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Abstract:  
Milk and dairy products are one of the essentials foods for the human and are the main source of nutrition for 

young mammals till other types of food is not digested by them. Consumption of the non-alcoholic and alcoholic 

beverages is becoming a socio-economic status irrespective of age and sex globally. Chocolates and candies 

which provide not only joy and pleasure are nutritious energy source is the ingredient of several foods, i.e. 

cakes, cookies, breads ice creams, etc. are consumed by all the citizenry also act as stimulant, relaxant, and 

antidepressant. 

The potentially toxic metals are present in all the organic material and living organisms and are indestructible 

and indelible. These metals are accumulated in the soils, groundwater,fruits,and crops mainly green leafy 

vegetables. With the increasing accumulation of the potentially toxic metals in the environment, agricultural 

emission, accumulation in the raw food materials, milk, dairy products, beverages, chocolates, and candies are 

contaminated with the toxic metals. The survey of the literature reveals that most of the samples of milk, dairy 

products, non-alcoholic, alcoholic beverages, chocolates, and candies contain Cd and Pb beyond their 

permissible limit. 

The aim of the present study was to summarize the concentration of the potentially toxic metals in animal milk, 

maternal mother milk, dairy products, non-alcoholic and alcoholic beverages, and in the chocolates, and 

candies, and their impact on human. 
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I. Introduction 
With the development of civilization human starts not only agricultural activities, but also domesticated 

animals for milk, fur, and their meat. Milk, awhite fluid which is produced by the mammary glands of the 

mammals (cow, buffalo, goat, sheep, and camel) is the main source of nutrition for young mammals till other 

types of food is not digested by them.As milk and other dairy products contain essential nutrient proteins, amino 

acids, vitamins, lactose, minerals, essential fatty acids, immunoglobulins, antimicrobial in balanced ratio milk 

and other dairy products are the important components of our diet [Kowalska et al., 2020; Sarsembayeva et al., 

2020]. The amount of these components in the milk varied from with animal species and breeds within the 

species. Milk is the human’s first food which provides all the necessary nutrients needed for growth and 

biological functions at the early stages of life. Globally the milk and dairy industries have a turn over about 442 

billion US dollars and growing by a rate of 5.2% annually. As per estimate the worldwide milk consumption in 

2017 was 216million metric tons and is expected to become 234million metric tons in 2021. Globally average 

milk consumption is 100 kg/year/person. 

To reduce home activities, increase mobility and flexible itinerary of workers the consumption of the 

ready-to–eat food has been increased globally irrespective of age, sex and socio-economic status. The ready–to-

eat food contains fruit juices, nutritional drinks and beverages. Non–alcoholic soft drinks which include 

carbonated drinks, juice drinks, fruit juices, sports and energies drinks were commercially introduced in 1884 in 

the USA as energy source. Juices which are natural products are the sources of vitamins (C, folic acid), 

minerals, fibres, and antioxidants needed for different activities by human [Owolade et al., 2017]. Carbonated 

drinks contain water, carbon dioxide and flavours [Izah et al., 2017]. The alcoholic beverages which are 

generally consumed are beer and wines made from different plant materials. Global consumption of non-

alcoholic beverages was 682.52 billion litres in 2016 and expected to become 803.02 billion litres by 2021, 

while consumption of alcoholic beverages are expected to become 244.62 billion litres in 2021 from 235.4 

billion litres in 2017. The global market of alcoholic and non-alcoholic beverages in 2019 was approximately 

2630 billion US dollars. 
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Candies and chocolates which provide not only joy and pleasure are nutritious energy source as have 

fast metabolism and can be easily digested are regularly eaten. These act as stimulant, relaxant, and 

antidepressant. The unconstrained eating of these increases the obesity and dental complications. The Candies 

have high glycine index which increases blood sugar in the body causing diabetes. Cocoa powder associated 

with chocolates contains thebromine and phenethylamine alkaloids have physiological impacts on the 

consumers [Abt et al., 2018].Globally 7.3 million tons of the Chocolates are consumed valued approximately 

100 million US dollars. Europe is the leading consumer of the Chocolates; in Switzerland consumption is 19.4 

pounds (ca. 9 kg) per capita followed by Germany (17.8 pounds (ca. 8 kg) per capita), Ireland (17.4 pounds (ca. 

8 kg) per capita) UK (16.8 pounds (ca. 8 kg) per capita) and Sweden (14.6 pounds (6.62 kg) per capita). USA 

consumes approximately 30 % of the global chocolates. 

Due to urbanization, industrialization advanced agricultural activities, irrigation of the crops/fodder by 

the sewage water; use of sewage sludge, pesticides, fertilizers in agriculture the contamination of food products 

with undesirable toxic substances as potentially toxic metals, mycotoxins, dioxins is increasing globally which 

is of the major concern for the health of animals and citizenry [Ismail et al., 2019; Eleboudy et al., 2017]. 

Potentially toxic metals/metalloid arsenic, lead, cadmium, nickel, mercury, chromium, cobalt, and zinc beyond 

their permissible limit even in very small amount in body of animal or human became toxic. The toxicity of 

these metals is due to disruption of the normal cellular processes and due to bio accumulation; these metals 

adversely affect soft tissues' viz., kidney, liver, and central nervous system. The laboratory studies has shown 

that due to production of reactive oxygen species and oxidative stress metals As, Cd, Pb, Cr and Hg have as 

toxic and carcinogenic in human and animals. 

A number of researchers [Lahiji et al., 2016;Ziarati et al., 2018; Singh et al., 2019; Babu et al., 2018] 

have reported the presence of potentially toxic metals (mainly Cd, Pb, As, Cr and Ni) in the animal milk, 

maternal mother milk and in the dairy products. The presence of potentially toxic metals in all types of alcoholic 

and non-alcoholic beverages globally has been reported by the number of scientists [Abdel-Rahman et al., 2019; 

Anastacio et al., 2018; Meshref et al., 2014]. Potentially toxic metals Cd, Pb, Ni beyond their permissible limits 

in chocolates and candies due to their raw materials have been reported by number of food scientists [Devi et al., 

2016; Kongor et al., 2016; UdayPrakash et al., 2014; Chavez et al., 2016]. During this review the concentration 

of the potentially toxic metals in animal milk, maternal mother milk, dairy products non-alcoholic and alcoholic 

beverages, and in the chocolates, and candies, and their impact on human is summarized. 

 

II. Potentially toxic metals: 
Potentially toxic metals are naturally occurring metals whose specific gravity (density) is 5 times than 

that of water and atomic weight ranges in between 64 -201. These metals cannot be easily degraded so persist 

for a long period. Metals Cu, Zn, Co, Cr, Mn and Fe are required in small amount by all the living organisms 

(plants, animals, and humans) for various biochemical and physiological functions. As these metals participate 

in the redox reactions and are an important part of enzymes are termed as essential metals but when the 

concentration of these metals crosses permissible limit they became toxic. Metals Pb, Hg, Cd and As (metalloid) 

are highly toxic non-essential metals and have no biological role in the living organisms 

 

III. Sources of Potentially toxic metals contaminants within the environment: 
After World War II because of increase in urbanization, industrial growth, mobility and transport the amount of 

the potentially toxic metals in the environment is increasing [Toth et al., 2016; Su et al., 2014]. The main 

sources of the environment contamination by potentially toxic metals are: 

 

3.1 Natural: 

The natural sources of potentially toxic metals in the environment is rock weathering in the rocks these 

metals are present in the form of hydroxides, sulphides, phosphates, silicates, organometallic compounds and as 

chelated with organic compounds, forest fires (plants accumulates these pollutants), volcanic eruptions (earth 

crust have vast amount of these metals),biogenic sources and wind born soil particles. 

