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ABSTRACT: This study a+empts to address some of the sustainable development goals of the United Na9ons, specifically, climate ac9on, clean 
water and sanita9on. With the advance of climate change, water shortage is becoming a challenge  all over the world. There is a growing global 
trend for wastewater reuse. Therefore, the present study aimed to inves9gate the efficiency of the microalgae Chlorella vulgaris in removing 
nutrients and some heavy metals from EL-Tabia drainpipe at the El-Tabia region in Alexandria, Egypt, and the poten9al use of algal treated 
wastewater in irriga9ng wheat plants (TriBcum aesBvum L., cv. Masri 3). Chlorella vulgaris successfully eliminated 2.85% aluminium, 7.14% iron, 
48.33% manganese, 50% cadmium, 96.30% copper and 98.63% zinc. Wheat plants were irrigated with untreated wastewater (WW), treated 
wastewater (TWW) or tap water (TW). Plant irrigated with TWW showed an improvement in shoot biomass (39%), protein (40%) and carbohydrate 
(32%) content, chloroplast ultrastructure, whereas the ac9vity of a catalase (18.1), guaiacol peroxidase (2.13%) and superoxide dismutase (11.7%), 
malondialdehyde (57%) and H2O2 (64%) contents decreased compared to plants irrigated with WW. Overall, this study suggests the poten9al of 
using algal-treated wastewater for crop irriga9on which could be a sustainable strategy for disposing of wastewater. However, risk assessment of 
using treated wastewater on public health is a major concern. 
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INTRODUCTION 

The impact of climate change is increasing worldwide, 
which in turn leads to water scarcity (Mainardis et al., 
2022), as the increase in the rate of evapora>on and 
the change in rainfall pa?erns leads to severe water 
shortage (Hristov et al., 2021). In addi>on, the 
increasing popula>on growth and human ac>vi>es 
resulted in more intense compe>>on for water use. 
The arid and semi-arid regions are among the areas 
that will be most nega>vely affected by water scarcity, 
as it is expected that about 1.5 billion people will 
suffer from water shortage in these regions (Abou-
Shady et al., 2023). The agriculture sector is the 
largest consumer of about 70% of freshwater (Garcia-
Garcia and Jagtap, 2021). Globally, 380 billion cubic 
meters of wastewater are produced every day. 
Expecta>ons indicate this rate to increase by 24% by 
2030 and 51% by 2050 (Qadir et al., 2020). In this 
respect, sustainable wastewater management 
strategies are needed (Alvarez-Holguin et al., 2022).  

There is a growing trend around the world to use 
treated wastewater for crop irriga>on. This includes 
trea>ng domes>c, industrial, and agricultural 
wastewater (Jesse et al., 2019; Zhang et al., 2020; 
Chen et al., 2023). The use of treated wastewater in 
agriculture has many benefits, such as decreased 
eutrophica>on (Qadir et al., 2020; Penserini et al., 
2024; Rápalo-Cruz et al., 2024), decreased chemical 
fer>liza>on needs and supply crops with essen>al 
nutrients (Lahlou et al., 2021), alleviate the harmful 

effects associated with disposing of wastewater 
(Demir and Sahin, 2020) and promo>ng a circular 
economy approach (Khan et al., 2022). Several studies 
have reported that the use of treated wastewater for 
crop irriga>on improves soil physiochemical 
proper>es and increases the produc>vity of crops 
(Inyinbor et al., 2019; Alvarez-Holguin, et al., 2022). 
Libu_ et al. (2018) reported that the use of treated 
wastewater for irriga>on improved the soil quality 
and produc>vity of tomatoes and cabbage under 
Mediterranean condi>ons. Likewise, the use of 
treated wastewater had a posi>ve effect on growth 
parameters and ac>ve cons>tuents of the flat-topped 
yet (Maaloul et al., 2019). The effect of treated 
wastewater on broad beans as well as their effect on 
plant-aphid interac>on was inves>gated by Shannag 
et al. (2021). They concluded that treated wastewater 
was as effec>ve as fresh water in boos>ng plant 
growth.  

Phycoremedia>on is an environmentally valuable and 
low-cost approach. It supports green technology for 
high nutrient recovery, biofuel produc>on and 
wastewater treatment with microalgae (Kumar et al., 
2024). Chlorella vulgaris is used for wastewater 
treatment because it can successfully remove 
phosphorus nitrogen, chemical oxygen demand and 
biochemical oxygen demand across a wide variety of 
reten>on >mes, which typically range from 10 hours 
to 42 days (Azizi et al., 2020).  

