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a b s t r a c t
The hot climate in the Gulf region is forcing many farmers to use controlled environment agriculture 
by using evaporative coolers inside greenhouses. These coolers are consuming around 60% of the 
water used for the greenhouse. Replacing groundwater with treated wastewater will have a good 
impact in saving freshwater for other different applications. The problem is that treated wastewa-
ter is rich of nutrients that can support algae growth, block the cooling pads, and reduce the effi-
ciency of the cooling system. Moreover, it is unclear if the water can be a source of any airborne 
diseases that could affect human health and crop quality. Unfortunately, few or no data is available 
related to the applications of treated wastewater in greenhouse cooling system. Therefore, the aim 
of this study is to evaluate the possibility of using treated wastewater in greenhouse cooling sys-
tem and asses any potential risk to the environment that could affect human health and crop qual-
ity and safety. The greenhouse cooling system was connected to tertiary treated wastewater and 
the system was left to run for two months. Algae growth was observed in cooling pads. Samples 
from cooling pads, air, and water were taken for microbial analysis. The same sampling was made 
from other greenhouse running with freshwater. Using treated wastewater in cooling system did 
not show any negative impacts in plant growth. However, rapid growth of algae in cooling pad of 
treated wastewater was noticed compared to the groundwater cooling system. This could be mini-
mized by covering cooling pads with shade net, or adding some anti-algae growth (CaSO4) in cool-
ing tanks, or using plastic cooling pads, or cleaning cooling pads from time to time. Moreover, more 
types of bacteria were found in treated wastewater cooling system but were not harmful for human 
and plants. Almost similar microbes were found in the air and water running in all greenhouses. 
Therefore, the study recommends the use of treated wastewater in the greenhouse cooling system 
with application of antifouling compounds or using plastic cooling pads that can be easily cleaned.
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1. Introduction

Oman is categorized as an arid to semiarid country 
with a temperature exceeding 45°C in summer and an aver-
age annual rainfall of 100 mm. Therefore, Oman’s climate 
is not highly suitable for open-field cultivation, especially 
in summer time that is almost 8 months of the year [1]. In 
addition, around 52% of the agricultural lands became 
unsuitable due to salt accumulation that came from saline 
irrigation as a result of seawater intrusion, which mainly 

happened in Batinah Region [2]. To overcome the prob-
lem of hot conditions, Controlled Environment Agriculture 
(CEA) was adopted, to improve the quality and quantity of 
crops through controlled environment in greenhouses [3]. 
Tabook and Al-Ismaili [4] reported that greenhouse pro-
duction was 12 times more than open field grown crops in 
Oman. The number of greenhouses in Oman had increased 
from 782 in 2001 to 2491 greenhouses in 2008. The com-
mon cultivated crops in Oman greenhouses are cucumber 
(around 90%) and then tomatoes (about 5%–9%).
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Greenhouses in arid and semi-arid areas utilize auxil-
iary fans and evaporative coolers to cool down the green-
house and reach optimum temperature for plant growth. 
The evaporative coolers are made of honey comb cardboard 
pads that should be wetted with any source of water. When 
the hot and dry air from outside the greenhouse passes 
through the coolers, the water absorbs some of the heat 
from the air and therefore it evaporates and consequently 
it cools down (the temperature decreases). Then, the air 
inside the greenhouse becomes humid and cool and the 
ambient air temperature inside the greenhouse decreases 
[5]. The problem is that too much water is used for the cool-
ing purposes, in some cases, it can be double the amount 
of water used to irrigate the crops inside the greenhouse. 
A study was done in United Arab Emirates (UAE) to esti-
mate the consumed water and energy in a tomato green-
house. They found that the total amount of water consumed 
during one season was 837,662 L in the cooling pad and 
615,052 L in irrigation. This means that 58% of water was 
used only for cooling the greenhouse and the rest was 
for crop needs [6]. Another study was done in Sultanate 
of Oman and reported that 2/3 or 67% of water used in 
greenhouse is used only for cooling the temperature of the 
greenhouse using cooling pad system [3]. Furthermore, a 
study was conducted to compare water and energy con-
sumptions of three greenhouses located in different places 
in Oman and the amount of water consumed for cooling 
purposes during cucumber production season were 11.88, 
15.48, 14.4 m3 and for the same three greenhouses, irrigation 
waters were 9, 9, 20 m3, which means 57%, 63% and 42% 
of total water were used in cooling pad, respectively [4].

