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 Aluminium exposure from vegetables and fresh raw vegetable juices in Kenya 
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        Abstract 
Drinking of fresh vegetable raw juices for both cleansing and cure therapy has become very common in Kenya. Fresh raw vegetable juices have been 
recommended because they can boost the required minerals and vitamins in the body. This work was carried out to evaluate the amount of labile 
aluminium content in fresh raw vegetable juices and compare it with the total aluminium in vegetables. In addition, another objective was to determine 
the amount of aluminium leached out from aluminium pots during cooking. Out of 18 different vegetables analyzed, total aluminium ranged from 0.096 
to 1.06 mg g-1; carrots contained the lowest values while parsley contained the highest values. Labile aluminium in fresh raw vegetable juice ranged 
from 0.003  to 0.181mg ml-1 and this gave 1 to 30% of the total aluminium. The amount taken per day during juice therapy, either as a detoxifier or 
a cure, ranged from 0.95 mg day-1 to as high as 40.22 mg day-1, but levels as high as 321.78 mg can be consumed depending on the volume of the juice 
consumed per day. The total aluminium consumed during juice therapy was found to be higher than that recommended by WHO. Aluminium pots 
were found to leach out some aluminium and the amount leached out was found to depend on the storage time and the age of the pot. 
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         Introduction 
Aluminium is an environmentally abundant element to which we 
are all exposed. It is the third most abundant element in the earth’s 
crust and is widely used in the production of medicines, cooking 
and storage utensils. It is also used in food additives, water 
purification and in industry. Aluminium is released to the 
environment by both natural processes and anthropogenic 
sources with the former being a greater contributor for potential 
neurotoxin or chronic exposure.  Although aluminium is abundant 
in nature, it has no known biochemical role, but in the last decade, 
aluminium toxicity and its effect on general environment have 
been given increased attention. Of late, there has been evidence 
that it can be a potent neurotoxic agent to humans and has been 
regarded as a factor in human disorders of the nervous 
system 1-3 and in iron adequate microcytic anemia 4. 
   Human beings are exposed to aluminium from airborne dust, 
water, food, aluminium cookware, aluminium packaging and 
aluminium containing medicines. According to FAO/WHO 5, the 
provision tolerable weekly intake (PTWI) of aluminium is 7 mg 
kg-1 body weight for adults and 2 mg kg-1 body weight for children. 
Aluminium in the diet for an adult ranges from 9 to 36 mg day-1 
with an average of 20 mg day-1, although consumption of up to 
1000 mg day-1 has been recorded 1, 6, 7. The main source of the 
aluminium is the food we consume. Green leafy vegetables have 
been found to contain concentrations ranging from 0.1 to 25.2 mg 
kg-1 on a dry weight basis (DW), with lettuce recording the highest 
concentrations 6. Cereals have also been noted to contain values 
ranging from 0.04 to 400 mg kg-1 while tea and herbs are found to 
accumulate high amounts of aluminium 6. According to Scott 6, 
brewed tea may contain from 2 to 5 mg l-1 of aluminium while 
ground coffee beans contain 51.7 mg l-1.  Food additives like baking 

powder and medical products, like antacids, may also increase 
aluminium intake. Aluminium-containing antacids are widely used 
as non-prescription medications. Most of the antacids contain 
aluminium hydroxide (Al(OH)3 ), and although it is insoluble, in 
the small intestines where the pH is around 2, it will be hydrolyzed 
and become soluble changing into a form that is absorbed by the 
body.  Aluminium in the diet may also be increased as a result of 
leaching from the aluminium-based cooking utensils and packaging 
materials. Leaching from the utensils into the food depends on 
factors, such as the age of the utensils, the pH of the food, the 
form and composition of the food, duration of contact and presence 
of some ions, like fluoride and citrate 8-10. Several surveys have 
been reported on the aluminium content in diets consumed in 
various parts of the world:  China 11, France 12, Germany 13, Italy 9, 
Spain 16, 17,  UK 18 and USA 19, 20. 
   In biological systems, aluminium normally exists as Al3+ and its 
absorption, distribution and subsequent toxicity is influenced by 
its associated ligand and the stability of the Al-ligand complexes. 
While most of the aluminium is excreted, intestinal absorption of 
aluminium is enhanced by the presence of some ligands such as 
fluoride, citrate and lactate which form soluble complexes. Also, 
due to some similarity in the ionic radii of Al3+ with Mg2+, Ca2+ and 
Fe3+, deficiency of the latter three ions might enhance aluminium 
intestinal absorption 6, 21, 22. High aluminium content, on the other 
hand, decreases the intestinal absorption of iron, fluoride, 
phosphorus, magnesium and calcium ions. 
   In Kenya, a lot of research has been done on the levels of trace 
elements in food, water and other matrices but very little is known 
on the concentration of aluminium in these matrices. This lack of 
an aluminium database calls for studies on the aluminium content 
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of the various foods consumed in Kenya. The rise in consumption 
of fresh raw vegetables in Kenya could exacerbate the aluminium 
toxicity problem in the country. These juices are recommended 
due to their nutritional value, detoxification capabilities, excellent 
sources of vitamins and minerals as well as therapeutic effects. 
Since green leafy vegetables have been reported to contain high 
levels of aluminium, it is important that the amount of aluminium 
consumed per day from fresh raw vegetable juices be established 
for purposes of educating the consumers. The main objective of 
this study was to determine total aluminium content in vegetables, 
labile aluminium in fresh raw vegetable juices and also determine 
the amount of aluminium leached from cookware. The results from 
this study are envisaged to form a good source of information for 
advising consumers of raw vegetable juices of the possible 
presence and levels of aluminium. 

