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Abstract

The number, biomass and diversity of phytoplankton as well as physico-
chemical characteristics of surface water at the three sites (El- Rahawi, El - Serw and EI -
Ziaat) representing Delta region of the river Nile were studied in response to discharged
liquid wastes from April, 1998 to April, 1999. A total of 214 algal taxa belonging to 99
different genera were identified. Chlorophyta (81 genera), Bacillariophyta (71 genera),
Cyanophyta (28 genera) and Euglenophyta (24 genera) were the dominant group. The
minimum phytoplankton growth was in drainage canal of El-Ziaat factory. Moreover, the
lower values of diversity and saprobity indicated at drain water concomitant with the
higher values of saprobic quotient (SQ) might reflect the pollution status of water. The
physico-chemical assessment of water could point to indicate that the upstream and down-
stream water is mesotrophic while, water of the mixed station is eutrophic and at drain
station was varied between eutrophic to hypereutrophic conditions. Moreover, the low pH
values at discharged waste of Soda factory at El-Ziaat and the undetectable dissolved
oxygen at El -Rahawi drain were considerably retracted at the mixed and more at down-
stream water.

Introduction

In spite of the Egyptian Environmental Affairs Agency (EEAA) and the
ministry of the environmental protection legislation's, some institutions and drains
still discharge their pollutants into the river Nile. These pollutants adversely
change the environment in the river by changing the growth rate of species and
interfere with food chain or with public health (Seiki et al., 1991).

River pollution is the ultimate manifestation of nontoxic pollution that
might deplete of the dissolved oxygen from water (Kwandrans et al., 1998).
However toxic pollution are metabolic poisons, it can seriously injure or destroy
the photosynthetic organisms (Doudoroff and Katz, 1953). Due to algal
photosynthetic activity, 70% of the world's atmospheric oxygen is generated and
it plays the main role in the carbon dioxide absorption in aquatic ecosystem
(Mullineaux, 1999). Since algal species are generally sensitive to fluctuations in
the surrounding environment, they can often be utilized as biological indicators of
water pollution (Villegas and Giner, 1973).
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Eutrophication (as a result of sewage, industrial and agriculture runoff)
may lead to low diversity of phytoplankton species (Shaaban - Dessouki et al.,
1993, Tilman et al., 1996), increases in productivity of aquatic habitats (Fairchild
et al., 1989) and increases the biomass of the phytoplankton (Hickman, 1980).
Thus, the major purpose of this research was to follow up the pollution status of
the River Nile Delta through studying of some representative sites (namely; El
Ziaat; El Serw and El-Rahawi), which still receive diverse types of pollutants.
The research was conducted by bimonthly evaluating water quality by testing the
physico-chemical and phycological assessment of water at the selected sites.

Study area: (Figure 1).

1- El-Rahawi site, which receives mainly domestic and some agriculture
wastes effluent. 2- Kafr El-Ziaat, which receives industrial effluent discharged
from soda and sulfur factories. 3- EI-Serw site, which receives mainly agriculture
effluent with some domestic sewage.

For each site, four positions were chosen as study stations representing
the up-stream water, the drain water itself, the mixed water and the down-stream
water. At Kafr El-Ziaat, two additional stations were, moreover, chosen because
of the presence of two kinds of industrial discharged water from Soda and Sulfur
factories.
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Figure (1): A map showing the sampling sites.
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Material and Methods

Water samples were regularly collected bi-monthly from April, 1998 to
April, 1999. Temperature and pH values were recorded at each sampling station.
The methods of APHA (1989) were performed for the determination of CI,
salinity, ph.ph alkalinity, total alkalinity, total hardness, turbidity, dissolved
oxygen, ammonia, NO, , NOs; , PO, ", total P, SO, silica, Na, K, Fe, Cu, Pb,
Co and Zn.

Pearson product moment correlation was performed using software
program SPSS to explain the relationship between all physico-chemical
parameters as well as between physico-chemical and biological parameters (Nie
et al., 1975). Cluster analysis was carried out by using Bray - Curtis dissimilarity
index (Clifford and Stephenson, 1975). The matrix of biological parameters and
environmental variables of 91 samples were subjected to Canonical corresponding
analysis using CANOCO (canonical community ordination) program (Ter Braak,
1987).

Result and Discussion

The changes in physico-chemical characteristics lead to qualitative and
quantitative changes in the planktonic organisms (EI-Naggar et al., 1997). As
shown in Table (1). The relative variations in water temperature (16-36 °C)
between different stations were due to different season and temperature of
discharged wastes. The temperature of discharged water at Kafr El-Ziaat was
relatively higher than that of the other stations; this may be due to the industrial
effluents dumped into water bodies.