In Oman, “Haya Water” is a governmental company 
that is responsible for building, operating, and manag-
ing wastewater projects in most Governorates in Oman. 
Treated wastewater (TWW) is a by-product of sewage treat-
ment process with total flow of 149,940 m3/d, treated efflu-
ent of 77,503 m3/d; where 52% of this treated wastewater 
is utilized [7]. It is a good source of good and clean water 
that can support agricultural lands with input of different 

nutrients. It helps in improving the fertility of different soils, 
increasing the yield of different crops and reduce usage of 
groundwater (GW) resources. Reuse of treated wastewater 
will result in the conservation of higher quality water that 
can be used for different purposes other than irrigation. 
However, the safe disposal of the treated wastewater is 
considered as a major concern for Haya Water and relevant 
authorities. Furthermore, reusing of treated wastewater 
produced from the wastewater treatment plants in sus-
tainable, economic and environmental friendly ways are 
very important for a country like Oman. Therefore, there 
is a need to implement a comparative study on the poten-
tial reuse options for the treated wastewater produced by  
Haya Water.

Combining the need for large volumes of water in the 
greenhouses’ cooling system with surplus of treated waste-
water can be beneficial, taking into account the expected 
environmental and health impacts and how this treated 
wastewater will affect the human health and quality of crops 
grown inside the greenhouse. Therefore, the aim of this 
study was to evaluate the possibility of using treated waste-
water in greenhouse cooling system and asses any potential 
risk to the environment that could affect human health and 
crop safety and quality.

2. Methodology

Two small greenhouses (3 m × 6 m) were constructed at 
Agricultural Experiment Station, College of Agricultural and 
Marine Sciences, Sultan Qaboos University (SQU), Oman 
(Fig. 1). One of them was connected with treated wastewa-
ter for irrigation and cooling systems. The other one was 
connected with groundwater, as a control, for comparison.

2.1. Experimental design

The experiment was conducted in two greenhouses 
for a total area of 18 m2, were used to grow three species 
of roses, Rosa (Omani flower, Syrian flower and Pakistani 

  
Fig. 1. Greenhouses connected with treated wastewater and groundwater.
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flower) and lettuce in soil. Four replicates from each type of 
the flowers and twelve lettuces were planted in each green-
house. Each greenhouse was running completely either by 
GW or TWW. Plant growth parameters were monitored and 
measured. Moreover, samples were taken from the air and 
cooling system of both greenhouses.

2.2. Plant growth

Treated wastewater is rich of different elements. 
Therefore, as expected, production of flowers was higher for 
the three different flower types in the greenhouse irrigated 
with treated wastewater compared to groundwater. The aver-
age number of flowers produced by Omani flower, Pakistani 
flower and Syrian flower in GW were 2, 1 and 2, respectively, 
while the average number of flowers produced by Omani 
flower, Pakistani flower and Syrian flower in TWW were 
5, 2 and 5, respectively (Fig. 2). The result indicated that 
there was no significant difference in number of flowers 
between GW and TWW (P-value = 0.0578) and between 
the flowers species in both treatments (P-value = 0.234) 
(Table 1). The same observation was noticed with let-
tuce growth. The average weight of lettuce in treatment 1 
and 2 were 277 and 308.5 g, respectively (Fig. 3). Whereas, 
there was no significant difference in weight of lettuce at 
different treatments (P(T <= t) two-tail = 0.524) (Table 2).

