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Summary

Iron is the most common transitional metal on Earth and it is essential for many life forms. On the other hand, iron and its compounds
are present as atmospheric pollution, which can cause harmful effects in humans, animals and materials. Living organisms have been
forced to adopt an efficient system for iron transport and a mechanism for its storage in order to maintain the balance between the
harmful and beneficial effects of iron. The distribution of iron in the human body is regulated by a complex mechanism that maintains
homeostasis. During childhood, pregnancy or blood loss, the need for iron increases, as does its adsorption. Iron is absorbed throu-
ghout the entire digestive system and is best assimilated from heme (80% soluble iron in meat) and physiologically binds with specific
proteins, forming reversible compounds of iron and protein, i.e. protein complexes. Iron participates in various metabolic processes in
the body, including oxygen transport, DNA synthesis and electron transport. Iron metabolic disorders are among the most common
illnesses in people, and include a broad spectrum of diseases with various clinical manifestations, from anaemia to neurodegenera-
tive diseases. Acute iron poisoning is almost always the result of ingestion of iron enriched medicines, and occurs most commonly in
children. Chronic iron poisoning is a more frequent problem among adults. Iron is a catalyser in the reaction that creates hydroxyl
radicals from hydrogen peroxide and increases oxidation stress, which ultimately increases the concentration of free iron. This pro-
cess can lead to damage to the lipid membranes and ultimately to the liver, kidney and spleen. Iron deficiency in the diet increases
the mechanism of intestinal iron absorption from the body’s stores, and reserves are spent faster than iron is absorbed from food,
which can lead to its deficiency in the body. Iron deficiency is still an endemic issue in certain areas around the world. Contemporary
procedures to enrich food with iron today also consider the potential risk of interaction between micronutrients that can influence
the absorption and bioavailability of iron.
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Introduction

I[ron is the most common transi-
tional metal on Earth and is impor-
tant for many life forms and, with rare
exceptions, essential for the survival
of all organisms. It is considered es-
sential as it is an integral part of all
cell processes, including breathing,
redox processes, energy metabolism,
DNA synthesis and gene regulation
(Andrews, 1998). Despite the wide-
spread distribution and abundance
of iron in the biosphere, organisms
can be subject to iron deficiencies or
overload, which can even have fatal
consequences.

In nature, iron appearsin two oxida-
tion states, as iron(ll) and iron(lll), i.e.
in the form of the ions Fe?* and Fe3*.
Bivalentiron salts, such as ferrous sul-

phate (FeSO,) are greeniin colourand
readily water soluble, while trivalent
iron salts are red or brown in colour
and near insoluble (Raos, 2008). The
great differences in the redox poten-
tial of Fe?* and Fe3* contribute to the
role of iron as an important biologi-
cal metal. Therefore, the role of iron
is limited by its poor solubility and its
preference to participate in reactions
that create free radicals (Miethke &
Marahiel, 2007).

Living organisms have been forced
to adopt an efficient way to trans-
port iron and to create a mechanism
for its storage in order to maintain
a balance between the harmful and
useful effects of iron. For example,
bacteria and fungi create natural
compounds called siderophores that

serve to transport iron from the en-
vironment into the cell (Neilands,
1995). In plants, there are two forms
of iron transport from the soil, reduc-
tion and chelation (Briat, 2005).

In animals, iron is primarily taken
up through the diet, and as such has
either good or limited bioavailability,
depending on the source. Iron from
red meats is well resorbed, while
plant based iron is poorly absorbed
due to the presence of phosphates
and polyphenols that inhibit resorp-
tion and create insoluble complexes
(Crichton & Ward, 2003).

Iron in the environment

In monitoring the geochemical
cycle important for the emergence
of the Earth and in comparison of
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the cycling of oxygen, dissolved iron
and sulphides in the atmosphere
and ocean, it was established that
the iron cycle is greater than the oxy-
gen and sulphide cycles. Due to the
insolubility of iron oxides and sul-
phides, it is believed that dissolved
iron is quite abundant in the atmos-
phere and oceans, while oxygen and
sulphur are rarely present (Walker &
Briamblecombe, 1985). With oxida-
tion of iron with oxygen, insoluble
Fe(lll) is formed and loses its bioavail-
ability. However, with the creation of
chelates of Fe(lll), iron is again avail-
able and therefore control of its po-
tential toxicity in food is enabled as
the non-toxic water soluble protein
ferritin (Crichton & Pierre, 2001).

