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CIENT PERIODIQUE

Migration of heavy metals from cooking pots into water and food during cooking was investigated. 
Five foodstuffs and nine cooking pots were used. Water was boiled for 6 m while the various 
foodstuffs were cooked for varying lengths of time to doneness. Seven metals, namely Aluminum, 
Arsenic, Mercury, Lead, Cupper, Iron and Nickel were determined using spectrophotometer. 
The metal content of boiled water was significantly (p < 0.05) higher than the unboiled water. 
Metal migration from the pots increased (p = 0.05) when sodium bicarbonate was introduced 
to the boiling water (pH 10.5). Migration of metals from pot into the cooking substances was 
lowest in Titanium steel cooking pot followed by enamel pot and lastly by Aluminum pot. 
We discovered that generally cooked food samples had higher content of the metal elements 
compared to control samples, confirming that cooking pots can leach trace metals into food 
during cooking/processing depending on the materials they are forged with. Aluminum pots 
leached the highest quantity of Al ions, with the older pot leaching more (0.98mg/L) than 
the new one (0.56mg/L) in boiled water extracts. The metals observed to have migrated from 
some pots at levels exceeding the standard limits were Al, Ni and Fe ions. Other leachates 
such as arsenic, mercury, lead and copper from the various pots were negligible. Some of the
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pots maintained a pattern of metal leaching irrespective of the food they were used to cook while 
others were affected by food type. Our work has demonstrated that the problem of metal leaching 
is more or less arising from the pot; though food type affected their leaching. Our results support 
the need to regulate the quality materials used to manufacture cooking pots.

 Most cooking pots are made of metals at different ratio combinations and can melt under heat and can 
corrode under extreme pH [1-7]. Hence the assertion that metals used in forging cooking pots may seep 
into food during food preparation and subsequently to human body [2,8,9]. The awareness of the dangers of 
metals from cooking utensil is therefore of growing concern to public health given that food contaminants 
induced by cooking pots are most likely to be taken along with the food because cooking is located at the 
end of the chain of food preparation [10-16]. A naturally nutrient-dense food can be turned on its head to 
become poison-dense through wrong handling or preparation. Several factors including the cooking utensils 
influence the changes associated with food during cooking [1,17-19].

Introduction

Although information on the possibility of metal leaching from cook wares has gained great interest in 
recent times, the leaching of metals into food from food contact surfaces is not covered by the occurrence 
dataset used to estimate metal dietary exposure [10]. Secondly, previous researches conducted on the release 
of metals from cooking utensils during food processing procedures are usually simulated. Often the pots 
were tested using non-food matrixes like single chemical component acidic solution. Acidic solutions such 
as acetic acids may not be sufficiently similar to acidic foods which are made up of a complex array of 
chemistries such as citrate, oxalate, tartrate, etc. Hence this research was channeled to evaluate the metal 
leaching capabilities of some cooking pots. In this study, we assessed and compared the concentrations of 
Aluminum, nickel, mercury, arsenic, iron, lead, and copper in both boiled water and various foods. Further, we 
estimated the level of human health risk associated with the consumption of food cooked in different cooking 
pot by determining the Estimated Daily Intake (EDI) of metals from each cooking pot. Consequently, 
we proposed that the prolonged cooking of food in alumimiun pot, clay pots, and cast iron pots would 
be associated with a higher human health risk than Titanium steel, stainless steel and enamel pots. The 
significance of this information to the food safety and security can generally not be overemphasized.

Problem Addressed
1) Information on the possibility of metal leaching from cooking pot has gained great interest but less 
information has been reported on monitoring their presence in processed/cooked food.

2) Previous researches conducted on the release of metals from cook wares during food processing procedures 
are usually stimulated.

Aims
1) To determine the metal leaching/sleeping capability of different cooking pots during cooking.
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Cooking Pot Preparation

Firstly, the new pots of Aluminum, Clay, Enamel, Cast Iron and Titanium were rinsed with water to remove 
dirts. The old pots of known history were washed with detergent and sponge and rinsed with distilled water. 
Finally, all the cooking pots were filled with distilled water and heated on a 4-burner top Table gas stove 
(Kingbright G.4-T804A) for half an hour for proper cleaning/rinsing. The water was drained and the pots 
allowed to cool at room temperature prior to their being used for the experiments.

Boiling of Water with Various Cooking Pot

Each cooking pot was used to boil 500ml of water for six minutes under the same heat intensity. Two types 
of water were used. First was a distilled water while the second was distilled water alkalized (pH 10.5) by 
adding 2g of sodium bicarbonate into 500mL water. After boiling the water samples were cooled to room 
temperature and subsequently analysed for presence of metals.

The major food groups used includes vegetable, fleshy, tubers; cereals and legume were obtained from the 
local market. Each of the food items was divided into two portions. One portion (untreated) was analyzed 
raw and the other portion was used for the cooking experiment. Each foodstuff was cooked with the various 
pots. Generally, the heating regime given to each cooking pot was the same for each food, and enough to 
cook each food to doneness. Tomatoes were sorted and washed with running water to remove dirts and sliced 
into thickness of 10mm using a sharp stainless knife. The sliced tomatoes were placed into the different pots 
and allowed to cook on the gas stove for 6 m Dabonne et al, (2010) [20]. Five hundred grams each of rice 
and brown beans (Oloyin) were cleaned to remove stones and other unwanted grains. The cleaned grains 
were each washed with portable water and cooked differently in the various cooking pots with equal volume 
of distilled water and heat intensity. The rice was cooked for 40m while brown beans was cooked for 70min 
as advised by the local consumers. One medium sized white yam was cleaned by brushing off soil particles, 
manually sliced into bit sizes with stainless knife and washed. Seven sliced yam bit samples were placed on 
each pot and the same volume of water was added to each pot and allowed to cook on the gas stove for 45m. 
All cooked samples were drained from the pot, allowed to cool and coded for analysis.

