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ABSTRACT : 

 This study was carried out to evaluate some chemical pollutants in drinking and 
surface water in Upper Egypt. Eighty water samples were collected randomly from 
Aswan, Qena, Assiut and Beni Suef cities and from River Nile water in Aswan, Assiut, 
Beni Suef regions in addition to samples from Bahr Yousef canal (10 samples each) 
during January-June 2000. Samples were analyzed for nitrites, inorganic and total 
phosphorus, copper, iron, fluorine, manganese, lead and cadmium. Nitrites, inorganic 
and total phosphorus were estimated spectrophotometrically. Fluorine was estimated by 
selective ion electrode. Copper, iron, manganese, lead and cadmium were estimated by 
using atomic absorption spectrophotometer. 

 The obtained results revealed that 20% of the analyzed samples from the River Nile 
water in Beni Suef region and Bahr Yousef canal were above the U.S. drinking water 
standards (1 mg/l) and WHO guide (3 mg/l) for nitrites. These values were accepted for 
livestock according to the 33 mg/l recommended limit of US EPA (1973) and National 
Academy of Science (1974). Nitrite averages were 1.46±0.95 and 1.18±2.27 ppm in both 
River Nile water in Beni Suef region and Bahr Yousef canal, respectively. Inorganic and 
total phosphorus values can’t be evaluted because of the lake of the recommended 
limits. Copper, iron and fluorine concentrations never exceeded the U.S. and WHO 
maximum contaminant level (MCL) in all analyzed water samples. Manganese values 
were above WHO MCL (0.5 mg/l) in 30% of samples from Qena city only. More than 40% 
of the different water samples were above the U.S. EPA guide (0.05 mg/l). There is no 
available limit for manganese in livestock drinking water. Lead mean values were more 
than the U.S. action level (0.015 mg/l) and WHO guide (0.01 mg/l) for lead in all the 
analyzed samples. Most water sources were accepted for livestock as the MCL is 0.1 mg/l 
according to U.S. EPA (1973) and National Academy of Science (NAS, 1974). Cadmium 
mean levels were above the U.S. and WHO MCL (0.005 and 0.003 mg/l) in Assiut and 
Beni Suef cities and water samples from River Nile and Bahr Yousef canal but most 
samples were accepted according to U.S. EPA (1975) guide (0.01 mg/l). All sources were 
within the cadmium recommended guide for livestock (0.05 mg/l). Public health 
importance of these pollutants was discussed. 
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INTRODUCTION : 

 Water pollution is one of the major 
problems confronting health officials every 
where, particularly in an expanding 
industrial economy. One of the less desirable 
by-products of an industrialized society is the 
increase of heavy metal accumulation in the 
environment. Most cities and town evolved 
and continue to develop along the shores of 
rivers and coastal areas, and human activities 
have greatly affected these and other water 
bodies. The need to maintain clean water for 
both humans and animals has become a 
major, even a critical concern (Marquita, 
1997). Although natural water is one of the 
purest compounds known, it is difficult to 
find a source of fresh water that has not been 
disturbed by man. 

 Of the thousands of chemical compounds 
that have been identified in the U.S. drinking 
waters, most are probably of little 
consequence to human health, either because 
they are present at very low concentrations 
or because they are not very toxic to humans. 
The U.S. Environmental Protection Agency 
(EPA) has set Maximum Contaminant Levels 
(MCLs), Maximum Contaminant Level Goals 
(MCLGs), and/or Secondary Maximum 
Contaminant Levels (SMCLs) for about one 
hundred organic chemicals, metals and other 
inorganic species and radionuclides, 
representing chemicals that may have a 
significant impact on water quality or present 
health concerns (U.S. EPA, 1996). 

 The World Health Organization also has 
issued guideline values for over a hundred 
chemicals in drinking water. These values are 
not mandatory limits but may be used by 
national governments and agencies to set 
limits for their jurisdictions, taking into 
account the national or local context of 

“environment, social, economic and cultural 
conditions” (WHO, 1993). 

 The spill of heavy metals in water may 
entered the food chain, because of their 
extreme persistence, high toxicity, and its 
tendency to bioaccumulate (Hernandez et al., 
1999). Fundamental problem with heavy 
metals is that although some of them are 
needed by organism in trace amounts, when 
present in excess they cause enzymes to 
denature, alter a number of parameters of 
the host’s immune system leading to 
increased susceptibility to infections, 
autoimmune diseases and allergic 
manifestations (Bernier et al., 1995). Also, 
Several million people are currently exposed 
to elevated concentrations of toxic metals and 
metalloids in the environment and suffering 
from subclinical metal poisoning (Miragu, 
1988). 

 The present work aimed to screen the 
concentration of some chemical pollutants in 
drinking and surface water of some cities and 
regions of the River Nile in Upper Egypt and 
evaluate their health risk on human and 
livestock.  
 
MATERIALS AND METHODS : 

 Eighty representative water samples were 
collected randomly during the period 
between January and June 2000. Each 
sample was taken in two liters clean acid 
washed glass containers from different 
localities in Upper Egypt; Aswan, Qena, 
Assiut and Beni Suef cities, the River Nile 
running water in Aswan, Assiut, Beni Suef 
and from Bahr Yousef canal (El Fayoum 
Governorate). Containers were twicely 
washed with the water to be tested before 
sampling. All water samples were directly 
transported into the laboratory, shaken well 
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and prepared for analysis of nitrites, 
inorganic and total phosphorus, copper, iron, 
fluorine, manganese, lead and cadmium. 

 Nitrites were determined spectrophoto-
metrically according to Quentin et al., (1988). 
Phosphorus was estimated also spectrophoto-
metrically according to Kegley and Andrews, 
(1998). Fluorine was estimated by using 
Orion Research Expandable ion Analyzer 
(EA 920) with specific fluorine electrode 
according to Fry and Taves, (1970). Copper, 
iron, manganese, lead and cadmium were 
estimated by using atomic absorption 
spectrophotometer (GB 906 AA) according to 
Madera, (1982). Copper, iron, manganese, 
lead and cadmium detection limits were 0.1, 
0.1, 0.02, 0.01 and 0.002 mg/l. 
 
RESULTS AND DISCUSSION : 

 Metals are introduced into aquatic 
systems as a result of the wethering of soils 
and rocks, from volcanic eruptions, and from 
a variety of human activities involving the 
mining, processing, or use of metals and/or 
substances that contain metal contaminants. 
Although some metals such as manganese, 
iron, copper and zinc are essential 
micronutrients, others such as mercury, 
cadmium and lead are not required even in 
small amounts by any organism. Virtually all 
metals including the essential metal 
micronutrients are toxic to aquatic organisms 
as well as humans if exposure levels are 
sufficiently high (Laws, 1993). 

