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Abstract 

Access to clean and safe drinking water is a basic human right, essential for sustaining life and 

promoting public health. This necessitates the exploration of new technologies. Nanotechnology 

has emerged as a new strategy for water purification, leveraging the unique properties of 

nanomaterials to address this challenge. This study addresses the problem of water pollution by 

using a reactor coated with nanomaterials, exposing it to direct sunlight to leverage its catalytic 

properties to enhance biological treatment performance. This research is part of the quest for 

alternative and safe solutions for water treatment, away from traditional chemicals such as 

chlorine, which are carcinogenic and harmful to public health, in addition to the high costs of 

other disinfectants such as ozone. The study was conducted using water samples taken from the 

Al-Maidan estuary in the Tigris River. Samples were collected weekly from November 5, 2024, 

to May 19, 2025, with three replicates per sample. The study included evaluating the efficiency 

of nanomaterials in removing bacteria, in addition to analyzing the effect of these materials on 

some chemical properties of water, such as ions (chloride, sulfate, nitrate, phosphorus), as well 

as hardness. The results showed a sharp decrease in the total bacterial count (T.B.C), with the 

lowest number reaching (0 cells/ml) in the treated samples, while the number exceeded (300 

cells/ml) in the control tanks. The effect of titanium oxide was found to be more effective than 

zinc oxide. Regarding chemical properties, the results showed a stable chloride ion 

concentration, reaching (74 mg/L), a slight decrease in phosphorus values, and slightly increased 

sulfate and nitrate values. Meanwhile, the total hardness and the hardness of calcium and 

magnesium were relatively stable, indicating that the nanomaterials had a greater effect on 

bacterial pollutants than ions and hardness. These results confirm that the use of nanomaterials in 

combination with solar energy represents a promising and effective technology for water 

treatment, particularly in resource-limited and remote environments. It can contribute to 

improving water quality and reducing the risk of bacterial contamination without relying on 

harmful chemicals. 

Keywords: Water treatment, photocatalysis, nano oxides, reactive oxygen species, 

environmental remediation 
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Introduction 

Water pollution is a global environmental 

challenge of the 21st century. To address 

this issue, advanced treatment technologies 

have emerged, among which 

nanotechnology plays a central role. Recent 

studies have highlighted the potential of 

nano-oxides and photocatalysts such as 

titanium dioxide (TiO,) and zine axide 

(ZnO) in removing heavy metals, organic 

pollutants, and pathogenic microorganisms 

with high efficiency (De Silva ot al., 2025; 

Tripathy et al, 2024). Solar disinfection has 

also been recognized as a simple and 

effective method, yet its efficiency is limited 

under conditions of high contamination or 

weak solar radiation (El-Seesy et al., 2016). 

The integration of photocatalytic 

nanoparticles with solar energy has therefore 

been developed as a sustainable and low-

cost strategy for water purification, 

combining strong antimicrobial properties 

with environmental safety (Wang & Zhang, 

2023) To overcome these limitations, the 

performance of this technology has been 

improved using photocatalytic nanoparticles, 

due to their unique optical and chemical 

properties (Dufner et al., 2025). These 

materials are used as UV absorbers and have 

been extensively studied for the removal of 

organic compounds from polluted air and 

water, and for microbial disinfection 

(Adams et al., 2006). 

Objectives of the Study: 

1.This study is a laboratory experimental 

study aimed at evaluating the effect of 

nanomaterials (TiO₂ ) and (ZnO) on the 

efficiency of removing pathogenic bacteria 

from contaminated water using reactors 

coated with these materials. 

2. Measure biological, chemical, and 

physical variables of water before and after 

treatment with nanomaterials, such as the 

total bacterial count, bacterial isolates, and 

identification. 

3. Avoid adding harmful chemicals such as 

carcinogenic chlorine and costly ozone, and 

replace them with a safe and sustainable 

method for water sterilization based on 

ultraviolet radiation. 

Study Area 

This study focuses on the city of Mosul, 

located in northern Iraq between longitudes 

(41°–44°) east and latitudes (35°–37°) north, 

straddling the Tigris River, which divides it 

into a right and left side. The study included 

a main outlet that flows into the Tigris 

River: 

Al-Maidan Outfall: One of the most 

important outlets in the old area on the right 

side, it is designated for draining rainwater 

and sewage. It begins from Ras Al-Jada, 

passes through Khazraj, then the Sa'a and 

Sarj Khana areas, the Sha'areen Market, and 

the Fish Market. It ends below the old 

bridge, approximately 1.7 km long (Nineveh 

Sewerage Directorate), as shown in Figure 

(1). 
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Figure (1) shows the study area 

Materials and Methods  

Reactor Preparation 

Reactors (1L) were coated with 99% pure 

TiO₂  and ZnO nanoparticles (10-30 nm; 

Sky Spring, USA), ensuring high surface 

area and chemical reactivity. Silane coupling 

agents were applied to stabilize the 

nanoparticles and prevent agglomeration. 

After drying for 48 h, the reactors were 

ready for water treatment experiments under 

direct solar irradiation. Safe-to-use 

transparent dyes were supplied by the 

Turkish company ONAY BOYA. To coat 

the reactors, the nanomaterials were mixed 

with a transparent dye to ensure effective 

adhesion to the reactor surface. The coated 

reactors were left for 48 hours to ensure the 

coating was completely dry and prevent it 

from mixing with water during the treatment 

phase. After the drying period, water 

samples were collected from the Meydan 

and Karasaray estuaries, filtered using 

medical gauze, and placed in the 

nanomaterial-coated reactors. Then the 

samples were left inside the reactors for 3 

hours under direct sunlight at noon and 

temperatures during the study period ranged 

between (10-35) °C, with an average of 

about (12.8) °C. The intensity of solar 

radiation during the study period reached 

between (700-950 W/m2), as shown in 

Figure (2). 
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Figure (2) shows the reactors under sunlight. 

