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Abstract

The ingestion of aluminum from food containers such as cookware, cans, utensils and wrappings and its subsequent

release into the environment is a growing public health concern. Aluminum is widely used in manufacturing cookware

due to its malleability, high heat conductivity, light weight, durability, availability and affordability. This paper therefore

gives a review of most relevant literatures on the benefits and risks of the various types of aluminum cookware in use,

the composition and the public health effects of aluminum ingestion. Studies that reported the leaching of aluminum

from cookware  into  food  and  environmental  effects  of  aluminum  leaching  were  also  reviewed.  In  the  developing

countries, aluminum cookwares are produced from scrap metals and has been reported to leach harmful substances

including heavy metals such as: nickel, arsenic, copper, cadmium, lead, and aluminum into cooked food. Several factors

have been  reported to  increase the  rate of  leaching  of  metals  from  aluminum  cookwares.  Exposure  to  metals  from

aluminum cookware and the public health effects have not been well studied, hence, our recommendation for more

studies to elucidate the health effect of this practice. This review also presents measures that can limit exposure to the

risks that may arise from the use of aluminum cookware.
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1.0 Introduction 

Aluminum is the third most abundant element in nature (Hassan et al., 

2008). It is the most abundant metal which occurs naturally in 

silicates, cryolite and bauxite rock. It is a good conductor of heat which 

makes it a great choice for cookware with its thermal conductivity 

sixteen times greater than that of stainless steel. Pure aluminum is 

nevertheless very soft and it is therefore often mixed with other metals 

and elements like silicon, zinc, copper, magnesium, manganese and 

lithium to form alloys which are stronger and harder and hence of 

increased versatility (ATSDR, 1999; Wagner, 1999). The tensile 

strength of some copper-aluminum alloys can exceed that of mild steel 

by as much as 50% (Wagner, 1999).  

Aluminum metal and its alloys are used widely in building 

construction such as siding and roofing, doors, windows and also in 

transportation to manufacture automobiles and aircraft. It is used to 

produce storage and packaging materials like beverage cans and also 

for electrical equipment, cookware, decorations, road signs, fencing, 

foil, corrosion-resistant chemical equipment, solid fuel rocket 

propellants, explosives, dental crowns and jewelry (Krewski et al., 

2007). Aluminum is also a component of many items used daily such 

as over-the-counter medications which include but are not limited to 

antacids, buffered aspirins, anti-diarrheal products and body care 

products (Mohammad et al., 2011). Aluminum is used in making home 

cooking utensils due to its malleability, making it easy to be bent or 

pressed into several shapes (Odularu et al., 2013). These utensils have 

high heat conductivity and thus cook food evenly. They are light 

weight, easy to clean, durable and affordable as a result of easy 

availability of aluminum. An assortment of aluminum cookware and 

utensils are in use all over the world, some of which are locally made, 

uncoated and non-anodized with each type having its own benefits and 

risk factors (Table 1). Aluminum cookware is widely used throughout 

the developing world (Bergkvist et al., 2010; Al Zubaidy et al., 2011; Al 

Juhaiman 2012).  

Types of Cookware 

There are different types of cookware in use all over the world which 

are made from variety of materials ranging from clay, ceramics, glass, 

to metals like gold, silver, copper, brass, bronze, cast iron, steel, 

stainless steel aluminum alloys and food grade plastics. These 

assortments of cookware have their own advantages and 

disadvantages depending on the type of material used in their 

production (Table 2). Leaching of materials from any type of cookware 

is also dependent on the type of material used in their manufacture 

and the cooking temperature. 

Production of Aluminum Cookware 

Aluminum cookwares are manufactured using heat processing similar 

to the cast iron skillets. It involves a casting process requiring melting 

metal which is then poured into a cast. Scrap metals including waste 

engine parts, vehicle radiators, lead batteries, computer parts and 

other materials are the primary source materials used by local artisans 

in manufacturing forged aluminum cookware which pose a significant 

risk by leaching of multiple metals during cooking (Weidenhamer et 

al., 2016).  