Water quality is one of the most important param-
eters affecting plant growth. The aim of the study was 
to determine the impact of treated wastewater in green-
houses cooling system and irrigation of different plants. 
Plants growth was better in TWW than GW. According 
to Irénikatché Akponikpè et al. [8], treated wastewater is 
more useful for plants irrigation due to the presence of dif-
ferent nutrients especially NH4

+ and NO3
–, which are con-

sidered as major ions needed for plant growth. According 
to Faizan et al. [9] and Urbano et al. [10] treated wastewa-
ter is more profitable for plants growth than groundwater.

Average flower yield of Omani roses, Pakistani roses and 
Syrian roses were higher in TWW (5, 2 and 5, respectively) 
compared to GW. However, in GW, the number of Omani 
roses, Pakistani roses and Syrian rose flowers were (2, 1 
and 2, respectively). Similar result was found by Marinho et 
al. [11]. They found, the highest mean production of com-
mercial rose stems was observed in rose that was irrigated 
by treated wastewater and the production increased by 
31.8%. Whereas Nirit et al. [12], found no significant differ-
ent in rosebushes productivity irrigated by treated waste-
water and groundwater. According to Feigin et al. [13], 
treated wastewater contains organic and ammoniacal forms 
which contribute to the increase of flower yield. In addi-
tion, the average fresh weight of lettuce increased in TWW 
(308.5 g) due to the improvement in soil fertility.

2.3. Algae growth in greenhouse cooling system

Treated wastewater is rich with nutrients that could sup-
port algae growth and block the cooling system. Therefore, 
algae growth was studied and monitored in all greenhouses 
and it was observed that treated wastewater enhanced 
algae growth which could minimize the life-time of cooling 
pads (Fig. 4).

Algae samples were taken from different locations 
of both cooling pads. All samples were studied under 
microscope (Inverted microscope) (Fig. 5). Same type 

 
Fig. 2. Average number of flowers produced from each type of water (GW and TWW).

Table 1
ANOVA test of number of flower produced by Omani flower, 
Pakistani flower and Syrian flower in GW and TWW

Source of variation SS df MS F P-value Fcrit

Sample 28.03 1 28.03 3.97 0.058 4.26
Columns 21.8 2 10.9 1.54 0.234 3.40
Interaction 6.87 2 3.43 0.49 0.621 3.40
Within 169.6 24 7.07
Total 226.3 29
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of algae (Tetrastrum sp.) was found in both greenhouses 
cooling systems (groundwater and treated wastewater). 
Tetrastrum sp. was reported as the major algae presented 
in both cooling systems. However, it had higher growth in 
treated wastewater cooling pads. According to Palmer et 
al. [14], Tetrastrum sp. is a type of algae and its presence is 
one of the most common issues of using treated wastewa-
ter, which is characterized as freshwater algae with four 
cell and flat surrounding a hole in the middle. Cells are 
shaped like triangle, ovoid or heart, and mostly found 
with one to four spines and usually with or without a 
phytoplankton or pyrenoid of lakes [14].

Algae growth can be minimized by different applications 
(options) such as:

2.3.1. Option 1: light effect

Algae from five random sampling points (around 
1.5 cm × 1 cm) of greenhouse cooling system were collected 
for both systems (treated wastewater and groundwater) 
and mixed with 10 mL of cooling system water. Distilled 

water was used as a control. Light samples were incubated 
at 27°C and 12 h light while, dark samples were covered 
with aluminum foil. Every day during 4 d, total amount of 
Chlorophyll a was measured. Indicator of Chlorophyll a 
absorbance at wavelengths of 647 nm was measured using 
spectrophotometer.

The results indicate that Chlorophyll a of cooling pads 
in TWW and GW were different. However, Chlorophyll a 
was higher in TWW than GW in the presence and absence 
of light. Light increased algal growth due to enhancement 
of photosynthesis process (Fig. 6).

Based on this finding, all greenhouses were covered with 
green net so algae growth could be minimized as one step 
to reduce the sunlight and the biofouling problem (Fig. 7).

