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Abstract In the present study, nine heavy metals (Cd, Cr, Cu, Fe, Mn, Al, Zn, Ni and Pb) were seasonally monitored
through the analysis of large number of water samples collected from the River Nile in the Greater Cairo region during
the period 2012 to 2013. The samples were collected from eight stations distributed in the area covering the distance
from El Roda Island to El-Kanater El-khayria. Heavy metals were analyzed by inductively coupled plasma spectroscopy
(ICP/OES). Results for their levels in water were compared with national and international water quality guidelines,

and they proved to be within the permissible limits.
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INTRODUCTION
Water is the most important natural resource
on our planet. It is considered absolutely essential to
sustain life since the protoplasm of many living cells
contains about 80% water and any substantial
reduction in this level is disastrous (Thillaiarasu et al.,

2014).

Heavy metals in aquatic ecosystem are
transferred through food web into human beings.
Some of heavy metals can cause health problems to
fish consumers (Uysal et al., 2008; Taweel et al., 2011).

The importance of water resources,
particularly surface waters (rivers), in meeting the
water needs of humans, animals and industries
indicates the essential need to protect them against
contamination. As municipal, industrial, and agricultural
wastes enter the water, biological and chemical
contaminants including heavy metals also enter water
resources. Although some of these metals are essential
micronutrients, their high concentrations in the food
chain can cause toxicity and environmental impacts
and endanger aquatic ecosystems and their users
(Prabu, 2009; Kaneet al., 2012)

Heavy metals such as copper, iron, chromium
and nickel are essential metals since they play an
important rolein biological systems, whereas cadmium
and lead are non-essential metals, as they are toxic,
even in trace amounts (Fernandes et al., 2008). Iron,
manganese, zinc, lead, copper, cadmium, chromium
and nickel metals, were detected seasonally withinthe
period of the study.
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The aim of this paper was determine some
heavy metals (Cd, Cr, Cu, Fe, Mn, Al, Zn, Ni and Pb)
contents in the River Nile at greater Cairo regionfrom
El Roda Island to EIlF Kanater El khayria.

Fig.1: Map for River Nileshowing the area of sampling
sites (Monitoring Stations).

MATERIALAND METHODS
Subsurface water samples were collected
seasonally during the period 2012-2013 from the area
under investigation. The concentrations were
determined after the digestion by nitric acid as
described inAPHA 2012.
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Iron, manganese, zinc, copper, cadmium,
aluminum, nickel, chromium, and lead were measured
by using inductively coupled plasma ICP-OES model
Varian lab Liberty Series Il. ICP-OES is a fast multi-
element technique with a dynamic linear range and
moderate-low detection limits (~0.2-100 ppb). The
instrument uses an ICP source to dissociate the sample
into its constituent atoms or ions, exciting them to a
level where they emit light of a characteristic
wavelength. Up to 60 elements canbe screened per
single sample run of less than one minute and the
samples can be analyzed in a variety of aqueous or
organic matrices. There are fewer chemical
interferences than with FAAS, but some spectral
interferences are possible and there are some element
limitations.

Preservation and preparation of the samples

To a 1 liter sample, 5 ml conc. HNO3 were
added to preserve the sample immediately after
sampling, then the solution was stored inarefrigerator
at approximately 4°C for analysis. 20mL nitricacid were
added to 500 mL of the mixed sample in a beaker. Slow
boiling and evaporation on a hot plate to reach the
lowest volume, before precipitation occurs, until
digestion is complete. The beaker walls are rinsed
down with distilled water and the whole volume is
transferred to a 100 mL volumetric flask, cool, dilute to
mark and mix thoroughly. Take an aliquot of this
solution for required determination.

RESULTS AND DISCUSSION
Iron
Iron is the fourth most abundant element in
the Earth’s crust and is essential for most life on the
planet (Frey et al, 2012). Ferrous iron is commonly
found in water supplies and is soluble in water.

Iron is a redox active metal which isabundant
in the Earth's crust. It has played a key role in the
evolution of living systems and as such is an essential
element in a wide range of biological phenomena,
being critical for the function of an enormous array of
enzymes, energy transduction mechanisms, and
oxygen carriers. The redox nature of iron renders the
metal toxic in excess and consequently all biological
organisms carefully control iron levels (Hider, Kong,
2013). Fe is present in higher concentrations than Mn in
most aquatic systems (Giblin, 2012).
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Table 1: Seasonal variations of iron values (mg/L) inthe
investigated area:

Sea%ons Summer  Autumn Winter Spring Annual

stations average
El-Roda [0) 0.3 0.431 0.164 0.391 0.32
El-Mredian (II) 0.321 0.174 0.181 0.326 0.25
Rod El- Frag (lI1) 0.205 0.1 0.181 0.328 0.20
El-Wrrak (Iv) 0.278 0.128 0.271 0.358 0.26
Embaba (V) 0.299 0.118 0.227 0.364 0.25
El-Mezallat (VI) 0.378 0.434 0.147 0.321 0.32
El-Khyma (VII) 0.374 0.483 0.214 0.456 0.38
El-Kanater (VIII) 0.471 0.158 0.292 0.48 0.35
Seasonal avr. 0.33 0.25 0.21 0.38

Table (1) shows the seasonal variations of iron
values which were recorded during the study period.
Iron values varied in the ranges of 0.205-0.471, 0.1-
0.483, 0.147-0.292, 0.321-0.48 mg/L during summer,
autumn, winter, and spring, respectively. The maximum
value of (0.483) mg/L was recorded at station VIl while
the minimum one of (0.1) mg/L was recorded at station
.

