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ABSTRACT  

Heavy metals are widely distributed across the earth crust but are present 

in very low concentrations in the human body. An increased 

concentration (above safe levels) in the human body can lead to several 

deleterious health issues such as chronic degenerative changes to organs, 

teratogenic and carcinogenic effects, lipid peroxidation and DNA 

damage. An increased concentration can be as a result of ingestion of 

foods contaminated by heavy metals. The aim of this work is to determine 

the safeness of stainless-steel pots and alloy pots from heavy metal 

leaching while also comparing leached heavy metals in food samples 

cooked with the two commonly used pots in Nigeria. Five food samples 

were used in this research and were prepared using local procedures. 

Atomic absorption spectrometer (AAS) was used to determine the 

concentration of manganese (Mn), copper (Cu), lead (Pb), zinc (Zn), 

chromium (Cr) and cadmium (Cd) in the food samples. Generally, our 

results suggest that both pots are averagely safe but continuous usage of 

these pots could pose some health challenge especially for the stainless-

steel pot that consistently leached higher concentration of the analyzed 

heavy metals. These metals, though in low concentrations, have the 

potential to bioaccumulate in the body without severe side-effects. High 

bioavailability and subsequent accumulation of these metals in the body 

can negatively affect the human health.  
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I. INTRODUCTION 

About 600 million (almost 1 in 10) people in the world fall 

ill after eating contaminated food and as a result, 420,000 die 

yearly [1]. Contamination by heavy metals contributes to 

these recorded deaths.  

Heavy metals are widely distributed across the earth crust 

but are present in very low concentrations in the human body. 

An increased concentration (above safe levels) in humans can 

cause several deleterious health issues such as chronic 

degenerative changes to several organs (most importantly the 

liver, kidney and brain) [2], teratogenic and carcinogenic 

effects [3], lipid peroxidation and DNA damage [4]. There 

deleterious effects are majorly due to their collective action; 

since exposure to one specific heavy metal is usually 

accompanied by exposure to one or more of the others [5], 

which accumulates in the body over time.  

Exposure to heavy metals can come through occupational 

exposure, environmental contamination, and/or accumulation 

in food [5]. In Nigeria today, one of the least investigated 

mode of heavy metals poisoning is through the leaching of 

metallic cookware, which is surprising because, the few 

studies that have done the investigation, have confirmed 

heavy metal leaching from household cookware into foods 

and liquids [6], [7]. Ogidi et al. (2017) reported heavy metal 

leaching from different pots into beans and tomato sauce 

samples in Ibadan, Nigeria. The research which was carried 

out in Iddo Local Government of Ibadan suggested that 

different foods have different potential of accumulating trace 

metals depending on the pot used, the type of food and the 

process applied. 

Several staple foods in Nigeria require different food 

processes and the choice of pots used is usually based on what 

is available/predominant in the market or area. While alloy 

pots are mostly used in the rural areas and suburban areas, 

stainless-steel pots are mostly used in the urban cities of 

Nigeria.  

The aim of this work is to determine the safeness of the two 

pots from leaching while also comparing leached heavy 

metals in food samples cooked with the two commonly used 

pots in Nigeria. 

 

II. MATERIALS AND METHODS 

Materials used included locally-made alloy pots, standard 

pots, weighing balance, crucible, desiccator, tongs, spatula, 

pestle and mortar, vacuum oven and atomic absorption 

spectrometer (AAS). Food samples used were rice, beans, 

wheat middling flour (semo), yam flour (amala), and grinded 
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corn (tuwo masara), Reagents used include nitric acid 

(HNO3), perchloric acids (HCLO4) and deionized water. 

A. Preparation of Food Sample  

Food samples were cooked (using local procedures) 

separately in each of the two pots. The procedure was 

repeated three times for each of the food samples using the 

two pots. Cooked foods were then allowed to cool and then 

weighed using a crucible of known mass. The cooked foods 

were subsequently oven-dried using a vacuum oven. The food 

samples were oven-dried at 65 oC at less than 100 mm Hg for 

5 hours and weighed. Samples were subsequently weighed at 

1 hour intervals until a dry mass was achieved. 

B.  Digestion of Samples 

Samples were digested according to the method described 

by the Association of Official Analytical Chemists [8] with 

slight modifications.  

1 g of each sample was weighed accurately on an analytical 

balance and transferred to a washed and dried ceramic 

crucible. The sample was washed in a carbonite furnace of 

1000 oC. After washing, the sample was transferred into a 

desiccator.  After cooling, 1ml concentrated Nitric acid was 

added to dissolve the sample. The solution was then 

transferred into 50 ml volumetric flask and made up to mark.  

The extracts were transferred quantitatively into preheated 

plastic sample bottles, tightly closed, and kept in a 

refrigerator (at 4 °C) until ready for use. 

C. Determination of Heavy Metals 

Concentration of heavy metals (Mn, Cu, Cd, Zn, Pb and 

Cr) in food samples were detected using Thermo SOLAAR 

Atomic Absorption Spectrometer. Analysis was done 

according to manufacturer’s procedure. 

D. Statistical Analysis 

All statistical analysis was performed using Graph pad 

prism 5(statistical software). Results were first expressed as 

mean ± standard errors of mean (SEM) with a 95% 

confidence interval for mean. 

Comparisons were done using two-way ANOVA, while 

Bonferroni posttest was used to identify significant mean bars 

and extent of significance. Values of P<0.05 were considered 

statistically significant. 

