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Introduction 
 

Milk and milk products are major constituents 

of the daily diet in India as well as whole 

world. These products are major sources of 

nutrition, especially for children, due to the 

availability of almost all essential macro and 

micronutrients. Milk is the abundant sources 

of calcium, vitamin D, riboflavin, and 

phosphorus, protein, potassium, vitamin A, 

vitamin B-12 and niacin are also found in 

good amounts. The most frequent consumers 

of milk and dairy products are infants and 

elderly, two age demographics typically 

described as particularly vulnerable to heavy 

metal exposure risks. Therefore, the presence 

of any toxic material in milk is a matter of 

serious concern. In response, stringent rules 

have been adopted for the toxic materials in 

milk and milk products (Ismail et al., 2017). 

 

Environmental pollution occurs due to 
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In recent scenario due to indiscriminate human activities the heavy metal pollution is very 

much concerned because of their toxicity for animal and human beings and their lack of 

biodegradability. Heavy metal toxicity is linked with a number of diseases but the severity 

of situation multiplies too many folds if these heavy metals are found in milk, which is the 

basic food item of vulnerable age group of people. Heavy metal when reaches human and 

animal body through various absorption pathways such as direct ingestion, dermal contact, 

diet through the soil-food chain, inhalation and oral intake may seriously affect their 

health. Contamination of environment leads to contamination of food chain, which the 

main rout the entry of heavy metal in the animal body which ultimately causes 

contamination of milk and animal originated food. Therefore, several management 

practices like treatment of industrial water, use of heavy metal free water and feed for 

animal production can reduce the heavy metal level in the milk. 
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industrialization and extraction of natural 

resources in large scale, and it is responsible 

for degradation of environmental health. 

Among all kinds of pollution, heavy metals 

make a significant contribution to the 

environmental pollution (Nedel Koska and 

Doran, 2000). The metal present in soil–plant 

system can easily enter into food chain and 

also cause risk for humans, animals, plants 

and whole environment of our modern society 

(Farouk et al., 2011). 

 

Heavy metals are listed as priority pollutants 

by the United States Environmental Protection 

Agency (UEPA). There are more than 70,000 

chemicals in use in the world (Cairns et al., 

1988). For the level of toxicity, lead, mercury, 

arsenic and cadmium are ranked first, second, 

third, and sixth, respectively, in the list of US 

Agency for Toxic Substances and Disease 

Registry (ATSDR). The problem of heavy 

metal pollution is emerging as a matter of 

concern at local, regional and global scales. 

Normally, the rate of transfer of heavy metals 

from forage to milk is very low and is reported 

as 1:500 (Bluthgen, 2000), due to the fact that 

mammary glands prevent the entry of toxic 

metals by acting as biological filters (Nag, 

2010). Apart from industries, roadways and 

automobiles contribute substantially to 

environmental burden of heavy metals since 

particulate matters in traffic emissions include 

heavy metals like lead, cadmium and arsenic 

(Onat et al., 2013). Application of sewage 

sludge in agricultural fields resulted in the 

accumulation of heavy metals in the soil and 

consequently to plants (Nogueira et al., 2013). 

Groundwater can be contaminated with metals 

directly by infiltration of leachate from land 

disposal of solid wastes, liquid sewage or 

sewage sludge, leachate from mine tailings 

and other mining wastes, deep-well disposal 

of liquid wastes, seepage from industrial waste 

lagoons or from other spills and leaks from 

industrial metal processing facilities (e.g., 

steel plants, plating shops, etc.). Metal 

concentrations in foodstuff depend on quality 

of water, soil characteristics etc which can 

affect the bioavailability of elements Heavy 

metals may enter in the dairy products by 

different ways. These include atmospheric 

deposition; land application of inorganic 

fertilizers, use of agrochemicals like 

pesticides, herbicides etc. Heavy metals in 

milk may come from the milk containers, 

during processing, through contaminated 

water used for agriculture, livestock feed, and 

the surrounding environment of milk-

producing animals (Zain et al., 2016). 

 

Heavy metals can be defined as elements 

having a specific gravity above 5g/cm
3
, or 

atomic weights in the range of 63.5-

200.6g/mol and are toxic to humans even in 

minute quantities (Tekaya et al., 2013, Gumpu 

et al., 2015). Heavy metals are non-

biodegradable or thermo degradable, and are 

ubiquitous in nature (Ismail et al., 2014). 

