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ABSTRACT 
This study has been conducted to identify the 

correlation between food and aluminum intoxication 
through leaching. The ingestion is the main route of 
Aluminum exposure to the human body. Hence it is 
necessary to identify the aluminum levels in human body 
leached out from aluminum wares and aluminum foil. 
Pieces of chicken and red meat were baked with different 
types of solutions containing tomato juice, fresh yoghurt, 
salt and vinegar in different combinations, they were 
wrapped in aluminum foil in different combinations, 
marinated in aluminum pan and were tested for the pH 
and weight of pieces and foil. The result showed that citric 
acid with combination of lactic acid becomes the source for 
elevated level of aluminum in food items especially in raw 
beef. Citric acid with combination of tomato juice had 
highest accumulation rate than other solutions i.e 
292.25mg/Kg in beef, while chicken leaching rate was 
209.52mg/kg by the combination of yogurt and lemon 
juice. The fact still remains that once aluminum exceeds 
the acceptable limit from daily ingestion of food cooked in 
these pots, coupled with other sources from the 
environment. This environmental factor may contribute in 
increase of neurodegenerative diseases. The aim of this 
research study is to detect leaching out of aluminum levels 
from aluminum foil in different food solutions as it is 
becoming a common practice.  

Keywords: Aluminum wares, ingestion, accumulation, 
neurodegenerative diseases, acid. 

INTRODUCTION 
Aluminum (Al) as an element represents the third 

rank for its abundance in crust of earth. This frequently 
exposes the non-essential metal to water, air and land 
(Nielsen, 2000). Its attractive chemical and physical 
properties make it ideal for manufacturing of drugs, 
cosmetics, food additives and utensils (Ranaua et al., 
2001). It has a significant hazard effects on human due 
to its pervasive nature.  

Most of the cookware, used in South Asian 
countries including Pakistan, is made up of aluminum. 
Inexpensiveness and heat conductance account for its 
popularity. Despite being harmless in lower 
concentrations, high Al intake results in chronic health 
effects in long run (Semwal et al., 2006).  Use of 
aluminum utensils for cooking is reported to cause Al 
ingestion (Semwal et al., 2006). Major sources of 

dietary intake include synthetically added aluminum 
(i.e. grain products, processed cheese and salt) and 
naturally occurring high aluminum dosages (i.e. tea, 
herbs and spices). Aluminum erosion from utensils is 
more likely a minor or inconsistent source. Meat and 
fish are commonly wrapped in aluminum foil prior to 
oven cooking. Aluminum can reduce the growth rate of 
human brain cells, more effectively at higher 
concentrations (Exley et al., 2001; Zhao et al., 
2001). Before 1980, Daily intakes of aluminum were 
reported to be 18-36 mg per day. In 1987, Joint, F. A. 
O., & WHO reported the aluminum intake as 30 mg/day 
on an average basis and later in 1989 set the Provisional 
Tolerance Weekly Intake (PTW I) as 7mg/kg body 
weight. Therefore, the acceptable dosage for a 60 kg 
person is under 60 mg/day. The aluminum migration 
from utensils can be regulated by grilling duration, 
rising temperature due to heating, composition, food pH 
value, and presence of any other substances (such as 
organic acids and salt)(Landry, 2014 ; Shupping, 1996). 
Aluminum ion can inhibit different metabolic processes 
in human body by replacing other essential ions i.e. 
iron, magnesium, calcium, phosphorus, fluoride, etc.   

It is one of the common practices to wrap meat items 
in Al foil for baking and grilling. However, it was 
suggested in many studies it develops Al toxicity 
causing many specific diseases (Rehmani et al., 2010; 
Carson, 2000).It was also reported that the breast piece 
of chicken comprises of more aluminum level than the 
leg. For this reason, food made within aluminum foil 
may contain high risk for health and addition to other 
aluminum sources (Bi, 1996).Aluminum is found to 
leach out from the foil due to different stimulants; 
particularly in distilled water as well as in acidic and 
alkaline media. Aluminum migration is above 
the permissible limit. Leaching out of aluminum is 
found significantly lower in alkaline media than in 
acidic media. Rise in temperature also enhance the rate 
of migration of aluminum in acidic media. In recent 
years, there was a continuous use of aluminum foil in 
cooking process despite the fact that aluminum become 
the reason for several diseases (Sedman et al., 1985). 
Past studies also reported that Al and its compounds are 
well known toxicants and trigger detrimental effects in 
household practices. The cooked food in Al containers 
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may carry Al compounds to digestive system through 
ingestion which is then proliferated to different parts of 
the body by blood (Exley et al., 2006;  Gies, 1911).  