The decrease in iron values may refer to the
adsorption of iron by clayey minerals, suspended
matter, surface microorganisms, and metal oxides as
iron oxide under high temperature (Abdo, 2002). On
the other hand, the relative decrease in iron
concentrations during winter may be due to the
oxidation of Fe*? to Fe*3 and their precipitation as
hydroxide at high pH value in presence of high
dissolved oxygenaccording to the following equations:

Fe** + H,O » Fe?+H0 +(-e)
Fe® + 3H,0 > Fe (OH), + 3H*
(Stumm and Morgan, 1981)

The relative increase of recorded iron may be
related to the flood period, which leads to the leaching
of iron from the banks of the River Nile resultinginthe
great amount of fine grains and suspended particles
containing iron element. Increasing of iron
concentrations during spring, may be attributed to the
dissolution of sediments and release of iron to the
overlying water.

Aluminum

Aluminum makes up around 8% of the Earth’s
crust, making it the third most common element. It is
often used in cooking utensils, containers, appliances
and building materials, as well as in the production of
glass, paints, rubber and ceramics. Aluminumis used in
several forms, such as aluminum hydroxide (in
antacids), aluminum chlorohydrate (in deodorants),
and the most common form, aluminum sulphate (in
treating drinking water).
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At low levels, aluminuminfood, air, and water
is not likely harmful to our health. However, at high
concentrations there is an evidence linking aluminum
to effects on the nervous system, with possible
connections to several diseases, such as Parkinson’s,
Alzheimer’s, and Lou Gehrig’s disease. Patients
suffering from these diseases tend to have high levels
of aluminum in some areas of their brains. It is not
known if aluminum is causing these diseases or if the
aluminum starts accumulating in people that already
have the diseases. There is also some concern that
aluminum may cause skeletal problems. There is no
evidence to suggest that aluminum affects
reproduction, or that it causes cancer.

Aluminum is a known neurotoxin and
occupational exposure to aluminium has been
implicated in neurological disease including Alzheimer’s
disease. Comprehensive and unequivocal data
demonstrating significantly elevated brain aluminium
content in an individual occupationally exposed to
aluminium has been reported (Christopher and
Thomas, 2014). Table (2) presents Aluminum values
that were recorded in the study period. The values of
Aluminum varied in the ranges of 0.265 - 0.736,0.177 -
1.084, 0.339 - 1.33 and 0.377 - 0.622 mg/L during
summer, autumn, winter and spring, respectively. The
maximum value of (1.33) mg/L was recorded during
winter at station EFWrrak while the minimum value of
(0.177) mg/L was recorded during autumn at the
monitoring station of Embaba.

Table 2: Seasonal variations of Aluminum (mg/L) inthe
investigated area
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colour, odour, taste) objective in the Canadian drinking
water quality guidelines. A maximum acceptable
concentration to protect health has not been set.
Studies on the possible health effects of manganese in
drinking water are underway, but preliminary
information indicates that any health effects would be
at levels in drinking water that would be substantially
higher (10 times) than those found in Winnipeg’s
drinking water, and would have to be associated with
an exposure over a long period of time.

Manganese  functions as an essential
constituent for bone structure, reproduction and
normal functioning of the enzymes system. It is toxic
only when present in higher amount, but at low levelis
considered as micronutrient (El-Naggar and Tayel,
2009).Drinking water manganese (W Mn) is a potential
threat to children's health due to its associations with a
wide range of outcomes including cognitive, behavioral
and neuropsychological effects. Although adverse
effects of Mn on cognitive function of the children
indicate possible impact on their academic
achievement, little evidence on this issue is available
(Khalid et al., 2012)

Iron and manganese play major roles in
determining the forms and cycling of phosphorous (P),
sulfur (S), and trace metals inlakes, rivers, streams, and
bogs. In some systems they also serve as important
alternative oxidants for the degradation of carbon. Fe
and Mn are also essential micronutrients, although
they rarely appear to limit primary production in
freshwater ecosystems (Giblin, 2012).