The minimum pH value (3.0) and undetectable total alkalinity were
recorded at El-Ziaat site mainly due to the washing of soda factory by H,SO,
solution. In other sites total alkalinity (1.8 -3.7) might indicate eutrophic
condition of the water. Total alkalinity values were greater than 1.4 m equ L™
indicates eutrophication conditions (Moss, 1973). The results declare also that
oxygen content was very low within the discharged water, especially within El-
Rahawi drain. This could be attributed to the presence of organic compounds
within the domestic sewage. In this accordance, there is an evidence that, organic
wastes input leads to the deoxygenation (Juttner et al., 1996). Regarding the
B.O.D. values, the up-stream water had relatively lower levels than the discharged
water at EI-Rahawi and EI-Serw. This may be due to the relative higher biotic
content in the discharged polluted water. On the contrary, industrial runoff at El-
Zaait was characterized by undetectable value of B.O.D.; this may be attributed to
the absence of aquatic biota. In this connection, Tebbutt (1977) reported that,
growthly polluted water is characterized by having B.O.D. of 12 mg .L™* or more
in average.

The mean values of ammonia, organic nitrogen and organic phosphorus at El-
Rahawi drain were higher than at EI-Serw drain (Table.1). This may be due to
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that El-Rahawi receives a highly polluted organic waste (domestic sewage) than

that of EI-Serw site. However, Soria et al. (1987) reported that urbane sewage
water usually carry high amount of ammonia, organic nitrogen and organic

phosphorus. Moreover, Leester (1975) reported that water body within ammonia-
N in excess of 4 mg .L™ is in greatly polluted conditions. In addition, as shown

from the table, the discharged water at EI-Serw and El-Rahawi sites sustained, in
general, higher values of nitrogen and phosphorus, either organic or inorganic,
than that of the up-stream water and discharges water at El Zaait site. Such high

levels could be attributed to the agricultural run off (Juttner et al., 1996) and fecal

pollution in rivers (Adam. 1993).

Water with total soluble inorganic nitrogen greater than 0.3 mg .L™ was
considered to be eutrophic (Vollenweider, 1971). Therefore total soluble
inorganic nitrogen of water in the present work within the up-streams of the
three sites did not reach the eutrophic level. Nevertheless, the discharged water
could be considered as a hyper-eutrophic water. In the same pattern, the
discharged effluents at EI-Rahawi and El-Serw tended to sustain relatively higher
values of silicate than the up-stream water, where diatoms attained its maximum
standing crop. While the discharged hot water of Sulfur factory was characterized
by very high values of silicate may be attributed to the decay of diatoms, fishes
and the decomposition of organic matter (Elewa et al., 1995). However, the
industrial effluent at El-Ziaat sustained the highest values of sulfate (Table.1).
This expected high level of sulfate could be attributed to the type of the
discharged effluent of Sulfur factory and Soda factory during their washing
process. There was also high sulfate content of the discharged water at EI-Rahawi
and El-Serw sites but, on the contrary, could come from the agriculture wastes
which contain different types of sulfate fertilizers beside the domestic wastes (Gil
et al., 1989).

Conductivity, salinity, chlorisity, sulfate, total phosphorus sodium and
potassium were found to be higher within the discharged water than that of the
up-stream water (Table.1). These indicate that, the discharged water contains
high amount of pollutants. There is an evidence that, the industrial discharges
(Aziz et al. (1996), domestic wastes discharged (Saad and Abbas, 1985) and
agriculture runoff (Golterman, 1999) mostly increase salinity and chloride content
in the water.

The discharged water at EI-Rahawi and EI-Serw sites were more or less
stable in their physico-chemical characteristic than that of the Sulfur factory
drain, which tended to have different physico-chemical characters (Fig.2).
However it was sometime included in more subgroups with some other stations
but with a relatively high dissimilarity coefficient indicating more or less
conspicuous differences along its physico-chemical characters. The same was
held true for the Soda drain except during summer, 1998 and winter, 1999.
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Figure (2): Similarity between stations according to the physico-chemical
parameters using Bray-Curtis measure of dissimilarity (clusters analysis). 1,2,3,4:
Upstream, Drain, Mixed and Downstream of El-Rahawi; 5,6,6*,7,8 and 9: Upstream,
Drain soda, Drain sulfur, Mixed and Downstream of K. El-Zaait; 10,11,12,13:
Upstream, Drain, Mixed and Downstream of EIl-Serw.

There was marked regional variation in the heavy metals within the
studied area. These variations were attributed to the effects of the different
pollution point sources. For instance, the highest concentration of Co, Cu, Pb, Fe
and Zn were recorded within the discharged water at K. El-Ziaat especially that of
the first pollution point source (table.2). Where, the River Nile received a
considerable amount of untreated industrial effluent. Abdel-Hamid et al.(1992).

