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A Follow-Up Study Health Risk Assessment
of Heavy Metal Leachability from
Household Cookwares

Abstract

Leaching of heavy metals from household cookware’s can be a public health
concern. Therefore, in this present study, some selected heavy metals namely:
iron (Fe), aluminum (Al), zinc (Zn), lead (Pb), chromium (Cr) and nickel (Ni) were
analyzed using atomic absorption spectrophotometery in beans and tomatoes
sauce cooked in aluminum and cast-iron cookware’s commonly used in Nigeria.
These metals were also determined in uncooked tomatoes sauce, and beans used
as controls. Results obtained indicated that, the lowest concentrations of most
of the metals were recorded in uncooked food items exceptions were that of Pb,
Ni (tomatoes sauce only) and Zn (tomatoes sauce and beans). It was also noticed
from results recorded that, the highest mean concentration of Iron (Fe) (1068
mg/kg) was obtained in tomatoes sauce cooked in cast iron pot, Aluminum (Al)
recorded its highest mean concentration (850 mg/kg) in tomatoes sauce cooked
in aluminum pot. Chromium (Cr) recorded the highest mean concentration (9.4
mg/kg) in tomatoes sauce cooked in aluminum pot. Lead (Pb), Zinc (Zn) and Nickel
(Ni) recorded its highest mean concentrations (31 mg/Kg), (22.6 mg/kg) and (11.9
mg/Kg) respectively in uncooked tomatoes sauce. Results obtained in this study
further revealed that, cooking utensils can leach some quantities of trace metals
into food during processing, hence resulting in slight increase in the concentration
of some of these metals in processed foods. The general results showed that
concentration levels of Lead (Pb), Nickel (Ni) and Zinc (Zn) obtained were within
their recommended safe limits whereas, concentrations levels of Aluminum
(Al), Iron (Fe) and Chromium (Cr) were above their maximum acceptable levels.
The study has also shown that tomatoes sauce and beans foodstuffs have high
potentials of leaching these metals from cookwares possibly due to pH and
contact time. These results were discussed based on their environmental and
health implications. The results show that the aluminum cookware poses a greater
danger to public health when compared to cast iron cookware by approximately
1.7-folds through tomatoes sauce and 1.6-folds through beans.
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of materials. These materials can enter the food that we cook in

them. There are countless types of cookware, made of cast iron,

Most people are aware of air pollution, water pollution and the
dangers of household chemicals. Studies are now showing that
certain cookware can also be contributing toxic pollutants to our
bodies. Pots, pans and other cookware are made from a variety
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aluminum, copper, ceramic and enamel, glass, stainless steel,
etc. The most commonly used cooking pots in Nigeria, are those
made of aluminum, cast iron and stainless steel. The choice of
these pots is because they are the most popular and economical
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and commonly found in most Nigerian markets in addition to the
fact that they are easy to clean, have unique surfaces that cannot
crack easily, difficult to rust and high durability.

According to International Occupational Safety and Health
Information Centre (CIS), there are 35 metals that are of concern
to humans due to occupational or residential exposure and it
has been estimated that around one billion people worldwide
suffer from some form of diseases attributed to those metals [1].
Regardless of their effect, many of them play a crucial role in all
life forms. For example, arsenic (As), copper (Cu), iron (Fe) and
nickel (Ni) are considered essential at low concentrations but
are toxic at high levels. However, elements like aluminum (Al),
beryllium (Be) and lead (Pb) have no biological significance [2].

Although metal toxicity depends on the amount ingested, chronic
exposure to certain metals, such as cadmium (Cd) and lead (Pb),
can cause severe toxic effects, even in low amounts. Humans
are exposed to metals through different exposure pathways, the
most common being inhalation of contaminated air and ingestion
of products such as water, medicinal herbs, and food [3,4]

Metals tend to bioaccumulate thus their concentration increases
in a biological system over time. This is because they are stored
faster than being metabolized or excreted [5]. Unlike organic
molecules, metals do not require bioactivation or undergoes
enzymatic modification that produces a reactive chemical
species for detoxification process [6]. However, metals use other
mechanisms, such as long-term storage (e.g. Iron) and biliary
and/or urinary excretion [6]. This paper reports the selected
metal leachability from common cooking pots and the processes
practices by a cross section of Nigerian population.

