
Soil is the first component of the trophic chain:
soil - plant - animal - the man, thus its contamination
with copper can lead to bioaccumulation of metal
in the food chain and induce adverse health effects.
Copper occurs in soil at very wide concentration range
of 1-140 mg·kg-1, with average values in the range of
13-24 mg·kg-1 in dependence of the type of soil [9].
The wide use of fungicides, fertilizers, pesticides and
herbicides containing copper in agriculture leads to
further increase of its content in soil [5, 9, 12]. The
total metals content in soil is a poor indicator of their
bioavailability, mobility or toxicity [7, 9], as they are
present in different chemical forms and binding state.
The uptake of metals by plants is controlled by physical,
chemical and biological processes depending on their
chemical form and properties as well as properties of
soil: granulometric composition, content of organic
matter, content and type of clay minerals and Al, Fe
and Mn oxides; pH, and redox potential [9]. Changes
in environmental conditions, such as e.g. acidification,
can cause mobilization of an element from the solid to
the liquid phase and shift in its bioavailability.

Copper is a rather immobile element in soil. A
small amount of copper is present in readily soluble and
exchangeable form, which is considered as bioavailable
to plant. This element is also strongly bound to organic
matter and clay minerals, and can form sulphates, sulphides and carbonates [9]. From those phases of soil
copper can be released only in specific environmental
conditions. The pH is often considered as the most critical factor influencing the solubility of copper in soil
solution [6-9], but the mobility of copper depends also
on the type and content of organic matter as well as on
the concentration of other elements that could compete
with copper in adsorption and/or absorption processes
[6, 9]. Therefore, lowering of soil pH, content of organic matter and cation exchange capacity increases the
mobility of copper.
In order to evaluate the abundance of bioavailable
fraction of copper in soil and its mobility different
single-step or sequential extraction procedures have
been used. Single-step extraction, which is based on
using one specific extraction reagent (e.g. ethylenediaminetetraacetic acid (EDTA), diethylenetriaminepentaacetic acid (DTPA), ammonium acetate (NH4OAc), calcium chloride (CaCl2), ammonium nitrate (NH4NO3)),
allows defining pools of extractable metals in particular
chemical conditions [6, 7, 11, 12]. Sequential extraction
methods allow to isolate copper bound to main chemical
phases of soil, what can help to understand its behavior
in soils and subsequently its mobility and availability to
the environment. These methods suffer from non-selectivity as well as redistribution of trace elements among
fractions during extraction. Nevertheless, sequential
extraction procedures, e.g. Tessier’s [14, 17, 20], BCR
[4, 5, 13, 14,1 6, 21] or modified BCR [1, 3, 13, 15,
18, 20], have been recommended for the fractionation
of metals in soil. Because such procedures are laborious and time consuming, several attempts to speed up
metal extraction by application of microwave [1, 4,
20] and ultrasonic treatments [1, 4, 5, 11, 16-18], have
been made.
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Ultrasound extraction for determination of mobile fractions of copper in soil

Ultrasound energy facilitates and accelerates some
processes, such as dissolution, fusion, extraction or leaching and digestion [2]. Its application to soil sample
dispersed in an extraction solution results in fragmentation of soil particles and disintegration of soil aggregates
and increasing the surface area available for reactions
with the extraction reagent, what have predictable consequence on the availability of metals. The sonication
process generally speeds up the extraction procedure.
Implementation of ultrasound in pretreatment of soil
samples significantly shortens the operation times and
enhances “green” aspects of such procedure in terms of
solvent consumption and energy requirements. As a sonication source the ultrasonic bath is most often applied
[1, 4, 5,11]. However, ultrasonic baths generally lack
sufficient sonication power to achieve fast extractions,
what enforce necessity for the application of higher
extractants concentration or longer extraction time [2].
Few authors have used a powerful ultrasonic probe for
extraction of metals from solid samples [5, 16-18].
In this work a new ultrasound assisted sequential
extraction (UASE) procedure with the use of an ultrasonic probe was developed for the determination of
mobile fractions of copper in soil. As the goal of our
studies was to obtain performance similar to that of a
well-established method, the conventional sequential
extraction procedure of modified BCR protocol (with
the aid of a vertical rotor) was used for comparison.
A systematic study of various working conditions of
the ultrasonic probe on efficiency of copper extraction
from soil was performed and the optimal conditions
were established. The developed UASE procedure was
validated and successfully applied for determination of
mobile fractions of copper in samples of soil collected
from Podlaskie Voivodeship.