Table (2) Mean variations in Heavy metals (ppm) at different stations within three
sites.
El-Rahawi El-Zaait El-Serw
1 2 3 4 1 2 3 3 4 1 2 3 4
Co | Und | 0.09 0.04 Un.d Und | 0.24 | 0.06 | 0.02 | Und un.d 0.13 0.01 0.01
Cu und 0.05 0.06 Un.d Un.d 12 0.05 | 044 0.32 und 0.16 0.55 0.004
Pb 0.01 0.33 | 0.079 | 0.009 0.01 17 0.58 | 0.36 | 0.192 | 0.001 | 0.40 0.19 0.01
Fe Und | 0.32 0.11 0.02 0.00 1.36 | 051 | 0.26 0.15 un.d 0.31 0.13 0.001

Zn | Und | 0.03 | 0.007 | 0.001 | Und | 0.12 [ 0.05 | 0.03 | Und | Und | 0.02 | 0.005 | 0.001

Biological characteristics

From the different stations of the three sites, 214 total algal taxa
belonging to 99 different genera were identified. Chlorophyta (81 genera),
Bacillariophyta (71 genera), Cyanophyta (28 genera) and Euglenophyta (24
genera) were the dominant group. The minimum phytoplankton growth was in
drainage canal of El-Ziaat factory.
Egyptian J. of Phycol. Vol. 5, 2004 -24 -
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Cyanophyta was the most elaborated group at the three sites. It formed
about 98% to 31% of the total phytoplankton standing crop (cell number) at El-
Rahawi site, and about 90% to 35% at El-Ziaat site, while it varied from 98% to
38% at EI-Serw site. The dominance of this group may attributed to the presence
of high concentrations of organic wastes and high level of both N and P come
with the agricultural and domestic sewage discharged in the aquatic habitat
(Knuuttila et al., 1994). In contradiction, no algal flora was recorded within the
industrial effluent of Soda factory in spite of the detection of some unhealthy
diatom cells. This may be attributed to the acidic water that possesses very low
pH. Microcystis and Oscillatoria were the most frequent and abundance taxa
(Table 3).

Chlorophyta almost formed the second elaborated group (as cell number
Table 4). Mohammed et al. (1986) recorded that, Chlorophyta occupied the
second position of dominance in the Nile. In the present results, standing crop of
Chlorophyta appeared higher in the up-stream water than in the discharged water
or in the water receives it. This may revealed that, the discharged water exhorted
retarding effects on the growth of Chlorophyta. In support, Adam et al. (1993)
reported that, the reduction of Chlorophyta and Bacillariophyta counts may be
attributed to the toxic substance such as herbicides and industrial substances.
Ankistrodesmus, Coelastrum, Kirchneriella, Oocystis and Scenedesmus were the
most common and frequent genera (Table 3).

Bacillariophyta tends to be the third position dominant group after
Cyanophyta and Chlorophyta at both EI-Serw and K. El-Ziaat sites, and appeared
the second in most months at El-Rahawi site. The maximum abundance of
Bacillariophyta seemed to be as in the following sequence: El-Ziaat > El-Serw >
El-Rahawi. Achnanthes, Cocconeis, Melosira, Navicula was representing the
most abundant and frequent genera (Tab.3) Euglenophyta occupied the fourth
position of dominance, and connected with the organically polluted stations. The
discharged water (industrial wastes) at El-Ziaat seemed to suppress the
development of Euglenophyta. This appeared to be in accordance with Danilov and
Ekelund (1999) who reported that, industrial effluent might cause harmful effects
on the growth rate developments of Euglenophytes. Euglena and Facus were the
most abundant and frequent taxa (Table 3).

In terms of biomass, (Table 4B) represents also that the phytoplankton
standing crop was mainly consists of Bacillariophyta. In few cases
Bacillariophyta was substituted by Euglenophyta, especially within the
organically rich effluent. Euglenophyta formed the second component of the
phytoplankton standing crop followed by Chlorophyta and/or Cyanophyta.
Moreover, because of the differences in cell size of taxa dominating in winter
versus summer, the peak algal biomass in this work was in winter (December),
while the highest cell density (cell number) occurred in summer (August 98) and
changes in algal composition were more evident in relative cell number than in
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Table (3): Variations in frequency of abundance taxa at different stations within the

three sites.

Sites and Stations Raila-lwi Iza?t- SE:’;N General
Taxa 1234 | 12334 | 1234 | Meaveny
Cyanophyta
Microcystis aeruginosa f.flos-aquae Elenk. 3777 41424 17777 67
Oscillatoria subtilissima kUtz. 5777 45757 17777 82
O.tenuis Ag. -666 14556 6777 66
Chlorophyta
Ankistrodesmus angustus Chodata et Oettli. — 74667 7377 77
A.gracilis (Reinsch) Korsch. 6366 43434 3233 50
Chlorella vulgaris Beij. 5666 62326 5555 62
Coelastrum microporum Naegeli. 5144 73777 6666 69
Crucigenia tetrapedia (Kirch.)W.et G.S.West. -444 71757 4244 53
C. irregularis Wille S 32213 3-33 20
Franceia armata (Lemm.)Korsh. 5-55 7-337 5155 51
Kirchneriella contorta (Schmidle)Bohliae 6266 73567 6366 69
K.intermedia Korsch. 6466 73677 1477 77
Oocystis marssonii Lemm. 6255 71777 7367 70
O.solitaries Wittrock 5355 31747 5355 58
Pediastrum .simplex Meyen. 6-44 72557 -555 55
Scenedesmus opoliensis var. opoliensis P.Richter 4244 72677 5244 58
S. perforatus Lemm. 6166 71567 6366 66
S. qudricauda var. quadrispina G.M.Smith 5455 74547 4444 62
Stichococcus atomus Skuga. 5_55 51555 5555 56
Bacillariophyta
Achnanthes linearis (W.Smith)Grun. 7277 61536 6566 67
Cocconeis placentula var. rouxii(Brun et herb.) CI. 6566 62567 7577 75
Cyclotella atomus (Ehr.) Kutz. 6566 63677 5555 72
C.bodinica Eulenst 6666 74777 6666 80
C.comta (Ehr.)Kutz. 5555 74467 7377 72
C.glomerata Bachmann 6455 43444 4233 51
C.menghiniana Kutz. 7777 75577 5666 82
Fragilaria crotonensis Kitt. 7477 72666 5-11 59
Melosira crenulata Kutz.(Synon. M. italica) 7777 75777 5666 84
M. granulata (Ehr.)Ralfs. 7777 76777 7777 90
Navicula elongata Poretzky 5255 71467 6777 69
N. lanceolata (Ag.) Kutz. 6777 72657 7777 82

