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Abstract: Heavy metals with adverse health effects in human metabolism .The objectives of this study are
monitor the heavy metal concentrations in foodsamples are cooked in different common normal
andscratchedcooking utensil as (Aluminum, Stainless steel, Tefal,lead, Copper, Glass, and enamel cookware).
The samples of cooked were freshtomato juice cooked in normal andScratched utensil, samples cooled then kept
in clean polyethylene bottles with code number, samples digested then analyzed by atomic absorption
spectrophotometer [AAS] ,for six heavy metals( Cd, Ni, Pb, Zn, Cu, and Fi). They have negative effects on food
safety and quality,the results showed significant differences in elemental concentrations among the cooked
tomato juicesamplesanalyzedwhich cooked in deferent type of utensils.The results revealed that there were wide
variations in the contents of the heavy metals in samples. CrushTefal was found to contain the highest
concentrations of the previously mentioned elements, In conclusion we should avoid usingcrushed utensil
because it considered harmful on food and health.
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.  Introduction

Environmental pollution is a major cause of the elevated levels of micro and macro elements in food
chain (Nnorom et al., 2007). Studies have shown that the nature of cook wares, cooking process, storage and
processing can increase trace metal levels in foods (Anderson et al., 1992; Ebong et al. 2006). Heavy metals
are potential environmental contaminants with the capabilities of causing human health problems if present in
foods at high concentrations (Cabrera et al. 2003). Emmanuel and Godwin., ( 2013 ) reported that, the type
of cooking utensil used may contribute some considerable amounts of trace metals into foods by way of
leaching in addition to the ingredients. Studies have shown that the nature of cook wares, cooking process,
storage and processing methods can increase trace metal levels in foods (Anderson et al., 1992; Ebong et al.
2010).

Heavy metals disrupt basic metabolic functions in two ways. On the one hand, they disrupt the
functioning of vital organs and glands such as the heart, brain, kidney, bone or liver and secondly they move
nutrients that are essential minerals and they prevent them fromfulfilling their biological function. For example,
aluminum as a chelator has the ability to capture and prevent the uptake of essential elements and thereby
disrupt the proper use of many of them such as calcium, zinc or copper (Couzy and Mareschi, 1988). This
metal is heavily involved in the onset of Alzheimer's disease (Harrigton, 1994;Dabonne et al.,
2010). Aluminum cookware is especially dangerous when used to prepare acid foods such as tomatoes, which
causes the metal to be leached out. Besides Alzheimer's, toxic levels of aluminum has also been associated with
Parkinson's disease, various dementias and bone diseases. In general,Metals are particularly toxic to the
sensitive, rapidly developing systems of fetuses, infants, and young children. Some metals, such as lead and
mercury, easily cross the placenta and damage the fetal brain. Childhood exposure to some metals can result in
learning difficulties, memory impairment, damage to the nervous system, and behavioral problems such as
aggressiveness and hyperactivity. At higher doses, heavy metals can cause irreversible brain damage. Children
may receive higher doses of metals from food than adults, since they consume more food for their body weight
than adults (Thirulogachandar et al., 2014).Guerardi, (1999) Indicated that,developing countries, much of the
urban population and almost all rural population still use traditional cooking utensils. Examples are the clay and
aluminum pots. Unlike modern utensils, traditional one does not have a protective layer of inert material to
prevent contamination of food. The present study was designed with the aim of determining the concentration
of Cu, Zn, Pp., Ni,Cd and Fi in six samples of juice tomato cooked in different normal and crush utensils.

Il.  Materials And Methods
Utensil used:
Different typeof utensil parched from traditional common material in Egypt home, utensil was
(normal& crushed Tefal, Fold Iron, Aluminum, Stainless steel and Pyrex).
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Examined Samples:

Samples of tomato juice with equal amount cooked in different normal and Scratchedutensils, samples
was used for determining the rate of transfer of heavy metals during cooking, samples could then kept in clean
polyethylene bottles,according to Demirezen and Akosoy, (2006 ),with coed number, The testing was carried
out by using an Atomic Absorption Spectrometer ( AAS ). The analysis done in cooked tomato samples oflLead,
Cadmium, Zinc, Copper, Iron,Nikhil, concentration.

