
 542

 
 

HEAVY METALS IN DRINKING WATER AND THEIR 
ENVIRONMENTAL  IMPACT ON HUMAN HEALTH 

 
Hanaa, M., Salem*’** , Eweida, A., Eweida* and  Azza Farag*** 

 
*Geology Department, Faculty of Sciences, Cairo University, Egypt 

**Center for Environmental Hazards Mitigation, Cairo University, Egypt 
*** Ain Shams University Hospital 

E-mail: HanaaSalem@orex.org 
 

ABSTRACT 
 
There is a relationship between chronic diseases and geologic environment. 
Geochemical environment is indeed a significant factor in the serious health 
problems. In the last 20 years, many people have suffered from these diseases that 
led to serious studies to find out the relationship between drinking water and chronic 
diseases. The chemistry of drinking water commonly has been cited as an important 
factor in many diseases. A strong relationship between contaminated drinking water 
with heavy metals from some of the Great Cairo Cities, Egypt and chronic diseases 
such as renal failure, liver cirrhosis, hair loss, and chronic anemia has been identified 
in this study. These diseases are apparently related to contaminant drinking water 
with heavy metals such as Pb, Cd, Cu, Mo, Ni, and Cr. Renal failure is related to 
contaminat drinking water with lead and cadmium, liver cirrhosis to copper and 
molybdenum, hair loss to nickel and chromium, and chronic anemia to copper and 
cadmium. Studies of these diseases suggest that abnormal incidence in specific areas 
is related to industrial wastes and agriculture activities that have released hazardous 
and toxic materials in the groundwater and thereby led to the contamination of 
drinking water in these areas. 

 
INTRODUCTION 
 
The aim of  this study is to determine the relationship between the contaminant drinking water 
and its impact on human health in some of the Great Cairo Cities, Egypt. Heavy metals are 
sometimes called “trace elements”. They are the metallic elements of the periodic table. 
Heavy metals have become of particular interest in recent decades within the framework of 
environmental investigation. This has without doubt been due to the fact that highly sensitive 
analytical procedures are available for determining and detecting metal content with high 
precision. Medical geology is a subfield of geology that studies the effects of chemical in the 
environment, especially trace elements, on the health of humans and animals. The 
contribution of the geology is to help isolate aspect environments that may influence the 
incidence of disease. The ultimate source of the body trace elements is generally rocks. The 
concentration of trace elements in rocks is varying by rock type. Sometimes, they become 
concentrated in soil, water, or in air taken up by plants and ingested by humans or animals.  
Pure water does not exist in nature. The contamination of water is directly related to the 
degree of contamination of our environment. Rainwater collects impurities while passing 
through the air. Streams and rivers collect impurities from surface run off and through the 
discharge of sewage and industrial effluents; these are carried to the rivers, lakes or reservoirs 
that supply our drinking water (Skeat, 1969). All of the chemicals generated by man will 
eventually end up in our water supplies. These dangerous products from industry, agriculture 
and other human activities enter the rivers, lakes, and underground water, and can 
contaminate our drinking water. 
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SAMPLING AND METHODOLOGY 
 
Drinking water samples were collected from different areas from the Great Cairo Cities such  
as Heliopolice, El-Zaitoon, El-Mataria, El-Salam, and El-Marg areas (Figure 1). Samples 
were collected from residential tap water from patients who lived in these areas and suffered 
from renal failure, liver cirrhosis, hair loss, and chronic anemia diseases. These patients were 
complaining from tap water in their houses, which were confirmed by this study that drinking 
water is contaminated with heavy metals in most of the studied areas.  
 