MATERIALS AND METHODS
Reagents and materials
Ultrapure water obtained from Milli-Q system
(Millipore, USA) was used throughout the work. Acetic
acid, hydroxylammonium chloride, ammonia acetate
and hydrogen peroxide (30%) were pure for analysis
(POCh-Gliwice, Poland). Nitric acid and hydrochloric
acid were Suprapur (Merck, Germany). Standard solutions were prepared by dilution of stock solution of
copper (1000 μg·mL-1; Fluka, Germany).
The samples of soil collected from Podlaskie
Voivodeship, various in terms of physicochemical
properties (agricultural type, pH, content of organic
matrix) were used for developing of a new procedure.
Certified reference material of lake sediment BCR701 (IRMM, Belgium), with certified content of trace
elements isolated by the BCR sequential extraction
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procedure, and was used for evaluation of accuracy of
developed procedure.
Instrumentation
An ultrasonic probe, VCX 130 model (Sonics and
Materials, USA) (max. power 130 W, max. frequency
20 kHz) was used in UASE procedure. In order to keep
the constant temperature during sonication the system
was cooled down with flowing water.
The content of copper in all fractions was determined by means of an atomic absorption spectrometry
with an electrothermal atomization (Solaar M6, Thermo
Scientific, UK) and a Zeeman-effect background correction, using graphite tubes with integrated Lvov platform.
A Cu hollow cathode lamp (CPI International, USA)
was operated at 4 mA current. The integrated absorbance
signal of Cu was measured at 324.8 nm with a slit width
of 0.5 nm. The following optimized atomizer heating
program was used for the Cu determination: drying at
120°C for 12 s, ashing at 1000/1100°C for 10 s, and
atomization at 2300°C for 3 s.
Extraction procedure
The three-stage modified BCR procedure [13] was
used for fractionation of copper in soil. For extraction of
fraction I (FI), water soluble, exchangeable and carbonate bound metal, 0.11 mol·L-1 CH3COOH was used. For
extraction of fraction II (FII), metal bound to iron and
manganese hydroxides, 0.5 mol·L-1 NH2OH·HCl (pH
1.5) was used. The fraction III (FIII), organically bound
metal, was released by oxidation of the organic matter
using 30% H2O2 and re-extraction of mineralization
products with 1 mol·L-1 CH3COONH4 (pH 2). After each
step the suspension was centrifuged at 3000 rpm for 15
min and the supernatant was separated from the solid
phase and stored at 4°C until analysis. The remaining
solid residue was washed with 20 mL of ultrapure water
and the washing solution was discarded after centrifugation. Optimized conditions for UASE procedure are
outlined in Table 1.

RESULTS
In order to obtain the reliable results of mobile fractions of copper in soil the conditions of extraction step
as well as measurement step were optimized carefully.
Initially, the temperature programmes for determination of mobile fraction of copper in soil obtained
with different extraction reagents (listed in Table 1) by
ETAAS technique were optimized. Due to very corrosive properties of hydroxylamine chloride towards
graphite tubes, the extracts of fraction II were evaporated and the residues were dissolved in 0.1 mol·L-1
nitric acid. The optimal pyrolysis temperature for soil
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Table 1. Chemical reagents and conditions for the conventional modified BCR extraction and the developed ultrasound
assisted extraction for 1 g of soil sample
Fraction

Extraction conditions
Conventional modified BCR
Ultrasound assisted
procedure
procedure
shaking for 16 h, room temp.
7 min at 15 W

Reagents

F I: Water-, acid-soluble,
exchangeable

40 mL of 0.11 mol·L-1
CH3COOH

F II: Reducible

40 mL of 0.5 mol·L-1 NH2OH·HCl (pH 1.5) shaking for 16 h, room temp.

10 min at 15 W

F III: Oxidisable

10 mL of 30% H2O2 (pH 2)

4 min at 15 W,
1 h at 85oC

10 mL of 30% H2O2 (pH 2)
50 mL of 1 mol·L-1 CH3COONH4 (pH 2)

shaking for 1 h, room temp.
and 1 h at 85oC;
1 h at 85oC, cooling;
shaking for 16 h, room temp.