Iron and iron compounds are pre-
sent as atmospheric pollutants that
can cause detrimental effects in hu-
mans, animals and materials. lron
and its oxides cause benign siderosis.
With iron oxides, high concentra-
tions of carcinogenic compounds
and sulphur dioxide are transported
deep into the lungs. Analysis of the
air in urban settlements has shown
average iron concentrations of about
1.6 pug/m?*and the main sources of
airborne iron are iron and steel in-
dustrial plants (Smith et al, 1998).
Iron pollution can be reduced by us-
ing equipment that controls the size
of particles emitted into the environ-
ment (Sullivan, 1969).

The effects of iron chloride and
oxides have been tested in China,
in the area of the Tongchuan mines,
using thermogravimetric analysers
(Liu et al., 2001). The results showed
that all iron compounds used in the
process, above all FeCIg, FeCl, and
Fe203, can influence the emissions
of SO, and NO, though via different
mechanisms. For example, FeCI3 has
the role of a catalyser and absorber
during the transfer of sulphur from
coal into SO, and in the transition of
nitrogen from coal into NO (Liu et al.,
2001, 2002).
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Figure 1 Transport of iron in the body

Iron is the main component of
soil, and its concentrations in soil are
largely influenced by industrial pro-
cesses. More than 45% of the total
global population currently lives in
urban areas, and by 2030, that fig-
ure will reach 60% (United Nations,
2001). Various levels of iron concen-
trations in soil have been found in
urban areas (Yang et al., 2001). Soil is
most often controlled by determina-
tion of the content of lead, zinc, cop-
per and nickel, and lead most often
appears in combination with iron
oxides.

In surface waters, 61 to 2680 mg/kg
of iron is present (Vuori, 1995). Some
studies have shown that due to ag-
ricultural activities and the increased
use of groundwater, the level of
ground water in the Netherlands has
been significantly reduced (Smolders
& Roelofs, 1995). As a result, in order
to compensate for this decreased
water, alkaline waters from rivers
such as the Rhine, which are rich in
sulphates and poor in iron are being
used. This further enhances alkalinity
in the soil and the breakdown of or-
ganic sediments. Increased sulphate
reduction leads to the settling of iron
sulphides and creates an alkaline
environment in which the concen-
tration of phosphates and ammonia
compounds increases. The release

of these compounds into the water
layer causes internal eutrophica-
tion and a drop in iron levels, while
sulphides accumulate in the water
to toxic concentrations (Smolders &
Roelofs, 1995).

Iron can have direct and indirect ef-
fects on the ecosystem (Vuori, 1995).
Under the influence of the mining
industry, increased reforestation, the
production of peat and drainage of
waters from agricultural lands, the
iron load has been increased in many
ecosystems. The impacts of iron on
aquatic organisms and their habitats
is primarily indirect, though in some
habitats it can be direct due to the
inflow of iron rich waters, particularly
in the winter months. Iron hydroxide
and humus with a layer of depos-
ited iron indirectly impact aquatic
organisms, hindering their normal
metabolism and osmoregulation by
influencing the structure and quality
of habitats and food resources. Both
direct and indirect impacts of iron
pollution cause a reduction of spe-
cies diversity, and reduce the abun-
dance of periphyton, invertebrates
and fish (Vuori, 1995).

The bioaccumulation of iron in the
organs and tissues of the freshwater
crab Potamonautes warreni was mon-
itored in three aquatic ecosystems



with metal pollution (Steenkamp et
al., 1993). The concentration of iron
in the water and sediments differed
and were associated with environ-
mental influences. The highest iron
concentrations were detected in
the gills, indicating that this organ is
the primary site for iron adsorption
from aquatic media. Though the iron
concentration in organs and tissues
of crabs was not dependent on the
season or gender, it was discovered
that there is an inverse relationship
between crab size and its capacity
for iron bioaccumulation.