In the developing countries, the pot makers depend on aluminum 

products like broken spoons, plates, old aluminum pots, cans and other 

containers that have been used and thrown away which they pick up 

from the streets, gutters and dust bins. The potters also go to bicycle 

repairers, iron benders and mechanic workshops to acquire used 

aluminum parts of generators, motorcycles and vehicles (Abubakar, 

2011). The major tools and equipment used in the melting section by 

these artisans are air blowing machine, wheel, fire mouth, iron pot (old 

gas container of refrigerator), pincers, hammer, metal rods, wooden 

rods and knives (Oke and Oyeniyi, 2013). The effort of two or more 

people is required in the production process. With the aid of a pipe, the 

blowing machine is permanently linked to a fire mouth powered by 

burning charcoal, with the iron pot containing the aluminum material 

placed on top of it (Figure 1). The aluminum material melts to liquid 

form in this process. One or two pieces of dry cell battery are added to 

it to enable the impure materials to float and be removed from the pot 

(Okunna, 2004). When the hot liquid is ready, it is poured into a clay 

mold to form a cast and the cast is allowed to cool down for at least five 

minutes before the aluminum pot is removed from the mold (Figure 

2). A metal file is then rubbed through the body of the pot to get a fine 

finish (Figure 3) (Suleiman, 2011).  

 

 

Figure 1: Melting of aluminum plates to produce cooking pots. 

Source: The Epoch Times, 2017 
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Figure 2: Pouring of melted aluminum into a mold to produce cooking 

pots.  

Source: The Epoch times, 2017.  

 

Figure 3: A file photo of aluminum pots made from scrap metal in a 

market in Cameroon, Africa. Source: The Epoch times (2017)  

 

On a more refined industrial scale, the process of manufacturing 

aluminum involves various steps which include: blanking, punching 

and piercing to cut out portion of metal, deep drawing to shape and 

size metal sheet relative to the required design, metal forming by 

spinning along the die surface to get desired profile. This is followed 

by bulging process to expand metal, beading and curling to roll metal 

under a die to create ring of material along the edge, coining or 

embossing to reduce thickness to maximum of up to thirty percent of 

base thickness, extruding where a pilot hole is pierced, and punch is 

pushed through to expand the metal and grow in length. Finally, 

necking and rib forming to create an inward or outward protrusion of 

metal on surface trimmer to remove excess metal to get the finished 

part. The utensils are anodized, polished and inspected. The finished 

utensils of various sizes are bunched into set of utensils and packed for 

dispatch. The application of handles onto copper and aluminum pots 

is carried out by nailing them onto the body of the pot with particularly 

resistant alloy rivets (AG5) or with rivets made from the same metal 

as the container (Guidetti and Simonetti, 2000).   

A new development in the manufacturing procedures of cookware is 

coating internally with a film of food-grade plastic material, 

polytrifluoroethylene (PTFE), which involves combining aluminum 

with non-stick materials by subjecting anodized aluminum to a 

polymer infusion process, thus conferring an anti-stick property; such 

that it allows less fat to be used in cooking and makes it easier to wash. 

Various cooking utensils have nonstick coating which is applied to the 

cookware in a furnace and industrial oven. The processing involves an 

initial phase of preparation of the metal onto which the coating is to be 

applied, cleaning or removal of grease and sanding. Subsequently is 

the application phase, normally of more than one layer, until a 

thickness is reached which allows it to perform to its maximum in 

terms of resistance against friction but also in terms of duration over 

time (Guidetti and Simonetti, 2000). This coating in aluminum 

cookware is also meant to minimize leaching of metals into cooked 

foods, however, this gets worn out by scratching as time goes on. 

Recycling of Aluminum and the production of aluminum 

cookware  

Aluminum recycling is the method of reusing scrap aluminum and 

other metals to make new products after its original production.  Many 

of the aluminum cookware and cans currently in use contain some 

amount of recycled metals while others are exclusively made of 

recycled metals. The importance of scraps as a source of aluminum 

supply continues to increase from the start of the aluminum industry. 

Domestic primary aluminum production accounted for over forty 

percent of the world’s aluminum production after the Second World 

War. Primary aluminum was manufactured in forty three countries in 

the year 2000, with the United States producing about fifteen percent 

of the twenty four million tons of production, having metals recovered 

from scrap making up around thirty five percent of this local supply of 

aluminum (Patricia, 2000). The process of producing recycled 

aluminum into new products involves different stages like separation 

of the metals, cleaning, melting, forming into different shapes, cooling, 

refining and polishing. This process is energy-saving, inexpensive and 



 Alabi and Adeoluwa, 2020                                                                                              Production and usage of aluminum cookware  

   23|Annals of Science and Technology 2020 Vol. 5(1) 20-30 This journal is © The Nigerian Young Academy 2020 

 

considered sustainable, as it significantly reduces the level of 

greenhouse gas emission when compared to the process used to make 

entirely new aluminum products. About thirty five percent of all 

aluminum materials manufactured in the United States are from old 

recycled scrap (Schlesinger, 2006). Aluminum cookwares 

manufactured from scraps has been identified as a potential source of 

heavy metals especially lead and arsenic poisoning in developing 

countries (Weidenhamer et al., 2016). 

