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INTRODUCTION  

 

Waters are one of the main resources Earth's means for sustaining life. All 

creatures, regardless of size, are dependent on water. There are two primary sources of 

water: surface water and borehole water (Lawson, 2011). With ever-increasing 

population and industrialization, world is facing a global water quality crisis in surface 

water resources as there are small fractions of world freshwater available for direct 

human consumption and other living organism’s uses and the other fractions are being 
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Owing to their persistence and non-degradability, industrial effluents 

laden with high concentrations of ammonia and heavy metals are considered a 

major problem in densely populated developing countries. This study was 

displayed during the spring 2018 to winter 2019 for elucidating the pollution 

load that is administrated through El-Delta for fertilizers and chemical 

industries (EFCI) company effluent to the drainage system. Parameters 

included temperature, pH, conductivity, total dissolved salts (TDS), biological 

oxygen demand (BOD), chemical oxygen demand (COD), dissolved oxygen 

(DO), total hardness, total alkalinity, chloride, NO2-N, NO3-N, NH4-N, 

dissolved reactive phosphorus (DRP), total dissolved phosphorus (TDP), 

reactive silica and some of heavy metals (Fe, Zn , Pb , Ni , Cd and Mn) were 

determined. Results demonstrated significant (P≤0.05) increments in water pH 

(9.84± 0.01), NH4-N (187.76± 0.14 mg L
-1

), Cu (0.439±0.002 mg L
-1

) in the 

winter and TDP (0.76  mg L
-1

) in summer. Toxicity test was carried out using 

the standard test alga Pseudokirchneriella subcapitata and in parallel 

Chlorella vulgaris and Scenedesmus dimorphus to assess the toxicity degree 

of wastewater on the test microalgae growth. Wastewater was highly toxic for 

Pseudokirchneriella subcapitata growth with EC50 value 0.046 % (v/v), 

whereas the test microalgae Scenedesmus dimorphus and Chlorella vulgaris 

exhibited some tolerance to wastewater toxicity with EC50 values 10.323 % 

and 18.411 %, respectively. Thus, these findings highlight the study area's 

deteriorating condition and new research opportunities that could be opened 

by the proposed treatment process, especially for the possible cultivation of 

Chlorella vulgaris and Scenedesmus dimorphus on such industrial effluent 

after pretreatment. 
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contaminated enormously due to the high pollution rates by one or more of domestic 

effluent, agricultural activities and industrial effluent (Raschid-Sally and Jayakody, 

2009).      

Industrial wastewater pollution is a chive issue in developing populated countries 

particularly on natural water bodies that lies near to the industrial area which represent a 

point pollution source discharging various levels of pollutants directly into water through 

sewer line making such water resources unsuitable for drinking, irrigation and aquatic 

life. The type of industrial pollutants varies depending on the type of industry present 

such as fertilizer industry generates massive amounts of wastewater containing high 

amounts of nitrogen rich compounds, nitrate and heavy metals whereas, on discharging 

these nitrogenous effluents into water bodies favours eutrophication and consequently 

hazards drawbacks on aquatic life and human health (Osibanjo et al., 2011).   

Ammonia nitrogen is a common toxicant derived from industrial effluents that may 

exist in two forms: ionized (ammonium, NH4
+
) and unionized (ammonia, NH3). 

Increasing pH favours formation of the toxic unionized form (NH3), while the decreasing 

pH favours the ionized form (NH4
+
) (Azov and Goldman, 1982; Randall and Tsui, 

2002; Wang et al., 2019). In this regards, NH3 is documented to be more toxic than NH4
+
 

as it can readily diffuse through the gill membranes of aquatic animals causing growth 

inhibition, immune suppression as well as high mortality (Lemarie et al., 2004; Sinha et 

al., 2012; Li et al., 2014). Moreover, the assimilation of ammonium nitrogen destroys the 

balance of carbon and nitrogen in plants besides other autotrophic organisms 

(Kronzucker et al., 1998). 

In this concern, water quality assessment is an essential issue for estimating the 

degree of contamination of industrial wastewater on human, animals and plants life being 

based on physical properties of water, which includes temperature, total suspended solids 

(TSS), colour, odour and turbidity besides chemical analyses including; pH, biochemical 

oxygen demand (BOD), chemical oxygen demand (COD), nutrients (nitrate and 

phosphorus components) and heavy metals (Sargaonkar and Deshpande, 2003) in 

addition to biological quality assessment (Stevenson et al., 1999). Furthermore, 

wastewater toxicity assessment is useful for evaluating the adverse effects of wastewater 

and inferring the wastewater removal efficiency indirectly. Microalgae in particular are 

used as pollution indices and indicators for ecological risk assessments in water bodies 

(Dries et al., 2014). The bioassays using different species of microalgae is more effective 

in the evaluation of wastewater toxicity because of their sensitivity to chemical pollution 

as well as their short life cycle (Li et al., 2011).    

