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Abstract 

Water quality and phytoplankton standing crop were monitored seasonally for a 

year. Seasonal variability in effluent discharge explained much of the variation in water 

quality parameters; however, deviations from this correspondence were significant.  

Nutrient (N and P) concentrations remained low through late fall and suddenly increased, 

which was hypothesized to be due to turnover in this large, relatively deep river.  Algal 

biomass increased earlier than nutrients, but decreased rapidly in early winter and 

remained low for approximately 3 months.  The winter decrease in algal biomass was 

hypothesized to be caused by elevated turbidity levels in the River Nile - associated with 

hyacinth removal and channel dredging activities. Diatoms dominated the phytoplankton 

throughout the year, with greater relative abundances of green algae near the city. 

Aulacosira granulata was the dominant species throughout the period of study. The city 

affected water quality by increasing the concentrations of nutrients and most other ionic 

compounds, as well as algal biomass 
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Introduction 

Urbanization, as a landscape-level process, is considered a long-term 

disturbance with cumulative effects (Weaver and Garman, 1994). Urbanization 

adversely affects stream ecological condition through increased storm water 

runoff, erosion and sediment loading, as well as changes in substrate composition, 

water temperature, reduced base-flow, and elevated concentrations of nutrients 

and toxic substances (Jones and Clark, 1987; Walsh, 2000). These impacts may 

affect the structure and function of biological communities, including their 

development, species composition and within-watershed distribution (Fitzgerald 

et al., 1998; Miltner et al., 2004). Since the early 20
th
 century, substantial research 

has been conducted to assess the integrity of stream ecosystems and ecological 

processes based on biological communities (e.g. Jones and Clark, 1987; 

Fitzgerald et al., 1998).  

 Large rivers are important ecosystems that provide many uses for humans 

and other organisms. Assessment of the ecological health of large rivers is the 
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subject of new research programs in the United States (Great Rivers 

Environmental Monitoring and Assessment Program) and in Europe (Water 

Framework Directive) (USEPA, 2002; Griffiths, 2002). Planktonic algae have a 

key function in large rivers (Wehr and Descy, 1998) and should be a central 

component of efforts directed at assessing the ecological condition of such 

systems. Algal communities are major producers of organic carbon in larger 

rivers, are a food source for planktonic consumers, and may represent the primary 

source of dissolved oxygen in many low-gradient rivers (Reynolds and Descy, 

1996). Phytoplankton are responsive to excessive supplies of inorganic nutrients 

and may pose problems related to low dissolved oxygen concentrations, as well as 

taste, odor, filter clogging, and toxicity problems in water supplies (Palmer, 

1962).  But phytoplankton in moderate densities can also enhance water quality 

for humans in rivers by taking up nutrients directly and fueling the biological 

processes that breakdown many contaminants (Wehr and Descy, 1998).  Many 

studies have documented the use of algal community structure in large-scale 

analyses of water quality in streams and lakes (see reviews in Witton et al., 1991; 

Lowe and Pan, 1996; Stevenson and Smol, 2003).  

 Great interest has been shown in some aspects of the Nile water quality 

and ecology. El Nayal (1935 and 1936) – a pioneer investigator of Egyptian fresh 

water algae. He was able to increase the number of reported species from 136 to 

379, with representatives of most known algal phyla. Abdin (1948a and b) studied 

the water quality of the River Nile near Aswan and Cairo in relation to algal 

growth.  After construction of the Aswan High Dam, agricultural and industrial 

human activities led to dramatic changes in the River Nile water chemistry. Now, 

the River Nile has the highest dissolved salt concentration of the major African 

rivers (Dekov et al., 1997). The concentrations of P, N, Si, Ca and Mg in the 

River Nile have been affected by progressive increases in nutrient loading from 

agricultural and urban activities (Mahmoud, 1989) as well as regulation of river 

discharge. A seasonality of phytoplankton was also observed (Massoud and 

Abbas, 1985).  

 The scope of our investigation was restricted for relating the seasonal and 

spatial variability in physicochemical parameters, as well as abundance of 

phytoplankton, to environmental factors, river discharge and water temperature 

were hypothesized to be the most important seasonal factors due to their effect on 

retention time, growth rate, and accrual of phytoplankton in rivers (Reynolds and 

Descy, 1996; Wehr and Descy, 1998). We hypothesized that discharge from a city 

would be an important determinant of the spatial patterns in the ecological 

characteristics of the River Nile, but that the level or degree of resilience 

demonstrated by the river would be detected with a recovery in water quality 
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downstream. To test these hypotheses we measured physicochemical and 

phytoplankton parameters in the River Nile monthly for a year at locations 

upstream, immediately downstream, and far downstream from Beni Suef  (Figure 

1) 

 

 

 

 

 

 

 

 

 

 

 

 

 

Figure (1): Map of Egypt showing the three sampling sites. 

Materials and Methods 

Algal populations and water quality were studied at three sites on the 

main stream of the River Nile near the Beni Suef Governorate (Figure 1 – map). 

These sites were: (Site 1) located 30 km upstream from the city of Beni Suef at El 

Fashn; (Site 2) at the city of Beni Suef to determine effects of a city discharge; 

and (Site 3) located 30 km downstream from the city of Beni Suef at El Wasta to 

determine recovery from city effects. The population of Beni Suef city is 

approximately 200,000 while land use both upstream and downstream of the city 

consists mainly of intensive agriculture. In the city, on the west side of the River 

Nile, there are many clubs and a marina for berthing traveling ships, which 

discharge their wastes directly into the river. On the east side of the river, there is 

an industrial zone which contains cement factories, factories for drying and 

processing of agricultural crops, a  medical  supplies factory, and many poultry 

farms. In the middle of the River Nile there is an island that is cultivated for much 

of the year, except during the summer months when it is often inundated by rising 

flood waters.  The climate is hot and dry during the summer and warm and 

usually dry during the winter months. River discharge is regulated by summer 

rainfall in the headwaters of the Nile and by water releases from the Aswan High 
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Dam, which is located more than 700 km upstream from the city of Beni Suef. In 

addition, low head dams and locks regulate water depth in the river to sustain 

navigation by large ships. The River Nile is large in the study area, with an 

average width of approximately 750 m and an average depth of 7 m.    