 

3.2 Anthropogenic activities: 

The global population is increasing and expected to be 9.7 billion inhabitants by 2050 to fulfil their 

basic needs industrial manufacturing of products like to cement production, iron industry, steam power plants, 

glass production, paint, and tanning industries is increasing, these industries are one of the major causes of the 

environmental pollution because of anthropogenic activities. Other human activities which cause the release of 

these pollutants in the different compartments of the environment are the agricultural activities (use of sewage 

sludge as manure, irrigation by sewage wastewater, use of the fertilizers, and pesticides) mining, and 

metallurgical processes, garbage and waste mud incineration facilities, combustion of fuels, surface emission 

and traffic and runoffs. The main route of the groundwater and aquatic contamination by potentially toxic metals 
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are the leaching from toxic industrial waste dumps, municipal landfills and leaching of agricultural chemicals 

from soils into the upper aquifers [Sharma et al., 2017]. Potentially toxic metals (Cr, Cd, Cu, Zn, Ni, Mn, Pb and 

As) are present as impurities in fertilizers and pesticides, which are continuously applied within the fields to 

increase crop growth. Sewage sludge and irrigation of crops by sewage water is the another cause of 

introduction of these metals in the soils. As the concentration of potentially toxic metals within the environment 

is continuously increasing, and therefore, the soil retention capacity of those metals is decreasing resultant is 

that these metals are absorbed by the plants and leached to ground water. 

 

IV. Routes of Contamination: 
4.1    Routes of contamination of Milk and Dairy Products: 

The main routes of contamination of the milk and dairy products by potentially toxic metals  

are: 

4.1.1 Uptake of these potentially toxic metals by the animals:  

Routes of uptake of those toxic metals by the animals are(Batool et al., 2016): 

(i) Ingestion: It occurs via gastrointestinal route i.e. through the mouth by eating contaminated green fodder, 

drinking water, veterinary medicines and other feeds. 

(ii) Dermal: Dermal uptake means absorption through skin  

(iii) Inhalation: Inhalation uptake occurs via inhalation of the polluted air as dust fumes or contaminatedvapours. 

4.1.2Other Sources of contamination: 

 (i)  Machines associated with processing and distribution (Anetta et al., 2012; Riaz et al., 2015). 

(ii) Water, equipment, and containers used in processing and cooking; 

(iii)Materials used for packaging and store. 

 

4.2 Routes of contamination of Beverages:  

The presence of the potentially toxic metals in the soft drinks and synthetic fruit juices are due to 

contamination of its major constituents, i.e. water, sweeteners, carbon dioxide, antioxidants, colouring, 

preservatives.The fruit juices are contaminated by these metals as natural fruits and ground water contain the 

potentially toxic metals beyond the permissible limit because of the accumulation of these metals in the soils in 

which they are grown. 

In most of the alcoholics beverages active ingredient is plant material, viz., beers are produced from 

hops and cereals plant material. The bio accumulation of these metals in the plant material occurs via uptake 

from the soils. The major route of accumulation of these metals in soils is use of fertilizers, pesticides, 

contaminated surface water, sewage sludge and sewage water. 

Other sources are processing and packaging. 

 

4.3 Routes of contamination of Chocolates and Candies:  

(i) Cocoa beans are used for the chocolate production. Chocolate products are contaminated by potentially 

toxic metals by uptake of these metals by Cocoa tree from the soils which are contaminated due to natural and 

anthropogenic activities. 

(ii) Industrial processes by which products are passed. 

(iii)  Material and printed colour ink used for protection, handling and   marketing. Colourful   

Wrappings used for packing of candies. The metals from printed surface migrate to productsvia blocking, 

rubbing, peeling and diffusion. 

 

V. Potentially toxic metals within the Milk and Dairy Products: 
Milk quality and the composition depends on the cattle, its breed, diet provided, chemical composition 

of the soil of the area, the water used for irrigation of the crops. Bio accumulation of these metals in the lactating 

animals adversely affects milk quality and production. The amount of the potentially toxic metals in the bovine 

milk depends on lactation period of the animal, animal feed composition seasonal variations, climatic 

conditions, and environmental contamination [Kabir et al., 2017; Mahmoudi et al., 2017]. The survey of 

literature have revealed that metals/ metalloids Cd, Cu, Zn, Pb, Ni, As and Fe are presenting in all the studied 

samples of animal (cow, buffalo, camel, sheep, goat) milk andin the milk products most of the samples were 

beyond permissible limit. These metals are also present in the maternal breast milk.  Table 1, denotes the 

concentration of these potentially toxic metals in milk and milk products. 

 

VI. Potentially toxic metals in the alcoholic, non-alcoholic drinks and fruit juices: 
Carbonated drinks, besides juices, energy drinks, and probiotic drinks are called as non-alcoholic 

beverages. Carbonated drinks are the most consumed non-alcoholic drinks. Due to environmental pollution, 

surface, and ground water contamination, use of contaminated fruits the potentially toxic metals such as 
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cadmium, lead, mercury arsenic, and zinc are found in the soft drinks [Engwa et al., 2016]. The Minister of state 

for Health in the Indian Parliament reported that soft drinks like Sprite, Mountain Dew,  UP, Pepsi and Coca 

Cola contains toxic metals Cadmium, Chromium, and lead [Woyessa et al., 2015] which have a significant 

health impact on humans [Yadav et al., 2017]. Krstic (2019) in his studies found that more than half of the 

grape, pear, apple, and fruit blends samples contain elevated concentration of these metals. They also reported 

that intake of half a cup—are enough to accumulate these metals in humans beyond permissible limit. Besides 

water, sugar, and alcohol, inorganic as well as organic compounds are present in the alcoholic beverages wine 

and beer. The composition of these beverages and contamination by toxic metals is influenced by many factors 

such as specific production area: plant varieties, soil and climate, surface, and ground water, culture, beverages 

making, transport and storage [Fathabad et al., 2018; Orutugu et al., 2015]. Most of the samples of alcoholic 

beverages contain Cd and Pb beyond permissible limit. The concentration of these metals in Non-alcoholic and 

alcoholic drinks are given in Table2. 

 

Potentially toxic metals in the chocolates and Candies: 

The cocoa beans fruit (Theobroma cacao L); one of the major components of the chocolate occupies 

the third place in the world market of raw materials after the sugar and coffee. A review of literature denotes 

that cocoa based chocolates and candies have higher amount of potentially toxic metals than in sugar based 

chocolates and candies [Samsuddin et al., 2016], the higher concentration of these metals in the chocolates, and 

candies are due to accumulation of these metals in the raw materials, i.e. cocoa beans, cocoa butter, and cocoa 

solids [Anyimah-Ackah et al., 2019; Prakash et al., 2014]. Material and printed colour ink used for protection, 

handling and marketing of these products passes these toxic metals in chocolates and candies via blocking, 

rubbing, peeling and diffusion. A survey of literature denotes that the entire local made and most of the 

imported chocolates and candies contain Pb and Cd beyond their permissible limits. The concentration of these 

metals in the different samples of chocolates, Candies, and cocoa are given in Table 3. 

