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Abstract: Heavy metals considered as the most important contamination due to the industrialization and have the influence 

on its existence in milk and dairy products. Milk is a very important component of human diet. The presence of heavy metals 

in milk at high concentration may significant health problem. The present study is achieved to investigate the concentration of 

some heavy metals (Cu, Cr, Cd, Pb, and Zn) in fresh cow’s milk samples available in north Sudan-Merowe using Atomic 

Absorption Spectrophotometer (AAS). The elements, Cd, Cr, and Pd were not detected in all the fresh cow’s milk samples 

under study. There is no significant in the mean concentration of Cu and Zn between the fresh cow’s milk samples of three 

farms where as that of Zn is significantly. Our results indicated that the mean concentration of Cu, in A 0.111, in B 0.180 and 

in C 0.130 mg\l respectively. However Zn in A 1.13, in B 1.42 and C 1.62 mg\l respectively. The study also focuses on 

prevalence of heavy metals to compared with ARD value and also with corresponding values of different countries available in 

literature. Our result of this paper it is so strong to meager the concentration of heavy metals and show an important.  

Keywords: Atomic Absorption Spectrophotometer, Fresh Cow’s Milk, Heavy Metals, Pollution, Merowe 

 

1. Introduction 

Heavy metals were persistent in contaminants environment 

that can cause serious environment and health hazards. They 

are released into the environmental from natural as well as an 

anthropogenic activates [1-4]. Some heavy metals like Cu, Cr 

and Zn are essential to maintain proper metabolic activity in 

living organisms, others like Pb and Cd are non-essential and 

have no biological role [5-7]. However, at high 

concentrations, even essential metals also cause toxicity to 

living organisms [8, 9]. Milk and its products are main 

constituents of the daily diet, especially for vulnerable groups 

such as infants, school age children and old age people [10, 

11]. Milk is excellent sources of calcium, vitamin, riboflavin, 

and phosphorus is a good source of protein, potassium, 

vitamin A, vitamin B-12 and niacin [12, 13]. Milk is 

contaminated with heavy metals such as zinc, lead, cadmium, 

selenium, sulphur, iodine and possibly even more dangerous 

arsenic and cyanide [2]. Due to the growing environmental 

pollution it is necessary to determine and monitor the levels 

of heavy metals in milk, because they can significantly 

influence human health [14-16] many reports indicate the 

presence of heavy metals in milk and other food products [4, 

17, 18] they determination of trace inorganic constituents in 

milk is challenging task due to their complex emulsion like 

matrices and low concentration levels of the metal ions. 

Many digestion procedures to oxidize organic matrices of 

different samples have been reported in literature [19-21]. 

The acid digestion procedures are the most popular sample 

pre–treatment techniques for elemental determination in 

biological and environmental samples, and acid digestion 

induced by microwave energy is a well- established method 

[22, 23]. The determination of heavy metals can be 

performed by several instrumental techniques [24, 25] 

including indirect photometric chromatography, ion 

chromatography, flame atomic absorption spectrometry [26, 

27, 28] furnace atomic absorption spectrometry [29]. 

Inductively coupled plasma optical emission spectrometry 

[6,30] potentiometric stripping [31] capillary zone 

electrophoresis [32] differential pulse anodic striping 

voltammetry [33] mid-infrared spectrometry [34] particle 
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induced x-ray emission [35] and complex metric titration 

[36] in this study atomic absorption spectrophotometer was 

used [37, 38]. The aim of the present study is to determine 

the concentration of heavy metals namely Cr, Cd, Cu, Zn, 

and Pb in fresh cow’s milk collected from three dairy farms 

of Merowe area the obtained mean elemental concentrations 

were compared with the corresponding values of different 

countries in the literature and the daily intake of these 

elements were also compared with the Recommended 

Dietary Allowance [RDA] values set by instrument was 

optimized to give maximum signal strength by adjusting the 

parameters such as wavelength, slit width, lamp current and 

sample energy for each element.  

2. Martials and Methods 

2.1. Sample Collection and Preparation 

Fresh cow
’
s milk form three grazing areas of Merowe 

metropolis was collected, packed in 50ml bottles and stored 

in deep freezer at a temperature of -20C
o
. 20ml of fresh cow

’
s 

milk sample was measured into beaker. This was digests by 

heating the content in the beaker to nearly dryness. After 

evaporation and cooling, 20ml of distilled. It was then 

transferred into 50ml sample bottle, labeled and heavy metals 

were determined using bulk scientific model VER 3.94 C 

model Atomic Absorption Spectrophotometer.  

2.2. Data Assessment 

Was collect and ordered all data in tables the concentration 

of some fresh cow’s milk sample in ppm yielding positive 

results for the occurrence of microelements were transformed 

in to concentration in mg/l.  

2.3 Reagents and Solution 

The reagents which used of analytical grade (Merck). are: 

nitric acid 65% (RIEEL-DEHAEN AG), hydrogen peroxide 

30% (Eurostar Scientific LTD), and concentrated 

hydrochloric acid. Double distilled water (deionized water) 

was used for the preparation of all solution. All samples were 

stored in plastic bottles.  