6 min at 15 W

Table 2. Analytical characteristic of copper determination by ETAAS in extraction solutions
Linear range of
calibration graph,
ng·mL-1
0.8-40

Extraction solution
0.11 mol·L-1 CH3COOH
0.5 mol·L NH2OH HCl
-1

1 mol·L-1 CH3COONH4

d

Detection limita,
ng·mL-1 (mg·kg-1)

Quantification limitb,
ng·mL-1

Precision as RSDc, %,
n=6

0.38 (0.015)

0.75

5.2

0.6-15

0.28 (0.011)

0.60

5.1

1.2-35

0.32 (0.016)

1.20

4.6

detection limit corresponding to blank + 3SDblank
quantification corresponding to blank + 6SDblank
c
for 5 ng·mL-1 of Cu
d
after evaporation and dissolution of residue in 0.1 mol·L-1 HNO3
a

b

extracts in acetic acid and hydroxylamine chloride was
1000°C, while for soil extracts in ammonium acetate
was 1100°C. The optimal atomization temperature of
copper in all fractions was 2300°C. The influence of the
used extraction solutions as well as the matrix of soil
samples on the atomization of copper and its determination in mobile fractions was also examined. For this
reason the results of Cu determination in all fractions
by two calibration techniques: external calibration
graph and standard addition method were compared.
For standard addition method the extracts of soil were
spiked with increasing amounts of copper. It was found that the regression coefficients of both calibration
graphs were the same in the range of analytical error.
The performed studies showed insignificant influence
of matrix components of soil on the analytical signal
of copper, therefore the external calibration procedure
based on reagent-matched standard solutions was used
for copper quantification. The characteristic of copper
determination in extraction solutions by ETAAS is
summarized in Table 2.
A major inconvenience of the BCR sequential
extraction procedure is the lengthy sample processing
time (overall operation time is about 51 h). In order to
speed up the extraction process of copper ultrasonic
assistance with an ultrasonic probe has been exploited
in our studies. The parameters influencing the efficiency
of copper extraction by ultrasounds, such as a sonication
time and a power of the ultrasonic probe, were optimized
for each step of procedure individually. All results obtained by UASE were compared with those obtained

by the conventional modified BCR procedure for the
same soil sample. For these studies the samples of soil
that vary in category and pH (sample L - light soil, pH
4.3; sample M - medium soil, pH 7.1; sample H - heavy
soil, pH 4.3) were used (Figure 1). The recovery of
copper in fractions obtained by UASE was calculated
assuming the content of copper in fractions obtained by
conventional modified BCR extraction as 100%.
The influence of a power of ultrasound probe on
the recovery of copper in fraction I was studied in
the range 10 W to 26 W at sonication time of 5 min
(Figure 1a). It was found that the recovery of analyte
from tested samples was from 60% to 120%. The lower
copper recovery (~60%) from samples L and H (acidic
soil) may be caused by re-adsorption of analyte, what
was also reported in [18]. Based on these results and
an analogous research performed for other metals (Cd
and Pb) (not published), as well as on our efforts to develop the common extraction conditions for all metals,
the ultrasound power of 15 W was chosen for further
experiments. The influence of sonication time on the
recovery of copper in fractions I was studied in the range from 1 to 12 minutes. The recovery of analyte from
acidic soil (sample L and H) for sonication time from 1
min to 7 min was at the level 65-77% and decreased to
35-45% when sonication was prolonged. Quantitative
recovery of analyte from neutral soil (sample M) was
achieved for 3-7 min of sonication time. In order to
provide efficient extraction of copper and to avoid its
re-adsorption or liberation from the next phase of soil
the sonication was performed for 7 min.
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a)

Fraction I

b)

Fraction II

c)

Fraction III
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Figure 1. Recovery of Cu in fractions extracted from soil in dependance of the power of ultrasonic probe (fixed sonication
time 51.
min)Recovery
and the sonication
(fixed sonication
power
15 W):
fraction
I, b) fraction
fraction of
III;
Figure
of Cu time
in fractions
extracted
from
soila) in
dependance
of II,
thec) power
(sample L -ultrasonic
light soil, sample
M
medium
soil,
sample
H
heavy
soil;
in
brackets
value
of
soil
pH)
probe (fixed sonication time 5 min) and the sonication time (fixed

sonication power 15 W): a) fraction I, b) fraction II, c) fraction III; (sample L -