Steat§ons Summer Autumn  Winter  Spring ﬁnnual The seasonal variations of manganese
SIaR'°(;‘5 = - ‘gerage values were recorded in Table (3). The maximum
El-Roda 0.47 1.037 0.5 0.47 0.62 . .
El-Mredian 0756 0.48 0.926 0377 053 value of (0.08) mg/L was recorded at station IV while
Rod El- Frag 0.265 0.314 0.339 0.492 0.35 the minimum value of (0.05) mg/l was recorded during
El-Wrrak 0.289 0.257 1.33 0.465 0.59 spring at stations I, Il, I1l, V, VI, VIl and VIII.
Embaba 0.728 0.177 0.442 0.378 0.43
El-Mezallat 0.611 0.672 0.538 0.622 0.61 . . .
El-Khyma 0.601 1.084 0.426 0.56 0.67 Tab!e 3: .Seasonal variations of Manganese (mgj/L) in
El-Kanater 0.542 0.338 0.506 0.537 0.48 the investigated area:
Seasonal avr.  0.53 0.55 0.58 0.49 Seas'ons Summer Autumn  Winter  Spring Annual
Stations average
Aluminum values were decreased. Thismay be EtRoda 034 0.046 0-039 0-97 0-%
. o El-Mredian 0.048 0.025 0.054 0.057 0.05
attributed to the dilution effect caused by more water RodEl-Frag  0.084 0.022 0.063  0.044  0.05
comes from lake Nasser behind high dam and El-Wrrak 0.095 0.027 0.144 0.057 0.08
increasing in the water level. Increasing of the F-Imbaba” 0.049 0.027 0.054  0.054  0.05
Aluminum values during winter season may be E-Mezallat o075 0.038 0-036 0-051 095
) ) El-Khyma 0.044 0.041 0.045 0.059 0.05
attributed to the drought period and decrease of water El-Kanater 0.056 0.019 0.052 0061  0.05
levels. Seasonal avr.  0.06 0.03 0.06 0.06
Manganese The results of manganese concentrations

Manganese is an essential nutrient for  revealed that, the high values were recorded during

physiological functions, with most of the manganese in
our body coming from food. Currently, the guideline
for manganese, 0.05 mgJL, is set as an aesthetic (e.g.,

www.ibio.com

winter and spring seasons, this may be attributed to
the effect of the drought period. However, the low
water level and the slow motion of water current
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would facilitate the excretion of manganese from dead
aquatic plants in addition to dissolution of manganese
sediments and release to water during spring (Abdo,
2002).

The lower values of manganese during
summer and autumn may be attributed to the removal
of manganese from the aqueous phase to solid phase
during precipitation of Mn as MnO, or by adsorptionon
suspended particles as well as the dilution effect of the
flood period (Abdo, 2002). Accordingto (Saletovic et
al, 2011) Mn has an important role in the efficient
utilization of other nutrients in the soil.

Zinc

Zinc is an essential trace element which plays
an important role in the physiological and metabolic
process of many organisms. (Mastan, 2014). Zinc isan
essential element for both animals and human. It is
necessary for the functioning of various enzyme
systems, deficiency of which leads to growth
retardation (Thillaiarasu et al., 2014). Low intake of Zinc
results in retardation of growth, immaturity and
anemia condition known as zinc deficiency syndrome
(Muthulakshmi et al., 2012).

Zinc is an essential element and isa common
pollutant as well. Mining smelting and sewage disposal
are major source of zinc pollution. Fish take it up
directly from water, especially by mucousand gills (E-
Naggar and Tayel, 2009).

The relatively higher zinc concentration in the
liver of the different fish species may be due to the role
of zinc as an activator of numerous enzymes present in
the liver (Yacoub, 2007). The seasonal variations of
zinc values were recorded inTable (4). The values of
zinc varied in the ranges of 18.69 - 56.762, 10.074 -
22.026, 4.439-35.537 and 56.294 125.406 pg/L during
summer, autumn, winter and spring, respectively.

The maximum value of (125.4 pg/L) was
recorded during spring at station IV while the minimum
value of (4.44pg/L) was recorded during winter at
station VI. Increasing of Zn during hot seasons
(summer and spring) more than cold seasons (autumn
and winter) this is due to the high rate of evaporation
during summer, besides the influence of aquatic
organisms especially macrophytes. Decreasing of zinc
values during autumn and winter may be attributed to
its uptake by macrophytes or due to its adsorption
onto the clayey particles and sedimentation to the
underlying sediments.

www.ibio.com
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Table 4: Seasonal variation of Zinc (pg/L) in the

investigated area:

:::;?)?: Summer  Autumn  Winter  Spring :::’ge
El-Roda 21.301 16.361 5.82 57.097 25.14
El-Mredian 56.762 16.81 4.876 56.294 33.69
RodEl- Frag 21.284 10.307 16.628 74.922 30.79
El-Wrrak 23.45 20.27 35.537 125.406 51.17
Embaba 25.488 14.345 6.981 59.705 26.63
El-Mezallat 18.69 22.026 4.439 83.566 32.18
El-Khyma 23.819 16.495 5.864 72.515 29.67
El-Kanater 27.542 10.074 10.488 89.289 34.35
Seasonal avr. 27.29 15.84 11.33 77-35

The level of dissolved zinc in water may
increase as the acidity of water increases. Fish can
collect zinc in their bodies from the water they swim in
and from the food they eat. Most of the zinc in soil is
bound to the soil and does not dissolve in water.
However, depending on the type of soil, some zinc may
reach ground water, and contamination of
groundwater has occurred from hazardous waste sites.
Zinc may be taken up by animals eating soil or drinking
water containing zinc. Zinc is also a trace mineral
nutrient and as such, small amounts of zinc are needed
in allanimals (ATSDR, 2005).