Constituents of Aluminum Cookware 

Lead 

Lead is a heavy metal with a high toxicity even at very low exposure 

levels. It has acute and chronic effects on health and the environment. 

Lead is not degradable in nature and will therefore remain in 

circulation once released to the environment. A source of lead 

exposure that has largely been overlooked is locally-made aluminum 

cookware (Bergkvist et al., 2010). Despite the removal of lead 

additives from gasoline several years ago, many recent studies reports 

the widespread persistence of high blood levels especially in 

developing countries (El Desoky et al., 2013, Kalra et al., 2013, 

Kapitsinon et al., 2015). Artisanal aluminum cookware may be a major 

contributor to lead poisoning (Weidenhamer et al., 2014) because it is 

mostly made from scrap metals like car parts including lead batteries 

as additive. The potential for lead to leach from this type of cookware 

has been reported and estimated to be as high as 260µg/serving, 

indicating a potential health hazard (Al Juhaiman, 2010; 2012; 2016). 

At Ashland University in Ohio, researchers and the nonprofit 

Occupational Knowledge International studied forty two pots from ten 

developing countries, and reported that more than one-third posed a 

risk of lead exposure. The highest level was in Vietnam, where one pot 

released 2,800 times more lead than California’s maximum allowable 

dose level of 0.5 µg/day (Weidenhamer et al., 2016). WHO has 

established a provisional tolerable weekly intake of 25 µg/kg of body 

weight for lead (equivalent to 3.5 µg/kg of body weight per day).  

Arsenic 

Arsenic is another heavy metal that poses threat to both human health 

and the environment. Arsenic is found in contaminated dusts, water, 

soil, containers and agrochemical wastes (Nriagu and Azcue, 1990). 

Studies by Weidenhamer et al. (2016) reported that measureable 

levels of arsenic was generated by 23 (55%) aluminum cookwares 

from the Philippines, with a concentrated level of 10 μg/serving in one 

pot. Also in Bangladesh, a country with serious arsenic poisoning due 

to contaminated groundwater,  all four cookware items studied were 

observed to leach arsenic up to a concentration of 6 μg/serving (Uddin 

and Huda, 2011; WHO, 2011a).  Arsenic in aluminum cookware can be 

traced mostly to the scrap metals used in the production of aluminum 

cookware.  

Cadmium 

Cadmium is another heavy metal with high toxicity and it accumulates 

in the human body especially the kidney (NCM, 2003). Cadmium 

oxides are used in the chemical industry for electroplating in electric 

batteries, as stabilizers for plastics, and pigments for enamels. 

Rechargeable batteries and special alloys produced from cadmium 

also form a vital part of the scraps used in the production of aluminum 

cookware. Studies by Liangbo et al. (2017) reported the migration of 

cadmium into food from aluminum alloy pots during cooking at high 

temperatures, the rate of which increases with the cooking time. Also, 

when the pots were used to heat 15% ethanol under high temperature, 

the released amount of cadmium increased drastically (Liangbo et al., 

2017). 

Copper 

Metallic copper is flexible, ductile and a good conductor of thermal and 

electrical energy. Copper is used to make cooking utensils, electrical 

wiring, coins, pipes, faucets, fittings, building tools and for other 

commercial uses because of its versatility. It is also present in 

munitions, alloys (brass, bronze), coatings, fungicides, insecticides and 

wood preservatives. The main source of copper exposure in developed 

countries is through food and water (NCM, 2003). Copper is also a 

constituent of aluminum cookware that can leach into food during the 

process of cooking leading to elevation of the normal dietary intake 

range. Omar et al. (2015) studied the bioavailability of heavy metals in 

rice cooked with aluminum cooker using in vitro digestion model and 

inductively coupled plasma optical emission spectrometry (ICP-OES), 

the result showed that the cooked rice contained Copper at a 

concentration of 1.1 ±0.1 mg/kg. Although copper can be considered 

essential at low concentration, it is usually toxic at high levels (Rignell 

et al., 2009; Chen et al., 2009). 