Results and discussion 

Biological Properties 

-1 Total Bacteria Count (TBC) Half an Hour After Treatment 

The results showed a significant decrease in 

the total bacterial count (TBC) after half an 

hour of treatment with TiO₂  and ZnO 

nanoparticles compared to the control group. 

However, this decrease was not as high as 

that achieved after three hours, indicating 

that treatment time is a key factor in 

increasing the efficiency of biological 

removal (10). 

 

At the Qara Saray outfall 

the control group recorded more than 300 

cells/ml, reflecting the persistence of 

biological contamination in the absence of 

treatment. When ZnO was used at a 

concentration of 10 mg/ml, the count 

decreased to 289 cells/ml, but it remained 

relatively high, indicating that half an hour 

is not sufficient to achieve effective 

removal. When the concentration of ZnO 

was increased to 15 mg/ml, the count 

decreased to 210 cells/ml, demonstrating the 

role of the material concentration and 

treatment time in enhancing efficiency. 

In contrast, TiO₂  demonstrated clearer 

effectiveness, reaching 236 cells/ml at 10 

mg/ml and decreasing significantly to 86 

cells/ml at 15 mg/ml, reflecting its high 

efficiency even over short periods. Recent 

studies have confirmed that TiO₂  has a 

higher capacity to generate free radicals than 

ZnO, giving it superiority in inhibiting 

bacterial growth (11). 

At Al-Midan Outfall 

At this site, the control group showed high 

bacterial counts exceeding 300 cells/ml, 

indicating severe contamination. When 

TiO₂  and ZnO were used at a concentration 
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of 10 mg/ml, a gradual decrease in counts 

was observed compared to the control, but 

the values remained relatively high. At the 

higher concentration of 15 mg/ml, a more 

pronounced effect was observed, with the 

number dropping to 82 cells/ml using TiO₂ , 

while at the same concentration, ZnO 

recorded 95 cells/ml, reflecting TiO₂ 's 

superiority in eliminating bacteria in just 

half an hour. These results are consistent 

with what (12) reported regarding TiO₂ 's 

greater efficiency in treating microbial 

contaminants compared to ZnO under the 

same operating conditions. 

Scientific Interpretation of the Results 

These results can be explained by TiO₂ 's 

ability to produce free radicals (•OH) more 

rapidly when exposed to radiation, leading 

to rapid damage to bacterial cell walls and 

membranes even in a short time (13). 

However, half an hour is still not sufficient 

to completely eliminate bacteria, as 

significant numbers continued to appear, 

unlike after three hours, when a much 

greater reduction was achieved (14). The 

differences between the Kara Saray and 

Midan estuaries may be attributed to the 

nature of the pollution. Kara Saray contains 

more complex industrial pollutants that may 

hinder the efficiency of catalytic reactions, 

while Midan is predominantly composed of 

biodegradable organic pollution, which 

facilitates the nanoremediation process and 

enhances its effectiveness (14). Thus, it can 

be concluded that the half-hour results 

demonstrate the initial effectiveness of the 

nanoparticles, especially TiO₂ , and that 

increasing the treatment time is necessary to 

enhance the effect and achieve near-

complete elimination of bacteria. 

Table (1): Total number of bacteria after half an hour of treatment 

Sample Location Concentration(mg/ml) TiO2 ZnO 

Qara Saray outfall 

Control more 300 more 300 

10 236 289 

15 86 212 

Al-Midan outfall 

Control more 300 more 300 

10 175 181 

15 82 95 

 

2-Total Bacteria Count (T.B.C.) One Hour After Treatment 

The study results showed a significant 

decrease in the total bacterial count after one 

hour of treatment compared to the control 

group. However, this decrease did not reach 

the level achieved after three hours, 

indicating that the treatment duration is a 

crucial factor in enhancing the bioefficiency 

of nanomaterials (14). 

At the Qara Saray outfall 

the results showed that the control group 

recorded more than 300 cells/ml, reflecting 

the high level of contamination at the site. 

As for the TiO₂  treatments, the count 

decreased at a concentration of 10 mg/ml to 

45 cells/ml, while the higher concentration 

(15 mg/ml) showed more pronounced 

efficiency, with the count decreasing to 18 
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cells/ml. In contrast, the number of bacterial 

cells in the 10 mg/ml ZnO reactor reached 

approximately 58 cells/ml, while at 15 

mg/ml, it decreased to 38 cells/ml. 

It is noted that TiO₂  significantly 

outperformed ZnO in reducing the total 

bacterial count at both concentrations at this 

site, which is consistent with previous 

studies indicating that TiO₂  possesses 

higher photosynthetic activity due to its 

chemical stability and ability to generate 

reactive oxygen species more effectively 

(15). 

At the Al-Midan outfall 

the control group recorded more than 300 

cells/ml, reflecting the high level of 

pollution similar to the Kara Saray outfall. 

In the nanoreactors, the number reached 6 

cells/ml at 10 mg/ml TiO₂  and 9 cells/ml at 

the same concentration ZnO. At the highest 

concentration (15 mg/ml), both TiO₂  and 

ZnO recorded the lowest possible number of 

2 cells/ml. 