Some mineral elements like Iron (Fe), Zinc 

(Zn), Nickel (Ni), and Copper (Cu) can also be 

categorized as heavy metals when they are 

found in food commodities beyond certain 

limits (Valko et al., 2005). 

 

Milk is an important food received from 

animal origin; if the animal body was 

contaminated it was an excretion of the 

mammary gland can carry numerous 

xenobiotic substances. This constitutes a great 

risk factor for dairy products and above all, for 

the health of the consumer which includes 

infants and the elderly. Therefore, 

determination of the residual concentrations of 

metals in milk could be an important ‘direct 

indicator’ to assess hygienic status of the milk, 

as well as an ‘indirect indicator’ of the degree 

of pollution of the environment in which the 

milk was produced. Transfer of toxic elements 

to human food chain is a concrete danger that 

has to be faced in the near future. Living 

organisms require varying amounts of few 

heavy metals. Iron, cobalt, copper, manganese, 



Int.J.Curr.Microbiol.App.Sci (2018) 7(5): 1260-1268 

1262 

 

molybdenum and zinc are required by humans 

in trace amounts. All metals are toxic at higher 

concentrations (Singh et al., 2011). Other 

heavy metals such as mercury, arsenic, 

cadmium and lead are toxic metals that have 

no known vital or beneficial effect on 

organisms, and their accumulation over time 

in the bodies of animals can cause serious 

illness.  

 

Heavy metals disrupt metabolic functions in 

human beings. Excess accumulation disrupts 

the function of vital organs and glands such as 

heart, brain, kidneys, bone, liver, etc. These 

metals displace the vital nutritional minerals 

from their original place, and hinder their 

biological function. These metals can enter 

into our body through consumption of foods, 

beverages, skin exposure and inhaled air. 

Among different heavy metals, chronic 

exposure to low doses of cancer-causing 

heavy metals may induce many types of 

cancer. 

 

This review contains an overview of the major 

heavy metals reported in milk in different 

states of India. The sources of contamination, 

health impacts, regulations, and mitigation 

techniques of heavy metals in milk are also 

discussed. 

 

Sources of heavy metals in milk 

 

Due to continuous industrialization and 

urbanization activities, heavy metal pollution 

becomes a major cause of environmental 

degradation. Heavy metals are commonly 

found in nature and their concentrations in 

food items are increasing day by day as a 

result of utilization of untreated sewage water 

and industrial effluents for irrigation of crops. 

Among different metals, it was suggested that 

Cd would be the most mobile element in the 

soil and more available to crop. Industrial 

emissions of contaminant to the atmosphere 

which is finally deposited on soil or dumping 

of industrial wastes on disposal land may 

cause problem in the environment beyond 

limit. In India, many urban and dense cities 

with significant industrial waste generation 

have been found to have contaminated soil. 

Metals may contaminate animal milk through 

instruments and machinery used in processing 

and distribution of milk. For this reason, 

processed milk is reported to have higher 

concentrations of heavy metals as compared to 

raw milk (Anetta, 2012).  

 

Furthermore, heavy metals may also enter into 

milk through contaminated animal feed by the 

routes of irrigation with polluted canal or 

sewage water, the application of pesticides 

and fungicides, and the presence of industries 

near the animal feed areas (Cai et al., 2009, 

Iftikhar et al., 2014). Simsek et al., (2000) 

studied the effect of environmental pollution 

on the heavy metal content of raw milk and 

found higher heavy metal concentration in the 

milk from areas in proximity to industrial 

zones and areas with significant vehicular 

traffic while lower heavy metal concentrations 

in the milk samples from rural areas. Kazi et 

al., (2009) also reported higher lead (Pb) 

levels in milk samples collected from shops 

and in processed milk as compared to milk 

samples collected directly from the farms. In 

this way, heavy metal concentration in milk 

can be an indicator of environmental pollution 

(Pilarczyk et al., 2013). 

 

Regulatory limits 

 

Regulatory focus on heavy metal 

contamination in milk is very essential due to 

its consumption by different age groups and 

most likely by children and older persons 

comprises most vulnerable group for heavy 

metal toxicity. That’s why a number of 

regulatory agencies have established 

permissible limits for Pb and Cd in milk due 

to their significant toxicity. The maximum 

permissible level of Pb in milk recommended 
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by Codex Alimentarius Commission (2015) 

and European Union Commission (EC) 

no.1881 European Union (2006) is 0.02mg/ml. 