The objective of the current investigation is to analyze the industrial effluent of El-

Delta for Fertilizers and Chemical Industries (EFCI) company and to assess its toxicity by 

the standard algal biotest using Pseudokirchneriella subcapitata, Cholrella vulgaris and 

Scenedesmus dimorphus. 

 

https://www.sciencedirect.com/science/article/pii/S1382668920302295?casa_token=mxe1Vdk2z5EAAAAA:ptnorwt3RUmVRnqc_2pRtrCUzSN9LsEH_5Gs-IkNJbNb1oRHX4Dfq5GGtiJopfnlUo4yG7Oet9A#bib0050
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MATERIALS AND METHODS  

 

1- Study area 

The area of study is wastewater receiving drain receives alkaline ammonia rich 

industrial effluents from Eldelta for fertilizers and chemical industries (EFCI) company 

which produces primarily nitrogenous fertilizers. The area is located about 2 Km north 

Mansoura city (31° 04' 20.1" N, 31° 23' 57.5" E). The geographical location of this study 

area is shown in (Fig.1). 

 

Fig. 1. A map and diagram of the study area. Arrows refers to the sampling location. 

2- Water sampling 

Samples of wastewater were obtained on a seasonal basis (from mid- spring 2018 to 

mid-winter 2019). The sample collection, handling, and processing were followed 

(Peltier and Weber, 1985). Upon arrival to the laboratory, four liters of each sample 

were filtered through GF/C glass fiber filters. The first one liter was discarded, and the 

others were stored at 4 
o
 C in dark to be used for distinctive chemical analyses.  

3- Physical and chemical analyses 

Physico-chemical parameters investigated included water temperature, electrical 

conductivity (EC), total dissolved salts (TDS), pH, biological oxygen demands (BOD5), 

reactive silica, dissolved reactive phosphorus (DRP), chloride, total hardness, ammonia – 

N, total alkalinity, nitrate-N, nitrite-N, total dissolved phosphorous (TDP), chemical 

oxygen demand (COD), dissolved oxygen (DO) and heavy metals (Fe, Zn, Cu, Pb, Ni, Cd 

and Mn) were analyzed followed (APHA, 2005). 
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4- Toxicity assessment of the industrial effluent using standard algal biotest 

The algal growth inhibition assay was used to assess the toxicity of the industrial 

effluent followed (ISO, 2005). The standard test alga Pseudokirchneriella subcapitata 

and the test microalgae Cholrella vulgaris and Scenedesmus dimorphus obtained from the 

microalgal culture collection of the Phycology Lab, Faculty of Science, Mansoura 

University were used in the test to assess the degree of wastewater toxicity. A serial 

dilution technique was applied to prepare nine different concentrations of the test 

effluent, three replicates culture flasks were used for each effluent concentration with 

each of the test alga. 10 mL of the algal nutrient solution medium (AAM) (Miller et al., 

1978) was added to each flask except flask (1). 1.0 mL of a 5 days old cultures of 

Pseudokirchneriella subcapitata, Chlorella vulgaris and Scenedesmus dimorphus 5 ×10 
6 

cells L
-1

 as initial algal density to give final cell density of 5000 cells mL
-1 

were 

separately inoculated into the test flasks and after that flasks were incubated for 5 days on 

shaker at 20 
o 

C under continuous illumination of (45µ mol m
-2

 s
-1

). Direct cell count was 

used for toxicity measurements. 
 

4.1. EC50 calculation 

EC50 value is the lowest effluent concentrations that inhibits algal growth by 50% 

as compared to the control culture. The toxicity response parameter's values were plotted 

as relative percent of its control (control=100%) against the corresponding effluent 

concentration which allowed EC50 to be calculated using the straight-line graphical 

interpolation method (Walsh et al., 1987).     

5- Statistical analysis 

The PAST program (ver. 4.03) was used to perform statistical and correlation 

analyses. 