Common wheat (Tri0cum aes0vum), is one of the 
most important cereal grains in the world ( Moshawih 
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et al., 2022). It is considered a good source of energy 
and nutrients, as it contains carbohydrates, protein, 
fibres in addi>on to minerals and vitamins (Biel et al., 
2020). Moreover, it has medicinal proper>es such as 
an>-Inflammatory (Lim et al., 2021), an>microbial 
(Rajoria et al., 2016), an>cancer ac>vity (Zhang et al., 
2018), Cholesterol-Lowering Effect (Tong et al., 2014) 
and protec>on against chronic superficial gastri>s 
(Kan et al., 2020).  Abdelazez et al. (2024) stated that 
climate change led to a significant increase in water 
requirements for wheat cul>va>on in Egypt. 

The wastewater from the Amia drain in the El-Tabia 
area of Alexandria, Egypt, includes both irriga>on 
runoff and industrial effluents from various local 
industries (Akl et al., 2023). This study aimed to 
inves>gate the effec>veness of C. vulgaris in trea>ng 
wastewater and examine the reuse of this treated 
wastewater for irriga>ng Tri0cum aes0vum L., cv. 
Masri 3 plants, which copes with the sustainable 
development goals declared by the United Na>ons 
(2, 6, 12, 13). To the best of our knowledge, this 
research is the first to assess the feasibility of reusing 
treated wastewater for irriga>on in the El-Tabia 
region. 

MATERIALS AND METHODS 

Wastewater gathering and characteriza0on 

Wastewater sample was amassed from El-Tabia 
drainpipe at the El-Tabia region in Alexandria, Egypt 
(Figure 1). Parameters (pH, Carbonate, Bicarbonate, 
Electrical Conduc>vity, Total Dissolved Solids, Total 
Phosphorous, Chemical oxygen demand, Calcium, 
Potassium, Magnesium, Sodium, Fluoride, Chloride, 
Nitrate, Nitrite, Sulfate, and Phosphate) were 
determined using standard methods for water and 
waste examina>on (APHA, 2012). Also, Leveraging 
Induc>vely Coupled Plasma-Emission Spectrometry 
(ICP-ES) with Ultra Sonic Nebulizer (USN) Perkin Elmer 
op>ma 3000, USA., Major trace metals were 
detected, notably aluminium, cadmium, cobalt, 
chromium, iron, copper, manganese, and zinc.   

Microalgal Culture 

The microalga exploited in this study was Chlorella 
vulgaris Beyerinck [Beijerinck]. It was obtained from 
the Ins>tute of the Oceanography and Fisheries at 
Alexandria, Egypt. Chlorella vulgaris was cultured for 
14 days (temperature at 25±3ºC, 43.7 μmol/m2/s and 
12:12 hour light/dark regime) in 5000 ml Erlenmeyer 
flasks u>lizing Bold’s Basal Medium (Bold, 1949; 
Bischoff and Bold, 1963) as a control medium or 100% 
wastewater.  

 
Figure 1. El-Amia drain at El-Tabia region, Alexandria, Egypt. 
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Growth measurements 
Cell coun0ng: Cell coun>ng of C. vulgaris was 
examined under an op>cal microscope every two 
days, by using modified Neubauer hemocytometer.  

Biomass es0ma0on: The biomass concentra>on was 
evaluated spectrophotometrically via measurement 
of the culture absorbance at 625 nm (OD625) Conver> 
et al., (2009). A calibra>on curve revealed a 
rela>onship between OD625 and dry biomass 
concentra>on using the equa>on; y=4.203x 
(R2=0.990) Conver> et al., (2009).  Where y  is the 
concentra>on expressed in milligrams of dried 
biomass per litre of medium (mg/l) and x is the op>cal 
density at 625 nm. 

Experimental design and treatments 

Wheat grains (Tri0cum aes0vum L., cv. Masri 3) were 
obtained from the Agricultural Research Center in 
Giza, Egypt. Before germina>on, auer 3 minutes of 
immersion in a 0.1% sodium hypochlorite solu>on, 
the grains were carefully rinsed with dis>lled water. 
Auer being sterilized, the grains were submerged in 
dis>lled water at room temperature for 24 hours. The 
grains were sprouted in containers with sandy clay soil 
and incubated under natural condi>ons (16: 8 hours 
light/dark regime, temperatures of 28/23 ± 2°C, and a 
light intensity (23 µmol m-2s-1)). The pots were 
irrigated every two days with tap water (T), untreated 
wastewater (WT), and wastewater treated with C. 
vulgaris (TW) to 80% field capacity for 21 days. On the 
21st day, the seedlings were harvested, carefully 
rinsed with water, gently blo?ed to remove excess 
water, and then separated into shoots and roots for 
subsequent growth parameter es>ma>on and 
chemical analysis. 