Many researches revealed the neurological effects of 
Al ions on human health such as Alzheimer 
disease (Perl and Brody, 1980; Walton, 2006), other 
adverse consequences like Dialysis Encephalopathy  
(Shaw et al. 2008; Tomljenovic, 2013), and 
Amyotrophic Horizontal Sclerosis  (Shaw and 
Höglinger, 2008, Tomljenovic, 2011) (Table 1).  
Patients for Alzheimer’s disease, Parkinson disease and 
dialysis encephalopathy have high Aluminum 
concentrations in their brain tissues (Soni et al., 
2001;Tabrizi, 2007). Aluminum crosses the blood brain 
barrier (BBB) and accumulates in brain. It is also 
accumulating in bones and liver, therefore, it’s 
significantly damaging to patients with bone disease or 
renal dialysis, especially toxic to the elderly peoples and 
patients of kidney failure (Ranau et al.,  2001; Soni et 
al.,  2001).  According to the neurological, mental 
disorders, development and substance  (NMDS) there is 
a rise in neurological and  mental disorders in the world 
and this rise is mainly due to the increase in the number 
of individuals reaching the age that is most susceptible 
to many of above mentioned disorders i.e old 
age (Murray et al., 2013; Spencer, 2013). This elevation 
will be steeper in middle and low income region of the 
world yielding long term effects like trauma, infectious 
disease and malnutrition, which associated to the 
development of these disorders that in turn lead to early 
death or a lifetime of disability (Silberberg et al., 
2015).  

Al ions in the human diet are non-bio available from 
the small intestine, because their hydrated charge unable 
to penetrate the lipid protein membranes of the 
duodenal mucosa (Ranaua et al., 2001).  Ingested Al is 
found in blood in form of ligand and is subsequently 
conveyed to different organs of the body. As in high 
concentration Al is toxicant in tissues, bones, 
lungs (Osipova, 2015)and may enters central nervous 
system (CNS) after blood crossing the Blood Brain 
Barrier (BBB) (Yokel, 2006).   

Cerebrum and bone malady due to large amounts of 
aluminum in the body have been detected in kids with 
kidney illness. In these kids, the bone harm is brought 
by aluminum in the stomach keeping the assimilation of 
phosphate, which is required for sound bones. 
Aluminum can be transferred through bosom milk to a 
newborn child but at low concentrations (Al Fact 
Sheet, 2011). Al concentration is detected in infant 
formula milk twice from the stated recommended level 
for drinking water (50 µg/L) and 14 of these 
milks exceeding the maximum permissible limit level 

for drinking water according to European Union 
(200 µg/L)  (Boyd 2000, Chuchu et al., 2013). 
It has been noticed that salty and acidic foods like apple 
puree, rhubarb, tomato puree or salted herring packed in 
aluminum-based skillet, bowls, and foils may have 
aluminum concentration (Public health statement, 
2008). Additionally, the utilization of aluminum vessels 
contained fast food have expanded the aluminum levels, 
particularly in food that contains tomato, pickles, and 
vinegar (As they are acidic) (Shaw and Tomljenovic, 
2013).  

The aggregate weight of aluminum in healthy 
people is 30–50 mg. approximately half of the weight is 
in the skeleton and 25% is in the lungs. In lungs, 
aluminum level increases with age. Aluminum levels in 
bone tissue of healthy people range from 5 to 10 mg/kg. 
Serum levels in healthy people range 1-3ug/L (Larsen, 
2008). The aim of this research study is to detect 
leaching out of aluminum levels from aluminum foil in 
different food solutions as it is becoming a common 
practice.  