Nickel 

Nickel is an abundant, strong, lustrous, silver-white metal which finds 

progressively more applications in modern technologies. It is very 

ductile and malleable, resistant to corrosion making it excellent for its 

choice as one of the metals alloys for manufacturing cookware. Most of 

the nickel produced is used for manufacturing stainless steel, nickel 

alloys, and nickel cast iron that include objects, such as, kitchen 

utensils, electrical equipment, tools, coins, machinery, armaments and 

jewelry. Nickel compounds are also used for electroplating, 

electroforming, nickel-cadmium alkaline batteries, dye mordant, 

catalysts and electronic equipment (Aleksandra and Urszula, 2008). 

Non-occupational sources of nickel exposure for the general 

population include mainly drinking water and food. The daily 

consumption of nickel through food is estimated at 0.15-0.7 mg/day 

(CAC, 1995). Several researchers have reported that some quantities 

of nickel are always transferred into cooked food (Sunderman, 1989; 

CAC, 1995; Agarwal et al., 1997; Berg and Petersen, 2000).  Ogidi et al. 

(2017) reported an increased level of nickel in tomatoes sauce which 

is attributed to leaching of the metal from the household aluminum 

cookwares used.  

Fluoropolymer Coating 

Fluoropolymers are the polymer materials containing fluorine atoms 

in their chemical structures. They are high-performance plastic 

materials used in strong chemical and high-temperature 

environments, in defense-related industries, electronics, automotive, 

aerospace, and telecommunications (Smart et al., 1995). About 85 

percent of fluoropolymers are used in industrial applications like wire 

insulation for computer networks, automotive fuel hoses, semi-
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conductor manufacturing equipment among others while the other 

fifteen percent is used in consumer products such as nonstick 

cookware and weather- and chemical-protective fabrics (Salamone, 

1996). There are two types of fluoropolymer materials, which are the 

perfluoropolymers and partially fluorinated polymers. In partially 

fluorinated polymers, all the hydrogen atoms in the analogous 

hydrocarbon polymer structures are replaced by fluorine atoms while 

in perfluoropolymers there are both hydrogen and fluorine atoms in 

the polymer structures along with other elements in selected cases, 

such as polyvinylidenefluoride and polychlorotrifluoroethylene. 

Fluoropolymers have outstanding properties such as low surface 

energy, excellent chemical resistance, weather stability, low coefficient 

of friction, and low dielectric constant. These properties come from the 

special electronic structure of the fluorine atom, the stable carbon-

fluorine covalent bonding, and the unique intramolecular and 

intermolecular interactions between the fluorinated polymer 

segments and the main chains (Scheirs et al., 1997), hence their choice 

as a suitable film of coating on the surface of anodized aluminum in the 

manufacture of non-stick Aluminum cookware. 

Human exposure to aluminum 

There is widespread use of cheap aluminum cookware in many 

countries (Osborn, 2009) and as such evaluating the extent of metal 

exposures from this source and proffering solutions is of utmost 

importance (Weidenhamer et al., 2016). An average of 30mg of 

aluminum is daily ingested through food, water and drugs 

(Mohammad et al., 2011). The daily intake of aluminum was reported 

to be 18–36 mg per day prior to 1980. WHO in 1989 put the provisional 

tolerable weekly intake of aluminum per kilogram per bodyweight at 

7mg (Al Juhaiman, 2012). Consequently, a person with a weight of 

60kg should not consume more than 60mg of aluminum per day 

(Odularu et al., 2013). The primary source for aluminum intake under 

biological conditions is food (Yokel and McNamara, 2001). The main 

sources of aluminum in the diet include artificially added aluminum 

(in grain products, processed cheese and salt) and high dosages of 

naturally occurring aluminum (in tea, herbs and spices). Because of the 

factors of natural content of aluminum in food and its reaction with 

storage materials and cookware, aluminum concentration in food is 

not always constant. The air we breathe is a major contributor to 

aluminum exposure. This is influenced by activities like workplace 

exposure (Polizzi et al., 2002) and habits such as smoking cannabis, 

cocaine and heroin (Exley et al., 2006). Exposure to aluminum is 

almost impossible to avoid because of the extensive presence of this 

metal ion both in foodstuffs and in the atmosphere.  