Determina0on of growth parameters and 
chlorophyll fluorescence 

Shoot and root dry weights were measured for each 
treatment. Chlorophyll fluorescence was detected 
using an OS-30P pulse-modulated chlorophyll 
fluorometer (Op>-sciences, Hudson, USA), as 
described by Van Kooten and Snel, (1990). Before 
every measurement, leaves were dark-adapted for 30 
minutes via leaf-staples. The minimum fluorescence 
(Fo) has been established by flipping on the weak 
detec>ng light and measuring Fo. To maximize 
fluorescence yield (Fm), the leaves were subjected to 
a 0.1s satura>ng flash at 6000 μmol m2 s-1. The 
variable to maximal fluorescence ra>o (Fv/Fm) was 
automa>cally determined based on Fo and Fm 
measurements [Fv/Fm = (Fm-Fo)/Fm]. 

Determina0on of total protein, total carbohydrates 
and total lipids 

Total proteins and total carbohydrates for both T. 
aes0vum leaves and C. vulgaris microalga were 
es>mated as reported by Lowry et al. (1951) and 
Dubois et al. (1959), respec>vely. The lipid content of 
C. vulgaris has been determined by Bligh and Dyer 
method, (1959).   

Determina0on of lipid peroxida0on and hydrogen 
peroxide content 

The level of lipid peroxida>on in T. aes0vum was 
determined using the thiobarbituric acid (TBA) assay, 
which measures the malondialdehyde (MDA) content 
as a byproduct of the lipid peroxida>on reac>on. MDA 
concentra>on had been evaluated using a 
spectrophotometer (T80+, PG Instruments Limited, 
Leics, United Kingdom) and premeditated exhaus>ng 
its ex>nc>on coefficient of 155 mM-1 cm-1 (Heath and 
Packer, 1968). The hydrogen peroxide content in T. 
aes0vum was determined using the Velikova et al. 
(2000) method. 

An0oxidant enzyme ac0vity 

Fresh leaves samples were extracted for an>oxidant 
enzymes according to Azevedo Neto et al. (2006). 

Catalase ac0vity: Catalase ac>on was assessed in 
accordance with the method of Beers and Sizer 
(1952), with some adjustments as explained by 
Azevedo Neto et al. (2006).  

Guaiacol peroxidase ac0vity: Guaiacol peroxidase 
ac>vity was determined as explained by Urbanek et 
al. (1991). Enzyme ac>vity was quan>fied by the 
quan>ty of tetraguaiacol produced employing its 
molar ex>nc>on coefficient (26.6 mM-1 cm-1).  

Superoxide dismutase ac0vity: Superoxide 
dismutase ac>vity was assessed as depicted by 
Giannopolitis and Ries, (1977) by assessing its capacity 
to block the photochemical reduc>on of nitroblue 
tetrazolium chloride (NBT).  

TEM and EDX 

The second leaf fragments from three treatments (T, 
W, and TW) were repaired as stated by the method 
depicted by Spurr, (1969). A diamond knife was used 
to cut ultra-thin pieces of leaves on an 
ultramicrotome (Leica EM UC6, Germany), which 
were then put on copper grids with 300 square mesh. 
The cell ultrastructure was seen and photographed 
using a transmission electron microscope at various 
magnifica>ons. Also, A JEOL JSM-IT200 Scanning 
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Electron Microscope (SEM) (Tokyo, Japan) was used to 
conduct an energy-dispersive X-ray (EDX) study of the 
elemental distribu>on in the dried leaves at 0 to 12 
keV. 

Sta0s0cal analysis 

Results are conferred as the mean of three 
replica>ons in each treatment. All data has been 
analyzed for variance via IBM SPSS v.27.0 souware. 
The differences between the means were compared 
with the least significant difference test at p ≤ 0.05 
(Steel and Torrie, 1980). 