Water samples were collected monthly from the three selected locations 

for one year from July 2005 to June 2006. Sub-surface water samples were taken 

(1-m depth) from all sites in wide-mouthed 1.0 L capacity polyethylene bottles. 

Composite samples were obtained by mixing five replicate samples collected 

from different locations within each sampling site. The samples used for nutrient 

analysis were filtered through 0.45 μm-pore diameter membrane filters 

(Whatman, Inc) before analysis. 

 Water transparency was measured with a (20 cm diameter) Secchi disc. 

Water temperature was measured by using a mercury thermometer.  Water pH 

values were recorded with an Orion 210 digital pH meter. Water alkalinity was 

determined by the potentiometric titration method as described in APHA (1989). 

Dissolved oxygen and chemical oxygen demand (COD) were determined by the 

procedures cited in APHA (1989).  Nitrate and ammonia concentrations were 

determined colorimetrically by reacting with sodium salicylate and sulphuric acid, 

or ammonium chloride solution and Nessler’s reagent, respectively, according to 

Markus et al. (1985). Phosphate, silicate and sulphate were determined according 

to APHA (1989). All other analyses except chlorophyll were done according to 

APHA (1992). Chlorophyll a concentrations were estimated 

spectrophotometrically according to Parsons and Strickland (1965) after 12 h 

extraction in 90% acetone in a dark freezer. 

 Phytoplankton samples were collected at three month intervals to provide 

the basis for a quantitative analysis of cell densities and the taxonomic 

composition of algal populations. The samples (collected as above) were 

preserved with 4% formalin and concentrated by sedimentation (Stein, 1973). For 

diatom counts, samples were cleared first by conc. Nitric acid and mounted on 

glass microscope slides with Canada balsam. Quantification of phytoplankton was 

performed microscopically using a haemocytometer. Algal cells in all the squares 

in the grid were counted, which represented at least 0.1 ml of water and a 

minimum cell count of 10
4
 cells. The cyanoprokaryotic and eukaryotic 

phytoplankton were identified to species according to the following references: 

Smith (1950), Prescott (1954), Bourrelly (1970; 1972; 1981), Desikachary (1959). 

Statistical analysis  

Seasonal variation in water quality parameters was evaluated by 

identifying groups of variables with similar seasonal patterns and by comparing 

differences in conditions among them. Similarity in seasonal patterns of water 
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quality parameters was analyzed with results from the 12 sets of monthly 

samplings at the 3 locations in the River Nile and with principle components 

analysis using the statistical program SYSTAT
®
 version 10.  Groups of variables 

were identified based on their similar loading on the principle components axes.  

All other statistical analyses were conducted with the statistical program R.  We 

tested the hypothesis that water quality parameters varied among months with a 

one-way analysis of variance using month as a factor and the three observations at 

the three River Nile locations as replicates (n=36). Tukey's ‘Honest Significant 

Difference’ (Tukey HSD) method was used to test the null hypothesis that 

differences did not occur between the compared months for all possible 

combinations of months.  The Tukey HSD created a set of confidence intervals 

for the differences between the means resulting in multiple comparisons with the 

specified family-wise probability of equality between means (P<0.05). 

The effects of Beni Suef on water quality in the River Nile were 

determined with paired comparisons.  Two paired comparisons were calculated 

for each parameter.  The effect of city was determined with the comparison 

between values near the city and upstream for each monthly sampling period 

separately (n=12) or for season sampling periods (n=4), depending upon the 

frequency of measurement of the water quality parameter.  The other comparison 

was the same, but to determine recovery from the city effect by comparing 

conditions downstream and near the city.  The hypothesis that the mean difference 

between locations was significantly different than zero was determined with a t-

test.  Percent recovery for each water quality parameter was calculated by 

dividing recovery by the city effect and multiplying by 100.  

Results 
Seasonal patterns 

River Nile waters were warm and turbid with relatively high ionic and 

nutrient concentrations when compared to most freshwater ecosystems in Africa 

(Table 1).  Water temperature ranged between 16 and 30
°
C.  Sodium, potassium, 

calcium, and magnesium were greater that 20, 2, 14, and 8 mg L
-1

, respectively.  

Chloride concentrations were between 105 and 280 mg L
-1

.  Total hardness, 

alkalinity, carbonate, and bicarbonate were greater than 25, 90, 7, and 150 mg L
-1

, 

respectively.  pH was between 7.4 and 8.4.  Nitrate and phosphate concentration 

ranged from 1.5-70 mg L
-1 

and 4.5-150 µg L
-1

, respectively. 

 Waters of the River Nile near Beni Suef were turbid and productive 

(Table 1).  Turbidity and Secchi disk transparency ranged from 2.2-15.6 NTU and 

44-80 cm, respectively.  Total suspended matter (TSM) ranged from 3-85 mg L
-1

. 

Total soluble salts (TSS) ranged from 2.4-4.3 mg L
-1

. COD ranged from 0.3-4.3 

mg L
-1

.  Chlorophyll a ranged from 5.4-12.4 μg L
-1

.  Surface waters of the Nile 

remained oxygenated with a range between 8.8 and 19.6 mg L
-1

. 
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Table (1): Monthly records of the physical and chemical parameters at the three sites 

during the period of study. 
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T. 

(cm) 

I 75 78 57 65 60 63 48 63 60 80 74 75 

II 60 75 47 62 55 55 44 60 55 75 65 70 

III 69 76 55 64 55 58 45 62 60 75 70 70 

Tur.  