Heavy metal analysis on drinking water was done to analyze lead (Pb), zinc (Zn), copper 
(Cu), cobalt (Co), cadmium (Cd), nickel (Ni), chromium (Cr), molybdenum (Mo), and 
manganese (Mn). These samples were analyzed by using ICP emission instrument on Perkin 
Elmer ICP-400 at the National Research Center of Agriculture Sciences, Egypt. Each area is 
represented by 10 drinking water samples for chemical and urine analysis with a total of 50 
samples. The method of Sam and Stanley (1963) was used to analyze urine samples from all 
these patients to detect the possible presense of heavy metals in their urine, which implies the 
presence of heavy metals in their bodies. 
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Figure 1: Location map of the studied areas. (Modified from the Geological Survey of Egypt,  
               Geological map of Greater Cairo area, Cairo-1983).  
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RESULTS 
 
The data are listed in Tables 1, 2, 3, 4, & 5 that contain concentration of heavy metals in ppm, 
sample locations, different patients, and U.S.E.P.A. (1994) recommended concentration limits 
for drinking water (U.S. Environmental Protection Agency). 
 
The highest lead concentration was reported from Heliopolice and El-Salam areas with 0.90 
ppm and 0.70 ppm respectively (Figure 2). All areas have exceeded the standard limit (0.1 
ppm) in most of the drinking water samples from all patients. Urine tests detected the 
presence of lead in almost all patients.  
 
The concentration of copper showed the highest values from El-Salam and the lowest from 
Heliopolice, which were 2.30 ppm and 0.15 ppm respectively (Figure 3). All areas exceeded 
the standard limit (0.05 ppm) in most of the drinking water samples from all patients. Urine 
tests detected the presence of copper in some of the patients, and this is compatible with 
drinking water analysis. 
 
The highest nickel concentrations were reported from El-Salam and El-Marg and the lowest 
from El-Mataria areas, which were 1.42 ppm, 1.42 ppm and 0.05 ppm respectively (Figure 4). 
All areas have exceeded the standard limit (0.03 ppm) in all samples.  
Almost all areas except El-Marg have shown the molybdenum concentration to exceed the 
standard limit (0.07 ppm) which varied from 0.09 ppm to 0.43 ppm. The highest 
concentrations were represented by Heliopolice and El-Salam areas (Figure 5). 
 

 
 
The concentration of cadmium slightly exceeded the standard limit (0.01 ppm) from El-
Zaitoon, El-Marg and El-Salam areas but Heliopolice and El-Mataria were within the 
standard limit except one sample from El-Mataria exceeded the standard limit (Figure 6).  

Figure 2: This diagram shows the 
concentration of lead in ppm from the 
studied areas. 
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Nickel and molybdenum couldn’t be identified from patients’ urine in this study by the Sam 
and Stanley method.  
The concentration of zinc in all areas fell within the standard limit (2.00 ppm, Figure 7). Only 
two samples from El-Salam area, which were 2.62 ppm and 2.28 ppm exceeded the standard 
limit. Urine testes showed only one patient from each area that had zinc in their bodies, and 
that will be explained in the following discussion and conclusions section. 
The concentration of cobalt fell in all areas within the standard limit (1.00 ppm), which varies 
from 0.39 ppm to 0.01 ppm (Figure 8).  
Almost all the manganese concentration fell within the standard limit (0.05 ppm), which 
varied from 0.05 ppm to 0.00 ppm from all areas except one sample from Heliopolice with 
0.1 ppm (Figure 9).  The concentration of chromium fell within the standard limit (0.05 ppm) 
in almost all areas except in El-Salam area, which reached up to 0.51 ppm (Figure 10). 
 
