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Analyses on the absorption of aluminium by rice boiled in distilled water in a variety of containers, such as old and new aluminium
pots, clay receptacles, stainless steel pots, and steel pots, were carried out. 10 g of rice was taken as a representative sample.
Colorimetric analysis of classical methods was used to determine the concentration of aluminium. The control for aluminium
was 350 ± 130 𝜇g/g. The new aluminium pots had a concentration of 126 ± 64𝜇g/g, old aluminium pots had 314 ± 128𝜇g/g, new
clay pots had 132 ± 68𝜇g/g, old clay pots had 195 ± 137 𝜇g/g, new steel pots had 241.00 ± 200 𝜇g/g, old steel utensils had 186.83 ±
75.18 𝜇g/g, new stainless steel utensils had 294.83 ± 163𝜇g/g, and old stainless steel utensils had 289.00 ± 75.155 𝜇g/g. Aluminium
leaching was detected in all forms of new and old cooking utensils, and leaching was below and within the control concentration
range. Old aluminium pots had the highest concentration of leaching while new steel pots had the least leaching of aluminium.
However, the aluminium contamination of the foods tested was insufficient to constitute a hazard to health.

1. Introduction

Aluminium is the third most abundant element in the earth’s
crust more than other elements [1–3]. From both health and
medical points of view, oral ingestion of moderate doses of
aluminum in healthy subjects has not been associated with
any particular disease [4, 5]. With the possible exception
of aluminum phosphate studies, aluminum appears to be
associated with the brain lesion characteristics of Alzheimer’s
diseases, associated with aluminum in drinking water in
several epidemiological studies [4–10]. The concentration of
aluminiumwas confirmed in the brain tissue of a patient with
Alzheimer’s disease, Parkinson’s disease, and encephalopathy
[8–11]. An average of 30mg of aluminium is consumed
through water, food, and drugs daily [8, 11]. Before 1980, the
daily intake of aluminium was reported to be 18–36mg per
day. According to recent data from the World Health Organ-
ization (WHO), the followingwas reported: a daily consump-
tion of 9mg of aluminium for teenage and adult females
while for teenage and adult males a daily consumption of 12–
14mg of aluminium. In 1989,WHO reported that provisional

tolerance weekly intake (PTWI) is 7mg of aluminium per
kilogram per body weight [9, 11–14].

Therefore, for a person with a weight of 60 kg, the
acceptable dosage is not more than 60mg/day.

Some researchers reported the concern of the absorption
of aluminium from cookwares, such as acidic food like toma-
toes and basic foods like cereals and oils corrode aluminium
alloys [1, 13–16].

Aluminum is used in the manufacture of domestic cook-
ing utensils, because it can be bent or pressed into various
shapes. The conductivity for heat is useful in cooking vessels.
Its ductility results in aluminium wire, used as a reducing
agent in the “Thermite Process” to produce molten iron for
welding purposes, its malleability to make silver paper for
milk bottle caps and foodwrappings, as well as, alloys because
of its high tensile strength and light weight. Aluminum
cookware, apart from other sources of dietary aluminum, is
considered to be a potential source of aluminum leaching
experiments with food, beverages, water under different
experimental conditionsmodified by varying the levels of pH,
chlorides, fluorides, citrate, and acetate [13–16]. The result
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reported by different workers showed marked discrepancies
in levels of leached out aluminum, which can be attributed to
factors such as non-symmetrical, nonuniform, and nonstan-
dard experimental designs [13–16].

1.1. Aim of the Research. The aim of this research is to deter-
mine the rate at which aluminium ions leached out from both
old and new cooking pots.

2. Experimental Analysis

2.1. Materials. Raw rice, old and new pots of aluminium,
clay, steel and stainless steel, electric cookers, stop-watch, and
distilled water.