Atomic absorption spectrophotometer:

Flame atomic absorption spectrophotometer is very common technique for detecting metals and
metalloids in environmental samples. It is very reliable and simple to use. The technique is based on the
principle of ground state metals absorbing light at specific wave length. Metal ions in a solution are converted to
atomic state by means of a flame. Light of the appropriate wave length is supplied and the amount of light
absorbed can be measured against a standard curve according to the methods of ( Sobukola et al ., 2009 ;
Thirulogachandar et al ., 2014).

Basic principle:

The technique of flame absorption spectroscopy requires a liquid sample to be aspirated, aerosolized
and mixed with combustible gases such as acetylene and air or acetylene and nitrous oxide. The mixture is
ignited in a flame whose temperature ranges from 2100 to 2800°C. During combustion, atoms of the element of
interest in the sample are reduced to free, unexcited ground state atoms, which absorb light at characteristic
wave lengths. The characteristic wave lengths are element specific and accurate to 0.01-0.1 nm. To provide
element specific wave length, a light beam from a lamp whose cathode is made of the element being determined
is passed through the flame. A device such as photon multiplier can detect the amount of reduction of the light
intensity due to absorption by the analyst and this can directly related to the amount of the element in the
samples ( Sobukola et al ., 2009); Thirulogachandar et al ., 2014).

Analysis of cooked tomatojuicesamples:

The representative tomatojuice samples werecooked and 2g of each sample was treated with conc.
Nitric acid. After treating samples with acid, samples were digested to get analyst metal in solutions till 1 ml of
clear transparent sample solution was remained. The temperature was increased after every 30 minutes during
digestion of samples. Then the solutions were filtered and volume of filtrate was made up to the mark in
volumetric flask using distilled water and samples were stored in glass bottles. Filter paper No.4 was used for
filtration of samples. AAS Stock standard solution of 1000 ppm of respective elements (Cu,Zn,Pb, Cd, Ni and
Fe) was used to prepare the working standard of 100 ppm. Then further dilution of 1, 2, 3 and 4 ppm were
prepared as working standard of test elements according to the methods of (Sobukola et al ., 2009 ;
Thirulogachandar et al ., 2014).

Statistical Analyses:

Statistical analysis was performed by the program of statistical package for the social sciences (SPSS)
to calculate(means + SD). Data were analyzed using one way classification, analysis of variance (ANOVA) test.
The differences between means were tested for significance using t leas significancedifference(LSD) test a t
P<0.05.

I11.  Results And Discussions
Some of heavy metals are required by most living organisms for normally healthy growth but excess
concentration causes toxicity.The six samples of tomato juice cooked in different type of crushed utensil in
order to determine the heavy metals leaching concentration (Cu , Zn, Pb, Ni ,Cd and Fi ) in these, all the
analytical data are given in table (1, 2, 3).