 

Toxicity of probably toxic metals:  

As metals arsenic, chromium, Cadmium, lead and mercury are highly toxic these metals in 

environment affects public health most. The degree of the toxicity of these metals to citizenry depends on the 

dose, contact pattern, age, gender, nutritional status of the citizenry. As these metals disrupt endocrine system 

they act as carcinogenic [Orr and Bridges,2017; Mallozzi et al., 2016].  World Health Organization reported that 

in the year 2015 approximately 8.8 million deaths were due to cancer globally one of the reasons of these deaths 

is the presence of these toxic metals beyond permissible limit.When these metallic ions interact with DNA and 

nuclear proteins they damage DNA causing structural changes, cytotoxicity, oxidative stress, damages of 

antioxidants, enzyme inhibition [Bhattacharya et al., 2016; Hernández-García et al., 2014]. The mixture of these 

toxic metals adversely affects the immune and Hematopoietic systems in human and animals [Fowler et al., 

2004]. Yadav et al., (2017) have reported that accumulation of these metals in the body beyond the permissible 

limit adversely affects human bone health. Li et al. [2018] have also reported that the major reason for the 

human bone diseases is the presence of the potentially toxic metals beyond their permissible limit. 

 The toxicity of these metals is: 
Metal Source Toxicity Mechanism Toxicity 

Organ  
Effects/ Diseases 

Cd  Earth crust, battery 

industries 

Tumor-suppressor proteins, 

DNA repair disruption, 

dysfunctions of sexual 
glands, displace vitamin 

C and E from their 

metabolically active sites,  
disruption of the mineral 

balance within the body.   

decrease in absorption of 
Calcium by intestine 

 Liver, Lungs 

Kidney,  

Prostate ,  

 Anaemia, hair loss, Itai-Itai disease 

hypertension, Carcinogen, pulmonary 

adenocarcinoma, Proteinuria, Osteoporosis, 
Kidney stones, endocrine disruption, neuro- 

developmental toxicity. 

Pb  Earth crust, battery 

industries, fossil fuels, 
mining, and paint 

industry. 

 Out of 4 million tonnes 
used per annum three 

million tonnes is 

discharges in the 
environments 

DNA repair disruption and 

reactive oxygen species 
mediation  

Nerve , 

kidney, Red 
Blood cells 

Carcinogen, fatigue, anaemia, loss of appetite, 

weight loss and headache, insomnia,  
miscarriages, infertility, lowering of active 

Vitamin D3 level, decrease in the secretion of 

γ–carboxyglutamic acid containing protein, 
affects central nervous system,  renal, 

cardiovascular, neurological, and 

Musculoskeletal Systems,  disrupts 
biosynthesis of Haemoglobin, metabolism of 

Fe, Zn and Cu, and of vitamin D within 

the body, causes cognitive impairment, acts 
as nephrotoxicants, when present with Cd 

and As in human, and other animal causes 
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hepatotoxic (damage to the liver).  Causes 
hyperactivity, dense lines in the bones and 

delayed mental development in the children 

Cr Used in chrome plating, 
leather tanning, paint 

pigments, wood 

treatments.  The 
annual output of Cr 

globally is 

approximately7.5 
million tons. 

 

 
 

Damages DNA and proteins 
with the production of  

superoxide ion, hydrogen 

peroxide, and hydroxyl 
radical 

 

 
 

 

Skin, bones 
and Kidney  

Cr (III) an essential dietary nutrient, required to 
regulate insulin and for normal glucose 

metabolism. Cr (III) deficiency is associated 

withcardiovascular disease,decreased sperm 
count,impaired fertility, glucose tolerance and 

maturity-onset diabetes. Excess of Cr (III) and 

presence of Cr (VI) causes dermatitis, allergic 
and eczematous skin reactions, skin and mucous 

membrane ulcerations, nasal ulcers, asthma, 

bronchial carcinomas, gastro-enteritis, 
hepatocellular deficiency, renal oligo-anuric 

deficiency and   supresses the secretion of 

Collagen-Type I which helps in the healing 

of bone fracture. 

As  Metal smelting, 

pesticides, 
contaminated food and 

water 

Alters DNA methylation, 

cell proliferation, promotes 
tumour, genotoxicity, 

oxidative stress, co-

carcinogenesis, disrupts 
sulfhydryl containing 

enzymes, enhance 

hydrolysis of ATP 
molecules. Arsine causes 

haemolysis 

. 

Skin, lung, 

kidney  

Carcinogen,Hyperpigmentation, Keratosis,  

headaches, dermatitis, muscular weakness, loss 
of hairs and nails, nausea, abdominal pain, 

neuropathy, Lung, liver, kidney and skin cancer,  

mitochondrial damages, histological changes, 
decreased antioxidant power of kidney, death 

of neuronal cells, cognitive dysfunction, 

Alzheimer’s disease.Cognitive 
impairment, deafness, hypertension, anaemia 

dementia, hematemesis 

Cu  Earth crust, Pesticides,  
fossil fuels, power 

plants 

 Cell metabolism, iron 
metabolism  Haem 

synthesis, bones 

development, normal 
functioning of Liver 

Kidney, liver, 
central 

nervous 

system 

 An essential metal plays important role in 
metabolism, synthesis of red blood cell, bone 

development, maintains the strength of the 

skin, blood vessels, and connective tissues in 
the body.  Deficiency in citizenry cause’s 

anaemia, low number of leucocytes, defects 

in animal tissue and osteoporosis in infants,  
causes hematemesis, jaundice, and melena, 

damage to central nervous system, Wilson 
disease (a genetic disease), liver and kidney 

problems when accumulates  beyond its 

permissible limit.  

Zn Earth crust,  industrial 
activities, such as 

mining, coal and waste 

combustion, steel 
processing, fertilizers, 

pesticides 

 
 

Plasma membrane,   the 
metal-regulatory 

transcription factor (MTF)-

1, induces the expression of 
thionein, oxidation of thiols 

by reactive oxygen (ROS) or 

nitrogen (RNS) to form 
oxidized protein thionin 

(Tox). 

 Brain, 
prostate, 

liver,the 

gastrointestin
al tract, 

kidney, skin, 

lung, brain, 
heart, and 

pancreas  

 An essential metal  helps in blood clotting, 
wound healing, proper thyroid functioning, 

prostaglandin, bone mineralization, sperm 

production, protein synthesis, DNA 
synthesis, RNA transcription, cell activation 

plays a crucial role in number of metallo-

enzymes viz, dehydrogenase, alkaline 
phosphatase, Carbonic anhydrase, leucine 

amino peptidase, superoxide dismutase. Acts 

as anti-inflammatory. Over exposures to zinc 

in human causes dry or pharyngitis, chest 

tightness, headache, increased indices of 

pulmonary inflammation, nausea, decrease in 
the activity of copper metallo-enzyme, 

decreased HDL-cholesterol level, 

immunotoxicity, and gastrointestinal effects. 
 