RESULTS  

 

1- Physical and chemical properties of the wastewater 

Water temperature exhibited a noticeable seasonal trend with lowest value of (18.97 
o 

C) recorded in winter and the highest (36.03
 o 

C) in summer with mean annual value of 

(26.01±7.29
 o 

C) (Table 1) whereas water temperature showed strong positive 

correlations (r=1.0, p≤0.05) with BOD and DO (Table 3).  

pH of water samples was almost alkaline with a mean annual value of 9.67±0.05 

while, the highest value (9.84) was recorded in winter and the lowest value (9.51) in 

summer (Table 1) with strong positive correlations (r=0.9, p≤0.05) with COD (Table 3).  

Electric conductivity (EC) showed minimum value of ( 9.06 ms cm
-1

 ) that was 

recorded  in summer and the maximum value ( 13.79 ms cm
-1

) was documented in winter 

with mean annual value of 11.84±1.61 ms cm
-1

 (Table 1). EC exhibited positive 

correlation (r=0.8, p≤0.05) with TDS and negative correlation (r= -1.0, p≤0.05) with Cd 

(Table 3).  
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Total dissolved salts (TDS) demonstrated the minimum value (6.87 g l
-1

 ) that was 

recorded in summer and the maximum value (8.51 g l
-1

) in winter with mean annual value 

of 7.62±0.75 g l
-1 

(Table 1). TDS recorded positive correlation (r=1.0, p≤0.05) with Fe 

and negative correlation (r= -0.9, p≤0.05) with COD (Table 3).  

Dissolved oxygen (DO) exhibited a lowest value of (1.06 mg L
-1

) that recorded in  

summer and maximum value of (3.97 mg L
-1

) in winter, with mean annual value of  

2.75±1.22 mg L
-1

 (Table 1) demonstrating positive correlation (r=0.9, p≤0.05) with Zn 

(Table 3). Biological oxygen demand (BOD) values fluctuated between 15.89± 0.02 to 

19.05± 0.02 mg L
-1

, with annual mean value of  (17.27±1.37 mg L
-1

),  its lowest value  

was recorded in summer and the highest value in winter (Table 1). It showed positive 

correlation (r=1.0) with DO (Table 3). Chemical oxygen demand (COD) exhibited a 

minimum value of (16.02 mg L
-1

)
 
was recorded in summer and maximum value of (19.9 

mg L
-1

 ) in winter, with mean annual value of 17.69±1.7 mg L
-1

 (Table 1) signifying 

negative correlation (r= -0.7) with DO (Table 3). 

Nitrite-N values ranged from 1.84 to 2.98 mg L
-1

 with mean annual value of 

2.59±0.42 mg L
-1

, its lowest value was recorded in summer while the highest value in 

winter (Table 1). It was correlated positively with silica (r=1.0), NO3-N (r=0.9), while 

negatively correlated with (r=-1.0) with EC (Table 3). Nitrate-N concentrations ranged 

from 1.08 to1.98 mg L
-1

 with mean annual value of 1.7±0.39 mg L
-1

, the lowest value 

was recorded in summer, while the highest value in winter (Table 1). It showed positive 

correlation (r=1.0) with TDP and negative correlation with pH (r=-1.0), BOD and EC (r= 

-0.9) (Table 3). Ammonium-N accounted for the major proportion of total soluble 

inorganic nitrogen (TSIN). The concentrations ranged from 178.32 to 187.76 mg L
-1

, 

with mean annual value of 183.32±3.6 mg L
-1

, its lowest value was recorded in summer 

and the highest value in winter (Table 1). Ammonium-N showed strong significant 

(p≤0.05) positive correlations (r=1.0) with NO2-N, NO3-N, TDS, alkalinity (r=0.8), pH 

(r=0.9) and negative correlation (r = -1.0, p≤0.05) with DRP and EC and (r= -0.9) with 

DO and BOD (Table 3).  

Total alkalinity indicated a minimum value of (1958.05 mg CaCO3 l
-1

) in summer 

and maximum value of (1999.02 mg CaCO3g l
-1

) in winter, with mean of 1978.28 ±22.6 

mg CaCO3 l
-1

 (Table 1) with positive correlation (r=0.9) with pH and DO (Table 3).  

Dissolved reactive phosphorus (DRP) exhibited a minimum value of (0.28 mg L
-1

) 

was recorded in winter and the maximum value (0.39mg L
-1

) in summer, with an annual 

average of 0.33± 0.04 mg L
-1

 (Table 1). Total Dissolved phosphorus (TDP) concentration 

ranged from 0.53 to 0.76 mg L
-1

. The lowest value was recorded in winter and the highest 

value in summer with a mean annual average of 0.65± 0.08 mg L
-1 

(Table 1). DRP 

recorded strong significant (p≤0.05) positive correlations with EC (r=1.0), TDP (r=0.9), 

COD (r=0.8) and strong negative correlations with pH (r= -1.0), TDS (r= -0.9) (Table 3).  

