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Aluminum is the most abundant metal in the lithosphere, constituting 8 % of the earth's crust.
Aluminum enters the food from the various objects of environment such as water, food contact materi-
als (packaging materials, cooking vessels), aluminum-containing food additives. In raw food products
the content of aluminum is less than 5.7 mg/kg of the product.

Normally, aluminum is not practically found in a human body. However, within the last decade
various toxic effects of aluminum on human body have been revealed, and they are able to cause the
risk of various diseases.

The analysis of the available data has demonstrated that the excessive entry of aluminum in hu-
man body with food items is associated first of all with the content of aluminum-containing food addi-
tives, as well as with the use of materials and products made of aluminum and its alloys intended for
contact with food.

High level of aluminum consumption has been also detected among children of all ages. At the
same time, today, the provisional tolerable weekly intake (PTWI) of aluminum for children is not es-
tablished.

To reduce negative effect of aluminum on human body it is necessary to:

— exclude from the list of Annex 2 of the Technical Regulations of the Customs Union "Require-
ments for Food Additives, Flavorings and Technological Aids™ (TR TS 029/2012) the following food ad-
ditives — potassium aluminum silicate (E555), bentonite (E558), sodium aluminum silicate (E554), potas-
sium aluminum silicate (E555), calcium aluminum silicate (E556), aluminum silicate (kaolin) (E559);

— to develop requirements for the aluminum content in food products intended for children nutri-
tion;

— to obtain data on aluminum content in food items sold on the domestic market and to assess
health risks to consumers.

Key words: aluminum, toxicity, risk assessment, food additives, food items, food contact materials
and products.

effects exerted by aluminium on a human
body; such effects can cause risk of various
diseases evolvement.

Our goal is to assess health risks
caused by aluminium as well as justify
measures aimed at reducing levels of alumini-
um intake with food products.

Aluminium is the most widely spread
metal in lithosphere accounting for 8% of
Earth’s crust. Aluminium gets into food from
various environmental objects such as water,
food-contacting materials (packages, cooking
battery and cooking accessories), and alumini-
um-bearing food additives. Aluminium content
in crude food stuffs amounts to less than 5-
7mgr/kg of a product [32, 20].

We should point out that as per physio-
logical standard aluminium is practically ab-

Aluminium bioavailability and tox-
icity
When getting into gastric acid medium

sent in a human body. However, over the last
decade scientists have detected various toxic

aluminium compounds can dissolve and Al; +
free ions are disengaged. As Al; + ions pass
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through duodenum with higher pH they are
precipitated as insoluble aluminium hydroxide,
a great amount of which leaves a body with
excrements [4]. Researches carried out on rats
have shown that only 0.01% to 0.3% of con-
sumed aluminium compounds are absorbed in
bowels. Rat dams tend to absorb more alumin-
ium than rat bucks and this absorption increas-
es when aluminium compounds are injected
again [9]. Researches accomplished on volun-
teers have revealed the similar level of absorp-
tion as in rats. Absorption degree was 0.5% for
aluminium citrate, 0.01% for aluminium hy-
droxide, and 0.1% for their combined injection
[24]. Scientists also detected significant abil-
ity to accumulate aluminium in elderly people
[9, 11].

Our research has shown that bioavaila-
bility of various aluminium compounds con-
tained in water amounts to 0.3%; in food stuffs
to 0.1%. If aluminium intake level is 15 mgr
per day 0.025 mgr leave a body with urine.
And here only 5% of aluminium is accumulat-
ed in body tissues. About half of this amount is
accumulated in bone tissue. Aluminium is also
contained in skin, tissues of gastrointestinal
tract’s lower section, lymph nodes, adrenals,
parathyroid, and most internals. Experiments
on rats have proved that if aluminium gets into
a body with food its accumulation is signifi-
cantly greater in pancreas, liver, bones and
kidneys, and it is lower in cerebrum, muscular
tissue, heart and lungs. There are also some
thoughts that aluminium can pass through pla-
cental barrier [11].

90% of aluminium (Als:) in blood
plasma is related to transferrin and about 10%
to citrates. It is proved that Fe contain in a
body reduces as aluminium concentration in
tissues grows. Ca and Mg deficiency contrib-
utes to aluminium accumulation in bone and
cerebrum tissues [11, 32].