Table 1: Concentration of heavy metals in ppm from El-Zaitoun area 
Elements Patient patient Patient Patient Patient Patient patient patient Patient Patient Standard 
 1 2 3 4 5 6 7 8 9 10 11 

Zn 0.37 0.12 0.13 0.12 0.17 0.12 0.13 0.12 0.17 0.37 2.00 
Pb 0.20 0.11 0.07 0.10 0.10 0.11 0.07 0.07 0.10 0.20 0.10 
Cu 1.00 1.00 1.01 1.00 1.02 1.01 1.00 0.91 1.00 1.02 0.05 
Ni 0.30 0.41 0.30 0.06 0.05 0.41 0.30 0.06 0.05 0.35 0.03 
Co 0.10 0.05 0.09 0.09 0.05 0.05 0.09 0.09 0.05 0.10 1.00 
Mn 0.00 0.00 0.01 0.00 0.00 0.01 0.01 0.00 0.01 0.01 0.05 
Cr 0.01 0.01 0.02 0.01 0.01 0.01 0.02 0.01 0.01 0.00 0.05 
Cd 0.01 0.01 0.02 0.03 0.02 0.01 0.02 0.03 0.02 0.02 0.01 
Mo 0.03 0.03 0.02 0.10 0.07 0.03 0.02 0.10 0.07 0.07 0.07 
Patients 1&10 suffer from renal failure, 2,3,6,&7 suffer from hair loss, and 4,5,8,&9 suffer from liver cirrhosis. 

 
Table 2: Concentration of heavy metals in ppm from El-Mataria area 
Elements Patient patient patient Patient Patient Patient patient Patient Patient Patient Standard 
 1 2 3 4 5 6 7 8 9 10 11 

Zn 0.61 0.59 0.39 0.10 0.21 0.39 0.59 0.61 0.10 0.10 2.00 
Pb 0.14 0.20 0.12 0.10 0.05 0.12 0.20 0.14 0.10 0.10 0.10 
Cu 1.00 1.01 1.00 0.91 1.00 0.91 1.01 0.90 1.01 1.01 0.05 
Ni 0.01 0.01 0.07 0.03 0.02 0.07 0.07 0.01 0.03 0.03 0.03 
Co 0.01 0.05 0.02 0.07 0.03 0.02 0.05 0.01 0.01 0.07 1.00 
Mn 0.05 0.05 0.04 0.02 0.01 0.00 0.00 0.00 0.00 0.00 0.05 
Cr 0.01 0.02 0.02 0.01 0.01 0.02 0.02 0.01 0.01 0.01 0.05 
Cd 0.00 0.00 0.01 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.01 
Mo 0.05 0.04 0.09 0.06 0.06 0.01 0.04 0.05 0.06 0.06 0.07 

Patient 1 & 2 suffer from chronic anemia and 3 to 10 suffer from liver cirrhosis 

 
Table 3: Concentration of heavy metals in ppm from Heliopolice area 
Ements Patientl

e 
patient patient Patient Patient Patient Patient Patient Patient patient Standard 

 1 2 3 4 5 6 7 8 9 10 11 

Zn 0.25 0.20 0.17 0.05 0.20 0.20 0.20 0.17 0.20 0.05 2.00 
 
Pb 

0.17 0.10 0.26 0.26 0.09 0.90 0.10 0.26 0.70 0.09 0.10 

Cu 0.15 0.19 0.00 0.90 2.00 2.00 1.00 0.00 2.00 2.00 0.05 
Ni 0.03 0.40 0.02 0.04 0.40 0.40 0.40 0.02 0.40 0.40 0.03 
Co 0.12 0.02 0.01 0.01 0.02 0.12 0.01 0.01 0.12 0.12 1.00 
Mn 0.05 0.10 0.00 0.04 0.05 0.05 0.03 0.04 0.01 0.01 0.05 
Cr 0.01 0.01 0.00 0.01 0.01 0.01 0.01 0.00 0.01 0.01 0.05 
Cd 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.00 0.01 
Mo 1.00 0.03 1.05 1.05 0.05 0.05 0.03 0.04 0.05 0.05 0.07 

Patients 1,2,5,7,9& 10 suffer from liver cirrhosis and chronic anemia, 3,4,6&8 suffer from renal failure.  
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Table 4: Concentration of heavy metals in ppm from El-Salam area 
Elements Patient patient patient Patient Patient Patient Patient patient Patient Patient Standard 