 Nitrites (NO2) are intermediate 
decomposition products oxidized to nitrates. 
It considered as a typical circulatory and 
blood poisons (Bartik and Piskac, 1981). 
Nitrates toxicity arise due to its conversion 
into nitrites in the food or within the 
gastrointestinal tract (Khalil, 1970) and 

considered one of the drinking water 
contaminants that represent immediate 
threats to human health when present in 
drinking water at above standard levels. It is 
converted to nitrite in the infant stomach 
more readily than the stomach of an adult or 
older child. After the nitrite is absorbed into 
the bloodstream, it reacts with the iron in the 
infant’s hemoglobin to produce methe-
moglobin, a form of hemoglobin unable to 
carry oxygen. The result may be “ blue baby” 
syndrome and excessive ingestion of nitrate 
has resulted in infant deaths (Marquita, 
1997). High levels of nitrite produces 
methaemoglobinaemia and of more recent 
concern is the production of nitrosamines of 
which N-nitroso compounds represent a 
major important class of carcinogens and 
mutagens (Klaassen et al., 1986). 

 Nitrates in groundwater have increased 
greatly over the years, and the demonstration 
of endogenous nitrosation among highly 
exposed subjects raises concern of elevated 
cancer risk (Cantor, 1997). Usual 
concentrations of nitrites in natural water are 
in the range of some tenths of a mg per liter. 
High amounts are present in sewage and 
industrial wastes, especially in biologically 
purified effluents, and in polluted streams 
(Madera et al., 1982). 

 This study revealed that nitrites mean 
levels were 0.3±0.179, 0.15±0.08, 0.13±0.03 
and 0.10±0.0 in water samples from Beni 
Suef, Assiut, Aswan and Qena cities, respect. 
Samples taken from Bahr Yousef canal, 
River Nile water in Beni Suef, Assiut and 
Aswan regions contained 1.18±2.27, 
1.46±0.95, 0.15±0.13 and 0.15±0.05 ppm 
nitrites, respectively (tables 1 & 2). Our result 
showed that nitrites values were above the 
maximum acceptable concentrations (3 mg/l) 
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recommended by WHO (1993) and U.S. 
drinking water standards (1 mg/L) 
recommended by the United States 
Environmental Protection Agency (Kegley 
and Andrews, 1998 & Stephen, 1998) in two 
water samples (20%) from River Nile in Beni 
Suef and Bahr Yousef canal, although 100% 
of the tested water samples were above the 
maximum permissible limit (0.01 mg/L) 
reported by WHO (1974). All these levels of 
nitrites were accepted in livestock drinking 
water according to the U.S. EPA, (1973) and 
the National Academy of Science (NAS, 1974) 
recommended limits (33 mg/l).  

 Zaki et al., (1994) found that 64.1% of 
analyzed water samples from Assiut 
Governorate contained more than 0.01 mg/l, 
the maximum permissible limit documented 
by WHO, (1974). Bakry et al., (1991) 
reported that the nitrites concentration in 
Kafr El-Zayat, Kaluob, Benha, Mostorod, 
Keha, Abou Zabaal, Shubra and El-
Hawamdia were 0.04±0.1, 0.45±0.2, 0.19±0.1, 
0.41±0.1, 0.40±0.1, 1.30±0.2, 0.60±0.1 and 
1.40±0.4, respectively which go parallel 
sometimes with our results. Nitrite is 
sometimes found at higher concentrations in 
surface water polluted with nitrogen-
containing wastes, such as sewage or runfrom 
agricultural lands (Stoskopf, 1993), which 
may explain the high levels of nitrites in some 
water samples from the River Nile in Beni 
Suef region and Bahr Yousef canal. 

 Phosphorus in the organic and inorganic 
phosphate forms is probably the key nutrient 
in controlling eutrophication of surface 
waters. It is an essential micronutrient for 
plant growth. The natural distribution of 
phosphorus is rather limited; it is commonly 
found only in one mineral, apatite. Runoff 
waters from areas of phosphate rock may 

contain high amounts of phosphate; 
otherwise, its usual source is organic 
pollution and phosphate detergent (Fetter, 
1980). Fertilizer usually consists of a mixture 
of the ionic compound ammonium nitrate, 
potassium nitrate and ammonium 
dihydrogen phosphate. If too much fertilizer 
is applied or if it rains hard after an 
application of fertilizer, the runoff from fields 
can be a major source of nutrient pollution of 
both surface and ground water. Agricultural 
runoff and municipal waste discharges 
containing is the main sources of phosphate. 
In natural water, phosphorus exists mainly in 
combination with oxygen in the form of 
phosphate. Excess phosphate can also pose 
serious environmental problems (Kegley and 
Andrews, 1998). 

 In the nutrient cycle, (phosphorus cycle), 
plants obtain their phosphorus from the soil 
either as dihydrogenphosphate or as 
hydrogenphosphate. Phosphorus remains as 
phosphate and in this form it is found in a 
number of compounds including phospho-
rylated carbohydrates, nucleic acids and fats. 
Phosphate detergents increased water 
treatment costs, reduced availability of fish, 
shellfish, and associated species; color and 
odor associated with algal growth and 
impairment of recreational uses. Phosphate 
causes algal blooms, death of algae results in 
low oxygen levels and reduced diversity and 
growth of large plants; reduced diversity of 
animal and kills fish (Eldon and Smith, 2000).  

 The highest average of inorganic 
phosphorus is present in the River Nile water 
from Aswan (4.93±0.03 ppm) followed by 
Bahr Yousef canal and Aswan city water 
(4.55±0.05 and 2.43±0.15 ppm). Total 
phosphorus mean values were 7.23±3.13, 
6.58±2.30, 4.93±0.025, 4.90±0.12 ppm in the 
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River Nile water from Aswan, Bahr Yousef 
canal, Aswan city and River Nile water from 
Beni Suef, respectively (tables 1 & 2). Phosp-
horus and total phosphorus levels can’t be 
evaluated, as there is no recommended guide. 
Total phosphorus levels of 0.01 mg/l or 
greater are potentially eutrophic, as are 
loading rates of 0.1 to 1.0 grams of total 
phosphorus per square meter of surface area 
per year (Fetter, 1980). 

