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Abstract

Introduction. Aluminum is an element commonly found in the environment. It is used in various industrial sectors, for exam-
ple as a manufacturing material for food-grade utensils.

Aim. The aim of this scientific paper is to answer to the question of whether people expose their health to the harmful effects 
of aluminum by utilising these types of items for preparing and storing food.

Description of the state of knowledge. Aluminum has a proven noxious impact on the human body. Due to its neurotoxic 
properties, it may induce clinical symptoms. Excessive exposure to this element is also associated with the occurrence of blad-
der and lung cancer, while the connection with breast tumours remains debatable. Additionally, aluminum can be harmful to our 
health, as a component of some medical preparations.

Conclusions. It is crucial to emphasise the necessity of complying with the amounts of aluminum consumption recommended 
by international institutions. Short-term use of aluminum pots does not pose a threat to our well-being. Also, long-term usage in 
most cases does not lead to exceeding the aluminum consumption standards, although children may be at risk. However, it is good 
practice to avoid cooking acidic products in aluminum utensils. Furthermore, it is worth washing the dishes according to the man-
ufacturers’ recommendations and replacing them with new ones every few years. In addition, some scientists suggest choosing 
pots made of different materials, e.g. titanium. Moreover, a noticeable decrease in the levels of vitamin B1 and C in food prepared 
in aluminum dishes may be one of the reasons for their lower nutritional value, however this issue should be examined further.
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Nevertheless, aluminum can significantly affect the function-
ing of the human body. 

AIM

The aim of this article is to answer the question whether 
preparing and storing food in aluminum utensils threatens peo-
ples’ health.

DESCRIPTION OF THE STATE  
OF KNOWLEDGE

Biological mechanisms of aluminum action
Aluminum enters the body in three different ways: through 

digestive tract, integumentary system or respiratory tract. The 
vast majority of this element reaches human body through the 
consumed food [4]. However, only about 0.1% of the sup-
plied aluminum is absorbed in the intestines [5]. The quantity 
of this metal assimilated through the skin is even lower [6]. 

INTRODuCTION

The metal marked as Al in the periodic table of elements 
is one of the main components of the Earth’s crust. In terms 
of abundance, it ranks third, following only oxygen (O) and 
silicon (Si) [1]. Aluminum occurs naturally in drinking water 
and consumed foods, such as spinach, oats, potatoes and tea. 
It is widely exploited by people in various industrial sectors. 
Al is used as raw material in the production of items for pre-
paring and storing food, such as pots, kettles, trays and foils. 
Moreover, it can be an ingredient of many cosmetics e.g. an-
tiperspirants or sunscreens. Furthermore, aluminum is used 
in the manufacture of vaccines and desensitisation prepara-
tions as their immunomodulatory element. In medicine it is 
also utilised for medicaments neutralising the acidic environ-
ment or as a component of dialysis fluids [2]. Despite such  
a widespread distribution of this element in inanimate nature, 
scientists have not yet demonstrated that Al is essential to 
forming any structure in the cells of living organisms or to 
carrying out any chemical reaction that occur within them [3].  
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Furthermore, it is estimated that the absorption of inhaled Al 
by employees of steelworks and factories using this element in 
production is about 1% [7]. When it comes to elimination of 
Al from the human organism, the urinary system plays a vital 
role because of the filtration process in the renal glomeruli [8].

When aluminum reaches the body, it can modify the func-
tion of cells in many ways. If it is in the third oxidation state, 
it can adhere to elements of DNA strand, influencing gene 
expression. Also, it has an impact on functioning of some 
enzymes such as kinases or phosphatases, which in turn dis-
rupts their activity. Aluminum, combining with phosphoryl-
ated parts of proteins, disturbs their degradation and causes 
their accumulation. Additionally, discussed metal can cross 
the blood-brain barrier and deposit itself in the nervous tissue. 
Huat et al. found that most of this element is captured by glial 
cells. This results in local inflammation, which is the source of 
cytokines such as IL-6. Moreover, aluminum contributes to the 
formation of reactive oxygen species. Their destructive effect 
is intensified by the inhibitory impact of Al on many ROS-
neutralising enzymes. Also, scientists have demonstrated that 
aluminum can modulate neurotransmission by influencing the 
synthesis and transport of neurotransmitters such as acetylcho-
line, serotonin, dopamine, glutamate and aspartate. The same 
study also found that this metal disrupts the metabolism of cal-
cium and iron in the nervous tissue [9]. As a result, aluminum 
is considered neurotoxic [10].

Diseases caused by aluminum
The neurodegenerative effect of Al means that this element 

certainly hinders the function of the central nervous system. 
This may manifest clinically in the form of memory and speech 
disorders, tremors and even muscle paralysis [11]. However, 
there is a considerable debate regarding the connection be-
tween excess of aluminum in the body and the occurrence of 
Alzheimer’s disease (AD). Although significant amounts of Al 
are observed in the brain tissue of Alzheimer’s patients, it is 
unclear whether this is the cause of the disease or a secondary 
change. For this reason, some believe that aluminum encepha-
lopathy should not be treated identically as AD and needs to 
be considered as a separate nosological entity [12], while ac-
cording to C. Exley, excessive exposure to Al is treated as one 
of the factors of Alzheimer’s disease [13].