Average lethal dose in experiments on
different animals varied from some hundreds
to 1000 mgr per 1 kg of body weight (in terms
of aluminium). According to various research-
es the lowest aluminium dose causing observ-
able negative effects in rats amounts to 75-80
mgr per 1 kg of body weight per day [11].
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Aluminium has negative influence on
kidneys (it leads to hydronephrosis transfor-
mation, urinary ducts widening, urination dif-
ficulties and/or litho genesis). In accordance
with latest in vitro experiments significant
concentration of aluminium exerts genotoxic
effects on bacterial cells chromosomes and
homoiotherms cells. It has been fixed that in-
jected big doses of some aluminium com-
pounds can potentially have negative influence
on dogs’ reproductive system and be neurotox-
ic for mice and rats [4, 9, 11].

Experiments in vitro carried out with
the use of Salmonella typhimurium have not
proved any possibility of mutagenic effect
caused by aluminium [7]. Big doses of alumin-
ium compounds injected via gastric tube have
shown a possibility of embryotoxic effect
evolvement in mice and rats as we observe
lower fetus weight and lower newborn cubs’
weight, as well as delay in bone tissue calcifi-
cation in newborns [4, 11]. Researches on rat
dams getting aluminium chloride via gastric
tube have revealed its fetotoxicity [9, 5, 11].

Soluble aluminium compounds have
shown their reproductive toxicity. They can
cause histopathological changes in testicles
and have negative influence on pregnancy
length; they can contribute to greater fetus
mortality, lower growth dynamics, arrested
development and disorders in nervous system
development. However it has been stated that
aluminium toxicity when aluminium is intro-
duced orally to a greater extent depends on a
type of an aluminium compound and presence
of organic compounds influencing its bioavail-
ability in food [5].

A number of researches have shown
that aluminium intake with drinking water can
make for dementia evolvement and Alzheimer
syndrome [9, 8, 34, 35]. Such effect can be
explained by the fact that aluminium salts con-
tribute to inflammatory cytokine activation in
cerebrum [12].

Aluminium can cause allergic dermati-
tis [31]. However there have been no state-
ments on allergenicity of aluminium when it
gets into a body with food.
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We have detected reduction in relative
liver and lungs weight, level of non-protein
liver thiols, changes in CYP1A1 isoform activ-
ity of P450 liver cytochrome and glutathione-
reductase of erythrocytes, and increased level
of diene conjugates of polyunsaturated fatty
acids in blood plasma, among effects possibly
related to the influence of aluminium oxide
nanoparticles injected via gastric tube into
growing Vistar rat bucks daily during 28 days,
a daily dose being 1 or 100 mgr/kg. The above
stated changes in biochemical parameters were
not significant in their absolute value and were
within natural variations range for biological
standard or they didn’t show any certain de-
pendency on an injected nanoparticles’ dose.
But at the same time we think that as such na-
nomaterial can be a significant pollutant con-
taminating environment and food products fur-
ther researches of its possible toxicity should
be carried out with injecting low doses (1
mgr/kg and even lower) over a long period of
time [3].

FAO/WHO Joint Expert Committee on
Food Additives (JECFA) has repeatedly as-
sessed aluminium safety when it gets into a
body from all possible sources. According to
these assessments in 1988 JECFA fixed provi-
sional tolerable weekly intake (PTWI) for al-
uminium which amounted to 0-7mgr per 1 kg
of body weight per one week. A new PTWI
amounting to 0-1 mgr per 1 kg of body weight
per one week was fixed as new toxicological
data were obtained in 2007 [5]. Reassessment
of aluminium getting into a body from all pos-
sible sources accomplished in 2011 enabled
JECFA to set a new level of a safe weekly in-
take (PTWI) amounting to 0-2.0 mgr per 1 kg
of body weight per one week (in terms of alu-
minium) [9]. Thus, fixed permissible level of
aluminium intake for a man with average body
weight of 60 kg amounts to 120 mgr per one
week. Such PTWI level cannot be used for
children under 1 year as their metabolic func-
tions and their kidneys’ abilities to excrete for-
eign substances are not fully developed [8]. In
2011 European Food Safety Agency defined
tolerable weekly intake (TWI) for aluminium

as being equal to 1 mgr per 1 kg of body
weight [4].