N : P weight ratio is an important ecological parameter that governing nutrient limitations 

(P and N) in aquatic ecosystems. Values ranged from 157.6 to 237.9 with mean annual 
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value of 195.01±9.8. The highest ratio was recorded in winter and the lowest ratio was 

recorded in summer (Table 1). 

Reactive silica concentration varied from 0.07 to 0.15 mg L
-1

 with mean annual 

value of 0.11±0 .02 mg L
-1

. The lowest value was recorded in winter and the highest 

value in summer (Table 1) with strong significant (p≤0.05) positive correlations with DO 

(r=0.9) and negative correlations with EC (r= -1.0) and DRP (r= -0.9) (Table 3).  

Total hardness values ranged from 96.05 to 102.05 mg CaCO3 l
-1

 with mean annual 

value of 99.04±1.5 mg CaCO3 l
-1

, its lowest value was recorded in summer and the 

highest value in winter (Table 1) with strong significant (p≤0.05) positive correlation 

with Zn (r=0.9) and negative correlation with COD (r= -0.9) (Table 3). 

Chloride minimum value (3509.35 mg L
-1

) was recorded in winter and the 

maximum value (3592.07 mg L
-1

) in summer with mean annual value of 3553.61±39.08 

mg L
-1

 (Table 2). Cl recorded strong significant (p≤0.05) positive correlations with TDS 

(r=0.9) and negative correlations with COD (r= -1.0) (Table 3). Fe concentration 

fluctuated between 0.161 to 0.249 mg L
-1 

with mean of 0.213±0.039 mg L
-1

, its lowest 

value was recorded in summer and the highest in winter (Table 2). Zn concentration 

ranged from 0.152 to 0.250 mg L
-1

 with mean annual value of 0.204±0.041 mg L
-1

, its 

lowest value was recorded in summer and the highest value in winter (Table 2). The 

lowest value of Cu (0.343 mg L
-1

) was recorded in summer, while the highest value 

(0.439 mg L
-1

) in winter, with mean value of 0.369±0.05 mg L
-1

 (Table 2). Pb 

concentration values ranged from 0.0188 to 0.275 mg L
-1

, with mean annual value of 

0.222±0.04 mg L
-1

, its lowest value was recorded in summer and the highest value in 

winter (Table 2). Ni exhibited a lowest value (0.153 mg L
-1

) was recorded in summer and 

the highest value ( 0.242 mg L
-1

) in winter, with mean value of 0.210±0.04 mg L
-1

 (Table 

2). Cd concentration values ranged from 0.131 to 0.165 mg L
-1

, with mean value of  

0.147±0.02 mg L
-1

, its lowest value was recorded in winter and the  highest value in 

summer (Table 2). Mn showed minimum value of (0.225 mg L
-1

) was recorded in winter 

and the maximum value (0.322 mg L
-1

) in summer, with mean value of 0.281±0.04 mg L
-

1 
 (Table 2). 

Among the heavy metals, Cu had a strong positive correlation (r = 0.8, p≤0.05) with 

Cd and Fe. Mn and Ni had strong positive correlation (r = 1.0, p≤0.05) with Ni. Pb 

maintained strong positive correlation (r = 1.0, p≤0.05) with Fe (Table 3). 

 

 

  



 

 

 

Table 1. Summary statistics of seasonal variations of physical and chemical wastewater parameters investigated at Eldelta for fertilizers and 

chemical industries (EFCI) company ( Spring 2018 –Winter 2019) 
Min

.
d

 

Maxi.
d

 (Mean ± 

SD) 
c
 

 

Winter 
b 

 Autumn 
b

 Summer 
b

 Spring 
b

 n
a
  

    

Unit Parameter 

 

9.51  9.84  9.67±0.05 9.84± 0.01 9.74± 0.02 9.51± 0.03 9.61±0.02 4 Unit pH 

18.97 36.03   26.01±7.29 

 

18.97± 0.06 22.97± 0.05 36.03± 0.06 26.06±0.05 4 
o
 C Water temperature 

178.32 187.76 183.32±3.6 

  

187.76± 0.14 184.42±0.03 178.32± 

0.03 

182.76±0.03 

 

4  mg l
-1

   Ammonium-N  

1.84 2.98 2.59 ±0.42 2.98± 0.09 2.79±0.02 1.84± 0.02 2.74±0.03 4 mg l
-1

  Nitrite-N 

 