It is known that plants have the
ability to accumulate various chemi-
cal compounds, including metals.
This process primarily depends on
the plant species and the concen-
tration of certain metals in the soil.
In the hilly region of south central
Norway, different concentrations
of iron, copper, molybdenum, zinc,
selenium and manganese were
found. The mean values and ranges
of these concentrations were deter-
mined in different native plant spe-
cies and were (mg/kg dry matter): Fe:
208, 15-2245; Cu: 6.0, 0.9-27.2; Mo:
0.25, 0.01-3.57; Zn: 77, 8-320; Se:
0.05, 0.01-0.32; Mn: 338, 31-3784.
The quantity of individual elements
showed large differences between
and within plant groups. Further-
more, large differences were found
between the peripheral parts of two
lichen species, with high concentra-
tions of Fe and Al in the lichen Xan-
thoria and Cd and Zn in the lichen
Parmelia (Nimis et al., 2001).

Toxicokinetics of iron

The distribution of iron in the hu-
man body is regulated by a complex
mechanism that maintains homeo-
stasis. Humans have a relatively weak
ability to excrete iron ions, and so
homeostasis is achieved by regulat-
ing the resorption of iron in the small
intestine. From 2 to 15% of iron is ab-
sorbed in the gastrointestinal tract,
while the elimination of absorbed
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iron is only 0.01% per day. The bio-
availability of dietary iron, the quality
of stored iron and the development
rate of erythrocytes all affect the ab-
sorption of iron. Vitamin C stimulates
resorption and is important in the
production of haemoglobin. Dietary
inhibitors to the absorption of non-
heme iron are oxalic acid, tannins,
polyphenols and calcium-carbonate
based supplements (Mahan & Escott-
Stump, 2008).

During childhood, pregnancy or
due to blood loss, the need for iron
and its adsorption increase. Iron is
absorbed throughout the entire di-
gestive tract, and the most iron is
absorbed in the duodenum, while
absorption is progressively reduced
in the distal segments of the intes-
tines. Considering that there is no
adequate way of extracting excess
iron via standard physiological paths
(kidneys, lungs, skin), absorption
from the duodenum is considered to
be the primary homeostatic regula-
tor of the iron content in the body.
Namely, with reduced absorption,
the accumulation of iron in the body
is prevented, while in some species,
when haemolysis or large blood
loss occurs, absorption is increased
(Gamulin et al., 2011).

Dietary iron is primarily trivalent
(ferric iron). In the acidic medium of
the stomach (hydrochloric acid), fer-
ric acid is reduced to ferrous iron. In
addition to hydrochloric acid, the
stomach mucosa cells also produce
the protein gastroferrin, which binds
iron and enables better absorption.
Iron is best absorbed from heme
(80% soluble iron in meat), and phys-
iologically binds to specific proteins,
creating reversible iron and protein
complexes (Hoffbrand, 1986).

In the intestinal lumen, iron takes
over the protein apoferritin from the
intestinal mucosa and transports it
to the protein plasma transferrin (si-
derofilin) which transports it further

to all cells (Figure 1). In compound
with specific proteins, haemoglobin,
myoglobin, ferritin, haemosiderin
and various enzymes are formed.
The turnover of iron depends on the
quantity of specific apoproteins in
the body. The largest share of iron in
the circulation of plasma and extra-
cellular fluid is bound to the specific
protein transferrin. Constant compe-
tition for free iron ions takes place
between the transferrin and other
proteins that can bind iron. Transfer-
rin is a B1-globulin that is produced
in the liver and has a molecular
weight of 75,000. After the Fe** ions
are released into the plasma, they are
oxidised in the presence of ferroxi-
dase, which is, in fact ceruloplasmin
(Boggen et al., 2000).