RESULTS 
Wastewater characteris0cs 

The characteriza>on of the wastewater collected from 
the El-Tabia drain, the treated wastewater by 
Chlorella vulgaris auer 14th days of culturing and the 
standards water limit for irriga>on according to 
FAO/2016 are shown in Table 1. It was clear that, most 
of the values of wastewater and treated wastewater 
parameters (bicarbonate, total dissolved solids, 
electrical conduc>vity, calcium, potassium, sodium, 
magnesium, fluoride, nitrate, phosphate, sulfate, 
aluminium, chromium, cobalt, Iron, and manganese) 
were within the normal range for irriga>on as set by 
FAO guidelines. Also, wastewater had the highest 
values of potassium (44 mg/l), cadmium (0.022 mg/l), 
copper (0.325  mg/l) and zinc (0.825 mg/l) in 
comparison with treated wastewater and FAO limit.   

It was no>ced that C. vulgaris decreased the 
concentra>ons of total dissolved solids, total 
phosphorus, chemical oxygen demand, calcium, 
potassium, magnesium, sodium, fluoride, chloride, 
nitrite, nitrate, phosphate and sulphate from 1684, 
1.270, 101, 77.79, 44, 50.54, 400.0, 0.29, 667, 7.9, 1.4, 
1.6 and 124 mg/l in wastewater sample to 2.370, 
0.322, 88, 44.59, 27, 43.64, 385.0, 0.28, 0.28, 587, 0.2, 
0.1, 0.2 and 109.4 mg/l, respec>vely. Also, As shown 
in Figure 2, C. vulgaris decreased the concentra>ons 
of aluminium, iron, manganese, cadmium, copper and 
zinc by 2.85, 7.14, 48.33, 50, 96.30 and 98.63%, 
respec>vely. 

Growth measurements, Total carbohydrates, 
proteins and lipids of Chlorella vulgaris 

C. vulgaris cell number and biomass concentra>ons 
are presented in Figures. 3,4. The measured maximal 
cell number and biomass of C. vulgaris cultured with 
100% wastewater on the 12th day of culturing were 
495×104 cells/ml and 1.207 mg/l, which are higher 

than those at Bold basal medium (163×104 cells/ml 
and 0.858 mg/l).   

Data represen>ng total carbohydrates, total lipids and 
total proteins of C. vulgaris cultured for 14 days in 
Bold’s Basal medium and 100% wastewater under 
controlled batch culture condi>ons (43.7 μmol/m2/s, 
12:12 hrs. light/dark regime), were illustrated in Table 
2. The maximum value of total carbohydrates (357.15 
± 0.06 mg/g dry weight), total proteins (212.57 ± 0.01 
mg/g dry weight) and total lipids (322.98 ± 0.01 mg/g 
dry weight) was recorded at 100% wastewater.  

Effect of different water sources on growth 
parameters and chlorophyll fluorescence of Tri/cum 
aes/vum 

As presented in Figure 5, Regarding the fresh weight 
and dry weight of both roots and shoots, there was a 
significant difference between plants that were 
irrigated with WW and those that were irrigated with 
TWW. Plant irrigated with TWW showed higher root 
fresh weight (by 31.8%), root dry weight (by 35%), 
shoot fresh weight (by 21%), shoot dry weight (by 
39%) compared to plants irrigated with WW. 
However, there is no significant difference in the 
above-men>oned parameters was no>ced among 
plants irrigated with TWW and TW. It was observed 
that chlorophyll fluorescence was greater in T. 
aes0vum plants irrigated with treated wastewater 
compared to wastewater (Figure 6).  

Effect of different water sources on protein content 
and total carbohydrates of Tri/cum aes/vum 

Algal treatment of wastewater induced a significant 
increase in the total protein and carbohydrate content 
of wheat plants by 40% and 32% respec>vely (Figure 
7).   

Effect of different water sources on lipid peroxida0on 
and H2O2 contents of Tri/cum aes/vum. 

As shown in Figure 8, malondialdehyde and H2O2 
contents decreased significantly in wheat plant 
irrigated with TWW by 57% and 64% respec>vely 
compared to plants irrigated with WW.  

Effect of different water sources on catalase, 
guaiacol peroxidase and superoxide dismutase 
ac0vi0es of Tri/cum aes/vum 

As presented in Figure 9, algal treatment of 
wastewater markedly affected the ac>vity of 
an>oxidant enzymes. Maximum values of catalase, 
guaiacol peroxidase and superoxide dismutase 
ac>vi>es were recorded in wheat plants irrigated with  
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Table 1. Characteriza9on of the wastewater and treated wastewater by C. vulgaris. 