In this work, raw rice was chosen as a staple food in the
local environment of the western part of Nigeria. A certain
brand of rice was sampled from a lot of its kind from a typical
market in the southwest region of Nigeria. The final sample
was sampled by quartering or coning.The rice was winnowed
to remove dirt.

New pots of aluminium, clay, stainless steel, and steel
were only rinsed with water to remove dirt because of their
newness before using them.

The old pots (2–5 years) of these pots, whose history was
unknown, were washed with detergent and sponge and later
rinsed with tap water. Finally, tap water was boiled in all of
them for at least an hour for proper cleaning.

2.2. Methods

2.2.1. Analysis of Raw Rice for Sample Preparation (Control 1).
For sample preparation, the raw rice was ground to powder
or finely divided granules in a clean dry wooden mortar
and pestle were used.The resulting homogenized, well-mixed
samples were placed in an oven at 65–70∘C to remove mois-
ture.

Ten grams was taken as a representative sample. The raw,
ground dried rice was ashed by dry digestion in preweighed
porcelain crucibles and later in amuffle furnace at 500–550∘C
for 3-4 hours. This was followed by cooling in a desiccator
and subsequently rinsed with 5mL of 5MHCl to dissolve the
ash for aluminum determination.The dissolved ash solutions
were steam heated to remove any adhered metal, cooled, and
individually filtered through a Whatman filter paper into a
25mL standard flask and made up to the mark with distilled
water. The extracts were transferred quantitatively into pre-
heated plastic sample bottles, tightly closed, and kept in a
refrigerator at a temperature around 4∘C.

2.2.2. Analysis of Cooked Rice for Sample Preparation. All the
new, old,and very old pots of stainless steel and steel pots
were washed with soapy water, rinsed with tap water and
distilled water, and later filled with distilled water to boil
on electric cookers/hot plates at the same time. When the
water was boiled, the raw unwashed grains were got inside
to boil for thirty minutes for proper heating and softness.The
pots were individually removed from the electric cookers and
the boiled rice, drained in different pretreated colanders. The
well-drained rice was each subjected to a constant weight in
an oven before grinding and ashing.

2.2.3. Control 2. Raw rice samples were also cooked in
800mL beaker as control 2. The boiled rice was dried in an
oven at 65–70∘C and finally removed until a constant weight
was obtained and later cooled in a desiccator. The boiled
rice was ground in clean earthen mortars. The homogenized
samples were dried to constant weight and cooled.

Ten grams was taken as representative sample. The sam-
ples were subjected to dry digestion in preheated porcelain
crucibles and later in a muffle furnace at 500–550∘C for 3-
4 hours. This was followed by cooling in a desiccator and
subsequently digested with 5mL of 5M HNO

3
prepared

solution to dissolve the ash. The dissolved ash solutions were
steam heated to remove any adhered metal, cooled, and
individually filtered through a Whatman filter paper into a
25mL standard flask and made up to the mark with distilled
water. The extracts were transferred quantitatively into pre-
heated plastic sample bottles, tightly closed, and kept in a
refrigerator at a temperature around 4∘C.

2.2.4. Raw Rice Samples Underwent Cooking Procedure

Preparation of Blank Solution. A blank solution was prepared
to test for aluminium contamination from the distilled water.
A 5mL of 5M HCl for aluminum was prepared, measured,
and then transferred quantitatively into 25mL standard flasks
and made up to the mark with distilled water.

2.2.5. Aluminum Analysis by Colorimetry Using Aluminon
Method. The principle of the aluminon method is that alu-
minon reagent reacts with aluminum in the presence of an
ammonium acetate buffer to form a bright red solution.

The intensity of this colour, which is proportional to the
aluminum concentration, is obtained by taking the absorb-
ance at 550 nm.