MATERIALS AND METHODS 
This study conducted in two parts, in the first one Al 

leaching was checked in beef and chicken meat 
samples and in another part a survey study was 
conducted to evaluate the Al toxicity awareness in 
people of Karachi.  

Eight specimens of aluminum foil had been cut into 
rectangular dimensional shape of 5×8 cm. Each of them 
was immersed in different solutions of different 
concentrations except one piece of aluminum foil which 
was taken as a control. Solutions of tomato juice, 
yogurt, citric acid, lemon juice and red grapes vinegar 
had been prepared. Control piece of aluminum foil 
without any treatment was kept in tap water for boiling 
in steel pan of diameter of 12 cm. 

Beef meat, chicken meat, tomato juice, salt, citric 
acid, red grape vinegar, yogurt and lemon juice and Al 
foil (Diamond Aluminum Foil, USA made) were 
purchased from local market of Karachi. The work 
performed at 180°C in gas oven.  

Aluminum cooking utensils were chosen from local 
market of Karachi. These utensils were washed and 
cleaned. Different specimens were put in different 
environment in separate utensils. Beef meat pieces of 20 
gm each were pre weighed in an electrical balance  
(Libror AEG-120Shimadzu) marinated overnight in 
different solutions and remaining one of the piece kept 
as control with no marination. An experiment of 
aluminum leaching from aluminum utensils was 
performed in vapor phase at 180°C in an oven.   
 



ALEXANDRIA SCIENCE EXCHANGE JOURNAL, VOL 37, No. 4 OCTOBR- DECEMBER 2016 620 

  

Table 1. Aluminum associated with neuronal injury  
Neurological findings  Neurotoxic effects  References  
Amyotrophic lateral sclerosis Degenerative changes in motor neurons Chang and Dyer (1995) 
Alzheimer’s disease  Loss of cognitive function  Adams and Duchen (1992) 
Dialysis encephalopathy  Myoclonic jerks  Baltimore, Williams, and Wilkins  (1980)  
Hearing deficit  Cell loss in corti, spiral ganglion  Ohlemiller and Frisina (2008) 
Dementia  Intellectual debilitation  Flaten, (2001) 

Different additives were used to prepare the 
following food solutions:  
Solution A: 20 g meat piece + 100 ml tomato juice 

(Felvuric acid) + 5 g of citric acid + 2 g of salt.  
Solution B: 20 gm meat piece + 100 ml of tomato juice 

+ 5 ml of red grape vinegar (Acetic acid) + 2 g of 
salt.  

Solution C: 20 g meat piece + 5 g of yogurt (Lactic 
acid) + 20 ml of lemon juice (Citric acid).  
The pH of each solution was measured before the 

experiment. To assure consistency, all the experiment 
was done with perfection.  

The above food solutions with meat after marinating 
for 16 hours at 10ºC in refrigerator were kept in an oven 
within an aluminum pan and each marinating meat 
piece was wrapped in an aluminum foil. The control 
piece of meat without marinating and without foil baked 
in a separate pan at same temperature for same period. 
Al was baked at 180°C for 1.5 hour. The meat pieces 
were weighed before and after the experiment.  

All the aluminum levels were estimated by 
using polarized Zeeman atomic absorption 
spectrophotometer model no Z- 8000 Hitachi. An 
estimation of aluminum was done by standard method 
of atomic absorption spectrophotometer (Sullivan et al., 
1986).  
Weight loss measurements  

The aluminum foil specimens were cut into 5×8 cm 
pieces then weighed by using  sensitive electrical 
balance and immersed completely in solutions of 
different concentrations (A,B, and C) using additives 
mentioned above.   

The pH of the solutions was noted before every 
experiment. The foil samples were immersed 
completely in solutions within different aluminum pan 
of diameter 12 cm and kept for baking in an oven at 
180°C for 1.5 hour. Each specimen after baking was 
washed with distilled water. One specimen of foil was 
kept for boiling for 20 minutes in 300 ml of tap water 
within steel pan. All the specimens were kept for drying 
out in air and then each of them was weighed again. 