Parameters Unit 
Untreated 

Wastewater 
Treated 

wastewater 
FAO limit/ 

2016 
pH - 9.12 9.80 6.5–8.4 
Carbonate (mg/l) 72 0.00 * 
Bicarbonate  (mg/l) 53 204 600 
Electrical Conduc9vity  (dS/cm)     2.630 2.370 3 
Total Dissolved Solids      (mg/l) 1684 1514 2000 
Total phosphorus (mg/l) 1.270 0.322 * 
Chemical Oxygen Demand  (mg/l) 101 88 * 
Calcium                         (mg/l) 77.79 44.59 400 
Potassium                         (mg/l) 44 27 2 
Magnesium                 (mg/l) 50.54 43.64 60 
Sodium    (mg/l) 400.0 385.0 900 
Fluoride                           (mg/l) 0.29 0.28 1.0 
Chloride                       (mg/l) 667 587 0–1100 
Nitrite (mg/l) 7.9 0.2 * 
Nitrate (mg/l) 1.4 0.1 10 
Phosphate       (mg/l) 1.6 0.2 2 
Sulfate (mg/l) 124 109.4 1000 
Aluminum    (mg/l) 0.035 0.034 5 
Cadmium       (mg/l) 0.022 0.011 0.01 
Chromium      (mg/l) ND ND 0.10 
Cobalt     (mg/l) ND ND 0.05 
Copper (mg/l) 0.325 0.012 0.20 
Iron     (mg/l) 0.014 0.013 5 
Manganese    (mg/l) 0.060 0.031 0.20 
Zinc   (mg/l) 0.825 0.014 2.0 

ND: Not detected; *: indicates data una+ainability 
 
 

 

Figure 2. Removal percentage of heavy metals (aluminium, iron, 
manganese, cadmium, zinc and copper) from 100% wastewater 
using C. vulgaris. 

 

Figure 3. Cell number of C. vulgaris cultured with Bold's Basal 
medium and 100% wastewater under controlled batch cultured 
condi9ons.  

 

Figure 4. Biomass concentra9on (mg/l) of C. vulgaris cultured with 
Bold's Basal medium and 100% wastewater under controlled 
batch cultured condi9ons. 

WW, followed by TWW irrigated plants, whereas the 
minimum values were recorded in plants irrigated 
with TW.  

Effect of different water sources on ultrastructure of 
Tri/cum aes/vum leaves 

TEM micrograph of wheat leaves is presented in 
Figure 10. Leaf mesophyll cells of wheat plants 
irrigated with TW or TWW have defined cell wall, 
con>nuous cell membrane and well -developed 
nuclear envelope (Figure 10 A,E,D). In contrast, plants 
irrigated with WW exhibited observed changes in 
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Table 2. Total carbohydrates, proteins and lipids content (mg/g dry weight) of C. vulgaris cultured in 100% wastewater and Bold's Basal medium 
under controlled batch culture conditions. 

 Total carbohydrates  Total proteins  Total lipids 
Bold's Basal medium 122.16 ± 0.05 63.58 ± 0.01 99.01 ± 0.01 

100% wastewater 357.15 ± 0.06 212.57 ± 0.01 322.98 ± 0.01 
F-values                           2748*                                                         8283*                                                        7523*                                           

Values represent means ± SD, *= significant difference at P< 0.05. 
 

 
Figure 5. Effect of different water sources on root fresh weight (A), root dry weight (B), shoot fresh weight (C) and shoot dry weight (D) of TriBcum 
aesBvum. TW: tap water; WW: untreated wastewater; TWW: treated wastewater. A significant difference at P<0.05 was denoted by different 
le+ers on the bars.                 
  

.  
Figure 6. Effect of treated wastewater on chlorophyll fluorescence of TriBcum aesBvum. TW: tap water; WW: untreated wastewater; TWW: treated 
wastewater. A significant difference at P<0.05 was indicated by different le+ers on the bars. 
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Figure 7. Effect of different water sources on protein content (A), total carbohydrates (B) of TriBcum aesBvum. TW: tap water; WW: untreated 
wastewater; TWW: treated wastewater. A significant difference at P<0.05 was indicated by different le+ers on the bars. 
 

 
Figure 8. Effect of different water sources on lipid peroxida4on (A), H2O2 content (B) of TriBcum aesBvum. TW: tap water; WW: untreated 
wastewater; TWW: treated wastewater. A significant difference at P<0.05 was indicated by different leIers on the bars. 
 