Assessment of aluminium intake with
food stuffs

In accordance with researches carries
out in European Union in 2008 aluminium in-
take with food amounts to 1.6 — 13 mgr of al-
uminium a day. Such amount is equal to 0.2-
1.5 mgr per 1 kg of body weight for an adult
weighing 60 kg. Difference in aluminium in-
take depends on place of living, soil composi-
tion, individual food habits, as well as content
of aluminium-bearing food additives in food
stuffs. A body weight plays a very significant
role in the matter. Aluminium intake with wa-
ter amounts to less than 0.4 mgr a day.

Researches accomplished in West
Germany, France, Great Britain, Ireland and
Spain, showed that a great deal of crude food
stuffs contained 5-7 mgr/kg of aluminium [8,
9, 15, 16, 32]. Higher aluminium concentra-
tions (from 5 to 10 mgr-kg) were detected in
bread, confectionary and bakery products,
some vegetables (spinach, radish, lettuce, and
corn salad), mushrooms, candied fruit, dairy
compounds, boiled sausages, by-products, and
seafood. The biggest aluminium content was
in leaf and packed tea, herbs, cocoa and its
products, and spices [4].

It is well known that aluminium gets
into food products from various environmental
objects as well as due to aluminium-bearing
food ingredients, for example, food additives;
it can also get into food in the process of food
production, packaging and storage as a result
of contacts with various aluminium-bearing
materials and equipment [6,9,15,16,32].

The greatest aluminium intake for
97.5% of consumers amounted to 0.4 mgr per
1 kg of body weight in France and 0.94 mgr
per 1 kg of body weight in Great Britain. El-
derly people had greatest aluminium intake
with food in Great Britain where it amounted
to 1.14 mgr per 1 kg of body weight per week
[4, 5].

As it was estimated by World Health
Organization, average aluminium intake into a
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human body from all possible sources (water,
food stuffs, package, and air) is from 11 to 136
mg per 1 person per week. In European coun-
tries this parameter is from 11 to 91 mgr per 1
person per week.

In accordance with EFSA assessment,
intake of five aluminium-bearing food addi-
tives (aluminium-ammonium sulphate (E523);
acid Na aluminium phosphate (E541); Na
alumosilicate (E554); Ca alumosilicate (E556);
alumosilicate (kaolin) 9E559)) for various age
groups (younger children, children, teens,
adults, elderly people) is on average from 2.3
to 7.9 mgr per 1 kg of body weight per week
and from 7.4 to 145.9 mgr per 1 kg of body
weight per week for 95% of population de-
pending on a scheme taken into account. If we
consider the second scheme which envisages
greater intake of food stuffs with aluminium-
bearing food additives in them we get the fol-
lowing amounts: average intake is equal to
18.6-156.2 mgr per 1 kg of body weight per
week, intake for 65% of population sample is
equal to 5.3-286.8 mgr per 1 kg of body
weight. So it was proved that aluminium in-
take in food stuffs containing aluminium-
bearing food additives in various age groups
was significantly higher than safe intake from
all sources (TWI = 1 mgr per 1 kg of body
weight) set by EFSA, as well as than alumini-
um provisional tolerable weekly intake (PTWI
= 0-2.0 mgr per 1 kg of body weight) set by
JECFA [16].

The results obtained by other authors
prove the fact that children, as a rule, consume
greater amount of aluminium in terms of body
weight than adults, although such data differ
slightly from those obtained by EFSA. In ac-
cordance to these data possible aluminium in-
take in 97.5% cases for children in France
amounted to 0.7 mgr per 1 kg of body weight
for children aged 3-15 years. For pre-school
children (aged 1.5-4.5) the figure was 2.3 mgr
per 1 kg of body weight per week. In 1988 in
Great Britain aluminium intake by children
aged 4-18 amounted to 1.7 mgr per 1 kg of
body weight per week. In West Germany 10%
of children aged 5-8 consumed aluminium
with food in amounts bigger than 0.38 mgr per
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1 kg of body weight per week. Potential alu-
minium intake with food by children aged 0-3,
4-6, 7-9 and 10-12 months was 0.1, 0.2, 0.43
and 0.78 mgr per 1 kg of body weight per
week correspondingly [4, 5]. Researches car-
ried out in China showed that average alumin-
ium intake for children in Shenzhen amounted
to 3.272 mgr per 1 kg of body weight per week
that was higher than PTWI = 2 mgr per 1 kg of
body weight per week set for adults [6].