Materials and Methods
Cooking Pot Procurement and Collection

Cooking pots namely Clay (Earthen), Cast iron, Enamel, Stainless and Aluminum pots utilized for this 
study were purchased from Relief market in Owerri, Imo state, Nigeria. Titanium (Clad) pot was ordered 
directly from a “SaladMaster” marketing distributor in Nigeria while the old Aluminum and stainless steel 
pots were of known history and obtained from a family in Owerri, Nigeria. The old pots were within 2-5years 
old with no form of deformation.

Cooking of Food Items
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Determination of Metal Content

Two grams each of the samples were weighed into Pyrex glass conical flasks. Then 10ml of conc. perchloric 
acid was introduced into the flask using a straight glass pipette. Five milliliters of nitric acid were also 
added in the ratio of 1:2. The mixture was swirled, placed in the fume cupboard and heated on an electro 
thermal heater 105°C for 30m until a clear digest was obtained. The tubes were removed from the digest, 
cooled to room temperature and diluted to 50ml with distilled water. The diluent was filtered into a plastic 
vial for Absorption Atomic Spectrophotometric (AAS) analysis. The digested solution (1mL) was used to 
determine the following minerals, copper, iron, nickel, mercury, arsenic, lead and aluminum in both water and 
food samples respectively. The absorption radiation by the minerals mentioned at various wavelengths was 
measured using the AAS (Buck Scientific Model 200A System). The spectrophotometer was standardized 
using the standard solution of the element being analyzed and acidified deionized water was aspirated to 
zero the instrument. Air/acetylene flame was used and sample extracts were aspirated and concentrations 
read-off the instrument [21,22].

Estimation of Daily Metal Intake

The calculation of daily ingestion of metal from cooked food was based on the assumption that an average 
adult person (70kg weight) eats 600g of staple food per meal/serving. Tomato is not included as a staple 
food. Under normal conditions, an individual adult eats three times a day, which amounts to 1800g of staple 
food per day. Therefore, multiplying the quantity of metal (per 100g) by the quantity of food consumed per 
day we get an estimated value of daily metal ingestion from cooked food (Equation 1). The estimated values 
obtained are expected to increase when we add the metals that may come from other food ingredients such 
as meat and spices eaten along with the staple.

Where MC =, heavy metal concentration in cooked food (mg kg-1 on wet weight basis), DI = daily average 
staple food intake (1800 g per person per day and BW = average body weight (70 kg per adult). Estimated 
Daily Intake were compared with Provisional Maximum Tolerable Daily Intake (PMTDI) as the case may 
be [23-26]. Estimated Weekly Intake (EWI) were converted to Estimated Daily Intake (EDI) by dividing 
EWI by 7 [27].

( ) 1EDMI= MC DI BW−× ×

Experimental Design and Statistical Analysis

All determinations were replicated thrice and data obtained were analyzed using analysis of variance 
(ANOVA) on SPSS 20 statistical software package. The data were subjected to two-way analysis of variance 
(ANOVA) in a 5x9 RCBD factorial design. In all the experiments means were separated using Fisher’s 
Least Significant Difference (LSD) and significance was accepted at (5%) probability level.
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The various cooking pots leached heavy metals at varying significant (p<0.05) rates when they were used to 
boil distilled water (Table 1). Expectedly the highest iron leaching (0.11mgFe/L) occurred in cast iron pots 
while aluminum pots leached the highest quantity (0.098mg Al/L) of aluminum metal. Significant (p<0.05) 
variations in Ni leachate existed in the studied cooking pots. A range of 0.012-0.34µg nickel/L was recorded 
with the highest concentration occurring in the water sample boiled in old stainless pots. A general trend 
showed that old cooking pots seeped more metals than their new versions (Fig 1). The old and new versions 
of aluminum pots leached 0.098 and 0.086mgAL/L respectively while old and new versions of stainless 
pot leached 0.32 and 0.06mgNi/L of nickel respectively. New aluminum pot compared closely to enamel 
and titanium steel pots in terms of metal leaching. Statistically enamel and titanium pots did not produce 
leachates more than the control. None of the cooking pots leached statistically high doses of lead, mercury 
and arsenic compared to control sample. Although there was a general trend of the concentrations of Cu, 
As, Pd, and Hg being increased in boiled water compared to unboiled, but the values were statistically equal 
among the pots. There was a general decrease in Fe content of boiled water compared with the unboiled 
except for those boiled in Iron cat and clay pots.

Results

Metal 
(MTL:mg/L) Extracts

COOKING POTS

CON NA CI OS OA TS OE NS CLAY NE

AL/ 0.2
Water 0.0010d±0.00 0.0042b±0.04 0.004d±0.00 0.006d±0.00 0.0862a±0.01 0.0010d±0.01 0.0009d±0.00 0.0007d±0.01 0.0024c±0.01 0.0009d±0.00

Alkaline 0.0010d±0.00 0.0086b±0.00 0.014d±0.00 0.0014d±0.01 0.098a±0.00 0.0012d±0.01 0.0016d±0.01 0.0012d±0.01 0.0046c±0.01 0.0016d±0.01

AS/0.1
Water 0.030a±0.01 0.023d±0.00 0.034cd±0.00 0.033cd±0.00 0.028d±0.00 0.044ab±0.04 0.040bc±0.01 0.042abc±0.01 0.040bc±0.00 0.042abc±0.01