Materials and Methods
Study site

The study was carried out in Apete, one of the major towns in
Iddo Local Government of Ibadan, Oyo State, Nigeria, which has
an estimated population of 103,261 as at the 2006 census. It is a
residential area with mostly low-income earners. It lies between
latitude 07°27'35"N of the Equator and longitudes 03°53'04"'E of
the Greenwich Meridian. One of the most striking lifestyles of
the people of Apete is that; people work from dawn to dusk and
enjoy a sumptuous meal on return home. Aluminum and cast-
iron cookwares are mostly used for cooking at home due to the
socio-economic status of the residence.

Sampling procedure

Cookware: Two kinds of cookware were selected for this
research work: Aluminum and Cast iron. These are the common
cookware used in households of the study area. The cookware
samples were rinsed with clean water to remove dirt because of
their newness before using them.

Food items: Tomatoes and beans were used for this research
work. Beans were chosen because of its long cooking time
(contact time), but also high cooking temperature. Tomato sauce
was chosen because of its low pH value.
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Two portions of 500 g each of the beans and tomatoes samples
were weighed and cooked in an aluminum pot and cast-iron pot
for 120 min and 30 min, respectively, using a gas stove. Samples
were collected and recorded as (Day 1 samples). Subsequently,
the remaining food items were stored in the pot for two more
days while reheating to reproduce the typical household method
of preserving food before additional meals. The reheating was
repeated four times for 15min for beans and 5 min for the
tomatoes sauce on each occasion. After which another set
of samples were taken and recorded as (Day 2 samples). The
samples were then oven dried at 65-70°C to a constant weight.
After drying, the dry mass and % moisture content of the food
sample was determined using the following equation:

(w2-w3)

(w2-w1)

% Moisture Content
Where;

W =weight of container (g),
W, =initial weight of container with food sample,

W_=final weight of container with sample

Digestion of samples

Samples were digested according to the method described by
the Association of Official Analytical Chemists [7]. 2 g of soft
samples were weighed using an analytical balance and placed
into acid washed digestion tubes (PTFE-TFM liners) onto which
16 mI HNO, and 4 ml H,0, were added before being placed into
the microwave digester. The digested samples were cooled,
and individually filtered through a Whatman No. 1 filter paper
into a 50 mL standard flask and made up to the mark with
distilled water. The extracts were transferred quantitatively
into preheated plastic sample bottles, tightly closed, and kept in
a refrigerator at a temperature around 4°C. A blank digest was
carried out in the same way.

Analysis of heavy metals

Concentrations of Al, Pb, Ni, Fe, Zn and Cr in the filtrate of
digested food samples were estimated by using an atomic
absorption spectrophotometer. The instrument was fitted with
specific lamp of metal. The instrument was calibrated using
manually prepared standard solution of respective heavy metals
as well as drift blanks. Standard stock solution of 1000 mg/| for
all the metals was obtained from University of Ibadan Central
Research Laboratory, Nigeria. These solutions were diluted for
desired concentrations to calibrate the instrument.

Data analysis: The statistical analysis of the results was done
using data analysis tool in Microsoft Excel 2013.

Daily intake of metal: For preliminary risk assessment of
consumer exposure to heavy metals, the average metal content
in each food item was calculated and multiplied by the respective
consumption rate. The daily intake rate was determined by the
following equation [8,9]:

(metal conc.) x D(food intake)

C
Daily intake of metal (DIM)= B(ave. wt.)

Where C and B

average weight

represent the heavy

metal conc” ~ food intake

This article is available in: http://www.imedpub.com/journal-food-science-toxicology/
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metal concentrations in food (mg/Kg), daily intake of food and
average body weight, respectively. The required amount of
vegetables in our daily diet must be 300 to 350 g/person has
been suggested by WHO guideline [10]. Daily intake of 200 g of
beans was used in this study. The average body weight (B
) was taken as 60 kg for adults according to [11].

everage

weight
Health risk index (HRI)

Health risk index for the locals (consumers) through the
consumption of contaminated food was assessed by the ratio
of daily intake of metal (DIM) to the oral reference dose (RfDo)
for each metal [12]. If the value of HRI is less than 1, then the
exposed local population (consumers) is said to be safe, if HRI
is equal to or higher than 1, is considered as not safe for human
health, therefore potential health risk occurred, and related
interventions and protective measurements should be taken
[12]. An estimate of risk to human health through consumption
of food was calculated by the following equation:

DIM
HRI=%
Where, RfDo is the oral reference dose. RfDo is an estimate of a
daily oral exposure for the human population, which does not
cause deleterious effects during a lifetime [13].