Researches accomplished in 2010 re-
vealed that aluminium intake level with food
products made for children aged 6 months and
older was significantly high even when such
products were consumed in recommended
quantities. As per given data aluminium intake
with different products made for nutrition of
children aged 0-12 months varied from 224
mgr/kg a day to 592 mgr/kg a day. The data
were obtained in terms of maximum recom-
mended intake for those products [30].

Researches in Spain showed that alu-
minium content in reduced milk-based baby
food stuffs was 0.24-0.69 mgr/l, and 0.93
mgr/l in soy-based ones [23]. The obtained
data were used as a ground to carry out an ad-
ditional assessment of aluminium intake with
those foodstuffs and the figure was 0.2-0.6
mgr/kg per week for children aged 3 months
weighing 6.1 when milk-based products were
used; it was equal to 0.75 mgr/kg per week in
case of soy-based products. In cases of signif-
icant intakes those values were 0.3-0.9 mgr per
1 kg of body weight per week and 1.1 mgr per
1 kg of body weight correspondingly [4]. The
obtained data revealing higher aluminium con-
tent in children’s food products (dairy prod-
ucts, biscuits, dry grain mixes, desserts, fish,
fruit sauce, meat, macaroni, rusks, and vegeta-
bles) were confirmed by a number of research-
es [4, 8, 29].

We should note that aluminium-bearing
food additives are not included in the list of
food additives which are allowed for use in
food products made for children in accordance
with Technical Regulations of Customs Union
“Safety of food additives, flavorings and pro-
cessing aids” (TR CU 029/2012) [2], “General
standard for food additives” Alimentarius Co-
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dex Stan Ne192-1995 [17], EU Regulations
N0.1333/2008 concerning use of food addi-
tives. Besides, EU Regulations N0.1333/2008
prohibit use of aluminium-bearing food addi-
tives in production of ingredients for chil-
dren’s nutrition. Consequently, aluminium gets
into children’s nutrition from milk or any other
animal and vegetable raw materials; it can get
into such materials with food additives and
with aluminium-bearing forages as well as mi-
grate from materials contacting with food
products. This circumstance makes it neces-
sary to work out special requirements for alu-
minium content in food products used for chil-
dren’s nutrition.

Level of aluminium migration form
materials contacting with food

Under normal conditions aluminium
entry into food from materials contacting with
food products is insignificant as aluminium
and its alloys are corrosion-proof. On open air
aluminium due to its reaction with air oxygen
gets covered with thin aluminium oxide film
(AL,03) very rapidly. This film does not have
any smell and it cannot be washed off [10]. In
neutral environment aluminium oxide film is
practically insoluble. However, when food pH
is lower than 4.5 and higher than 8.5 its solu-
bility increases substantially [19], especially if
there are damages on the surface of aluminium
oxide layer. Use of aluminium cooking batter-
ies in the process of food cooking and storage
contributes to higher aluminium content in cer-
tain types of food. So, aluminium can get into
food from materials contacting with it. High
content of sodium chloride in food stuffs
(higher than 3.5% NaCl) also makes for entry
of aluminium ions into food [27].

When water boils in an aluminium pan
for 10-15 minutes, aluminium content in it is
equal to approximately 1.5 mgr/l. This value
can differ depending on water acidity and al-
uminium alloy composition [11, 19, 27]. Only
one experiment report stated aluminium mi-
gration level being 5 mgr/I [27].

Temperature and storage period also
have great influence on aluminium migration

from materials contacting with food. Thus,
when 3% acetic acid was used as a model en-
vironment aluminium migration level during
24 hours was approximately 10 times higher at
40 degrees than at 5 degrees. When aluminium
foil was used aluminium migration level was
less than 0.05 mgr/dm? at 5 degrees, but it was
96 mgr/dm? at 40 degrees [18]. When meat
was baked in aluminium foil aluminium con-
tent in a ready product was 5 times higher (up
to 17.2 mgr of aluminium per 1 kg of a prod-
uct) [33].

A combined effect was detected when
food was heated and treated with pH in the
process of cooking. Thus, when fish was
cooked without salt and grape vinegar alumin-
ium content in a food product grew 4 times
and reached about 0.4 mgr of aluminium per 1
kg of a product. But if salt and vinegar was
added to fish aluminium content in a food
product became 68 times higher and reached
approximately 5 mgr of aluminium per 1 kg of
a product [25]. Some later experiments con-
firmed possibility of aluminium migration
from aluminium foil in the process of cooking
meat. So it was proposed to monitor alumini-
um content in baked meat [21].