Taking too much zinc into the body through
food, water, or dietary supplements can also affect
health. The levels of zinc that produce adverse health
effects are much higher than the Recommended
Dietary Allowances (RDAs) for zinc of 11 mg/day for
men and 8 mg/day for women. If large doses of zinc
(10-15 times higher than the RDA) are taken by mouth
even for a short time, stomach cramps, nausea, and
vomiting may occur. Ingesting high levels of zinc for
several months may cause anemia, damage of the
pancreas, and decrease of the levels of high-density
lipoprotein (HDL) cholesterol. (ATSDR, 2005).

Copper

Copper is a metal that occurs naturally
throughout the environment, in rocks, soil, water, and
air. Copper is anessential element in plants and animals
(including humans), which means that it is necessary
for our life. Therefore, plants and animals must absorb
some copper from eating, drinking, and breathing
(ATSDR, 2004).

The level of copper in surface and
groundwater is generally very low. High levels of
copper may get into the environment through mining,
farming, manufacturing operations, and municipal or
industrial wastewater releases into rivers and lakes.
Copper can get into drinking water either by directly
contaminating well water or through corrosion of
copper pipes if your water is acidic. Corrosion of pipes
is by far the greatest cause for concern (ATSDR, 2004).
Copper is an essential element for human body. But
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excessive large doses may lead to mucosal irritation,
hepatic and renal damage and central nervous system
(Thillaiarasu et al., 2014).

Copper in the blood exists in two forms:
bound to ceruloplasmin(85-95%), and the rest "free",
loosely bound to albuminand small molecules. Free
copper causes toxicity, as it generates reactive oxygen
speciessuch assuper oxide, hydrogen peroxide, and
the hydroxyl radical. These damage proteins,
lipids and DNA (Brewer GJ2010). Cuis an essential part
of various enzymes necessary for the synthesis of
hemoglobin (Sivaperumal et al., 2007); but at higher
concentrations it causes various health problems.
Copper can combine with other contaminants such as
ammonia, mercury and zinc to produce an additive
toxic effect on fish (Yacoub, 2007).

Cu was higher in fish liver and followed by
kidney, gills and muscles. While in the case of C
striatus, the concentration of Cu was highest in kidney
followed by liver, muscles and gills (Mastan, 2014).

The seasonal variations of copper values were
recorded in Table (5). The values of copper varied in
the ranges of 6.23 -16.78, 9.53-33.95, 4.63- 8.22 and
4.44 - 5.82 pg/L during summer, autumn, winter and
spring, respectively. The maximum value of (33.95
pg/L) was recorded during autumn at station | while
the minimum value of (4.44 pg/L) was recorded during
spring at station VI.

The results showed that, copper is increased in
cold seasons (winter and autumn) and decreased in hot
seasons (summer and spring). The increased values of
copperincold seasons may be attributed to adsorption
of copper by humic material (El-Haddad, 2005). Onthe
other hand, the decreased values of copper during hot
seasons may be due to the removal of copper from
water by the uptake by phytoplankton or may be due
to adsorption on the suspended matter making
complexation with organic matter leaving the water to
sediment (EFHadad, 2005). The EPA requires that levek
of copper in drinking water be less than 1.3 mg of
copper per one liter of drinking water (1.3 mg/L).

Table 5: Seasonal variations of Copper (pg/L) in the
investigated area:

Int. J. Bioassays, 2014, 3 (06), 3051-3061

Lead

Lead is one of the most commonly occurring
contaminants in the environment. Lead isabsorbed by
plants when it is present in their environment,
especially in rural localities where the soil is
contaminated by exhaust from cars and in areas
contaminated by fertilizers containing heavy metals
(Lamhamdi et al., 2013).

Plants absorb Pb from the soil solution into the
root system. The highest amount of Pb2?* is
accumulated inroots in insoluble form (Wierzbicka et
al., 2007).

Lead is a very toxic metal in humans and the
food chain is the main pathway of lead transfer from
the environment to human (El fadeliet al., 2014).