Apart from other sources of dietary aluminum, aluminum cookware is 

considered to be a likely source of aluminum leaching into beverages, 

water and food under diverse experimental conditions modified by 

varying the levels of citrate, chlorides, fluorides, pH and acetate (Al 

Zubaidy et al., 2011). Reports have shown that acidic food like 

tomatoes and simple foods like oils and cereals oxidize aluminum 

alloys and there is a concern of the absorption of aluminum from 

cookware (Semwal et al., 2006). Leaching is most likely to occur in 

cooking utensils due to factors such as temperature and pH during 

cooking and the release of the ions as the years increase (Odularu et 

al., 2013). Several reports confirmed that the leaching of aluminum is 

extremely dependent on pH, temperature and the presence of 

complexing agents from the alloys used in making the aluminum 

cookware (Semwal et al., 2006; Dabonne et al., 2010; Zubaidy et al., 

2011; Odularu et al., 2013; Weidenhamer et al., 2014, 2016). 

Aluminum displays an inert behavior in aqueous solutions because of 

the protective compact Al2O3 film on its surface. The solubility of this 

protective film nonetheless increases in acidic and alkaline medium. 

The leaching of aluminum in aqueous solutions can be explained by the 

chemical reaction below which occurs on the surface of the aluminum 

cookware, the released free aluminum ions then reacts with organic 

acids and other compounds found in food. 

Al2O3 + 6H+ = 2Al3+ + 3H2O 

The use of aluminum cookware for cooking offers a significant route 

for the entrance of aluminum metal into food and subsequently into 

humans that consume such foods (Adelkhani et al., 2009). Aluminum 

present in cookware especially in the case of acidic dishes such as 

tomato sauce can expose man to the consumption of high quantities of 

aluminum. Several studies showed that the leaching process increases 

by the addition of salt and citric acid to aluminum cookware (Karbouj, 

2007; Mohammad et al., 2011) and with the increasing fluoride 

content in cooking water (Amarasooriya and Dharmagunawardhane, 

2014). In recent times, wrapping meat and fish prior to oven cooking 

has become a common practice which has led to the excessive 

consumption of aluminum leached from aluminum foil with potential 

health risk. Studies on leaching of aluminum from aluminum foil using 

meat of various types (chicken, beef, mutton, water buffalo, and 

turkey)  in different food solutions of tomato juice, citric acid, apple 

vinegar, salt, and spices packed with aluminum foil and cooked in the 

oven at different temperatures and time periods indicate that cooking 

increases the aluminum concentration in white and red meats, and in 

poultry having aluminum leaching values ranging between 59.83 – 

220.20 mg/kg (Ranaua et al., 2001; Turhan, 2006). For grilled and 

baked fish fillets wrapped in aluminum foil, the leaching of aluminum 

depends on the duration of grilling, food pH value, heating 

temperature, composition and presence of any other substances 

(Turhan, 2006). Other studies report that aluminum is found to leach 

out from the foil in different stimulants, particularly in distilled water 

as well as acidic and alkaline media. Leaching of aluminum is found to 

be significantly higher in acidic and aqueous media compared to 

alcoholic and saline media. Conditions of higher temperature also 

increase the rate of movement of aluminum in acidic and aqueous 

media (Deepa and Padmalatha, 2013). The fat content in meat, in 

addition to the cooking process, has an effect on the leaching of 

aluminum with raw chicken and turkey breast meat having higher 

amounts of aluminum than the raw chicken and turkey leg meat, 

respectively. The amount of leaching are found to be high in acidic 

solutions and higher with the addition of spices (Bassioni et al., 2012).  
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Table 1: Types of Aluminum Cookware, their characteristics and potential health risks. 
 

TYPE   CHARACTERISTICS RISKS 
Pressed Aluminum 
 

 

i. Light-weight. 
ii. Cheap. 
iii. Comprise the highest percentage of aluminum 

utensils being manufactured today. 

i. Usually not durable as the handles become 
loose or totally fall off.  

ii. They have also been reported to leach 
lead pigments and cadmium into food 
especially when cooking acidic foods. 

Cast Aluminum 

 

i. These are usually manufactured in a slower, 
although more costly, process, with the final 
product thicker than the pressed aluminum 
cookware. 

ii. The bottom and the edges of the pots and pans 
may also be designed to be of greater thickness 
than the sidewalls making the aluminum utensil 
less likely to bend or twist as it ages. 

iii. Cast aluminum is more porous and thus has a 
better heat retention feature and conductivity 
than pressed aluminum. 

i. Cast aluminum cookware can react with 
acidic foods to change the taste of the 
food. 

ii. Older pots have been reported to leach 
out heavy metals into food. 

Aluminum Foil and Foil Pans 

 

   

i. Aluminum foil may be used for packing.  i. Aluminum is found to leach out from the 
foil during cooking at high temperatures, 
more than other aluminum cookware. 