Egyptian J. of Phycol. Vol. 5, 2004
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Table (3) continue

N. pygmaea Kutz. 3666 62556 | 5455 64
N.scalaris (Ehr.)W.Smith. 6455 73767 4244 64
N.vericularis (Ehr.) Grun. 7666 64577 7666 79
Synedra ulna (Nitzsch.) Ehr. 7355 75577 7677 78
S.ulna var.oxyrhynchus (Kutz.)V.H. 4244 41455 6366 54
Euglenophyta

Euglena spathirhyncha Skuja. 2444 6-466 -554 50
Phacus fominii Rolf. 1776 3-333 1665 51

relative biomass. In agreement with these findings, Grover et al. (1999) found
that, seasonal succession of Phytoplankton consisted of a shift form relatively
large-celled diatoms, Chlorophytes and flagellates at cold temperature to small-
celled colonial and filamentous Cyanophytes at worm temperature.

Table (4): Bimonthly variations in total number (A) and total biomass (B) of
phytoplankton standing crop at different stations within the three sites.

A- Total number x10°

El-Rahawi | El-Zaait El-Serw

1 2 3 4 1 2 3 3 | 4 1 2 3 4
April -98 17 |73 |49 |25(22[02|08 (13|14 |16 |16 | 17|18
June-98 14 | 7.9 54134 |16|13 |18 |14 |16 |18 |47 |36 |28
August-98 | 1.3 | 16.4 | 53|38 | 18| 33|30 |5 22|21 |65|59]|39
October-98 15 | 1051|4227 |26 | 03|06 |10 |15 |33 |14 |17 |27
December 15 | 44 3413116 |05|06|05|08|18|07]|06]|15
Feruary-99 | 2 7.5 49132 |15 |11 13|06 |13|08|02]|04]05
B- total biomass mg/I
El-Rahawi El-Zaait El-Serw
1 2 3 4 1 2 3 3 | 4 1 2 3 4
April -98 18 [ 05 [07]10 |26 03|06 |10|15|33 |14 |17 |24
June-98 22 |08 111116 |05|06|05|08]|18|07]|06]| 15
August-98 | 06 |10 |05|05|15|11]|13]|06|13]|08]|02]|04]05
October-98 21. | 0.8 11 (16 (19 [05|05]|07|211]|27 08|09 |17
December 1.9 | 05 0911412312008 |08 |14 |37 |10 17|25
Feruary-99 | 20 | 0.9 12115124108 |13 |11 |15 |45 |13|19|23

Inspection of figure (3) reveals that, Cyanophyta was highly correlated
with conductivity, salinity, chloride, free CO,, total CO,, K*, ammonia-N, organic
phosphorus, BOD, organic nitrogen, while it was less correlated with saprobity
quotient, species diversity, dissolved oxygen and ortho-phosphate. Romo and
Miracle (1994 a) found that, the stability of phytoplankton could be related to K*
selective strategy of the dominant filamentous Cyanophytes.

Egyptian J. of Phycol. Vol. 5, 2004 -27 -
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Figure(3): Canoco analysis plot of physico-chemical and biological parameters.

In the same pattern, Chlorophyta was highly correlated with species
diversity, dissolved oxygen, sulfate and pH, while it was low correlated with
saprobity quotient, BOD, ammonia-N, organic-N, free CO,, total CO, and salinity,
diversity and saprobic quotient. Also, Bacillariophyta showed a low correlation
with saprobity quotient, temperature, total CO,, BOD and salinity. It was highly
correlated with species diversity, Si and phosphates. Both diatoms and green algae
meet their requirements within the up-stream water at which they attained their
maximum growth in the present work. Enrichment of natural water with
phosphorus, reactive silicate and some times with iron or manganese stimulated
the growth of diatoms (Kulka and Richards, 1996). In addition, Euglenophyta
highly correlated with saprobity quotient, BOD, nitrite-N, conductivity, salinity,
ammonia-N and organic nitrogen, also there are correlation between Euglenophyta
cell number and its calculated biomass. Moreover, Euglenophyta showed a
negative correlation with dissolved oxygen, saprobity quotient and species
diversity. Tilman et al. (1986) suggested that, the dominance of major algal
groups in relation to Si : P and N : P supply ratios were temperature dependent.