Consequently, speed of aluminium mi-
gration from materials contacting with food
depends on several factors, such as length of
contact, heating temperature, food chemical
composition (its pH, organic acids presence,
salt and other ions presence). Therefore we do
not recommend using aluminium-based pack-
ages for storage of food stuffs which contain a
big quantity of salt or acid (for example, pick-
les marinated vegetables, apple sauce, rhubarb,
tomato sauce, and vinegar). It is proved that
aluminium migration level greatly depends on
geometry of a material or object and can reach
60 mgr/kg or 10 mgr/dm? [19, 27].

Measures we suggest to achieve low-
ering aluminium intake with food

The obtained data on aluminium-
bearing food additives toxicity and levels of
aluminium intake with food stuffs were used
as a ground to exclude K alumosilicate E555
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and bentonite E558 form the list of food addi-
tives given in “General standard on food addi-
tives” (Codex Stan 192-1995). However the
possibility of exceeding maximum allowable
aluminium intake when food additives are
used still exists. So the Russian Federation
made a suggestion to revise the list of alumini-
um-bearing food additives allowed for use in
food industry at the 46" session of Codex Al-
imentarius Committee on food additives
CCFAA46 (which took place in Hong Kong on
March 17-21, 2014). CCFA46 agreed to that
suggestion [28].

In accordance with EU legislation it
was decided to exclude the following food ad-
ditives form the list of those allowed for use in
food industry: Sodium alumosilicate E554,
Potassium Alumosilicate E555, Calcium Alu-
mosilicate E556, Bentonite E558, Alumosili-
cate Kaolin E559 [14, 26].

So, according to requirements of “Gen-
eral standard on food additives” (Codex Stan
1992-1995) (with alterations of 2014) [17], as
well as requirements of EU Regulations
N0.1333/2008 (with alterations of 2015) [26]
it is suggested to exclude the following alu-
minium-bearing food additives from the list of
those allowed for use in food industry given in
Technical Regulations of Customs Union
“Safety of food additives, flavorings and pro-
cessing aids” (TR CU 029/2012): Sodium
alumosilicate E554, Potassium Alumosilicate
E555, Calcium Alumosilicate E556, Bentonite
E558, Alumosilicate Kaolin E559.

In spite of all obtained data on alumin-
ium toxicity European Food Safety Agency
proposed to set maximum allowable level of
aluminium migration from materials contact-
ing with food at 5 mgr/l because as per pub-
lished information contemporary production
cannot provide migration level for aluminium
and its alloys lower than 5 mgr/kg (1) of envi-
ronment. Possibility to solve the problem of
migration level from materials contacting with

food will be considered by the European Un-
ion during 3 years [22].

We should also point out that according
to TR CU 005/2011 requirements “On package
safety” maximum allowable level of alumini-
um migration into model environment should
not exceed 0.5 mgr/l [1]. However, in accord-
ance with TR CU 005/2011 requirements “On
package safety” model environments contain-
ing acids (lactic and acetic acids), sodium
chloride, and ethanol, are used to define the
level of substances migration from contacting
materials [1]. So, when we use above men-
tioned model environments in accordance with
Technical Regulations we cannot obtain valid
data on aluminium migration from materials
contacting with food because all employed
types of environments are sufficiently aggres-
sive concerning aluminium and its alloys.
Therefore, in order to get adequate results of
aluminium migration level analysis it is neces-
sary to use other model environments. Thus,
according to EU regulations N0.10/2011 [13] a
choice of a model environment depends on a
type of a food product which is supposed to
contact with an aluminium-bearing material or
accessories.

Conclusion

So, we recommend the following
measures aimed at lowering levels of alumini-
um intake with food:

- to exclude such food additives as So-
dium alumosilicate E554, Potassium Alu-
mosilicate E555, Calcium Alumosilicate E556,
Bentonite E558, Alumosilicate Kaolin E559
from the list presented in Appendix 2, Tech-
nical Regulations of Customs Union “Safety of
food additives, flavorings and processing aids”
(TR CU 029/2012);

- to work out requirements concerning
aluminium content in food stuffs used for chil-
dren’s nutrition;

- to obtain data on aluminium content
in food stuffs sold on internal food market and
assess health risk for
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