These results indicate a very high efficacy of 

the nanoparticles at the Meydan site, 

especially at the highest concentration (15 

mg/ml), where bacterial counts reached their 

lowest level. These results are consistent 

with recent scientific reports demonstrating 

that increasing the concentration of 

nanomaterials leads to enhanced free radical 

generation, thereby increasing the efficiency 

of bacterial elimination (12). 

Scientific Interpretation of the Results 

The T.B.C. results can be explained by the 

fact that the efficacy of the nanomaterials is 

evident even after one hour of treatment, but 

their effect becomes more pronounced after 

longer periods. The discrepancy between the 

two estuaries is due to the different nature 

and types of pollutants. The Kara Saray 

estuary contains more complex industrial 

wastes that may hinder some photocatalytic 

reactions, while the Meydan estuary is 

predominantly characterized by 

biodegradable organic pollutants, which 

enhances photocatalytic efficiency (11). 

The results of Table (2) confirm that 

treatment using TiO₂  outperformed ZnO, 

which is in line with recent research trends 

that consider TiO₂  to be one of the most 

promising nanomaterials in the field of 

photochemical treatment of polluted water 

(13). 

 

3- Total Bacteria Count (TBC) Three Hours After Treatment 

    The results showed a significant decrease 

in the total bacterial count (TBC) three 

hours after treatment with nanoparticles, 

compared to the control group, which 

recorded high counts at both sites. This 

confirms the effectiveness of the 

treatment time in enhancing the 

effectiveness of nanoparticles (16). 

    At the Qara Saray outfall 

the results indicated that ZnO at a 

concentration of 15 mg/ml reduced the 

bacterial count to 6 cells/ml, while 

TiO₂  at the same concentration showed 

greater effectiveness, reducing the count 

to only 3 cells/ml. The control group, on 

the other hand, exceeded 300 cells/ml, 

reflecting the persistence of 

biocontamination in the absence of any 

treatment. This superiority is attributed 

to the optical and physical properties of 

TiO₂ , which give it a higher capacity to 

produce reactive oxygen species (ROS), 
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thus achieving greater disinfection efficiency (17). 

 

 

Table (2): Total number of bacteria after one hour of treatment 

 

At the Al-Midan outfall 

the number reached zero cells/ml when 

TiO₂  was used at a concentration of 15 

mg/ml, demonstrating very high 

effectiveness in eliminating bacteria. ZnO at 

the same concentration reduced the number 

to 2 cells/ml, a significant decrease 

compared to the control reactor, which 

recorded over 180 cells/ml. These results 

indicate that TiO₂  outperforms ZnO under 

natural lighting conditions due to its higher 

photocatalytic activity compared to ZnO 

(18). The sharp decrease in T.B.C after three 

hours can be explained by the following: 

The high efficiency of nanoparticles, 

especially TiO₂ , in catalyzing 

photochemical reactions that produce 

free radicals (•OH) capable of directly 

damaging bacterial cell walls and 

membranes. 

The greater efficiency of TiO₂  compared to 

ZnO is due to its stronger photonic 

properties under natural irradiation, in 

addition to its chemical stability, which 

enhances the continuation of reactions 

for longer periods (19). 

The difference between the two sites may be 

attributed to the nature and source of the 

pollution; the type, quantity, and 

concentration of pollutants directly 

affect the efficiency of the 

nanoremediation process (20).  

The results of Table (3) show: how that 

treatment with TiO₂  and ZnO 

contributed to a significant reduction in 

bacterial counts after three hours, 

confirming the potential of these 

nanomaterials as a promising method for 

treating biological pollution in water. 

The study also showed that TiO₂  

showed clear superiority over ZnO, 

which is consistent with recent trends in 

research related to nanophotonic 

processing (21). 

 

 

 

 

 

Sample Location Concentration(mg/ml) TiO2 ZnO 

Qara Saray outfall 

Control more 300 more 300 

10 45 58 

15 18 38 

Al-Midan outfall 

Control more 300 more 300 

10 6 9 

15 2 2 
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Table (3): Total number of bacteria after three hours of treatment 

Sample Location Concentration(mg/ml) TiO2 ZnO 

Qara Saray outfall 

Control more 300 more 300 

10 10 35 

15 6 12 

Al-Midan outfall 

Control more 180 more 180 

10 3 7 

15 0 2 
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Figure (3) Illustrative images of biological treatment 

Chemical properties 

Total Hardness (T.H) 

The results indicate that the total hardness 

concentration remained stable at 170 mg/L 

in all samples, both in the control reactors 

and the nanoparticle reactors at 

concentrations of 10 and 15 mg/mL and for 

different exposure times (half an hour, one 

hour, and three hours). This stability 

indicates that the nanomaterials used did not 

cause a change in the concentrations of 

calcium and magnesium ions, the two main 

components of total hardness (22). This is 

due to the photocatalytic mechanism these 

particles rely on, as they focus primarily on 

the oxidation of organic compounds such as 

nitrate, phosphate, and sulfate, and do not 

interact directly with the ions responsible for 

hardness (23). Previous studies have shown 

that the effect of nanoparticles on total 

hardness is limited, especially when 

chemical and physical conditions such as 

temperature and pH are constant, and when 

precipitating agents are not available (24). 