 Copper is common metal that occurs in 
nature as both the native metal and various 
copper minerals and salts. It is an essential 
trace element for the growth of plants and 
also required in trace amounts in both 
vertebrate and invertebrate animals. In 
excessive amounts, however, copper can be 
toxic. It is found in relatively low 
concentrations in natural waters (U.S. EPA, 
1976). Although it is rarely found in natural 
waters, copper may enter a water supply 
from the use of copper piping or from the 
dosing of an impounding reservoir with 
copper sulphate for the reduction of algae 
(Thomas and Robert, 1973). 

 A significant increase of copper at the 
main source of superphosphate effluent on 
River Nile as a result of rock phosphate usage 
in superphosphate fertilizer at Manqabad 
was recorded (Ibrahim, 1983). Chronic 
copper toxicity in mammals appears in the 
form of sporadic fever, vomiting, epigastric 
pain, diarrhea and jaundice. Acute copper 
toxicity causes hypotension, hemolytic 
anemia with intravascular hemolysis, uremia 
and cardiovascular collapse. Copper toxicity 
causes necrotic hepatitis, brain tissue 
damage. Wilson’s disease is a disorder of 
copper metabolism in humans (Bryan & 
Frieder, 1967). 

 The obtained results revealed that all 
analyzed water samples contained less than 
2.0 mg Cu /l recommended by WHO (1993) 
and 1.0 mg/L, the maximum permissible limit 
reported by the U.S. EPA (1986) and Kegley 
and Andrews (1998). Although most samples 
were exceeded the U.S. EPA (1973) and NAS 
(1974) limits for copper (0.5 mg/l) in livestock 
drinking water (tables 1 & 2). National 
primary drinking water regulations defined 
the action level for copper is 1.3 mg/L 
(Kegley and Andrews, 1998). Zaki et al., 
(1994) found that copper mean concentration 
(0.15±0.03) in Assiut Governorate drinking 
water which was lower than this permissible 
limit. The drinking water standard is 1.0 mg/l 
based on a metallic taste at higher levels (U.S. 
EPA, 1975). 

 Iron is a very common element and is 
found in many of the rocks and soils of the 
earth’s crust. It is also an essential trace 
element for both plant and animal growth. It 
is toxic to some aquatic species at 
concentrations of 0.32 to 1.0 mg/l (Warnick 
and Bell, 1969). Iron chronic poisoning 
results in hemorrhagic necrosis of the GIT, 
hepatotoxicosis, metabolic acidosis, and 
greatly prolonged blood clotting time, 
elevation of plasma levels of serotonin and 
histamine. Hepatic damage causes jaundice 
by raising the serum bilirubin level and 
inhibiting hepatic enzymes. Iron oxides 
enhance the carcinogenic action of organic 
carcinogens such as benzpyrene, presumably 
becoming inert carriers of the carcinogens 
into healthy cells and cancer (Braun et al., 
1960) and (Anke et al. 1970). 

 Our results showed that all water sources 
contained iron values lower than 0.3 mg Fe/l, 
the maximum contaminant level reported by 
the U.S. EPA (Kegley & Andrews, 1998). It 
couldn’t be detected in Aswan. There is no 
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iron established limits for livestock drinking 
water (tables 1 & 2). Iron in drinking water 
imparts a metallic taste at concentrations of 
1.8 mg/l (Cohen et al., 1960); however, soluble 
iron at concentrations in excess of 0.3 mg/l 
can stain surfaces. A water quality criterion 
for iron of 0.3 mg/l has been suggested for 
domestic use to avoid objectionable staining 
of plumbing fixtures (U.S. EPA, 1975). For 
aquatic life, a maximum iron content of 1.0 
mg/l is the criterion (U.A. EPA, 1975). 
Because of the stability field of ferrous iron, 
this criterion should be met wherever the 
water contains dissolved oxygen, and there is 
no iron pollution. 

 Fluoride in excess levels in drinking water 
can cause problems. Fluoride at a 
concentration of 1 ppm can aid in the 
prevention of tooth decay, but at levels as low 
as 3 to 5 ppm, fluoride can cause mottling of 
teeth, in higher concentrations, fluoride is 
poisonous, causing bone cancer in rats and at 
very high dose it is used as a rat poison 
(Kegley & Andrews, 1998). Dental lesion was 
the most obvious external sign of fluorosis in 
cattle (Suttie et al 1985). 100% of calves, 65.6 
% of buffaloes and 61.0 % of cattle were 
affected with dental fluorosis to some degree 
at a fluoride concentration in the water of 4.0 
ppm (Choubisa, 1999). No suggestion that 
fluoride in drinking water is linked with 
elevated risk of cancer (Cantor, 1997). Levels 
of fluorine in muscle tissue of fish reflected its 
normal concentration in the River Nile water 
(Seddek et al., 1996). 

 The U.S. EPA’s MCL of 4 mg/l for 
fluoride in drinking water was set to protect 
against crippling skeletal fluorosis. The U.S. 
EPA also sets a secondary MCL of 2 mg/l to 
protect against dental fluorosis, which the 
U.S. EPA considers a ‘cosmetic’ effect rather 
than an adverse health effect. Moderate to 

severe dental fluorosis in children is rare 
when the drinking water fluoride level is in 
the range of 1 mg/l but begins to become 
significant at ca. 2 mg/l (Howd et al. 2000). 
Fluoridation has been practical for 50 years 
but remains contraversial because some 
believe it is harmful to health. However, the 
MCL for fluoride in drinking water is 4 mg/l, 
is higher than the 0.7-1.2 mg/l considered 
optimal to prevent caries. In few people who 
ingest more than 2 mg/l stained or pitted 
teeth have developed and in few cases, in 
people who drank water that naturally 
contained more than 8 mg/l of fluoride for 
many years a crippling skeletal disease 
developed (Marquita, 1997). Our results 
revealed that fluoride levels were below all 
the MCLs for fluoride in drinking water of 
human and livestock (tables 1 & 2). 

 Manganese in the form of methylcy-
clopentadienyl manganese tricarbonyl 
(MMT) has been used in Canada since 1976 
as an additive in unleaded gasoline. The 
combustion of MMT leads to the emission of 
Mn oxides to the environment and may 
represent a potential risk to public health 
(Loranger et al., 1994). Excess of manganese 
may be present in either ground or surface 
waters.  Manganese is capable of causing 
permanent brain damage and physical and or 
personality disorders that are irreversible 
(James, 1985). Chronic manganese toxicity in 
humans causes (manganism), affecting the 
CNS and psychic and neurologic disorders. 
Nephritis, liver cirrhosis, anorexia, muscular 
fatigue and leukepenia are the symptoms of 
manganism (Mena, 1981). Massive feeding of 
manganese to experimental animals retards 
growth and causes calcium loss and poor 
absorption of iron which leads to anemia, 
negative phosphorus balance and rickets 
(Suzuki, 1975). 
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Table (1): Nitrites, inorganic phosphorus, total phosphorus, copper, iron, fluorine, manganese, lead and 
cadmium levels (range,  X±SE, ppm) in water samples collected from some cities in Upper Egypt. 

