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COOKING POTS AS SOURCE OF HEAVY METAL CONTAMINATION OF FOOD 

AND WATER 

 

Abstract 

Introduction: Certain kitchen utensils used for food preparation can present significant risk 

because they are manufactured with materials such as aluminum, stainless steel and enamel that 

can be hazardous or contaminate food when heated.  

Aim: The aim of this study was to determine the microbial and heavy metals found in leachates 

from some cooking utensils subjected to heating.  

Methodology: A total of four cooking pots comprising aluminum and stainless steel were used 

as seven hundred and fifty (750) millilitres of tap water was boiled for 15 minutes to 30 minutes 

in each of the pots at boiling point of 100
O
C. The analyses of the water samples for bacteria were 

carried out using the conventional standard procedures of isolating and identifying bacteria. The 

physicochemical parameters were quantified with the APHA method whereas the Atomic 

Absorption Spectrophotometer (AAS) was used for the determination of heavy metals.  

Results: The results showed that Pseudomonas spp and Staphylococcus spp were isolated from 

some of the water samples that were not boiled while the boiled water showed no bacteria 

growth. The physicochemical parameters of the water samples before boiling were pH 5.36 to 

7.41, temperature 30.7
O
C to 31.0

O
C, turbidity 0.04 to 1.41NTU, total dissolve solids 50.0 to 

114.9mg/l and others, while the presence of heavy metals such as Lead (Pb), Zinc (Zn), Iron 

(Fe), Cadmium (Cd) and Chromium (Cr) were detected in leachates from the pots subjected to 

heating. The values obtained were higher in leachates from pots that were heated for longer 

period. The oldest pot of thirty (30) years had a value of 0.0175±0.0007mg/l to 

0.0275±0.0021mg/l for Zn while the value for Cd was 0.1110±0.0014 to 0.1245±0.0007mg/l and 

the values for the newest pot was 0.0505±0.0021 to 0.0775±0.0035mg/l for Pb and 

0.0455±0.0248mg/l to 0.0515±0.0191mg/l for Cr. 

Conclusion: Cadmium values in all the pots exceeded the control and World Health 

Organization (WHO) recommended values. It may be concluded that heavy metals leached out 

into water and food from some pots when heated for longer periods and this may become one 

source of exposure of heavy metals into the human body that may bioaccumulate to create health 

problems. 
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1. Introduction 

Most people are aware of air pollution, water pollution and the dangers of household chemicals.  

Studies are now showing that certain cookwares can also be polluting our bodies. The exposure 

of any material to heat with high temperature causes such material to expand, melt or burn 

depending on its nature, as the heat breaks the binding bonds between the elements. There is a 

toxicological risk when the pots are constantly reused because increasing their use degrades the 

pots cover especially the enamel covering the vessel due to heating, acidity and the friction 

between the food and the vessel walls, which consequently causes a greater concentration of 

heavy metals to leach. The greater use of the pots leads to more leaching of heavy metals into 

food and water [1]. Studies have shown that handcrafted glass-clay containers are a health risk 

because they can be contaminated by heavy metals, which can be transferred to food, thus 

reaching the human body to potentially cause illness.  The presence of metals in food can be 

caused by different sources, such as direct contamination during production, metal-rich soil, air, 

contaminated water, or from the use of pesticides or fertilizers. Food can also be contaminated 

during transportation, industrial processing, or during storage [2, 3, 4]. The domestic preparation 

of food as a potential source of heavy-metal contamination has been given little importance. 

However, there are reports that indicate that certain kitchen utensils used for food preparation 

can present a significant risk because they are manufactured with materials that can be hazardous 

or contaminated by toxic metals [5, 6, 7]. Metals are substances with high electrical conductivity, 

malleability, and luster, which voluntarily lose their electrons to form cations, and are found 

naturally in the earth’s crust with varying compositions among different localities, resulting in 

spatial variations of surrounding concentrations. The metal distribution in the atmosphere is 

monitored by the properties of the given metal and by various environmental factors [8]. Heavy 

metals are generally referred to as those metals which possess a specific density of more than 5 

g/cm3 and adversely affect the environment and living organisms [9]. There are other sources of 

heavy metals and their harmful effects on the environment and living organisms. These metals 

are quintessential to maintain various biochemical and physiological functions in living 

organisms when in very low concentrations, however they become noxious when they exceed 

threshold concentrations. Although it is acknowledged that heavy metals have many adverse 

health effects and last for a long period of time, heavy metal exposure continues and is 

increasing in many parts of the world. Heavy metals are significant environmental pollutants and 