Lead is used for a long time on batteries,
ammunition, paint lead, fuel, and as ingredient in
different alloys. It causes toxic effects on humans,
animals and plants. Lead is dangerous becauseit tends
to bioaccumulate (Censiet al., 2006). Bioaccumulation
means an increase in the concentration of a chemical in
a biological organism over time, compared to the
chemical's concentration in the environment (Otitolojy,
2002).The presence of lead in water causes serious
health effects and symptoms such as: kidneys and
heart diseases, damages of the nervous system, other
epidermises and cancer.

The presence of lead in water above the
maximum concentration level recommend by different
environmental organizations such as: Environmental
Protection Agency (EPA), World Health Organization
(WHO, European Union (EU), is toxic and affect inthe
environment, ecosystems and human health. Presence
of lead in the environment results in negative effects,
depending on the level and duration of exposure
(Mirela and Nikolla, 2014).

Lead poisoning has been recognized as an
occupational illness for centuries and it is linked with
both severe and subtle health damages. Higher
concentrations of lead in drinking water has adverse
effect on central nervous system, blood cell and may
cause brain damage (Ponnusamy et al., 2014).

sz:t:: Summer Autumn  Winter  Spring :\\/::;L ' Lead, a contaminant found. in many water
TRoE s 595 =5 55 supplies across the country, is a major public health
El-Mredian 12'.333 11.63 5:721 5:595 8.8 concern. Because of this concern, the U.S.
Rod El- Frag 9.311 10.115 4.633 5.252 7.33 Environmental Protection Agency (EPA) recently
El-Wrrak 8.579 10.408 7-936 5.75 8.17 established a new National Primary' Drinking Water
Embabat2 8.256 9.528 5.912 4706 7.10 regulation for lead, reducing the accepted lead level to
El-Mezallat 7.086 10.857 5.205 4.438 6.90 oL
El-Khyma 6.231 13.68 5.479 5823 7.80 15 ppb. The seasonal variations of lead values were
El-Kanater 16.78 1.728 8.991 5303  10.51 recorded in Table (6). The values of lead varied inthe
Seasonal avr.  9.68 1399 6.13 526 range of 1.33 - 3.49, 2.32- 4.82, 2.39 - 5.99 and 0.31-
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3.05 pg/L during summer, autumn, winter and spring,
respectively. The maximum value of (5.99 pg/L) was
recorded during winter at station IV while the value
reached (0.31 pg/L) was during spring at stationVI. The
permissible limit for lead in drinking water is (0.05

Int. J. Bioassays, 2014, 3 (06), 3051-3061

In nature, Cd is always associated with zinc
ores (ZnS) due to its similarity with Zn. The Cd
concentration in lake water and fishes has been
reported by various workers (Malik et al., 2010;
Bhupander et al., 2011).

mg/L).
Cadmium enters the human body through
ingestion of contaminated food and drink (Sudarwin

2008). Cd could be harmful to fishes. High

Table 6: Seasonal variations of Lead (ug/L) in the
investigated area

Sstea:OHS Summer  Autumn  Winter  Spring Annual accumulations of cadmium in liver may be due to its
o Z fons = 3 5 a";:‘;ge strong binding with cystine residues of metallothionein
-Roda .937 4.7 5. .5 .
El-Mredian 3.489 4.037 2.397 3.052 3.24 (Tayel etal, 2008)
RodEl- Frag 2.752 4.305 4.405 0.398 2.97
El-Wrrak 1.983 2.317 5.995 2,102 3.10 Smokers are the most exposed due to the
EImeaba” . 12;31;3 ;"5;; ;‘;‘Z g'gig 22?19 amount of cadmium in cigarettes (Florek et al., 2004;
-lviezalla . o . . . .
El-Khyma 2337 2.819 2,658 1451 582 Falconj e’F al, 2003). Elevated concentrations of
El-Kanater 2.921 3.627 2.75 1229 2.63 cadmium in the human body cause severe stomach and
Seasonal avr. 2.35 3.87 3.87 1.26 lung alterations, which inturnincrease the risk of death
dueto respiratory insufficiency (Nordberg, 2004).
These results revealed that, the valuesof

lead concentrations are increased during cold seasons
(winter and autumn) and decreased during hot seasons
(summer and spring).

The lower values of lead content during
hot seasons, may be attributed to the precipitation of
lead salts under high pH and temperature values, most
of these salts may be present in the forms of lead
carbonate agreed with what reported by (Ghallab,
2000 and Abdo, 2002), Also The decreasing of lead
during spring and summer may be attributed to
adsorption of lead onto organic matter which
descending to the bottom sediment especially with
high temperature.

The  higher values of lead concentrations
were observed during winter may be attributed to the
drought period, whereas, the water levels decreased
and the degradation of the most aquatic organisms
and organic matter would be increased. This results in
release of thelead to the above water layers due to the
microbial activities. Or may be attributed to the high
amount of agricultural runoff.

The relative increase of lead concentrations
during autumn, may be attributed to the flood period,
leading to leaching of lead rocks and dissolution of
sediments containing lead which facilitate the
mobilization of lead from sediment into the above
water layers.