Alkaline 0.030a±0.01 0.023cd±0.00 0.033cd±0.00 0.030b±0.05 0.021d±0.00 0.039b±0.01 0.037b±0.01 0.035b±0.01 0.031bc±0.00 0.037b±0.00

Hg/0.001
Water 0.0350a±0.01 0.018d±0.00 0.014cd±0.00 0.013cd±0.00 0.018d±0.00 0.024ab±0.04 0.0240bc±0.01 0.022abc±0.01 0.020bc±0.00 0.022abc±0.01

Alkaline 0.030a±0.02 0.015a±0.01 0.018a±0.00 0.022a±0.01 0.015a±0.00 0.024a±0.00 0.022a±0.01 0.024a±0.01 0.022a±0.01 0.022a±0.00

Pb/0.01
Water 1.16a±0.08 1.04de±0.01 1.07cd±0.05 1.10bc±0.10 1.01e±0.00 1.14ab±0.04 1.12ab±0.06 1.12ab±0.06 1.10bc±0.06 1.12ab±0.02

Alkaline 1.16a±0.08 1.01a±0.00 1.04a±0.01 1.07a±0.01 0.07a±0.04 1.11a±0.01 1.08a±0.04 1.09a±1.00 1.07a±0.07 1.09a±0.00

CU/1.0
Water 0.018a±0.00 0.010a±0.00 0.013a±0.01 0.015a±0.00 0.010a±0.00 0.018a±0.01 0.015a±0.00 0.015a±0.00 0.013a±0.00 0.015a±0.01

Alkaline 0.018a±0.00 0.008a±0.00 0.011a±0.00 0.011a±0.01 0.008a±0.00 0.016a±0.00 0.013a±0.00 0.013a±0.01 0.011a±0.00 0.013a±0.01

Fe/0.3
Water 0.044c±0.04 0.036cd±0.01 0.098a±0.01 0.039cd±0.01 0.031d±0.00 0.042c±0.00 0.039cd±0.00 0.040c±0.00 0.063b±0.01 0.039cd±0.01

Alkaline 0.044c±0.00 0.033c±0.00 0.110a±0.02 0.035c±0.01 0.031c±0.00 0.040c±0.01 0.036c±0.02 0.038c±0.01 0.072b±0.02 0.038c±0.01

Ni/0.02
Water 0.090b±0.00 0.022de±0.00 0.040cd±0.02 0.140a±0.03 0.018e±0.01 0.090b±0.05 0.090b±0.03 0.090b±0.00 0.070bc±0.02 0.090b±0.03

Alkaline 0.090c±0.00 0.020f±0.01 0.034de±0.01 0.320a±0.01 0.010f±0.00 0.080cd±0.03 0.020cde±0.04 0.060b±0.01 0.040def±0.03 0.060cde±0.02

Table 1: Metal Concentration of Boiled Water Extractions of Various Cooking Pots

Mean ± SD with different letters in columns are significantly different (LSD test, p < 0.05). +Unboiled water served 
as control. MTL: (mg/L) Maximum Tolerable Level (WHO, 2011) in drinking water.]

CON = Control, NA= New Aluminum pot, CI= Cast Iron pot, OS = Old stainless pot, OA = Old Aluminum 
pot, TS Titanium steel pot, OE = Old Enamel pot, NS = New stainless pot, NE = New Enamel pot.
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Concentrations of Metals in Cooked Food Samples

The concentrations of metals in cooked food samples were higher than their values in both boiled water 
and uncooked samples (TABLES 2-5). The cooking pots were observed to migrate higher quantities of 
metals during cooking of food compared to when they were used to boil water. Aluminum (Al) in the 
cooked and uncooked samples ranged from 0.042-0.61mg/100g, Ni ranged from 0.045-0.085mg/100g, Fe 
ranged from 1.50-1.71mg/100g, and Cu ranged from 0.65-0.74mg/100g for the different foodstuffs cooked 
in different pots. The concentration of Ni was significantly (P<0.05) higher in old Stainless pot compared 
to other pots. On the average, foods cooked in old Al pot recorded the highest Al ion migration value of 
0.62mg/100g though it jointly showed no significant variation (p<0.05) with the value for New Aluminum 
pot, 0.60mg/100g. Fe concentration of the food cooked in some pot (e.g., Aluminum pot) decreased when 
compared to the uncooked sample. The least value for Fe was obtained for samples cooked in OA pot 
(1.55mg/100g). The result revealed no significant variation in Fe between the uncooked and food cooked 
with TS pot (1.77mg/100g) although the uncooked had significant variation with those cooked with other 
pots. Foods cooked with TS also showed statistical similarity with those cooked in SS (1.67mg/100g) and 
NA pots (1.55mg/100g). But those cooked with iron pot had higher iron contents of 2.058mg/100g (Table 
3). Expectedly some of the pots maintained a pattern of metal leaching irrespective of the food they were 
used to cook while others were affected by food type. For example, boiling of tomato sauce for 6 m in an

Fig 1: Concentration of metals in the old and new versions of cooking pots

The range of the metals in boiled alkaline water were as follows Aluminum (Al) 0.0042-0.098mg/L, 
Arsenic (As) 0.021-0.039µg/L, Mercury (Hg) 0.015-0.024µg/l, while their concentrations in the control were 
0.0001mg/L, 0.05µg/L and 0.030µg/L respectively (Table 1). The range of the other heavy metals were 0.07-
1.11µg/L, 0.008-0.016mg/L, 0.031-0.110mg/L and 0.01-0.32µg/L for lead (Pb), Cupper (Cu), Iron (Fe) and 
Nickel (Ni) respectively, while their values were 1.16µg/L, 0.018mg/L, 0.044mg/L and 0.09µgLl in their control 
samples respectively. For Arsenal (As) the control sample recorded the highest concentration of (0.050µg/L) 
while a decrease was observed for the different pots with the least as (0.028µg/L) occurring in Aluminum 
cooking pots.