The optimization
of soil,
the extraction
30%HH-2O
was soil;
firstlyinstudied.
Thevalue
conventional
light
sample Mconditions
- mediumofsoil,using
sample
heavy
brackets
of soil
2
copper in fraction II
was
performed
in
the
same
way.
sample
treatment
(as
listed
in
Table
1)
was
compared
pH)
The significant influence of the power of ultrasonic with shorter procedure applying only one addition of
probe on the recovery of copper was observed (Figure H2O2 and sonication of solution for 4 min (at 15 W)
1b). Higher recovery of analyte (from 105% to 155%) followed by evaporation of reagents [16]. As no signifrom sample L (light acidic soil) was probably a result ficant difference in the recovery of copper (79-137%
of its re-adsorption in the first step of extraction. The versus 88-133%, n=3) was obtained for both tested
good recovery of analyte (from 80% to 110%) for all procedures, the shorter procedure with sonication step
tested sonication times was obtained. The sonication of was later used. Next, the influence of sonication time on
samples for 10 min at 15 W was chosen as it provided the recovery of copper during re-extraction of mineraliquantitative recovery of copper and good repeatability zation products with CH3COONH4 was studied (Figure
of the results.
1c). The power of ultrasonic probe (15 W) applied in
During optimization of the extraction conditions of this step, was the same as used before, while the chosen
copper in fraction III the oxidation of organic matter sonication time was 6 min. The optimal working para-
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Table 3. Recovery of copper from certified reference material of lake sediment (BCR-701) after conventional modified
BCR extraction and ultrasound assisted extraction
Certified value ±
SD, mg·kg-1

Fraction

Conventional modified BCR extraction,
n=3
Found content ± SD, Recovery ± SD, %
mg·kg-1

F I: 0.11 mol·L-1
CH3COOH

49.3 ±1.7

53.0 ±2.5

107.6 ±5.0

F II: 0.5 mol·L-1
NH2OH·HCl

124.0 ±3.0

132.5 ±4.3

106.8 ±3.5

F III: 1 mol·L-1
CH3COONH4

55.2 ±4.0

61.5 ±3.6

111.4 ±6.5

Ultrasound assisted extraction, n=6
Found content ± SD,
mg·kg-1

Recovery ± SD, %

40.2 ± 4.8

81.6 ± 9.8

117.2 ± 10.3
56.1 ± 4.7

94.5 ± 8.3
101.6 ± 8.6

Table 4. Copper content in fractions of soil collected from Podlaskie Voivodeship after ultrasound assisted sequential
extraction procedure
Sample

Soil category

Soil pH

L1
L2
L3
M1
M2
M3
M4
M5
M6
H1

very light
light
light
medium
medium
medium
medium
medium
medium
heavy

4.3
4.3
4.6
4.7
4.8
6.0
7.1
7.2
7.3
4.3

Copper content in fraction of soil, mg·kg-1, n=3
FI
F II
F III
0.09 ± 0.01
0.21 ± 0.04
0.56 ± 0.05
0.21 ± 0.06
0.17 ± 0.06
0.63 ± 0.17
1.39 ± 0.10
1.21 ± 0.03
1.92 ± 0.11
0.25 ± 0.07
0.66 ± 0.01
1.03 ± 0.39
0.26 ± 0.08
0.75 ± 0.02
0.91 ± 0.19
1.15 ± 0.03
1.12 ± 0.09
0.88 ± 0.10
0.11 ± 0.03
0.68 ± 0.18
1.31 ± 0.25
0.17 ± 0.06
1.17 ± 0.32
1.29 ± 0.25
0.30 ± 0.03
0.47 ± 0.05
1.59 ± 0.09
0.13 ± 0.03
1.22 ± 0.22
1.42 ± 0.27

Pseudo-total content
of Cu, mg·kg-1
2.75
5.00
9.75
5.50
8.50
8.12
6.75
8.50
7.75
7.12

soil category: L - light, M - medium, H - heavy

meters of ultrasonic probe for UASE of copper from
soil are presented in Table 1.
The developed UASE procedure for determination
of mobile fractions of copper in soil was validated.
The subsequent parameters were evaluated: linearity
of calibration graphs, limit of detection and limit of
quantification, precision of results (Table 2). The repeatability of copper determination in fractions I, II and III,
expressed as the relative standard deviation (RSD) of
six independent analyses of the same soil sample, was in
the range of 5% to 8%. The accuracy was evaluated by
analysis of certified reference material of lake sediment
BCR 701. The content of copper determined in fractions
I, II and III was compared with certified values and with
its content determined by conventional modified BCR
procedure (Table 3). The recovery of copper for both
extraction procedures was in the range 82-111%. The
repeatability of copper determination in fractions of
BCR 701 was below 6% using conventional extraction
and below 12% using UASE.
The content of copper in mobile fractions of soil
samples collected from Podlaskie Voivodeship was determined (Table 4). The pseudo-total content of analyte
was also determined after aqua regia digestion.