(NTU) 

I 3 2.5 8.6 3.4 8 4 14 4.6 6.4 2.2 3.5 2.2 

II 4.1 2.7 9.3 3.7 8.8 9.5 15.6 5.2 7.1 3.4 3.8 2.7 

III 3.5 2.7 8.5 3.5 8.3 9.6 13.5 4.5 6.3 3.2 3.4 2.2 

Temp 

 (C) 

I 28.5 30 27.5 25 19.5 16 17 18 21 22 24 26.5 

II 28.5 30 28.5 25.5 19.5 16.5 17.5 19 21.5 22.5 25 27.5 

III 28 30 27 24.5 19 16.5 17.5 18.5 21 22 25 27 

pH 

value 

I 7.8 8.15 7.8 7.9 7.9 8.2 8.3 8.2 8.3 7.8 8 7.6 

II 7.8 8 8 8 7.9 8.3 8.3 8.3 8.4 8 8 7.8 

III 7.6 8 7.9 7.8 7.9 8.2 8.2 8 8.3 7.8 8 7.4 

D O 

mg/L 

I 11.1 15 14.6 16.8 19.6 13.8 13.8 14.8 12 14.5 15 10 

II 8.8 13.5 13.4 15.7 18.4 12.6 13.8 12.6 11.5 13.8 14.6 8.8 

III 10.5 14 13.9 16 19.2 13.2 13.8 13.5 11.5 14 14.8 9.5 

T Alk 

(mg/L) 

I 120 120 135 130 130 140 140 145 125 135 195 90 

II 135 125 138 135 145 185 145 140 130 130 125 95 

III 130 125 136 132 135 155 140 140 130 130 130 95 

T Har 

(mg/L) 

I 27.6 35 37.8 36 36.5 38.2 37 37.4 36.5 41.8 36.2 33 

II 31.2 38.5 39.4 37.5 41 41.5 40 37.8 37.8 43 37.8 28.5 

III 31 36.5 38.6 37 38.6 39.8 38.6 37.5 37 42 37.8 30.8 

Cl 

(mg/L) 

I 105 106.5 106 106.5 106.5 106.5 106.5 105 210 170 170 106.5 

II 240 140 142 142 160 140 142 175 190 280 170 250 

III 190 115 110 110 120 115 125 130 170 210 170 180 

S 

(mg/L) 

I 13 16 11 12.5 16 25 30 25.5 26.5 20 26 16 

II 19 19 13.5 15 17 31.4 33 25.5 27 26 30 16 

III 15 17 13 13.5 17 28 32 25 26 21 27 16 

Carb. 

(mg/L) 

I 7.5 15 15 15 7.5 7.5 7.5 7.5 15 15 7.5 7.5 

II 7.5 15 15 7.5 7.5 7.5 7.5 7.5 15 15 7.5 7.5 

III 7.5 15 15 7.5 7.5 7.5 7.5 7.5 15 15 7.5 7.5 

Bicar 

(mg/L) 

I 180 175 183 213.5 183 210 213.5 213.5 213.5 189 153 180 

II 210 200 213.5 200 213.5 210 213.5 213.5 213.5 189 180 198 

III 198 180 200 200 200 210 213.5 213.5 213.5 189 165 188 

N 

(mg/L) 

I 4 3.2 1.5 4.7 7.5 50 70 35 24 40 5 5 

II 7.5 4.1 1.5 5.2 10 70 70 38 25 50 5 5 

III 5.5 3.6 1.5 4.8 8 55 70 38 25 45 5 5 

P 

(µg/L) 

I 13 7.5 4.5 20 5 100 50 100 85 50 10 10 

II 18.5 11 5 24 10 100 150 150 100 100 10 10 

III 16.2 9.6 5 24 8 100 120 110 92 85 10 10 

S 

(mg/L) 

I 350 155 112 35 25 265 360 210 315 160 250 300 

II 385 200 185 55 50 280 435 275 395 240 370 420 

III 365 170 135 48 35 260 385 235 365 210 310 340 

COD 

(mg/L) 

I 1.6 0.8 0.3 2.6 3.9 2.5 2.1 2.3 2.5 1.3 1.8 1.7 

II 1.9 1 0.3 3.3 4.3 3 2.3 2.3 3 2 2 2 

III 1.6 1 0.3 2.9 4 3 2 2.3 2.8 1.5 2 1.9 

T Chl. 

(µg/L) 

I 6.45 6.1 6.8 8.6 8.9 9.3 4.9 4.8 5.4 10.2 9.6 10 

II 8.9 8.5 9 11.2 11.8 11 6.8 6.3 6.5 12.4 10.8 11.1 

III 7.5 7.4 8.2 9.8 10.6 10 6 5.8 6.3 10.8 10.6 10.5 

Ca 

(mg/L) 

I 18 25 27 25 26 26 23 25 20 27 26 14 

II 21 27 28 27 29 26 25 26 26 28 27 17 

III 20 27 27.5 26.5 28 26 25 25 24 28 26 15 

Mg 

(mg/L) 

I 9.6 9 10.8 11.4 10.8 12 14.4 11.4 10.6 14.5 11 9 

II 10.4 11.4 11.4 12 12.4 14 15.8 12 12.1 15 11 9.8 

III 10.2 10.6 11 11.7 11.5 13.4 14.9 12 11.5 15 11 9.4 

K I 5 6 6 6 4.3 3.7 3.1 3.7 2.5 6.1 6.5 5 
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(mg/L) II 6 6.5 6.5 6.4 5 3.7 3.9 3.8 3.1 6.9 8 6.5 

III 6 6.5 6.5 6 4.6 3.7 3.3 3.7 3 6.5 7.3 6 

Na 

(mg/L) 

I 25 27 32 29 20.5 39 38.5 38.5 23 29 27.5 25 

II 28.5 29.5 32 30 22.4 39 46 39 25 29 28 26.5 

III 27.4 26.2 32 30 21.6 28 42.5 39 23.8 29 28 26 

T.S.S. 