Maximum permissible limit for Cd in milk 

recommended by FAO/WHO (Codex 

Alimentarius Commission, 1999) is 

0.01mg/ml. According to Indian regulations 

(FSSAI, 2011), the maximum permissible 

limits for Pb in milk are 0.02 and 0.1mg/ml. 

The maximum permissible limit for milk 

established by European Union Commission 

(European Union, 2006) is 0.1mg/ml. The 

maximum permissible limits for Ni and Co in 

milk are not reported by any of the regulatory 

agencies reviewed in this study.  

 

The prevalence of heavy metals in milk above 

the permissible limits is reported mostly from 

the developing countries mainly due to the 

unhygienic conditions of processing, 

contaminated feed and water used for animals, 

and the negligence as well as unawareness of 

the personnel involved in dairy business. 

Although strict regulations exist for the 

control of heavy metals in milk but these 

regulations are not of significance for the 

developing countries where most of the milk 

is consumed in unprocessed form where the 

milkmen supply milk directly to homes 

without any testing by the regulatory agencies. 

Therefore, the scope of the regulations 

regarding heavy metals in milk and milk 

products is only limited to developed countries 

or to the processed milk consumed in 

developing countries. 

 

Indian scenario of contamination of milk 

with heavy metal 

 

Heavy metals appeared as consistent 

contaminants of different food products during 

the last few years most probably due to the 

increase in industrial activities, preparation of 

various varieties of processed foods involving 

a number of machines and also due to long 

distance travel by food items where metallic 

contaminants might enter in food items at a 

number of points. In present review a number 

of reports have shown the elevated levels of 

Pb and Cd in milk and milk products while the 

contamination of Hg and As is reported less. 

However, it is pertinent to mention that the 

reports of metal contamination in milk and 

milk products presented below are the findings 

of various researchers from different part of 

India where different analytical techniques 

were used and therefore the purpose of data 

presented below is just to give an idea of the 

levels of various metallic contaminants in milk 

and milk products (Table 1). 

 

Heavy metal toxicity 

 

Metal toxicity can appear due to the intake of 

a metal beyond certain limit. Metal toxicity 

through milk is a more serious issue as 

compared to other foods due to higher 

consumption of milk by the most vulnerable 

age groups, that is, infants and elderly people 

(FAO, 2017).  

 

Ni, Fe, Zn, Co, and Cu are reported to have 

some health bene fits for humans because they 

work as co-factor for various enzyme systems 

but yet their intake beyond certain limits may 

create health risks while Pb, Cd, and Hg have 

no reported health benefits. The residual 

concentration of heavy metals like Pb and Cd 

in animal milk is reported to increase with an 

increase in animal age (Najarnezhad et al., 

2015).  

 

Metal toxicity depends on various number of 

factors the more important of which are route 

of entry in body, age, and sex of the exposed 

person, intake level, and the state of metal and 

its rate of absorption (Mertz, 1986).Buffalo 

milk is reported to have more Pb and Cd as 

compared to cow milk (Iqbal et al., 2011). 

Highly toxic chemicals like lead, mercury, 

cadmium, etc. and its effect on health as 

shown in Table 2. 
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Table.1 Heavy metal residues in milk samples 

 
S. No. Place Milk Type Sample (n) Range(μg/ml) Mean(μg/ml) Analytical Method Reference 

01 Palghar (Maharashtra) Buffalo milk 28 Zn- 0.111 to 7.23 4.23 ICP-AES Nirgude et al., 2015 

Fe-0.111 to 7.723 4.25 

Pb-0.065 to 0.137 0.089 

Ba-0.148 to 0.304 0.253 

Mn-0.027 to 0.406 0.124 

Cr-0.014 to 1.606 0.278 

Ni-0.04 to 0.749 0.094 

02 Hyderabad Buffalo milk 

 