 

 
Figure 9. Effect of different water sources on catalase (A), guaiacol peroxidase (B) and superoxide dismutase (C) ac4vi4es of TriBcum aesBvum. 
TW: tap water; WW: untreated wastewater; TWW: treated wastewater. A significant difference at P<0.05 was indicated by different leIers on the 
bars. 
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their ultrastructure (Figure 10I). leaves of plant 
irrigated with WW have abnormal spherical 
chloroplast with disrupted thylakoid membranes 
(Figure 10 I,J,K), whereas plants irrigated with TW or 
TWW have typical ellip>cal chloroplast and well-
organized thylakoid membranes (Figure 10 B,F). 

EDX 

Figure 11 depicts the normal EDX pa?ern for leaves of 
Tri0cum aes0vum plant irrigated with tap water (A), 
treated wastewater (B) and wastewater (C). This EDX 
pa?ern shows the presence of C, O, and N signals. In 
addi>on, a signal of Si ion, which increased obviously 
in plant irrigated with wastewater (C). Furthermore, 
the EDX pa?ern for the leaf that irrigated with tap 
water and treated wastewater did not display the 
characteris>c signal of Cu, however the plant that was 
irrigated with wastewater showed three signals of the 
Cu ion. 

DISCUSSION 

The farmers in Egypt have been forced to reuse 
untradi>onal water sources for irriga>on purposes 
due to limited freshwater and the growing 
popula>on.  However, a precise assessment of such 
water quality is necessary to avoid poten>al hazards 
as the contaminants in the wastewater may reach the 
food chain and cause serious health complica>ons if 
not treated safely.  (Cherfi et al., 2015; Abbas et al., 
2020). Many researchers inves>gated the efficiency of 
treated wastewater for crop irriga>on (Alkhamisi et 
al., 2011; Bozdogan, 2015; Elfanssi et al., 2018; Reda 
et al. 2020; Rápalo-Cruz et al., 2024). One of the most 
promising technologies for wastewater treatment is 
using microalgae (Luo et al., 2016; Putri and Huang, 
2020). Currently, 80% of vegetable crops are irrigated 
with treated wastewater (Funmilola et al., 2019). 

Several inves>ga>ons have shown that Chlorella sp. 
can effec>vely eliminate nutrients (e.g., N and P) and 
organic contaminants from assorted resources of 
wastewaters, par>cularly when processed via a 
se?ling process, an ac>vated sludge method, or just 
dilu>on with water or culture media (Wang et al., 
2010; Kadir et al., 2018; Kumar et al., 2019; Plohn et 
al., 2021; Kong, et al., 2021). In this work, C. vulgaris 
removed total phosphorus, calcium, potassium, 
magnesium, sodium, fluoride, chloride, nitrite, 
nitrate, phosphate and sulphate by 74.6, 42.6, 38.6, 
3.7, 3.4, 11.9, 97.4. 98.2, 87.5 and 11.7%, respec>vely. 

Chlorella has been evaluated for the removal of heavy 
metals and a variety of other metals from wastewater, 
such as Al, Cd, Cu, Fe, Mg, Mn, Ni, Ur, and Zn (Mehta 

and Gaur, 2005; Leong and Chang, 2020; Spain et al. 
2021; La Bella et al., 2022). The biosorp>on of metals 
with Chlorella encompass chiefly electrochemical 
adsorp>on of metal ions onto the cell surface through 
definite intracellular molecules such as 
phytochela>ns, biochemical ligands, and 
metallothioneins accompanying cell walls and 
cytoplasmic membranes (Mehta and Gaur, 2005). 
According to our results, C. vulgaris removed the 
concentra>ons of aluminum, iron, manganese, 
cadmium, copper and zinc by 2.85, 7.14, 48.33, 50, 
96.30 and 98.63%, respec>vely. The values of these 
elements were within the permissible range accepted 
by FAO (FAO, 2016). 

In this work, the improvement in growth parameters 
(cell number and biomass) in C. vulgaris cultured with 
100% wastewater might be a?ributable to the 
presence of bicarbonate, nitrate, nitrite and 
phosphorus in the wastewater. It was shown that C. 
vulgaris u>lizes dissolved CO2 and bicarbonate ions 
metabolized by carbonic anhydrase into CO2 as 
carbon sources for photosynthesis and u>lizes 
phosphorus and nitrogen for metabolic ac>vity. Also, 
the high rate of microalgal biosynthesis directs to 
increase biomass (Molazadeh et al., 2019; Singh et al., 
2019; Ñañez et al., 2024). 