(mg/L) 

I 2.4 2.4 2.7 2.4 2.6 2.4 3.1 2.3 2.8 2.4 2.6 2.4 

II 4 2.9 2.8 3.6 3.2 2.8 3.9 3.5 4.3 3 2.6 3.3 

III 3.6 2.6 2.8 2.8 3 2.5 3.4 3.1 3.3 2.6 2.6 2.8 

T S M 

(mg/L) 

I 11 28.5 7 19 13 3 3 43 11 15 18 49 

II 18 42.1 14 85 38 8 7.5 59 19 28 33 65 

III 14 34.6 9.6 33 19.8 7 4.8 45 14 20 24 54 

T=Transparency, Tur=Turbidity, Temp=Temperature, DO=Dissolved oxygen, T Alk=Total alkalinity, T 

Har=Total hardness, Cl=Chlorides, S=Sulphate, Carb=Carbonate, Bicar=Bicarbonate, N=Nitrate, 

P=Phosphate, S =Silicate, COD=Chemical oxygen demand, T Chl.=Total chlorophyll, Ca=Calcium, Mg 

=Magnesium, K=Potassium, Na=Sodium, T.S.S.=Total Soluble salts, TSM=Total suspended matter. 

 

Ordination of water quality attributes indicated differences in seasonal 

patterns of groups of environmental parameters. The first two principle 

components explained 34.0 and 16.5% of the variation among variables. Nitrate, 

phosphate, and sulfate were most highly and positively correlated with the 1
st
 

PCA axis, while temperature was most negatively related to that axis (Figure 2).   

 

 
 

Figure( 2): Ordination of water quality attributes at the sampling sites over a 12 

month period in the River Nile at Beni Suef Governorate using principle components 

analysis (PCA).  Codes: Alkalinity (Alk), Bicarbonate (HCO3), Calcium (Ca), 

Carbonate (CO3), Chemical Oxygen demand (COD), Chlorides (Cl), Chlorophyll a 

(Chl), Dissolved oxygen (DO), Hardness (Hard),  Magnesium (Mg), Nitrate (NO3), 

pH, Potassium (K), Silicate (Si), Sodium (Na), Soluble reactive phospate (SRP), 

Sulphate (SO4), Temperature (Temp), Total soluble salts (TSS), Total suspended 

matter (TSM), Transparency (Trans), and Turbidity (Turb). 
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These parameters had opposite seasonal cycles.  Temperature was highest 

in August and lowest in December (Tukey HSD, p<0.005), with a relatively 

smooth sinusoidal pattern during the year.  Nutrients were low in the summer and 

fall, increased dramatically between November and December, and then 

decreased to the summer minimum (Tukey HSD, p<0.005).   

Sulfate, magnesium, sodium, pH, alkalinity, hardness, turbidity and 

silicate also had summer minima and winter maxima (Table 1) and were 

correlated relatively well to the 1
st
 PCA axis.  Seasonal changes in concentrations 

were relatively greater for silicate and sulfate than for other variables in this 

group.  Silicate differed seasonality from other nutrients (nitrate and phosphate) 

by persisting in high concentrations during the spring and then decreasing to a 

summer minimum.  This persistence of relatively high concentrations from winter 

through spring was the same for most of this second group of parameters that 

were positively correlated to the 1
st
 PCA axis.  Turbidity was the most changing 

variable from month to month in this group of parameters.  

 Dissolved oxygen, calcium, and hardness were highly correlated with the 

2
nd

 PCA axis.  These parameters had their lowest values in June and July and 

highest concentrations throughout the rest of the year (Tukey HSD, p<0.005). 

 Algal biomass varied with seasonal averages ranging from 4-10 μg chl a 

L
-1

 (Table 1) and 15.79 X 10
6 
- 73.52 X 10

6
 cells L

-1
 (Figure 3).  Greater biomass 

was observed during the fall and spring months compared to the summer and 

winter months (Tukey HSD, p<0.001).  This seasonal pattern was substantially 

different from other temporal patterns in discharge, temperature, and water 

chemistry.  Chlorophyll a was lower during the high discharge period from July 

through September than during either of the preceding or following three months 

periods (Tukey HSD, p<0.005).  However, the sudden decrease in chlorophyll a 

from December to January and persistently low algal biomasses from January 

through March (Tukey HSD, p<0.005) do not correspond to the predictable 

sinusoidal pattern in discharge in the River Nile.  Variations in chl a 

concentrations were not correlated to most other environmental variables in both 

ordination and individual correlation analyses.  Chl a was not loaded highly on a 

PCA axis until the 4
th
 axis, when it and K were positively correlated and pH was 

negatively related to the fourth axis (Figure 2).  Simple Pearson correlation 

coefficients among chl a, K and pH were respectively 0.573 and -0.459, but only 

the relationship between the chl a and K was statistically significant when 

multiple tests were accounted for (Dunn-Sidak probabilities, P=0.005). 

A total of 123 algal species were recorded from the River Nile samples in 

this investigation. Among the identified taxa, 48 belong to Chlorophyta, 41 to 
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Bacillariophyta, 31 to cyanobacteria and 3 to Euglenophyta. Blooms of diatoms 

were recorded throughout the year dominated by Aulacosira granulata, 

Tabellaria fenestrata, and Fragilaria construens. Chlorophyta were dominated by 

Dictyosphaerium pulchellum, Chlorella vulgaris and Ankistrodesmus falcatus var. 

acicularis. Microcystis aeruginosa was the dominant cyanobacterial species. 

  

 

 
 

Figure (3): Seasonal variations in a) all algae, b) cyanobacteria, c) green algae and  

d) diatoms at the sampling sites along the River Nile at Beni Suef Governorate. 

 

Abundance patterns of diatoms, green algae, and cyanobacteria varied 

similarly among seasons with higher counts during fall and spring than winter and 

fall.  However, relative changes in these divisions of algae did vary among 

seasons (Table 2). Diatoms were more abundant than green algae.  Cyanobacteria 

had relative abundances less than 11% and euglenoids were relatively rare.  