Hg It is estimated that    

annually 5,500 tons of 
mercury enter the 

global.   Coal-fired 

utility boilers, ocean 
emission are the major 

sources.Mercury is also 

used for the extraction 
of the gold from river 

beds.  

inactivate proteins and 

enzymes involved in 
synaptic and neuromuscular 

transmission 

Skin, Kidney, 

Brain 

 Cardiovascular diseases, hypertension, renal 

dysfunction,  Alzheimer’s disease ,  skin, and 
nose irritation, damage to central nervous 

system, hearing,  speech and visual disorders,  

neurotoxic effects including death of 
neuronal cells, cognitive dysfunction,  

anorexia,  Polyuria, polydipsia, albuminuria,  

Constipation, diarrhoea, generalized distress 

Ni  Earth crust, volcanic 
eruptions, ocean floors, 

ocean water, steel and 

other alloys industries, 
electroplating.  

Depletion of glutathione 
levels and deactivation of 

the proteins by bonding to 

the sulfhydryl groups of 
proteins,  inhibition of 

ATPase activity 

Lungs, skin Excess uptake of nickel by human causes 
asthma, pneumonia, allergies, heart disorder, 

skin rashes and miscarriage. Chances of 

development of carcinoma, nose cancer, 
larynx cancer and prostatic 

adenocarcinoma are enhanced, causes  

hypoxic cellular environment by depletion of 
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iron from the cell  

VII. Conclusions 
 The survey of literature denotes that agriculture and industries are the most sources of contamination of the 

food chain.  

  Worldwide most of the milk samples, dairy products, alcoholic and non-alcoholic beverages, chocolates, 

and candies have potentially toxic metals Cd and Pb beyond their permissible limits.  

 Milk and dairy products which contain almost all the essential constituents (proteins, vitamins, minerals 

essential fatty acids) are the major components of the citizenry. 

 Potentially toxic metals Cd, Cr, Pb, As and Ni are accumulated in the plant materials via soils pass into the 

milk and dairy products.   

 The contamination of beverages by potentially toxic metals is through the raw materials used for beverages 

drink production i.e. water and other plant materials.  

 The higher concentration of Cd, Pb, and Cr, in the chocolates and candies are due to raw materialsi.e.cocoa 

beans, cocoa butter and due to packaging materials. 

 A number of biological and biochemical processes are disrupted in the physical body by 

accumulation of those metals. These metals also cause developmental abnormalities in the children. 

 

References 
[1]. Abdel-Rahman GN,  Ahmed M BM, Sabry BA, et al.(2019).Heavy metals content in some non-alcoholic beverages (carbonated 

drinks, flavored yogurt drinks, and juice drinks) of the Egyptian markets.Toxicol Rep, 6, 210–214.DOI: 

10.1016/j.toxrep.2019.02.010. 
[2]. Abt E, Sam JF, Gray P, et al. (2018).Cadmium and Lead in Cocoa Powder and Chocolate Products in the US Market.Food 

AdditContam Part B Surveill, 11(2), 92-102. DOI: 10.1080/19393210.2017.1420700. 

[3]. Adegbola RA, Adekanmbi AI, Abiona DL, et al. (2015). Evaluation of some heavy metal contaminants in biscuits, fruit drinks, 
concentrates, candy, milk products and carbonated drinks sold in Ibadan, Nigeria. Int J BiolChemSci, 9, 1691–1696.  

[4]. Ahmad I, Zaman A, Samad N, et al. (2017).Atomic Absorption Spectrophotometry Detection of Heavy Metals in Milk of Camel, 

Cattle, Buffalo and Goat from Various Areas of Khyber- Pakhtunkhwa (KPK), Pakistan.J Anal Bioanal Tech, 8,367-375. DOI: 
10.4172/2155-9872.1000367. 

[5]. Al-Mayaly IKA.(2013). Determination of Some Heavy Metals in Some Artificial Fruit Juices in Iraqi Local Markets.International 

Journal of Research and Development in Pharmacy and Life Sciences, 2, 507-510.  http//www.ijrdpl.com.  
[6]. Altun SK, Dinc H, Karaçal F, et al. (2018). Analyses of Essential Elements and Heavy Metals by Using ICP-MS in Maternal Breast 

Milk from Şanlıurfa, Turkey.International Journal of Analytical Chemistry, 2018, ID 1784073 | 5 pages . DOI: 

10.1155/2018/1784073 
[7]. Anastácioa M, dos SantosaAPM,Aschnerb M, et al. (2018). Determination of trace metals in fruit juices in the Portuguese market. 

Toxicology Reports, 5,434-439. DOI: 10.1016/ j.toxrep.2018.03.010. 

[8]. Anetta L, Peter M, Agnieszka G, et al. (2012). Concentration of selected elements in the raw and ultra-heat treated cow milk.  
Journal of Microbiology, Biotechnology and Food Sciences, 2 (2,) 795-802. 

[9]. Anyimah-AckahE,Ofosu IW, Lutterodt, HE, et al.(2019).  Exposures and risks of arsenic, cadmium, lead, and mercury in cocoa 

beans and cocoa-based foods: a systematic review. Food Quality and Safety, 3, 1-8. DOI:10.1093/fqsafe/fyy025. 
[10]. Babu AJ, Supriya RA, Swetha CS, et al.(2018). Estimation of chromium, copper and lead in milk by inductively coupled plasma-

optical emission spectrometry in Tirupati, Andhra Pradesh. ThePharmaInnovation Journal, 7(8), 90-93. 

[11]. Batool F, Iqbal S, Tariq MI, et al. (2016).   Milk: Carrier of Heavy Metals from Crops through Ruminant Body to Human Beings. J 
ChemSoc Pak, 38, 39-42 

[12]. Beikzadeh S, Ebrahimi B, Mohammadi R, et al. (2019). Heavy Metal Contamination of Milk and Milk Products Consumed in 

Tabriz. Current Nutrition & Food Science, 15, 484-492, DOI: 10.2174/1573401314666180509130851. 

[13].  Bhattacharya PT, Misra SR, Mohsina HM. (2016). Nutritional Aspects of Essential Trace Elements in Oral Health and Disease: An 

Extensive Review.Scientifica (Cairo), 2016, 5464373. DOI: 10.1155/2016/5464373. 

[14]. Blesić M, Drmać M, Kristina Batinić K, et al. (2017). Levels of selected metals in wines from different Herzegovinian viticulture 
localities. Croat J Food SciTechnol, 9 (1), 1-10. DOI: 10.17508/CJFST.2017.9.1.01. 

[15]. Bousbia A, Boudalia S, Gueroui Y, et al. (2019).   Heavy metals concentrations in the raw cow milk produced in different livestock 

farming types in Gulema province (Algeria): Contamination and risk assessment of consumption. The Journal of Animal & Plant 
Sciences, 29(2), 386-395. 

[16]. Castro-González  NP, Calderón-Sánchez F,  de Jesús  JC, et al.(2018). Heavy Metals in Cow's Milk and Cheese Produced in Areas 

Irrigated With Waste Water in Puebla, Mexico. Food AdditContam Part B Surveill, 11, 33-36.DOI: 
10.1080/19393210.2017.1397060. 