Additionally, the cause and effect relationship between 
breast cancer and usage of antiperspirants containing alu-
minum is also difficult to clearly confirm. Over the last dec-
ades scientists have observed an increase in the incidence of 
this neoplasm in the upper outer quadrant of breast [14]. Due 
to the proximity of this area to the place where the cosmetics 
are applied, it was suspected that this may be related. How-
ever, it was found that it cannot be admittedly considered as 
the cause of the development of the cancer process, although 
significant accumulation of aluminum was observed in the tu-
mour cells [15].

Another chronic disease resulting from overloading hu-
man organism with aluminum is aluminosis. It is one of the 
restrictive lung disorders due to occupational exposure to Al 
[16]. Furthermore, growth in frequency of respiratory tract 
and bladder cancer has been demonstrated among employees 
of tanneries and steelworks in the aluminum industry [17]. 
Therefore, according to the International Agency for Research 
on Cancer (IARC), Al is admitted as a carcinogen contributing 
to the development of bladder and lung cancer [18].

Paradoxically, the detrimental impact of aluminum on hu-
man health can also be noticed in the medical sector. Excessive 
accumulation of this element may occur as a result of the usage 
of substances for parenteral nutrition and fluids utilised dur-
ing haemodialysis or peritoneal dialysis. Also, chronic intake 
of products containing Al to neutralise acidic environment of 
the stomach may overload the body with aluminum. Patients 
with renal failure are particularly exposed to this, because of 
problems with removing this metal from the organism. There-
fore, calcium and phosphate metabolism may be dysregulated, 
which can lead to parathyroid dysfunction and bone fractures 
caused by osteomalacia [19].

International regulations
The harmful effects of aluminum on the human body 

prompted researchers to define standards for the safe con-
sumption of this element. Consequently, the European Food 
Safety Authority guidelines appeared, according to which the 
Tolerable Weekly Intake (TWI) was set at 1 mg aluminum 
per 1 kg of body weight [20]. Moreover, the Joint FAO/WHO 
Expert Committee on Food Additives (JECFA) lowered the 
previously established Provisional Tolerable Weekly Intake 
(PTWI) for Al from 7 mg/kg of body weight, to 2 mg/kg due 
to the research suggesting an adverse impact of consuming 
higher quantities [21]. In turn, the Council of Europe in its 
resolution on metals and alloys used in food contact materials 
and articles defined Specific Release Limits (SRL). It is the 
amount of metal released into the nourishment that is stored in 
containers made of it. For aluminum SRL is set at 5 mg per 1 
kg of food [22].

Does preparing meals in aluminum dishes change its com-
position, affecting human health?

Daily habits are vitally important in the perspective of a 
lengthy and fulfilling life. Human well-being mainly depends 
on the lifestyle one leads [23]. One’s attention to details that 
seem trivial at first glance, may result in health and prosperity 
in the future. The conception of this scientific work is to an-
swer the question whether preparing food in aluminum cook-
ware indeed modifies its properties, which results in medical 
conditions. While reviewing available literature, we found 
some compelling articles explaining this issue.

Daily cup of coffee is an essential ritual to many popula-
tions in the world. One of the convenient methods of preparing 
the beverage is to use an aluminum pot. Windish et al. com-
pared the amount of Al in coffee drinks made in an aluminum 
kettle, a steel pot, a filtering machine and using capsules. It 
turned out that the most of this element was in the coffee pre-
pared with aluminum cookware. Moreover, a fact worth noting 
that surprised research workers is that there was less Al in the 
coffee drink prepared in aluminum utensil than in clear water 
boiled in the same kettle. It can be explained by the absorbent 
properties of ground coffee beans. However, if one consumed 
daily 500 ml of coffee made in the kettle with the highest con-
centration of Al, scientists calculated that one would deliver 
only 0.36% of tolerable weekly intake. It does not pose a sig-
nificant risk to one’s well-being. Although the bulk of healthy 
people do not have to be cautious, scientists emphasise that 
elderly could be at risk, due to an intensification of absorption 
of substances from the gastrointestinal tract with passing of 
time [24].
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 Aluminum content in beverages depends not only on 
the vessel in which it is prepared, but also on the type of drink. 
Publication which proved this issue is an article by Stahl et al. 
It has been demonstrated that regular consumption of 500 ml 
of apple juice or tea from aluminum bottles a day can result in 
reaching nearly 100% TWI of Al for an adult and exceed the 
weekly intake for a child weighing 15 kg. This sort of risk did 
not exist in coffee usage, in case of which TWI was compa-
rably low (4%) with association to the previously discussed 
study. Slightly higher values could have been observed due to 
the fact that in this research aluminum jugs for preparing cof-
fee were intentionally washed in the dishwasher, despite the 
manufacturer’s recommendation to the contrary. The conclu-
sion of this study was that the inner layer of the utensil is also 
significant. Bottles without lining released more aluminum 
into the drink than those with a special internal covering. Ad-
ditionally, an interesting deduction was that while brewing 
coffee in an aluminum pot, the most Al is released during the 
first use of the cookware and after cleaning in a dishwasher 
[25].