 

Cities 

Nitrites 
(NO2) 

Inorganic 
phosphorus 

Total 
phosphorus 

Copper 
(Cu) 

Iron 
(Fe) 

Fluorine 
(F) 

Manganese 
(Mn) 

Lead 
(Pb) 

Cadmium 
(Cd) 

Aswan 0.10-0.20 2.28-2.88 4.90-5.00 0.50-0.60 ND 0.07-0.65 0.02-0.07 0.029-0.163 ND 

 0.13±0.03 2.43±0.15 4.93±0.025 0.55±0.03 ND 0.13±0.06 0.044±0.006 0.096±0.064 ND 

Qena 0.10-0.10 0.00-0.00 0.00-0.00 0.75-0.75 ND-0.10 0.025-0.175 0.03-0.534 0.019-0.064 ND 

 0.10±0.00 0.00±0.00 0.00±0.00 0.75±0.00 0.05±0.05 0.068±0.03 0.219±0.113 0.042±0.023 ND 

Assiut 0.10-0.25 0.00-0.00 0.00-0.00 0.50-0.75 ND-0.10 0.10-0.145 0.025-0.364 0.012-0.13 ND-0.014 

 0.15±0.08 0.00±0.00 0.00±0.00 0.63±0.10 0.067±0.025 0.093±0.048 0.146±0.016 0.06±0.04 0.01±0.005 

Beni Suef 0.10-0.50 0.00-0.00 2.17-2.35 0.1-0.75 ND-0.20 0.05-0.11 0.032-0.16 0.01-0.062 ND-0.016 

 0.3±0.179 0.00±0.00 1.82±0.71 0.43±0.15 0.103±0.048 0.093±0.03 0.054±0.026 0.036±0.026 0.011±0.004 

U S guidec 1 mg/La  - - 1.0 mg/La 0.3 mg/La 4 mg/La 0.05 mg/La 0.015 mg/Lb 0.005 mg/La

WHO guide 3 - - 2 - 1.5 0.5 0.01 0.003 

Guide	
for	

(Livestock)d 

33 - - 0.5 No limit 2.0 No limit 0.2 0.05 

a MCL= The maximum contaminant level in drinking water for human. 
b AL = The action level (The level at which the authorities must do something to remove the contaminant). 
cAccording to the United States Environmental Protection Agency after (Kegley  & Andrews, 1998). 
d Recommended limits in drinking water for livestosk (United States Environmental Protection Agency., 1973 and National Academy of Science, 1974). 
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Table (2) : Nitrites, inorganic phosphorus, total phosphorus, copper, iron, fluorine, manganese, lead and cadmium levels (range, X±SE, ppm) in 
water samples of the River Nile collected from some regions in Upper Egypt. 

Regions 
Nitrites 
(NO2) 

Inorganic 
phosphorus 

Total 
phosphorus 

Copper 
(Cu) 

Iron 
(Fe) 

Fluorine 
(F) 

Manganese 
(Mn) 

Lead 
(Pb) 

Cadmium 
(Cd) 

Aswan 0.10-0.20 2.90-5.00 4.28-15.33 0.50-1.00 ND 0.12-0.43 0.02-0.152 0.018-0.63 0.002-0.028 

 0.15±0.05 4.93±0.03 7.23±3.13 0.75±0.25 ND 0.31±0.04 0.081±0.03 0.25±0.09 0.011±0.005

Assiut 0.10-0.35 0.00-0.00 0.74-0.75 0.75-0.75 0.10-0.20 0.08-0.315 0.02-0.098 0.015-0.85 ND-0.026 

 0.15±0.13 0.00±0.00 0.70±0.003 0.75±0.00 0.15±0.03 0.235±0.02 0.046±0.002 0.378±0.33 0.011±0.01 

Beni Suef 0.10-3.9 2.26-2.29 4.60-5.10 0.74-0.76 0.10-0.20 0.06-0.135 0.04-0.098 0.016-0.62 ND-0.017 

 1.46±0.95 2.20±0.01 4.90±0.12 0.75±0.004 0.133±0.026 0.091±0.03 0.059±0.021 0.12±0.08 0.013±0.007

Bahr You- 0.2-6.93 2.70-4.90 4.28-9.46 0.50-0.80 ND-0.20 0.08-0.28 0.02-0.128 0.085-0.595 ND-0.046 

sef Canal 1.18±2.27 4.55±0.05 6.58±2.30 0.65±0.087 0.082±0.06 0.125±0.09 0.078±0.038 0.235±0.137 0.023±0.020

U S guidec 1 mg/La  - - 1.0 mg/La 0.3 mg/La 4 mg/La 0.05 mg/La 0.015 mg/Lb 0.005 mg/La

WHO guide 3 - - 2 - 1.5 0.5 0.01 0.003 

Guide	
for	

(Livestock)d 

33 - - 0.5 No limit 2.0 
No	limit

0.2 0.05 

a MCL= The maximum contaminant level in drinking water for human. 
b AL = The action level (The level at which the authorities must do something to remove the contaminant). 
cAccording to the United States Environmental Protection Agency after (Kegley  & Andrews, 1998). 

d Recommended limits in drinking water for livestock (United States Environmental Protection Agency., 1973 and National Academy of Science, 1974). 
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According to the concentration of 0.05 mg/l 
manganese given by WHO as the highest 
desirable level (Twort et al., 1974), and 0.05 mg/l 
by the US EPA (Kegley & Andrews, 1998) and 
0.5 mg/l by WHO (1993) as a maximum 
permissible level; the given results revealed that 
manganese levels were between the highest 
desirable level (0.05 mg/l) and the maximum 
permissible level (0.5 mg/l) in all sources of water 
except 30% of water samples from Qena city 
(tables 1 & 2). Zaki et al., (1994) found that 
58.97% of Assiut city water samples contained 
more than 0.05 mg manganese/l., while 5.1% 
contained more than 0.5 mg/l. They recorded 
also that the high concentrations of manganese 
were measured in both superphosphate 
wastewater discharges poured in the River Nile 
(0.981 mg/l) and the River Nile water few meters 
from the superphosphate factory (0.419 mg/l). 
Bowen, (1966) stated that the mean 
concentration of manganese in rivers to be 0.012 
mg/l and the range to be from less than 0.001 to 

0.130 mg/l. 