Concentration of Metal in Boiled Alkaline Water
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aluminum pot resulted in an increase of aluminum metal content of the tomato sauce from 0.001mgAl/100g 
to 0.099mg Al/100g. While for TS and SS pots the concentrations of Al increased from 0.00mgAl/100g 
to 0.001 and 0.041mgAl/100g respectively (Table 2). Irrespective of the food cooked, old aluminum pot 
leached more aluminum ions than the new ones implying that pitting and scratching increase leaching 
of such pots Hughes, (1992) 46-49 [28]. Since the pots used in this research did not migrate appreciable 
mercuy, lead and arsenal in their water extracts, these three metals were not further investigated. In addition, 
there is very little research report on the leaching of mercury from cooking pot in a controlled environment 
such as pH. That notwithstanding, Wook et al., (2013) stated that there was no resultant effect of heating on 
mercury content of foods [29]. 

Table 2. Effect of cooking pot on quantity of aluminum ions migrated into cooked foods

Cooking Pots
Aluminum ions (mg/100g) migrated into cooked food
Tomato Beans Yam Rice Meat MEAN

Control (raw) 0.001 0.014 0.18 0.010 2.14 0.469
Titanium 0.001 0.014 0.14 0.001 2.14 0.461
Enamel 0.013 0.015 0.14 0.001 2.14 0.462

Stainless 0.041 0.016 0.13 0.012 2.15 0.470
Cast Iron 0.027 0.016 0.11 0.013 2.18 0.469

Clay 0.027 0.031 0.69 0.043 2.51 0.660
New Aluminum 0.083 0.350 0.77 0.048 2.54 0.758
Old Aluminum 0.099 0.67i 0.97 0.075 2.55 0.873

Allowable Dailly Intake (FAO/WHO, 2011, EFSA, 2015) = 0.14mg/Kg body weight 

Table 3. Effect of cooking pot on quantity (mg/100g) of iron migrated into cooked food

Cooking Pots
Iron ions (mg/100g) migrated into cooked Food
Tomato Beans Yam Rice Meat MEAN

Control (raw) 0.123 2.41 0.44 4.43 1.8 1.841
Titanium 0.125 2.43 0.43 4.12 1.76 1.773

Enamelware 0.133 2.44 0.42 3.87 1.78 1.729
Stainless 0.138 2.42 0.42 3.62 1.74 1.668
Cast Iron 0.211 2.85 0.48 4.65 2.18 2.074

Clay 0.139 2.49 0.41 4.48 1.82 1.868
Aluminum 0.112 2.32 0.35 3.56 1.63 1.594

Old Aluminum 0.11 2.34 0.32 3.57 1.63 1.594
ADI =18-30mg/kg (EFSA, 2015)
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Table 4. Effect of cooking pot on quantity of nickel migrated into cooked food

Cooking Pots
Nickel ions (mg/100g) leached into cooked food
Tomato Beans Yam Rice Meat MEAN

Control (raw) 0.021 0.033 0.084 1.62 0.08 0.37
Titanium 0.023 0.035 0.084 1.58 0.07 0.36

Enamelware 0.025 0.040 0.084 1.56 0.11 0.36
Stainless 0.065 0.125 0.125 1.98 0.18 0.495
Cast Iron 0.028 0.017 0.085 1.52 0.12 0.35

Clay 0.026 0.030 0.086 1.53 0.06 0.35
New Aluminum 0.031 0.020 0.084 1.50 0.06 0.34
Old Aluminum 0.032 0.020 0.084 1.50 0.06

Tolerable daily intake = 2.8 micrograms per kg body weight. {EFSA, 2015}

Table 5. Effect of cooking pot on quantity (mg/100g) of Copper migrated into cooked food

Cooking Pots
Copper ions (mg/100g) migrated into cooked Food
Tomato Beans Yam Rice Meat MEAN

Control (raw) 0.03 1.32 1.12 0.11 0.12 0.540
Titanium 0.03 1.29 1.11 1.03 0.08 0.708

Enamelware 0.03 1.29 1.11 1.03 0.06 0.704
Stainless 0.03 1.26 1.06 0.9 0.06 0.662
Cast Iron 0.04 1.24 1.06 1.01 0.06 0.682

Clay 0.04 1.24 1.04 1 0.06 0.676
Aluminum 0.04 1.22 1.04 1 0.04 0.668

Old Aluminum 0.04 1.22 1.04 1 0.04 0.668
PMTDI = 0.5mg kg-1 bodyweight (FAO/WHO, 2011, EFSA, 2015)

The estimated daily intake of metal ions to be ingested along with food cooked in the various cooking pots 
varied significantly and are as follows: Al in 0.119 to 0.224g/g, Fe,.425 to 0.456g/g, Ni, 0.089 to 0.127g/g 
while Cu 0.172 to 01.182g/g (Table 6). The highest (0.099mg/100g) Al ion content of food occurred in the 
old Aluminum pot followed closely by that cooked in the new Aluminum pot (0.083) (Table 3). The least 
(0.001mg/100g) occurred in Titanium cooking pot. The EDI for occurred in Titanium pot.