On the other hand, nanomaterials are not as 

efficient in removing hardness compared to 

traditional methods such as ion exchange 

(25). These results are consistent with recent 

research, which indicated that the stability of 

the concentration of Ca²⁺  and Mg²⁺  ions 

during the experiment is due to the stability 

of the water temperature and pH, which are 

key factors in the precipitation or dissolution 

of these ions (26). 

 

Figure (1) Total hardness concentrations in terms of CaCO3 (mg/L) 

Calcium Hardness (Ca H.) 

The results indicated that the calcium 

hardness concentration remained stable at 40 

mg/L in all reactors. This stability is due to 

the fact that the nanoparticles did not affect 

the concentration of calcium ions (Ca²⁺ ), 

which are the main component of calcium 

hardness (22). This is attributed to the fact 

that the photocatalytic mechanism on which 

Before
treatment

control
TiO₂ 

(10mg/1ml) 
TiO₂ 

(15mg/1ml) 
ZnO(10mg/

ml)
ZnO(15mg/

ml)

Half an hour 170 170 170 170 170 170

1 hour 170 170 170 170 170 170

3 hours 170 170 170 170 170 170

160

165

170

175

180

185

190

T
.H

 M
G

\L
 



Euphrates Journal of Agricultural Science-17 (4):374-391, (Dec. 2025)        Younis et al. 

 

  ISSN 2072-3857           

 
383 

 

these nanoparticles rely focuses on the 

oxidation of organic compounds while not 

directly interacting with stable inorganic 

ions (23).

 

 

Figure (2) Calcium hardness concentrations as a function of CaCO3 (mg/L) 

Magnesium Hardness (Mg H.) 

The results confirmed that the magnesium 

hardness concentration also remained 

constant at 130 mg/L in all reactors. Mg²⁺  

ions are chemically stable and do not readily 

undergo oxidation or reduction reactions, 

making them unaffected by photocatalytic 

techniques (24). Furthermore, the 

nanomaterials used lack the ion exchange 

properties required to remove magnesium 

ions from water (27). Studies indicate that 

removing Mg²⁺  ions requires different 

techniques such as ion exchange and reverse 

osmosis (RO), which rely on physical 

mechanisms (25; 26). 
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Figure (3) Magnesium hardness concentrations in terms of CaCO3 (mg/L) 

Chloride Ion (Cl⁻ ) 

The results of the current study showed that 

the chloride ion (Cl⁻ ) concentration 

remained stable at 74 mg/L in all reactors, 

both the control reactors and the 

nanoparticle reactors. This stability indicates 

that the nanomaterials did not cause any 

changes in chloride concentration. This 

behavior is attributed to the fact that the 

photocatalytic mechanism used by TiO₂  

and ZnO primarily targets the 

photodegradation of organic compounds, but 

does not participate in reactions that affect 

stable ions (22). In addition, the chloride ion 

is chemically stable in solution and is not 

easily susceptible to oxidation and 

reduction, making it unlikely to be affected 

within the experimental time range and 

exposure levels used. (28) There are 

indications that Cl⁻  sometimes slows the 

activity of the free radical •OH by altering 

the reaction mechanism, but it is not itself 

affected. 

 

Figure (4) Chloride ion concentrations (mg/L) 
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 ( SO₄ -
² )Sulphate Ions 

The results showed that the sulfate 

concentration (before treatment) remained 

constant at 0.9 mg/L for all exposure periods 

(half an hour, one hour, and three hours), 

confirming the stability of sulfate 

concentrations in the absence of 

nanomaterials. After applying treatment 

using nanoparticles at two different 

concentrations (10 and 15 mg/L), a clear 

variation in sulfate concentrations was 

recorded with time and concentration, 

reflecting the effectiveness of these 

materials in influencing the behavior of 

sulfate in water. When TiO₂  was used at a 

concentration of (10 mg/L), the sulfate 

concentration gradually increased with time, 

reaching values of (13.63, 15.90, and 29.54 

mg/L) for half an hour, one hour, and three 

hours, respectively. Similarly, samples 

treated with TiO₂  at a concentration of (15 

mg/L) showed greater increases, reaching 

values of (12.50, 18.18, and 32.95 mg/L). 

This increase can be explained by the 

increased decomposition of sulfur-

containing compounds (such as organic 

sulfates) under the influence of TiO₂  

nanoparticles, resulting from the formation 

of reactive oxygen species (ROS) during the 

photocatalytic process (29). Treatment with 

ZnO at a concentration of 10 mg/mL 

showed relatively smaller incremental 

increases (11.36, 12.50, and 28.40 mg/L), 

while ZnO at a concentration of 15 mg/mL 

recorded the highest increases (20.45, 24.77, 

and 32.95 mg/L). The superior performance 

of ZnO at high concentrations is attributed 

to its ability to catalyze organic sulfate 

oxidation reactions more rapidly, in addition 

to the photocorrosion phenomenon that 

increases sulfate release (30, 31). These 

results are consistent with the findings of 

several previous studies, which confirmed 

that nanoparticles are highly effective in 

stimulating the oxidation and decomposition 

of organic and sulfur compounds in water 

(32,33). Some studies have also indicated 

that increasing the concentration of 

nanoparticles and increasing the exposure 

time leads to increased sulfate production as 

a result of the oxidation of organic sulfur 

(34). 