 

 

their toxicity is a problem of increasing significance for ecological, evolutionary, nutritional and 

environmental reasons [10, 11]. The most commonly found heavy metals in waste water include 

arsenic, cadmium, chromium, copper, lead, nickel, and zinc, all of which pose risks to human 

health and the environment [12]. Heavy metals enter the surroundings by natural means and 

through human activities, and the various sources include soil erosion, natural weathering of the 

earth’s crust, mining, industrial effluents, urban runoff, sewage discharge, insect or disease 

control agents applied to crops, and many others [13]. In this work evaluation of leached Lead, 

Iron, Zinc, Cadmium, and Chromium from different types of pots into boiling water and the 

presence of associated bacteria was carried out.  

2. Materials and Methods 

 This study was carried out in Port Harcourt, the capital of Rivers State, in the Niger Delta region 

of Nigeria. It has a multi-race population of over 5 million people from all walks of life. The 

natives are mainly farmers, fishermen and industrious traders. The land area covers over 369Km
2
 

and water area covers about 9 Km
2
 with a population density of 2700-12000/Km

2
. Port Harcourt, 

the capital of Rivers State, has Tropical climate with lengthy wet season and very short dry 

seasons. Only the months of December and January truly qualify as dry season months in the 

city. The harmattan which climatically influences many cities in West Africa is less pronounced 

in Port Harcourt as its heaviest precipitation occurs in September with an average of 367 mm of 

rain. 

2.1 Sample Collection  

Two selected stain-less steel enamel pots were sourced from different residential areas of Port 

Harcourt. The water samples used for the work were collected from different areas such as 

Trans-Amadi, Etche and Mile IV in Rivers State and Umuahia in Abia State. The Trans –Amadi 

water sample served as control because it is always treated before use. Old and new pots made of 

aluminum, electric cookers, stop-watch, distilled water and other water samples were collected 

and transported to the laboratory.  

2.2 Sample Preparation  

2.2.1 Procedure: Each pot, new, old and very old made of stainless steel, aluminum and enamel 

were washed with distilled water and soap and rinsed properly with sterile distilled water for at 

https://en.wikipedia.org/wiki/Tropical_monsoon_climate
https://en.wikipedia.org/wiki/Dry_season
https://en.wikipedia.org/wiki/Dry_season
https://en.wikipedia.org/wiki/Dry_season
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https://en.wikipedia.org/wiki/West_Africa


 

 

least five times. Thereafter, 750mls of each of the water sample was added to each pot and 

heated to boiling point of 100
O
C on gas cookers for a start and allowed to further boil for 15 

minutes and 30 minutes time intervals respectively. Water samples for analyses were collected 

after 15 minutes and 30 minutes boiling with the use of sterile pipettes and, 20ml of the cooled 

boiled water was transferred into two different sterile universal bottles of 25ml capacity each for 

transportation under ice pack for heavy metals analysis to the Laboratories. The boiled water 

samples were properly labeled and sent to the Department of Fisheries, University of 

Agriculture, Umudike, Abia State for estimation of heavy metals, while the water samples for 

microbiological assay were sent to Medical Microbiology Laboratory Unit of the University of 

Port Harcourt Teaching Hospital, Port Harcourt and the samples for   physiochemical parameters 

analyses were sent to Institute of Pollution Studies (IPS), Rivers State University,  Nkpolu 

Oroworukwo, Port Harcourt. The Trans-Amadi water sample was used as a control because it 

receives better pretreatment before use, and its physiochemical analysis and microbiological 

assay were also determined. 

2.2.2 Preparation of Culture Plates and Broth  

The media used were Nutrient, MacConkey agar and MacConkey broth that were prepared 

according to the manufacturer’s specification of weighing out 28g and 50g respectively as the 

required amount of each powder and dissolved in one litre each of distilled water while 

Salmonella - Shigella, Thiosulphate Citrate Bile Salt and Sucrose (TCBS) and Eosin Methylene 

blue agar were also prepared using the manufacturer’s recommended instruction. The 

MacConkey broth was prepared by weighing out 40g of the powder and dissolved in one litre of 

distilled water and mixed properly. And using a sterile pipette nine (9.0ml) milliliters of the 

broth were transferred into clean and dried test tubes arranged in the rack with inverted Durham 

tubes. The media and broth were autoclaved and sterilized at 121
O
C at 15psi for 15minutes. The 

media were brought out and allowed to cool to 45
O
C and 20ml poured into each sterile culture 

plate for the agar and then allowed to set. 