 1 2 3 4 5 6 7 8 9 10 11 

Zn 1.63 1.48 0.25 2.28 2.62 1.48 1.30 1.28 1.70 1.80 2.00 
Pb 0.12 0.15 0.26 0.30 0.70 0.50 0.15 0.12 0.12 0.12 0.10 
Cu 2.01 2.01 1.16 1.01 2.02 1.15 2.01 0.15 2.30 2.01 0.05 
Ni 0.26 1.42 0.07 0.33 0.07 1.42 1.20 0.06 0.35 0.30 0.03 
Co 0.02 0.12 0.39 0.05 0.08 0.20 0.12 0.03 0.06 0.05 1.00 
Mn 0.01 0.00 0.02 0.01 0.01 0.00 0.00 0.00 0.00 0.01 0.05 
Cr 0.01 0.51 0.01 0.01 0.02 0.51 0.31 0.01 0.31 0.31 0.05 
Cd 0.00 0.00 0.00 0.02 0.02 0.00 0.00 0.00 0.02 0.02 0.01 
Mo 0.18 0.43 0.11 0.07 0.05 0.43 0.17 0.21 0.20 0.20 0.07 

Patients1, 2,3,6 to 10 suffer from liver cirrhosis and hair loss and 4&5 suffer from renal failure. 

 
Table5: Concentration of heavy metals in ppm from El Marg area 

Elements Patient Patient Patient Patient Patient Patient Patient Patient Patient Patient Standard
 1 2 3 4 5 6 7 8 9 10 11 

Zn 1.48 0.12 0.32 0.21 1.48 0.41 0.12 1.56 0.21 0.32 2.00 
Pb 0.13 0.20 0.11 0.05 0.13 0.21 0.20 0.12 0.05 0.11 0.10 
Cu 1.01 1.02 0.90 1.01 1.00 0.91 1.00 0.90 1.00 0.90 0.05 
Ni 1.42 0.35 1.00 1.01 1.00 0.91 0.35 0.35 0.30 0.34 0.03 
Co 0.02 0.03 0.04 0.03 0.02 0.05 0.03 0.03 0.03 0.04 1.00 
Mn 0.02 0.01 0.02 0.02 0.02 0.01 0.00 0.01 0.00 0.00 0.05 
Cr 0.01 0.02 0.01 0.01 0.01 0.01 0.01 0.02 0.02 0.01 0.05 
Cd 0.01 0.01 0.02 0.02 0.01 0.02 0.01 0.02 0.02 0.03 0.01 
Mo 0.03 0.07 0.07 0.06 0.03 0.06 0.04 0.06 0.06 0.07 0.07 

Patients 1,3,4,5,8,9&10 suffer from hair loss and renal failure. Patient 2,6&7 suffer from anemia and hair loss 

 
DISCUSSION  
 
It is very important to identify the relationship between the presence of heavy metals in 
drinking water and the prevalence of renal failure, liver cirrhosis, hair loss, and chronic 
anemia diseases. The prevalence of these diseases were markedly increases in the last few 
years due to air pollution, water pollution, and hazards over uses of pesticides in agriculture. 
 
Trace amounts of metals are common in water, and these are normally not harmful to our 
health. In fact, some metals are essential to sustain life. Calcium, magnesium, potassium, and 
sodium must be present for normal body functions. Cobalt, copper, iron, manganese, 
molybdenum, selenium, and zinc are needed at low levels as catalysts for enzyme activities. 
Drinking water containing high levels of these essential metals, or toxic metals such as 
aluminum, arsenic, barium, cadmium, chromium, lead, mercury, selenium, and silver, may be 
hazardous to our health.  
 
Metals in our water supply may occur naturally or may be the result of contamination. 
Naturally occurring metals are dissolved in water when it comes into contact with rock or soil 
material. Other sources of metal contamination are corrosion of pipes and leakage from waste 
disposal sites.  
 
