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Abstract: The incidence and levels of heavy metals; lead, cadmium and iron were estimated in water of shallow 

& deep wells as well as milk of cows reared on those wells in the New Valley Governorate, Egypt. All the 

samples were contaminated with such elements. The average levels in water were 0.19, 0.03 and 1.44, while in 

milk were 0.215, 0.05 and 0.73 for Pb, Cd and Fe respectively. Percentages of Pb, Cd and Fe levels exceeding 

permissible levels in water and milk samples were determined. Also, daily and weekly intakes were estimated 

and compared to standard intakes. Moreover, comparison of standard Pb, Cd and Fe daily intakes from the 

consumption of 200 ml milk with the estimated intakes in milk samples was done. 
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I. Introduction 
The New Valley Governorate depends on wells water as the only source of water, due to the desert 

nature of the governorate and its geographical position which prevented the access of the River Nile water. It is 

dependent on wells and underground Nubian aquifer of the Western Desert, which is one of the largest aquifers 

in Egypt. All the agriculture, industrial and domestic use depends on it. 

Heavy metals are persistent contaminants in the environment that can cause serious environmental and 

health hazards. They are released into the environment from natural and man-made activities. Some heavy 

metals (like Fe) are essential to maintain proper metabolic activity in living organisms; others (like Pb and Cd) 

are non-essential and have no biological role [1, 2].However, at high concentrations, they can cause toxicity to 

living organisms [3]. Industrial and agricultural processes have resulted in an increased concentration of heavy 

metals in air, water and soil and subsequently, taken by plants or animals and find their ways into food chain [4].  

Lead is recognized as a known neurotoxicant with major public health concern which causes both acute and 

chronic intoxication [5]. The toxicity may show in the form of anemia, abdominal colic, liver dysfunction, renal 

damage, peripheral neuropathy in adults, CNS disorders in the form of permanent brain damage in children and 

in case of extreme lead poisoning, convulsion followed by coma and death, might occur. Moreover, lead has a 

biological half life of about 27 years in human bones [6]. Cadmium intoxication in human results in renal 

damage and dystrophic changes with hypercalcuria, glucosuria, proteinuria and aminoaciduria with hypertension 

[7], and itai itai disease which is characterized by severe pain, soft bones and death may occur as a result of 

renal failure [8]. The effect of iron and lead to man could lead to delays in physical and mental development and 

slight deficit in attention span and learning abilities in infants and children; Kidney problems and high blood 

pressure in adults. Iron causes skin or tooth discoloration or aesthetic effect such as taste, odor, or color in 

drinking water which may also lead to nausea, vomiting, diarrhea, as well as blood clotting and may threatens 

life [9].There have been some complaints about water in the New Valley, and since dairy animals drink from 

such water, it was necessary to examine water and milk of cows that drink such water. Changes of the water 

color, kidney problems and nervous manifestations [10] have been observed. So, we aimed to estimate the 

presence of lead, cadmium and iron in water and milk samples. 

The present study aimed to: 

1-Estimate the levels of Pb, Cd and Fe in the water of shallow & deep wells as well as in the milk of cows 

reared on these wells. 

2-Find the correlation between the levels of these heavy metals in water and milk samples. 

3- Estimate the percentage of samples exceeding MPL of the examined elements.  

4- Estimate daily, weekly intakes and percentages of milk samples exceeding the tolerable daily and weekly 

intakes. 

 

II. Materials And Methods 
A total of 50 underground wells water samples were collected from 10 wells at different depth from 

Mout- El-Dakhla city, New Valley governorate, Egypt. Five deep wells at depth 400-1000m and 5 shallow wells 

at depth 80- 200m, (5 samples each). All samples were collected in dry glass bottles and preserved at 4˚C, then 

transported to the laboratory for estimation of Pb, Cd and Fe concentrations. 
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A total of 100 milk samples were collected from cows rearing on the previously mentioned wells and 

drink from them. All samples were taken in clean and dry glass stoppered tubes and transported under 

refrigerated condition to the laboratory for estimation of Pb, Cd and Fe concentrations. 