Cyanobacteria relative abundances were highest during autumn (Tukey HSD, 

p<0.005).  Green algae were relatively low in spring and diatoms were relatively 

high in spring (Tukey HSD, p<0.001).  Euglenoids were also relatively high in 

spring (Tukey HSD, p<0.005). 
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Table (2): Seasonal variation in the percent composition of the different algal groups at 

each sites (S1=upstream, S2=city, S3=downstream). 

 
Seasons Blue green Green Diatoms Euglenoids 

S 1 S2 S3 S 1 S2 S3 S 1 S2 S3 S 1 S2 S3 

Summer 5.58 4.84 4.89 35.85 36.25 35.13 58.43 58.64 59.75 0.12 0.25 0.21 

Autumn 9.26 11.31 10.73 38.03 41.86 41.25 52.63 46.65 47.89 0.05 0.16 0.10 

Winter 5.45 5.43 5.31 36.78 42.65 40.90 57.75 51.91 53.78 0 0 0 

Spring 4.14 4.65 4.50 20.26 26.15 24.46 75.29 68.70 70.61 0.29 0.48 0.41 

 

City effects 

Most water quality variables and algal biomass were higher near the city 

of Beni Suef (site 2) than the other two sites (Tables 1 and 2).  Only transparency 

and DO were lower at the Beni Suef river site than at the other two sites.  For 

most variables, seasonal variability was greater than the city effect.  However, 

city effects were relatively large for silica during winter and spring, phosphate 

during winter, plus chloride, TSM, and TSS throughout the year.  Differences in 

chl a concentrations among sites ranged from 0.5-3.5 μg chl a L
-1

, which was as 

much as 50% of the seasonal variation from 4-10 μg chl a L
-1

. 

 The values for the relative abundances of algal taxa were different for the 

city site when compared to the upstream and downstream sites (Table 2).  

Cyanobacteria did not change predictably among sites, but green algae were 

usually higher and diatoms were usually lower in relative abundance at the city 

site versus the upstream and downstream sites (p<0.005). 
 Recovery in the various water quality parameters at the site located 30 km 

downstream from Beni Suef ranged between 42 and 70% of the effects that were 

considered to be related to the city itself (Table 3).  

 

Table (3): City effect on some parameters recorded at site 2 (with the standard 

error) and their recovery or persistence downstream. 
 

Parameter City effect Persistence % Recovery 

Transparency (cm) -6.25 (1.04) -3.25 (0.57) 48 

Turbidity (NTU) 1.12 (0.41) 0.56 (0.47) 50 

DO (mgL-1) -1.12 (0.19) -0.59 (0.09) 47 
Total hardness (mgL-1) 1.75 (0.67) 1.01 (0.39) 42 

Chlorides (mgL-1) 55.5 (14.6) 20 (9.6) 64 

Sulphate (mgL-1) 2.9 (0.66) 1.08 (0.3) 63 

Bicarbonate (mgL-1) 12.29 (4.6) 5.29 (2.7) 54 

Nitrate (mgL-1) 3.7 (1.7) 1.6 (0.57) 56 

Phosphate (mgL-1) 19.45 (9) 11.2 (6) 43 
Silicate (mgL-1) 62.75 (10.3) 26.75 (5.5) 58 

COD (mgL-1) 0.33 (0.06) 0.15 (0.04) 52 

TSS (mgL-1) 0.77 (0.14) 0.37 (0.09) 52 
TSM (mgL-1) 16.34 (4.8) 4.9 (0.95) 70 

Chl a (μgL-1) 1.93 (0.17) 1.03(0.09) 47 
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Chlorophyll a values decreased approximately 0.9 μg L
-1

 and dissolved 

oxygen increased 0.5 mg L
-1

 from the city to the downstream location.  

Concentrations of nutrients, chloride, suspended solids and organic matter (TSM 

and TSS) decreased from the city to downstream.  

 

Discussion 
Seasonal patterns 

Many water quality parameters were related to seasonal variations in river 

discharge, which is often typified by a sinusoidal seasonal pattern with high flow 

during the summer and low flow during spring (Palmer and O’Keeffe, 1990; Uys 

and O'Keeffe, 1997).  The amplitude of the seasonal variability in River Nile 

discharges has been reduced by the Aswan High Dam (AHD), but the sinusoidal 

pattern persists (Karyabwite, 2000).  The results of our work indicate that algal 

biomass was most probably regulated by river discharge, and then the algal 

populations - as well as river discharge and the breakdown of thermal 

stratification - probably affected other water quality attributes, such as pH, 

alkalinity and nutrient concentrations.   

 In common with the patterns shown for the River Nile, river discharge 

and retention time are commonly identified as the most important attributes that 

regulate phytoplankton biomass in rivers (Descy et al., 1987; Reynolds, 1988).  

Stevenson and White (1995) reported that phytoplankton densities of the 

Kentucky River and its tributaries were highest in fall and summer and lowest in 

the winter, which was inversely related to discharge.  Algal biomass in the River 

Nile increased from summer to fall, i.e. as discharge decreased from highest 

levels and retention time increased.  During this summer-fall period, nutrient 

concentrations were relatively low, compared to the annual average but high 

relative to concentrations that likely regulate phytoplankton growth (Sin et al. 

1999).  Although herbivorous fish and zooplankton consume algae in rivers, they 

probably do not have a major role regulating algal biomass.  Light availability for 

phytoplankton is regulated by suspended sediments in rivers and is also 

recognized as an important determinant of algal biomass (Reynolds, 1988; Kohler 

and Hoeg, 2000); however turbidity was poorly correlated to algal biomass during 

most of the year in this study of a segment of the River Nile.   

 The sharp decrease in algal biomass of the River Nile during the winter 

months did not correlate well to seasonal changes in discharge.  River discharge 

continues to decrease during the winter months, which supports high biomasses. 

Nutrient concentrations were highest in the Nile during this period, so nutrient 

limitation could not explain the sharp decrease in algal biomass during winter.  