One of the major symptoms of chemical toxicity seems to be a breakdown of the immune 
system, which opens the gateway for all kinds of diseases in the body. Also, another major 
symptom seems to be damage to the nervous system and increased nervousness. 
 
Toxic doses of chemicals cause either acute or chronic health effects. The levels of chemicals 
in drinking water, however, are seldom high enough to cause acute health effects. They are 
more likely to cause chronic health effects that occur long after exposure to small amounts of 
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Figure 3: This diagram shows the 
concentration of copper in ppm from  
the studied areas. 

Figure 4: This diagram shows the 
concentration of nickel in ppm from  
the studied areas. 
 

H. M. Salem  et al. / ICEHM2000, Cairo University, Egypt, September, 2000, page 542- 556 



 548

 
 

 
 
 

Figure 5: This diagram shows the 
concentration of molybdenum in ppm 
from the studied areas. 

Figure 6: This diagram shows the 
concentration of cadmium in ppm  
from the studied areas 

H. M. Salem  et al. / ICEHM2000, Cairo University, Egypt, September, 2000, page 542- 556 



 549

 
 

 

Figure 7: This diagram shows the 
concentration of zinc in ppm from  
the studied areas. 

Figure 8: This diagram shows the 
concentration of cobalt in ppm from  
the studied areas. 
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Figure 9: This diagram shows the 
concentration of manganese in ppm  
from the studied areas. 

Figure 10: This diagram shows the 
concentration of chromium in ppm  
from the studied areas. 

H. M. Salem  et al. / ICEHM2000, Cairo University, Egypt, September, 2000, page 542- 556 



 551

a chemical. Examples of chronic health effects include cancer, birth defects, organ damage, 
disorders of the nervous system, and damage to the immune system (USGAO reports 2000). 
Pb, Zn, Cu, Mn, Co, Ni, Cd, Cr, and Mo are toxigenic and carcinogenic agents consistently 
found as contaminants in human drinking water supplies in many areas around the world 
(Groopman et al., 1985).  
 
This study shows a strong relationship between heavy metals such as lead, copper, nickel, 
chromium, cadmium and molybdenum and renal failure, liver cirrhosis, hair loss and chronic 
anemia diseases (Figure 11).  
 

 
Figure 11: This diagram shows the relationship between heavy metals such as lead (Pb), cadmium      
                (Cd), Copper (Cu), molybdenum (Mo), nickel (Ni), chromium (Cr) in ppm and renal failure, 
                liver cirrhosis, hair loss, chronic anemia diseases. Arrow points out to the standard of each  
                concentration. 
 
(i)" Lead and Cadmium" and their impact on human health 
Patients suffer from renal failure were related to contaminant drinking water mainly with lead 
and cadmium. Lead is a dangerous element; it is harmful even in small amounts. Lead enters 
the human body in many ways. It can be inhaled in dust from lead paints, or waste gases from 
leaded gasoline. It is found in trace amounts in various foods, notably fish, which are heavily 
subject to industrial pollution. Some old homes may have lead water pipes, which can then 
contaminate drinking water. Most of the lead we take in is removed from our bodies in urine; 
however, there is still risk of buildup, particularly in children.  
Exposure to lead is cumulative over time. High concentrations of lead in the body can cause 
death or permanent damage to the central nervous system, the brain, and kidneys (Jennings, 
et. al., 1996). This damage commonly results in behavior and learning problems (such as 
hyperactivity), memory and concentration problems, high blood pressure, hearing problems, 
headaches, slowed growth, reproductive problems in men and women, digestive problems, 
muscle and joint pain. Studies on lead are numerous because of its hazardous effects. Lead is 
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considered the number one health threat to children, and the effects of lead poisoning can last 
a lifetime. Not only does lead poisoning stunt a child’s growth, damage the nervous system, 
and cause learning disabilities, but also it is now linked to crime and anti-social behavior in 
children (US.G.A.O, General Accounting Office report, 2000).  
 