2.4. Samples Collection 

The three samples of fresh cow
’
s milk of different area 

were collected from various location of Merowe north Sudan 

cites. The study was selected based on the dependence of 

farmers on lives stock production mainly from cow’s is 

representative of the whole country as it is considered milk 

belt in Sudan fresh cow
’
s milk samples were collected from 

their farms of Arrayan, Attakker and Egri in accordance with 

AOAC procedure.  

2.5. Sample Preparation 

To a 5ml aliquot of milk in a100ml volumetric flask, add 

50ml of 24% (w/v) TCA and dilute to volume with deionized 

water shake the samples at 5-min intervals for 30min and 

filter. Transfer a 5-ml aliquot of the filtrate to a 50ml 

volumetric flask, add 1ml of 5% (w/v) lanthanum solution, 

and make to volume with deionized water.  

Table 1. Instrumental operating condition for determination of heavy metals in milk sample.  

Heavy Metals Wave length (nm)  Slit Width (nm)  Lamp Current (mA)  Sample Energy (eV)  

Cd 228.8 0.7 2.0 3.317 

Cr 357.9 0.7 2.0 3.567 

Cu 324.8 0.7 1.5 3.884 

Pb 283.3 0.7 3.0 2.470 

Zn 213.9 0.7 2.0 3.148 

 

3. Results and Discussion 

Heavy metals contents varies widely due to many factors 

such as difference between species, characteristic of 

manufacturing practices and possible contamination from 

equipment’s during the process among the five elements 

analyzed, three sample (Cd, Cr and Pb) were not detected. 

This could be as a result of low pollution to these metals in 

the study areas.  

3.1. Copper Concentration 

Copper (Cu) concentrations obtained ranges between 

0.111-0.180mg/l in this Study are below the accepted limit 

recommended dietary value of 1.5-3.0 mg/day. There is no 

significant differences.  

Table 2. The concentration of heavy metals in fresh cow’s milk samples collected from Merowe.  

Cow milk concentration of Heavy metals (mg/kg)  

 Cd Cr Cu Pb Zn 

A ND ND 1.11 ND 11.3 

B ND ND 1.80 ND 14.2 

C ND ND 1.30 ND 16.2 

ND mean Not detected  
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Figure 1. Copper concentration (mg/g) of fresh cow's milk.  

3.2. Zinc Concentration 

Has the least concentration 1.13mg/l and the highest 

concentration of 1.62mg/l both are below recommended 

dietary value of 12-15mg/day given by (NRC, 1989). Zinc 

plays an important role in the immune system but excessive 

absorption of zinc suppresses copper and iron absorption.  

Among the five elements analyzed, three elements (Cr, Cd 

and Pb) were not detected this could be as a result of low 

pollution to these metals in the study areas of study. Many 

diverse biochemical roles of zinc have been identified. These 

include roles in enzyme function, nucleic acid metabolism, 

call signaling. Zinc is essential for physiological processes 

including development, lipid metabolism, brain and immune 

function [39]. It is also crucial for normal development and 

function of cells mediating nonspecific immunity [40].  

Animal products except some such as milk are usually the 

best source of dietary zinc, in terms of both content and 

bioavailability. Because, diets in developing countries are 

predominantly based on plants and often high in phytates, 

which inhibit zinc absorption strongly, it can difficult for 

children in these countries to obtain their recommended 

intake of zinc from their usual diet [41]. In Merowe the 

consumption of zinc and other micronutrients is below the 

recommended dietary intake levels. A recent clinical trial 

revealed the importance of zinc supplementation to improve 

the growth.  

 

Figure 2. Zinc concentration (mg/g) of fresh cow's milk.  
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A zinc–deficient persons experience increased 

susceptibility to a variety of pathogens zinc is crucial for 

normal development and function of cells mediating 

nonspecific immunity such as neutrophils and natural killer 

cells zinc deficiency also affects development of acquired 

immunity by preventing both the outgrowth and certain 

functions, of T lymphocytes and antibody production. The 

macrophage, a pivotal cell in many immunologic functions, 

is adversely affected by zinc deficiencies, which can 

dysregulate intracellular killing and phagocytosis [42].  

It has been well established, both by studies in 

experimental animals and by human intervention trials, that 

zinc deficiency is growth-limiting. A deficiency of zinc in 

children causes manifestation of retardation in growth, 

related to decreased synthesis of growth hormone.  

Among other endocrine disturbances attributed to the lack 

of zinc, shows insufficient development of gonad.  

Zinc plays a role in certain sterility and male impotence.  

It is also observed, in the regulation of thyroid abnormalities 

in individuals who have a rate of abnormally low plasma zinc.  

Another consequence from lack of zinc is a geusia 

(decrease in taste and even the perception of abnormal taste) 

and reduction in the odor.  

It is a symptom that often appears when receiving kidney 

dialysis and disappears after the administration of zinc [43].  