Similarity index between stations (except that of the discharged water)
within the same site were relatively high, especially the similarity between the
mixed and down-stream water (Fig. 4). Meanwhile, the similarity index between
different stations with the different sites was widely fluctuated. However, a
relatively high similarity coefficient (77.3%) was recorded between the up-stream
of El-Ziaat and down-stream of El-Rahawi. This may attribute to the fact that,
down-stream at El-Rahawi could be considered as up-stream of K. El-Ziaat on
Rossetta Branch of the River Nile.

Egyptian J. of Phycol. Vol. 5, 2004 -28 -
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Figure (4): Similarity between stations according to the abundance of
phytoplanktonic group using Bray - Curtis measure of dissimilarity.
1,2,3,4:Upstream, Drain, Mixed and Downstream of ElI-Rahawi; 5,6,7,8 and 9:
Upstream, Drain soda, Drain sulfur, Mixed and Downstream of K. El-Ziaat;
10,11,12,13: Upstream, Drain, Mixed and Downstream of EIl-Serw.

The algal group at the three sites recorded a relatively high similarity
between the discharged water and the water receiving it. However, at El-Ziaat,
such similarities were low; it did not exceed 16.6% in case of Euglenophyta. It
was concluded by Mukai (1987) that the differences in phytoplankton
composition could be attributed to the differences in microhabitats caused by in
situ environmental heterogeneity within the different stations and corresponding
habitats preference of individual phytoplankton species. This relationship may be
interpreted as primary response of the phytoplankton community to changes in
environmental conditions (Huszar and Caraco, 1998). Since the algal species are
generally sensitive to fluctuation in the surrounding environment and thus, it can
often be utilized as biological indicator of water pollution (Villegas and Giner,
1973).

It is clear from Table (5, A) that, the diversity value within the studied
area ranged between 0.63 at wastewater of Soda factory and 3.85 within the up-
stream water at El-Rahawi site. The values of diversity index clearly revealed that
up-stream at the three sites were slightly polluted. On the other hand the
pollutionary status of the discharged water at the three sites fluctuated between
heavy to moderate pollution. However the pollutionary status of the mixed water
at the three sites was affected by the discharged water, therefore the down-stream
water was slightly affected. The same table also shows that maximum saprobic
index was for the discharged water, especially at El Ziaat (3.95) which signified a
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saprobity level polysaprobity. On the contrary the minimum values of this index
within up-stream signified a saprobity level univocal oligosaprobity. It is obvious
that, the saprobic indices of the mixed, as well as down-stream water within the
three sites were affected by the discharged water in most cases during the entire
period of investigation. Nevertheless, there were negative relationships between
saprobity and dissolved oxygen as well as alkalinity (Fig.3). In contradiction,
saprobity was positively correlated with other parameters as K" levels of total
inorganic nitrogen, BOD, ammonia-N, organic phosphorus and nitrogen, nitrite-
N, nitrate-N and salinity. Similarly, saprobic quotient appeared minimum at the
discharged water of Soda factory (-1.00) and maximum at the up-stream water of
El-Rahawi (1.16). These values might indicate that water quality lies between o-
meso - poly saprobic (considerable pollution) and B meso -oligosaprobic (slight
pollution).The saprobic quotient of the mixed as well as the down-stream water
(which appeared to be affected by the discharged water) pointed to a water quality
of B-a-mesosaprobic (moderate pollution) to B-mesosaprobic (slight pollution).

Ortho-phosphate and dissolved oxygen were positively correlated with
S.Q. Meanwhile, ammonia-N, organic phosphorus, BOD, total CO,, organic
nitrogen, salinity, conductivity and K* were negatively correlated with S.Q.

These data of water quality indices could confirm that, there are at least
three distanced types of water masses based on differences in the phytoplankton
community as reflective of the effect of the discharged water on the biodiversity
and water quality of water as explained by Polishchuk (1999). Actually many
field studies have demonstrated that, decreasing of species diversity associated
with the presence of high level of organic sewage as well as toxic material (Steed
and Morin, 2000).

In general, the results obtained from the physico-chemical characteristics
of water at the studied sites and the community structure and biodiversity of
phytoplankton as well might reflect the undesirable effect(s) of the discharged
water on the water quality of the River Nile in the vicinity of the studied sites.
Effluent must pass through a tertiary treatment to remove phosphate, nitrate and
organic pollutants to avoid eutrophication or its discharge into the River Nile
must be prevented, if this is at all possible to avoid non toxic and toxic pollutants.
It is also recommended to continue such type of investigations to follow up the
water quality of the River Nile to diagnosis the early deterioration of the water
quality and take all the requirements and precautions to prevent these
deteriorations.

Egyptian J. of Phycol. Vol. 5, 2004 -30 -



Phycological Assessment of Water Quality of River Nile Delta-Egypt.