Hazard index (HI)

To estimate the risk to human health through more than one
heavy metal (HM), the hazard index (HI) has been developed.
The hazard index is the sum of the hazard quotients for all heavy
metals, which was calculated by the following equation [14].

HI=% HRI=HRI, +HRI, +HRI_+HRI_,

It assumes that the magnitude of the adverse effect will be
proportional to the sum of multiple metal exposures. It also
assumes similar working mechanisms that linearly affect the
target organ. Iron (Fe) and Zinc (Zn) are essential elements for
human health, the hazard index for the toxic elements Chromium
(Cr), Aluminum (Al), Nickel (Ni), and Lead (Pb) are thus calculated
in this study.

Results and Discussion

The pH level of samples was obtained as shown in Table 1. Heavy
metals concentrations is shown for the tomatoes sauce and beans
cooked in aluminum and cast-iron cookware (Figures 1 and 2).
Results obtained revealed that the different food items studied
recorded variable levels of heavy metals. Maximum concentration
of Al was found in tomatoes sauce cooked in aluminum pot (850
mg kg?') and the minimum concentration was found in beans
cooked in cast iron pot (63.0 mg kg!). Maximum concentration of
Pb was found in tomatoes sauce cooked in aluminum pot (26.2 mg
kg') and the minimum concentration was found in beans cooked

Table 1 Variation in pH of samples.
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in cast iron pot (2.0 mg kg?). For Ni, the maximum concentration
was found in beans cooked with aluminum pot (8.5 mg kg?) and
the minimum concentration was found in beans cooked with
cast iron pot (5.5 mg kg?). Maximum concentration of Fe was
found in tomatoes sauce cooked with cast iron pot (1068 mg kg’
1) and the minimum was found in beans cooked with aluminum
pot (162.3 mg kg?). Maximum concentration of Zn was found in
tomatoes sauce cooked in aluminum pot (17.9 mg kg?) and the
minimum was found in beans cooked with cast iron pot (9.9 mg
kg™). For Cr, the maximum concentration was found in tomatoes
sauce cooked in aluminum pot (9.4 mg kg?) and the minimum
was found in beans cooked in aluminum pot (1.9 mg kg?).

Aluminum solubility increases at a pH lower than 4.5 and above
8.5 [15]. The pH values of the second day tomatoes sauce were
4.3; this can be attributed to the high value of Al metals recorded.
Leaching of metals under the preparation of lower pH (4.25) food
inan aluminum cooking potincrease the concentration of Al metal
by 20.3 mg/kg [16]. The results recorded for Al indicated that, the
metal was leached from the cookware into the food item cooked.
While acids give the highest figures of aluminum intake in cooked
foodstuffs, alkaline foodstuffs (less common) and foodstuffs with
much added salt, do increase the aluminum uptake [17,18]. This
can be attributed to the lower level of aluminum recorded in the
beans samples of both aluminum pots and cast-iron pots when
compared with the tomatoes sauces (acidic foodstuff) samples.
The longer the cooking time, the greater the accumulation of
aluminum and about 3.5 mg/day quantity of Al is added to the
daily diet using aluminum pot for food processing [19]. Aluminum
is excreted by the kidneys, and only a small amount of aluminum
is absorbed [20]. However, soluble aluminum salts are more
easily absorbed.

The results obtained, indicates a reduction in the concentration
level of lead in the cooked tomatoes sauce compared to the
uncooked. This reduction may be attributed to the low pH of
tomatoes sauce. Lead resists attack by many acids, including
sulfuric acid [21]. Lead was not detected in the uncooked samples
of beans. This may be attributed to the fact that, lead in the soil is
only poorly taken up by plant roots and is not transported away
from the roots to the rest of the plant crop, particularly the seeds.
Therefore, lead levels in the plant are to a large extent governed
by air-borne lead contamination which makes leaves and leafy
vegetables most vulnerable to the air-borne deposition. Lead
is a classical chronic or cumulative poison. In humans, lead can
result in a wide range of biological effects depending upon the
level and duration of exposure. Health effects are generally not
observed after a single exposure. Lead poisoning effect includes;
hematological effects, neurological and behavioral effects, renal
effects, cardiovascular effects, and effects on the reproductive
system.