3.3. Lead Concentration 

Lead is toxic the blood and the nervous, urinary, gastric 

and genital systems [44]. Furthermore, it is also implicated in 

causing carcinogenesis and frontogenesis in experimental 

animals [10]. Lead exposure can cause anemia because it 

inhibits the body’s ability to make hemoglobin. Several 

studies have also shown an association between lead 

exposure and increases in blood pressure. Lead readily 

crosses the placenta and there is evidence that exposure to 

high levels increases the risk of spontaneous abortion, 

miscarriage and stillbirth. There is also evidence of less 

strength that fetal lead espouser can increase the risk of 

reduced birth weight and premature birth. Human studies 

indicate the lead may have toxic effects on sperm starting at 

Pb B levels of around 40Mg|dL [45].  

Children and fetuses are particularly more susceptible than 

adults, because their bodies are smaller, so the same dose of 

lead that an adult receives would have a greater effect on a 

child. Age-dependent differences in toxicological response can 

be due to differences in kinetics and be both quantitative and 

quantitative. Also the toxicological response can depend on the 

development of receptors to various chemicals which are 

developed at various stages. The brain is especially vulnerable 

during the brain growth spurt, which is the period when the 

brain undergoes several fundamental changes, like dendritic 

and axonal growth, synaptogenesis, rapid myelination, etc [46]. 

In children, even low levels exposure can result in reduced IQ, 

learning disabilities, attention deficit disorder behavioral 

problems, stunted growth, hyperactive behavior, impaired 

hearing, and kidney damage. The incidence of childhood 

cancer has increased, especially for acute lymphocytic 

leukemia, brain tumor and Wilmstumor. The last one is 

suspected to be in relation with paternal exposure to lead [47]. 

At high levels of exposure, a child may become mentally 

retarded, fall into a coma, and even die from lead poisoning. 

According to recent studies intellectual impairment in children 

has been seen at blood lead levels lower than 10 Mg/dL [48]. 

A level of concern is concentration above 25Mg/dL. Levels 

lower than 10Mg/dL [49].  

3.4. Cadmium Concentration 

Cadmium is considered to be one of the most toxic metals 

[10]. It is typical example of a cumulative poison. Prolonged 

increased uptake of cadmium interferes with the function of 

the kidneys and it is the target organ for damage and, when 

the concentration of cadmium in the renal cortex reaches 

approximately 200Mg\g, damage to the proximal renal 

tubules occurs and calcium, phosphorous, glucose, amino 

acids, and small peptides are lost in the urine (50). Once 

Accumulates in tissues it cannot be removed safely by 

chelation therapy wit out causing kidney damage [45].  

3.5. Chromium Concentration 

Major factors governing toxicity of chromium compounds 

are oxidation state and solubility. The more readily absorbed 

nature or ability of crossing biological membrane and its 

oxidation state accounts for greater toxicity of hexavalent 

chromium than the trivalent state. The toxicity of chromium 

within the cell may result from damage to cellular 

components during the hexavalent to trivalent chromium 

reduction process, by generation of free radicals, including 

DNA damage [57].  

The effects of poisoning are evident within a matter of 

minutes in humans and animals and include haemorrhagicga 

stronger it is, heap to-cellular deficiency with icterus and 

disseminated intravascular coagulation syndrome, coma and 

eventually death [51].  

Table 3. Comparison of the elemental concentration (mg/kg) of fresh cow’s milk in Sudan.  

Country Cd Cr Cu Pd Zn Reference 

Japan 1.0 --- 100.0 50.0 3000.0 [52] 

Germany 0.1 ---- 49.9 5.5 3730.0 [53] 

India 0.1 55.2 56.0 1.6 3100.0 [34, 54] 

Spain ---- 33.9 9.7 49.3 1419.3 [55] 

Poland 15.0 38.0 90.0 20.0 3770.0 [56] 

USA 9.7 29.1 19.4 34.0 2235.2 [57, 58] 

Sudan ---- ---- 14.03 ---- 139 Present study 
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4. Conclusion 

As mentioned, the importance of heaving heavy metals in 

milk and its products are very valuable today. Heavy metals 

can be trans-freed industrial sites to canals and rivers though 

direct discharge and runoff contaminated sites. In conclusion, 

in this present study the concentration of the heavy metals 

such as (Cd, Cr, and Pb) were not detected in the cow
’
s of 

Merowe -Sudan even though they were reported in the cow's 

milk in several studies. The heavy metals Cu and Zn were 

detected in milk samples of Merowe zone in the all samples. 

The concentrations of Cu and Zn were 0.111 -0.130, 1.13 -

1.62 Mg/l, respectively in the milk samples of three area 

under study. The concentrations of heavy metals observed 

were comparable with some of the reported values in 

literature. The results obtained for detected elements in the 

present study were also compared with international daily 

intake guidelines of different international organizations for 

food and were found to be below the levels allowed. We 

suggest some project should be done to improve the 

operational efficiency and financial sustainability of 

provincial milk and dairy products and also improve water 

distribution system.  
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