The difference in weight before and after an experiment 
was noted.   
Survey  

A survey study was performed on randomly selected 
samples of 86 people in different districts of Karachi. 
The data was collected in the month of October 2015. 
The target groups were personnel which were involved 
in field of medicine especially neurologists, residents of 
different towns of Karachi particularly housewives and 
students of universities. Questionnaires were given to 
these people to evaluate the information concerning 
aluminum effects on human health and awareness about 
Al toxicity. The study proved to be beneficial in terms 
of disseminating information to the layman regarding 
aluminum leaching from foil and cooking wares to the 
food and causing neurological disorders. The 
participants were asked for details of personal 
information including their age, gender, occupation, 
residential area and monthly income as well as their 
educational status. Other questions were about usage of 
aluminum utensils including: For how long they are 
being used, quantity of aluminum utensils if using, type 
of food cooked in aluminum wares, the effects of using 
aluminum cooking wares and symptoms regarding 
aluminum toxicity. Questionnaire also covered the 
comments from the personnel associated with aluminum 
cooking wares and its effects. Participants were asked 
30 random questions which are mostly of one word 
answers.  

RESULTS  
Table 2 lists a summary of gender, educational 

status, and occupation of participants. 77.9% were 
female and only 22.09% were male, as more females are 
involved with cooking and baking. Table 3 summarized 
the awareness level of participants regarding aluminum 
toxicity and responses to the questions. About 39.53% 
participants used aluminum cooking wares in their 
kitchen and considered the availability of wares as the 
most important reason to be used. 48.83% were using 
Al utensils because of it easy availability and 23.25 for 
its good quality. 37.20% of participants heating the Al 
utensils for 3-4 hours. As exposure time is another 
significance factor for aluminum toxicity hence 55.81% 
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participants exposed to aluminum pans for about 1-2 
hours continuously. 33.72% participants used tomato 
juice as souring agent in aluminum utensils whereas 
yogurt and lemon juice also has been used by many of 
the participants. 47.67% of participants reported the use 
of steel wool for cleaning aluminum cooking wares and 
that enhanced the leaching process of aluminum metal 
in food. About half of the participants preserved food 
that was cooked in aluminum utensils. More than 
half i.e. 45.34% participants used yogurt for marinating 
of food stuff. Addition of lemon enhanced the 
mechanism activity of aluminum metal but 
unfortunately 60.46% respondents used agent that had 
lemon in it as a dish washer. Another tragedy reported 
that 63.95% participants felt adverse effects of 
aluminum i.e, memory loss, abdominal pain, digestion 
problems etc.  

DISCUSSION 
The cooking pattern has been changed since many 

past years as more and more cooking is done with 
souring agents like tomato, lemon, vinegar is easing the 
Al leaching in food. Al exhibits a passive behavior in 
aqueous solutions due to a protective compact 
Al2O3�film on its surface. However, the solubility of 
this protective film increases in acidic and alkaline 
medium. According to Al Juhaiman (2010), Al erosion 
in aqueous solutions may be explained by the acidic 
medium chemical reaction occurring on the surface of 
the Al cookware. Al is the metal used in utensils in 
Pakistan and many other South Asian regions. Normally 
it does not have ill health effects but cooking in this 
region involved with many of the acidic substance that 
helps in enhancing the Al leaching. Previous result 
showed that most of participants were aware of toxicity 
regarding aluminum before the mentioned survey. 
Many of the participants used aluminum wares in their 
kitchens and considered many reasons for its effective 
used i.e, easy availability, better quality, taste factor etc. 
Heating in aluminum pan enhanced the process of 
leaching in food items and it would be more toxic if 
used with citric acid and salts (Bi, 1996). The results 
revealed that the aluminum ingestion by most of the 
people caused  many adverse effects to them as well as 
to the environment. The survey also includes the 
awareness,  knowledge of increased use of aluminum 
from past few years. And the burden of neurological 
diseases all over the worldwide particularly in middle 
and low income countries because aluminum utensils 
are comparatively cheaper than other types of cooking 
wares even survey also showed the same 
result (Silberberg et al., 2015). 
 

