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ABSTRACT
Milk has been considered one of the unique food sources for children's and even adults and even

adults nutrition. Cow milk is considered one of the responsible food sources contaminated with
heavy metals. This review was to assess the heavy metal contamination in milk. Several methods
used in heavy metal determination in milk have also been reviewed.Heavy metals such as Lead,
Chromium, Cadmium, Arsenic, and Mercury have been the significant areas of interest in this
review. The primary heavy metal analysis methods are atomic absorption spectroscopy (AAS) and
Flame Atomic Absorption Spectroscopy (FAAS). Heavy metal contamination remains a significant

concern due to the high heath risk involved due to their exposure.
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1.0 INTRODUCTION
1.1 BACKGROUND

Milk is an essential food for the human diet. Milk is considered a complete food because it consists
of vital nutrients such as proteins, essential fatty acids, lactose, vitamins, and minerals in balanced
proportions. However, milk and dairy products can also contain chemical hazards and contaminants,
which may give a poor commercial image and affect the consumers.

(Achmad, 2017).

As far as nutrition is concerned, the metal contents of milk and dairy products can be grouped into
essential elements (iron, copper, and zinc) at low doses and non-essential or toxic ones (lead and
cadmium). The presence of the latter, even in low concentrations, is of no value and causes metabolic
disorders with severe impacts. (S. Khan, Cao, 2008). Dairy animals take in metals while grazing on
the pasture and when fed on contaminated concentrate feeds. However, the transfer of minerals to

milk in the cow is highly variable. (S. Maas, E. Lucot, 2011).

Toxic metals such as lead and cadmium are common air pollutants and are emitted into the air due
to various industrial activities. (WHO, 2007). Various industrial environmental contamination of

soil, waters, foods and plants with these metals is incorporated into the food chain. It causes a
significant threat to human and animal health. (N. Bilandzic et al., 2011).

Lead and cadmium residues in milk and dairy products are of particular concern since infants and
children essentially consume them. Over 90% of the total Cadmium intake in non-smokers is through
food, although inhalation also contributes in very contaminated areas. (WHO, 2007). Lead and
cadmium are considered potential carcinogens and originate several diseases in the cardiovascular
system, kidneys, nervous system, blood and skeletal system.

(P. Zhuang, M.B.McBride, H.Xia,N.Li, Z. Li, 2009)



References

T.G. Kazi, N. Jalbani, J.A. Baig et al. (2009). Assessment of toxic metals in raw and processed
milk samples using electrothermal atomic absorption spectrophotometer. . Food
Chem.Toxicol. , 2163-2169 .

] H. Kraehmer, B. Laber. (2014). Herbicides s as weed control agents: state of the art: i. weed
control research and safener technology: the path to modern agriculture. Plant
Physiology, 166, 1119-31.

Abdelkhalek A, Elsherbini M & Gunbaej E. (2015). Assessment of heavy metals residues in milk
powder and infant milk formula sold in Mansoura City, Egypt. Alexandria Journal of
Veterinary Sciences., 47, 71-77.

Abdus-Salam, N. And Adekola, F. A. (n.d.). The Influence of Ph and Adsorption of Lead And Zinc
on A Natural Goethite. African Journal of Science and Technology (Ajst), 6, 55-66.

Achmad, R. T., Budiawan, B., and Ibrahim Auerkari, E. (2017). Effects of chromium on human
body. Annu. Res. Rev., 13, 1-8.

Alem G, Tesfahun K & Kassa B. (2015). Quantitative determination of the level of selected heavy
metals in the cows' milk from the Dairy Farm of the Haramaya University, Eastern
Ethiopia. International Journal of Chemical and Natural Science., 3, 240-248.

Arafa M. S. Meshref, Walaa A. Moselhy. (2014). Heavy metals and trace elements levels in milk
and milk products. Food Measure, 8, 381-388.

Arianejad M, A. M. (2015). Levels of some heavy metals in raw cow's milk from selected milk
production sites in Iran: Is There any Health Concern? Health promotion perspectives., 5,
176-182.

Asayehegn, A. T. (2021). Determination of the Level of Heavy Metals in Cow’s Milk Collected
from Butajirra and Meskan Districts, South Central Ethiopia. Research Square.

Battarbee R, Anderson N. (1988). Lake Acidification in The United Kingdom. ENSIS.