Preparation of Standards for Calibration. The aluminum
standard solutionwas prepared by dissolving 0.42 g of ammo-
nium alum, (NH

4
)
2
SO
4
⋅Al
2
(SO
4
)
3
⋅2H
2
O in distilled water

containing 10mL of concentrated of 25𝜇g/mL Al (25 ppm
Al). To avoid error in the process, 10mL of the aluminum
standard solution was pipette and diluted to 100mL to give
a concentration of 2.5𝜇g/mL (2.5 ppmAl).

Aluminum Working Solutions. The following volumes of the
aluminum working solutions were introduced with pipettes
into 50mL standard flasks 4.0mL, 8.0mL, 12.0mL, 16.0mL,
20.0mL, and 24mL—which all corresponded to the follow-
ing amounts of aluminum: 10 𝜇g, 20𝜇g, 30 𝜇g, 40 𝜇g, 50 𝜇g,
and 60𝜇g, respectively. These aluminum working solutions
were transferred to 150mL volumetric flasks. To each, 1mL
of 5MHCl was added, to prevent the separation of Al(OH)

3
,

and heated to boiling for 15minutes to dissolve any aluminum
compounds in suspension. This was cooled to 20∘C, and 1
to 2 drops of nitro phenol indicator solution were added.
The pH was adjusted by running in 1.2M NH

4
OH solution

until the solution was just yellow. The colour was discharged
by the addition of few drops of dilute HCl. Then 0.5mL of
thioglycolic acid was added to inhibit the interference due to
iron.
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Table 1: The concentrations of aluminum in rice samples.

Al (𝜇g/g)
New aluminum pot 126 ± 64

Old aluminum pot 314 ± 128

New clay pot 132 ± 68

Old clay pot 195 ± 137

New steel pot 241 ± 200

Old steel pot 187 ± 75

New stainless steel pot 295 ± 163

Old stainless steel pot 289 ± 155

Control 350 ± 130

0

0.05

0.1

0.15

0.2

0.25

0.3

0 20 40 60 80 100 120
Amount of aluminium (𝜇g)

y = 0.0028x

Ab
so

rb
an

ce
A

Figure 1: Determination of aluminum in the sample.

The calibration graph was prepared using the aluminum
standard solutions. The absorbance reading obtained for the
blank was subtracted from that obtained for each aluminum
standard solution. A graph of absorbance versus amount
of aluminum standard solution was plotted, and using the
regression correlation factor, the best straight line was drawn
through the points. The results are shown in Figure 1 and
Table 1. The diluted sample (50mL) sample solution, early
prepared, was transferred into a 150mL volumetric flask
and the procedure as that for the standard solutions was
follows, starting from the addition of 1mL, 1M HCl. A blank
determination on the reagents, in which 5mL of 1MHCl was
poured into 50mL standard flask and made up to mark, and
the other steps as for the sample were carried out.

Two standard solutions were always prepared alongside
each set of absorbance readings; the absorbance due to the
blankwas always subtracted from that of the sample.The level
of aluminum in each sample was obtained by interpolation
and the results can be found in Table 1.

3. Results and Discussion

The control range concentration of aluminum is 350 ±
130 𝜇g/g. The results are within the tolerable limits of alu-
minium [9, 11–14]. Levels of aluminum in new cooking
utensils detected appeared to leach below the control range
and extended within the control range. Aluminum detected

from the old cooking utensils appeared to leach from below
the control range to within the control range. Aluminum
detection indicated the possibility of solubility and high con-
centration of its use by cookware manufacturers.

4. Conclusion

Likelihood of leaching occurs mainly in cooking utensils due
to factors of temperature and pH, as well as the release of the
ions as the years accumulated. Aluminium contamination of
the foods tested rice samples from both old and new pots of
aluminium, clay, steel, and stainless steel was insufficient to
constitute a hazard to health. The fact still remains that once
aluminium exceeds the acceptable limit from daily ingestion
of food cooked in these pots, coupledwith other sources from
the environment, diseases such as loss of memory, damage
to central nervous system, dementia, severe trembling, and
listlessness have adverse effects on health.
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