And water temperatures were not considered to be “cold” compared to the water 

temperatures recorded in temperate climates.  A spike in turbidity was noted 

during January, when phytoplankton numbers decreased.  This turbidity may be 
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related to waterway cleaning activities during the closure period of the Aswan 

High Dam.  Waterway cleaning involves machinery moving into the river and its 

tributaries to remove water hyacinth. This physical disturbance by humans' likely 

causes resuspension of large amounts of sediments and may cause the observed 

low algal biomass during winter. Turbidity can reduce light and phytoplankton 

photosynthesis and thereby restrict biomass development (Holst and Dokulil, 

1987). 

 Decreases in nutrient concentrations in the River Nile from the early 

winter pulse through summer indicated that phytoplankton uptake of nutrients and 

settling may be a significant sink for wastes in this large river.  Low loading rates 

of nutrients into the Nile and dilution with groundwater could also explain the 

season depletion of nutrients; however more work is needed to understand causes 

for these patterns in large rivers. 

 The relative abundances of different algal phyla also varied seasonally, 

and were probably related to temperature changes. del Giorgio et al. (1991) 

reported that seasonal changes in phytoplankton composition in the River Lujan 

(Buenos Aires, Argentina) were related mainly to temperature and light 

conditions.  The successive transition from diatoms to green algae and then to 

cyanobacteria as waters become warmer is the usual phytoplankton trend in lakes 

and rivers worldwide and appears to be linked to both temperature and nutrient 

limitation.  Water temperature is probably the more important of these regulatory 

factors for the relative abundance of algal phyla in the River Nile because silica, 

phosphorus, and nitrogen concentrations were always high. There was no 

evidence of cyanobacteria dominance due to nitrogen limitation in the Nile near 

Beni Suef as in eutrophic lakes.   

 The increase in nutrient concentrations between November and December 

was unusually large. The river discharge was decreasing during this time and 

local rainfall did not occur, so neither of these causes could be linked to this large 

increase in nutrient concentrations.  Many other chemical parameters also 

changed most during this time period, such as sulphate and silicate.  This 

November-December increase in the concentrations of nutrients and sulphate may 

have been due to turnover either in Aswan High Dam Reservoir or in the River 

Nile itself.  Thermal stratification of the water column starts usually in May 

extending from north to south throughout most of the Aswan High Dam 

Reservoir.  At the beginning of the flood period in late July, thermal stratification 

usually breaks down in the southern reaches of the reservoir, whereas the northern 

sectors remain stratified until late October; then seasonal cooling leads to deep 

convective mixing (Abu-Zeid, 1987; El-Otify et al., 2003). The large increase in 
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nutrient and cation concentrations in the River from November to December may 

have been due to mixing of nutrient rich bottom waters with surface waters. 

City effects 

Human activities near Beni Suef increased concentrations of pollutants in 

the River Nile, including nutrients, COD, and chloride concentration.  

Observation of this relationship is important for understanding the effects of small 

cities on large rivers.  High temporal variability in river conditions often reduces 

ability to detect effects of small cities, such as Beni Suef.   

Here a small city of approximately 200,000 people had measurable 

effects of many water quality attributes, including increased nutrient 

concentrations and phytoplankton biomass.  

  Increases in phytoplankton biomass and the slight shift in algal phyla 

from diatoms to green algae in association with the city indicated that nutrients 

stimulated algal growth, despite the high upstream nutrient concentrations.  

Higher algal biomass and COD may have lead to the slight reduction in dissolved 

oxygen, but dissolved oxygen in the surface waters of the River Nile were never 

lower than 8.8 mg L
-1

 at the locations studied. 

 The River Nile maintained “self-purification” capacity downstream from 

Beni Suef, despite the enormous loads of organic matter released into the system 

(Logo South Country Programme Egypt 2006).  When compared to major rivers 

in Europe and the USA, many attributes of the River Nile are considered 

moderately clean with severe pollution only in localized areas (Abdel-Hamid et 

al., 1992).  Within 30 km downstream of Beni Suef, ecological conditions had 

recovered approximately 50% to upstream conditions.  Abdel-Hamid et al. (1992) 

reported that the River Nile receives increasing amounts of waste discharges from 

point and non-point sources as it flows northward to the Mediterranean.  

Industrial wastes are known to greatly affect the water quality.  Thus the 

resilience, or self-purification capacity, of the River Nile is a vitally important 

attribute and is observed in downstream from Beni Suef. Whether or not full 

recovery occurs further downstream would be an important issue to determine in 

future work.  Recovery from pollution from urban areas is commonly observed in 

rivers (e.g. Tubbing et al., 1995), but not always (Khan and Kamuru, 1997). 

Conclusions 

Future work requires the application of an integrated assessment and 

management approach that more completely characterizes current conditions of a 

greater extent of the River Nile to determine the extent and intensity of impact 

and whether the Nile maintains its resilience to pollution, it’s self-purification 

capacity.  We must understand more about the ecology of the River itself, the 

potential role of stratification, and of upstream effects of the Aswan High Dam 

Reservoir.  A more holistic approach of assessment should more thoroughly relate 

human activities, contaminants, and ecosystem services throughout the watershed, 
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thereby including associated tributaries, canals, and waterway cleaning activities.  

As agricultural, urban, and on river activities associated with tourism and 

shipping increase, understanding these basic relationships will be essential for 

predicting future impacts and sustainable management of the River Nile. 

 

References 
Abdel-Hamid, M. I.; Shaaban, D.S. A. and Skulberg, O.M. (1992).Water 

Quality of the River Nile in Egypt: I. Physical and Chemical 

Characteristics. Archiv für Hydrobiologie, Supplement AHBSA8, 90(3): 

283-310. 

Abdin, G. (1948a). Physical and chemical investigations relating to algal growth 

in the river Nile, Cairo. Bulletin Institute d'Egypte, 29:19-44. 