Effect of Cooking Pot on Estimated Daily Metal Intake
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Leaching Capability of Various Cooking Pots When They Were Used to Boil Water (Simulated Cooking)

Discussion

The high migration of Al ion from Aluminum cooking pots is in accordance with numerous studies done 
on the leaching capability of Aluminum cooking pot during food processing [30-32]. Most Aluminum pots 
are purely forged from Aluminum metals, which are soft porous readily soluble metal at a high constant 
temperature [1,32]. One recent report which investigated (at Cameroun) the possible contribution from 
Aluminum cooking pots to foods recooked at varying times revealed a high value of Al (30ppm-45ppm) 
for foods re-heated and stored in an old Aluminum cooking pots due to lack of refrigerators [33]. Favorable 
reports supporting higher Al leachate from old Aluminum cooking pots compared to the new ones as 
observed in this work, abound [34-36]. Aluminum pots leach more metals as they get older due to the 
abrasive cleaning methods usually adopted at homes. Abrasive washing of AL pots leads to pitting and 
increase in surface area of the cooking pot thereby allowing more metals to be impacted into to the food 
[37]. Comparing our results with that of the maximum permitted standard (0.2mg/L) for Al in water by 
NIS (2007), we discovered that quantities we got were lower and within safe limits [3,23,38]. Though values 
are within safe limits, lesser cooking in Aluminum pots should be encouraged so as to avoid bioaccumulation 
and its attendant effect in future [39]. Aluminum can bioaccumulate [26,40,41]. Though enamel cooking 
pots are made from Aluminum, they are protected with coatings of inert materials, whose role is to prevent 
contamination of Aluminum coming from the cooking pot. This explains the low level of leachates observed 
in the enamel pot. In line with study by Zeo (2005), Aluminum detection in the clay cooking pot indicates 
the possibility of solubility and high concentration of the metal in the earth crust [31]. This implies that the 
concentration of the metals will depend on the type of soil used in the clay pot production. Our assertion is 
in agreement with the work of Stahl et al. (2011) [13].

Table 6. Estimated Daily Quantity of Metal Ingested from Food Cooked in Various Pots

Cooking Pots
METAL IONS (mg/g)

Al Fe Ni CU
Control (raw) 0.121a 0.473 a 0.095 a 0.139 a

Titanium 0.119a 0.456 a 0.092 a 0.182 b

Enamelware 0.119 a 0.444 a 0.094 a 0.181 b

Stainless 0.121 a 0.429 a 0.127 b 0.170 b

Cast Iron 0.121 a 0.529 b 0.091 a 0.175 b

Clay 0.187 b 0.480 a 0.089 a 0.174 b

New Aluminum 0.195 c 0.425 a 0.089 a 0.172 b

Old Aluminum 0.224 d 0.427 a 0.089 a 0.172 b

PMDI per kg body weight 0.14mg 18-30 2.8ug 0.5mg
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Our data suggests that some quantity of Ni migrated from the cooking pot into the water during boiling. 
This is consistent with so many reports on the leaching from stainless steel pots into foods. Early studies have 
shown that old (used) stainless steel pots shed off Ni metals into foods [16,42-45]. The higher leaching of 
old stainless steel pot compared to the new ones may be ascribed to the destruction of its protective coating 
during cleaning. The protective coating help prevent leachates from the cooking pot. Dabeka & McKenzie, 
(1995) reported a significant increase in Ni concentration for water boiled in new stainless steel electric 
kettle. In their work concentrations of nickel increased from 100-400µg/L for water boiled in new stainless 
steel kettles [46]. The figures generated by Dabeka & McKenzie (1995), differs from ours, but our result is in 
accordance with reports of no leachate from new stainless steel according to [46,47]. Nickel serves no useful 
function in the body and therefore WHO, (2011) recommends identifying its contributing sources and 
efficiently limiting exposures [23,48]. There are no known human enzymes or cofactors dependent on Ni for 
normal function [16]. Toxicological studies indicate that a single oral dose of Ni as low as 67μg can cause 
Allergic Contact Dermatitis (ACD), eczema flare up, and even lead to systemic dermatitis in individual’s 
sensitive to nickel [16,44,45].

According to NIS (2007) Arsenal (AS) is present in water as arsenate or arsenite. It has been demonstrated 
to have no essential importance in the body [38]. As is classified as a human carcinogen (Type A), and 
long term drinking of arsenic contaminated water can cause skin, lung, bladder and kidney cancers [49,50]. 
Previous research reports differ from our study on the loss of as during boilng [14,51,52]. However, Jarup 
(2003) stated that heavy metals such as Pb, Cu, As, Hg, Cr and Cd are not destroyed by mere boiling of 
the water [51]. In fact, the same amount of as value, 2.34µg/L was observed when Parev et al., (2012) 
boiled contaminated water from three different locations in Argentina [52]. So the significant differences 
observed between the pots may be due to their different thermal diffusibility rate which led to the significant 
differences in the loss of water due to evapouration. Amongs the cooking pots Titanium steel (TS) pot had 
a better retention of as value of 0.044µg/L which was followed by new Enamel pot and new Stainless pot 
respectively with quantities of 0.042µg/L each, while the old Aluminum pot had 0.028µg/L. Since TS has a 
lower thermal diffusibility it can retain more nutrients than other pots with higher thermal diffusibility value 
[53]. Interestingly the migration value of AS obtained in this work is below the provisional guideline value 
recommended by the FAO/WHO (2011) for as in drinking water, Table 1 [23,48].