 

b- Analysis of samples: 

The digestion of samples was done as described by [11], while, the metal analysis of the samples was 

carried out in the Department of Biochemical, Deficiency Disease and Toxicology, Animal Health Research 

Institute, Dokki, Giza, Egypt. All samples in addition to the blank were analyzed for detection and/or 

measurement of Pb, Cd and Fe using UNICAM 969 Atomic Absorption Spectrophotometer. The concentration 

of Pb, Cd and Fe in the examined samples was calculated according to [12]: The content of these heavy metals 

were expressed as mg/kg of the sample based on the weight. The concentration of absorbance values of metals 

in the blank samples were also calculated and subtracted from each analyzed sample to exclude any traces of 

metal that might be present in the used acid for digestion. 

 

III. Results 

Table 1: Incidence and levels of Pb, Cd and Fe in water samples of shallow and deep wells (ppm): 

Well Element 
Positive samples 

Min. Max. Average 
No./25 % 

Shallow 

Pb. 25 100 0.0001 0.4 0.18 

Cd. 25 100 0.01 0.12 0.05 

Fe. 25 100 0.01 8.8 2.18 

Deep 

Pb. 25 100 0.002 0.7 0.19 

Cd. 25 100 0.0001 0.06 0.01 

Fe. 25 100 0.01 3.3 0.7 

 

Table 2: Incidence and levels of Pb, Cd and Fe in milk samples of cows reared on shallow and deep wells 

(ppm): 

Well Element 
Positive samples 

Min. Max. Average 
No. % 

Shallow 

Pb. 50 100 0.02 0.8 0.27 

Cd. 50 100 0.0001 0.2 0.07 

Fe. 50 100 0.002 5.8 0.93 

Deep 

Pb. 50 100 0.01 0.7 0.16 

Cd. 50 100 0.0002 0.5 0.03 

Fe. 50 100 0.002 5.7 0.53 

 

Table 3: Correlation between the average levels of Pb, Cd and Fe in water and milk samples (ppm): 

Well Element 
Water Milk 

Incidence 
% 

Average 
Incidence 

% 
Average 

Shallow 
Pb. 100 0.18 100 0.27* 
Cd. 100 0.05 100 0.07* 
Fe. 100 2.18 100 0.93* 

deep 
Pb. 100 0.19 100 0.16* 
Cd. 100 0.01 100 0.03* 
Fe. 100 0.7 100 0.53* 

Total 
Pb. 100 0.19 100 0.215* 
Cd. 100 0.03 100 0.05* 
Fe. 100 1.44 100 0.73* 

* Significant correlation between the corresponding values at P < 0.05 

 

Figure 1: Percentages of Pb, Cd and Fe levels above MPL in water samples of shallow wells 
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International standards: WHO (2006), Pb 0.01, Cd 0.003, Fe 0.05 mg/kg 

Egyptian standards: ECS (1994), Pb 0.05, Cd 0.01, Fe 1 mg/kg 

 

Figure 2: Percentages of Pb, Cd and Fe levels above MPL milk samples of cows reared on shallow wells 
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International standards: IDF (1979), Pb 0.049, Cd 0.026, Fe 0.37 mg/kg 

Egyptian standards: EOSQC (1993), Pb 0.02, Cd 0.002, Fe 5 mg/kg 

 

Figure 3: Percentages of Pb, Cd and Fe levels above MPL in water samples of deep wells. 
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Figure 4: Percentages of Pb, Cd and Fe levels above MPL in milk samples of cows reared on deep wells 
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Figure 5: Percentages of Pb, Cd and Fe levels above MPL in all milk samples of cows reared on under ground 

water. 
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Table 4: Comparison of standard Pb, Cd and Fe intakes with that estimated in milk samples: 
WI DI 

Element Well Samples above AWI 
EWI PTWI 

Samples above ADI 
EDI ADI 

% No. % No. 