Berra, Colombo. (2002). Dietary sphingolipids in colorectal cancer prevention. European Journal
of Cancer Prevention, 11, 93-197.

Burki, T. K. (2012). Nigeria’sleadpoisoningcrisiscould leavea long legacy. Lancet , 379.

Businco, Giampietro. (2000). Allergenicity of mare’s milk in children with cow milk allergy.
Journal of Allergy and Clinical Immunology, 105, 1031-1034.

CanbayS & Dogantlirk M. (2017). Metals determination by microwave digestion ICP-OES of
some dietary supplements and diet products in Turkey. Eurasian Journal of Analytical
Chemistry., 12, 45-53.

Cao, Z. R., Cui, S. M., Lu, X. X., Chen, X. M., Yang, X., Cui, J. P., et al. (2018).
[Effectsofoccupationalcadmiumexposureonworkers’cardiovascularsystem].
ZhonghualaoDongWeiShengZhiYeBingZaZhi, 36(6), 474-477.

Cefalu, W. T., and Hu, F. B. (2004). Role of chromium in human health and in diabetes. Diabetes
Care, 27(11), 2741-2751.

20



Chen,J.,Ye,Y.,Ran,M.,Li,Q.,Ruan,Z.,andJin,N. (2020). Inhibitionof tyrosinase by mercury chloride:
spectroscopic and docking studies. . Front. Pharmacol. , 11,81.

Claeys, Verraes et al. (2014). Consumption of raw or heated milk from different species. Food
Control, 42, 188-201.

Deng, Wang et al. (2019). The effect of hexavalent chromium on the incidence and mortality of
human cancers: a meta-analysis based on published epidemiological cohort studies.
Front. Oncol., 9, 24.

Doreau, Martin-Rosset. (2002). Dairy animals :horse. In H. Roginsky, J. W. Fuquay, & P. F.Fox
(Eds.). London, Amsterdam.

E. Gimeno-Garc’ia, V. Andreu, and R. Boluda. (1996). Heavy metals incidence in the application
of inorganic fertilizers and pesticides to rice farming soils. Environmental Pollution, 19-
25.

Fang, Zhao. (2014). Genotoxicity of tri-and hexavalent chromium compounds in vivo and their
modes of action on DNA damage in vitro. PloS One.

Garbarino JR, Hayes H. (1995). Contaminants in the Mississippi River. U. S. Geological Survey
Circular., 1133.

Gerosa, S., Skoet, J. (2012). Milk availability. Trends in production and demand and medium
term outlook.

Gorini, F. M. (2014). The role of heavy metal pollution in neurobehavioral disorders: a focus on
autism. Rev.J. autism Dev. disord., 354-372.

Gupta, D. K., Tiwari, S., Razafindrabe, B., and Chatterjee, S. (2017). Arsenic contamination from
historical aspects to the present. in Arsenic Contamination in the Environment. Berlin,
Germany: Springer.

Gurer-Orhan, Sabir. (2004). Correlation between clinical indicators of lead poisoning and
oxidative stress parameters in controls and lead-exposed workers. Toxicol., 195 (2-3),
147-154.

H. Ali, E. Khan, and I. llahi. (2019). Environmental Chemistry and Ecotoxicology of Hazardous
Heavy Metals. Journal of chemistry, 2019.

Holum. (1983). Elements of General and Biological Chemistry. (6th ed.). N.Y: John Wiley and
Sons.

Hutton M, Symon C. (1986). The Quantities of Cadmium, Lead, Mercuryand Arsenic Entering the
U.K. Environment from Human Activities. Sci. Total Environ, 57, 129-150.

J. Briffa, E. Sinagra, and R. Blundell. (2020). Heavy metal pollution in the environment and their
toxicological effects on humans. Heliyon, 6.

Jacobs, D. E., Wilson. (2009). The relationship of housing and population health: a 30-year
retrospective analysis. Environ. Health Perspect., 117 (4), 597-604.

Jarup, L. (2003). Hazards of heavy metal contamination. British Medical Bulletin, 68, 167-182.

Jensen, R., Ferris, A., Lammi-Keefe, C., Henderson R. (1990). Lipids of bovine and human milks: a
comparison. Journal of Dairy Science, 223-240.

21



Jiang et al. (2015). Calcium signaling involvement in cadmium-induced astrocyte cytotoxicity
and cell death through activation of MAPK and PI3K/Akt signaling pathways.
Neurochem. Res., 40(9), 1929-1944.,

JO, N. (1989). A global Assessment of Natural Sources of Atmospheric Trace Metals. Nature,
338, 47-49.