Anodized aluminum 

 

i. Anodized aluminum cookware is hard, highly durable, 
and easy to clean. 

 
ii. This anodizing procedure improves the natural oxide 

film found in aluminum making it to have a hard, 
non-oxidizing finish that doesn't stick and is 
resistant to scratching. 

i. Anodized aluminum cookware gets worn 
by scratching as time goes on. 

 
ii. The coating may also break down and 

flake-off when overheated releasing toxic 
particles and gasses. 

Sheet Aluminum 

 

i. Cheap. 
ii. Lightweight. 
iii. Soft and may be alloyed with magnesium, copper, 

or bronze to increase its strength. 
iv. Sheet aluminum may be used to form deep or 

shallow pots used for baking like pans, pie, cake or 
muffin pans. 

i. Aluminum and any of its alloying metals 
can easily leach out from this type of 
cookware especially at higher cooking 
temperatures. 

Source: Guidetti and Simonetti, 2000. 
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Table 2: Different types of cookwares, their advantages and disadvantages. 
TYPE ADVANTAGES  DISADVANTAGES 
Aluminum Cookware 
 
 

i. Recyclable 
ii. Lightweight.  
iii. Thermally responsive. 
iv. Easy to clean.  
v. Fairly inexpensive. 
vi. Energy saving. 
vii. Hygienically safe. 
viii. Resistant to thermal shock, corrosion and scratching. 
ix. Quality-price ratio is fair. 

i. The metal has consistently been placed in the top 200 health-
jeopardizing toxins by the Agency for Toxic Substances and 
Disease Registry (ATSDR) at the U.S. Department of Health and 
Human Services. 

ii. During cooking, some aluminum especially from worn or pitted 
pots and pans may dissolve into food. 

iii. The longer food is cooked or stored in aluminum, the greater 
the amount of aluminum that gets into food. 

iv. Leafy vegetables and acidic foods such as tomatoes and citrus 
products, absorb aluminum the most. 

v. Salty water or food can pit aluminum cookware, making older 
pots a possible source for trace amounts of substances like 
arsenic and fluorides. 

Copper cookware i. Conducts heat well, making it easy to control cooking 
temperatures. 

i. High level of copper leaching can occur when acidic foods are 
prepared in copper cooking utensils, which can cause chemical 
toxicity and illness.  

Cast iron cookware i. Thick and dense which gives even and high heating 
capacity. 

ii. Releases some iron (essential nutrient) into food which 
is beneficial to the body.  

iii. Retains heat after the element is turned off. This is a 
good attribute for slow cooking and keeping food hot for 
a longer period of time. 

i. May rust if not properly maintained. 

Ceramic, Glass, Crock Pot, 
Terra Cotta cookware 

i. Easily cleaned.  
ii. Can be heated to fairly high temperatures. 
iii. Ceramic cookware is glazed with a form of glass to resist 

wear and corrosion. 
iv. Some glass containers are microwave safe. 

i. Minor components used in making, glazing, or decorating 
ceramic and glassware such as lead, pigments or cadmium may 
cause potential health risks. 

ii. Lead, pigments and cadmium may leach into food especially 
when cooking acidic foods. 

Stainless steel pots and 
pans 

i. Saves energy significantly. 
ii. Cooks food excellently for very long period over low 

heat and light. 
iii. Resistant to thermal shock, corrosion and scratching. 
iv. Inexpensive. 
v. Has cooking surface with less toxic materials than 

aluminum or non-stick coatings  
vi. Can be used at high heat.  
vii. The surface is sturdy, strong, and scratching and 

corroding resistant.  
viii. Long-lasting, stable and less susceptible to leaching  
ix. Considered one of the best and safest choices when 

choosing cookware. 

i. The metals present in the alloy used in stainless steel can be 
released into food. These metals include nickel, molybdenum, 
titanium, aluminum, chromium and carbon steel may produce 
health effects. 

Gold Cookware i. Has excellent heat conducting capacity and thus saves 
energy. 

ii. Resistant to thermal shock, corrosion and scratching. 
iii. Bacteriostatic. 
iv. Excellent for very long cooking over a low heat. 

i. Highly expensive 

Teflon 
(Polytetrafluoroethlyene) 
coated cookware 

i. Non-stick i. Can heat up to 430ºC within 5 minutes if left unattended. 
ii. Produces toxic fumes when heated with high heat which causes 

an illness in humans known as polymer fume fever. 
iii. Scratch easily and may release trace amounts of inert plastic into 

the food when cooked. 
iv. May contain perfluorooctanoic acid (PFOA), a chemical used to 

bond the non-stick coating to the pan. PFOA has been shown to 
cause cancer, low birth weight, and a suppressed immune system 
in laboratory animals exposed to high doses. 