In normal dietary conditions, adults
usually have about 45 mg (women)
or 55 mg (men) iron per kilogram of
body weight, i.e. a total of 3 to 5 g of
iron in the body. The total quantity
of iron in the body is primarily in the
form of haemoglobin (60-70%), fol-
lowed by myoglobin, cytochrome
and other enzymes with iron (10%),
while 20-30% is bound to ferritin
and haemosiderin. The extracellular
transport protein, transferrin, ac-
counts for only 0.1-0.2% of the total
iron in the body (Fontecave & Pierre,
1993). The excess iron is excreted,
while a certain amount remains in
the intestines, bile, urine and a small
amount may be present in sweat,
nails and hair. The total iron excreted
is about 0.5 mg per day. In excessive
exposure to iron or iron overload,
the synthesis of ferritin is increased
in the parenchymal liver cells. At
that point, the ability of the liver to
synthesize ferritin exceeds the abil-
ity of the lysosomes to excrete iron.
The lysosomes transform ferritin into
haemosiderin, which then remain in
situ. The production of haemosid-
erin from ferritin is still inadequately
studied, though it is believed that it
includes denaturation of the apofer-
ritin molecule. In increasing the in-
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take of iron, the concentration of fer-
ritin reaches its maximum and a large
amount of iron is found in the hae-
mosiderin. Therefore, both ferritin
and haemosiderin are reservoirs and
have a protected role, as they main-
tain the intracellular iron in bound
form (Gurzau et al., 2003).

Impacts of iron on health

Iron participates in various meta-
bolic processes in the body, includ-
ing oxygen transport, DNA synthesis
and electron transfer. Iron concentra-
tions in tissues should be well regu-
lated, as increased quantities lead
to tissue damage as a result of the
creation of free radicals. Iron metab-
olism disorders are among the most
common illnesses in humans, and
include a wide spectrum of diseases
with various clinical manifestations,
from anaemia to neurodegenerative
diseases. Familiarity with iron regula-
tion at the molecular level is critical
for identifying the cause of disease
and to ensure setting the proper
diagnosis and course of treatment
(NRC, 1979; Adamama-Moraitou et
al., 2001; Evans & Halliwel, 2001; Ku-
vibidila et al., 2001; Lieu et al., 2001).

Iron has the capacity to receive
and give electrons, making it a physi-
ologically important component of
the cytochrome and oxygen bind-
ing molecules. However, iron is also
biochemically hazardous, as it acts as
a catalyser in the reaction to convert
hydrogen peroxide to free radicals
that damage the cell membrane,
proteins and DNA, and ultimately tis-
sue, according to the reaction:

Fe** +H,0, + H* — Fe** + H,O0 + HO"

In healthy organisms, this reaction
is weakened as there is an insuffi-
cient amount of free iron that could
serve as a catalyser. In the pathologi-
cal state, the metabolism of iron and
superoxide interact mutually, as each
can increase the toxicity of the other.
Iron overload can increase the detri-
mental effects of hyperproduction of

MESO

Table 1 Iron content in different foodstuffs

Foodstuffs mg Fe / 100 g foodstuff

shells, canned
ready to eat cereals
oysters, wild, cooked
organ meats, liver
soybeans cooked
lentils cooked
spinach cooked from fresh
beef (bottom round)
sardines, canned in oil
chickpeas cooked
duck, meat only, roasted
lamb cooked
shrimp canned
tomato paste

26,4
6-70.3
11,33
5.78-10.89
3.67
2.75
2.67
3.44
275
2
2.56
2.56
25
3.33

superoxide in a wide range of inflam-
matory states of the organism, both
acute and chronic. Furthermore,
chronic oxidative stress can modu-
late the intake and storage of iron,
and lead to self-sustainable and in-
creasing cytotoxicity and mutagenic
effects.

Deferoxamin is a free iron chelator
used in clinical practice to remove
excess iron. This is a large molecule
with a short half-life (about 20 min-
utes), which results in the need for
its long-term use, and the daily dose
can vary between 2 and 10 g/day
(Emerit et al., 2001).