Table 2. Demographic Data of study 
participants according to descriptive 
features   

Gender N Percentage 
Male 19 22.09 
Female 67 77.90 
Educational status 
Graduate 29 33.72 
Undergraduate 25 29.06 
Post graduate 10 11.62 
Doctors 10 11.62 
Others 12 13.95 
Occupation 
Housewife 24 27.90 
Student 40 46.51 
Doctors 10 11.62 
Others 12 13.95 

Figure 1 showed a number of symptoms appeared 
due to toxicity of aluminum metal, Dementia and 
abdominal pain appeared in 18.60% of the participants, 
nervousness in 16.27% participants. Low number of 
respondents has trouble while sleeping but about 
23.25% of the participants felt gain or loss in weight 
without diet. About 26.74% of the participant’s cases 
reported with frequent headache or migraine while only 
15.11% of the participants have problem of excessive 
worry.  

Level of aluminum accumulation and to identify that 
which solution has most leaching property in food stuff, 
equation shows the result:  
Aluminum intake mg/kg    = Conc × 25 × 1000  

                                         40 × Wt × Dil factor   
Where; Concentration is equal to concentration of 

blank minus solution, Wt. is the weight of the sample 
with product of dilution factor (Bassioni  et al., 2012). 

Table 4 illustrated the summarized experiment and 
aids to determine the most leaching effect of solution 
added with different concentrations of solutions. The 
results show the leaching effect of aluminum foil in 
beef as well as chicken meat. Solution A has more 
intense leaching of aluminum metal in beef meat 
whereas less in solution B. However, in chicken meat 
highest leaching rate is in solution C (yogurt + lemon) 
and least in solution A which having pH 3. These 
results emphasize the previous work which reported that 
the amount of aluminum, accumulated in food during 
the preparation process, depends on the pH value and 
the cooking time (Ranau et al., 2001).  Results showed 
that Solution A (citric acid) is the most active for 
leaching among the used acids. Ingestion is major 
route for exposure to general public.  
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The acidic substance in stomach would help in 
solubility of aluminum compounds into single 
molecules Al+3. Estimation of bioavailability of 
aluminum is to be in range of 0.3% when taken orally in 
humans, whereas the bioavailability of aluminum from 
food and beverages generally is considered to be lower, 
about 0.1%. However, it might be possible that oral 
absorption of food contaminated with aluminum can 

vary at least  10-fold depending on the chemical forms 
present (Abercrombie and Fowler, 1997).  

The beef samples taken as control showed 
0.005mg/L and control chicken meat gave 0.001mg/L 
Al, i.e almost negligible as these were not treated with 
acidic content so did not work for leaching. 

Table 3. The distribution of participants’ responses to informative questions  

Questions  Response Percentage 
Awareness of aluminum toxicity    
Yes  44 51.16 
No  42 48.83 
Aluminum usage in kitchen    
Yes  34 39.53 
No  52 60.46 
Reason for using aluminum wares    
Cheap  6 06.97 
Quality  20 23.25 
Availability  42 48.83 
Life style  18 20.93 
All  0 0 
No of cooking hours in aluminum pans    
1-2 hours  48 55.81 
3-4 hours  32 37.20 
5-6 hours  6 06.97 
More hours  0 0 
Souring agent used    
Tomato  29 33.72 
Yogurt  23 26.74 
Lemon juice  9 10.46 
Tamarind  0 0 
Vinegar  5 05.81 
All  20 23.25 
Cleanliness of aluminum utensils    
Foam  42 48.83 
Steel wool  41 47.67 
Brush  3 03.48 
Marinating agent   
Vinegar 16 18.60 
Tomato 17 19.76 
Yogurt 39 45.34 
Lemon juice 14 16.27 
Dish washer (added with lemon)   
Yes 52 60.46 
No 34 39.53 
Adverse effects of Al toxicity   
Yes 55 63.95 
No 31 36.04 
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Figure 1. Responses to symptoms of Aluminum Toxicity 