Since carbon is u>lized by microalgae for the 
biosynthesis of lipids and carbohydrates, its 
assimila>on plays a crucial role for energy storage 
compounds (Chang et al., 2018; Hernández-García et 
al., 2019). Also, when microalgal cells undergo 
nitrogen limita>on, they undergo a metabolic shiu 
from protein synthesis to carbohydrate synthesis 
(Kusmayadi et al., 2024).  Accordingly, the current 
inves>ga>on demonstrated that a higher removal of 
carbonate, nitrite, and nitrate from the wastewater 
may be responsible for a boost in total carbohydrates 
and lipids more than protein levels in C. vulgaris 
grown in 100% wastewater. 

The result of this study revealed that there is a 
significant improvement in the biomass, total protein 
and carbohydrate contents of wheat plants when 
irrigated with TWW compared to WW and at a level 
approaching the biomass of plants irrigated with TW. 
Previous research has demonstrated that treated 
wastewater improved plant growth and yield of 
several plants, including sunflower (Moazzam-Khan et 
al., 2009 ), olive (Bedbabis et al., 2010; Tekaya et al., 
2016), tomatoes (Cirelli et al. ,2012; Jahan et al., 
2019), rice (Alghobar and Suresha, 2016), oat (Moradi 
et al., 2016), broad bean (Shannag et al., 2021) and 
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Figure 10. Transmission Electron Microscope (TEM) micrograph of TriBcum aesBvum leaves irrigated with tap water (A, B, C & D), treated 
wastewater (E, F, G &H) and untreated wastewater (I, J, K & L). 

 

 

 

 
Figure 11. Energy dispersive X-ray (EDX) analysis of TriBcum aesBvum leaves irrigated with tap water (A), treated wastewater (B) and untreated 
wastewater (C). 
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barely (Alvarez-Holguin, et al., 2022). These can be 
explained by the presence of valuable nutrients in the 
treated wastewater, which are reflected in crop yield 
(Aghtape et al., 2011; Becerra-Castro et al., 2015; 
Reda et al., 2020). These results run in contrary to 
those of Mkhinini et al. (2018) who found that plants 
grown under freshwater irriga>on had a higher 
biomass than those grown under treated wastewater 
irriga>on. 

In the recent study, the plants that were irrigated with 
TWW had the highest value of chlorophyll 
fluorescent, followed by those that were irrigated 
with TW and finally, WW. Parallel results are noted by 
Tekaya et al. (2016) who found that the use of TWW 
in the irriga>on of olive trees resulted in a significant 
increase in stomatal conductance, chlorophyll 
fluorescence and the photosynthe>c rate. In addi>on, 
Oyiga et al. (2016) and Hajihashemi et al. (2020) 
observed that irriga>on of wheat plants with 
wastewater leads to a significant reduc>on in 
chlorophyll fluorescence. The low value of chlorophyll 
fluorescence observed for plants irrigated with WW in 
the present study could be related to stress. 
Previously Shu et al. (2012) and Song et al. (2013) 
found that plants under stress showed lower values of 
chlorophyll fluorescence. These findings were 
consistent with the results of leaf ultrastructure as the 
plants irrigated with WW revealed alterna>on in the 
shape of chloroplast and dras>c changes in thylakoid 
membranes.  

This study showed that the ac>vi>es of catalase, 
guaiacol peroxidase and superoxide dismutase as well 
as malondialdehyde and H2O2 contents were 
significantly higher in plants irrigated with WW 
compared to those irrigated with TW or TWW. This 
could be related to higher level of heavy metals in 
wastewater (Kalavrouzio>s et al., 2012). Comparable 
results were no>fied by Hashem et al. (2013) who 
recorded a significant increase in the ac>vity of 
an>oxidant enzymes in turnip, le?uce, and tomato 
plants when irrigated with wastewater. It is well 
known that the presence of high levels of heavy 
metals in irriga>on water leads to oxida>ve damage 
(Shi et al., 2010) and altered metabolisms (Liang et al. 
2007). As reported in several research, heavy metal 
stress causes dras>c changes in the ac>on of 
an>oxidant enzymes including guaiacol peroxidase, 
catalase and superoxide dismutase (Cho et al., 2000; 
MacFarlane et al., 2001; Sai Kachout et al., 2009). In 
this work, the lower ac>vi>es of an>oxidant enzymes 
in the algal treated wastewater could be a?ributed to 

the efficiency of C. vulgaris in the removal of heavy 
metals from WW. 