[17]. Chandrakar C, Jaiswal SK, Chaturvedani AK, et al. (2018).   A Review on Heavy Metal Residues in Indian Milk and their Impact 

on Human Health. IntJCurrMicrobiolAppSci, 7(5), 1260-1268, DOI: 10.20546/ijcmas.2018.705.152. 
[18]. Chaparro-Acuña SP, Vargas-Moreno PA, Silva-Gómez, LA, et al. (2017). Cadmium voltametric quantification in table chocolate 

produced in Chiquinquira-Boyaca, Colombia. ActaAgronómica,66(2), 172-177. DOI:10.15446/acag.v66n2.58476 

[19]. Chavez E, He ZL, Stoffella PJ, et al. (2016). Chemical speciation of cadmium: an approach to evaluate plant-available cadmium in 
Ecuadorian soils under cacao production. Chemosphere, 150, 57–62. DOI:10.1016/j.chemosphere.2016.02.013. 

[20]. Chen L, Li X, Li Z, et al. (2020). Analysis of 17 elements in cow, goat, buffalo, yak, and camel milk by inductively coupled plasma 

mass spectrometry (ICP-MS).RSC Adv, 10, 6736-6742. DOI: 10.1039/d0ra00390e. 
[21]. Davidov I, Kovacevic Z, Stojanovic D, et al. (2019).Contamination of Cow Milk by Heavy Metals in Serbia.Acta Scientiae 

Veterinariae, 47, 1682-1685. DOI: 10.22456/1679-9216.96366. 
[22]. Debebe A, Chandravanshi BS, Redi-Abshiro M. (2017). Assessment of essential and non-essential metals in Ethiopian traditional 

fermented alcoholic beverages. Bull ChemSoc Ethiop, 31(1), 17-30. DOI: 10.4314/bcse.v31i1.2 

[23]. Dehelean A, Magdas DA. (2013). Analysis of Mineral and Heavy Metal Content of Some Commercial Fruit Juices by Inductively 
Coupled Plasma Mass Spectrometry. The Scientific World Journal, 2013, Article ID 215423, 6 pages. DOI: 10.1155/2013/215423.  

https://www.ncbi.nlm.nih.gov/pubmed/?term=Abdel-Rahman%20GN%5BAuthor%5D&cauthor=true&cauthor_uid=30886822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Ahmed%20MB%5BAuthor%5D&cauthor=true&cauthor_uid=30886822
https://www.ncbi.nlm.nih.gov/pubmed/?term=Sabry%20BA%5BAuthor%5D&cauthor=true&cauthor_uid=30886822
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6402291/
https://dx.doi.org/10.1016%2Fj.toxrep.2019.02.010
https://www.hindawi.com/journals/ijac/
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1016%2Fj.toxrep.2018.03.010?_sg%5B0%5D=DvvKPXPDlIfMxx1Iu1_2HjYEUfl85jf5lkylRkHkCBKeyZl7YOiti9Nk80bdCTLLMfvS3yM8CLDmWE9uO3cLRInPeA.-EMDCaoAmUm852AiRYt0kkbueJqse_fAw8DKFMtmZ2-HlhzOjyuA0JxoeLUrrOCZJZqLOxcFJjguFMHtH0rTVg
javascript:;
javascript:;
javascript:;
https://doi.org/10.1093/fqsafe/fyy025
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bhattacharya%20PT%5BAuthor%5D&cauthor=true&cauthor_uid=27433374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Misra%20SR%5BAuthor%5D&cauthor=true&cauthor_uid=27433374
https://www.ncbi.nlm.nih.gov/pubmed/?term=Hussain%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27433374
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC4940574/
https://dx.doi.org/10.1155%2F2016%2F5464373
https://pubmed.ncbi.nlm.nih.gov/?term=Castro+de+Jes%C3%BAs+J&cauthor_id=29086632
https://doi.org/10.20546/ijcmas.2018.705.152
https://dx.doi.org/10.15446/acag.v66n2.58476


Health impacts of the potentially toxic metals present in milk, dairy products, chocolates, .. 

DOI: 10.9790/2402-1407023546                              www.iosrjournals.org                                               41 | Page 

[24]. de Oliveira TM, Peres JA,Felsner ML, et al. (2017).Direct Determination of Pb in Raw Milk by Graphite Furnace Atomic 

Absorption Spectrometry (GF AAS) with Electro thermal Atomization Sampling from Slurries. Food Chemistry, 229, 721-25. DOI: 

10.1016/ j.foodchem.2017.02.143 
[25]. Devi P, Bajala V, Garg VK, et al. (2016). Heavy metal content in various types of candies and their daily dietary intake by 

children.EnvironMonit Assess, 188, 86-93. DOI: 10.1007/ s10661-015-5078-1. 

[26]. Dhanalakshmi B, Gawdaman G. (2013). Determination of heavy metals in goat milk through ICP-OES. Asian J Dairy Food Res, 
32,186-90. 

[27]. Dico GM, Galvano F, Dugo G, et al. (2018).Toxic metal levels in cocoa powder and chocolate by ICP-MS method after microwave-

assisted digestion. Food Chemistry, 245,1163-1168. DOI: 0.1016/j.foodchem.2017.11.052. 
[28]. Dumitriu(Gabur) GD, Teodosiu C, Morosanu I, et al. (2019).Quantification of toxic metals during different winemaking stages.BIO 

Web Conf, 42nd World Congress of Vine and Wine; 15: Article No. 02024. DOI: 10.1051/bioconf/20191502024 

[29]. Eleboudy AA, Amer AA, El- Makarem HS, et al. (2017).Heavy Metals Residues in Some Dairy Products.Alexandria Journal of 
Veterinary Sciences, 52(1), 334-346. DOI: 10.5455/ajvs.230723. 

[30]. Enani MA, Farid SM. (2011).  Determination of toxic elements concentration and radioactivity levels in fruit juice in Jeddah, Saudi 

Arabia.JKAU: EngSci, 22 (2), 153–170. DOI:  10.4197/eng.22-2.8 
[31]. Engwa GA, Abaa QD, Aliozo SO, et al. (2016).  Heavy metal, nutrient and antioxidant status of selected fruit samples sold in 

Enugu, Nigeria.International Journal of Food Contamination, 3, 7-11. DOI 10.1186/s40550-016-0031-9 

[32]. Fathabad AE, Shariatifar N, Moazzen M, et al. (2018). Determination of heavy metal content of processed fruit products from 
Tehran's market using ICP- OES: A risk assessment study. Food and Chemical Toxicology,115, 436-446. DOI: 

10.1016/j.fct.2018.03.044. 

[33]. Fowler BA, Whittaker MH, Lipsky M, et al. (2004).  Oxidative stress induced by lead, cadmium and arsenic mixtures: 30-Day, 90-
day, and 180-day drinking water studies in rats: An overviewBioMetals, 17(5):567-568.  

[34]. Gazuwa SY, Dabak JD, Olomu SA, et al. (2017). Assessment of Levels of Heavy metals in Selected Canned Lager and Native Beer 

(Burukutu) Sold in Kugiya Market, Jos – Nigeria. International Journal of Biochemistry Research & Review, 20, 1-6. 
http://hdl.handle.net/123456789/2465 

[35]. Godwill EA, Jane IC, Scholastica U, et al. (2015).Determination of some soft drink constituents and contamination by some heavy 

metals in Nigeria.Toxicol Rep, 2, 384–390. DOI: 10.1016/j.toxrep.2015.01.014 
[36]. Hashemi SE,  Arfaeinia H, ArdashiriS, et al. (2017).Health risk assessment of exposure to heavy metals in dairy products collected 

from Bushehr, Iran.Annals of Tropical Medicine and Public Health, 10, 632-635. DOI: 10.4103/ATMPH.ATMPH_118_17. 