 
Figure (5) Concentrations of sulfates and nitrates (mg/L) 
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 ( NO₃ ¯
 )Nitrate Ions  

The results showed that the nitrate 

concentration before treatment remained 

constant at 2.56 mg/L for all exposure times 

(half an hour, one hour, and three hours), 

reflecting the stability of nitrate 

concentrations in the absence of 

nanomaterials. However, in samples treated 

with nanoparticles, a significant change in 

nitrate concentrations was observed 

depending on the type and concentration of 

the nanomaterial and exposure time. When 

using TiO₂  at a concentration of 10 mg/ml, 

the nitrate concentration gradually decreased 

from 3.44 mg/L after half an hour to 2.91 

mg/L after one hour, then increased again to 

3.29 mg/L after three hours. When using 

TiO₂  at a concentration of 15 mg/ml, values 

of 3.2, 3.32, and 3.84 mg/L were recorded 

for the same treatment times. These 

increases indicate that TiO₂  particles can 

contribute to the oxidation of nitrogenous 

compounds (ammonium and nitrite) to 

nitrate due to the presence of reactive 

oxygen species (ROS) under photocatalysis 

(35; 12). For samples treated with ZnO at a 

concentration of 10 mg/mL, a different 

pattern was recorded, with values ranging 

from 3.71, 2.27, and 5.53 mg/L, reflecting 

oscillatory behavior due to the photoelectric 

effect and the instability of ZnO in water, 

which can cause temporary release or 

absorption of nitrate (36). For ZnO at a 

concentration of 15 mg/ml, values of 2.94, 

3.81, and 4.4 mg/L were recorded, which 

also showed a gradual increase in nitrate 

concentration with increasing time and 

concentration, supporting the hypothesis that 

ZnO is more active than TiO₂  in catalyzing 

the oxidation of nitrogenous compounds 

(37). These results are consistent with recent 

studies that confirmed the ability of TiO₂  

and ZnO to oxidize and convert nitrogenous 

compounds to nitrate, with differences in the 

degree of stability and performance between 

the two materials (38). 

 

Figure (6) Nitrate ion concentrations (mg/L) 

 

Before
treatment

control
TiO₂ 

(10mg/1ml) 
TiO₂ 

(15mg/1ml) 
ZnO(10mg/ml

)
ZnO(15mg/ml

)

Half an hour 2.56 3.23 3.44 3.21 3.71 2.94

1 hour 2.56 2.94 2.91 3.32 2.27 3.81

3 hours 2.56 3.52 3.29 3.84 5.53 4.41

0

2

4

6

8

10

12

N
O

3
- 

m
g\

l 



Euphrates Journal of Agricultural Science-17 (4):374-391, (Dec. 2025)        Younis et al. 

 

  ISSN 2072-3857           

 
387 

 

 ( PO₄ -
³ )Orthophosphate Ions  

The results indicate that the phosphorus 

concentration before treatment was stable at 

0.031 mg/L, while the comparison results 

after half an hour of treatment showed a 

significant increase, reaching 0.14, and then 

began to gradually decrease after one and 

three hours of treatment, reaching 0.11 and 

0.09, respectively. Samples treated with 

nanoparticles recorded varying decreases in 

phosphorus concentration depending on the 

type of nanomaterial, its concentration, and 

exposure time. When using TiO₂  at a 

concentration of 10 mg/ml, a gradual 

decrease in phosphorus concentration was 

observed, reaching 0.015 mg/L after half an 

hour, 0.063 mg/L after one hour, and 0.078 

mg/L after three hours. Samples treated with 

TiO₂  at a concentration of 15 mg/ml 

showed a significant improvement in 

removal efficiency, as the phosphorus 

concentration decreased from 0.126 mg/L 

after half an hour to 0.063 mg/L after an 

hour, and then increased again to 0.284 

mg/L after three hours, reflecting the role of 

the increased nanomaterial concentration in 

enhancing the adsorption and photocatalytic 

activity of phosphorus (39). When using 

ZnO at a concentration of 10 mg/ml, values 

of 0.015, 0.095, and 0.047 mg/L were 

recorded for the same exposure times, with 

relatively fluctuating performance. While 

samples treated with 15 mg/ml ZnO showed 

a significant variation in values, recording 

(0.063 mg/L) after half an hour, 

unexpectedly rising to (0.315 mg/L) after an 

hour, and then decreasing again to (0.063 

mg/L) after three hours. This unstable 

behavior is attributed to the phenomenon of 

photolysis and the decomposition of ZnO 

particles under radiation, which leads to a 

temporary release of absorbed phosphorus 

(31; 42). All results of the current study 

were within and below the permissible limit 

for discharge into rivers, which is (3) mg/L. 

The results of the current study differed 

from the results of the study (41) during his 

study to assess the environmental impact of 

some liquid discharges into the Tigris River, 

as his highest concentration reached (25.9) 

mg/L. 

 

Figure (7) Concentrations of orthophosphate ions (mg/L) 

Before
treatment

control
TiO₂ 

(10mg/1ml) 
TiO₂ 

(15mg/1ml) 
ZnO(10mg/ml

)
ZnO(15mg/ml

)

Half an hour 0.031 0.14 0.015 0.126 0.015 0.063

1 hour 0.031 0.11 0.063 0.063 0.095 0.315

3 hours 0.031 0.09 0.078 0.284 0.047 0.063
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Conclusions 

1. Reactors coated with nanomaterials 

improved treatment efficiency. The study 

demonstrated that nanomaterials (TiO₂  and 

ZnO) are effective in reducing the number 

of bacteria contaminating water. The total 

bacterial count (T.B.C.) decreased 

significantly to 0 cells/ml in treated samples, 

demonstrating the effectiveness of this 

technology in water disinfection. 