100 50 3.905 0.025 100 50 0.558 0.0036 Lead 

Shallow 98 49 1.012 0.007 98 49 0.144 0.001 Cadmium 

64 32 13.454 5.6 64 32 1.922 0.8 Iron 

100 50 2.31 0.025 100 50 0.330 0.0036 Lead 

Deep 98 49 0.434 0.007 98 49 0.062 0.001 Cadmium 

36 18 7.66 5.6 36 18 1.095 0.8 Iron 

100 100 3.108 0.025 100 100 0.444 0.0036 Lead 

Total 98 98 0.723 0.007 98 98 0.1033 0.001 Cadmium 

50 50 10.560 5.6 50 50 1.5086 0.8 Iron 

DI       = Daily intake 

WI      = Weekly intake  

PTWI = Provisional tolerable weekly intake 

EWI   = Estimated weekly intake 

ADI    = Acceptable daily intake 

EDI     = Estimated daily intake 

 

Table 5: Comparison of standard Pb, Cd and Fe daily intakes from consumption of 200 ml milk with the 

estimated in milk samples: 
Elements Average value DI from consumption of 200 ml milk 

ADI EDI 
mg/day/person 

% 

Pb 0.215 0.0036 0.043 1194 
Cd 0.05 0.001 0.01 1000 
Fe 0.73 0.8 0.146 18.25 

 

IV. Discussion 

Incidence and levels of Pb, Cd and Fe in water samples of shallow and deep wells (ppm): The 

examined water samples of all examined wells were contaminated with Pb, Cd and Fe. As for Pb in water of 

shallow wells, the maximum level was 0.4 ppm, minimum level was 0.0001 and average value was 0.18 ppm, 

while its levels in water of deep wells were 0.7 ppm, 0.002 ppm and 0.19 ppm for the maximum, minimum and 

average levels respectively. Similar results were obtained by [13, 14]. Lower levels were estimated by [15, 16, 

17] while high levels of Pb were estimated by [18, 19]. As the quality of the ground water sources are affected 

by the characteristics of the media through which the water passes on its way to the ground water zone of 

saturation [20]. The occurrence of lead and other metals in the water of these areas may be of natural origin (e.g. 

eroded minerals within sediments, leaching of ore deposits and volcanism extruded products) [21]. The possible 

sources of Pb are combustion of old lead pipe line from which water is supplied, idol immersion activities, the 

use of lead arsenate as pesticide [22]. 

The average value of Cd in water of shallow wells was 0.05 ppm ranged from 0.01 to 0.12 ppm, while 

its levels in water of deep wells were 0.06 ppm, 0.0001 ppm and 0.01 ppm for the maximum, minimum and 

average levels respectively. Nearly similar results were reported by [13, 15, 16, 23], while [14, 19] reported 

higher levels. 
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The source of cadmium in the water samples may be due to improper disposal of waste sewage and 

solid wastes material containing toxic chemicals near the wells [24]. The average value of Fe in water of 

shallow wells was 2.18 ppm ranged from 0.01 ppm and 8.8 ppm. These results were similar to that reported by 

[22], while lower results were obtained by [14, 17, 19]. While its levels in water of deep wells ranged from 0.01 

to 3.3 ppm with an average of 0.7 ppm. Similar results were obtained by [14, 19, 22]. Iron is the most commonly 

available metal on earth [25], the level of iron could be the result of clay deposits in the area [26]. Also the 

presence of iron is responsible for the brownish red colour of the water when allowed to stay for some minutes 

[27], high iron in drinking water may reduce the palatability and therefore amount and rate of water intake [28]. 

Excess iron (greater than 0.3 ppm) in drinking water is much more absorbable and available than iron 

from feedstuffs, and thus present a greater risk for causing iron toxicity, consequences of iron toxicity and 

heightened oxidative stress that are magnified in transition and fresh cows include: compromised immune 

function, increased fresh cow mastitis and metritis, greater incidence of retained fetal membranes as well as 

diarrhea, sub-normal feed intake, decreased growth, and impaired milk yield [29]. The prolonged consumption 

of drinking water with high concentration of iron may lead to liver disease called as heamosidrosis [30]. 