Table (5): Phycological assessment of water quality characterization at El -Rahawi,
El-Zaait and EI - Serw during the period of April 1998 to April 1999. The stations
1,2,3,3 and 4 refer to up-stream, discharge, mixed, sulfur discharge and down
stream respectively.

Sites El-Rahawi Kafr El-Ziaat El-Serw
Months 1 2 3 4 1 2 3 3* 4 1 2 3 4
Apr. 98 370 | 1.80 | 1.60 | 2.50 | 3.08 | 1.00 | 1.80 | 250 | 2.30 | 3.20 | 2.10 | 2.80 | 3.09
Jun. -98 290 | 110 [ 245 | 270 | 310 | 0.98 | 2.05 | 2.34 | 2.88 | 269 | 1.30 | 2.08 | 2.11
Aug. -8 ? 270 [ 0.87 [ 1.80 | 220 | 252 [ 085 | 1.10 | 0.96 | 2.80 | 250 | 1.10 | 1.96 | 2.20
Oct. -98 § 310 | 1.40 [ 198 | 250 | 270 | 1.20 [ 207 | 210 | 250 | 3.03 | 1.73 | 212 | 2.84
Dec. -98 i 340 | 1.60 | 210 | 220 | 3.37 | 063 | 2.06 | 2.97 | 3.10 | 362 | 2.01 | 267 | 3.26
Feb. 99 | <[ 385 | 220 | 270 | 332 | 335 | 1.80 | 297 | 3.25 | 330 | 3.70 | 2.32 | 268 | 3.2
Apr. -99 378 | 1.00 | 1.67 | 270 | 3.02 | 0.67 | 2.00 | 253 | 2.80 | 3.30 | 1.60 | 1.96 | 2.95
Apr. -98 1.95 | 355 | 284 | 231 [ 2.00 | 1.50 | 2.65 | 220 | 2.40 | 2.00 | 2.90 | 250 | 2.18
Jun. -98 255 | 336 | 315 | 265 | 1.00 | 1.95 | 217 [ 2.00 | 2.00 | 1.95 | 2.30 | 2.20 | 2.00
Aug. 98 | ‘8| 210 | 3.73 | 320 | 2.70 | 2.30 | 1.98 | 2.00 | 2.00 | 2.0 | 1.90 | 3.30 | 2.20 | 2.15
Oct. -98 % 2.00 [ 357 [ 200 | 200 | 200 | .70 | 2.30 | 2.26 | 2.00 | 1.95 | 355 | 2.36 | 2.10
Dec. 98 | £[1.80 | 360 | 320 | 2.16 | 1.00 | 1.35 | 355 | 3.00 | 3.55 | 1.63 | 355 | 3.15 | 1.98
Feb. -99 @ 090 | 360 | 2.60 | 1.10 | 1.55 | 1.95 | 3.55 | 356 | 3.95 | 1.35 | 3.60 | 3.20 | 2.90
Apr. -99 1.00 | 288 | 1.90 | 1.30 [ 050 | 1.95 | 2.30 | 1.95 | 1.95 | 1.90 | 2.08 | 2.00 | 1.95
Apr.-98 092 | 046 | 0.66 | 0.64 | 0.74 | 050 | 048 | 0.63 | 0.70 | 0.86 | 0.45 | 0.62 | 0.64
Jun. -98 S 0.8 | 042 | 072 | 0.78 | 067 | 0.11 | 052 [ 0.60 | 0.62 | 0.76 | 0.36 | 0.48 | 0.63
Aug. 98 g_ 072 | 030 | 054 | 0.56 | 0.74 | 0.99 | 0.99 | 0.69 | 0.71 | 0.79 | 0.24 | 056 | 0.77
Oct.-98 | 2/ 075 | 036 | 0.58 | 057 | 0.91 | 0.96 | 0.94 | 0.87 | 0.90 | 0.92 | 0.39 | 063 | 0.71
Dec. -98 g_ 1.16 | 055 | 0.76 | 0.84 | 0.89 | 1.00 | 0.58 | 0.67 | 0.66 | 1.02 | 0.53 | 0.83 | 0.88
Feb. -99 /w‘i 0.87 | 0.64 | 0.79 | 0.83 | 0.96 | 1.00 | 0.90 | 0.88 | 0.92 | 1.00 | 0.60 | 0.84 | 0.84
Apr. -99 Ol 083 [ 052 | 0.78 | 0.83 | 0.82 | 1.00 | 0.67 | 0.67 | 0.76 | 0.89 | 0.54 | 0.73 | 0.76
References

Abdel-Hamid, M.1.; Shaaban — Dessouki, S. A. and Skulberg Omm (1992).
Water quality of the River Nile in Egypt I. Physical and chemical
characteristics. Arch. Hydrobiol. Suppl., 90 : 283 -310.

Adam, M.S. (1993). Effects of waste - water on phytoplankton in the River Nile
at Manquabad, Assiut, Egypt. Bull. Fac. Sci. Assuit Univ., 22 (2-D): 83 -95.

American Public Health Association (APHA) (1989). Standard methods for the
examination of water and waste water, sewage and industrial wastes. 16"
Ed. New York, P. 1193.