2.3.2. Option 2: addition of different chemicals (CuSO4, 
ZnSO4, chitosan and clorox) to the cooling tanks as 
antifouling compounds for controlling algal growth

Algae from five random sampling points (around 
1.5 cm × 1 cm) of greenhouse cooling system were collected 
for both systems (treated wastewater and groundwater) 
and mixed with 10 mL of cooling system water. Samples 
were centrifuged at 5,000 rpm for 5 min. 100 μm of algae 
was mixed separately with four different chemicals at four 
different concentrations (copper sulfate and zinc sulfate 
0.1 g/100 mL, 0.2 g/100 mL, 0.3 g/100 mL and 0.4 g/100 mL, 
chitosan 0.1 mg/100 mL, 0.2 mg/100 mL, 0.3 g/100 mL and 
0.4 g/100 mL and clorox 100 μL, 200 μL, 300 μL and 400 μL). 
All samples were incubated in well plats at 27°C in light 
condition for 12 h (Fig. 8).

Lethal concentration LC50 (50% of the tested popula-
tion) provides a data for the percentage of the organisms 
that were killed by different concentrations of each toxi-
cant after specified lengths of exposure [15].

It was found that chitosan has more antifouling activ-
ity with less dose compared to other antifouling com-
pounds (Figs. 9–10). According to Guo et al. [16], chitosan 
is a natural product from the shell of shellfish which is 
widely used as antifungal due to non-toxic properties.

 Fig. 3. Average weight of lettuce irrigated with GW and TWW.

Table 2
t-Test of lettuce weight in GW and TWW

Groundwater 
greenhouse (GW)

Treated wastewater 
greenhouse (TWW)

Mean 277 308.5
Variance 5,101.11 18,111.39
Observations 10 10
Hypothesized 
mean difference 0
df 14
t-Stat –0.653
P(T <= t) one-tail 0.262
t-Critical one-tail 1.761
P(T <= t) two-tail 0.524
t-Critical two-tail 2.14
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Based on the lab findings, all four chemicals (copper 
sulfate, zinc sulfate, chitosan and clorox) were tested under 
field condition using greenhouse cooling system. However, 
chitosan is a natural product but it is costly and need some 
technical knowledge in application. Therefore, it will be 
difficult for the farmer to apply it. Clorox had a short term 
effect and later algae was growing faster than control treat-
ments. Therefore, copper sulfate was the best option under 
field conditions. It was added in concentration of 0.31 mg/L 
in treated wastewater tank. Every week, algae from five 
sampling points (around 1.5 cm × 1 cm) from greenhouse 
cooling system were collected in all treatments (T1: card-
board cooling system running with treated wastewater, T2: 

cardboard cooling system running with groundwater and 
T3: plastic cooling system running with treated wastewater). 
For measuring the Chlorophyll a, samples were left in a fil-
ter paper of 0.74 μm mesh size and then 90% acetone was 
adding to all samples and kept for overnight. After 24 h, 
the extractions were purified using centrifuge (5,000 rpm) 
for 5 min. Chlorophyll a absorbance at wavelengths of 750, 
664, 647 and 630 nm was measured using spectrophotom-
eter. Total amount of Chlorophyll a was calculated using 
trichromatic equation: Chlorophyll a = (11.85 × A664)  
– (1.54 × A647) – (0.08 × A630) (Fig. 11) [17]. Moreover, 
air temperature was measured weekly inside all three  
greenhouses.

GW TWW 

At the 
beginning 

At the 
middle 

At the 
end 

Fig. 4. Growth of algae in cooling system in both treatments during the experiment.

 
a b

Fig. 5. Tetrastrum sp. algae in greenhouses cooling pad in GW and TWW: (a) groundwater algae and (b) treated wastewater algae.
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Fig. 6. Average Chlorophyll a of cooling pads in treated wastewater (TWW) and groundwater (GW) in light and dark conditions.

 

Fig. 7. Greenhouses covered with green shade.