Cadmium

Cadmium is highly toxic and responsible for
several cases of poisoning through food. Small
quantities of cadmium cause adverse changes in the
arteries of human kidney. It replaces zinc biochemically
and causes high blood pressures (Crnki¢ et al., 2014)

www.ibio.com

The seasonal variations of cadmium values
were recorded in Table (7). The values of cadmium
varied inthe ranges of 0-0.096, 0.141 — 0.241,0 - 0.083
and 0-0.056 pg/L during summer, autumn, winter and
spring, respectively.

The maximum value of 0.241pg/L was recorded
during autumn at station VIII while the Zero value was
recorded in most of sampled stations during all season
except autumn. The lower values of cadmium content
during hot seasons, may be attributed to the
precipitation of cadmium salts under high pH and
temperature values most of this salts may be present in
the forms of cadmium carbonate. The higher values of
cadmium concentrations during autumn, may be
attributed to the flood period, leading to leaching of
cadmium rocks and dissolution of sediment containing
cadmium which facilitate the mobilization of lead from
sediment into the above water layers.

Table 7: Seasonal variations of Cadmium (pg/L) in the
investigated area:

Sea?ons Summer  Autumn  Winter  Spring Annual
stations average
El-Roda o] 0.141 0.077 0.033 0.06
El-Mredian 0.024 0.217 o] 0.041 0.07
RodEl- Frag 0.033 0.205 0.083 0.00 0.08
El-Wrrak 0.04 0.188 0.005 0.056 0.07
Embaba 0 0.169 0.019 0.00 0.05
El-Mezallat 0.033 0.218 (o} 0.00 0.06
El-Khyma o] 0.183 0.068 0.047 0.07
El-Kanater 0.096 0.241 0.047 0.00 0.10
Seasonal avr. 0.03 0.20 0.04 0.02
Chromium

Chromium is an essential nutrient for plant and
animal metabolism (Thillaiarasu et al., 2014). Chromium
is a naturally occurring element found inrocks, animals,
plants, and soil. It can exist in several different forms.
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Depending on the form it takes, it can be a liquid, solid,
or gas. No taste or odor is associated with chromium
compounds. The chromium metal, which is the
chromium (o) form, is used for making steel. Chromium
(V1) and chromium (I11) are used for chrome plating,
dyes and pigments, leather tanning, and wood
preserving.

Chromium can be found in air, soil, and water
after release from the manufacture, use, and disposal
of chromium-based products, and during the
manufacturing process. The International Agency for
Research on Cancer (IARC), and the EPA have
determined that chromium (VI) compounds are known
human carcinogens. In workers, inhalation of
chromium (V1) has been shown to cause lung cancer.
Chromium (V1) also causes lung cancer in animals. An
increase in stomach tumors was observed in humans
and animals exposed to chromium (V1) in drinking
water (ATSDR, 2012). Excess of Chromium present in
human body causes bronchial cancer in human
(Thillaiarasu et al., 2014).

The criteria for total chromium in a domestic
water supply is 0.05 mg/L The aquatic life criteria is less
than 0.011 mg/L for chromium VI and less than 0.207
mg/L for chromium IlI. (The second valueis based on a
formula involving hardness).

Table (8) Seasonal variations of Chromium (pg/L) inthe
investigated area:

Int. J. Bioassays, 2014, 3 (06), 3051-3061

The relative increase of  chromium
concentrations during winter may be attributed to the
drought period, whereas, the water levels decreased
and the degradation of the most aquatic organisms
and organic matter would be increased. This results in
release of the chromium to the above water layers due
to the microbial activities. Or may be attributed to the
high amount of agricultural runoff. The higher values of
chromium concentrations were observed during
autumn may be attributed to the flood period, leading
to leaching of chromium rocks and dissolution of
sediment containing chromium which facilitate the
mobilization of chromium from sediment into the
above water layers.

EPA has found chromium to potentially cause
the following health effects when people are exposed
to it at levels above the Maximum Contaminant Level
(MCL) for relatively short periods of time: skinirritation
or ulceration.

Long-term: Chromium has the potential to
cause the following effects from a lifetime exposure at
levels above the MCL: damage to liver, kidney
circulatory, nerve tissues and skinirritation.