- Tomatoes Sauce Beans

Uncooked 1) 2) 1) 2)

pH 3.75 4.41 4.38 4.46 4.4

© Under License of Creative Commons Attribution 3.0 License

Al Pot (Day Al Pot (Day Fe Pot (Day Fe Pot (Day

Al Pot (Day Al Pot (Day Fe Pot (Day Fe Pot (Day
1) 2) 1) 2)
7.11 7.92 7.32 7.5

Uncooked
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Figure1 Map of the study area.
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Nickel is probably an essential element for biological organisms
[22], even though nickel deficiency has not been demonstrated
in human beings [21]. Nickel is found in small quantities in many
foodstuffs (0.001-0.01 mg/kg) and in higher concentrations in
foodstuffs such as grains, nuts, cocoa products and seeds (up to
0.8 mg/kg) [23]. The increase in level of nickel from the uncooked
tomatoes sauce to the cooked one is attributed to leaching of the

4

metal from the cookwares. This is consistent with the findings
of several researchers that, some quantities of nickel are always
transferred into foodstuffs cooked [24-27]. The daily intake of
nickel via foodstuff is estimated at 0.15-0.7 mg/day [26]. Food
intake and gastric emptying are of substantial significance for the
bioavailability of nickel from aqueous solutions. The absorption
of free nickel ions released in the gastrointestinal tract may be 40

This article is available in: http://www.imedpub.com/journal-food-science-toxicology/
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Figure 2a Variation of concentration of heavy metals in tomato sauce.
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times higher than that of complex-bound nickel from foodstuff
[28]. However, some patients with certain types of nickel
dermatitis may get a flare-up of eczema through ingestion of even
small amounts of orally ingested nickel, e.g. from foodstuffs rich
in nickel or foodstuff or drinks contaminated via nickel containing
materials [29].

Iron is an essential trace metal. The high level of iron content in
the cast iron pot may be attributed to the fact that in cast iron
alloy, iron constitutes more than fifty per cent as ferrous alloy
with 3-4.5 wt% C [30]. The high level of iron in the tomatoes sauce
show that leaching of iron is promoted in acidic medium with pH
less than 4.5. Iron leaching is dependent on the acidity, moisture
content and cooking time of the food preparation. More acidic,
moister foods and foods cooked longer have higher iron content
than controls when cooked with an iron ingot or pot [31,32].
Ingestion of soluble iron salts by children in doses exceeding 0.5 g
of iron can give rise to severe lesions in the gastrointestinal tract,
followed by metabolic acidosis, shock and toxic hepatitis [30].

© Under License of Creative Commons Attribution 3.0 License

Zinc is an essential trace metal. The results obtained indicated
reductioninthe concentration level of zincin the cooked tomatoes
sauce and beans. This reduction is more significant in cast iron
pot than the aluminum pot. This reduction can be attributed
to coating of iron and steel with zinc and to prevent corrosion,
which is the most important use of zinc [21]. Zinc protects iron
from rusting because it is the stronger reducing agent of the two
metals [21]. The required daily intake of zinc for adults is about
15 mg/day and the requirement varies with age [20]. The average
daily intake of Zn is 15-20 mg/day [11]. In human’s high levels
of zinc cause acute effects such as vomiting and gastrointestinal
irritation (nausea, cramps, diarrhea), however when bound to
food components (i.e., meat, oysters) these effects are expected
to be less. No information is available on toxic effects in man due
to chronic excessive intake of zinc; however impaired copper
uptake in humans has been noted following the chronic elevated
intake of zinc. Some effects of zinc therefore may be secondary
to impaired copper utilization (i.e., anemia).
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Chromium is an essential nutrient required by the human
body to promote the action of insulin in the body tissue hence
helping in the utilization of glucose, protein and fat especially
if within allowable limit [33,34]. Studies have shown that, most
foodstuffs contain less than 0.1 mg Chromium per kg [35]. There
is no significant difference in the level of chromium leached
from both cookware used in this study. These results show that
consuming acidic foodstuff cooked with both pot aluminum and
cast-iron pot may cause chromium toxicity. Toxic aspects of
chromium are related to Cr (VI) [35], due to its high absorption,
easy penetration of the cell membranes and its genotoxicity and
oxidising properties.