Abdin, G. (1948b). Seasonal distribution of phytoplankton and sessile algae from 

the River Nile. Cairo. Bulletin Institute d'Egypte, 29:369-82. 

Abu Zeid, M. (1987). Environmental Impact Assessment for the Aswan High 

Dam. Water Research Center, Ministry of Irrigation. In: Biswas A. and Q. 

Geping (Eds) Environmental Impact Assessment for Developing Countries 

(pp 168-190). London. 

APHA (1989). Standard Methods for the Examination of Water and Wastewater, 

(17
th
 ed.) American Public Health Association, Washington, DC,USA. 

APHA (1992). Standard Methods for the Examination of Water and Wastewater 

(18
th
 ed.) American Public Health Association, Washington, DC,USA. 905 

pp. 

Bourrelly, P. (1970). Les Algues d'eau douce. Initiation à la Systématique. Tome 

III: Les Algues bleues et rouges. Les Eugléniens, Peridiniens et 

Cryptomonadines. Éditions N. Boubée & Cie, Paris, France. 512 pp. 

Bourrelly, P. (1972). Les Algues d'Eau Douce. N. Boubee et Cie, Paris. Tome I. 

Les Algues Vertes. Éditions N. Boubée & Cie, Paris, France. 511 pp. 

Bourrelly, P. (1981). Les Algues d'Eau Douce. Tome II. Les Algues Jaunes et 

Brunes, Chromophycees, Chrysophycees, Phéophycées, Xanthophycées et 

Diatomées. Second Edition. N. Boubée et Cie, Paris, France. 517 pp. 

Descy, J.P.; Servais, P.; Smith, J.S.; Billen, G. and Everbecq, E. (1987). 

Phytoplankton biomass and production in the river Meuse (Belgium). 

Water Research, 21:1557-1566. 

Dekov, V.M.; Komy, Z.; Araujo, F.; VanPut, A. and VanGrieken, R. (1997). 

Chemical Composition of Sediments, Suspended Matter, River Water and 

Ground Water of the Nile (Aswan-Sohag Traverse). Science of the Total 

Environment, 201(3):195-210. 

del Giorgio, P.A.; Vinocur, A.L.; Lombardo, R. J. and Tell, H. G. (1991). 

Progressive changes in the structure and dynamics of the phytoplankton 



Relation between water quality and phytoplankton standing crop in the River Nile at Beni Suef (Egypt). 

 

Egyptian J. of Phycol. Vol. 7(2), 2006                                 - 137 - 

 

community along a pollution gradient in a lowland river-a multivariate 

approach. Hydrobiologia, 224:129-154. 

Desikachary, T. V. (1959). Cyanophyta. I.C.A.R. Monographs, New Delhi. 686 

pp. 

El-Nayal, A. A. (1935). Egyptian Fresh Water Algae. Bulletin Faculty of Science 

Cairo University Egypt, 4: 1-106. 

El-Nayal, A. A. (1936). Contributions to our Knowledge of the Fresh Water 

Algae of Egypt. Part I. Bulletin Faculty of Science Cairo University Egypt, 

5:1-31.  

El-Otify, A. M.; Shafik, H. M. and Szoke, E. (2003). Analyses of physico-

chemical characteristics and phytoplankton communities of Lake Nasser 

during the last two decades. Acta botanica Hungarica, 45(1-2):75-100. 

Fitzgerald, D. G.; Kott, E.; Lanno, R. P. and Dixon, D. G. (1998). A quarter 

century of change in the fish communities of three small streams modified 

by anthropogenic activities. Journal of Aquatic Ecosystem Stress and 

Recovery, 6:111–127. 

Griffiths, M. (2002). The European Water Framework Directive: An Approach to 

Integrated River Basin Management. European Water Management Online, 

Publication of the European Water Association (EWA). 15pp. 

Holst, I. and Dokulil, M. (1987). Die steuemden Faktoren der planktischen 

Primärproduktion im Stauraum Altenworth an der Donau in Osterreich. 26. 

Arbeitstagung der IAD, Passau/Deutschland, Wiss. Kurzreferate: 133-137. 

Jones, R. C. and Clark, C. C. (1987). Impact of watershed urbanization on 

stream insect communities. Water Resources Bulletin, 23:1047–1055. 

Karyabwite, D. R. (2000). Water Sharing in the Nile River Valley. Project 

gnv011: using GIS/remote sensing for the sustainable use of natural 

resources UNEP/DEWA/GRID–Geneva, 93 pp. 

Khan, M. A. and Kamuru, F. (1997). Seasonal changes in chemistry, algal 

populations, chlorophyll a and photosynthetic activity in the River Delimi, 

Jos Plateau, Nigeria. Hydrobiologia, 354:151-156. 

Kohler, J. and Hoeg, S. (2000). Phytoplankton selection in a river-lake system 

during two decades of changing nutrient supply. Hydrobiologia, 424:13-24. 

Logo South Country Programme Egypt (2006). Strengthening Water 

Companies in Egypt. The Hague, 62 pp. 

Lowe, R. L. and Pan, Y. (1996). Benthic algal communities as biological 

monitors. In Stevenson RJ, Bothwell ML and Lowe RL (eds.) Algal 

ecology, freshwater benthic ecosystems. Academic Press, San Diego, p. 

705-739.  

Mahmoud, A. A. F. (1989). Evaluation of some inorganic nutrients limiting the 

phytoplankton growth in the River Nile using enrichment media. M. Sc. 

Thesis, Faculty of Science, Minia University, Egypt. 121 pp.  



Mohamed S. Abdel Hameed and Robert J. Stevenson 

 

Egyptian J. of Phycol. Vol. 7(2), 2006                             - 138 - 

 

 

Markus, D. K.; Mckinnon, J. P. and Buccafuri A. F. (1985). Automatic 

analysis of nitrite, nitrate and ammonium-nitrogen in soils. Soil  Science 

Society of American Journal, 49:1208-1215.   