The concentration of Hg metal (0.030µg/L) in our control sample is in accordance with findings by Oniye et 
al., (2002) in their work of microbial and trace metal components in Table water sold in Enugu metropolis 
[54]. Concentrations of Hg recorded in our study were below the maximum permitted limits (0.001µg/L) 
according to NIS (2007) [38]. It can therefore be inferred that the cooking pots analysed had no form of 
mercury in them. Similarly, our data for Pb are lower than the safe limits recommended by NIS (2007) for 
drinking water (0.01mg/L, probably due to the process given to the water to get it rid of lead [11,38,55-
60]. The non-increase in copper leachates amongs the pots concurs with literatures such as that by Oscika 
et al., (2012) where they stated that due to the demerits associated with cupper’s use as a cooking pot, cook 
ware manufacturers has stopped its use as a metal for forging cooking pots [61]. Copper (Cu) is a transition 
element which means it has oxidation states, 2+and 3+ usually. Ingesting large amounts of Cu can cause 
death by kidney failure in extreme cases [62,63]. The high concentration of iron in water boiled in Cast Iron 
(CI) and clay pots compared with other pots revealed that some quantity of Fe might have leached from 
these cooking pots into the water during boiling. Previous researcher had confirmed this inference, when
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they stated that processing of foods in cast iron pots is notable for increasing the mean concentration of Fe 
in food [64,65]. Early Studies have shown Fe metal to be readily available in the earth crust [11]. However, 
iron from cooking pot comes in ferric form which the human body cannot assimilate [66,67]. Nevertheless, 
the study is in agreement with findings by Accominotti et al., (1998) who reported that the amount of 
metals released into food during cooking or processing were still less than the tolerable daily intake (TDI) 
recommended by FAO/WHO (2011) [23,48,68].

Sodium bicarbonate (Na2HCO3) also known as baking soda is a pure substance which is alkaline in nature 
due to the formation of carbonic acid and hydroxide ions [47]. Generally boiled extractions of alkaline 
water had higher concentrations of most of the metals due to the high alkaline solution of the water. 
Weidenhamer, et al., (2014) made a similar observation in their work with Aluminum pots [3]. The high 
level of metal concentration in the boiled water especially in the old Aluminum and stainless pots when 
Na2HCO3 was introduced to water prior to boiling was expected. The high alkaline water might have caused 
greater leaching of the metal into the water during boiling. The result is in accordance with numerous 
studies which report that a highly acidic or alkaline food increases the leaching potential of aluminum from 
Aluminum pot than their neutral counter parts [3,15,30,32,69]. In an alkaline solution, Aluminum reacts 
and becomes readily soluble in water thereby forming aluminates in the process [69]. Aluminum forms an 
oxide coating very quickly that protects it to a large extent, but in a salty environment it corrodes readily. 
(The most common form of corrosion (decomposition of metal surface) on Aluminum is pitting which 
occurs if Aluminum is in a humid environment and in the presence of salts. Compared to a number of 
other metals, Aluminum has good corrosion resistance because of its ability to form a layer of oxide (Al2O3) 
which provides protection against corrosion [70]. However, the oxide layer is stable in the pH range of 4 to 
9. If Aluminum is exposed to very acidic or very alkaline environments outside this pH range rapid metal 
corrosion may occur [70]. The thin natural film of Aluminum Oxide on the surface protects the bulk of the 
metal from further corrosion / oxidation. So under normal conditions Aluminum does not corrode. But if 
Aluminum is put in an alkaline solution such as Sodium Hydroxide, the protective Oxide film is removed 
and the main bulk of the Aluminum will then corrode and dissolve very rapidly.

The migration values of lead from the pots to the solvents were not as higher as those reported by 
Weidenhamer, et al., (2014) where 29 Aluminum cooking pots commonly used in Cameroun both old and 
new were heated for 2hrs in the presence of an alkaline [3]. The level of lead migrated from the pots (1.01-
1.18µg/L) were statistically the same and very much lower than the report of Weidenhamer, et al., (2014) 
whose report on lead levels ranged from 150ppm for the unboiled food to 700ppm for the boiled foods in 
the Aluminum pots [3]. From the study, Weidenhamer et al., (2014) highlighted the dangers of Aluminum 
cooking pots as a potential source of lead contamination which must be avoided. Even in small amounts, 
lead is extremely toxic and can cause brain or nerve damage and impair the immune system. Weidenhamer 
et al., (2014) claimed that lead is actually not used in cooking pot forging, but other components used may 
resulted in the increase in lead values of Aluminum cooking pots [3,11]. The discrepancy in this study may 
be due to the methodology adopted to assess this trace metal since there are no standards for measurement 
of leachates from cooking pots. The insignificant increase in the level of lead in boiled alkaline water noticed

Leaching Capability of Various Cooking Pots When They Were Used to Boil Alkaline Water (Simulated 
Cooking)
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Our results on copper metal migration differed from that reported by Araya et al., (2003) where copper 
concentrations in drinking-water increased during boiling in systems with an acid pH or carbonate waters 
with an alkaline pH [74]. The apparent reasons for the discrepancy maybe attributed to factors such as non-
uniform experimental designs and choice of method for copper analysis [75]. In terms of iron migrations, 
our findings are in consistent with statement by Kurtuz, (2012) that the cooking surface of cast iron pot in an 
acidic or alkaline medium increases the leaching of iron into food cooked with it [15]. Macrae et al., (1993) 
had earlier reported that processing of foods in cast iron pot contributes to the increase in concentration 
of Fe naturally present in foods [64]. Chibuike et al., (2015) on their report asserted that the presence of 
impurities such as sodium bicarbonate increases the rate at which water boils by helping to break down 
the hydrogen bonding of water molecules which fastens the boiling time and increases evapouration [71]. 
This could offer explanation for the observed higher Ni leachates and other metals in alkaline environment 
as declared in this research. Our observation also tallies with that of Kurtus (2012) who stated that due 
to the removal of the protective layer as well as aging of the pot, old stainless steel leached more Ni than 
the new one, and that alkaline medium increases the mobility of nickel in stainless steel and may increase 
nickel concentration in foods processed in them [15]. Kamerud, et al., (2013) had a different report [16]. 
They stated that nickel and chronium migration occurred more in new stainless pot than in the old version. 
On his own side, Kurtus (2012) disagreed with the use of baking soda as a method to determining metal 
leaching from cooking pots in a stimulated cooking procedure [15]. He argued that most foods are not as 
highly alkaline as baking soda, and seldom if ever would one cook with a baking soda, so it is not a true 
representation of the leaching of metals from cooking pot. However, information generated from solvent 
extracts of the various cooking pot provided an insight as per their leaching capabilities.