Fig. 8. Lab experiment for algae growth with different chemicals.
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It was found that algae growth decreased in cooling sys-
tem that was running by treated wastewater with copper 
sulfate compared to the cooling system that was running 
by groundwater and plastic cooling system. Plastic cooling 
system had the highest values of Chlorophyll a which could 
be due to the shape of cooling pads (Fig. 12). According 
to Lauer [18], the optimal dose for killing Tetrastrum sp. 
algae is 0.02 mg/L of CuSO4. However, we found that 
0.31 mg/L of CuSO4 is the optimal concentration for kill-
ing 50% of Tetrastrum sp. and that is because the difference 
in the experiment condition and period.

2.3.3. Option 3: cleaning effect

The easier method to overcome the algae growth was 
cleaning the cooling pads using brush and pressurized 
water. Cleaning process for the area of 3 m × 2 m in each sys-
tem took around 10 min. Algae samples were taken before 
and after cleaning.

After cleaning, the growth of algae decreased by 90.93% 
in groundwater cooling system cardboard, 90.63% in 

treated wastewater cooling system cardboard and 98.47% 
in plastic cooling system (Fig. 13).

Treated wastewater is rich with nutrients that could sup-
port algae growth and cause biofouling [19]. Biofouling is 
undesirable deposition and growth of microorganisms on 
wetted surfaces and is considered an abiotic form of bio-
fouling [20]. Biofouling blocks the cooling pads and affects 
the efficiency of the greenhouse cooling system and reduce 
the lifetime and efficiency of cardboard using in the cool-
ing system. Moreover, it is unclear if the water could be a 
source of any diseases by spreading harmful microbes 
inside the greenhouse, affecting human health and contam-
inating crops. Although the wastewater treatment systems 
are designed to minimize the concentration of contami-
nants, including pathogens, many wastewater treatment 
plants release such effluents without chlorination [21]. One 
example is Escherichia coli which has been commonly used 
in aquatic environments as a faecal pollution predictor and 
most strains of it considered as a non-pathogenic while, 
some strains may be pathogenic [21]. As well, Pseudomonas 
mendocina, Enterobacter kobei and Pseudomonas alcaligenes 

 
Fig. 9. Lethal concentration (LC50) of CuSO4, ZnSO4 and chitosan in algae growth of treated wastewater and groundwater 
cooling pads.

 Fig. 10. Lethal concentration (LC50) of clorox in algae growth of treated wastewater and groundwater cooling pads.
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are soil and water bacteria and considered as pathogenic 
bacteria [22,23].

2.4. Micro-organisms in water, air and cooling system

Tetrastrum sp. is a type of algae and it is one of the most 
common issue related to treated wastewater which is char-
acterized as freshwater algae with four cell and flat sur-
rounding a hole in the middle. Cells are shaped like triangle, 

ovoid or heart, mostly found with one to four spines and 
with or without a phytoplankton or pyrenoid of lakes [14]. 
Algae growth increased in the second month due to the start 
of summer season and then decreased due to the addition 
of ZnSO4 to the cooling system tank of treated wastewa-
ter. According to Lauer [18], the optimal dose for killing 
Tetrastrum sp. algae is 0.02 mg/L of CuSO4. However, we 
found that 0.31 mg/L of CuSO4 is the optimal concentration 
for killing 50% of Tetrastrum sp. In addition, algae growth 

 
Fig. 11. Chlorophyll a level in cooling system pads in GW cooling system, TWW cooling system and plastic cooling system 
(Experiment 2).

GW TWW 

At the beginning 

At the end 

Plas�c 

Fig. 12. Differences in algae growth with time in each greenhouse cooling systems.
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was increased in the present of light compared to the 
dark conditions so more photosynthesis and higher growth.