2. Titanium oxide (TiO₂ ) demonstrated 

higher efficiency than zinc oxide (ZnO) in 

removing bacteria, making it the most 

effective choice for practical applications. 

3. The effect of nanomaterials on bacterial 

contaminants was more pronounced 

compared to chemical properties. ions 

(chloride, sulfate, nitrate, phosphorus) and 

total hardness showed relative stability, with 

minor changes that did not affect water 

quality.  

4. Biological treatment using nanomaterial-

coated reactors powered by solar energy is a 

promising option for highly efficient 

treatment of contaminated water. 

5. Therefore, solar-powered reactors coated 

with nano-oxides represent a practical, low-

cost. and sustainable solution for 

decentralized water treatment. This 

approach holds particular promise for rural 

and polluted regions, where access to safe 

drinking water remains a critical challenge. 

 

 

 

 

 



Euphrates Journal of Agricultural Science-17 (4):374-391, (Dec. 2025)        Younis et al. 

 

 
  ISSN 2072-3857           

 
389 

Reference 

1 Adams, L. K., Lyon, D. Y., & Alvarez, 

P. J. J. (2006). Comparative eco-

toxicity of nanoscale TiO₂ , SiO₂ , and 

ZnO water suspensions. Water 

Research, 40, 3527-3532. 

https://doi.org/10.1016/j.watres.2006.0

8.004 

2 Ahmed, T., & Khan, M. A. (2023). 

Nanoparticle-based photocatalysis for 

microbial inactivation in water 

treatment: Recent advances and 

challenges. Journal of Hazardous 

Materials, 454, 131432. 

https://doi.org/10.1016/j.jhazmat.2022.

131432 

3 Al-Fatlawi, H., Ahmed, S., & Kareem, 

R. (2023). Water pollution and modern 

treatment approaches. Journal of 

Environmental Studies, 12(4), 45–58. 

4 Al-Hadedi, R. A. M., Abdullah, S. K., 

& Ismail, M. M. (2024). Assessment of 

natural and municipal liquid wastes 

discharged into the Tigris River in 

Mosul, Iraq. Egyptian Journal of 

Aquatic Biology & Fisheries. 

https://ejabf.journals.ekb.eg/. 

5 Ali, M., Khan, Z., & Hussain, S. 

(2023). Comparative photocatalytic 

efficiency of TiO₂  and ZnO 

nanoparticles for water treatment 

applications. Journal of Environmental 

Chemical Engineering, 11(2), 109876.  

6 Al-Malack, M. H., Al-Ghamdi, S. G., 

& Al-Dosary, S. A. (2020). Advances 

in membrane and ion-exchange 

technologies for water softening 

applications. Desalination, 496, 

114682. 

https://doi.org/10.1016/j.desal.2020.11

4682 

7 Al-Qaim, F., & Al-Dosary, S. A. 

(2024). Nanomaterials in wastewater 

treatment: Mechanisms, applications, 

and challenges. Science of the Total 

Environment, 904, 166912. 

https://doi.org/10.1016/j.scitotenv.2023

.166912  

8 Alshammari, H. S., Alshammari, M. 

S., & Alshammari, A. S. (2023). 

Sulfate removal and oxidation by 

nanomaterials: Recent developments 

and future perspectives. Water 

Research, 238, 120216. 

https://doi.org/10.1016/j.watres.2023.1

20216  

9 Arumugham, T., & Kumar, S. (2022). 

Photocatalytic degradation of organic 

and inorganic pollutants using TiO₂  

nanoparticles: Mechanisms and recent 

advancements. Environmental 

Nanotechnology, Monitoring & 

Management, 18, 100741. 

https://doi.org/10.1016/j.enmm.2022.1

00741 

10 De Silva, M., Cao, G., & Tam, K. C. 

(2025). Nanomaterials for the removal 

and detection of heavy metals: A 

review. Environmental Science: Nano, 

12(2), 410–436. 

https://doi.org/10.1039/D4EN01041H 

11 Dufner, L., Hofmann, P., Dobslaw, D., 

& Kern, F. (2025). Degradation of 

bacteria for water purification in a 

TiO₂ -coated photocatalytic reactor 

illuminated by solar light. Applied 

Water Science, 15, 101. 

https://doi.org/10.1007/s13201-025-

02453-x 

12 Elahi, N., Kamali, M., & Baghersad, 

M. H. (2024). A review on stability and 

reusability of ZnO nanoparticles in 

wastewater treatment. Environmental 

Nanotechnology, Monitoring & 

Management, 21, 100693. 

https://doi.org/10.1016/j.enmm.2024.1

00693 

13 El-Seesy, I. E., Kamel, M., Khattab, 

N., & Hassan, S. A. (2016). Solar 

disinfection of drinking water with 

polyethylene terephthalate bottles 

coated with nano-titanium dioxide. 

https://doi.org/10.1016/j.watres.2006.08.004
https://doi.org/10.1016/j.watres.2006.08.004
https://doi.org/10.1016/j.jhazmat.2022.131432
https://doi.org/10.1016/j.jhazmat.2022.131432
https://ejabf.journals.ekb.eg/
https://doi.org/10.1016/j.desal.2020.114682
https://doi.org/10.1016/j.desal.2020.114682
https://doi.org/10.1016/j.scitotenv.2023.166912
https://doi.org/10.1016/j.scitotenv.2023.166912
https://doi.org/10.1016/j.watres.2023.120216
https://doi.org/10.1016/j.watres.2023.120216
https://doi.org/10.1016/j.enmm.2022.100741
https://doi.org/10.1016/j.enmm.2022.100741
https://doi.org/10.1039/D4EN01041H
https://doi.org/10.1007/s13201-025-02453-x
https://doi.org/10.1007/s13201-025-02453-x
https://doi.org/10.1016/j.enmm.2024.100693
https://doi.org/10.1016/j.enmm.2024.100693


Euphrates Journal of Agricultural Science-17 (4):374-391, (Dec. 2025)        Younis et al. 