Plastic coated wares i. Lightweight.  ii. Hard to break. 
iii. Suitable for use with microwave. 

i. At high temperature, food especially fatty and oily food may 
absorb some of the plasticiser. 

Bamboo steamers i. Non-reactive.   
ii. Considered safe and not harmful to health.  

i. Chipped bamboo steamers may cause physical hazard. 

Silicone baking wares  i. Colorful. ii. Lightweight. iii. Non-stick. iv. Stain-resistant.  
v. Hard-wearing. vi. Cools quickly. vii. Tolerates extreme 

temperature. viii. Freezer, refrigerator, microwave, 
dishwasher and oven safe. ix. No known health hazard.  

x. Does not react with food or beverages. xi. Does not 
produce fumes when heated. 

i.  Relatively expensive 

Source: Guidetti and Simonetti, 2000. 
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Public health effects of cooking with aluminum cookware 

There is limited information about the direct public health effects of 

cooking with aluminum cookware, however, there is increased public 

health concern as a result of consumption of aluminum and other 

metals from cookware. Thirty-five metals are of concern to human 

health according to reports by International Occupational Safety and 

Health Information Centre, and about one billion people globally suffer 

from some form of diseases that are linked to these metals (WHO, 

2011a). Although many of these metals play important roles in all life 

forms, some of them can have undesirable effects at high 

concentrations. For example, arsenic, copper, iron and nickel are 

considered vital at low concentrations but are highly toxic at high 

levels (Ogidi et al., 2017). High concentrations of aluminum have been 

discovered in the brain tissue of patients with Alzheimer’s disease, 

dialysis encephalopathy and Parkinson disease (Tabrizi, 2007). The 

toxicity of aluminum particularly to the aged and to people with kidney 

failure has also been reported (Soni et al., 2001). Aluminum salts can 

be absorbed by the gut and concentrated in many human tissues 

especially brain, bone and parathyroid. Bone and liver are the tissues 

most commonly affected by increased absorption and/or decreased 

clearance of aluminum. The growth rate of human brain cells slows 

down with the presence of aluminum. This decrease in growth rate 

becomes more evident at higher aluminum concentration (Kim, 2001).  

Exposure to aluminum can cause male reproductive toxicity, with high 

concentrations of aluminum in the spermatozoa and seminal fluid of 

humans reported to affect sperm viability and motility, testicular 

aluminum accumulation, structural changes in the testis such as 

formation of giant cells, necrosis of spermatocytes and spermatids and 

a substantial decline in fertility (Chinoy et al., 2005; Yousef et al., 

2007). This reproductive toxicity is as a result of different mechanisms 

which may include interfering with spermatogenesis and 

steroidogenesis, inducing oxidative stress, damaging cell signaling, 

disturbing the blood-testis barrier, promoting lipid peroxidation and 

affecting the endocrine system (Pandey and Jain, 2015). Oxidative 

damage and testicular toxicity triggered by aluminum can be linked to 

the decline in acetyl cholinesterase (AChE) activity of the testis. 

Aluminum ion can inhibit different metabolism processes in humans 

by competing with other ions such as magnesium, calcium, iron, 

phosphorus, and fluoride in various chemical reactions. Malluche 

(2002) reported that aluminum is connected with anemia, 

osteomalacia and neurologic syndrome.  

Weidenhamer et al. (2016) also reported that cookware items 

manufactured by local artisans pose a significant threat to health from 

leaching of various metals during cooking. From cooking alone, 

potential lead exposures were estimated to be as high as 250µg per 

serving, with a severe potential toxicity to health (Weidenhamer et al., 

2016). Lead can cause wide range of biological effects in humans which 

is dependent on the level and duration of exposure. These effects may 

include inhibition of enzymes, production of marked morphological 

changes and death. The effect of lead on the central nervous system is 

of particular concern for the general populace. Lead exposure may 

result in damage to the learning capacity, high blood pressure, decline 

in development of intellectual capability and also cardiovascular 

diseases (Goyer, 1986). For neurological, metabolic and behavioral 

reasons, children are more vulnerable to the effects of lead than adults. 