[37]. Hassan ASM, El-Rahman TAA, Marzouk AS.(2014). Estimation of Some Trace Metals in Commercial Fruit Juices in 
Egypt.International Journal of Food Science and Nutrition Engineering, 4(3), 66-72. DOI: 10.5923/j.food.20140403.02. 

[38]. Hernández-García A, Romero D, Gómez-Ramírez P, et al. (2014).In vitro evaluation of cell death induced by cadmium, lead and 

their binary mixtures on erythrocytes of Common buzzard (Buteobuteo). Toxicology Vitro, 28,300–306. 

DOI:10.1016/j.tiv.2013.11.005. 

[39]. Ismail A, Riaz M, Akhtar S, et al. (2019). Heavy metals in milk: global prevalence and health risk assessment. Toxin Reviews, 38, 

1- 12. DOI:  10.1080/15569543. 2017. 1399276. 
[40]. Iwegbue CMA.(2010).Concentrations of selected metals in candies and chocolates consumed in southern Nigeria.Food Additives 

and Contaminants Part B, 4(1), 22-27. DOI: 10.1080/19393210.2011.551943 
[41]. Izah SC, Inyang IR, Angaye TCN, et al. (2017). A Review of Heavy Metal Concentration and Potential Health Implications of 

Beverages Consumed in Nigeria. Toxics, 5, 1-15. DOI: 10.3390/toxics5010001. 

[42]. Kabir A, Khan K, Khan MIH, et al. (2017). A study of heavy metal presence in cow milk of different dairy farms near Karnafuli 
paper mills, Chittagong, Bangladesh.  American Journal of Engineering Research (AJER), 6, 329-333. 

[43]. Khaiwal R. (2016).  In Chocolate, candies have high heavy metal content: Study Published:InHindustan Times, Jan, 18, 2016. 

[44]. Khalil OS F. (2018). Risk Assessment of Certain Heavy Metals and Trace Elements in Milk and Milk Products Consumed in 
Aswan Province. J Food and Dairy Sci, 9, 289-296. DOI: 10.21608/JFDS.2018.36018. 

[45]. Khan S, Ismail A, Gong YY, et al. (2018). Concentration of Aflatoxin M1 and selected heavy metals in mother milk samples from 

Pakistan. Food Control, 91, 344-348. DOI: 10.1016/ j.foodcont.2018.04.015. 
[46]. Klein LD, Breakey AA, Scelza B, et al. (2017). Concentrations of trace elements in human milk: Comparisons among women in 

Argentina, Namibia, Poland, and the United States. PLoS ONE, 12(8), e0183367. DOI: 10.1371/journal.pone.0183367 

[47]. Kongor JE, Hinneh M, Van EWD, et al. (2016).  Factors influencing quality variation in cocoa (Theobroma cacao) bean flavour 

profile - a review. Food Res Int, 82, 44–52. 

[48]. Kowalska G, Pankiewicz U, Kowalski R, et al. (2020).Determination of the content of selected trace elements in Polish commercial 

fruit juices and health risk assessment.Open Chemistry, 18, 443–452. DOI: 10.1515/chem-2020-0043. 
[49]. Krstic Z. (2019).  Kids' Fruit Juices Contain 'Concerning Levels' of Heavy Metals, Consumer report. 2019. 

[50]. Kruszewski B, Obiedziński MW, Kowalska, J. (2018).Nickel, cadmium and lead levels in raw cocoa and processed chocolate mass 

materials from three different manufacturers.Journal of Food Composition and Analysis,66, 127–135. 
[51]. Lahiji FAS, Ziarati P,  Jafarpour A. (2016).Potential of Rice Husk Biosorption in Reduction of Heavy Metals from 

OryzasativaRice.Biosciences Biotechnology Research Asia,13,2231-2237.  DOI: 10.13005/bbra/2388. 

[52]. Li JJ, Li-Na P, Shan W, et al.(2018). Advances in the Effect of Heavy Metals in Aquatic Environment on the Health Risks for Bone. 
Earth and Environmental Science, 186, 012057. DOI: 10.1088/1755-1315/186/3/012057.   

[53]. Maciel JV, Souza MM, Silva LO, et al. (2019). Direct Determination of Zn, Cd, Pb and Cu in Wine by Differential Pulse Anodic 

Stripping Voltammetry. Beverages, 5, 6-12. DOI: 10.3390/beverages5010006. 
[54]. Magomya AM, Yebpella GG, Okpaegbe UC. (2015). An Assessment of metal contaminant levels in selected soft drinks sold in 

Nigeria. IJISET - International Journal of Innovative Science, Engineering & Technology, 2, 517-522. 

[55]. Mahmoudi R, Kazeminia M, Kaboudari A, et al. (2017). A Review of the importance, detection and controlling of heavy metals in 
milk and dairy products.Malaysian Journal of Science, 36 (1), 1– 16. 

[56]. Mallozzi, M, Bordi G, Garo C, et al. (2016).The effect of maternal exposure to endocrine disrupting chemicals on fetal and neonatal 

development: A review on the major concerns. Birth Defects Research in Embryo Today,108(3),224-242.DOI: 10.1002/bdrc.21137. 
[57]. Markovski J, Markovski M, Knežević B, et al. (2018). Metals in select beers commercially available in the US: Unmonitored 

sources of concerning exposure. Macedonian Journal of Chemistry and Chemical Engineering, 37,1-14. 

[58]. Meshref AMS, Moselhy WA, Hassan NEY.(2014). Heavy metals and trace elements levels in milk and milk products. Food 
Measure, 8, 381–388. DOI: 10.1007/s11694-014-9203-6. 

[59]. Mohammadi S, Ziarati P. (2015). Heavy Metal Removal from commercially- available Fruit Juice Packaged by Citric acid. Orient J 

Chem, 31, 409-416. DOI: 10.13005/ojc/310148. 