Results in table(1): obtainedthat, the different crushed utensils studied recorded variable levels of
heavy metals.Zinc recording the lowest metal level in the most oftomato samples analyzedso it appears that the
concentration were within the permissible limit,but it recorded high significant (%0.05) level only in crushed
aluminum utensil with mean (5.6 £ 0.07)ppm. Zinc is an intestinal irritant present in environment;the first sign
of zinc poisoning is usually intestinal distress which includes vomiting, stomach cramps, diarrhea and nausea as
indicated by (Thirulogachandar et al., 2014). Copper according to Codex (1995) is naturally present in most
foodstuffs in the form of copper ions or copper salts. It is among the most effective of metal biochemical
oxidizing agents. Copper though needed in our body can be harmful if present in excess amount as it acts as a
hemolytic agent (Aaseth and Norseth, 1986).
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Results obtained also indicated that, Copper recorded highmean leaching metal concentration with
rang 4.25 — 22.34 ppm , the lowest copper level was recorded in sample cooked with crushed stainless steel
utensil with mean 4.25 + 0.03 ppm, and the highest copper level was recorded in sample cooked with crushed
tefal with mean 22.34 £ 0.14 ppm. While, level of Cu in tomato cooked with crushed aluminum utensil was
higher than their corresponding levels in tomato cooked in crushed fold iron utensil with mean 8.0 £0.07,5.08
0.19 ppm,respectively. In addition,Resultswere observed that a Cu concentration in all cooked tomato was
higher than the standard required by the human body. This revealed that, copper level in unprocessed foods can
be as high as 2mg/kg or less as reported by Aaseth and Norseth (1986). It was also inferred from the results that,
consumption of foods cooked with crushed utensil contains high level of copper can cause Cu toxicity and its
implications such as migraine headaches, hypotension, anxiety, premenstrual syndrome, nausea, vomiting, renal
and liver damage, increased respiratory rates etc. (Flemming and Trevors, (1989). Thus, this practice should be
discouraged and discontinued to avoid a devastating effects associated with it.

As shown in this table , it could be observed that , Lead recorded higher mean metal concentrations
than copper with rang 5.54 — 26.44 ppm , the mean value of lead revealed a high significantly increased p <
0.05 with tomato cooked in crushed stainless steel , tefal and aluminum utensils with mean 26.44 + 0,09 ,
15.48+ .17, 10.0% 0.07 ppm, respectively, while lead level was non-significant with the sample cooked in
crushed fold iron. This result in agreement with the findings by Weidenhameretal et al.,( 2014 ) who
reported in his study that ,lead, aluminum and cadmium can migrate from this aluminum and stainless steels
cookware during cooking and enter food at levels exceeding recommended public health guidelines. And so his
results support the need to regulate lead content of materials used to manufacture these pots. Aluminumand
stainless steels cook wares may be a major contributor to lead poisoning throughout the developing world.
Testing of thesecook wares in other developing countries is warranted.Lead affects almost every organ system
in the human body. The central nervous system is particularly vulnerable in infants and children under age six.
The effects are the same whether it is breathed or swallowed. Large amounts of lead exposure may lead to blood
anemia, severe stomachache, muscle weakness, and brain damage (Thirulogachandar et al., 2014). Nickel is
known to be essential to the health of some organisms; but it has not been proven to be essential to the health of
humans (Barceloux, 1999; ATSDR, 1995). In this present study , Ni indicated the highest mean migration
metal concentration with rang 14.54 — 30.3 ppm,these mean value recorded a high significantly increased p <
0.05 with tomato cooked in crushed fold iron , stainless steels , aluminum and tefal utensils with mean values
30.3 £ 0.56, 28.98 £ 0.09, 21.56 + 0.12 , 14.54 + 0.15 , respectively. This high Ni content in cooked sample
may be attributed to the leaching of the metal from stainless steel pot into the sample. This is consistent with the
findings by several researchers that, some quantity of Ni is always transferred into food cooked with stainless
steel utensils (Agarwalet al., 1997; Berg et al., 2000; Kumar et al., 1994). However, the obtained results is not
consistent with the report by NiDI (1994) that, the release of nickel ions from stainless steel. The cooking
tomato sauces resulted in an average of 88 g of Ni leached per 126 g serving of tomato sauce. Stainless steel
cookware can be an overlooked source of nickel, where the contribution is dependent on stainless steel grade,
and cookware usage (Kamerud et al.,2013). Even though, the use of stainless steel utensils by nickel sensitized
persons does not bring forth an allergic reaction, some patients with certain types of nickel dermatitis may have
eczema when exposed to high levels of Ni through foodstuffs rich in nickel (Veien, 1989; Veien and Menné,
1990). As shown in this table , it could be observed that , Iron recorded high mean metal concentrations with
rang 2.22 — 9.5 ppm , the mean value of Fe revealed a high significantly increased p < 0.05 with tomato
cooked in crushed tafalmore than iron fold higher than aluminum follow stainless steel with mean 9.5 + 013>
5.67 £ 0.02>2.78 + 0.02> 2,22 + 0.0l ppm . Some amounts of Fe have been leached from the cooking utensil
into the food items cooked. Thus, a periodic assessment of the level of this metal in human body is
recommended to avoid bioaccumulation and its attendant’s effects in future.