Massoud, A. H. S. and Abbas, M. H. (1985). Limnological investigations on the 

Rosetta branch of the Nile. III. Phytoplankton. Freshwater Biology, 

15(6):661-669. 

Miltner, R. J.; White, D. and Yoder, C. (2004). The biotic integrity of streams 

in urban and suburbanizing landscapes. Landscape and Urban Planning, 

69:87–100. 

Palmer, C. M. (1962.) Algae in water supplies. US Public Health Service 

Publication 657, Washington, DC, USA. 88pp.  

Palmer, W. R. and O’Keeffe, J. H. (1990). Downstream effects of 

impoundments on the water chemistry of the Buffalo River (Eastern Cape), 

South Africa. Hydrobiologia, 202:11-83. 

Parsons, T. R. and Strickland, J. D. H. (1965). Particulate organic matter. III. I. 

Pigment analysis. III. I.I. Determination of phytoplankton pigments. 

Journal of the Fisheries Research Board of Canada, 8:117-127. 

Prescott, G. W. (1954). How to know the freshwater algae. W.C. Brown Co., 

Dubuque Iowa. 272 pp.  

Reynolds, C. S. (1988). Potamoplankton: paradigms, paradoxes and prognoses. 

In: FE Round (ed.) Algae and the Aquatic Environment, Biopress Ltd., 

Bristol, 285-311. 

Reynolds, C. S. and Descy, J. P. (1996). The production, biomass and structure 

of phytoplankton in large rivers. Archieve Hydrobiologia, 113 

(supplement): 161-187.  

Sin, Y.; Wetzel, R. L. and Anderson, R. C. (1999). Spatial and temporal 

characteristics of nutrients and phytoplankton dynamics in the York River 

Estuary, Virginia: analyses of long term data. Estuaries, 22(2a):260-275. 

Smith, G. M. (1950). The freshwater algae of the United States, 2
nd

 ed., New 

York McGraw-Hill Book Co., 719 pp. 

Stein, J. R. (1973). Hand book of phycological methods, culture methods and 

growth measurements. Cambridge University Press, 448 pp.  

Stevenson, R. J. and Smol, J. P. (2003). Use of algae in environmental 

assessments. Pages 775–804 in J. D. Wehr, R. G. Sheath (editors) 

Freshwater algae of North America: ecology and classification. Academic 

Press, San Diego, California. 

Stevenson, R. J. and White, K. D. (1995). A comparison of natural and human 

determinants of phytoplankton communities in the Kentucky River basin, 

USA. Hydrobiologia, 297:201-216. 



Relation between water quality and phytoplankton standing crop in the River Nile at Beni Suef (Egypt). 

 

Egyptian J. of Phycol. Vol. 7(2), 2006                                 - 139 - 

 

Tubbing, D. M. J.; De Zwart, D. and Burger-Wiersma, T. (1995). 

Phytoplankton dynamics in the River Meuse as affected by pollution. 

Aquatic Ecology, 29(1):103-116. 

U.S. Environmental Protection Agency (2002). Research Strategy: 

Environmental Monitoring and Assessment Program. U.S Environmental 

Protection Agency. Washington, DC, USA. 78 pp. 

Uys, M. C. and O'Keeffe, J. H. (1997). Simple Words and Fuzzy Zones: Early 

Directions for Temporary River Research in South Africa. Environmental 

Management, 21(4):517–531. 

Walsh, C. J. (2000). Urban impacts on the ecology of receiving waters: a 

framework for assessment, conservation and restoration. Hydrobiologia, 

431:107–114. 

Weaver, L. A. and Garman, G. C. (1994). Urbanization of a watershed and 

historical changes in a stream fish assemblage. Transactions of the 

American Fisheries Society, 123:162–172. 

Wehr, J. D. and Descy, J.P. (1998). Use of phytoplankton in large river 

management. Journal of Phycology, 34(5):741-749. 

Whitton, B.A.; Rott, E. and Friedrich, G. [eds.] (1991). Use of algae for 

monitoring rivers. Institut fur botanik, Universitat Innsbruck, Innsbruck, 

Austria, 193 pp. 

 

 

 العالقة بين نوعية المياه ومحصول الطحالب في مياه نهر النيل عند بني سويف

 )مصر(
سيد عبد الحميد محمد

1,2
و روبرت جان ستيفنسن 

2
 

 جامعة بني سويف-كلية العلوم-قسم النبات .1
 الواليات المتحدة االمريكية-جامعة والية ميتشجان-قسم علم الحيوان .2

 

 سممرت تممم اساسممة ةوعيممة الميمما  ومحامموف الهحالممي  ممي ةاممر النيمم  موسممميا لمممدة عممام.      

الميا  العديد من االختال ات  ي ةوعية الميا  ولكن كان هناك العديد االختال ات الموسمية  ي معدف صرف 

من الحيوا. بقي تركيز المغذيات )ةيتروجين و  سفوس( منخفضا خالف الخريف ثمم استفمف  جموة وقمد يعمز  

يات ثمم اةخفم  ذالسبي  ي ذلك إلي عملية التقليي  ي ةار الني . زاا محاموف الهحالمي مبكمرا عمن المغم

لمي زيمااة العكماسة إشار تقريبا. ويعمز  همذا االةخفما  أداية الشتاء وظ  منخفضا لفترة ثالثة سريعا  ي ب

ةشممهة تنفيممف المجمماس  الماايممة. سمماات مجموعممة أزالممة وسا النيمم  و إ ممي ةاممر النيمم  المرتبهممة بعمليممة 

 Aulocosiraالدياتومات خالف العام مف زيااة كثا ة الهحالي الخضراء بالقرب من المدينة. كمان ححلمي

granulata .أثممرت المدينممة علممي ةوعيممة الميمما  بزيممااة تركيممز المغممذيات  هممو السممااد حممواف  تممرة الدساسممة

  لي محاوف الهحالي.إضا ة ومعفم العناصر االخر  باإل