https://www.sciencedirect.com/science/article/pii/S0308814617303576#!
https://www.sciencedirect.com/science/article/pii/S0308814617303576#!
https://www.sciencedirect.com/science/article/pii/S0308814617303576#!
https://doi.org/10.1016/j.foodchem.2017.02.143
https://www.sciencedirect.com/science/journal/03088146
https://doi.org/10.4197/eng.22-2.8
https://irepos.unijos.edu.ng/jspui/browse?type=author&value=Gazuwa%2C+Samuel+Y.
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5598381/
https://dx.doi.org/10.1016%2Fj.toxrep.2015.01.014
http://www.atmph.org/searchresult.asp?search=&author=Seyed+Enayat+Hashemi&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.atmph.org/searchresult.asp?search=&author=Hossein+Arfaeinia&journal=Y&but_search=Search&entries=10&pg=1&s=0
http://www.atmph.org/searchresult.asp?search=&author=Saeed+Ardashiri&journal=Y&but_search=Search&entries=10&pg=1&s=0
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.4103%2FATMPH.ATMPH_118_17?_sg%5B0%5D=oVrlmNA-RhDpPiqBKpLbPB3gB-ell7ZssZoinKDjHOgUCRe9mU803LziX3frneEjjoNO6WrlAn-NyJg3OdfNBHHRTA.gxuiev0UV9YpjOW1vOFdYgt4tgFlZtYrKT3J2KTOtnrwD5nNZictf_CKW-3yYr7zLvr_5cnAhmc_bqy2zFi6ng
https://doi.org/10.1080/15569543.2017.1399276
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.1080%2F19393210.2011.551943?_sg%5B0%5D=Cq0Zwei4kOnxrOKCvT7NMEHqAxwdNv_PHKNkQ2tdUKUa_5WuVoZpGClT2IVgZhuYmrlKW4u0WwNy9GtPOR0W6S-L1A.vbcIOoRqBbowhYtoexWkx-QmKSabu2bznnF3FMuVZWzIO_ealcxKc4Ng3JDEv7ORJLBHLlR61scjCjbO2nybAA
https://dx.doi.org/10.21608/jfds.2018.36018
https://doi.org/10.1371/journal.pone.0183367
https://www.cookinglight.com/author/zee-krstic
http://dx.doi.org/10.13005/bbra/2388
https://www.ncbi.nlm.nih.gov/pubmed/?term=Mallozzi%20M%5BAuthor%5D&cauthor=true&cauthor_uid=27653964
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bordi%20G%5BAuthor%5D&cauthor=true&cauthor_uid=27653964
https://www.ncbi.nlm.nih.gov/pubmed/?term=Garo%20C%5BAuthor%5D&cauthor=true&cauthor_uid=27653964
https://www.ncbi.nlm.nih.gov/pubmed/?term=Caserta%20D%5BAuthor%5D&cauthor=true&cauthor_uid=27653964
https://www.ncbi.nlm.nih.gov/pubmed/27653964


Health impacts of the potentially toxic metals present in milk, dairy products, chocolates, .. 

DOI: 10.9790/2402-1407023546                              www.iosrjournals.org                                               42 | Page 

[60]. Mostafidi M, Moslehishad, Piravivanak Z, et al. (2016).Evaluation of mineral content and heavy metals of dromedary camel milk in 

Iran.Food Sci. Technol, Campinas, 36(4), 717-723. DOI: 10.1590/1678-457X.1611 

[61]. Muhib MI, Chowdhury MAZ, Easha NJ, et al. (2016). Investigation of heavy metal contents in Cow milk samples from area of 
Dhaka, Bangladesh. Food Contamination, 3, 16-20.DOI: 10.1186/s40550-016-0039-1. 

[62]. Nirgude NT, Bhagure GR. (2015). Heavy Metals and Mineral Elements in Milk of Buffaloes at Boisar-Tarapur Industrial Area, 

Palghar District, Maharashtra, India.American International Journal of Contemporary Scientific Research. 2(5), 70-77. 
[63]. Ochu JO, Uzairu A, Kagbul JA, et al.  (2012). Evaluation of Some Heavy Metals in Imported Chocolate and Candies Sold in 

Nigeria. Journal of Food Research, 1, 169-177. 

[64]. Ogamba EN, Izah SC, Isimayemiema F. (2016).Bioaccumulation of heavy metals in the gill and liver of a common Niger Delta 
wetland fish, Clariasgarepinus.Br J Appl Res, 1, 17–20. 

[65]. Ogidi OA, OmuO,Njoku C, et al. (2020).  Evaluation of Heavy Metal Contaminations of Selected Alcoholic and Non-Alcoholic 

Drinks Sold in Nigeria. International Journal of Research and Scientific Innovation (IJRSI), VII, 176-179. 
www.rsisinternational.org.  

[66]. Ogunlana OO, Ogunlana OE, Akinsanya AE, et al. (2015). Heavy metal analysis of selected soft drinks in Nigeria.Journal of 

Global Biosciences, 4, 1335-1338.  
[67]. Okareh OT, Oyelakin TM, Ariyo O. (2018). Phytochemical Properties and Heavy Metal Contents of Commonly Consumed 

Alcoholic Beverages Flavouredwith Herbal Extract in Nigeria. Beverages, 4, 60-68. DOI: 10.3390/beverages4030060. 

[68]. Orr SE, Bridges CC.(2017).Chronic Kidney Disease and Exposure to Nephrotoxic Metals.International Journal Molecular 
Science, 18(5), E1039. DOI: 10.3390/ ijms 18051 039. 

[69]. Orutugu LA, Izah SC, Aseibai ER. (2015). Microbiological quality of kunu drink sold in some major markets of Yenagoa 

Metropolis, Nigeria. Cont J Biomed Sci, 9,9-16. 
[70]. Owolade SO, Akinrinola AO, Popoola FO, et al. (2017). Study on physico-chemical properties, antioxidant activity and shelf 

stability of carrot (Daucuscarota) and pineapple (Ananascomosus) juice blend. Int. Food Res J,24(2), 534–540. 

[71]. Oyekunle JAO, Durodola SS, Oguntade FF, et al. (2019). Health Risk Assessment of Potentially Toxic Metals in Differently 
Packaged Soft Drinks and Malt Products Commonly Consumed in Nigeria. Colloid and Surface Science, 4,17-23. DOI: 

10.11648/j.css.20190402.11.  

[72]. Płotka-Wasylka J, Rutkowska M, Cieślik B, et al. (2017). Determination of Selected Metals in Fruit Wines by Spectroscopic 
Techniques. J Anal Methods Chem, 2017, 5283917. DOI: 10.1155/2017/5283917 

[73]. Prakash P, Rajan G, Elavarasi V, et al. (2014).Assessment of Heavy Metal Contamination (Nickel and Arsenic) using GF-AAS in 

Local Brand Chocolates and Candies from Tiruchirappalli, India. International Journal of Computer Applications® (IJCA) (0975 – 
8887) National Conference cum Workshop on Bioinformatics and Computational Biology, NCWBCB- 2014 pp 25-28. 

[74]. Razeenakarim L. (2017).Analysis of Heavy Metals and Some Constituents in Soft Drinks. Nutrition and Food Toxicology, 2, 332-

338. 

[75]. Riaz M, Amir M, Akhtar S, et al. (2015). Bacteriological analysis of street vended raw milk in Multan. Pakistan J Zool, 47, 568-

571. 

[76]. Salako SG, Adekoyeni OO, Adegbite AA, et al. (2016).  Determination of Metals Content of Alcohol and Non-alcoholic Canned 
Drinks Consumed at Idiroko Border Town Ogun State Nigeria. British Journal of Applied Science & Technology, 12(6), 1-8. DOI: 

10.9734/BJAST/2016/19163.  
[77]. Salama AK.  (2018). Health risk assessment of heavy metals content in cocoa and chocolate products sold in Saudi Arabia.Toxin 

Reviews, 38, 318-327. DOI: 0.1080/15569543.2018.1471090 

[78]. SamsuddinNAA, Zaidon SZ, Ho YB. (2016). Determination of Lead in Candies and their Packaging Sold in Malaysia and its 
Potential Health Risk to Children. Asia Pacific Environmental and Occupational Health Journal, 2, 24-30. 