Aziz, Q.; Inam, A. S. and Siddiqi, R. H. (1996). Long term effects of irrigation
with chemical industry wastewater. J. Environm. Sci. Health., A31 (10):
2595 - 2620.

Clifford, H. T. and Stephenson, W. (1975). An introduction to numerical
classification. Academic Press, London: 229p.

Egyptian J. of Phycol. Vol. 5, 2004 -31-



Sami A. Shaaban et al.

Danilov, R. and Ekelund, N. G. A. (1999). influence of wastewater from the
paper industry and Uv- BlIradiation on the photosynthetic efficiency of
Euglena gracilis. J. Appl. Phycol., 11: 157-163.

Doudoroff, P.and Katz, M. (1953). Sewage Ind. Wastes. 25-802.

Elewa, A. A.; Masoud, M. S. and Abdel — Halim, A .M. (1995). Limnological
study on the Nile water of Egypt. Bull. NRC, Egypt, 20 (4): 437 - 450.
El-Naggar, M.E.E.; Shaaban — Dessouki, S. A., Abdel-Hamid, M.I. and Aly,
E.A. (1997). Effect of treated sewage on the water quality and
phytoplankton populations of lake Manzala, (Egypt), with emphasis on

biological assessment of water quality. Microbial., 20: 253-276.

Fairchild, G. W.; Sherman, J. W. and Aker, F.W. (1989). Effects of nutrient
(N, P and C) enrichment, grazing and depth upon littoral periphyton a soft
water lake. Hydrobiol., 173 :69 -83.

Gil, M.; Cortigio, M.; Barriouevo, A. D. and Arias, J. A. (1989). Rapid
determination of the urban wastewater pollution. J. Environm. Sci. health,
24 (4) : 323 -330.

Golterman, H. L. (1999). Quantification of P-flux through shallow, agricultural
and natural wastes as found in wetlands of the Camargue (S- France).
Hydobiol., 392 : 29-39.

Grover, J. P.; Sterner, R. W. and Robinson, J. L. (1999). Algal growth in
warm temperate reservoirs : Nutrient - dependent kinetics of individual taxa
and seasonal patterns of dominance. Arch. Hydrobiol., 145 (1): 1-23.

Huszar, V. D. M. and Caraco, N. F. (1998). The relationship between
phytoplankton compodition and physical - chemical variables: a
comparison of taxonomic and morphological - functional descriptors in six
temperate lakes. Fresh Wat. Biol., 40: 679-696.

Hickman, M. (1980). Phosphorus, Chlorophll and eutrophic lakes. Arch.
Hydrobiol., 88:137-145.

Juttner, |.; Rothfriz, H. and Ormerdo, S. J. (1996). Diatoms as indicators of
river quality in Nepalese Middle Hills with consideration of the effects of
habitat - specific sampling. Fresh Wat. Biol., 36:475-486.

Knuuttila, S.; Pietilainen, O. P. and Kauppi, Z. (1994): Nutrient balances and
phytoplankton dynamics in two agriculturally loaded shallow lakes.
Hydrobiol., 275/276: 359 -3609.

Kulka, E. J. and Richards, C. (1996). Relating diatom assemblage structure to
stream habitat quality.J. North Amer.Benthiol. Soc., 15:469-480.

Kwandrans, J.; Eloranta, P.; Kawecka, B. and Wojtan, K. (1998). Use of
benthic diatom communities to evaluate water quality in rivers of southern
Poland. J. Appl. Phycol., 10: 193 - 201.

Leester, W. F. (1975). Polluted River : River Trent England. In: River Ecology.
Whitton BA.(Ed.). Oxford, 725p.

Egyptian J. of Phycol. Vol. 5, 2004 -32 -



Phycological Assessment of Water Quality of River Nile Delta-Egypt.

Moss, B. (1973). The influence of environmental factors on the distribution of
freshwater algae: An experimental study. Il -The role of pH and carbon
dioxide. J. Eol., 61: 157-177.

Mohammed, A. A.; Ahmed, A. M. and Ahmed, Z. A. (1986). Studies on
phytoplankton of the Nile system in upper Egypt. Limnol. (Berlin), 17: 99-
117.

Mukai, T. (1987). Effects of surrounding physical and chemical environment on
the spatial heterogenity in phytoplankton communities of Hiroshima Bay,
Japan. J. Coastal Res., 3 (3) : 269-279.

Mullineaux, C. W. (1999). The plankton and the planet. Science, 283: 801 -802.

Nie, N. H.; Hull, C. H.; Jenkins, J. G.; Steinbrenner, K. and Bent, D. H.
(1975). SPSS statistical Package for the Social Sciences, 2™ ed. McGraw -
Hill, New York.

Polishchuk, L. V. (1999). Contribution analysis of disturbance caused changes
in phytoplankton diversity. Ecology, 80 (2): 721 -725.

Romo, S. and Miracle, R. (1994). Population dynamics and ecology of
subdominant phytoplankton species in shallow hypertrophic lake, Albufera
of Valencia (Spain). Hydrobiol., 273: 37-56.