in this work may be due to loss of water through evapouration because of the presence of the sodium 
bicarbonate which acted as an impurity to reduce water boiling time thereby attaining evapouration faster 
[71]. It may also be linked to the thermal diffusibility of material used to forge each cooking pot. Material 
with low thermal diffusibility, retains more nutrients than that with a higher heat diffusibility [72,73].

The higher concentrations of metals in cooked food samples compared with the raw samples confirm that 
there is migration of metals from the cooking pots into the food. This is in agreement with the report by 
Dabonne et al., (2010) who noted that, the level of Aluminum increased from 1.60mg/kg in uncooked 
rice to 18.1mg/kg in rice cooked with traditional cooking pot made of Aluminum [20]. Our observation 
is also in agreement with researchers who claimed that cooking food in Al pot increases its content in 
foodstuffs not less than 1mg/kg for about half the foodstuffs examined, and less than 10mg/kg for 85% of 
the foodstuffs examined [76]. The range of Al ion recorded in cooked and uncooked food of our samples 
were higher than the recent safe limits for food (1.00mg/kg) as stated by JECFA (2010), Stahl et al., 2017a-
c) [5,6,13,26]. Studies have also shown that, worn out or pitted inferior pot most frequently take up more 
Al from its containers [1]. Earlier reports had suggested that, the longer the cooking time, the greater the 
accumulation of aluminum in the food through leaching from the Aluminum pot during food processing 
[3]. Our report concurs with the opinion that cooking food with Aluminum pot may be one of the major 
avenues of ingesting Al into human bodies [5,6,13,77]. Increased Aluminum exposure can be compensated 
for by excretion via feaces and urine (for healthy kidneys) but Kidney insufficiency was shown to result in 
increased Aluminum concentrations in the kidneys of dialysis patients [5,6,13].

Migration of Metal From Cooking Pot During Cooking of Food
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The reports of statistical (p<0.05) differences between the pots in their interaction cum migration of metals 
into food during cooking are in agreement with some previous works which demonstrated that increased 
concentrations of complexing ions (organic acid, fluoride ions, or OH, etc) significantly enhance the release 
of aluminum into the food being cooked, and that aluminum leaches most easily from worn or pitted inferior 
pots and pans [28,71,77-79]. Greger, et al., (1985) added that the amounts of aluminum that accumulate in 
foods during preparation also depend on the length of cooking periods, intensity of heat and the types of 
utensils [1]. They reported that tomatoes heated in aluminum pans for 6m accumulated only 0.02-0.03mg 
Al/100g, while tomato cooked for 3h in aluminum pans accumulated 5.7mg Al/100g. Therefore, we infer 
that long periods of cooking in aluminum pots should be discouraged and leftover foods should not be kept 
in aluminum pans. This is to avoid excess aluminum ion intake and the resultant health effects on organs of 
the body. A school of thought believes that Aluminum pans do not pose a health risk to their users, even if 
they are scratched or pitted and that the amount of aluminum that leaks into food is negligible, and far less 
than that consumed through other methods. Our take on this is that exposure to aluminum is hazardous 
if not today then tomorrow since it can bioaccumulate in the body [1,80]. This is true because the effects 
of exposure to any hazardous substance including aluminum depend on the dose, the duration, how one 
is exposed, personal traits and habits, and whether other chemicals are present or not [10,23]. The fact is 
that aluminum can build up in the body when the body detoxification mechanism is weak/overworked. So 
ingestion of Al ion should be discouraging since Al has no known benefit to the human body despite its 
abundance in nature. Furthermore, recent studies on animal by FAO/WHO Expert Committee on Food 
Additives and the Scientific Committee for Food (SCF) and European Food Safety Authority (EFSA, 
2015) has moved the TWI for AL ion from 7mg to 1.0mg/kg body weight following the reported toxicity 
of Al ion to animals at lower dosages than 7.0mg/kg per week [26,41,81]. This adjustment synchronized the 
combined findings of various studies and the fact that there is an accumulation of aluminum in the body. 
This represents the present criterion recognized by the European Union [25]. Accordingly, an adult weighing 
70kg can consume 70.0mg aluminum per week for a lifelong period, and 15.0mg for a child weighing 15 
kg [77]. Minimal exposure of aluminum to our bodies may not be a problem as human bodies can excrete 
small amounts very efficiently [52]. But unfortunately due to many reasons like we said earlier, most of us 
get exposed to and ingest more than what our bodies can handle [41]. Please note that the recommended 
levels are for healthy persons with good renal functions. In cases where the renal system is not efficient the 
aluminum migrated into cooked food (no matter how little) will represent a health risk. Some researchers 
are still maintaining that aluminum present in food utensils can expose humans to the ingestion of big 
quantities of aluminum [5,6,13,35,39,77].