 Cadmium and lead have no well-known 
biological functions in the animal body, normally 
present only in minute quantities, and are 
described as ultratrace elements. Their toxicity is 
due to in part to their competition with essential 
metals for binding sites and also their 
interference with sulfhydryl groups, which are 
essential for the normal functioning of enzymes 
and structural proteins. Cadmium blocks 
sulfhydryl groups in enzymes and competes for 
sites with zinc and calcium to a lesser extent and 
lead may replace calcium in structures and react 
with sulfhydryl groups (Allen, 1994). The origins 
of high metal concentrations were traced in 
municipal sewage, uncontrolled industrial 
effluents and other anthropogenic activities 
(Tariq et al 1993). 

 Lead is one of the most toxic and pervasive 
pollutants in society, and although there has 
been some lowering of blood lead levels in recent 
years, the levels continue to be of concern for 
African, Americans, central city resident, 
persons of low income and those with low 
educational attainment (Wyatt et al., 1998). 
Today lead poisoning is the most common 
disease of environmental origin in the United 
States (Landrigan & Todd 1994). The highway 
or motor boat traffic, industrial and agriculture 
discharge, tetraethyl lead as petrol additive are 
the main source (Van Hassel et al., 1980 and El 
Nabawi et al., 1987). The most prevalent source 
of lead in drinking water, particularly in soft 
water regions, is lead pipe in services and 
plumbing systems or pipe jointing material in 
distribution systems (Thomas & Robert, 1973). 
Industrial and/or sewage effluents are the major 
source of lead in fish from Africa (Sorenson, 
1991). 

 Lead has multiple toxic effects on human 
body and is a probable human carcinogen. 
Among its most serious non-carcinogenic effects 
are decreased intelligence in children and 
increased blood pressure in adults. The 
neurotoxic effects in children at blood lead levels 
below 100 g/dl may in some cases result in 
irreversible brain damage (exhibited as a 
decrease in learning ability) as well as in damage 
to the peripheral nervous system (Hutton, 1987 
and ATSDR, 1990). 

 The U.S. EPA’s MCL Goal of zero for lead in 
drinking water is based on ‘occurrence of low-
level effects’ and because the U.S. EPA classifies 
lead as a Class B2 carcinogen (U.S. EPA, 1991). 
The U.S. EPA has not adopted an MCL for lead 
in drinking water because they regard the 
development of such a level as ‘not feasible’. The 
U.S. EPA has an ‘action level’ of 0.015 mg/l for 
lead in drinking water (Howd et al. 2000). 
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 All the analyzed water samples had lead 
values more than the recommended limit (0.01 
mg/l) by (WHO, 1993) and the U.S. action level 
(AL), the level at which the authorities must do 
something to remove the contaminant except few 
samples from Assiut and Beni Suef cities. The 
highest contaminant level recommended by the 
National Interim Primary Drinking Water 
Regulations is 0.05 mg lead/l (Daniel, 1980). 
According to WHO (1972), the international 
standards for drinking water must not exceed 
0.1 mg lead/l. WHO (1984), stated that the 
natural lead content of lake estimated to be 1-10 
g/l. In a survey of 727 surface water samples in 
the United States lead was found in about 63% 
of the samples in concentrations ranging from 
0.001 to 0.05 mg/l, only in 3 samples did the 
concentration exceed 0.05 mg/l (Edward and 
Elwood, 1966). Zaki et al., (1994) examined 
water samples in Assiut Governorate and they 
found that about 33.3% of the analyzed water 
samples contained more than 0.05 mg/l.  Most of 
these water sources can be accepted for livestock 
as the U.S. EPA (1973) and NAS (1974) 
recommended guide is 0.2 mg lead/l. 

 The obtained data indicated that all cities 
drinking water samples contained lead averages 
below 0.1 mg/l, while all surface water contained 
more than 0.1 mg/l lead. This finding could be 
attributed to the pollution of surface water 
and/or air with lead after emission from the 
highway or motor boat traffic, industrial and 
agriculture discharge. All the sources of the 
analyzed surface water samples were very closed 
to the highway in Upper Egypt. 

 Cadmium is considered to be the most 
problematic of the heavy metals. It is a 
cumulative toxic element that is mainly 
deposited in the liver and kidneys (Niemi et al. 
1991). Its levels increases throughout life because 
its biological half-life is 10-30 years (Klassen, 

1985). Chronic cadmium toxicity causes growth 
retardation, impaired kidney function, poor 
reproductive capacity, hypertension, tumor 
formation, hepatic dysfunction, poor lactation 
and teratogenic effect (Ferm & Carpenter, 
1967). Cadmium accumulates in the soft tissues 
at all concentration levels down to 0.1 mg/l in 
drinking water resulting in anemia, poor 
metabolism, possible adverse arterial changes in 
the liver of man, and death at higher 
concentrations (Thomas & Robert, 1973). The 
combustion of gasoline, cadmium containing 
pesticides, phosphate fertilizers, industrial 
wastes and industrial concern such as mining 
and plating may be the main sources of cadmium 
contamination (Davis, 1984; Oronsaye and 
Brafield 1984).  

 Cadmium can’t be detected in drinking 
water from Aswan and Qena cities and in many 
samples from the other water sources (Tables 1 
& 2). The obtained results revealed that 
cadmium mean values were relatively similar to 
the U.S. EPA (1975 & 1986) recommended limit 
(0.01 mg/l) in Assiut and Beni Suef cities, water 
from the River Nile in Aswan, Assiut and Beni 
Suef regions. Its cadmium averages were 
0.01±0.005, 0.011±0.004, 0.011±0.005, 0.011±0.01 
and 0.013±0.007 mg /l, respectively. Bahr Yousef 
canal contained the highest cadmium average 
(0.023±0.02 mg/l) that exceeds these guides. All 
mean levels of cadmium were above the adopted 
U.S. EPA MCL (0.005 mg/l) of cadmium in the 
drinking water (Kegley & Andrews, 1998, 
Stephen, 1998) and (0.003 mg/l) WHO guide 
(WHO, 1993). All detected levels were below the 
cadmium guide for livestock drinking water 
(0.05 mg/l) recommended by U.S. EPA (1973) 
and National Academy of Science (NAS, 1974). 