1.08 1.98 1.7±0.39 1.98± 0.03 1.81±0.03 1.08± 0.03 1.90±0.01 

 

4 mg l
-1    

 Nitrate-N 

0 .28  0.39  0.33 ± 0.04 0.28 ± 0.009 

 

 0.30±0.004   0.39± 

0.003 

0.36±0.001  

 

4 mg l
- 1

 Dissolved reactive phosphorus 

0.53 0.76 0 .65± 0.08 0.53±0 .02 0.61±0.003 

 

0.76± 0.002 

 

0.71±0 .005 4 mgl
-1

 Total dissolved phosphorus 

 

157.6  237.9 195.01±9.8  237.9  207.7   157.6  176.8 4  N:P weight ratio 

 

 0.07  0.15  0.11 ±0 .02 

 

0.07±0 .01    

 

0.09±0 .002 0.15± 0.002 0.13±0 .001  4   mg l
-1

   Reactive silica 

1958.0

5 

1999.02 1978.28± 

22.6 

1999.02± 0.03 1985.03±0.03 1958.05± 

0.03 

1971.01±0.02  4 mg 

CaCO3 l
-1

 

Total alkalinity 

 

96.05 102.05 99.04±1.5 102.05± 0.05 100.047±0.05 96.05±0.02 98.02± o.03 4 mg 

CaCO3 l
-1

 

Total hardness 

 

3509.3

5 

3592.07 3553.61± 

39.08 

3509.35± 0.02 3533.22±0.03 3592.07±0.0

3 

3579.79± 

0.04 

4  mg l
-1

 Chlorides 

 

  1.06  3.97 2.75±1.22 3.97±0.06 3.11±0.02  1.06± 0.02  2.85±0.03 4 mg l
-1  

 Dissolved oxygen 

 

15.89 19.05 17.27± 

1.37  

 19.05± 0.02 17.55± 0.03 

 

15.89± 0.02 

 

16.57±0.02 

 

4 mgl
-1

 Biological oxygen demand 

 

16.02  19.9  17.69±1.7 

  

19.9± 0.09 17.87± 0. 04 16.02± 0.02 

 

16.97±0.06 4  mg l
-1

 Chemical oxygen demand 

 6.87  8.51  7.62±0.75   8.51±0. 16  7.93±0.06   6.87± 0.08  7.15±0.06   4   g l
-1

 Total dissolved salts 

 9.06  13.79 11.84±1.61  13.79±0.26  12.36 ±0.22   10.06± 0.08   11.13±0.22   4  ms cm
-1

   Conductivity 
a
 Number of samples. 

b
 Mean of three readings ±standard deviation. 

c
 Annual  mean ±standard deviation . 

d
 Seasonal mean value



 

 

 

Table 2. Summary statistics of seasonal variations of heavy metals investigated at Eldelta 

for fertilizers and chemical industries (EFCI) company during (Spring 2018 –Winter 

2019). 

 

a
 Number of samples. 

b
 Mean of three readings ±standard deviation. 

c
 Annual mean ±standard deviation. 

d
 Seasonal mean value. 

 2- The dose–response curves and EC50 values after toxicity assessment of 

ammonium-N rich industrial effluent 

 The raw wastewater sample collected in winter, 2019 attained high levels of key 

element involved in eutrophication such (N). It contained at the same considerable high 

concentration of heavy metals in particular cupper, where total–N concentration and 

cupper concentration was 187.76 and 0.439 mg L
-1

, respectively.   

Min.
d

 Maxi.
d

 (Mean± SD) 
c 

  

Winter 
b

 Autumn 
b

 Summer 
b

 Spring 
b

 n
a
 Unit Parameter 

0.343  0.439 0.369±0.05 0.439±0.002 0.351±0.003 0.343±0.003 

  

 0.344± 

0.001 

4 mgl
-1 Cu 

 

 

0.225 

 

 0.322 0.281±0.04 

 

0.225±0.002  0.283±0.002 0.322±0.003   0.293±0.001 4 mgl
-1 Mn 

 

0.131 0 .165   0.1 47 ±0.02 0.131±0.001 0.138±0.002 0.165 

±0.001 

 

0.153±0.003  4 mgl
-1 

 
Cd 

0.188 0.275  0.222±0.04 0.275±0.02   0.229±0.01 0.188±0.003  0.196±0.002 4 mgl
-1 Pb 

 

0.153  0.242   0.210±0.04   0.242 ±0.02  0.220±0.01  0.153±0.01 

   