             Materials and Methods 
Sample collection and preparation: Vegetable samples were 
purchased from different supermarkets and open air markets within 
Nairobi.The vegetable samples were washed thoroughly under 
running water to remove all the soil and other foreign materials. 
They were then rinsed with distilled water and placed on a clean 
surface to drain off the water. The samples were chopped into 
small pieces and divided into two groups; one for total aluminium 
and the other for labile aluminium. Samples for the analysis of 
total aluminum were dried overnight in an oven at 110o C. They 
were then ground into fine powder and stored in sealed plastic 
bags. 
   Samples for the determination of labile aluminium were prepared 
using a juice extractor. The chopped samples were fed into the 
juicer and all the juice extracted leaving the pulp fiber behind. To 
avoid cross sample contamination, after every extraction, the juicer 
was thoroughly washed with running water, rinsed with distilled 
water and dried before using it for the next sample. 
   Of each dry sample 0.4 g or a 5 cm3 sample of the vegetable juice 
was digested using a mixture of HNO3 + HClO4 + H2SO4 at a ratio 
of  6:3:1. 

Aluminium from the cookware: 500 cm3 of deionized water was 
put into a new stainless steel pot (BW1), covered and boiled for 
five minutes. It was then immediately transferred into a plastic 
container and left to cool. The same procedure was repeated using: 
a) a new aluminium pot (BW2); b) a three-year-old aluminium pot 
where the aluminium concentrations in three cases were 
investigated i) immediately after boiling and cooling (BW3), ii) 
after standing in the pot for twelve hours (BW4) and iii) after 
standing in the pot for 72 hours (BW5); c) a three-year-old pot 
containing 300 g of cut tomatoes. The hot mixture was filtered and 
the filtrate analyzed for aluminium content (BW6). d) A three- 
year-old pot was first washed and scrubbed using steel wool 
(BW7). 
   The aluminium levels were determined using atomic absorption 
spectrophotometer at a wavelength of 309.4 nm. The detection 
limit of the instrument was 0.04 µg l-1. 

             Results and Discussion 
The aluminium content leached from the cookware is reported in 
Table 1. From the data, new aluminium pots (BW2) were found to 
release 3.2 mg l-1 aluminium while a 3-year-old aluminium pot 

leached out 10 mg l-1 aluminium. This was in agreement with 
previous studies of  Rajwanshi et al. 10 where an increase of  4.06- 
9.22 mg l-1 in aluminium level was reported. When an old pot was 
scrubbed with steel wool (BW7) and then used to boil water for 5 
minutes, there was only an increase of 1% in the aluminium level. 

   This increase is attributed to the destruction of the protective 
layer of Al2O3 exposing the metal, which in turn reacts with water 
thereby increasing the aluminium content. Acidic foods cooked 
in aluminium pots have been reported to increase the leaching of 
aluminium 10. In the present work, when tomatoes were boiled in 
water making the water acidic (pH 4.75), the aluminium content 
leached out increased from 10.0 to 11.3 mg l-1. It was noted that 
storage time did not have a great effect on the leaching out of 
aluminium. When water samples were left standing in the aluminium 
pot for 72 hours the aluminium content increased by 0.4  mg l-1 
(1%). Casdoph and Walker 23 reported that when water containing 
1 mg l-1 fluoride at pH 3 was boiled for 10 minutes in an aluminium 
pot, almost 200 mg l-1 aluminium was released and this level 
increased to 600 mg l-1 after prolonged heating. 
   Vegetables have been reported to contain high fluoride levels 24 
and this will increase the aluminium leaching during the cooking 
process. Thus, it is expected that the cookware may contribute 
highly to total aluminium intake.  Preliminary work carried out on 
surface and borehole water samples showed low aluminium levels; 
0.05 mg l-1 in borehole water (Table 2), indicating that their 
contribution to the total aluminium intake is very minimal. 