The result also revealed that food cooked with tefal and iron fold utensil recorded more of the Fe than
those cooked with aluminum and stainless steel pots. However, the range of Fe obtained in this study is within
the recommended safe limit for the metal in food (0.8mg/kg) by JECFA (1983).Result in this study agreement
with the findings by (MENG Xian and KANG Yong ,2004) who reported in them study that ,through
experiments it has been found in non-acidic condition iron element in food cannot be increased by using any
kinds of cooking utensils and there's not so much difference between iron cooking ware, stainless steel and
aluminum utensils . In alkalescent condition the iron element in food will be reduced,but in acidic condition (as
tomato sauce ) the amount of iron element migration in food by using iron cooking utensils can be 74 times
greater than in nearly condition and 146 times greater than alkalescent condition.

With regard to table ( 2 ), which showed the mean concentration of metals ( Cu, Zn, Fe ) in tomato
cooked in normal utensils (tefal , fold iron , aluminum and stainless steel compared with control sample cooked
in ( Pyrex glass).Results indicated that the mean of copper recorded the highest significantly increase p < 0.05 in
normal aluminum's sample compared with Pyrex glass ( control sample )or with stainless steel sample, while
the mean copper value with tefal and fold iron wear no significant compared with control sample.The results
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also indicated that, levels of Cu in tomato cooked inaluminum potwas higher than their corresponding levels
samples cooked in stainless steel pot ( 5.11+ 0.01 )ppm. This confirmed that, aluminum cook wares may contain
alloying elements such as magnesium, silicone, iron, manganese, copper and zinc (European Standard EN 601,
European Standard EN 602).Greger et al., (1985) reported that, 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 through the use of
aluminum for food processing. Studies have also shown that, acidic foodstuffs and soft fruits most frequently
take up more Al from the containers than their basic counterparts (Hughes, 1992). Several complications have
been reported on toxicity of aluminum in human like Alzheimer’s disease (Harrigton, 1994; Martyn et al.,
1989), Neurons alteration diseases (Crapper et al., 1976; Bharathi et al., 2008). The high and low Cu levels
reported for different utensils in this study was in agreement with results obtained by Onianwa et al., (1999) in
aluminum sample ( 7. 50 + 0.10) and fold iron sample ( 0.147 + 0.001) ppm .

Data in table (2) revealed that, a high significantly increased p < 0.05 in mean value of tomato cooked
in aluminum utensils compared with control sample, while zinc level was non-significant with the sample
cooked in tefal, fold iron and stainless steel utensils. As shown in this table, it could be observed that, iron
recorded a high significantly increased p < 0.05 in mean value of tomato samples cooked in stainless steel and
aluminumutensils compared to control sample with mean (4.45 £ 0.02, 2.69 £ 0.02) ppm respectively. The
result also revealed that tomato sample cooked in stainless steel utensil recorded more of the Fe than those
cooked with aluminumutensil. This may be attributed to the fact that stainless steel is a metal alloy that contain
more than fifty percent (50%) Fe be it ferrites or martensitic which are the most common constituent in almost
all stainless steel cooking utensils found in homes and industries among other factors (Elinder, 1986).Also, there
was a significantly increase p < 0.05 in mean value of fold iron sample (2.40 + 0.01) ppm compared with control
sample. This result is in agreement with the findings by Accominotti et al., (1998) who reported in them study
that the amount of metals released into food during cooking or processing were still less than the tolerable daily
intake (TDI) recommended.Comparison between the mean metals concentrations in researched and normal
utensil's samples are presented in table (3).