DISCUSSION
The UASE procedure allows appreciably shortening
the total extraction time from 48 h to 27 minutes in
comparison to conventional modified BCR procedure.
It allows to save the time and energy during preparation of soil extracts. The significant reduction of power
consumption by applying of ultrasonic probe instead of
vertical rotor is in good agreement with green chemistry
concept. The total extraction time of the developed UASE
procedure is also considerably shorter than others applying the ultrasonic bath (1.15-5 h) proposed in the literature
[1, 5] and similar to those which used the ultrasonic probe
[5,16,18]. Shorter time of extraction (17 min or 22 min)
was obtained, when higher power of ultrasonic probe
(105 and 75W or 20W) was applied [5, 16].
The lower recovery of copper in fraction I of the
certified reference material, lake sediment BCR 701,
obtained by UASE procedure can be caused by higher
re-adsorption of analyte in this step in comparison to
conventional one, what was also reported in [18]. It was
found that the re-adsorption phenomena mainly had
occurred for the most labile fraction, i.e. acid soluble,
and was matrix dependent, higher for sediment than
for soil samples.
The UASE procedure is characterized by higher RSD
values (up to 12%) in comparison to the conventional
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modified BCR protocol (up to 6%), as within long time of
extraction step (16 h) an equilibrium between solid phase
and extrahent is reached. Vigorous running of extraction
under ultrasound treatment in UASE procedure induces
intensive fragmentation of soil particles and improves
solvent penetrability into solid phase. However, the short
time of extraction (6-10 min) and in-homogeneity of
natural soil samples can lead to bigger difference in the
content of extracted analyte.
The content of copper in all analysed samples did
not exceed its maximal tolerance level for agricultural
soil in Poland (150 mg·kg-1) [19] as well as the recommendation of Polish Chemical and Agricultural Station
and the studied soil are suitable for low metal content
consumer crops [10]. Figure 2 shows the distribution of
copper into three fractions extracted from soil as well as
in the residual, named here fraction IV. The content of
copper extracted by acetic acid represents only 2-14%
of the pseudo-total content in soil. Thus the amount of
copper bioavailable to plant is very low in studied soil.
The content of copper in fraction II, extracted from phase
of iron and manganese hydroxides of soil, was also low
and represents only 3-17% of the pseudo-total content.
The content of analyte in fraction III was slightly higher
than that in first two fractions and represents 17-21% of
the total metal content. The results confirmed the affinity
of copper to organic matter, in which it can be bound to
functional groups of humic and fulvic acids. The fraction
IV (residual) made up the largest percentage in copper
total content, 54-78%. The other authors also reported the
highest concentration of copper in the residual fraction
of soil [3,15,21]. As residual fraction is considered as not
soluble under natural conditions, therefore copper from
this fraction is unavailable to plant. The lower content of
copper was observed in fraction III and II, depending on
the type of soil and the lowest amount was determined in
fraction I [3,15,21]. The percentage share of copper frac-
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tion in the pseudo-total content represents the decreasing
order: FVI>FIII>FII>FI for studied soil. A similar order
was observed in Rendzic Leptosols, Haplic Arenosols
and Haplic Leptosols collected from Lubelska Upland
and Sandomierska Valley [21], in Cambisols collected
from Siedlce Upland region [15] and soil collected from
allotment garden in Koszalin [3]. Slightly different order
of percentage share of analyte: FVI>FII>FIII>FI was
observed in Luvisols collected from Siedlce Upland
region [15], indicating the higher binding of copper
with Fe and Mn hydrooxides in such type of soil. The
obtained results indicate the low mobility of copper in
studied soil samples.

CONCLUSIONS
In conclusion, the results obtained from the present
studies are as follows:
1. The new extraction procedure based on the modified
BCR procedure assisted with ultrasounds generated
by ultrasonic probe was successfully developed for
determination of mobile fraction of copper in soil.
2. The developed method allows reducing the overall
extraction time from 48 h for conventional extraction
(with the aid of a vertical rotor) to 27 min for UASE
procedure.
3. The recovery of analyte from certified reference
material BCR 701 in the range 82-102% proved the
accuracy of UASE procedure.
4. The developed procedure fulfills requirements of
green analytical chemistry in terms of operation
time, safety and energy consumption and can be
useful for fast assessment of the mobile fractions of
copper in soil.
5. The content of copper in three fractions extracted
from soil according to modified BCR UASE procedure indicates a low pool of mobile fraction of
copper in soil, what means a low bioavailability of
copper to plants and a high risk of its deficits for
plants.
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