Iron overload can be divided ac-
cording to the intake path of iron
into the body, or according to the
predominant tissue in which it has
accumulated. Iron intake can be ei-
ther enteral or parenteral, or through
the placenta during pregnancy. The
varying distribution of iron in the
parenchial and reticuloendothe-
lial system induces the pathogenic
mechanism of iron accumulation,
and has an important influence on
organ damage and prognosis for the
patient.

The diagnosis of iron overload can
be given based on clinical data, high

saturation of transferring and/or val-
ues of ferritin. However, increased
levels of ferritin are not always as-
sociated with iron overload, but can
be symptoms of other disorders,
such as inflammation or neoplasia.
A liver biopsy and determining the
distribution of iron within the organ
is still the most useful way to diag-
nose iron overload. Determination of
a mutation of the HFE gene (C282Y
and H63D) is an important method
of proving the presence of iron over-
load (Piperno, 1998).

Iron toxicity

The quantity of iron in the organ-
ism is primarily regulated by absorp-
tion, and there is no physiological
mechanism that could eliminate
excesses. Regulation is specific, i.e.
the type of diet, quantity of iron
in the diet and lifestyle influence
the absorption of iron. In the past,
nutritional programmes based on
iron-enriched foods were very wide-
spread due to the serious lack of iron
in many areas worldwide. Today, we
also know that a large number of
people without symptoms carry the
HFE gene, and have the potential to
accumulate excess iron in the body
during their life. In increasing the
intake of iron, regulation via homeo-
static mechanisms is not sufficient
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Table 2 Display of vegetable and animal foodstuffs abundant with iron

Foodstuffs abundant with iron Nonheme foodstuffs with abundant iron

oysters
liver
red meat (especially beef)
poultry (dark red meat)
tuna
salmon
iron fortified cereals
dried beans
whole grains
eggs (especially egg yolks)
dried fruits
lamb
pork
shellfish

wheat
millet
oats
beans
soybeans
peas
almonds
brazil nuts
prunes
raisins
broccoli
spinach
asparagus
kale

to prevent its accumulation. Excess
iron in the body can have various
toxicological effects, and can impact
the liver, heart, pancreas or lungs
and lead to various health problems,
such as diabetes mellitus, pancreatic
hypertrophy or hormonal irregulari-
ties. For that reason, it is very impor-
tant to set an early diagnosis of iron
oversaturation and to implement the
appropriate therapy (Fujiwara, 1989;
Anderson, 1993; Hershko et al., 1993;
Gutterridge et al., 2001; Kang, 2001).

Acute iron poisoning is usually al-
ways the consequence of ingestion
of iron enriched medication, and oc-
curs most often in children. Chronic
iron poisoning is a common problem
among adults. Excess iron ingested
in pharmaceutical products can
cause poisoning, while therapeu-
tic doses can cause gastrointestinal
problems. A chronic excess of iron in
primary and secondary haemochro-
matosis can lead to liver fibrosis, dia-
betes and heart failure (Bassett, 2001;
Hash, 2001; Schumann, 2001).

There are three fundamental ways
in which iron is accumulated in the
body: idiopathic haemochromatosis,
excess dietary iron or blood trans-
fusion. It has been established that
patients with increased ferritin levels

and normal transferrin levels suffer
more often from liver steatosis (Far-
gion et al,, 2001).

Iron is a catalyser in the reaction
creating hydroxyl radicals from hy-
drogen peroxide, and thereby in-
creases oxidative stress, which ulti-
mately increases the concentration
of free iron. This process can lead to
damage of the lipid membranes and
ultimately to organ damage, includ-
ing liver, kidney and spleen (Heys &
Dormandy, 1981; Hultcrantz et al,
1984; Houglum et al., 1990). Lipid
peroxidation can cause dysfunction
of lysosomes and mitochondria or
cirrhosis (Bassett et al., 1986; Myers
et al,, 1991; Tecator et al., 1995).

In line with this, various epide-
miological studies and observa-
tions have indicated that high iron
reserves represent a serious threat
to health, as this increases the risk
of atherosclerosis and myocardial
infarction. Clinical and epidemiologi-
cal studies indicate that increased
oxidative stress can also cause DNA
damage, activate carcinogenesis and
accelerate the appearance of tumour
cells (Fargion et al., 2001).