On the other hand, cadmium is generally classified as toxic trace element. It is found in very 
low concentration in most rocks, as well as in coal and petroleum and often in combination 
with zinc. Geologic deposits of cadmium can serve as sources to groundwater and surface 
water, especially when in contact with soft, acidic waters.  
 
 There is no evidence indicating its essentiality to humans. Cd appears to accumulate with 
age, especially in the kidney and it is considered also as a cancer and cardiovascular diseases. 
Webb (1979) reported that geochemical implications of Cd in human health related to :(a) 
bone and renal disease in populations exposed to industrially contaminated drinking water, (b) 
lung and renal dysfunction in industrial workers exposed to air-borne Cd and (c) implication 
in human hypertension. Galvanized steel is plated with zinc, which is normally contains about 
1% Cd. Cd also has specific uses in paint, photography, and nickel-cadmium batteries. Some 
cases of cadmium poisoning are linked to cadmium-plated food utensils. It is introduced into 
the environment from paint and pigments, and plastic stabilizers mining and smelting 
operations and industrial operations, including electroplating, reprocessing cadmium scrap, 
and incineration of cadmium containing plastics. The remaining cadmium emissions are from 
fossil fuel use, fertilizer application, and sewage sludge disposal. Cadmium may enter 
drinking water as a result of corrosion of galvanized pipe. Landfill leachates are also an 
important source of cadmium in the environment.  
 
In low doses, cadmium can produce coughing, headaches, and vomiting. In larger doses, 
cadmium can accumulate in the liver and kidneys, and can replace calcium in bones, leading 
to painful bone disorders and to a renal failure. The kidney is considered to be the critical 
target organ in humans chronically exposed to cadmium by ingestion (EPA, 1999).  
Cadmium that is taken into the body usually remains there. Inhaled cadmium is more 
hazardous than ingested cadmium. A major source of inhaled cadmium is tobacco smoke. 
 
Ingestion of metals such as lead and cadmium may pose great risks to human health. Trace 
metals such as lead and cadmium will interfere with essential nutrients of similar appearance, 
such as calcium and zinc. Because of size and charge similarities, lead can substitute for 
calcium and included in bone. Children are especially susceptible to lead because developing 
skeletal systems require high calcium levels. Lead that is stored in bone is not harmful, but if 
high levels of calcium are ingested later, the lead in the bone may be replaced by calcium and 
mobilized. Once free in the system, lead may cause nephrotoxicity, neurotoxicity, and 
hypertension. The pollution of drinking water with lead and cadmium arise from industrial 
sources at the studied areas and renal failures were related to them. 
  
(ii)"Copper and Molybdenum" and their impact on human health 
Patients suffer from liver cirrhosis in this study were related to contaminant drinking water 
mainly with copper and molybdenum. Copper is essential substance to human life, but 
chronic exposure to contaminant drinking water with copper can result in the development of 
anemia, liver and kidney damage (Madsen, et al., 1990; Bent and Bohm, 1995). This disease 
was a result of drinking water contaminated from corrosion of water pipes made of copper 
and industrial wastes. Diarrhea in small children could be also occurred due to high copper 
exposure. The adverse health effects caused by drinking water contaminated with copper are 
abdominal pain, vomiting, headache, nausea, and diarrhea. Copper in large doses is dangerous 
to infants and people with certain metabolic disorders. On the other hand, lack of copper 
intake causes anemia, growth inhibition, and blood circulation problems (Jennings, et. al., 
1996). 
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Molybdenum is an essential dietary nutrient, which is a constituent of several mammalian 
enzymes including xanthine oxidase, sulfite oxidase and aldehyde oxidase (NRC, 1989).   
Although molybdenum is an essential mineral, no deficiencies have been reported in humans.  
Molybdenum is present in very small amounts in human body. Its content can be varied in 
tissues such as liver, kidney and bone depending on the dietary intake (Grounse, et al., 1983).  
Molybdenum is considered safe through a wide range of intakes (up to 15 mg per day), but it 
can interfere with the absorption of copper. Molybdenum is needed to convert purine to uric 
acid, and excessive intake could, in rare cases, cause gout-like symptoms, such as joint pain 
and swelling and increase uric acid content in the blood (Koval’skiy, 1961).  
 