It could be observed that, the researched tefal sample showed a significantly increase p <0.05 in the
mean value of Cu, Zn and Fe,metals compared with normal tefalsample. Results introduced in table (3) is
noticed , cooking tomato in fold and normal paint iron recorded lower significantly increase in the mean value
of Cu , Znand Fe metals than tefal sample. Data in table (3) indicatedthat, the researchedaluminum sample
showed a highly significantly increase in the mean value of Cu, Zn and Fe metals compared with normal
aluminum sample. These findings are supported by Xian and Yong, (2004) who reported that, the content of iron
and other elements in different cooking utensils in different condition has been determined with flame atomic
absorption spectrophotometry. Through experiments it has been found in non-acidic condition iron element in
food cannot be increased by using any kinds of cooking utensils and there's not so much difference between iron
cooking utensils and stainless steel and aluminium utensils. In alkalescent condition the iron element in food
will be reduced. but in acidic condition the amount of iron element in food by using iron cooking utensils can be
74 times greater than in nearly condition and 146 times greater than in acidic condition. Also, Accominotti et al.,
(1998) said that, the amount of metals released into food during cooking or processing was still less than the
tolerable daily intake (TDI) recommended.

Table (1): Effect of using Scratched utensil on some metals contaminated cooking food
products (Mean £ S. D)

Kind of utensil Metals mg/100gm

Cu Zn Pb Ni Fe
Tefal 22.34**+0.14 1.9+0.01 15.4**+0.17 14.54+0.15 9.5%*+0.13
Fold Iron 5.08+0.19 1.81+0.02 5.54+0.13 30.34**+0.56 5.67**+0.02
BrilliantAluminum 8.0**+0.07 5.6+0..07 10.0**+0.07 21.56**+0.12 2.72*%*+0.02
Stainless steel 4.25+0.03 1.85+0.05 26.44**+0.09 28.98**+0.09 2.22**+0.01

Values are expressed as mean+ SD.
Significance is expressed at P< 0.05 using one way ANOVA test and LSD.
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Table (2): Effect of using utensil on some metals contaminated cooking food products (Mean + S.D)

Kind of utensil Metals mg/100gm

Cu Zn Pb
Tefal 0.151+0.001 0.159**+0.01 2.01+0.01
Fold Iron (paint) 0.147+0.001 0.137+0.001 2.40**+0.01
Aluminum 7.50**+0.10 6.02**+0.00 2.69**+0.02
Pyrex glass 6.52+0.09 0.81+0.00 Zero
Stainless steel 5.11+0.01 0.81+0.07 4.45+0.02

Values are expressed as meant SD
Significance is expressed at P< 0.05 using one way ANOVA test and LSDO

Table (3): Comparative between Scratched and normal utensil on some metals contaminated cooking
food products (Mean + S.D)

Metals Tefal Paint Iron Aluminum

Mg/100gm Scrached Normal Scrached Normal Scrached Normal
Cu 22.34**+0.14 0.151+0.001 5.08**+0.19 0.147+0.001 7.50+0.10 8.0+0.07
Zn 1.9+0.01 0.159+0.01 1.81+0.02 0.137+0.01 6.02**+0.00 5.6+0.07
Fe 9.5**+0.13 2.01+0.01 5.67**+0.02 2.4+0.01 2.69+0.02 2.78+0.02

Values are expressed as mean+ SD
Significance is expressed at P< 0.05 using one way ANOVA test and LSD.

IV.  Recommendations
It has shown that different cooking utensils like aluminum and stainless steel pot which are commonly
utilize in food processing have different impact on the metal levels of different foodstuffs processed .Cooking
acidic foods (tomatosauce) in recreated cooking wares (utensils)cause releasing large amount of heavy metals
into food during cooking, further studies should be done on other food items not assessed in this study to avoid
metal toxicity in human. And so we should avoid using scratched utensils because it considered harmful on
food and our health.