  0.224±0.01   4 mgl
-1 Ni  

 

0.161  0.249  0.213±0.039   0.249±0.005  0.236±0.01  0.161±0.01   0.203±0.007 4 mgl
-1  Fe 

 

0.152  0.250 

 

 0.204 ±0.041  0.250±0.002  0.218±0.007 0.152±0.003  0.197±0.003 4 mgl
-1  Zn 



 

 

 

Table 3. Pearson correlation matrix of different physico-chemical parameters and heavy metals investigated among the effluent in winter 

2019. The significant correlations coefficients (P≤0.05) are only listed down.  

Parameter Unit  1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 21 22 23 

NH4-N mg l-1 1  1                                        

NO2-N mg l-1 2 1.0 1                                    

NO3-N mg l-1 3 1.0 0.9 1                                  

Silica mg l-1 4 0.3 1.0 0.8 1                                

DRP mg l-1 5 -1.0 -0.9  0.5 -0.9 1                              

TDP mg l-1 6 -5.0 0.9 1.0 0.8 0.9 1                            

Alkalinity    mgCaC

O3l
-1  

7 0.8 -0.6 -0.1 -0.6 0.4 -0.1 1                          

Total 

hardness 

mgCaC

O3l
-1 

8 0.4 0.6 0.2 0.7 -0.3 0.2 -1.0 1                        

Cl mg l-1 9 -0.7 -0.4 -0.8 -0.3 0.7 -0.8   -0.5 0.4 1                      

EC ms cm-

1 

10 -1.0 -1.0 -0.9 -1.0 1.0 -0.8 0.5 -0.6 0.5 1                    

TDS g l-1 11 1.0 0.9  1.0 0.8 -9.0 1.0 -0.1 0.8 0.9 0.8 1                  

pH Unit 12 0.9 -0.9 -1 -0.8 -1.0 1.0 0.9 -0.2 0.6 0.6 0.4 1                

 T C o 13 0.3 0.03 0.5 -0.1 -0.4 0.5 0.8 -0.8  -0.9 -0.1 0.5 0.5 1              

BOD mg l-1 14 0.5 0.03 0.5 -0.1 -0.4  0.5 0.8  -0.8 -0.9 -0.3 0.5 -0.5 1.0 1            

COD mg l-1 15 -0.9 -0.5 -0.9 -0.5  0.8 -0.9 -0.4 0.3  -1.0 0.6 -0.9 0.9 -0.9 0.4 1          

DO mg l - 1 16 -0.9 -0.9 0.3 0.9 -0.2 0.3 0.9 -0.9  -0.8 0.1 0.3 -0.3 1.0 1.0 -0.7 1        

Cu mg l -1 17 0.7 0.7 0.7 0.2 0.5 0.6 0.5 0.3 0.7 0.7 0.8 0.4 0.5 -0.5 -0.4 0.6 1       

Mn mg l -1 18 0.6 0.5 0.3 0.5 0.4 0.2 0.7 0.2 0.5 0.6 0.7 -0.3 0.2  0.2 -0.3 0.2  0.5 1      

Cd mg l -1 19 0.5 0.3 -0.4 0.7 0.2 -.05 0.5 0.2 0.6 -1 0.4 0.4 0.1 0.5 -0.6 0.7  0.8  0.6 1     

Pb mg l -1 20 0.4 0.5 0.5 -0.6 -0.2 -0.1 0.7 0.7 0.7 0.4 0.5 0.2 0.5 -0.1 -0.2 0.5 0.6 0.5  0.3 1    

Ni mg l -1 21 0.3 -0.3 0.1 -1 -0.2 -0.8 0.5 0.6 0.4 0.7 0.6 0.4 0.5 0.4 -0.6 0.6 0.6 1 0.4 0.7 1   

Fe  mg l -1 22 0.7 0.4 0.7 0.3 0.7 0.3 0.4 0.1 0.4 0.6 1 0.2 -0.1 -0.1 0.5 0.4 0.8 0.7 0.3 1 0.8 1  

Zn mg l -1 23 1.0 0.3  -1 -0.8 0.5 -0.1 0.3 0.6 0.4 0.4 0.9 -0.1 0.5 0.2 0.1 0.9 0.5 0.4 0.8 0.3 0.6 0.4 1 



 

 

 

 

Fig. 2. Dose response curves of Pseudokirchneriella subcapitata, Scenedesmus 

dimorphus and Chlorella vulgaris grown in different concentrations of raw ammonium-N 

rich industrial effluent. 