The loss in Fe content in food cooked with TS, SS and AL pots may be as a result of Fe lost to the cooking 
water which was discarded. This report is similar to findings by Eka (1985) where boiling of yam and 
cocoyam resulted in the removal of considerable amount of minerals due to leaching into the cooking water 
[82]. The result also implies that none of the three cooking pots mentioned above are not forged from Fe 
steel. This observation differs from that done by Dan and Ebong (2013) where they reported a higher value 
of iron for foods cooked with stainless steel stating that stainless steel is a metal alloy which contains more 
than fifty percent (50%) Fe be it ferritics or martenistics [83]. The observations of this research tallies with 
Cheng and Brittin (1991) who confirmed other previous research that foods cooked in iron utensils were 
greater in iron content than foods cooked in non-iron utensils [17]. Hence using cast iron pots to cook can 
expose individuals to high intake of iron metal. Since many people have iron deficiencies due to inadequate
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intake of iron, one might suggest that all cooking utensils be iron. But that is not the end of the story. The 
reality is that ions from cast iron cooking pot is in ferric form (Fe3+), a transition element (hydrated form) 
which undergo progressive hydrolysis to yield insoluble ferric hydroxide (Fe(OH)3’. Actually iron exists in 
two forms: ferrous Fe2+ and ferric-Fe3+. Ferrous form is more soluble in water at physiological pH. Ferrous 
iron is what makes blood red and comes from foods. Iron is used by the metabolic reaction only when it 
is in reduced form (ferrous state Fe2+) but it is stored and transported in the body as ferric ion (Fe3+). The 
body cannot assimilate properly the ferric from of iron (from a cast iron pan) so the ingested ferric iron gets 
treated by the body as a heavy metal and ends up getting stuck in the liver and kidneys Ekalobi, (2008) [84]. 
It should be noted that ferric form of iron is stored in the body, so it can accumulate over time, contributing 
to joint pain/arthritis, digestive troubles, depression, impotence, early menopause, and other issues associated 
with iron toxicity [85,17]. Since cast iron is a toxic inassimilable kind of iron, it then means that a cooking 
pot that leaches a large amount of Fe3+ constitutes health danger and not healthy as some people believe. 
Urinary and feacal iron excretion is very low, thus, apparent iron absorption will practically equal apparent 
iron retention [86].

The observed decrease in Ni value for food cooked in the various pots with the exception of stainless steel 
pots is in-line with expectations since the other pots do not have Ni in their structural make-up. The high 
Ni content food cooked in SS pot may be attributed to the leaching of the metal from stainless steel pot into 
the food samples. This is consistent with the findings by other researchers that, some quantity of Ni is always 
transferred into foodstuffs cooked with stainless steel utensils [49]. Furthermore, the obtained results from 
this study is consistent with the report by NIDI (1994) that, the release of nickel ions from stainless steel 
cooking pots into foodstuffs is generally less than 0.1mg/kg. The range for Ni obtained in this study is lower 
than 0.15-0.70mg/day recommended by Codex (1995) as the daily intake of nickel via foodstuff [87,88]. 
However, when it comes to nickel the focus is not on permissible levels but rather on sensitivity since nickel 
can cause allergic reactions in sensitive individuals [89,90]. Toxicological studies indicate that a single oral 
dose of Ni as low as 67μg can cause Allergic Contact Dermatitis (ACD), eczema flare up, and even lead to 
systemic dermatitis in individual’s sensitive to nickel [16,45]. Our findings differ from the report of Stahl 
et al., (2011), Kamerud, et al., (2013), who observed as high as 88ug/126g of nickel in cooked food [16,77]. 
And nickel in stainless steel is a toxic heavy metal that has well-studied negative effects on the female 
reproductive organs. According to some workers Hiddendangers (2015) abrasive washing of stainless steel 
can cause small amounts of chromium and nickel to be released into food [67]. 

According to Codex (1995) copper is naturally present in most foodstufsf in the form of copper ions or 
copper salts [89]. Cu though needed in the body can be harmful if present in excess amount as it acts 
as a hemolytic agent [91]. The Cu values of cooked foods were significantly different (P<0.05) from the 
uncooked foods among the pots. The uncooked had the higher copper values than the uncooked. The above 
result differs from findings by Dan and Ebong (2013), for stable foods where Cu values increased from the 
uncooked foods 1.59mg/kg to 2.43mg/kg in the Aluminum pots after cooking [83]. He further stated that 
Aluminum cook wares may contain alloying elements such as Magnesium, silicone, iron, manganese, copper 
and zinc. On comparing the results obtained for cupper with the Provisionally Maximum Tolerable Daily 
Intake (PMTDI) for Cu metal as stated by JECFA (1989), it was observed that Cu concentration in this 
study for the different cookware samples and the uncooked sample, were not higher than standard required 
by the body [92-101].
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Conclusion

Metals can migrate from cooking pots into food during cooking depending on materials used to forge 
the pot but the intensity of the migration depends on the food being cooked. Porousity of pot surfaces 
(as affected by usage of the pot (especially aluminum and stainless) influences the leaching capabilities 
of cooking pots. Older pots with pitting surfaces leache more metals than their new versions probably 
because new pots have nonporous surfaces therefore should be avoided. We confirmed that titanium steel 
and enamel coated pots leached insignificant traces of metals in all cases of cooking compared to the other 
pots tested. The data from this study has evidence that aluminum, nickel and iron do migrate from cooking 
pot into food at levels above the permissible standards depending on the type of food and pot used for the 
cooking. Our work has demonstrated that the problem of metal leaching is more or less arising from the pot; 
though food type affected the concentrations of metals leached by each pot. We suggest dietary exposure of 
metals be avoided because metal (e.g aluminum) exposure does have any known positive impact on human’s 
health even if does not cause any verified illness.
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