 Zaki et al., (1994) found that 48.72 % of 
analyzed water samples of Assiut Governorate 
contained more than 0.01 mg/l cadmium, the 



-13- 

maximum contaminant level recommended by 
the Public Health Service Drinking Water 
Standard (Thomas & Robert, 1973). In study of 
727 surface water samples in United States, it 
was found that 54% contained less than 0.001 
mg cadmium /l, 42% contained cadmium in the 
range of 0.001 to 0.001 mg/l in about 4% the 
cadmium concentration exceeded 0.01 mg/l. The 
maximum cadmium concentration found was 
0.13 mg/l (Durum et al., 1971). 

 In conclusion, restricted measures must be 
applied to prevent more addition of pollutants 
especially lead and cadmium to all water sources 
in Upper Egypt. The River Nile and its 
tributaries, which considered the main source of 
water for Egypt must be also protected from 
effluents and sewage. All heavy metal sources in 
drinking tap water should be avoided in water 
piping.  Monitoring of chemical contaminants in 
water sources should be currently conducted to 
assure health safety. 

 
REFERENCES : 

Allen, P. (1994): Mercury accumulation profiles 
and their modification by interaction with 
cadmium and lead in the soft tissues of the 
cichild Oreochromis aureus during chronic 
exposure. Bull. Environ. Contam. Toxicol. 
Vol.53, No. 5, pp. 684-692.   

Anke, M.; Henning, A.; Aschneider, H.J.; 
Ludke, H.; Von Cagern, W. and Schlegal, H. 
(1970): The interrelationships between 
cadmium, zinc, copper, iron in metabolism of  
hens ruminants and man.; in: Trace Elements 
Metabolism in Animals, Mills, C.F. (ed), 
Livingstone, London. 

ATSD, (1990): Toxicological profile for lead 
(Draft for public comment). Prepared by 
Clement International Corporation for 
ATSDR:Atlanta, GA, 1990. 

Bakry, H.H.; Ashoub, M.M.; El-Shawarby, R.M. 
and Abou Salem  (1991): Pollution of some 
water streams in Egypt due to drainage of 
some industrial establishment. Benha Vet. 
Med., No. (3) Vol. 2. PP. 172-177 

Bartik, M. and Piskac, A. (1981): Vet. 
Toxicology; Developments in Animal and 
Veterinary Science; elsevier scientific 
Publishing Company Amsterdam. 

Bernier, J.; Brousseau, P.;Krzystyniak, K.; 
Tryphonas, H. and Fournier, M. (1995): 
Immunotoxicity of heavy metals in relation to 
Great Lakes. Human Health and 
Environmental Pollution in the Great Lakes. 
Vol. 103, (9) PP. 23-34.  

Bowen, H.J.M. (1966): Trace elements in 
biochemistry, New York, Press. 

Braun, A.; Guillerm, J,; Pierson, B. and Sadoul, 
P. (1960): Bronchial cancer in workers in iron 
mines, Rev. Med. Nancy 85: 702-708. 

Bryan, S.E. and Frieden, E. (1967): Intera-ction 
of copper (II) with deoxyribonucleic acid 
below 30 degrees, Biochemistry 6: 2728-2734. 

Cantor, K.P.(1997): Drinking wa3ter and cancer. 
Cancer causes control; 8 (3): 292-308. Co., 
New York. 

Choubisa, S.L. (1999): Some observations on 
endemic fluorosis in domestic animals in 
southern Rajasthan (India). Veterinary 
Research Communications. 23(7) 457-465.  

Cohen, J. M. et al., (1960): Taste threshold 
concentrations of metals in drinking water. J. 
Am. Water Works Assoc. 52:660-670. 

Daniel, A.O. (1980): Water Quality Manage-
ment; In:Public Health and Preventive 
Medicine, 11 th.  edition, John, M.L.(ed), New 
York. 

Davis, R.D. (1984): Cadmium; a complex 
environmental problem. Experientia, 40: 117-
126.  



-14- 

Durum, W.H.; Hem,J.D. and Heidel, S.G. (1971): 
Reconnaissance of selected minor elements in 
surface waters of the United states. October 
1970, US. Geological Survey Circular (1971) 
643. 

Edward, S.H. and Elwood, L.B. (1966): Quality 
standards. In Edition, The Williams and 
Wilkins Company Baltimore, Environmental 
Protection Agency. 

Eldon, D.E. and  Smith, B.F. (2000): 
Environmental Science. A study of 
interrelationships. By McGraw-Hill Com-
panies Inc. 

El-Nabawi, A.; Heinzow, B. and Kruse, H. 
(1987): As, Cd, Cu, Pb, Hg, and Zn in fish 
from Alexandria region, Egypt. Bull. 
Environ. Contam. Toxicol. 39: 889-897. 

Ferm, V.H. and Carpenter, S.J. (1967): 
Teratogenic effect of cadmium and its 
inhibition by zinc, Nature (London) 216: 
1123. 

Fetter, C.W., JR. (1980): Quality of water. In 
Applied Hydrology. Charles E. Merrill 
Publishing Company, A Bell & Howell 
Company. Columbus, Toronto, PP. 349-376. 

Fry, B.W. and Taves, D.R. (1970): Serum 
fluoride analysis with the fluoride 
electrodes.J. Lab. Clinic. Med. 75, 1020-1025.    

Hernandez, L.M.; Gomara, G.; Fernandez, M. 
Jimenez, B.; gonzalez. M.J.; baos, R.; 
Hiraldo, F.; ferrer, M.; Benito,V.; Suner, 
M.A.; Devesa, V.; Munoz, O. and Montoro, 
R. (1999): Birds in the area around Donana 
National Park affected by the Aznalcollar 
toxic spill. Sci Total Environ 6, 242 (1-3): 293-
308. 

Howd, R.A.; Brown, P.J.; Morry, W.D.; Wang, 
Y.Y.; Bankowska, J.; Budroe, D.J.; 
Campbell, M.; DiBartolomeis, J. M.;Faust, J.; 
Jowa, L.; Lewis, D.; Parker, T.; Polakoff, J., 

Rice, W.D.; Salmon, G. A.; Tomar, S.R. and 
Fan, M.A. (2000): Development of California 
public health goals (PHGs) for chemicals in 
drinkind water. J. of Applied Toxicology. 20: 
365-380. 

Hutton, M. (1987): Human health concerns of 
lead, mercury, cadmium and arsenic. In 
Lead, mercury, cadmium and arsenic in the 
environment. Hutchinson, T.C., Meema, 
K.M. (eds). Wiley: New York; 53-68. 