High levels ingested molybdenum may be associated with potential mineral imbalance by 
increasing serum ceruloplasmin and urinary extraction of copper. Excretion of sufficient 
quantities of this element may put humans at risk for the hypochromic microcytic anemia 
associated with dietary copper deficiency (U.S. EPA, 1985 & 1991). White et al., (1973) 
reported that copper-molybdenum interaction appears to be critical to the development of 
gout-like symptoms at very high levels of molybdenum. 
Studies of individuals from the state of Colorado, U.S.A., exposed to excess Mo either from 
industrial sources or drinking water showed some elevation of blood and urinary Cu (EPA., 
1979). Patients with liver disease from this study show a relationship between Mo and liver 
cirrhosis. Contamination of drinking water with copper and molybdenum in the studied areas 
arises from industrial sources and/or agriculture activities and liver cirrhosis were related to 
this contaminant. 
 
(iii "Nickel and Chromium" and their impact on human health 
Patients suffer from hair loss in this study were related to contaminant drinking water with 
nickel and chromium. Nickel is used as alloys product, nickel-plating for anticorrosion and in 
the manufacture of batteries. It is regarded as an essential trace metal but toxic in large 
amount to human health. It is considered as carcinogenic to human. Ambrose et al. (1976) 
reported that high-dose of nickel in rats and dogs were significantly decreasing their body 
weights. 
The pollution of water with nickel and chromium arises from industrial sources and/or 
agriculture activities at the studied areas. Its toxicity is enhanced in the presence of other 
metals such as cobalt, copper, iron and zinc in drinking water. Many studies have been 
published regarding nickel sensitivity in humans. Numerous other studies have been 
conducted to attempt to establish the relationships between nickel exposure and dermal 
irritation. This study reports for the first time the relationship between nickel and hair loss. 
Kaaber et al. (1978, 1979) reported worsening of eczema for human exposed to high level for 
nickel. Hair loss patients are related to contaminant drinking water and nickel can be related 
to derma toxicity in hypersensitive humans.  
 
On the other hand, chromium is essential to animals and human. Chromium in excess 
amounts can be toxic especially the hexavalent form. Chromium is used in metal alloys and 
pigments for paints, cement, paper, rubber, and other materials. Electroplating can release 
chromic acid spray and air-borne Cr-trioxide, both can result in direct damage to skin and 
lungs (Grounse, et al., 1983) as well as chromium dust has been considered as a potential 
cause of lung cancer (Hyodo, et al., 1980). Subchronic and chronic exposure to chromic acid 
can cause dermatitis and ulceration of the skin (U.S.EPA, 1999). Long-term exposure can 
cause kidney and liver damage, and damage too circulatory and nerve tissue. Chromium often 
accumulates in aquatic life, adding also to the danger eating fish that may have been exposed 
to high levels of chromium.  
 
(iv)"Copper and Cadmium" and their impact on human health 
Patients who suffered from chronic anemia in this study were related to contaminant drinking 
water with copper, and cadmium. This study reveals that one heavy metal could have impact 
on more than one disease for example, copper on liver cirrhosis and chronic anemia and 
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cadmium in renal failure and chronic anemia. High doses of copper can cause anemia, liver 
and kidney damage, and stomach and intestinal irritation.  
Copper normally occurs in drinking water from copper pipes, industrial waste, as well as from 
additives designed to control algal growth. 
 