Incidence and levels of Pb, Cd and Fe in milk samples of cows reared on shallow and deep wells (ppm): All 

milk samples of cows reared on shallow and deep wells were contaminated with Pb, Cd & Fe. 

In milk of cows reared on shallow wells, the maximum level of Pb was 0.8ppm, minimum level of 0.02 

ppm and average value of 0.27 ppm. Also, Cd was detected in an average of 0.07ppm, ranged from 0.0001 to 

0.2 ppm. Moreover, Fe maximum level was 5.8 ppm, minimum level 0.002 ppm and average value of 0.93 ppm. 

In milk of cows reared on deep wells, the maximum level of Pb was 0.7 ppm, minimum level 0.01 ppm and 

average value 0.16 ppm. The source of lead in milk samples is closely related to the contamination of water with 

lead and also the contamination of soil and fodder which also could be affected with the contaminated water. 

As foodstuffs grown on agricultural soil or irrigated with impure water accumulate metal contents and are a big 

source of heavy metals exposure to the animals and humans [31]. One of the most important sources of lead 

contamination in milk is water, especially in more contaminated areas [32]. A linear dose-related excretion of 

lead from plasma to milk was found in mice after intravenous injections of lead. However, 24 hrs after 

administration, lead concentration in milk was found to be higher than that in blood [33], so milk is a very 

important source for human exposure to lead. 

In addition, Cd was detected in an average of 0.03 ppm, ranged from 0.0002 to 0.5 ppm. Milk and dairy 

products usually contain very low concentration of Cd except when dairy animals consume contaminated feeds 

and water [34]. Cadmium source may be attributed to its presence in the underground water used for drinking of 

cows and also may be due to using of fertilizers or pesticides [35]. While, minimum, maximum and average 

values of Fe were 0.002 ppm, 5.7 ppm, and 0.53 ppm. High levels of iron may be attributed to high 

contamination of water and feed by such pollutants [36]. Excess iron represents a problem in dairy technology 

because of its catalytic effect on oxidation of lipids with development of unpleasant smell, bounding preferably 

proteins and lipoprotein membrane of fatty globule [37]. 

The obtained results indicate that there is a significant relationship between Pb, Cd and Fe in water 

samples of shallow and deep wells and milk samples of cows reared on those wells at p< 0.05, this indicates that 

dairy animals are exposed to high quantities of toxic metals through water. It is obvious that the average values 

of Pb, Cd and Fe in milk samples of cows reared on shallow wells were higher than that of cows’ milk reared on 

deep wells, which is explained by the exposure of shallow wells water to pollution of the environment more than 

deep wells.   

Data revealed that the average value of Pb, Cd and Fe in all water samples collected from El-Dakhla 

City, New Valley Governorate, were 0.19, 0.03 and 1.44 ppm, respectively, while the average values of Pb, Cd 

and Fe in milk samples collected from cows reared on the same area were 0.215, 0.05 and 0.73 ppm, 

respectively. These results show that there is a clear relationship between the presence of these metals in the 

underground water and their presence in milk samples.  

Percentages of levels above MPL in water samples of the under ground water: 

It’s evident from Fig. 1 & 3 that, 88%, 100% and 96% for Pb, Cd and Fe of the examined water 

samples of shallow wells were above MPLs mentioned by [38, 39], while 76%, 68% and 36% were above that 

stated by [40]. Also, 72%, 40% and 88% of the examined water samples of deep wells were above MPLs stated 

by [38, 39], while 64%, 20% and 20% were above that reported by [40].    