   Analysis of total and labile aluminium in vegetables and in fresh 
raw vegetable juices is presented in Table 3.  The data shows that, 
for the total aluminium, levels ranged from 0.096 mg  g-1 in carrot to 
1.062 mg g-1 in parsley while aluminium in fresh raw vegetable 
juices ranged from 0.002 mg l-1 in cabbage to 0.181 mg l-1 in methi 
(Methe piperita). It was observed that the percentage of labile to 
total aluminium varied from only 0.56 to 30%. The rest is suspected 

Table 1. Leaching of aluminium from containers 
    during cooking. 

ND not detected 

Sample identity Concentration (mg l-1) 

BW1 ND 

BW2 3.2 

BW3 10.0 

BW4 10.3 

BW5 10.4 

BW6 11.3 

BW7 10.1 

Table 2.  Aluminium concentrations in surface and borehole  water 
    samples. 

nd – not detected 

 
Water 

Sample 

Description of water sample Concentration (mg l-1) 

1 Surface water nd 

2 Borehole water  0.5 

3 Borehole water 0.4 

4 Surface water  nd 

5 Borehole water  0.4 

6 Surface water nd 

7 Borehole water nd 

8 Borehole water nd 
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to be in the bound form. Amaranthus (Amaranthus hybridus), 
managu (Solanum nigrum) and pumpkin (Cucurpita pepo) leaves 
have been reported to contain high concentration of silica 25. Silica 
has also been reported to correlate to aluminium toxicity in water3, 
and vegetables are known to have high levels of silica. Therefore, 
due to high silica in vegetables, toxicity of aluminium in vegetables 
may be expected to increase. Although parsley recorded the 
highest total aluminium, only 6% was found to be labile. There 
was no correlation found between total and labile aluminium. 

   Table 4 presents the levels of aluminium that may be consumed 
per day during vegetable juice therapy. For unmixed juices, 
aluminium levels range from 0.95 to 40.22 mg in cabbage and 
spinach respectively when one glass is taken per day. The amount 
of aluminium increases with the increase in the amount of juice 
taken per day and levels as high as 321.78 mg can be consumed if 
one takes 8 glasses of juice. According to Walker 26, as a rule the 
minimum amount of fresh raw vegetable juices taken per day by a 
person undergoing juice therapy (detoxification) should be  one 
pint (473 cm3) and this is equivalent to 16 ounces. An individual 
may also drink a combination of juices from several vegetables 
(Table 4) as long as the total is one pint.  Normally, 0.946  to 3.786 
litres or more of vegetable juice per day are recommended 26 
depending on whether it is being taken for detoxification or for 
curative purposes. 
   For the mixed juices (commonly taken for curative therapy) levels 
ranging from 3.87 mg to 11.51 mg per pint day-1 can be consumed 
and this level may increase up to 123.5 mg day-1 depending on the 
amount of juice consumed. This indicates that the amount of 
aluminium taken per day could be higher than 60 mg day-1, the 
value recommended by FAO/WHO 5. Toxicity of aluminium may 
be heightened by the fact that these vegetables contain high 
levels of fluoride. Previous work 27 on the analysis of labile fluoride 
in fresh raw vegetable juices showed a range of  1.2 to 5.4 mg l-1. 
   Fluoride complexes with aluminium to form some fluorocomplexes 
(AlFx)

3-x which upon acidification yield tetra coordinated AlF4
-. 

This is easily absorbed through the walls of the stomach into the 
blood stream. The AlF4

- acts as a structural analogue of phosphate 
(PO4

3-) and may mimic it since they are isoelectronic and have 
similar bond length 28, 29. Fluoride has been quoted to enhance 
aluminium absorption, therefore, increasing the toxicity of 
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spinach (3) 15.44 
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Table 3. Aluminium content in vegetable and fresh raw vegetable 
     juices. 

DW Dry weight 

Species 

Fresh vegetable 

mg g-1 (DW) 

Juice, 

mg ml-1 
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aluminium 6. Since the surface water was found to contain very 
low fluoride concentration (below the detectable level), human 
exposure to aluminium in water is not very great and therefore the 
major bulk of aluminium comes from food eaten, especially from 
vegetables and aluminium cooking pots. 

      Conclusions 
Aluminium concentrations in these vegetables are high. Therefore, 
consumption of these juices though good for their nutrition values 
may increase the amount of aluminium consumed per day. As 
such, when considering the total amount of aluminium taken per 
day, the amount of aluminium consumed during juice therapy 
should be taken into account. 
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