Chronic exposure to contaminant drinking water with cadmium can result in the development 
of chronic anemia (Stowe et al., 1972; Sakata et al., 1988). Cadmium poisoning has been 
associated with kidney disease, hypertension, and chronic anemia (Jennings et al., 1996). 
Cadmium may interfere with the metallothionein's ability to regulate zinc and copper 
concentrations in the body that some patients showed some elevation in zinc in their urine 
samples. Metallothionein is a protein that binds to excess essential metals to render them 
unavailable. When cadmium induces metallothione in activity, it binds to copper and zinc 
disrupting the homeostasis levels (U.S.E.P.A, 1990). Cadmium is used in industrial 
manufacturer and is a byproduct of the metallurgy of zinc.  
 
Our results show that patients suffered from renal failure could be related to their 
contaminated drinking water with lead and cadmium, liver cirrhosis to copper and 
molybdenum, hair loss to nickel and chromium, and chronic anemia to contaminant drinking 
water with copper and cadmium.  
Most of the studied areas are located close to industrial sites and agricultural activities. These 
industries are petroleum refining, batteries, chemicals, oil and grease, and soda. Some 
consideration should be made for sewage disposal to fresh water and related effects. The 
sewage of most of these industries is disposed into the Ismailia canal. The chemical analysis 
for heavy metals from Ismailia canal reveals high concentrations of lead, copper, cadmium, 
chromium, nickel and cobalt as shown in (Table 6 & Figure 12). 
 
Table 6: Concentration of heavy metals in ppm from Ismailia canal 
Element      Zn Pb Cu Ni Co Mn Cr Cd 
Conc. (ppm)   1.90 2.00 0.20 1.00 1.90 0.90 1.89 1.19 
Standard (ppm) 2.00 0.10 0.05 0.03 1.00 0.05 0.05 0.01 
 
Industry is an important source of heavy metals. Industrial air pollution releases a number of 
heavy metals into the atmosphere which become potential sources of water pollution after dry 
or wet deposition. Agriculture soils are rich in heavy metals as a result of the use of various 
phosphatic fertilizers, organic matters, and pesticides as well as the presence of decaying 
plant and animal residue. The use of wastewater irrigation and sewage sludge has further 
increased the quantity of heavy metals in agriculture soils. The agricultural run-off together 
with soil erosion is the potential source of water pollution.  
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Figure 12: This diagram shows the concentration of heavy metals from Ismailia canal against their    
    standards of concentration. Note the shaded columns refer to Ismaili Canal concentration. 
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The presence of toxic elements in soil or rocks, whether due to natural geochemistry or 
human activities, including pollution, usually influences human health indirectly ingested via 
food or drinking water.  
 
Drinking water from these areas is mixed up with about 25% underground water (pers. 
Comm.., Idrisi, 2000). The underground water is closed to the Ismailia canal and the 
agricultural activities that would explain how heavy metals contaminated drinking water in 
these areas. The main source for heavy metals that contaminated drinking water in the studied 
areas is from industrial wastes and agriculture activities. In another words, industrial and 
agriculture waste is carried out to the reservoirs that supply drinking water for the studied 
areas. Also, we should consider the old pipe systems in these areas, from which copper could 
have another source from the corrosion of water pipes. 
 
CONCLUSIONS 
 
Studies for these diseases suggest that abnormal incidence in specific areas is related to 
industrial wastes and agriculture activities that have released hazardous and toxic materials in 
the groundwater and thereby led to the contamination of drinking water in these areas. These 
diseases are apparently related to contaminant drinking water with heavy metals such as Pb, Cd, 
Cu, Mo, Ni, and Cr. Renal failure is related to contaminat drinking water with lead and cadmium, 
liver cirrhosis to copper and molybdenum, hair loss to nickel and chromium, and chronic anemia 
to copper and cadmium. Metals should be removed from drinking water if they are present at 
high levels for human safety. Lately, the Environmental Egyptian Law has prohibited any 
kind of waste disposal into rivers, canals, or any reservoirs that supply domestic drinking 
water for the safety of human health. 
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