Dietary iron
Though it is not scientifically prov-

en, the data indicate that it is not
recommended to take iron outside
of one’s physiological requirements
but that to avoid symptoms of iron
deficiency, it is necessary to meet the
recommended daily allowances.

When iron is insufficiently repre-
sented in food, a homeostatic mech-
anism increases intestinal absorption
of iron from bodily stores. In that
case, stores are more quickly spent
than iron can be absorbed from food,
which can lead to a deficiency in the
body. Iron deficiency is still endemi-
cally present in certain areas around
the world. Therefore, in those areas,
the consumption of iron enriched
foods is recommended to prevent
the appearance of anaemia. In the
past few decades, attempts to supply
dietary iron have primarily been lim-
ited to preventing iron deficiencies
during growth and during pregnan-
cy (Schumann, 2001). A high daily in-
take of iron, for example among the
population of sub-Saharan Africa,
who consume 50 to 100 mg per day
through homemade beer, caused
the appearance of cirrhosis and dia-
betes (Gurzau et al., 2003).

Research in the area of iron absorp-
tion from food confirmed the rela-
tionship between the bioavailability,
loss and storage of iron (Hallberg,
2001). It was established that an iron
deficiency is associated with age, and
appears after one’s 20s, which ex-
plains earlier controversial findings.
In enriching food with iron, it is also
necessary to consider the potential
risk of interactions between micro-
nutrients that can influence absorp-
tion and bioavailability. At the level
of essential needs, the majority of
micronutrients are absorbed via spe-
cific mechanisms that are not sensi-
tive to mutual interactions. However,
in intake in aquatic solutions and in
high concentrations, competition
occurs between elements of similar
characteristics and the result is an
unregulated intake process. A nega-
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tive influence of iron supplements

Table 3 Iron content in different meat

has been established on the state of Meat mg Fe/100 g

zinc and copper, and of zinc supple-
ments on the state of iron and cop-
per. However, no negative influence
of calcium was found on iron absorp-
tion in the long-term use of calcium
supplements. Ascorbic acid is known
to have a strong potential for stimu-
lating iron absorption and its sup-
plementation in food improves iron
status, especially in the population
consuming a vegetarian diet.

Numerous studies on iron contents
(Table 1) in various types of foods
have enabled the consumption of
a balanced diet, which can prevent
the appearance of iron deficiencies,
or acute or chronic excesses of iron
(Mahan & Escott-Stump, 2008).

Interest in iron is also increased
by the fact that a part of the world’s
population does not consume meat
or meat products, which according
to many, can cause a lack of essen-
tial elements, such as zinc and iron.
Itis believed that in addition to a low
intake of meat and increased intake
of legumes and cereals, the absorp-
tion of zinc and iron are decreased
(Hunt, 2003). Cereals and legumes
often contain a high amount of in-
hibitors to mineral absorption, such
as phytates and polyphenols, which
inhibit zinc and/or non-heme iron,
and creating insoluble complexes in
the intestines. Therefore the bioavail-
ability of these micronutrients from
these foods is often poor (Gibson,
1994).

Deficiencies of this micronutrient
represent an important health care
problem in developing countries, in-
fluencing the growth, development
and memory in children (Appel et al.,
2001). It is generally known that iron
rich foods are those of animal origin,
while those of plant origin are rich
in non-heme iron (Table 2; Mahan &
Escott-Stump, 2008).
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Turkey, all classes, giblets, cooked
Chicken, broilers , giblets, cooked
A liver sausage, pork
Duck, domesticated, meat only, cooked, roasted
Beef stew, canned entree
Beef, variety meats and by-products, liver, cooked, pan-fried
Turkey, all classes, neck, meat only, cooked
Beef, chuck, separable lean only, cooked
Beef, round, steak, separable lean only, cooked
Lamb, domestic, shoulder, separable lean only, cooked
Chicken, liver, all classes, cooked
Chicken, canned, meat only, with broth
Beef, ground, 85% lean meat / 15% fat,cooked
Lamb, domestic, shank, separable lean,only, cooked
Beef, corned beef, canned
Chicken, broilers , breast, meat and skin, cooked