The dose – response curves (Fig.2), illustrates the growth patterns of test algae 

Chlorella vulgaris, Scenedesmus dimorphus and Pseudokirchneriella subcapitata in 

response to different concentrations (v/v) of raw effluent. The results from (Table 4, Fig. 

2) indicated that wastewater was highly toxic for Pseudokirchneriella subcapitata growth 

with EC50 value of 0.046 % whereas, marked growth stimulation was recorded with 

Scenedesmus dimorphus and Chlorella vulgaris at low effluent concentrations with EC50 

values 10.323 % and 18.411, respectively. 

 

Table  4. Toxicity (EC50) of raw ammonium-N rich industrial wastewater on growth of test algae 

Pseudokirchneriella subcapitata, Chlorella vulgaris and Scenedemus dimorphus.  

 

Toxicity level EC 50 % (v/v)  Test algae 

Toxic   18.411   Chlorella vulgaris  

Toxic 

Highly toxic 

 10.323 

0.046    

 Scenedesmus dimorphus 

Pseudokirchneriella subcapitata 

 

DISCUSSION 

 

Assessment of physico-chemical properties of any aquatic ecosystem is very 

effective tool in evaluating the quality and status of water. Accordingly, seasonal 

variations of some reliable and pertinent water quality physico-chemical parameters were 

investigated along the study area along one year, the idea was to assess the seasonal 

variation of water quality during the period of study, the parameters evaluated were 

highly recommended as reliable and pertinent water quality measurements (APHA, 1998; 

WHO,  2006) . 
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 It is relevant to mention that the area of study is a wastewater receiving drain that 

receives alkaline-ammonia-rich industrial effluents from Eldelta for fertilizers and 

chemical industries (EFCI) company that produces mainly nitrogenous fertilizers (Fig.1). 

Results recoded in Tables 1,2 are seasonality dependent. The results shown significant 

(P≤0.05) increase in water pH, conductivity, TDS, BOD, COD, DO, total hardness, total 

alkalinity, NO2-N, NO3-N, NH4-N and heavy metals in the winter which are in agreement 

with that documented by (El-Sheekh et al., 2005; Abdel-Hamid et al., 2017). It has been 

reported that variation in physical and chemical parameters of industrial effluent is 

dependent on seasonality and industrial activity that might be high in winter, besides 

Egypt climate which characterized by low precipitation during months of winter leads to 

more concentrated effluent (Banerjee et al., 2016; Bayo and López-Castellanos, 2016; 

Howell et al., 2016; Ebrahimi et al., 2017). Water alkalinity detected may be attributed 

to the high concentration of ammonium-N discharged by the industry to the effluent 

which reflects the high degree of the effluent deterioration. In this concern pH considered 

as one of the most powerful variables affecting water quality, solubility, and toxicity of 

various substances in the water. Moreover, the increase in pH decreases the availability of 

free CO2 and consequently the presence of photosynthetic organisms as algae is greatly 

reduced (Gupta et al., 2009).    

The observed high concentrations of NH4-N investigated signified an inferior and 

toxic state of the area of study. Present results are in harmony with those obtained on the 

same study area (Abdel-Hamid et al., 2017). It has been reported (Leta et al., 2003) that 

free ammonia at high pH is very toxic to aquatic biota than when it's in the oxidized form 

and that reflects the grossly polluted conditions of this effluent. Current results (Table 1), 

revealed low dissolved oxygen concentration of the effluent was relatively low during the 

year of the study. In this regard, the insufficient dissolved oxygen in the water affecting 

biochemical oxidation of ammonia to nitrate and nitrite as indicated by Edokpayi et al.  

(2017). This assumption accommodates with the low concentrations results of nitrate and 

nitrite during the study. On the other hand, the results of COD and BOD were relatively 

high during the year of study may be contributed to the increased oxygen demand for the 

decomposition of organic wastes discharged from the industry to the effluent that lead to 

depletion in dissolved oxygen. Phosphorus determination is essential in measurement of 

water quality because of being a key element in eutrophication problems. In this study the 

mean value of TDP of the effluent is relatively higher as TDP value of any stream should 

not exceed 50 μg L
-1

 (Higgins et al., 1988).  