Epidemiological studies suggest that low level exposure of the foetus 

and developing child may lead to reprotoxic effects affecting 

neuropsychological development. Lead is identified to cause kidney 

damage. It also has reproductive effect in male by altering sperm 

morphology and count while in female, some adverse pregnancy 

outcomes have been attributed to lead. Absorbed lead is rapidly taken 

up into blood and soft tissue, followed by a slower redistribution to 

bone (NCM, 2003). Lead is accumulated in the bone during much of the 

human life span and may serve as an endogenous source of lead that 

may be slowly released over several years after the exposure stops 

(WHO, 1995). 

Furthermore, simulated cooking in the laboratory released significant 

concentration of other metals like cadmium, copper and arsenic from 

aluminum cookwares (WHO, 2011b). It is an established fact that 

arsenic is toxic in chronic and acute state. High exposure of arsenic is 

unevenly distributed into the kidney, lungs, liver and the skin causing 

arsenicosis, which has not been satisfactorily proven to have cure, 

while chronic poisoning of arsenic can be reconverted into a less toxic 

form by the liver and excreted via urine (Caroli et al., 1996). Cadmium 

which can also be present in scraps and other metals used in 

manufacturing aluminum cookware has a remarkably extended half-

life in the human body when ingested, and permanently accumulates 

in the human body, especially in the liver, kidney and lung. It is more 

lethal than other heavy metals because it alters biological systems, 

even at a much lower dose (Nordberg et al., 2007). Only a small portion 

of nickel ingested is absorbed by the body. Consumption of even small 

quantities of orally ingested nickel from foods rich in nickel or food 

and drinks polluted through nickel-containing utensils may however 

lead to an outbreak of eczema in some patients with certain types of 

nickel dermatitis (Elinder, 1986). Adverse health effects after oral 

exposure to nickel occur only when the levels exceed many times the 

normal level of the metal occurring in food or drinking water and are 

particularly rare cases. 

Mitigation against leaching of metals from aluminum cookware 

A progressive shift to the use of anodized aluminum cookware should 

be encouraged to minimize the leaching of aluminum into cooked food. 

Anodization of aluminum cookware provides a surface that is far more 

resistant to corrosion and leaching (Sekheta et al., 2010). Anodized 

aluminum cookware is produced by combining aluminum with non-

stick materials which is achieved by coating internally with a film of 

food-grade plastic material, such as polytrifluoroethylene. The 

anodized aluminum is subjected to a polymer infusion process which 

confers an anti-stick property and also makes the cookware resistant 

to scratching. The source of alloying metals in the manufacture of 

aluminum cookware should also be properly screened and regulated 

to minimize exposure to heavy metals that may likely leach from the 

cookware during the process of cooking. For cookware that are usually 

produced from scraps, these scraps should be properly tested and 

screened with analyzers to eliminate metals with potential toxic 

effects to public health. Furthermore, since the probability of leaching 

occurrence in cookware is largely dependent on factors of 

temperature and pH, as well as the release of ions as the cookware 
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ages, the prolonged usage of these cookware should therefore be 

discouraged and cooking acidic foods in them should also be avoided.  

There is need for public enlightenment on the potential health 

implications of cooking with aluminum cookware especially in the 

developing countries where scrap metals are the main source of 

materials used in the production of aluminum cookware. Education on 

the toxicity associated with long time use of aluminum cookware is 

also necessary to discourage the populace from prolong use of 

aluminum cookwares in homes. 

There is need for more studies into the potential toxicity of cooking 

with aluminum cookwares. This will provide more scientific 

explanation to the health effect of using aluminum cookwares and 

probably help in the legislation to protect the populace. 

Conclusion 

A collection of aluminum cookware and utensils are in use all over the 

world, a lot of which are locally made, uncoated and non-anodized. The 

use of aluminum cookware for cooking offers a significant route for the 

entrance of aluminum metal into food and subsequently into humans 

that consume such foods. There is a growing concern of the absorption 

of aluminum and other metals from cookware as the potential of 

aluminum and other metals to leach into food has been reported in 

cooking utensils due to factors such as temperature, pH, duration of 

cooking and the presence of complexing agents from the alloys used in 

making the aluminum cookware. The reported high concentrations of 

metals like lead and arsenic leached into food is a potential health 

hazard that should be researched. However, the process of anodization 

and coating of aluminum cookware with plastic material can minimize 

leaching of these metals into cooked foods but nonetheless gets worn 

out by scratching as time goes on. 
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