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Abstract

As part of the reclamation of materials of Burkina Faso’s artisanal origin, two samples of kitchen utensils 
(artisanal pots) made of aluminum were collected and analyzed chemically. Craftsman poses the problem 
of the quality of the finished products of the country especially when we know that they are used for 
everyday cooking. This work is a contribution to the chemical characterization of craft pots in the central 
region of Burkina Faso. The X-ray fluorescence (XRF) analysis indicates that the majority of the samples 
studied contain approximately 87.3% aluminum and a small amount of Silicon, Copper, Magnesium and 
Zinc. Also, a measurement by colorimetry makes it possible to highlight the presence of aluminum in 
solution.
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Introduction
In Burkina Faso, handmade cooking utensils occupy a place of choice in the culinary art 

because they are better suited to the living conditions of the most vulnerable populations 
[1,2]. These utensils are generally obtained from aluminum recovery of all natures (piston, 
crankcase, aircraft wrecks, can, etc.) which founders classify as “hard,” “soft” and “normal” 
alloys. Recycled materials, in addition to aluminum, have a diverse chemical composition. 
They contain trace amounts of heavy metals, which in the long-term expose populations to 
real risks of contamination [3-5]. Given the lack of predetermined rules for the preparation 
of the melting load and the diversity of aluminum waste, each alloy is unique. An evaluation 
of the development process, the analysis of formed layers, the chemical properties of kitchen 
utensils will allow an evaluation of the quality of these kitchen utensils. The main objective 
of this study is to present chemical results and mineralogical characterization of these 
kitchen utensils in various culinary environments, with specific objectives for the future to 
prevent potential hazards and on the other hand to evaluate their resistance to cooking by 
electrochemical methods.

Materials and Methods

Sample material and preparations

Figure 1: Finished products obtained (aluminum kitchen utensils).
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The two samples of cast aluminum alloys in the form of a washer 
were taken from two workshops in the town of Ouagadougou. Each 
alloy is unique. Depending on their chemical composition, the 
samples were called: Sample 1, which contains high levels of silicon 
and copper combined with low magnesium, and sample 2, which 

differs from the previous sample in low levels of silicon and copper 
with high magnesium. These samples were compared to aluminum 
from a European-made pressure cooker, called a control. The raw 
materials used in the manufacture of kitchen utensils (Figure 1) 
come from a wide variety of aluminum waste as shown in Figure 2.

Figure 2: Raw materials used in the manufacture of kitchen utensils.

Study and characterization environments 
To set up an operation similar to the Burkinabe kitchen, we 

placed the samples in Pyrex beakers containing the different media 
intended to understand the corrosion phenomena:

O: single tap water (300mL) at room temperature; OS1: salted 
tap water (titrated to 3g/l or 9g/l) at room temperature; OS2: salted 
tap water (titrated to 3g/l or 9g/l) at boiling temperature; OR: rice 
(5g in 250ml tap water); TC: tomato concentrate (140g); TF: fresh 
tomato (235g peeled and pureed). Since most of the cooking is 
done hot, the environments (OS2, OR, TC and TF) are tested at the 
boiling temperature (100 °C) to simulate real cooking conditions, 
temperature recommended by directive 97/48/EC.

Result

Chemical analysis of alloys
The results of the X-ray fluorescence spectrometry analysis 

of the selected samples were grouped together in Table 1, which 

contains the mass percentage results of the items analyzed by 
origin. There is a wide variety of chemical compositions of alloys 
resulting from the extreme diversity of the quality and quantity 
of the materials making up the aluminum waste deposit. Silicon, 
one of the major constituents of aluminum alloys intended for 
smelting, lowers the melting temperature of alloys, improves 
solubility and, consequently, limits critical risks (cracks in the 
metal) [6]. The copper content in sample 1 is out of standard and 
the zinc content in both samples is above standard. Aside from 
chloride and manganese, the other elements are present in small 
amounts in both samples. All samples have chloride levels well 
above those allowed by the French standard, this being probably a 
consequence of the melting load from which it is derived. The iron 
and manganese contents of alloys meet the standard. This confirms 
what we said earlier, namely that, given the lack of predetermined 
rules for the preparation of the melting load and the diversity of 
aluminum waste, each alloy is unique. The steel crucible where 
molten aluminum that remains at a high temperature (over 650 °C) 
for more than one hour is also a source of contamination.

Table 1: Chemical composition (XRF) in % by mass of samples collected from smelters in Burkina Faso and maximum 
levels allowed by NF EN 601 July 2004.

Elements Samples Al Si Fe Cu Zn Mg Cl Cr Mn Pb Ni Ti Zr

Sample 1 82,33 
±0,33

12,70 
±0,24

0,658 
±0,017

1,11 
±0,016

1,27 
±0,150

0,24 
±0,03

0,19 
±0,03

0,021 
±0,006

0,204 
±0,001

0; 0056 
±0,006

0,31 
±0,01

0,041 
±0,007

0,012 
±0,001

Sample 2 93,24 
±0,34

4,27 
±0,15

0,601 
±0,016

0,538 
±0,011

0,311 
±0,010

0,48 
±0,03

0,13 
±0,03 / 0,055 

±0,007
0,02 

±0,004
0,045 

±0,004
0,023 

±0,006 /

Control 96,84 
±0,34

2,13 
±0,11

0,19 
±0,010

O,014 
±0,003

0,018 
±0,002 <0,01 0,21 

±0,03 <0,005 <0,005 <0,002 0,011 <0,005 /

French Standard 
601 of July 2004 Rest 13,5 2 0,6 0,25 11 <0,05 0,35 4 <0,05 3 0,3 0,3