References

[1]. Accominotti, M., Bost, M.; Haudrechy, P.; Mantout, B.; Cunat, P. J.; Comet, F.; Mouterde, C.; Plantard, F.; Chambon, P.
and Vallon, J. J.(1998):Contribution to chromium and nickel enrichment during cooking of foods in stainless steel utensils.
Contact Dermatitis. 38 (6): 305-10.

[2]. Agarwal, P. and Srivastava, S.,(1997):"Studies on leaching of Cr and Ni from stainless steel utensils in certain acids and in some
Indian drinks." Science of the Total Environment 199(3): 271-275.

[3]. Anderson, R. A., Bryen, N. A, Polansky, M. M.,(1992): Dietary chromium intake. Freely chosen diets, institutional diet and
individual foods. Biol. Trace Elem. Res., 31:117-121

[4]. Asrd(1995): logical profile for nickel. Draft for public comment. US Department of Health and Human Services.Agency for Toxic
Substances and Disease Registry.

[5]. Barceloux, D. G. (1999): "Nickel" Journal of Toxicology-Clinical Toxicology 37(2): 239-258.

[6]. Bharatti, P., Govindaraju, M., Palanisamy, A., Sambamurti, K., Rao, K., (2008): Molecular toxicity of aluminium in relation to
neurodegeneration. India J. Med. Res., 128(4): 545-556.

[71. Cabrera, C., Lloris, F., Gimenze, R., Olalla, M., Lopez, C., (2003): Mineral content in legumes and nuts:  Contribution to the
Spanish dietary intake. Sci. Total Environ. 308:1-14.

[8]. Codex Alimentarius Commission (1995): Doc. no. CX/FAC 96/17.Joint FAO/WHO food.standards programme. Codex general
standard for contaminants and toxins in foods.Technical Report Series 776.

[9]. Crapper, D., Krishman, S. and Quittkat, S.,( 1976) : Aluminium, neurofibrillary degeneration and Alzheimer’s disease. Brain, 99
(1): 67-80. Demirezen.D and Vruca.K.2006.Comparative study of trace elements in certain fish, meat and meat
products.Meat.sciences.74: 245-260. Farkas

[10]. Dabonne, S., Koffi, B., Kouadio, E., Due, E. and Kouame, L.,( 2010 ):Traditional Utensils: Potential sources of poisoning by
heavy metals. British Journal of Pharmacology and Toxicology, 1(2): 90-92.

[11]. Ebong, A, Chapel, A., Matinus, N. and Alexander, D.,( 2006) : Foliar fertilization stuttgar. Fischer-verlag

[12].  Elinder, C.G.,( 1986): Iron. In: Friberg, L., Nordberg, G.F., Vouk, V.B. Handbook on the toxicology of .metals. Second
edition.Elsevier, Amsterdam, New Y ork, Oxford.

[13]. Emanuel do Dan, Godwin Asukwo Ebong.,( 2013 ):Impactofcooking utensils ontrace metal levelsofprocessed fooditems
chemistry department , University of Uyo, P. M. B 1017, Uyo, Nigeria.

[14]. European Standard CEN EN 601.Aluminium and aluminium alloys - Castings — Chemical composition of castings for use in
contact with food.

[15]. European Standard CEN EN 602.Aluminium and aluminium alloys-Wrought products -Chemical composition of semi products
used for the fabrication of articles for use in contact with food.

[16]. Fairweather-Tait, S., (1998): Zinc in human nutrition. Nutrition Research Review 1: 23-27.

[17]. : Flemming, C. A, Trevors, J. T., (1989): "Copper toxicity and chemistry in the environment: a review". Water, Air, & Soil
Pollution 44 (1-2): 143-158.

[18].  Greger, J.L.,( 1985): Aluminum content of the American Diet. Food Technol. 39:73-80.

DOI: 10.9790/2402-09517378 www.iosrjournals.org 77 | Page



The Impact of Using the Scratched Utensil on Food Contamination with Heavy Metals

[19].
[20].
[21].
[22].
[23].
[24].
[25].
[26].