Joseph etal. (2005). Blood lead level and risk of asthma. Environ.Health Perspect., 113 (7), 900-
904.

JS, H. (1997). Heavy Metals. J. Chem. Educ., 1374, 11-74.

K.D. Cashman. (2011). Trace elements, nutritional significance. ( 2 ed., Vol. 3). (P. F. J.W.
Fuquay, Ed.) Academic press.

K.l. Kasozi, P. C. (2018). Food Safety of milk and Beef in Southwestern Uganda. Journal of
Environmental and Public Health, 2018, 2.

Kamala C, Balaram V, Dharmendra V, Satyanarayanan M, Subramanyam K & Krishnaiah A.
(2014). Application of microwave plasma atomic Emission Spectrometry for
environmental monitoring of industrially contaminated sites in Hyderabad City.
Environmental Monitoring and Assessment., 186, 7097-7113.

Kasperczyk, Birkner. (2005). Lipids, lipid peroxidation and 7-ketocholesterol in workers exposed
to lead. Hum. Exp. Toxicol., 24 (6), 287—-295.

Kianoush,S.,Balali-Mood et al. (2013). Clinical, toxicological, biochemical, and hematologic
parameters in lead exposed workers of a car battery industry. Iran J. Med. Sci., 38 (1),
30.

Kim, T. H., Kim, J. H., Le Kim, M. D., Suh, W. D., Kim, J. E., Yeon, H. J., et al. (2020). Exposure
assessment and safe intake guidelines for heavy metals in consumed fishery products in
the Republic of Korea. Environ. Sci. Pollut. Res. Int., 27, 33042—-33051.

Kungolos, Aoyama. (1999). Toxicity of organic and inorganic mercury to Saccharomyces
cerevisiae. Ecotoxicol. Environ. Saf., 149-155.

Lenntech. (2004). Water Treatment and Air Purification. Water Treatment.

Li, R., Wu, H., Ding, J., Fu, W., Gan, L., and Li, Y. (2017). Mercury pollution in vegetables,
grainsand soilsfromareas surrounding coal-firedpower plants. sc.

Li, R., Wu, H., Ding, J., Fu, W., Gan, L., and Li, Y. (2017). Mercury pollution in vegetables,
grainsand soilsfromareas surrounding coal-firedpower plants. Sci. Rep., 7.

Loomis, Guha, . (2018). Identifying occupational carcinogens: an update from the IARC
monographs. Occup. Environ. Med., 75(8), 593—603.

Lopez., A, Collins. (1995). essential elements in raw and pasteurized cow and goat milk. j. dairy
sci, 68, 1878-1886.

M.Egor, J. (2014). “Heavymetalandnutrient loading of River Rwizi by effluents from Mbarara
Municipality Western Uganda. International Journal of Chemical
MaterialandEnvironmentalResearch, 2, 36-47.

M.l.Muhib, M.A.Z Chowdhury. (2016). Investigation of heavy metal content in cow milk samples
from area of Dhaka, Bangladesh. International journal of food contamination., 2.

22



Malacarne, M., Martuzzi, F., Summer, A., Mariani, P. (2002). Review: protein and fat
composition of mare’s milk. International Dairy Journal, 12, 869-877.

Mense, S. M., and Zhang, L. (2006). Heme: a versatile signaling molecule controlling the
activities of diverse regulators ranging from transcription factors to MAP kinases. Cell
Res., 16 (8), 681-692.

Mishra, K. P. (2009). Lead exposure and its impact on immune system: a review. Toxicol. In
Vitro, 23 (6), 969-972.

Moriarity, R. J., Liberda, E. N., and Tsuji, L. J. S. (2020). Subsistence fishing in the Eeyou Istchee
(James Bay, Quebec, Canada): a regional investigation of fish consumption as a route of
exposure to methylmercury. . Chemosphere, 256.

N. Bilandzic et al. (2011). Trace element levels in raw milk from northern and southern regions
of Croatia. Food Chem., 63-66.

Nickens, K. P., Patierno, S. R., and Ceryak, S. (2010). Chromium genotoxicity: a double-edged
sword. Chem. Biol. Interact., 188 (2), 276-288.