30 Pb- 0.22  F-AAS Shailaja et al., 2014 

Zn- 3.96  

03 Hosur, (Tamilnadu) Goat milk 144 As-0.082-0.056  - ICP-OES Dhanalakshmi et al.,2013 

Cd-0.030-0.016 - 

Pb-0.064-0.052 - 

Hg-0.007-0.004 - 

Ni-0.069-0.067 - 

04 Vadodara Milk and milk product - Cd- 1.51 AAS Chandorkar et al.,2013 

Branded milk - Cd- 0.23 

05 Delhi Branded milk  Zn 2.28 Voltammetric determination Raina et al.,2013 

06 Mumbai Cow milk of different 

brands 

15 Cu-0.039 -37.29 - ICP-AES Zodape et al., 2012 

Zn-0.496 - 0.786 - 

Cr-0.013-0.175 - 

Pb-0.139 -5.904 - 

Hg-0.015 - 0.023 - 

07 Singhbhum (Jharkhand) Cow milk 60 Fe-0.2-13.2 4.91 AAS Giri et al.,2011 

Mn-0.17-0.59 0.29 

Zn-1.66-7.13 4.77 

Cu-0.23-2.03 0.56 

Ni-0.31-0.63 0.48 

08 Tiruvallur (Tamilnadu) Buffalo milk 216 Pb- ND-0.19 8.62 AAS Sahayaraj and Ayyadurai, 2009 

09 Bangalore Cow milk - Fe- 0.33 - AAS Lokeshwari and 

Chandrappa, 2006 Zn-1.83 - 

Cd-0.02 - 

10 Various parts of India Cow milk from 

Lead zinc Smelter area 

21 Pb-0.13–2.70 0.844 AAS Swarup et al.,2005 

11 Bombay City Commercial milk 75 Zn-3.177 - AAS Tripathi et al., 1999 

Pb-0.0017 - 

Cu-0.0017 - 

ICP-AES: inductively coupled plasma atomic emission spectrophotometer; FAAS: flame atomic absorption spectrophotometer; ICP-OES: Inductively coupled 

plasma- optical emission spectrometry; AAS: atomic absorption spectrophotometer 
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Table.2 Toxic metals and their effects on humans health 

 

Materials Toxic effect 

Lead Kidney failure, central and peripheral nervous systems, 

damage to the reproductive systems 

Cadmium Long term cumulative poison, Bone disease 

Mercury Chronic damage to brain, liver damage, causes damage to the 

central and peripheral nervous systems as well as the fetus 

Chromium DNA damage, lung cancer 
(Baccarelli and Bollati, 2007) 

 

Control of heavy metals in milk 

 

Due to haphazard industrial development 

heavy metals can be reached in the 

environment from industrial points into canals 

and rivers and other water bodies, through 

direct discharge and runoff of contaminated 

sites. This contaminated water also used in 

agriculture fields as irrigation purpose where 

animal feed is grown (Sansalone and 

Buchberger, 1997). These Ultimately leads to 

entrance of heavy metals in the milk supply 

through ingestion of metal contaminated feed 

or water by dairy animals or through utensils 

used in the transport and processing of milk 

and sometimes the milk men are involved in 

the adulteration of milk with dirty water like 

canal water which might be a great source of 

heavy metals. 

 

Treatment of industrial waste water by 

adsorption of heavy metals from industrial 

waste water has been very crucial point to 

prevent the contamination of water bodies 

(Khan et al., 2008). Some potentially low-cost 

sorbents for heavy metals have been found 

effective, including sorbents that are waste 

products of some industrial processes (Bailey 

et al., 1999). These low-cost sorbents may be 

a more viable option in developing nation like 

India. In general, a widely used treatment 

technique is chemical precipitation using 

hydroxides (Kurniawan et al., 2006). More 

advanced treatment technologies such as 

Nano-Filtration (NF), Reverse Osmosis (RO), 

and Ion Exchange have also been found to be 

effective (Fu and Wang, 2011); however, 

these technologies may not be economically 

feasible in some developing nations due to 

higher cost. 

 

Changes in the milk manufacturing process 

also helpful to reduce the contamination of 

milk by heavy metals. The water used for 

drinking of animal and the fodder of milking 

animal should be regularly monitored to 

evaluate the level of heavy metals. 

Precautions should be taken to avoid metal 

contamination during the handling, 

processing, and storage of milk and milk 

products, and only food grade materials 

should be used during these steps. Animal 

herds and the land used for the cultivation of 

animal fodder should be selected far from the 

industrial and heavy traffic areas to avoid the 

chances of metal contamination. 

 

The practice of heavy metal detection should 

be continued to avoid possible contamination. 

Because heavy metals can cause a number of 

health implications in humans. Children and 

elderly people are more vulnerable to heavy 

metal exposure due to their high milk 

consumption rates. Rapid urbanization and 

industrialization, less strict regulations and 

environmental pollution can result in elevated 

levels of heavy metals in milk. It is also 

essential that farmers should be educated to 

reduce such contamination and should be 

encouraged to use the controlled amount of 
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pesticides; to avoid the leaching of waste 

water and cultivation should be conducted in 

fields far away from industrial area as well as 

areas prone to contamination. 
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