Percentages of levels above MPL in milk samples of cows reared on under ground water:  It’s obvious 

from Fig. 2 & 4 that, 96%, 62% and 72% for Pb, Cd and Fe were above MPLs mentioned by [41], while, 98%, 

98% and 2% for Pb, Cd and Fe in the examined milk samples of cows reared on shallow wells were above 

MPLs stated by [42]. While, in the examined milk samples of cows reared on deep wells, 78%, 36% and 50% 

for Pb, Cd and Fe were above MPLs mentioned by [41] while 88%, 94% and 2% for Pb, Cd and Fe were above 

MPLs recommended by [42]. It’s clear that the percentage of samples above MPL of water from shallow wells 

and milk of cows reared on them are higher than that of deep wells. Moreover, the percentage of Pb, Cd and Fe 
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in all examined milk samples above MPL stated by [41] were 87, 50 and 61 respectively, while that above MPL 

stated by [42] were 93, 96 and 2, respectively (Fig. 5). 

Comparison of standard Pb, Cd and Fe intakes with that estimated in milk samples: The EDI and EWI 

were compared to the ADI and PTWI stated by [43]. In milk of cows reared on shallow wells, the EDI of lead 

was 0.558 mg/kg b.w., while EWI was 3.906 mg/kg b.w. and 100% of samples were above ADI and PTWI. 

Food is considered the principal route of lead exposure for people. Adult absorb 5-15 % of the ingested lead, 

while children absorb 30-40%. Dietary deficiencies of calcium and iron enhance the absorption of lead [44]. The 

EDI of cadmium was 0.144 mg/kg b.w., while the EWI was 1.012 mg/kg b.w. and 98% of samples were above 

ADI and PTWI. Additionally, the EDI of iron was 1.922 mg/kg b.w., while the EWI was 13.454 mg/kg b.w. and 

64% of samples were above ADI and PTWI (Table 4).   

 While, in milk of cows reared on deep wells, the EDI of lead was 0.330 mg/kg b.w. and the estimated 

weekly intake (EWI) was 2.31 mg/kg b.w. The obtained results were above the ADI and PTWI. Likewise, the 

EDI of cadmium was 0.062 mg/kg b.w., while the EWI was 0.434 mg/kg b.w. and 98% of samples were above 

ADI and PTWI. Also, the EDI of iron was 1.095 mg/kg b.w., while the EWI was 7.66 mg/kg b.w. and 36% of 

samples were above ADI and PTWI.  As for all milk samples of cows reared on the underground water, the EDI 

of lead was 0.444 mg/kg b.w., while the EWI was 3.108 mg/kg b.w. and all milk samples were above ADI and 

PTWI.  Also, the EDI of cadmium was 0.1033 mg/kg b.w., while the EWI was 0.723 mg/kg b.w. and 98% of 

samples were above ADI and PTWI. Moreover, the EDI of iron was 1.5086 mg/kg b.w., while EWI was 10.560 

mg/kg b.w. and 50% of samples were above ADI and PTWI. The obtained results are lower than that estimated 

by [45]. 

Comparison of daily intakes from consumption of 200 ml milk with the estimated in all milk samples: 

The daily intake of measured elements was estimated on the assumption of drinking a cup of 200 ml of milk 

daily. The results revealed that the estimated daily intake of Pb, Cd and Fe from consumption of 200 ml milk 

per day were 0.043, 0.01 and 0.146 ppm and this contribute about 1194, 1000 and 18.25 % respectively of the 

ADI (Table 5). Lower results were reported by [46]. 

 

V. Conclusion 

It could be concluded that contaminated water is an important source of Pb, Cd and Fe for animal and 

likely milk. Also, there is a significant relationship between the levels of Pb, Cd and Fe in the wells’ water and 

their levels in milk samples of cows reared on those wells. Milk samples of cows reared on deep wells were less 

contaminated than those reared on shallow wells, which indicated that the shallow wells were affected by 

pollution more than the deep wells. Likewise, high levels of Pb, Cd and Fe in milk samples of cows reared on 

shallow and deep wells were above MPL mentioned by IDF and EOSQC. 
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