6

Health risk assessment

Daily intake of metal (DIM) calculated in food cooked in both
aluminum and cast-iron cookware examined are above the
acceptable Daily intake of metal for Al, Fe and Cr set by FAO/
WHO. While that of Pb, Ni and Zn where below the acceptable
standards. The summary of daily intake of metal in food samples
and acceptable daily intake are presented in Table 2.

The highest DIM values were found in tomatoes sauce cooked
in cast iron pot and the lowest were found in beans cooked with
aluminum pot. It was observed generally that, the DIM values in

This article is available in: http://www.imedpub.com/journal-food-science-toxicology/
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aluminum pots were higher than that of cast iron pot, except for  Hazard index

Fe and Cr that shows slight higher value in cast iron pot. ] )
The Hazard Index (HI) has been calculated for the leaching of toxic

The health risk assessment associated with heavy metals (Al,  element Al, Pb, Ni, and Cr, in aluminum and cast iron cookwares
Pb, Ni, Fe, Zn, and Cr) leaching of cookware, estimated exposure  ysed for tomatoes sauce and beans. The sequence of Hl followed
and risk index were calculated as shown in Table 3. The result  the decreasing order from aluminum pot to cast iron pot. Both
revealed that, Health risk index for Al, Zn and Cr for both  cookwares studied under tomatoes sauce and beans, recorded
cookware leaching studied are lower than 1 indicating safe for 3 Hazard Index (HI) value greater than 1. When the hazard index
the consumer. However, Pb, Ni and Fe were found to show HRI  exceeds 1.0, there is concern for potential health effect [36].
value greater than 1. But the value of Pb in cast iron cookware  The results as shown in Figure 3 indicate that, the HI value of
and Fe in aluminum cookware of beans samples both recorded  tomatoes sauce cooked in aluminum cookwares has a higher HI
a HRI value lower than 1. This result indicates the possibility of  yajue than that of tomatoes sauce cooked in cast iron cookware.
accumulation of Pb, Ni and Fe above the required level in the  gimilarly, the beans cooked in aluminum cookwares have a higher
body of consumer using these cookwares. HI value than the beans cooked in cast iron cookware.

Table 2 Daily intakes of metals (DIM) in tomatoes sauce.

Daily intake of metals in tomatoes sauce

Cookware

Aluminum 0.95 0.12 0.02 3.99 0.08 0.03
Cast Iron 0.77 0.07 0.03 4.54 0.06 0.03
WHO/FAO 0.14 0.13 0.7 0.8 1 0

Daily intake of metals in beans

Aluminum 0.254 0.008 0.024 0.577 0.049 0.009
Cast Iron 0.224 0.003 0.023 0.935 0.040 0.015

WHO/FAO 0.14 0.13 0.7 0.8 1 0

Table 3 Health risk index (HRI) for heavy metals in tomatoes sauce and beans.

Health Risk Index (HRI)

Cookware Tomatoes sauce

Al Pb Ni Fe Zn Cr
Aluminum 0.95 29.75 1.2 5.71 0.28 0.021
Cast iron 0.77 16.38 1.5 6.48 0.20 0.018
Beans
Aluminum 0.25 2.08 1.20 0.82 0.16 0.006
Cast iron 0.22 0.83 1.13 1.34 0.13 0.0096

HAZARD INDEX (HI)

31.92

18.67

3.55
2.19

ALUMINUM COOKWARE CAST IRON COOKWARE ALUMINUM COOKWARE CAST IRON COOKWARE
TOMATOES SAUCE BEANS

Figure 3 Hazard index (HI) of toxic elements (Al, Pb, Ni and Cr) of aluminum and cast iron cookwares in
tomatoes sauce.

\_ /
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Conclusion

The results obtained in the study have revealed that different
foods have different potential of accumulating trace metals
depending on the pot used, the type of food and the process
applied. Also, the study has shown that cooking utensils like
aluminum and cast-iron pots which are usually used in food
processing in Apete have a positive impact on the metal transfer
into the foodstuffs.

The DIM and HI values for the metals indicated that the
population is more exposed to the toxic substances present in
food substances which are frequently eaten by the population.
This is because the values obtained from these indices with
reference to the food samples exceeded the permissible limit
[36]. The results show that the aluminum cookware poses a
greater danger to public health when compared to cast iron
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