Nickel

Nickel is a very abundant natural element. Pure
nickel is a hard, silvery-white metal. Nickel can be
combined with other metals, such as iron, copper,
chromium, and zinc, to form alloys. These alloys are

SSteatS_»0m Summer Autumn  Winter  Spring Annual used to make coins, jewelry, and items such as valves
o Z'°“s TS 378 2 oo a"f;agge and heat exchangers. Most nickel is used to make
-ROda . . . . . . . . .
El-Mredian 1.86 0.88 1373 0.397 113 stainless steel..NlckeI can combine with other elem'ents
RodEl- Frag 1.422 2.412 0.938 0.464 1.31 such as chlorine, sulfur, and oxygen to form nickel
El-Wrrak 1.645 1.639 7-513 0.862 2.91 compounds. Many nickel compounds dissolve fairly
Embaba 1.867 0592 198 0.979 135 easy in water and have a green color. Nickel
El-Mezallat 1.862 2.406 1.028 0.786 1.52 d d f ickel plati t |
El-Khyma 1447 5626 0.963 1,053 152 compounds are used for nickel pla ing, to color
El-Kanater 1.911 2.365 1.025 0.581 1.47 ceramics, to make some batteries, and as substances
Seasonal avr. 1.68 1.77 1.99 0.71 known as catalysts that increase the rate of chemical

reactions. Nickel is found in all soils and is emitted from
The seasonal variations of chromium values volcanoes. Nickel is also found in meteorites and on the

ocean floor.

were recorded in Table (8). The values of chromium
varied inthe range of 1.42-1.91,0.59-2.63, 0.94 - 7.51
and 0.39 - 1.05 pg/L during summer, autumn, winter
and spring, respectively.

The maximum value of (7.51 pg/L) was
recorded during winter at station IV while the minimum
value of (0.39) pg/L was recorded during spring at
station Il.

These results revealed that, the values of
chromium concentrations increased during cold
seasons (winter) and decreased during mild seasons

(spring).
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Nickel and its compounds have no
characteristic odor or taste (ATSDR, 2005), butis slowly
attacked by dilute hydrochloric or sulfuric acid and is
readily attacked by nitric acid. Fused alkali hydroxides
do not attack nickel. Several nickel salts, such as the
acetate, chloride, nitrate, and sulfate, are soluble in
water, whereas carbonates and hydroxides are far less
soluble and sulfides, disulfides, sub sulfides, and oxides
are practically insoluble in water.

In fact, in some cases Ni alloys provide the only
suitable candidate material that can provide the
required level of hightemperature strength and
corrosion resistance (JOHN, 2013).
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Nickel concentrations in groundwater depend
on the soil use, pH, and depth of sampling (Adebola et
al, 2014). The seasonal variations of nickel values
were recorded in Table (9).

The values of nickel varied in the ranges 1.72 -
3.14, 0.79-9.93,1.43 - 3.95and 0.98 - 14.59 pg/L durirg
summer, autumn, winter and spring, respectively. The
maximum value of (14.59 pg/l) was recorded during
spring at station VI while the minimum value of (0.79
pg/l) was recorded during autumn at station Il. These
results revealed that values of nickel concentrations
increased during spring and decreased during summer.

Table 9: Seasonal variations of Nickel (pg/L) in the
investigated area
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Table 10: Correlation coefficient matrices of heavy
metals of water during summer in the investigated

area:

Seasons . . Annual
stations Summer  Autumn  Winter  Spring Average
El-Roda 1.749 1.643 2.433 0.977 1.70
El-Mredian 1.934 0.785 2.558 1.61 1.72
RodEl- Frag 1.723 1.463 1.767 5.309 2.57
El-Wrrak 1.832 2.566 2.634 1.455 2.12
Embaba 1.757 1.095 1.908 1.082 1.46
El-Mezallat 2.069 9.93 1.431 14.586 7..00
El-Khyma 1.769 1.887 1.932 7.419 3.25
El-Kanater 3.142 3.535 3.953 1.137 2.94
Seasonal avr. 2.00 2.86 2.33 4.20

Increasing of nickel concentrations during
spring may be attributed to decreasing the water levels
and increasing degradation of the most aquatic
organisms and organic matter. This results in release of
the chromium to the above water layers due to the
microbial activities. Or may be attributed to the high
amount of agricultural runoff whereas the relative
increase of nickel concentrations during autumn, may
be attributed to the flood period, leading to leaching of
nickel rocks and dissolution of sediments containing
nickel which facilitate the mobilization of nickel from
sediment into the above water layers.

On the other hand, the relative decrease
recorded during summer may be attributed to the
dilution effect caused by more water comes from
Nasser's lake behind high dam and increasing in the
water level.

The human body contains approximately 10
mg nickel. Nickel is a dietary requirement for a number
of organisms; therefore it might be of significance to
humans. The human dietary need is estimated at only
5ug, which is the result of a 150ug intake. Nickel
probably has a function in urea to ammonia conversion
by the urease enzyme. Nickel cannot be resorbed in the
digestive gland, unless it is complexed. Nickel
inhalation poses a greater risk than nickel in water. This
may cause lung cancer, or nasal tumors. Nickel
carcinogenity is probably caused by nickel replacing
zinc and magnesium ions on DNA-polymerase.