Lamb, domestic, loin, separable lean only,

7,71
7,04
11,20
2,70
2,48
6,16
2,30
3,68
2,87
2,71
11,63
1,58
2,60
2,12
2,08
1,25
2,00

Animal proteins in the pork,
veal, beef, lamb and chicken meat
stimulate the resorption of iron.
Compounds responsible for better
absorption, usually called meat fac-
tors, are not known, though specific
animal acids or dipeptides that arise
from decomposition in the digestive
system can increase iron resorption
(Mahan & Escott-Stump, 2008). Ani-
mal organs such as liver, kidney and
heart, and lean meats and poultry
are the best sources of iron (Table 3;
Anonymous, 2012).

In the Republic of Croatia, the Or-
dinance on food additives stimulates
the daily intake of vitamins and min-
erals intended for health adults, and
the maximum permitted intake of
iron is 30 mg, while the recommend-
ed daily intake is 14 mg (Anonymous,
2011a). Also, the Ordinance on the
maximum permitted quantities of
certain contaminants in food (Official
Gazette 154/2008), until the adop-
tion of the Ordinance on amend-
ments to the Ordinance on the maxi-
mum permitted quantities of certain
contaminants in food (Anonymous,
2011b), prescribes the maximum
permitted quantity of iron in certain

foods as: 1.5 mg/kg for oils and fats
of vegetable and animal origin, mar-
garine and margarine spreads; 5.0
mg/kg for unrefined oils, fats and
fish oils; 20 mg/kg for honey; 30 mg/
kg for fish products in metal pack-
aging. The Ordinance on foods for
infants and small children and pro-
cessed cereal based foods for infants
and small children (Official Gazette
74/08) prescribes the minimum and
maximum permitted quantity of iron
in first and transitional foods, and the
highest permitted quantity of iron in
processed cereal-based foods and
products ready for use in the form
that they appear on the market.
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Eisen - toxikologische und nutritive Aspekte im Organismus
Zusammenfassung
Eisen ist das meist vertretene Ubergangsmetall auf der Erde, grundlegend fiir viele Lebensformen. Andererseits kann das Eisen und
dessen Zusammensetzungen als Verschmutzer der Atmosphdre verschiedene Schaden an Menschen, Tieren und Materialen verursa-
chen. Lebende Organismen sind gezwungen, sich eine wirkungsvolle Transportweise von Eisen und dessen Lagerung anzueignen, um
das Gleichgewicht zwischen den schddlichen und niitzlichen Wirkungen von Eisen zu erzielen. Die Verteilung von Eisen im Menschen-
kérper ist durch einen komplexen Mechanismus reguliert, wodurch die Homeostase aufrecht erhalten wird. Wihrend der Kindheit, der
Schwangerschaft oder des Blutverlustes wird der Bedarf an Eisen gréBBer, gleichzeitig auch die Adsorption. Das Eisen wird im gesamten
Verdauungssystem absorbiert. Es wird am besten aus ,hem” (heme iron) (80 % aufibsbares Eisen im Fleisch) absorbiert, physiologisch
an spezifische Proteine gebunden, dabei reversibile Verbindungen von Eisen und Proteinen, bzw. Proteinkomplexe bildend. Das Eisen
nimmt an verschiedenen metabolischen Prozessen im Organismus teil, einschlieBend die Ubertragung von Sauerstoff, DNA Synthese
und die Ubertragung von Elektronen. Die Stérungen des Eisenmetabolismus gehéren zu den héufigsten Erkrankungen bei Menschen,
sie umfassen ein breites Spektrum von Krankheiten mit verschiedenen klinischen Manifestationen, von Andmie bis zu den neurodege-
nerativen Krankheiten. Akute Eisenvergiftungen sind immer die Folgen der Ingestion von Arzeneien angereichert mit Eisen, besonders
hdufig bei Kindern. Die chronische Eisenvergiftung ist ein héufiges Problem bei Erwachsenen. Das Eisen ist der Katalysator bei Reakti-
on der Entstehung von Hydroxilradikalen aus Wasserstoffperoxid, vergrofSert der Oxidationsstress, der endlich die Konzentration von
freiem Eisen vergréBert. Dieser Prozess kann zur Beschddigung der Lipidomembranen fiihren, dann endlich zur Beschédigung der
Organe: Leber, Nieren und Milz. Die ungeniigende Anwesenheit von Eisen in Nahrung vergréBBert den Mechanismus der Darmabsorb-
tion von Eisen aus kérperlicher Lagerung, so werden die Reserven schneller verbraucht, als das Eisen aus der Nahrung absorbiert wird,
was zu Mangel von Eisen im ganzen Organismus fiihren kann. Mangel an Eisen ist immer noch in einigen Erdgebieten endemisch
anwesend. Zeitgendssische Verfahren der Anreicherung und Verstdrkung der Nahrung mit Eisen stellen heutzutage das potentielle
Risiko der Interaktion zwischen Mikronutrienten dar, was die Absorption und Biozugdnglichkeit von Eisen beeinflussen kann.
Schliisselworter: Eisen, Toxikokinetik von Eisen, Nahrung