Regarding microbial contaminants, treated wastewater 
from tap and cooling system had more bacterial growth. 
Pseudomonas mendocina, Stenotrophomonas maltophilia, 
Microbacterium liquefaciens, Pseudomonas stutzeri, Pseudomonas 
oleovorans and Stenotrophomonas nitritireducens are different 
bacteria found in treated wastewater. Whereas, Pseudomonas 
mendocina, Aeromonas hydrophila, Bacillus infantis, Aeromonas 
jandaei, Enterobacter asburiae, Enterobacter kobei, Enterobacter 
ludwigii and Pseudomonas alcaligenes were found in cooling 
system using treated wastewater. According to Al-Jassim 
et al. [24], treated wastewater include more pathogenic bac-
teria and species of bacteria were replaced by others due to 
changing bacteria environment. According to Wehr et al. [22] 
and Brooke [23], Stenotrophomonas maltophilia, Pseudomonas 
stutzeri, Pseudomonas oleovorans, Stenotrophomonas nitritiredu-
cens, Pseudomonas mendocina, Enterobacter kobei and 
Pseudomonas alcaligenes are soil and water bacteria and 
are considered as a pathogenic bacterium. According to 
Al-Jassim et al. [24], microbial risk will decrease when plants 
are irrigated for 20 min per irrigation and four times per 
week. In addition, reducing storage time in the tank will 
reduce the growth of pathogenic microbes. For air contam-
ination, bacteria growth was higher within a distance of 6 m 
from cooling pad, which means it was close to the cooling 
fans and may enter the greenhouse through the fans.

3. Conclusion

This study indicates that treated wastewater is more 
productive for agricultural production compared to ground-
water. Omani rose, Pakistan roes, Syrian roses and lettuce 
grew better in treated wastewater due to the presence of 
some nutrients needed for plant growth. Tetrastrum sp. was 
the algae species found in cooling system of both green-
houses. Using treated wastewater in cooling system did 
not show any negative impacts in plant growth. However, 
rapid growth of algae in cooling pad of treated wastewa-
ter greenhouse was noticed compared to the groundwater 

cooling system. Moreover, more types of bacteria were 
found in treated wastewater cooling system but there trans-
fer to human and plants were limited due to no direct con-
tact between them. Therefore, the study recommends the 
use of treated wastewater in the cooling system with some 
application of antifouling compounds. Further studies are 
suggested to find out the impacts of antifouling compounds 
to the surrounding environments.

References
[1] H.P.W. Jayasuriya, A. Al-Busaidi, M. Ahmed, Development 

of a decision support system for precision management of 
conjunctive use of treated wastewater for irrigation in Oman, 
J. Agric. Mar. Sci. (SQU), 22 (2017) 58–62.

[2] S.A. Al Khamisi, S.A. Prathapar, M. Ahmed, Conjunctive use 
of reclaimed water and groundwater in crop rotations, Agric. 
Water Manage., 116 (2013) 228–234.

[3] Y.A. Al-Mulla, Cooling greenhouses in the Arabian Peninsula, 
Acta Hortic., 719 (2006) 499–505.

[4] S.M. Tabook, A.M. Al-Ismaili, Evaluation of greenhouse 
cropping systems in Oman, Int. J. Trop. Agric., 34 (2016) 
715–720.

[5] N.C. Sabeh, G.A. Giacomelli, C. Kubota, Water use for pad and 
fan evaporative cooling of a greenhouse in a semi-arid climate, 
Acta Hortic., 719 (2006) 409–416.

[6] M.A. Fadel, M. AlMekhmary, M. Mousa, Water and energy 
use efficiencies of organic tomatoes production in a typical 
greenhouse under UAE weather conditions, Acta Hortic., 
1054 (2014) 81–88.

[7] Haya Water National Strategy to Utilize Treated Wastewater, 
Oman Wastewater Services Company, 2018.

[8] P.B. Irénikatché Akponikpè, K. Wima, H. Yacouba, A. Mermoud, 
Reuse of domestic wastewater treated in macrophyte ponds to 
irrigate tomato and eggplant in semi-arid West-Africa: benefits 
and risks, Agric. Water Manage., 98 (2011) 834–840.