[27].
[28].

[29].
[30].
[31].
[32).
[33].

[34].
[35].

[36].
[37].
[38].

Greger, J.L., Goetz, W., and Sullivan, D.,( 1985) : Aluminum levels in foods cooked and stored in aluminum pans, trays and foil.
J. Food Protect. 48 (9): 772-777.

Harrigton, C., (1994) : Alzheimer’s disease-like changes. Lancett, 343: 993-997.

Hughes, J.T., (1992): Aluminium and your health. British Library Cataloguing in Publication Data, Rimes House.

JECFA (1983): Evaluation of certain food additives and contaminants. Twenty-seventh report of the Joint FAO/WHO Expert
Committee on Food Additives. World Health Organization, Technical Report Series 696

Kumar R, Srivastava P. K, Srivastava S. P.,( 1994): Leaching of heavy metals (Cr, Fe and Ni) from stainless steel utensils I food
stimulants and food materials, Bull Environment Contam. Toxically. 53 (2): 259 — 266.

KamerudKL , Hoie KA , Anderson KA.,( 2013) :Stainless steel leaches nickel and chromium into foods during cooking. p
2;61(39):9495-501.

Martyn, C.N., Osmond, C., Edwardson, J.A., Barker, D.J.P., Harris, E.C. and Lacey, R.F.,(1989): Geographical relation
between Alzheimer's Disease and aluminium in drinking water. Lancet i, 59-62.

Shang M.X., Sheng K.Y., ( 2004):Determination ofContent of Iron in Different Cooking sheng Utensils in Different Conditions
by Flame Atomic Absorption Spectrophotomery. (Department of Chemistry, Baoding Teacher's College ,China) .

NiDI (1994): Status report. Nickel Development Institute. SR-0003.

Norseth, T.(1986):Copper. In: Friberg, L., Nordberg, G.F., Vouk, V.B. Handbook on the toxicology of metals. Second edition.
Elsevier, Amsterdam, New York, Oxford

Nnorom, I. C., (2007 ):Trace of heavy metal level of some bouillon cubes and food condiments readily consumed in Nigeria. Pak.
J. Nutr., 6(2).

Onianwa, P., Adetola, 1., Iwegbue, C., Ojo, M., Tella, O., (1999) : Trace heavy metals composition of some Nigerian beverages
and food drinks. Food Chemistry 66: 275-279.

Sobukola, O. P., Adeniran, O. M., Odedaira, A. A., Kajihausa, O. E., (2009: Heavy metal levels of some fruits and leafy
vegetables from selected markets in Lagos, Nigeria. African Journal of Food Science. 4(2):389-393.

Thirulogachandar M.E., M.Rajeswari.andS.Ramya.,(2014 ): Robert. J. R. Metal toxicity in children.In training manual on
pediatric environmental health. Department of Environmental Engineering, Park College of Technology, Coimbatore .

Veien, N. K., (1989 ):Nickel dermatitis: Its relationship to food and experimental oral challenge. In: Maibach, H. I., Menne, T.
Nickel and the skin: Immunology and toxicology, PP 165-178. CRC Press, Inc. Boca Raton, Florida.

Veien, N.K. and Menné, T.,(1990) : Nickel contact allergy and a nickel-restricted diet.Seminars in Dermatology,9(39):197-205.
Weidenhamer JD', Kobunski PA!, Kuepouo G?, Corin RW' , Gottesfeld P°.,(2014 ):Lead exposure from aluminum
cookware in Cameroon.

Department of Chemistry, Geology & Physics, 401 College Ave., Ashland University, Ashland, OH 44805, USA.

Research and Education Centre for Development (CREPD), Yaoundé, Cameroon.

Occupational Knowledge International, San Francisco, CA, USA. Electronic address: pgottesfeld @okinternational.org.

DOI: 10.9790/2402-09517378 www.iosrjournals.org 78 | Page


mailto:pgottesfeld@okinternational.org