Ferro - posizioni tossicologiche e nutritive nell'organismo
Sommario
Il ferro é il pitt abbondante metallo all'interno della Terra, ed € mportante per molte forme di vita. Dall'altra parte, il ferro e i suoi com-
posti sono presenti come contaminanti nell'atmosfera e possono causare gli effetti dannosi sull'uomo, gli animali e gli materiali in
generale. Gli organismi viventi sono costretti di addottare il modo efficace di trasporto del ferro e il suo meccanismo di immagazina-
mento per mantenere l'equilibrio tra gli effetti utili e quelli dannosi del ferro. La distribuzione del ferro nel corpo umano é regolata dal
meccanismo complessivo con il quale si mantiene 'omeostasi. Durante l'infanzia, gravidanza o perdita del sangue cresce la necessita
del ferro, e al contempo il suo assorbimento. Il ferro viene assorbito per tutto il sistema metabolico e si assimila ottimamente dall'emo
(I'80% del ferro solubile nella carne) e si connette fisiologicamente con le proteine specifiche creando quelle reversibili, i composti di
ferro e e proteine, cioe i complessi proteici. Il ferro fa parte di vari processi metabolici nell'organismo, trasporto di ossigeno, sintesi del
DNA e trasporto di elettroni inclusi. Le disordini metabolici del ferro appartengono alle piti frequenti malattie umane e fanno una
vasta gamma di malattie con varie manifestazioni cliniche, dall'anemia alle malattie neurodegenerative. Lintossicazione acuta col
ferro di solito é la conseguenza d'ingestione di farmaci e succede spesso ai bambini. Lintossicazione cronica col ferro é un problema
che succede spesso agli adulti. Il ferro é catalizzatore nella reazione di formazione di radicali idrossili dal perossido di idrogeno e fa
aumentare lo stress ossidativo che alla fin fine fa aumentare la concentrazione del ferro libero. Questo processo puo danneggiare le
membrane lipidiche e nella fase successiva fare un danno serio sugli organi seguenti: fegato, reni e milza. La carenza del ferro negli
alimentari fa crescere il meccanismo di assorbimento intestinale del ferro dagli depositi del corpo e questi depositi si consumano pit
velocemente che il ferro viene assorbito dagli alimenti, e percio é possibile la sua mancanza nell'organismo. La mancanza del ferro
nell'organismo é ancora presente nel modo endemicamente presente in alcune parti della Terra. | procedimenti moderni che ag-
giungono l'alimentazione col ferro oggi osservano il probabile rischio di interazione tra i micronutrienti stessi che puo avere influsso
sull’assorbimento e la biodisponibilita del ferro.
Parole chiave: ferro, tossicocinetica, alimenti
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