 

 
  ISSN 2072-3857           

 
390 

International Journal of Advanced 

Engineering Research and Science 

(IJAERS), 3(7), 1–7. 

https://doi.org/10.22161/ijaers.3.7.xxx  

14 Gopal, R., & Kumar, R. (2024). 

Emerging applications of ZnO 

nanostructures in water purification: 

Focus on nitrogen species. Journal of 

Environmental Management, 355, 

119239. 

https://doi.org/10.1016/j.jenvman.2024

.119239  

15 Guerra, F. D., & Silva, J. A. (2022). A 

review on TiO₂ -based photocatalysts 

for water disinfection. Catalysts, 12(3), 

325. 

https://doi.org/10.3390/catal12030325  

16 Gupta, R., & Gupta, V. K. (2022). 

Comparative study of nanomaterials 

for water softening: Current challenges 

and opportunities. Water Research, 

215, 118252. 

https://doi.org/10.1016/j.watres.2022.1

18252 

17 Gupta, V. K., & Agarwal, S. (2023). 

Advances in ZnO-based nanomaterials 

for photocatalytic water treatment: A 

review. Journal of Environmental 

Chemical Engineering, 11(1), 108722. 

https://doi.org/10.1016/j.jece.2022.108

722 

18 He, J., Zhang, L., & Wang, Z. (2023). 

Photocatalytic materials for water 

treatment: Limitations in hardness 

removal and future directions. 

Environmental Nanotechnology, 

Monitoring & Management, 20, 

100720. 

https://doi.org/10.1016/j.enmm.2023.1

00720  

19 Hosseini, M., & Ghaedi, M. (2023). 

Comparative antibacterial efficiency of 

TiO₂  and ZnO nanoparticles under 

visible light irradiation. Environmental 

Nanotechnology, Monitoring & 

Management, 20, 100737. 

https://doi.org/10.1016/j.enmm.2023.1

00737  

20 Ishaq, M., & Khan, M. A. (2023). 

Photocatalytic degradation of 

nitrogenous pollutants using metal 

oxide nanoparticles: A review. Science 

of the Total Environment, 875, 162692. 

https://doi.org/10.1016/j.scitotenv.2023

.162692 

21 Karaman, C., Yılmaz, E., Kaya, İ., 

Karaman, O., & Şahin, Ö. (2023). 

Evaluation of ion-exchange materials 

for calcium and magnesium removal 

from drinking water. Journal of Water 

Process Engineering, 58, 103092. 

https://doi.org/10.1016/j.jwpe.2023.10

3092  

22 Kim, H. S., Lee, J. H., & Park, J. H. 

(2022). Photocatalytic removal of 

sulfur compounds from aqueous 

solutions using modified TiO₂  and 

ZnO nanoparticles. Chemical 

Engineering Journal, 428, 131113. 

https://doi.org/10.1016/j.cej.2021.1311

13  

23 Li, H., & Zhang, Y. (2022). Enhanced 

antibacterial performance of TiO₂  

nanoparticles for water treatment. 

Journal of Environmental Chemical 

Engineering, 10(5), 107642. 

https://doi.org/10.1016/j.jece.2022.107

642  

24 Lu, J., & Zhang, Y. (2022). Behavior of 

ZnO nanoparticles in aqueous 

environments: Impact on nitrogen 

transformation and removal. 

Environmental Pollution, 292, 118366. 

https://doi.org/10.1016/j.envpol.2021.1

18366  

25 Mahmood, A., & Khan, S. (2024). 

Emerging applications of TiO₂  and 

ZnO nanoparticles for environmental 

remediation. Science of the Total 

Environment, 915, 168192. 

https://doi.org/10.1016/j.scitotenv.2024

.168192  

26 Manikandan, A., & Kumar, R. (2024). 

Engineered nanomaterials for water 

purification: Mechanisms, 

applications, and environmental 

https://doi.org/10.22161/ijaers.3.7.xxx
https://doi.org/10.1016/j.jenvman.2024.119239
https://doi.org/10.1016/j.jenvman.2024.119239
https://doi.org/10.3390/catal12030325
https://doi.org/10.1016/j.watres.2022.118252
https://doi.org/10.1016/j.watres.2022.118252
https://doi.org/10.1016/j.jece.2022.108722
https://doi.org/10.1016/j.jece.2022.108722
https://doi.org/10.1016/j.enmm.2023.100720
https://doi.org/10.1016/j.enmm.2023.100720
https://doi.org/10.1016/j.enmm.2023.100737
https://doi.org/10.1016/j.enmm.2023.100737
https://doi.org/10.1016/j.scitotenv.2023.162692
https://doi.org/10.1016/j.scitotenv.2023.162692
https://doi.org/10.1016/j.jwpe.2023.103092
https://doi.org/10.1016/j.jwpe.2023.103092
https://doi.org/10.1016/j.cej.2021.131113
https://doi.org/10.1016/j.cej.2021.131113
https://doi.org/10.1016/j.jece.2022.107642
https://doi.org/10.1016/j.jece.2022.107642
https://doi.org/10.1016/j.envpol.2021.118366
https://doi.org/10.1016/j.envpol.2021.118366
https://doi.org/10.1016/j.scitotenv.2024.168192
https://doi.org/10.1016/j.scitotenv.2024.168192


Euphrates Journal of Agricultural Science-17 (4):374-391, (Dec. 2025)        Younis et al. 