 

III. RESULTS AND DISCUSSION 
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Fig. 1. Comparative concentration of manganese (Mn) leached into the food 

samples from each of the two pots. Mean bars having “*” and “***” shows 

significant difference at P > 0.05 and P > 0.001, respectively. 

Manganese (Mn) is well known as a cofactor for a wide 

variety of important enzymes (such as pyruvate carboxylase 

and superoxide dismutase) that are involved in several 

metabolic pathways. However, overexposure (which could be 

through ingestion) can lead to neurodegenerative damage, 

liver and lung toxicity [9].  

Generally, our result shows that food samples cooked with 

stainless-steel pots have higher concentrations of manganese 

leached into them; with the concentrations of Mn leached into 

rice and amala from stainless-steel pots been significantly 

higher than those cooked with alloy pots. However, the mean 

values (with the highest mean value of 0.008 mg/kg) 

observed show that both pots are safe for cooking since the 

mean values are far from the minimum daily requirement 

(0.74 mg/day) of manganese in food as reported by Friedman 

et al. [10].  
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Fig. 2. Comparative concentration of copper (Cu) leached into the food 

samples from each of the two pots. Mean bars having “**” shows 

significant difference at P > 0.01. 

 

Copper (Cu) is also another well-known mineral element 

required as a catalytic cofactor in numerous critical 

enzymatic reactions in metabolism [11] but with its own 

toxicity level also. 

Our result also indicates that foods cooked with stainless-

steel pots had higher concentrations of copper leached into 

them as compared with those cooked with alloy pot; with the 

rice samples showing a significant difference. The mean 

concentration of copper (0.17 mg/kg) in the rice sample 

cooked with stainless-steel pot calls for concern as a recent 

study [12] reports a safe ingestion concentration of copper to 

be 0.4 mg/kg. This is particularly troubling because rice is a 

highly and regularly consumed food among in the young 

population in Nigeria. This popular food is eaten by some 

everyday of the week (with very few days exempted in a 

month) which increases its bioavailability and accumulation 

in the body.  

This category of people is highly susceptible to copper 

toxicity which have been reported to cause some 

gastrointestinal symptoms such as nausea and abdominal pain 

[13] in acute stages. Studies have also reported liver toxicity 

in cases of chronic toxicity of copper [14]. 
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Fig. 3: Comparative concentration of zinc (Zn) leached into the food 

samples from each of the two pots. 

 

This result shows no significant difference in the 

concentrations of the zinc leached into the food samples. The 

result also suggests that both pots may not directly cause or 

be involved in the toxic effects of zinc in the body as the 

estimated daily intake average of zinc is between 15-20 

mg/day depending on age [15], [16] while the highest mean 

value in our result is 0.6 mg/kg. 

Zinc is an important cofactor involved in several 

biomolecular functions such as DNA and RNA metabolism 

and stabilization of large number of proteins [17]. Its 

presence, as shown in our result, is not bad since it is well 

below the estimated safe level. 
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Fig. 4. Comparative concentration of lead (Pb) leached into the food 

samples from each of the two pots. 

 

This result shows no significant difference in the 

concentrations of lead leached into the food samples. The 

result also suggests how safe these pots are from lead 

poisoning with no lead detected in rice, semo and amala 

samples cooked with alloy pots as well as semo and tuwo 

samples cooked with stainless-steel pots. The highest mean 

concentration of the lead detected was 0.0001 mg/kg which 

is very low compared to the maximum expected daily intake 

of lead which is reported to be 0.13 mg/day [6]. 

Lead is a very dangerous heavy metal poison that can 

accumulate in the body over time to cause neurological and 

behavioral, renal, cardiovascular dysfunction [6]. Thus, it is 

important that its levels are well monitored and are way 

below toxic levels in foods at all times. 
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Fig. 5: Comparative concentration of chromium (Cr) leached into the 

food samples from each of the two pots. Mean bars having “**” and “***” 

shows significant difference at P > 0.01 and P > 0.001 respectively. 

 

Chromium is an important mineral in the human body that 

assists insulin function [18], diabetes mellitus, metabolic 

syndrome and polycystic ovarian syndrome [19]. However, 

its toxicity, which is usually associated with Cr-VI, could be 

equally bad as its accumulation can lead to cancer [20], [21]. 

The safe limit per day of Chromium has thus been reported to 

be 0.55 mg/day [22]. 

Although, our result shows that rice and beans samples 

cooked with stainless-steel pots had significantly higher 

concentrations of chromium leached into them than those 

cooked with alloy pots but the mean concentrations 

(0.007 mg/kg and 0.004 mg/kg respectively), these values 

however appear to be well below the safe limit of 0.55 mg per 

day.  

It is important to note that there was no cadmium detected 

in all the food samples analyzed for both pots. 

Generally, our results suggest that both pots are averagely 

safe but continuous usage of these pots could pose some 

health challenge especially for the stainless-steel pot that 

consistently leached higher concentration of the analyzed 

heavy metals. These metals, though in low concentrations, 

have the potential to bioaccumulate in the body without 

severe side-effects. High bioavailability and subsequent 

accumulation of these metals in the body can negatively 

affect the human health. 

 

IV. CONCLUSION 

In conclusion, our results indicate that both pots are safe 

from leaching of the heavy metals analyzed with the 

exception of copper whose bioavailability in the body could 

be increased above safe levels as a result of continuous eating 

of foods cooked with the stainless-steel pots. 
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