Science nitrogen and phosphorus are the primary limiting elements in 

eutrophication issues (Elser and Kimmel, 1985). It seems critical to calculate N : P 

weight ratio of the effluent as being an important ecological parameter governing nutrient 

limitations (P and N) in aquatic ecosystems. The results listed in Table 1 proved the 

effluent as highly rich in inorganic nitrogen (NH4-N) than phosphorus.       
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Data of heavy metal concentrations exhibited seasonal fluctuation (Table 2) 

demonstrating marked increase in Cu concentration in winter which demonstrates high 

involvement of Cu-rich materials in the industrial activities reflecting high contaminated 

study area. It has been widely known that the high toxicity in surface water and sediments 

with heavy metals is impacted by source impute, character of sediment, organic materials 

as well as the mineral composition of underlying rock in the region where the surface 

water is found (Aliyu et al., 2015).   

In general, the higher values or concentrations of the physico-chemical parameters 

(Table 1) and heavy metals (Table 2) with special emphasis on NH4-N and signify an 

inferior and toxic state of the effluent discharged from Eldelta for fertilizers and chemical 

industries (EFCI) company specially in winter which indicated the potential toxicity of 

wastewater sample. In this regard, Seyoum et al. (2003) reported that the toxicity of 

ammonium-N to aquatic organisms is strongly pH dependent, and in natural aquatic 

habitats with high alkalinity and pH values above 8 most of ammonium-N form 

unionized ammonia with potential high toxicity to aquatic communities. Concisely, the 

chemical analysis alone indicated the potential toxicity of the investigated wastewater. 

However, it is really impossible to predict the toxicity of the wastewater from the results 

of chemical analysis alone. So, the use of standard algal bioassays (e.g. ISO, 2004) is 

highly recommended. 

Accordingly, toxicity assessment using algal bioassay was carried out on 

wastewater samples collected in winter to assess the toxicity degree of the effluent. The 

use of algal bioassay started when Skulberg (1964) introduced the Selenastrum 

capricornutum (now Pseudokirchneriella subcapitata, ISO 1999) which has become a 

worldwide standard test organism in many fields of applied phycology (Abd El-Hady et 

al., 2005). This approach was internationally approved and being applied world-wide for 

toxicity assessment studies. The EC50 denotes the lowest concentration of a given 

toxicant inhibiting the algal growth by 50% compared to control culture (Nyholm, 1985; 

ISO, 1999). 

In this study the toxicity test follows ISO (2005) guidelines using the ISO standard 

test alga, Pseudokirchneriella subcapitata. The same standard algal biotest was also 

employed to assess the toxicity of the investigated wastewater on growth of the test 

microalgae Chlorella vulgaris and Scenedesmus dimorphus based on EC50 values.  The 

idea to include the green algae Chlorella vulgaris and Scenedesmus dimorphus based on 

accumulating evidences from literature (Palmer, 1980) indicating the high tolerance of 

both algae towards excessive pollution or eutrophication. Concisely, the selection of these 

microalgae to investigate their efficiency to remove ammonium-N was based on valid 

and logical reasons. Based on these facts, it has been decided to assess the toxicity of the 

investigated wastewater on growth of these microalgae, to define the best operational 

conditions for the bioremoval processes. 

Present results (Table 4 and Fig. 2) the ammonia-N rich industrial effluent was 

highly toxic to the growth of the standard alga Pseudokirchneriella subcapitata, on the 
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other side the test microalgae Chlorella vulgaris and Scenedesmus dimorphus showed 

some tolerance to wastewater toxicity that was  firmly evidenced by marked growth 

stimulation at low doses of the effluent. This result highlighted the possible potential 

usage of both algae in practical bioremediation process of ammonium-N from the 

investigated wastewater. In this context, Chlorella sp. and Scenedesmus sp. are known to 

have a high resistance to organic matters and steady growth in a variety of wastewaters. 

Phosphorus, nitrogen and organic matters can all be removed simultaneously (Wang et 

al., 2010; Ji et al., 2013; Abd Ellatif et al., 2020). According to the findings of Walsh et 

al. (1987), low EC50 value indicating high toxicity of the tested sample and vice versa. 

Certainly, the toxicity of a given natural sample (e.g. industrial effluents) is essentially, 

the sum product of additive, antagonistic and synergistic interactions among all 

constituents of the sample (Peltier and Weber, 1985 and Abdel-Hamid et al., 1993). 

 

CONCLUSION 

 

Finally, it can be concluded that the raw effluent of Eldelta for fertilizers and 

chemical industries (EFCI) company may have the potentiality to support an economic 

growth medium for Chlorella vulgaris and Scenedesmus dimorphus cultivation only after 

lowering ammonia levels to the probe one. In addition the findings of this study 

highlights the urgent need for bioremediation biotechnological strategies for industrial 

effluents which represent point pollution sources. 
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