CONCLUSION 

This study shows that using the microalgae Chlorella 
vulgaris for wastewater treatment is an eco-friendly 
method for removing nutrients and some heavy 
metals from the wastewater in the study area. 
Consequently, the treated wastewater auer the 
removal of microalgal biomass may be a good choice 
for using in irriga>on of Tri0cum aes0vum L., cv. Masri 
3 plant, according to FAO/2016 guidelines for 
irriga>on. This is confirmed by enhancing the growth 
parameters and chlorophyll fluorescence, proteins 
and carbohydrates of T. aes0vum plant when irrigated 
with treated wastewater by C. vulgaris. This study may 
contribute to the resilience of water resources and 
agricultural prac>ces in Egypt by using C. vulgaris - 
treated wastewater in crop irriga>on. Nevertheless, it 
is crucial to inves>gate the impact of crops irrigated 
with wastewater on human health. 
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 فرصلا هایم مادختساب حمقلا تابن ةعارزل هایملل ةمادتسملا ةرادلإا
 سراجلوف لایرولكلا بلحط مادختساب ةجلاعملا يحصلا

 ىولس ،2ىوابیدلا ىفطصم دمحم نامیا ،1م�هاربا دمحم د�سلا
 1نمحرلادبع دومحم

 ةیردنكسلإا ةعماج - مولعلا ةیلك -ایجولویبوركیملاو تابنلا مسق1
 روھنمد ةعماج- مولعلا ةیلك - يجولویبوركیملاو تابنلا مسق2

 TUVرعلا صخلملا
 لاجم يف ةدحتملا مملأا فادھأ ضعب قیقحت ىلإ ةساردلا هذھ ىعست
 ةیقنلا هایملاو خانملاب ةقلعتملا تاءارجلإا امیس لاو ،ةمادتسملا ةیمنتلا
 هایملا صقن حبصأ ،يخانملا ریغتلا راثا ةدایز عمو .يحصلا فرصلاو
 يملاع هاجتا كانھ ،كلذ عمً ایشامتو .ملاعلا ءاحنأ عیمج يف ایدحت لكشی
 هذھ نم فدھلا ناك كلذلو .ةلمعتسملا هایملا مادختسا ةداعإ وحن دیازتم
 ةلازإ يف سیراجلوف لایرولك بلحط ةءافك نم ققحتلا وھ ةساردلا
 ةیباطلا ةقطنم يف ةیماعلا فرصم نم ةلیقثلا نداعملا ضعبو تایذغملا
 يحصلا فرصلا هایمل لمتحملا مادختسلااو ،رصم ،ةیردنكسلإاب
 ترھظأ دقو . 3 يرصم فنص حمقلا تابن ير يف بلحطلاب ةجلاعملا
 نم يحصلا فرصلا هایم ةیقنت نم مدختسملا بلحطلا ةردق جئاتنلا
 ،زینغنملا نم % 48,33و دیدحلا نم 7,14 و % 2,85 ةبسنب موینومللأا
 نم % 98,63و ،ساحنلا نم % 96,30و ،مویمداكلا نم % 50و
 فرص هایم وأ ،ةجلاعم ریغ فرص هایمب حمقلا تاتابن ير مت .كنزلا
 ةیورملا تاتابنلا ترھظأو .ةیفنح هایم وأ بلحطلا مادختساب ةجلاعم
 ،)%39( يرضخلا عومجملل ةیویحلا ةلتكلا يفً انسحت بلحطلا مادختساب
 بیكرتلا يف نسحتو ،)% 32( تاردیھوبركلاو ،)% 40( نیتوربلاو
 نیح يف ،حمقلا تابن ةقرو يف ءارضخلا تادیتسلابلل قیقدلا يحیرشتلا
 ربوس ،)% 213(زیدیسكوریبلاو ،)%18(زیلاتكلا میزنا طاشن ضفخنا
 تایوتحمو ،)% 57( دیھدلایدنولاملاو ،)% 11.7( زاتویمسید دیسكأ
 هایمب ةیورملا تاتابنلاب ةنراقم )% 64( نیجوردیھلا دیسكأ قوف
 هایم مادختسا ةیناكمإ ىلإ ةساردلا هذھ ریشت ً،لاامجإ . يحصلا فرصلا
 نوكت نأ نكمی يتلا لیصاحملا ير يف بلاحطلاب ةجلاعملا فرصلا
 مییقت ربتعی ،كلذ عمو .هایملا كلت نم ةدافتسلال ةمادتسم ةیجیتارتسا
 ارًمأ ةماعلا ةحصلا ىلع ةجلاعملا يحصلا فرصلا هایم مادختسا رطاخم
 .ةیاغلل اًقلقم
 

 