 2.2.3 Isolation and Enumeration of Bacteria in Water Samples before boiling. 

The water samples were serially diluted by pipetting one (1.0ml) milliliter of the water and 

adding it to nine (9.0ml) milliliters of sterile distilled water thereby making a one in ten (1:10) 

dilution. A zero-point one (0.1ml) milliliter of each diluted water sample was pipetted and 



 

 

dropped on the dried culture plates Nutrient and MacConkey agar. The dropped aliquot was then 

spread with a sterile spreader that was dipped into an absolute alcohol solution and flamed in a 

bunsen burner flame for sterilization. The plates were then incubated at 37
O
C for 24 hours. The 

results of each plate were read by counting the number of bacteria which served as total 

heterotrophic bacteria count and the morphological and cultural characteristics of the bacteria 

growth were noted and recorded as well as the total and faecal coliform.  Then, each isolated 

colony was sub-cultured and characterized with the use of Gram staining and biochemical tests 

like catalase, coagulase, indole, citrate, Motility test, urease, oxidase test, and carbohydrate 

assimilation tests [14]. This procedure was repeated for all the isolates in samples boiled for 

15minutes and 30minutes period respectively.  

2.2.4 Isolation of Bacteria in Water Samples after Boiling 

The culture plates used were labeled clearly for proper identification of the samples. The water 

samples were not diluted because they were clear and not turbid. The spread plate technique was 

used to culture the water samples on the different media used which were Nutrient Agar, 

MacConkey, Salmonella- Shigella agar, Thiosulphate Citrate Bile Salt and Sucrose agar (TCBS), 

Eosin Methylene blue agar. An aliquot of 0.1ml of each sample was pipetted and placed on each 

of the plates after which the sterile spreader was used to spread each of the inoculum in the plates 

[14]. They were then incubated at 37
O
C for 24 hours in an incubator. 

3. Result  

The analyzed result of the heavy metals in leachates from Pot 1 a Salad Master pot is presented 

in table 1 and figure 1. The values for each metal Lead (Pb), Zinc (Zn), Iron (Fe), Cadmium (Cd) 

and Chromium (Cr) are as shown. The value for Pb ranged from 0.0050 ± 0.0014mg/l for 15 

minutes boiling to 0.0070±0.0000mg/l for 30 minutes boiling with a control value of 0.0265 ± 

0.0021mg/l, Zn value ranged from 0.0020 ±0.0000mg/l at 15 minutes to 0.0035 ± 0.0007mg/l for 

30minutes and a control value of 0.0050 ± 0.0000mg/l, Fe value was 0.0165 ± 0.0021mg/l for 

both 15 and 30 minutes boiling respectively with a control value of 0.0145 ± 0.0007mg/l  while 

the Cd value ranged from 0.0520 ± 0.0000mg/l to 0.0740 ± 0.0014mg/l for both 15 and 30 minutes 

respectively and a control value of  0.0170 ± 0.0000mg/l and the Cr value ranged from 0.0190 ± 

0.0000mg/l  for 15 minutes to0.0255 ± 0.0007mg/l for 15 and 30 minutes respectively with a control 



 

 

value of 0.0055 ± 0.0007mg/l. The World Health Organization (WHO) Standards (WHO, 2002) 

[15] for each heavy metal are also presented in the table1. 

Table 1: Descriptive Statistics of Heavy Metal Analysis of Pot 1 

Parameters 

(mg/L) 

Control 15 minutes 30 minutes WHO Standard 

Concentration 

(mg/L): 

Pb  

 

0.0265
a
±0.0021 0.0050

b
±0.0014 0.0070

b
±0.0000 0.13 

Zn 

 

0.0050
a
±0.0000 0.0020

c
±0.0000 0.0035

b
±0.0007 0.8 

Fe 

 

0.0145
a
±0.0007 0.0165

a
±0.0021 0.0165

a
±0.0021 1.0 

Cd 

 

0.0170
c
±0.0000 0.0520

b
±0.0000 0.0740

a
±0.0014 0.003 

Cr 0.0055
c
±0.0007 0.0190

b
±0.0000 0.0255

a
±0.0007 0.1 

Note: Mean scores with the same superscript across the rows are not significantly different 

Key: Zn = Zinc, Pb = Lead, Fe =Iron, Cd = Cadmium, Cr = Chromium, P1 = Salad Master pot 

 



 

 

Figure 1: Plot of Comparison of Heavy Metals in Leachates in Pot 1 at Different Timing 

with Control and WHO Standard. 