www.ibio.com

Al Fe Mn Zn Cu Pb Cd Ni Cr
Al 1
Fe 0.48 1
Mn -0.67 -0.3 1
Zn 0.5 0.06 -0.3 1
Cu 0.07 0.46  -0.1 0.44 1
Pb 0.11 0.03 -0.2 0.77 0.67 1
Cd -0.25  0.51 0.39  0.03 0.8 0.31 1
Ni 0.11 0.8 -0 0.07 0.83 0.28 0.89 1
Cr 0.6 0.54 -0 0.4 0.49 0.09 0.45 0.56 1
The statistical analysis showed positive
correlation inthe summer season between Pb and Zn(r
=0.77); Positive correlation between Cd and Cu (r =0.8);
Positive correlation between Ni and Cu (r =0.83);
Positive correlation between Ni and Cd (r =0.89). Ni
showed positive correlation with Fe (r =0.8) which is
considered highly significant correlation. Cr showed
positive correlation with Al (r =0.6) and with Fe (r
=0.54) moderate correlation. Ni and Cr showed
insignificant correlation with Znand Mn.
Table 11: Correlation coefficient matrix of heavy metals
of water during autumn in the investigated area
Al Fe Mn Zn Cu Pb Cd Ni Cr
Al 1
Fe 0.94 1
Mn 0.88 0.91 1
Zn 0.3 0.48 0.55 1
Cu 0.15 0.44 0.31 0.59 1
Pb 0.7 0.52 0.47 -0.4 -0.2 1
Cd -0.41  -0.3 -0.65 -0.2 029 -03 1
Ni 0.1 0.42  0.23 0.52 0.96 -0.3 0.39 1
Cr 0.27 0.34  0.05 -0.1 0.32 0.14  0.45 0.47 1
In the autumn season, there are positive
correlation between Fe and Al (r = 0.94), Mn with Al (r
=0.88), and Mn with Fe(r =0.91), high significant
positive correlation. Cd and Mn showed negative
correlation (r =-0.7), Niand Cu showed high significant
positive correlation (r = 0.96). Pb positive correlation
with Al(r = 0.7). Cr showed insignificant correlation
with most metals in the autumn season.
Table 12: Correlation coefficient matrix of heavy metals
of water during winter in the investigated area
Al Fe Mn Zn Cu Pb Cd Ni Cr
Al 1
Fe 0.45 1
Mn 0.91 0.55 1
Zn 0.84 0.53 0.97 1
Cu 0.63 0.87 0.55 0.51 1
Pb 0.59 0.09  0.63 0.69  0.19 1
cd -0.5 -0.1 -0.3 -0.1 -0.3 0.08 1
Ni 0.23 0.73 0.2 0.19 0.84 -0.1 0.02 1
Cr 0.96 0.5 0.96 0.9 0.57 0.67 -0.4 0.14 1
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During winter season Mn showed positive
correlation with Al (r = 0.91) and with Fe (r = 0.55), Zn
showed positive with Al (r = 0.84) and with Mn (r=
0.97) highly significant correlation, Cu showed highly
significant positive correlation with Fe (r=0.87) and
positive correlation with Al (r=0.63). Pb showed
positive correlation with Zn (r=0.69) which is high
significant correlation.

Ni showed positive correlation with Fe (r=
0.73) and with Cu (r=0.84). Cr showed positive
correlation with Al and Mn (r=0.96) and positive
correlation with Zn(r = 0.9) and with Pb (r=0.67) which
is high significant correlation. Cd showed insignificance
correlation with most metals in the winter season.

Table 13: Correlation coefficient matrix of heavy metals
of water during spring in the investigated area

Al Fe Mn Zn Cu Pb cd Ni Cr
Al 1
Fe 0.29 1
Mn -0.1 0.55 1
Zn 0.33 0.07 -0.15 1
Cu -0.2 0.37 0.28 0.26 1
Pb -0.5 -0 0.19 0.11 0.66 1
Cd -0.2 0.08 0.45 0.24 0.79 0.67 1
Ni 0.77 -0.3 -0.45 0.07 -0.4 -0.4 -0.26 1
Cr 0.21 0.27 -0.02 0.27 -0.1 -0.1 0.15 0.26 1

During spring season Mn showed positive
correlation with Fe (r=0.6). Pb showed positive
correlation with Cu (r=0.7), Cd showed significant
positive correlation with both Cuand Pb (r = 0.8) and (r
=0.7) respectively, Ni showed highly significant positive
correlation with Al (r=0.8). Zn, Cu and Cr showed
insignificant correlation with most metals in the spring
season.

The significant positive correlation between Fe
and Mn during most seasons indicate that the
association of the two elements originates from a
common source during transportation and/or
depositional reactions (Abdel-Satar and Elewa, 2001).

CONCLUSION

The findings of the study can be said that the
concentrations of heavy metals in the River Nile water
are in the permissible limits according to WHO (2008),
EPA (2008). The water of River Nile is considered as
fresh water according to all the four standards in which
the discharge of some effluents to the river did not
affect the life of aquatic organisms specially fish
production. On the other hand Iron and aluminum
concentrations are higher than the permissible levels
which may be due to the effluents of iron and steel
drain or another human activities at the area under
investigation.

www.ibio.com
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