Nriagu JO, Pacyna J. (1988). Quantitative Assessment of Worldwide Contamination of Air,
Water and Soil by Trace Metals. Nature, 333, 134-139.

0. Simsek, R. Gultekin. (2000). The effect of environmental pollution on the heavy metal
content of raw milk. Nahrung, 360-363.

Odongo, M. (2022). Investigation of Levels of Some Selected Heavy Metals in Raw Bovine Milk
from Oyam District, Uganda and Estimation of Potential Health Risks. . American Journal
of Applied and Industrial Chemistry, 1-6.

Ogwuegbu MO, ljioma MA. (2003). Effects Of Certain Heavy Metals On The Population Due To
Mineral Exploitation. Ekiti State.

P. Licata, D. Trombetta, M. Cristani, F. Giofre, D. Martino, M. Calo, F. Naccari. (2004). Levels of
“toxic”” and “essential” metals in samples of bovine milk from various dairy farms in
Calabria, ltaly. Environ. Int. , 1-6.

P. Zhuang, M.B.McBride, H.Xia,N.Li, Z. Li. (2009). Health risk from heavy metals via consumption
of food crops in the vicinity of Dabaoshan mine, south China. Sci. Total Environ., 1551—
1561.

Pagliarini, E., Solaroli, G., Peri, C. (1993). Chemical and physical characteristics of mare’s milk.
Italian Journal of Food Science, 5, 323-332.

Park, Y.W., Juarez, M., Ramos, M., Haenlein, G.F.W. (2007). Physico-chemical characteristics of
goat and sheep milk. Small Ruminant Research, 68, 88-113.

Parodi, P. (1982). Positional distribution of fatty acids in triglycerides from milk of several
species of mammals,. Lipids, 17, 437-442.

Pavesi, T., and Moreira, J. C. (2020). Mechanisms and individuality in chromium toxicity in
humans. J. Appl. Toxicol., 40, 1183-1197.

Ratnaike, R. N. (2003). Acute and chronic arsenic toxicity. Postgrad. Med. J., 79(933), 391-396.

Richter, Faroon. (2017). Cadmium and cadmium/zinc ratios and tobacco-related morbidities.
Int. J. Environ. Res. Public Health, 1154.

23



S. Khan, Cao. (2008). Health risks of heavy metals in contaminated soils and food crops irrigated
with wastewater in Beijing, China. Environ. Pollut., 686—692.

S. Maas, E. Lucot. (2011). Trace metals in raw cow’s milk and assessment of transfer to Comte
cheese. Food Chem., 7-12.

Sattar, A., Xie, S., Hafeez, M. A,, Wang, X., Hussain, H. ., Igbal, Z., et al. (2016). Metabolism and
toxicity of arsenicals in mammals. Environ. Toxicol. Pharmacol.(48), 214-224.

Shah, A. Q., Kazi, T. G.,Baig, J. A., Arain, M. B., Afridi, H. I., Kandhro, G. A,, et al. (2010).
Determination of inorganic arsenic species (As3+ and As5+) in muscle tissues of fish
species by electrothermal atomic absorption spectrometry (ETAAS). Food Chem., 119
(2), 840-844.

Sharma et al. (2012). Groundwater contaminated with hexavalent chromium [Cr (VI)]: a health
survey and clinical examination of community inhabitants (Kanpur, India). PLoS One, 7
(10).

Shekhawat, K., Chatterjee, S., and Joshi, B. (2015). Chromium toxicity and its health hazards. Int.
J. Adv. Res., 3 (7), 167-172.

Shen, S. Cullen. (2013). Arsenic binding to proteins. Chem. Rev., 113 (10), 7769-7792.

Tanase G, Udristioiu F, Bunaciu A & Aboul-Enein Y. (2012). Trace Elements Analysis in Paper
Using Inductively Coupled Plasma - Mass Spectrometry. Gazi University Journal of
Science., 25, 843-851.

Tchounwou, P. B, Yedjou, C. G., Patlolla, A. K., and Sutton, D. J. (2012). Heavy metal toxicity and
the environment. Mol. Clin. Environ. Toxicol., 101, 133-164.

Uniacke-Lowe, T. (2011). Studies on equine milk and comparative studies on equine and bovine
milk systems. PhD thesis.

WHO. (2007). Health risks of heavy metals from long-range transboundary air pollution.

24



	Opige 1.pdf
	Opige 2.pdf