Al: Aluminium; Si: Silicon; Fe: Iron; Cu: Copper; Zn: Zinc; Mg: Magnesium; Cl: Chloride; Cr: Chromium; Mn: Manganese; Pb: Lead; Ni: 

Nickel; Ti: Titanium; Zr: Zirconium
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Chemical analysis of substrates
The colorimetry allowed us to highlight the presence of Al3+ 

ions in the substrates. After having shown the possibility of the 
solution of aluminum alloys by attack in contact with the food 
environment, the search for food corrosion products in the food 
itself is necessary. The elements sought are aluminum, copper, 
zinc, silicon, and sometimes lead or tin. Their choice is even 
more justified now, following the observation of their chemical 

composition, of the attack essentially localized in the aluminum 
matrix and at the level of the interfaces of this matrix with the other 
phases. In this part of the study, cooking was extended up to 3 hours 
in order to increase the concentration of the ions resulting from the 
attack in the solutions. (Tables 2-5) present the results obtained for 
O, OS2, OR and TC. These analyses clearly show that the quantities of 
metallic elements present in attack environments are all very low 
in the range of standards.

Table 2: Ion detection by colorimetry in O medium after 3h of corrosion.

Elements Al3+(mg/l) Cl- (mg/l) Fe2+ (mg/l) Cu2+ (mg/l)

Samples     

Sample 1 5 - - -

Sample 2 4 - - -

Control 5 - - -

Al: Aluminium; Cl: Chloride; Fe: Iron; Cu: Copper

Table 3: Ion detection by colorimetry in OS2 medium after 3h of corrosion.
Elements Al3+(mg/l) Cl-(mg/l) Fe2+(mg/l) Cu2+(mg/l)

Samples     

Sample 1 40 2300 - -

Sample 2 32 2300 - -

Control 40 2300 - -

Al: Aluminium; Cl: Chloride; Fe: Iron; Cu: Copper

Table 4: Ion detection by colorimetry in OR medium after 3h of corrosion.

Elements Al3+(mg/l) Cl-(mg/l) Fe2+(mg/l) Cu2+(mg/l)

Samples     

Sample 1 50 2800 - -

Sample 2 40 2800 - -

control 60 2800 - -

Al: Aluminium; Cl: Chloride; Fe: Iron; Cu: Copper

Table 5: Ion detection by colorimetry in TC medium after 3h of corrosion.

Elements Al3+(mg/l) Cl-(mg/l) Fe2+(mg/l) Cu2+(mg/l)

Sample     

Sample 1 50 3000 - -

Sample 2 40 3000 - -

Control 60 3000 - -

Al: Aluminium; Cl: Chloride; Fe: Iron; Cu: Copper

Discussion
The results show a significant presence of aluminum ions in 

the substrates. This presence poses the problem of human toxicity 
in the substrates. Assuming a loss of mass due to the oxidation of 
aluminum in the alloy, the toxicity of which is subject to controversy, 
which is then entirely transferred to the food, a person consuming 
for example 250 g of this rice would ingest 9.8 mg of this metal. 

To this quantity of aluminum from the pot is added that provided 
by food. For example, drinking water contains about 0. 2mg.l-1 of 
aluminum [7,8] and rice contains about 1.7μg.g-1 [9]. Water and rice 
contributions are so low that the amount of aluminum ingested is 
relatively independent of the water-rice ratio. However, the toxicity 
standards adopted by some authors [10,11] indicate a tolerable 
daily intake of 1mg per kilogram of body weight for humans. This 
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dose is the maximum amount tolerable by the human body beyond 
which aluminum becomes toxic to it. This simplified assessment 
shows that we are far from the critical threshold for which human 
health is at risk. Based on this study, it can be concluded that 
alloys used in the manufacture of pots in Burkina Faso do not 
present any particular toxicological hazards. The data obtained 
comply with the standards and show their good quality and their 
possible use for cooking. The predominance of silicon in sample 1 
is consistent with aggressiveness in the studied media and justifies 
their strong attack on this sample. This study made it possible to 
update the data of the literature and should support the agri-food 
and socio-economic interest of the manufacture of kitchen utensils 
in the center of Burkina Faso according to the area [12]. After 
some preliminary tests, the artisanal alloys of Burkina Faso are 
inert to the food with which they come into contact and we notice 
important consequences on the microstructure, especially at the 
interface between aluminium and other phases. These materials 
are therefore indeed usable in food.

Conclusion

This work is a contribution to the characterization of kitchen 
utensils in culinary environments, of two samples collected in two 
localities of central Burkina Faso (Ouagadougou). The chemical 
characteristics are dependent on the source of the kitchen utensil 
samples. So, the experiments we have just completed show that 
degradation is important in all environments, especially those 
containing rice. The data obtained comply with the standards 
and show their good quality and their possible use for cooking. 
The predominance of silicon in sample 1 is consistent with 
aggressiveness in the studied media and justifies their strong attack 
on this sample. This study made it possible to update the data of 
the literature and should support the agri-food and socio-economic 
interest of the manufacture of kitchen utensils in the center of 
Burkina Faso according to the area. After some preliminary tests, 
the artisanal alloys of Burkina Faso are inert to the food with which 
they come into contact and we notice important consequences on 
the microstructure, especially at the interface between aluminum 
and other phases. These materials are therefore indeed usable in 
food.
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