[9] S. Faizan, S. Kausar, N. Akhtar, Influence of wastewater 
application and fertilizer use on growth, photosynthesis, 
nutrient homeostatis, yield and heavy metal accumulation 
in Okra (Abelmoschus esculentus L. Moench), Pak. J. Biol. Sci., 
17 (2014) 630–640.

[10] V.R. Urbano, T.G. Mendonça, R.G. Bastos, C.F. Souza, Effects 
of treated wastewater irrigation on soil properties and lettuce 
yield, Agric. Water Manage., 181 (2017) 108–115.

[11] L.E. de Oliveira Marinho, A.L. Tonetti, R. Stefanutti, B.C. Filho, 
Application of reclaimed wastewater in the irrigation of 

 Fig. 13. Cleaning efficiency of the cooling systems in removing the algae.



107A. Al-Busaidi et al. / Desalination and Water Treatment 263 (2022) 98–107

rosebushes, Water Air Soil Pollut., 224 (2013) 1669, doi: 10.1007/
s11270-013-1669-z.

[12] B. Nirit, B.T. Asher, F. Haya, S. Pini, R. Ilona, C. Amram, 
I. Marina, Application of treated wastewater for cultivation of 
roses (Rosa hybrida) in soil-less culture, Sci. Hortic., 108 (2006) 
185–193.

[13] A. Feigin, C. Ginzburg, S. Gilead, A. Ackerman, Effect of 
NH4/NO3 ratio in nutrient solution on growth and yield of 
greenhouse roses, Acta Hortic., 189 (1986) 127–132.

[14] C.M. Palmer, Algae in Water Supplies: An Illustrated Manual 
on the Identification, Significance, and Control of Algae in 
Water Supplies, Government Documents A to Z Digitization 
Project, UNT Libraries Government Documents Department, 
UNT Libraries, Cincinnati, OH, 1962.

[15] A. Guilherme Pacheco, M. de Freitas Rebelo, A simple R-based 
function to estimate lethal concentrations, Mar. Environ. Res., 
91 (2013) 41–44.

[16] Z. Guo, R. Xing, S. Liu, Z. Zhong, X. Ji, L. Wang, P. Li, The 
influence of molecular weight of quaternized chitosan on 
antifungal activity, Carbohydr. Polym., 71 (2008) 694–697.

[17] M.A. Alteerah, M.N.A. Azmai, H. Omar, A. Ismail, Water 
quality, primary productivity and carbon capture potential of 
microalgae in two urban manmade lakes, Selangor, Malaysia, 
Adv. Environ. Biol., 10 (2016) 10–22.

[18] W.C. Lauer, How can we focus algae treatment to save money 
and avoid side effects?, Opflow, 39 (2013) 6–7.

[19] T. Nguyen, F.A. Roddick, L. Fan, Biofouling of water treatment 
membranes: a review of the underlying causes, monitoring 
techniques and control measures, Membranes, 2 (2012) 804–840.

[20] H.-C. Flemming, Biofouling in water systems—cases, causes 
and countermeasures, Appl. Microbiol. Biotechnol., 59 (2002) 
629–640.

[21] T. Iwane, T. Urase, K. Yamamoto, Possible impact of treated 
wastewater discharge on incidence of antibiotic resistant 
bacteria in river water, Water Sci. Technol., 43 (2001) 91–99.

[22] J.D. Wehr, J.D. Wehr, R.G. Sheath, J.P. Kociolek, Freshwater 
Algae of North America: Ecology and Classification, Elsevier, 
Waltham, MA, 2015.

[23] J.S. Brooke, Stenotrophomonas maltophilia: an emerging global 
opportunistic pathogen, Clin. Microbiol. Rev., 25 (2012) 2–41.

[24] N. Al-Jassim, M.I. Ansari, M. Harb, P.-Y. Hong, Removal of 
bacterial contaminants and antibiotic resistance genes by 
conventional wastewater treatment processes in Saudi Arabia: is 
the treated wastewater safe to reuse for agricultural irrigation?, 
Water Res., 73 (2015) 277–290.