[79]. Sarsembayeva NB, Abdigaliyeva TB, Utepova ZA, et al. (2020). Heavy metal levels in milk and fermented milk products produced 

in the Almaty region, Kazakhstan. Veterinary World, 13(4), 609-613. DOI:10.14202/vetworld.2020.609-613. 
[80]. Savić SR, Petrović SM, Stamenković JJ, et al. (2015). The presence of minerals in 548 clear orange juices.Advanced 

Technologies,4,71-78. 

[81]. Shahbazi  Y, Ahmadi F, Fakhari  F. (2016). Voltammetric Determination of Pb, Cd, Zn, Cu and Se in Milk and Dairy Products 
Collected From Iran: An Emphasis on Permissible Limits and Risk Assessment of Exposure to Heavy Metals.FoodChem, 192, 

1060-1067.DOI: 10.1016/j.foodchem.2015.07.123. 

[82]. Shailaja M, Reddy YS, Kalakumar BDP, et al. (2014).  Lead and Trace Element Levels in Milk and Blood of Buffaloes 

(Bubalusbubalis) from Hyderabad, India. Bull Environ ContamToxicol, 92, 698–702. DOI:10.1007/s00128-014-1258-x 

[83]. Sharma B, Sarkar A, Singh P, et al. (2017). Agricultural utilization of biosolids: A review on potential effects on soil and plant 

grown.  Waste Management, 64, 117–132. DOI: 10.1016/j.wasman.2017.03.002. 
[84]. Singh M, Ranvir S, Sharma R, et al. (2020). Assessment of contamination of milk and milk products with heavy metals. Indian J 

Dairy Sci,; 72(6), 608-615. DOI: 10.33785 /IJDS. 2019. V72i06.005. 

[85]. Sobhanardakani S. (2018). Human Health Risk Assessment of Cd, Cu, Pb and Zn through Consumption of Raw and Pasteurized 
Cow’s Milk. Iran J Public Health, 47(8), 1172–1180. 

[86]. Soltan ME, Al-ayed AS, Ismail MA, et al. (2017). Effect of the environmental factors on some element contents in camel and sheep 

milks: A comparative study between Qassim and Riyadh regions. International Research Journal of Public and Environmental 
Health, 4 (8), 184-192. 

[87]. Su C, Jiang LQ, Zhang WJ. (2014). A review on heavy metal contamination in the soil worldwide: Situation, impact and 

remediation techniques. Environmental Skeptics and Critics, 3, 24-38. 
[88]. Sujka M,  Pankiewicz U, Kowalski R, et al. (2019).Determination of the content of Pb, Cd, Cu, Zn in dairy products from various 

regions of Poland.OpenChem, 17, 694–702. DOI:  10.1515/chem-2019-0072 

[89]. Toth G, Hermann T, Da Silva MR, et al.(2016). Heavy metals in agricultural soils of the European Union with implications for food 
safety.Environment International, 88:,299-309. 

[90]. Ubuoh EA. (2013). Analysis of metal concentrations in selected canned beers consumed in Owerri Urban, Imo State, Nigeria. Int J 

Chem Mat Sci, 2013; 1: 90–95 
[91]. UdayaPrakash NK, Deepa S, Sripriya N, et al. (2014). Quality assessment for the presence of heavy metals in herbal materials from 

the markets of Chennai, India.Int J Pharm PharmSci, 6, 574-578. 

[92]. Udota HIJ, Umoudofia SJ. (2011). Heavy metals contamination of some selected Nigerian and imported alcoholic drinks. Jr. of 
Industrial Pollution Control, 27(1), 1-4 

[93]. Vītola V, Ciproviča I.  (2016). The Effect of Cocoa Beans Heavy and Trace Elements on Safety and Stability of Confectionery 

Products. Rural Sustainability Research, 35, 19-23. 

http://dx.doi.org/10.1590/1678-457X.1611
https://www.ncbi.nlm.nih.gov/pubmed/?term=Orr%20SE%5BAuthor%5D&cauthor=true&cauthor_uid=28498320
https://www.ncbi.nlm.nih.gov/pubmed/?term=Bridges%20CC%5BAuthor%5D&cauthor=true&cauthor_uid=28498320
https://www.ncbi.nlm.nih.gov/pubmed/28498320
https://www.ncbi.nlm.nih.gov/pubmed/28498320
https://www.ncbi.nlm.nih.gov/pubmed/28498320
https://www.ncbi.nlm.nih.gov/pubmed/?term=P%26%23x00142%3Botka-Wasylka%20J%5BAuthor%5D&cauthor=true&cauthor_uid=29225993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Rutkowska%20M%5BAuthor%5D&cauthor=true&cauthor_uid=29225993
https://www.ncbi.nlm.nih.gov/pubmed/?term=Cie%26%23x0015b%3Blik%20B%5BAuthor%5D&cauthor=true&cauthor_uid=29225993
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC5684612/
https://dx.doi.org/10.1155%2F2017%2F5283917
https://pubmed.ncbi.nlm.nih.gov/?term=Shahbazi+Y&cauthor_id=26304448
https://pubmed.ncbi.nlm.nih.gov/?term=Ahmadi+F&cauthor_id=26304448
https://pubmed.ncbi.nlm.nih.gov/?term=Fakhari+F&cauthor_id=26304448
https://doi.org/10.1007/s00128-014-1258-x
https://www.researchgate.net/deref/http%3A%2F%2Fdx.doi.org%2F10.33785%2FIJDS.2019.v72i06.005?_sg%5B0%5D=_KePzxfpoGKtn-KbgxB179K5B4O5gYn9W8J_BX_ffl2-XHe145duc1vqswAvZk1gulTfbPrDt0cT8dzooMAUEUdE8Q.OnSR6ekYF08sJkXXTlGbWgxacLO_GPBN2_-mmu9F0Ut6oPxUg8puyJJ3knOk614PFKBuGzbPirjbfBRO2XspSw
https://www.ncbi.nlm.nih.gov/pmc/articles/PMC6123596/
https://doi.org/10.1515/chem-2019-0072


Health impacts of the potentially toxic metals present in milk, dairy products, chocolates, .. 

DOI: 10.9790/2402-1407023546                              www.iosrjournals.org                                               43 | Page 

[94]. Wanniatie V, Sudarwanto MB, Purnawarman T, et al.  (2019) Chemical compositions, contaminants, and residues of organic and 

conventional goat milk in Bogor District, Indonesia. Veterinary World, 12(8), 1218-1224 

[95]. Woyessa GW, Kassa SB, Demissie EG.(2015). Determination of the level of some trace and heavy Metals in some soft drinks of 
Ethiopia.JChemBiolPhysSci, 5, 2108-2114. 

[96]. Yadav M, Singh A, Ali S, et al. (2017). A Review on Heavy Metal Concentration of Beverages and their Potential Implications on 

Bone Health. Journal of Bone and Joint Diseases, 32, 5-10. 
[97]. Ziarati P, Shirkhan F,Mostafid M, et al. (2018).An Overview of the Heavy Metal Contamination in Milk and Dairy Products. Acta 

Scientific Pharmaceutical Sciences, 2 (7), 08-21. 

 

Table 1: The concentration of different potentially toxic metals in Milk and Dairy products 
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Table 2: The concentration of different potentially toxic metals in alcoholic,Non -alcoholic drinks and 

fruit juices 
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Table 3: The concentration of different potentially toxic metals in Chocolates, candies and Cocoa 
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