Ibrahim, Th. A. (1983): Toxicological effects of 
the products of the super phosphate plant on 
Egyptian buffaloes in Assiut province. Ph. D. 
Thesis presented to the Faculty of Vet. Med., 
Assiut Univ., Egypt. 

James, R.C. (1985): Neurotoxicity, Toxic effects 
in the nervous system, In ‘Industrial 
toxicology: P.L. Williams (ed.), Van Nostrand 
Reinhold Company New York. First edition, 
123-137. 

Khalil, F. (1970): Water, In: Essentials of public 
Health. The Scientific Book Centre. M. Shata 

and Co. 

Klassen, C.D. (1985): Heavy metals and heavy 
metal antagonists. In: Pharmacolo-gical basis 
of theraputics, (A.J. Gilman, L.S. Goodman’ 
T.W. Rall and F. Murads. Eds), 7th ed., pp. 
1605-1627, Macmillan, New York). 

Klaassen, C.D.; Amdur, M.O. and Doull, J. 
(1986): Casarett and Doull’s Toxicology. The 
Basic Science of Poisons, 3 rd Ed. MacMillan 
Co., New York. 

Kegley, E. Susan, and Andrews, J. (1998): The 
Chemistry of Water. University Science 

Books Press. Library of Congress.  

Landrigan, P.J. and Todd, A.C. (1994): Lead 
poisoning. West J. Med.: 161 (2): 153-159. 

Laws, A.E. (1993): Metals. In Aquatic pollution, 
An introductory text. 2nd ed. (Wiley, J. & 

Sons, INC, Eds). New York, pp 351-415. 



-15- 

Loranger, S.; Bibeau, M.C. and Zayed, J. (1994): 
Manganese in drinking water and its 
contribution to human exposure. Rev. 

Epidemiol Sante Publique; 42 (4):315-321. 

Madera, V. (1982): Physical and aesthetic 
examination. In: Examination of water for 
pollution control. Suess, M.J.(ed)., 2 , 
Published on behalf of the W.H.O. Regional 
office for europe by pergomon Press.(In 
German). 

Madera, V.; Allen,H.E. and Minear, R.A. (1982): 
Non- metallic constituents, In : examination 
of water for pollution control. Suess, 
M.J.(ed); 2: Published on behalf of W.H.O. 
Regional Office for Europe by Pergamon 

Press. 

Marquita, K.H. (1997): Understanding 
environmental pollution. Syndicate Press of 
Cambridge Univ. 

Mena, I. (1981): Manganese. In: Disorders of 
Mineral Metabolism. Bronner, F., Coburn, 
J.W. Eds Acdemic Press New York: pp. 233-
270. 

Miragu, J.O. (1988): A silent epidemic of 
environmental metal poisoning. Environ. 
Pollut., 50: 189-191. 

National Academy of Science, (1974): 
Subcommittee on nutrient and toxic elements 
in water. Nutrients and toxic substances in 
water for livestock and poultry. Washington, 
D. C. 

Niemi, A.; Venalainen, E.R.; Hirivi, T. and 
Karppanen, E. (1991): The lead, cadmium 
and mercury concentrations in muscle, liver 
and kidney from Finish pigs and cattle during 
1987-1988. Z. Lebensm. Unters. Forsch. 
192:427-429. 

Oronsaye, T.A.O. and Brafield, A.E. (1984): The 
effect of dissolved cadmium on the chloride 

cells of the stickleback, Gasterosteus 
aculeatus. J. Fish Biol. 25: 253-258. 

Quentin, K.; Alexander, I. and Eichalsdorfer 
(1988): Trink-wasser Untersuchung Und 
Beurteilung Von Trink und Schwimmbad 
wasser. Springer-Verlag, Berlin. 

Seddek, A.L. Sh.; Salem, D.A. ; Nagwa, M. El-
Sawi and Zaki, Z.M. (1996): Cadmium, lead, 
nickel, copper, manganese, and fluorine levels 
in River Nile fish in Assiut Governorate. 
Wien Tierarztl. Mschr. 83, 374-377.  

Sorenson, E.M.B. (1991): Metal poisoning in fish. 
CRC Press, Boca Raton. 

Stephen, S.O. (1998): Exposure to Contami-
nants in Drinking Water.CRC Press Boca 
Raton London New York Washington, D.C. 

Stoskopf,  M.K. (1993): Water analysis. In: Fish 
medicine. Craigs Tucker (ed.), W. B. 
Saunders Company, London. 

Suttie, J.W., Clay, A.R. and Shearer, T.R. 
(1985): Dental fluorosis in bovine temporary 
teeth. Am. J. Vet. Res., 46, No. 2: 404-408. 

Suzuki, K. (1975): Study on dermal excretion of 
metallic elements (Na, K, Ca, Fe, Mn, Cu, Cd, 
Pb), Xth Internat. Cong. Natur. 1520. 

Tariq, J.; Ashraf, M. and Jaffar, M. (1993): 
Metal pollution status of the River Chennab, 
Pakistan through fish, water and sediment 
analysis. Toxicol. Environ. Chem. Vol. 38, No. 
3-4, pp. 175-181. 

Thomas, R.C. and Robert, L.M. (1973): Water 
and its impurities. 2 nd (ed.), Dowden, 
Hutchingon and Ross, Inc. Stroudsburg, 
Pennsylvania. 

Twort, A.C.; Hoather, R.C. and Low, F.M. 
(1974): Water Supply. 2 nd (ed.), Edward 
Arnold, London. 

U.S. EPA (1973): Proposed Criteria for Water 
Quality. Volume 1. Quality Enviro-nment 
Reporter 4 (16):663, Aug. 17, 1973. 



-16- 

U.S. EPA (1975): Primary drinking water 
proposed interim standards. Federal Register 
40(51):11990. 

U.S. EPA (1976):Quality Criteria for Water. 
Washington, D.C.; U.S. Government Printing 
Office, 256 pp. 

U.S. EPA (1986): Quality criteria for water 
(Cited in metal poisoning in fish. Forward by 
sorensen, E.M.B. (1991). By CRC Press, Inc. 
PP. 359. 

U.S. EPA (1991): Maximum contaminant level 
goals and national primary drinking water 
regulation for lead and copper; final rule. 
Fed. Reg. 56:26460-26464. 

U.S. EPA (1996): Drinking Water Regula-tions 
and Health Advisories. U.S. Environmental 
Protection Agency, Washington, D.C.: EPA 
822-B-96-002. 

Van Hassel, J.H.; Ney, J.J. and Garling, J.R. 
(1980): Heavy metals in a stream ecosystem at 
sites near highways. Trans. Amer. Fish Soc., 
109: 636. 