 

 
  ISSN 2072-3857           

 
391 

implications. Science of the Total 

Environment, 905, 167421. 

https://doi.org/10.1016/j.scitotenv.2024

.167421 

27 Naseem, T., & Durrani, T. (2022). The 

role of some important metal oxide 

nanoparticles for wastewater and 

antibacterial applications: A review. 

Environmental Chemistry & 

Ecotoxicology, 3(3), 59-75. 

https://doi.org/10.1016/j.enceco.2020.1

2.001 

28 Sadeghi, M., & Ghaedi, M. (2021). 

Photocatalytic degradation of 

pollutants using TiO₂  and ZnO 

nanoparticles. Journal of 

Environmental Chemical Engineering, 

9(5), 105786. 

https://doi.org/10.1016/j.jece.2021.105

786  

29 Sahoo, D. P., & Kumar, S. (2023). 

Advanced photocatalytic disinfection 

using TiO₂  nanomaterials: 

Mechanisms and practical applications. 

Catalysis Today, 413, 18–29. 

https://doi.org/10.1016/j.cattod.2023.0

1.022 

30 Tripathy, J., Mishra, A., Pandey, M., 

Thakur, R. R., Chand, S., Rout, P. R., 

& Shahid, M. K. (2024). Advances in 

Nanoparticles and Nanocomposites for 

Water and Wastewater Treatment: A 

Review. Water, 16(11), 1481. 

https://doi.org/10.3390/w16111481 

31 Wang, C., Zhang, Y., & Chen, X. 

(2021). Photo-corrosion and 

photocatalytic behavior of ZnO 

nanoparticles in aqueous systems. 

Applied Surface Science, 556, 149760. 

32 Wang, J., & Zhang, L. (2023). 

Comparative evaluation of TiO₂  and 

ZnO nanoparticles in photocatalytic 

bacterial inactivation. Applied Water 

Science, 13, 94. 

https://doi.org/10.1007/s13201-023-

01890-5 

33 Wu, L., & Zhang, Y. (2021). 

Photocatalytic conversion of nitrogen 

compounds using TiO₂ -based 

materials: Mechanisms and recent 

advances. Journal of Hazardous 

Materials, 407, 124829. 

https://doi.org/10.1016/j.jhazmat.2020.

124829 

34 Yadav, D. K., & Singh, R. (2012). Role 

of chloride ion in hydroxyl radical 

production in photosystem II. Journal 

of Photochemistry and Photobiology 

B: Biology, 111, 1–6. 

https://pubmed.ncbi.nlm.nih.gov/2246

6970/ 

35 Zhang, Y., & Li, H. (2023). Recent 

developments in TiO₂ -based 

photocatalysts for water disinfection: A 

review. Journal of Environmental 

Management, 342, 118178. 

https://doi.org/10.1016/j.jenvman.2023

.118178 

36 Zhao, D., Tang, X., Liu, P., Huang, Q., 

Li, T., & Ju, L. (2024). Recent 

Progress of Ion-Modified TiO₂  for 

Enhanced Photocatalytic Hydrogen 

Production. Molecules, 29(10), 2347. 

https://doi.org/10.3390/molecules2910

2347 

37 Zhou, L., & Li, H. (2023). Recent 

advances in photocatalytic disinfection 

of water using nanomaterials. 

Chemical Engineering Journal, 451, 

139037. 

https://doi.org/10.1016/j.cej.2022.1390

37  

38 Zhou, Y., & Zhang, L. (2023). 

Advanced photocatalytic removal of 

nitrate and ammonia by TiO₂  and 

ZnO nanomaterials: Current status and 

future prospects. Chemical 

Engineering Journal, 452, 139439. 

https://doi.org/10.1016/j.cej.2022.1394

39 

https://doi.org/10.1016/j.scitotenv.2024.167421
https://doi.org/10.1016/j.scitotenv.2024.167421
https://doi.org/10.1016/j.enceco.2020.12.001
https://doi.org/10.1016/j.enceco.2020.12.001
https://doi.org/10.1016/j.jece.2021.105786
https://doi.org/10.1016/j.jece.2021.105786
https://doi.org/10.1016/j.cattod.2023.01.022
https://doi.org/10.1016/j.cattod.2023.01.022
https://doi.org/10.3390/w16111481
https://doi.org/10.1007/s13201-023-01890-5
https://doi.org/10.1007/s13201-023-01890-5
https://doi.org/10.1016/j.jhazmat.2020.124829
https://doi.org/10.1016/j.jhazmat.2020.124829
https://pubmed.ncbi.nlm.nih.gov/22466970/
https://pubmed.ncbi.nlm.nih.gov/22466970/
https://doi.org/10.1016/j.jenvman.2023.118178
https://doi.org/10.1016/j.jenvman.2023.118178
https://doi.org/10.3390/molecules29102347
https://doi.org/10.3390/molecules29102347
https://doi.org/10.1016/j.cej.2022.139037
https://doi.org/10.1016/j.cej.2022.139037