 

The level of heavy metals in leachates in pot 2 are as shown in table 2 and the figure 2, these 

show the plot of three different varieties of pots.  The different pots are namely stain-less steel 

Master Chef pot already in use (a bigger pot), identified as pot 2(0), New stain-less steel Master 

Chef pot (big) and labeled as pot 2(1) and a stain-less steel Master Chef pot 2 (1) (biggest size). 

The values of each of the heavy metals that was analyzed were recorded for both the leachate, 

control and WHO standards [15]. 

The Pb value for control was 0.0265 ± 0.0021/mg/l while pot 2(0) ranged from 0.0045 ± 0.0007 

for 15 minutes to 0.0085 ± 0.0007mg/l, for 30 minutes, pot 2(1) values are 0.005 ± 0.0007mg/l 

for 15 minutes to 0.0085 ± 0.0007mg/l for 30 minutes while pot 2(11) ranged from 0.0085 ± 

0.0007mg/l for 15 minutes to 0.0110 ± 0.0007mg/l for 30 minutes. 

The obtained Zn values for control was 0.0050 ± 0.000mg/l, while pot 2(0) ranged from 0.0065 ± 

0.0007mg/l at 15 minutes to 0.00060±0.0000mg/l for 30 minutes, pot 2(1) values were 
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0.0065±0.002/mg/l for 15 minutes to 0.0060 ± 0,0000mg/l for 30 minutes and pot 2(11) value 

was 0.0060 ± 0.000mg/l for 15 minutes to 0.0070±0.0014mg/l for 30 minutes. 

The value for Fe control was 0.0145 ±0.0007mg/l, pot 2(0) ranged from 0.0140 ± 0.000mg/l for 

15 minutes to 0.0180 ± 0.00140 mg/l for 30 minutes, pot 2(1), value ranged from 0.0130±0.0000 

for 15 minutes to 0.145±0.0007mg/dl for 30 minutes and pot 2(11) values were 0.0120±0.0000 

for 15 minutes to 0.0150±0.0000mg/l for 30 minutes. 

The obtained results for pot 2(0) control are 0.0170±0.000mg/dl for 15 minutes whereas pot 2(1) 

values are 0.0715±0.0035mg/dl for 15 minutes to 0.0805±0.0007mg/l for 30 minutes and the 

P2(11) values are 0.0965±0.0021/mg/l for 15 minutes to 0.0725±0.0007mg/l for 30 minutes. 

The Cr result for control is 0.0055±0.0007mg/l.  The value for pot 2(1) ranged from 

0.0330±0.0014mg/l for 15 minutes boiling, pot 2(1) ranged from 0.0310±0.0014mg/l for 15 

minutes boiling to 0.0075±0.0007mg/l for 30 minutes boiling, pot 2(1) values ranged from 

0.0125±0.00021mg/l for 15 minutes boiling to 0.0150±0.00014mg/l for 30 minutes boiling, 

while pot 2(11) had values of 0.0090±0.0000mg/l for 15 minutes boiling to 0.0120±0.0000mg/l 

for 30 minutes boiling. 

The table 3 shows some of the determined physicochemical parameters. The obtained values for 

pH ranged from 5.36 – 7.41, temperature ranged from 30.7
O
C – 31.0

O
C, turbidity 0.04 – 

1.41NTU and total dissolved 50.0 – 114.9mg/l.  

 



 

 

Table 2: Descriptive Statistics of Heavy Metal Analysis from three (3) different Pots labeled as (Pot 2 0, I, and II) 

Parameters 

(mg/l) 

Control Pot 2(0)– 15 Pot 2(0) - 30 Pot 2(I) - 15 Pot 2(1) – 30 Pot 2 (II) -15 Pot 2 (II) -30 

Pb 

 

0.0265
a
±0.0021 0.0045

c
±0.0007 0.0085

b
±0.0007 0.0125

c
±0.0007 0.0085

c
±0.0007 0.0085

c
±0.0007 0.0110

bc
±0.000 

Zn 

 

0.0050
a
±0.0000 0.0065

a
±0.0007 0.0060

a
±0.0000 0.0065

a
±0.0021 0.0060

a
±0.0000 0.0060

a
±0.000 0.0070

a
±0.0014 

Fe 

 

0.0145
bc

±0.0007 0.0140
bc

±0.0000 0.0180
a
±0.0014 0.0130

cd
±0.0000 0.0145

bc
±0.0007 0.0120

d
±0.0000 0.0150

b
±0.0000 

Cd 

 