Saad, M .A. H. and Abbas, M. A. (1985). Limnological investigation on the
Rosetta branch of the Nile. Il. Seasonal variation of nutrients. Fresh Wat.
Biol., 15: 655 - 660.

Seiki, T.; Date, E. and Izawa, H. (1991). Eutropication in Hiroshima Bay. Mar.
Poll. Bull., 23:95-99.

Shaaban-Dessouki, S. A.; Soliman, A. I. and Deyab, M. A. (1993).
Environmental characteristics and nutrients distribution in Damietta Estuary
of the River Nile. J. Environm. Sci. Mansoura Univ., Egypt, 6: 159- 177.

Soria, J. M.; Miracle, M. R. and Vicente, E. (1987). A porte de nutrientes y
eutrofizacion de la albufea de Valencia. Lmnetica, 3; 227 -242.

Steed, J. M. and Morin, P. J. (2000). Biodiversity, density compensation and the
dynamics of populations and functional groups. Ecology, 81 (2): 361-373.

Tebbutt, T. H. Y. (1977). Principals of water quality control. 3" ed. Pergamon
Press. Robert Maxwell, M.C. Publisher, 201P.

Ter Braak, C. J. F. (1987). The Analysis of vegetation — environment
relationships by Canonical Correspondence Analysis (CCA).

Tilman, D.; Kiesling, R.; Sterner, R.; Kilham, S. and Johnson, F. A. (1996).
Green, blue green and diatom algae, Taxonomic differences in competitive
ability for phosphorus, silica and nitrogen. Arch. Hydrobiol., 106 (4): 473-
485.

Villegas, I. and Giner, G. D. (1973). Phytoplankton as a biological indicator of
water quality. Wat. Res., 7: 479 - 487.

Vollenweider, R. A. (1971). Scientific fundamentals of eutrophication of lakes
and flowering waters, with particular reference to nitrogen and

Egyptian J. of Phycol. Vol. 5, 2004 -33-



Sami A. Shaaban et al.

phosphorus as factors in eutrophication - Technical Report DAS/CSI/18-27,
OECD, Paris, 250p.

Sl gt olsa Baga il Aptatal) g Ailiast) 5 43l Sull) (ailadd) aladin
L) Adhie B

aia P Gl e deaa 8 gaal) Glrd daa) el
SJ_MJAJ/{LA‘b-f‘}M/M_dw/M.*
5 ) sacriall duals - Dluos o slel) LIS - Cluil] auid ##

Lgeladil g Apladall clailedl Ay 3y e Jall olae 2 ga Al o ) Easall 138 Caagy
A5l Galladll il 3 e 3 0e Cugbill s siaa ol aall B3y (bl aslan Jias
3 sl ddhie o g Jaill yei Ulay (Sslall g il L) @l ge 2335 Laal o5 1305 olaall Alaasl
Grotaa L (Al (d) g 8) Sl S dihiagdel ) )y dypme gl b Gy 23,8 A4l
Gl gle Lgrs (bl g ) (A 5yl Alaia g (< S pian 5 13 guall gias) eliall &bl
00 21999 Sl s 1998 Jan) (e e S il gaani iy Ay gumal) il slall ams e A )
- Ll dslaie - Ledld oyl sle - o paall ol Jaladl J Jill olse ¢ aBige IS 8 s o )
bl i dskhaie A (bl Giilaae ) ABLYL Llal) dslaie 2 Jaill obie

o i Lealina alala 214 ellia o ddalal) cilailell 2uas 5 Ao il il jall Canaf
(0o 28) A8 )l ol il alladall g (uia 71) e giladl 5 (Uil 1) ol sl o lladall
Lol Lol aaad Al J W) alaall 848 ) hall o) jumdl) cadladall iS5 (uia 24) Lida sill 5
& & sl Gl plasiuly g Aplatall ilailell Aal) ABKH ulu) Jiad Ldld Ll sal) Ll e il
sl dlle Ll o Slla g gl ulila (e dmiiie aly o puall (3hlia <l ddatall cilailel)
by sl AL g ddle L el duladall clailell (nil) (il plasinlyy Gilasal) il oo
O el 33l 3 Jaill ole Jiala Gy a3 Jiy 40l 5 (o eaall aliad il o glill (5 gise o a0 sl
Lpnplall ol g2l aladinly olall 83 5a Jlgdl) ay 1508 S s o il wasiy Haadll
hliall Alasl 5 dnphall Gailadll il Cua & pall Ganliall aladiul Lt s 4bas
dilaie 8 sl Aglle Jill slpe o) (ldlaall (p A8l o) ) o lal) o) ja e <o 3l ) Al )
ol oo A Al a iy, il slall odgn Jalal) aay Aihaie o il LeS Lalal) ddlata 8 &5 gla g o puall
I Al 1 i) e el e 5 el i shall (e oyl sla syl Jll & iyl
-l ol 53 gy Ll 5 il (S dpdalall clailg) aladiny (5550

Egyptian J. of Phycol. Vol. 5, 2004 -34 -