Warnick, S. L. and Bell, H. L. (1969): The acute 
toxicity of some heavy metals to different 
species od aquatic insects. J. of the Water 
Pollution Control Federation. 41: 280-284. 

WHO  (1972): Health hazards of the human 
Environment. WHO report, Geneva, PP. 61. 

WHO (1974): Disposal of community waste-
water “W.H.O” Techn. Rep. Ser. 541, 6-10. 

WHO (1984): Guidelines for drinking water 
quality, 2, health criteria and other 
supporting information, PP. 111-119.  

WHO (1993): Guidelines for drinking water 
quality, (2nd ed.), Vol. 1, Recommend-ations, 
WHO, Geneva. 

Wyatt, C.J.; Fimbres, C.; Romo, L.; Mendez, 
R.O. and Grijalva, M. (1998): Incidence of 
heavy metal contamination in water supplies 

in northern Mexico. Environ Res 76 (2): 114-
119. 

Zaki, Z.M.; Abdel-Nasser, M.; Nagwa M. El-
sawi and Seddek, A (1994): Toxicological 
elements in different water sources in Assiut 
Governorate and possible health risk. Bull. 
Fac. Sci. 23 (1-E), PP. 225-241. 



-17- 

 



-18- 

  تقييم بعض الملوثات الكيميائية في مياه الشرب
  والمياه السطحية بصعيد مصر 

  *؛ زكريا مختار زكى **؛ خالد عباس عبده *ضيفي أحمد سالم
  جامعة أسيوط  –كليه الطب البيطري- *قسم الطب الشرعي والسموم

  جامعة القاهرة –كليه الطب البيطري (بنىسويف) -**قسم الطب الشرعي والسموم
   
  

ممــا لاشــك فيــه أن المــاء مفتــاح الحيــاة للإنســان والحيــوان ويعتبــر نهــر النيــل المصــدر الرئيســي   
لمياه الشـرب والزراعـة فـي مصـر. ولكـن مـع التقـدم فـي جميـع المجـالات وكـذا انتشـار المـدن بطـول 
النهر، الأمـر الـذي قـد يترتـب عليـه إلقـاء بعـض مخلفـات الصـناعة والزراعـة بالإضـافة إلـى الصـرف 

حي، مما قد يضيف العديد من العناصر السامة في بعـض مصـادر الميـاه. أجريـت هـذه الدراسـة  الص
لتقدير مدى تلوث مياه الشرب ببعض الملوثات الكيميائية فـي بعـض المـدن وكـذلك الميـاه السـطحية 
بصعيد مصر. تم أخذ عينات مياه من مدينه  أسوان؛ قنا؛ أسيوط وبنى سويف ومن مياه نهر النيـل 

أسوان؛ أسيوط وبنى سويف ومن قناة بحر يوسف بصعيد مصـر. تـم تحليـل هـذه العينـات لمـدى في 
تواجد النيتريـت، الفسـفور غيـر العضـوى، الفسـفور الكلـى ، النحـاس، الحديـد، الفلـورين، المنجنيـز، 

  الرصاص والكادميوم.

النيـل فـى بنـى من العينـات التـي تـم تحليلهـا للنيتريـت مـن ميـاه نهـر  %٢٠أظهرت النتائج أن    
ــد عــن المعــدلات الأمريكيــة ( ــاة بحــر يوســف تزي مجم/لتــر) ومعــدلات منظمــة الصــحة  ١ســويف وقن

مجم/لتر) المسـموحة بميـاه الشـرب. ويمكـن قبـول هـذه المسـتويات بالنسـبة للاسـتهلاك  ٣العالمية (
لحماية البيئـة  مجم/لتر) طبقاً لمعدلات الهيئة الأمريكية ٣٣الحيواني فقط والذي تصل معدلاته إلى (

  والأكاديمية القومية للعلوم. 

أوضحت النتـائج أن تركيـزات النحـاس، الحديـد والفلـورين لـم تتعـد المسـتويات المسـموح بهـا فـي   
أمريكا أو المقررة من منظمة الصحة العالمية سواء في مياه الشرب بالمدن أو في ميـاه نهـر النيـل. 

ــى مــن المســتو  ــز فكــان أعل ــة أمــا مســتوى المنجني ــه مــن قبــل منظمــة الصــحة العالمي ى المســموح ب
مـن إجمـالي العينـات  %٤٠مـن عينـات ميـاه الشـرب بمدينـة قنـا، إلا أن  %٣٠مجم/لتر) في ٠,٥(
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 ٠,٠٥التي تم تحليلها للمنجنيز احتـوت علـى مسـتويات أعلـى مـن المعـدل الأمريكـي المسـموح بـه (
  مجم/لتر) في مياه الشرب.

كيــز عنصــر الرصــاص أعلــى مــن الحــد المســموح بــه مــن منظمــة وقــد تبــين مــن الدراســة أن تر   
مجم/لتر)  فـى جميـع  ٠,٠١٥مجم/لتر)  والهيئة الأمريكية لحماية البيئة ( ٠,٠١الصحة العالمية (

مصادر المياه.  وتعتبر معظم مصادر هذه المياه صالحة للاستخدام الحيواني طبقاً للمعدل الأمريكـي 
مجم/لتــر). وقــد ٠,١يــة لحمايــة البيئــة والأكاديميــة القوميــة للعلــوم (المســموح بــه مــن الهيئــة الأمريك

مجم/لتر) ومعـدلات منظمـة ٠,٠٠٥زادت مستويات الكادميوم عن المعدلات الأمريكية المسموح بها (
مجم/لتر) فى ميـاه الشـرب بمـدينتي أسـيوط وبنىسـويف والميـاه السـطحية  ٠,٠٠٣الصحة العالمية (

طق ، وكذا قناة بحر يوسف. واحتـوت غالبيـة العينـات علـى تركيـزات دون من نهر النيل بجميع المنا
ــاه الشــرب عــام  ٠,٠١المســتوى  الأمريكــي المســموح بــه ( مــن قبــل الهيئــة  ١٩٧٥مجم/لتــر) بمي

ــاه شــرب  ــة كمي ــت مقبول ــاه كان ــع مصــادر المي ــين بوجــه عــام أن جمي ــة. وتب ــة البيئ ــة لحماي الأمريكي
ــاً لمعــدلا ــواني طبق ــائج هــذه للاســتخدام الحي ــم مناقشــه نت ــة. كمــا ت ــة لحمايــة البيئ ــة الأمريكي ت الهيئ

 الدراسة بالنسبة لتأثيرها على الصحة العامة.

 