0.0170
e
±0.0000 0.0840

c
±0.0014 0.1130

a
±0.0028 0.0715

d
±0.0035 0.0805

c
±0.0007 0.0965

b
±0.0021 0.0725

d
±0.0007 

Cr 

 

 

0.0055
e
±0.0007 

 

0.0310
a
±0.0014 

 

0.0075
de

±0.0007 

 

0.01250
bc

±0.0021 

 

0.0150
b
±0.00014 

 

0.0090
d
±0.0000 0.0120

c
±0.0000 

 

Note: mean scores with the same superscript across the rows are not significantly different 

WHO Standard Concentration (mg/l): Pb – 0.13,   Zn – 0.8,   Fe – 1.0, Cd – 0.003,   Cr – 0.1 

Key 

Zn = Zinc, Pb = Lead, Fe = Iron, Cd = Cadmium, Cr = Chromium 

Pot 2 (0) = Stainless Steel Master Chef Pot (Bigger in Use) 

Pot 2 (I) = Stainless Steel Master Chef Pot (Big New) 

Pot 2 (II)= Stainless Steel Master Chef Pot (Biggest in use) 



 

 

 

Figure 2: Plot of Comparison of Heavy Metals in Leachates in Different Types of Pot 2 and 

Control with their Timing and WHO Standard. 
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Table 3:  Some Physicochemical Parameters of the Water (H2O) Samples 

 

Parameters Mile IV 

H2O 

Etche 

H2O 

Umuahia 

H2O 

Trans-

Amadi 

H2O 

WHO 

Std 

pH 5.36 5.55 5.56 7.41 6.5-8.5 

Electrical Conductivity(µs/cm) 68.0 95.9 85.4 164.4 1000 

Salinity (%o) 0.03 0.05 0.05 0.08  

Turbidity (NTU) 0.10 0.05 0.04 1.41 5 

Temperature (
O
C) 30.7 30.8 31.0 31.0 25 

Total Dissolved Solids(mg/l) 50.0 65.1 71.1 114.9 500 

 

 

 

4. Discussion 

 

Heavy metals enter our surroundings by natural means and through human activities and the 

various sources are soil erosion, natural weathering of the earth’s crust, mining, industrial 

effluents, urban runoffs, sewage discharge, insect or disease control agents applied to crops and 

many others [13]. 

There are possibilities of heavy metals moving out from cooking pots (cookware) into foods and 

water when the cookware is subjected to heating. This is because heating treatments in the 

production process of food has been known to be a source of chemical contamination of foods 

[16]. The use of high temperature for cooking paired with external factors potentially leads to the 

formation of toxic compounds that impact on food safety and quality [16]. In this study, water 

samples were used because contaminating substances present in water can easily be detected, 



 

 

since the pots would be heated, if there is release of metals, they (the metals) can easily be 

determined in the water. The determination of physicochemical parameters of the water samples 

used in this study were essential to know the water quality. The determined parameters were pH, 

temperature, salinity, electrical conductivity, total dissolved solids as presented in table 3. The 

levels of the physicochemical parameters in the water samples were carried out to ensure that the 

water samples were not polluted and that their quality meet the recommended standards of water 

quality for drinking and can support life. These parameters were determined to rule out the 

possibility that some of them could be present in the water from leakages [17]. The obtained 

values of the parameters were all below the World Health Organization recommended values 

except the pH and temperature of all the water that were higher than the recommended value of 

6.5 -8.5 and 25
O
C respectively.  The reason of these higher values could be as a result of the 

tropical nature of where the samples were collected.  The obtained values for Cadmium (Cd) in 

Pot 1a Salad Master pot shown in table 1 ranged from 0.0520
b
±0.0000mg/l after 15 minutes 

boiling to 0.0740
a
±0.0014mg/l after 30 minutes boiling and control value of 0.0170 

±0.0000mg/l.  These values have revealed the presence of Cd in pots that have been subjected to 

heating and the values are higher than the recommended World Health Organization value of 

0.003mg/l. The results from the three different types of the Master Chef Stainless Steel Pots 2(0, 

I and II) also show that the level of Cadmium was high in all of them as their values were higher 

than the World Health Organization recommended standards as can be seen in table 2. These 

could be sources through which we take in Cadmium unknowingly and its accumulation could 

potent serious health hazard.  

5. Conclusion: The obtained results from this work have shown and suggested that some metals 

use in making cooking wares could be the source through which the food and water we eat and 

drink are contaminated as the cooking pots are subjected to frequent heating that could break the 

bonds that holds the metals together and might become source of metal contaminant of food.   
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