Table 4. Effects of different food solutions on leaching of aluminum  
Solution code Solution  pH Aluminum intake in 

beefmg/Kg 
Aluminum intake in 

chickenmg/Kg 
A 100ml tomato juice+ 5gm of citric 

acid + 2gm of salt  
3 292.25 34.16 

B 100ml tomato juice+ 5ml of red 
grapes vinegar + 2gm of salt  

6 3.357 159.36 

C 5gm of yogurt + 20 ml of lemon 
juice  

4 16.898 209.52 

Control Control without any treatment 7 0.005 0.001 
Mean of triplicate were taken for each sample 

Table 5 shows that the corrosion rate of aluminum 
raises with the low pH. Similar behavior is reported 
by Wong and Alkire (1990). Other reported that 
aluminum is very sensitive to high pH and shows a 
corrosion increase in alkaline environments. This result 
is almost similar to previous work by Al Zubaidy et al., 
(2011) also Bi  (1996) indicated that leaching enhanced 
dramatically in the ranges of pH < 4 or pH > 8.  
Foil experiment  

Effect of aluminum foil on different food solutions 
has been estimated. The result of this experiment helps 

to determine that whether foil leach or not into the 
food. The corrosion rate in mg.cm-2 .hr-1 is calculated 
using the following equation:  
CR= WL 
        A×T 

Where WL is weight loss in mg of aluminum foil, A 
is the cover area of aluminum foil specimen in cm2 and 
T is time of baking in hour (Bassioni et al., 2012; 
Muslim et al., 2014). 
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Table 5. Corrosion rate of aluminum foil on different food solutions 

Solution Code Solution  pH Corrosion rate mg/cm2*hr 
A 100 ml tomato juice + 5g citric acid + 2g salt  3 7.916×10-4 
B 100 ml tomato juice + 5 ml of red grapes vinegar + 2gsalt  6 1.686×10-3 
C 5 gm yogurt + 20 ml lemon juice  4 2.926×10-3 
Control Control (without any treatment) 7 1.02×10-5 

 

 
                             Figure 2. Types of utensils used by No. of participants  

CONCLUSION 
The investigation reached a conclusion that all the 

specimens exposed to aluminum clearly had increased 
concentrations of aluminum metal after marinating and 
cooking. There were many factors that became the 
source of elevated level of Aluminum such as exposure 
time, cover area, type of utensil (steel, aluminum, 
earthen) temperature etc. Souring agent used in food for 
marinating is another major reason for migration of 
aluminum in food stuff.  But the test identifies that citric 
acid has 292.25mg/Kg of aluminum leaching rate in 
beef meat whereas yogurt has most leaching effect in 
chicken meat. Probably this migration process depends 
upon certain factors for instance; pH of food, chemical 
composition of raw material, temperature of cooking 
ware, presence of any organic acids and salts. The fact 
still remains that once aluminum exceeds the acceptable 
limit from daily ingestion of food cooked in these pots, 
coupled with other sources from the environment, 
diseases such as loss of memory, damage to central 
nervous system, dementia, severe trembling, and 
lethargy have adverse effects on health. An aluminum 
tolerable daily intake of 1 mg/kg body weight /day as an 
easily excreted limit has been established by the World 

Health Organization (WHO) of the United Nation 
(UN) (Joint and WHO 2000).  Unfortunately, the 
ingestion is more than what human bodies can 
handle. More than half of the wares sold are made up of 
aluminum. Aluminum utensils are often coated with 
nonstick finishing. 

RECOMMENDATIONS 
Aluminum pans should not be heated dry because it 

might cause metal to be leached out and could harm the 
person exposed. Utensils like earthen wares, iron, steel 
wares would be a better option.  Old aluminum pots had 
the highest concentration of leaching while new steel 
pots had the least leaching of aluminum. Hence it would 
be better not to use aluminum utensils for long period of 
time for cooking acidic foods causing metal leaching,  
although provisional daily intake given by WHO is 
1mg/kg of the body weight per day (WHO, 2014). 
 Storing highly acidic or salty foods such as tomato 
sauce, rhubarb or sauerkraut in aluminum pots is not 
recommended. The acid in these foods may cause more 
aluminum leaching rate than usual to enter the food and 
can cause pitting on the pot's surface. 
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