Another study by lastly mentioned authors reveals tran-
scending of TWI for adult people. They confirmed that the 
acidic reaction of nourishment prepared in aluminum utensils 
causes an increased transfer of Al from dish to food. The sam-
ple which yielded 187% TWI for an adult was a fish in mari-
nade with lemon juice cooked in an aluminum camping cook-
ware. TWI was calculated for a person weighing 70 kg and 
consuming 250 g of this meal daily, over the course of a week. 
Also, in this study it has been found that children are even 
more at risk. For a 15-kilogram child TWI equalled 871%. 
Moreover, specific release limits were exceeded in dishes with 
usage of citric acid. However, SRL was within limits, when 
food was prepared with water and oil [26].

Noteworthy publication is an article by Alabi and Adeolu-
wa. They used aluminum pots to boil water and after meas-
uring the level of aluminum and other heavy metals in these 
liquids, it occurred that their concentration was beyond per-
missible standards. It was observed that the longer utensil was 
exploited, the greater the amount of elements penetrated into 
the water. Then they examined the ability of these solutions 
to induce mutation and damage of DNA in bacterial cells. 
In effect, mutagenicity and genotoxicity of substances con-
tained in water cooked in aluminum pots was confirmed and 
their intensity was the highest in vessels used for longer time  
(6 years). It was concluded that as a result of long employment 
of cookware, the internal coating deteriorates, which causes 
increasing leaching of metals into cooked products and poses 
a risk to human health [27].

In turn, Hiller et al. wanted to check the level of Al load in 
the body while following a diet containing meals that were 
in contact with aluminum utensils. The main measurement 
was the concentration of Al excreted in urine corrected for 
creatinine concentration, but one of exclusion criteria was re-
nal dysfunction. A group of people was examined for 30 days. 
This time was divided into three 10-day periods. In the first 
and third one participants consumed food free of Al addition, 
whereas in the second one an aluminum load was administered 
in the form of a diet consisting of meals prepared or stored 
in cookware made of this metal. As a result of this study,  
a completely reversible increase of the Al quantity in urine was 
found after applying this type of diet. An average concentra-
tion growth was 0.19 µg/l of urine, which was approximately 

8% of the initial amount. Converting these numbers into TWI 
value, this would constitute circa 4.5% of additional aluminum 
intake, which can be considered as a quantity that does not 
pose a threat to human well-being. It is also worth emphasising 
that during the application of Al addition, no reported symp-
toms were observed in the participants [28].

Apart from the amount of aluminum released from cook-
ware, it is the loss of nutrients from heat-treated nourishment 
that deserves attention. Onyeka et al. checked if the material 
the pot is made of influences the degree of nutritional value re-
duction in various foods. Products like rice, tomato, yam, beef 
and legumes cooked in utensils manufactured from different 
metals have been examined. The greatest loss of both macro- 
and microelements compared to raw food was observed in food 
prepared in aluminum cookware, especially older ones. On the 
other hand, the most valuable properties remained in products 
cooked in titanium pots. This difference may be explained by 
the fact that aluminum has a greater thermal diffusivity than 
titanium, which makes it easier for nutrients sensitive to high 
temperatures to be degenerated and washed out. Vitamins B1 
(38.97%) and C (38.77%) were the most at risk of reduction as 
a result of heating in aluminum pots [29].

CONCLuSION

Taking into account the conclusions drawn from the above 
studies, it is necessary to notice that the assessment of harmful 
aspects of preparing food in aluminum cookware, should be 
performed in the context of their long-term usage. It is cer-
tainly worth emphasising the need to comply with the quantity 
of Al intake recommended by the international institutions. 
Due to the fact that the standards are given in a weekly period 
of time, short-term usage of pots made of this metal does not 
pose a threat to human health. Also, their long-term utilisa-
tion does not lead to exceeding suggested norms of aluminum 
consumption. However, children may be at risk because it is 
much easier for them to reach their Al tolerable weekly in-
take per kilogram of body weight. Additionally, elderly tend to 
have a greater absorption of this element from gastrointestinal 
tract and patients with kidney diseases due to their reduced 
ability to remove aluminum from their body, can also be in 
peril. Moreover, the type of the prepared food also influences 
the Al content, therefore cooking acidic products in aluminum 
dishes should be avoided, as low pH increases the penetration 
of this metal to food. Furthermore, frequent and improper use 
of the cookware may cause their damage, especially destruc-
tion of the internal layer that protects the release of the men-
tioned element to the meals. Therefore, it is a positive practice 
to wash the dishes according to manufacturer’s recommenda-
tions and replace them with new ones every few years. In ad-
dition, some scientists encourage people to choose pots made 
of materials other than Al, for example titanium [29]. Besides, 
worsened quality of food prepared in aluminum utensils, seen 
as a noticeable decrease in some nutritional values, should be 
examined further to find if it could be one of the reasons for 
deficiency of macro- and microelements. Certainly, regardless 
of what type of cookware is used, it is extremely important to 
follow a well-balanced diet which will cover the daily demand 
for all nutrients.
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