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Introduction
Increasing requirement for safe water supply, due to in-

dustrial development and population growth, has led to wa-
ter stress and deterioration of freshwater resources. Rigor-
ous efforts are ongoing to prevent this crisis by conserving
existing freshwater resources and converting abundantly
available seawater using cost-effective desalination technolo-
gies1. Among other desalination technologies, reverse os-
mosis (RO) process is widely employed to reclaim clean water
from seawater and industrial wastewater in many parts of
the world. However, the seawater reverse osmosis (SWRO)
industries encounter critical challenges due to membrane
fouling and high organic loading2. Therefore the degradation
of organic pollutants from RO feed seawater is a major chal-
lenge to enhance the performance and efficiency of SWRO
systems.
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The critical challenge for the cost-effective application of seawater reverse osmosis systems is membrane fouling due to or-
ganic pollutants. This study evaluates the effectiveness of employing solar photocatalysis of TiO2-ZnO process to pretreat
reverse osmosis (RO) feed seawater under solar irradiation. Process optimization and performance evaluation were under-
taken using the central composite design (CCD) with response surface methodology (RSM) techniques. Statistical analysis
was performed to determine the interactive relationships and effects between input factors such as TiO2 dosage, pH, reac-
tion time (RT) and ZnO dosage. Process optimization and performance evaluation were determined in terms of degradation
efficiency of total organic carbon (TOC) and chemical oxygen demand (COD). The quadratic models developed for TOC and
COD responses were found to be significant with very low probabilities (< 0.0001). Organic removal with a reaction time of
90 min, pH 4.0, TiO2 dosage of 0.6 g L–1 and ZnO dosage of 0.39 g L–1 were found to be optimum by achieving 60.97%
degradation of COD and 64% degradation of TOC. The experimental results (COD removal = 58.09% and TOC removal =
62.25%) correspond well with the predictions. The optimum validation degradation efficiencies without changing original pH
of seawater (at pH = 8) were obtained as: COD removal = 51.23% and TOC removal = 59.65%.
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An ultraviolet driven photocatalytic pretreatment can be
employed for the degradation of humic substances (higher
molecular organics) and microorganisms present in the feed
water3. The energy generated from the photocatalytic reac-
tion breaks down the humic substances and also kills micro-
organisms, thereby eliminating the primary source for mem-
brane fouling4. UV photo-oxidation uses ultraviolet light to
activate a catalyst to physically decompose the organic mat-
ter into non-toxic components. The degradation of organic
compounds in the presence of UV light is a slow process,
(reaction rates are slow) and hence not suitable for large
scale industrial applications. To enhance the reaction rates,
several catalysts such as hydrogen peroxide, ozone, Fe(II),
titanium dioxide, zinc oxide, etc. are used in these types of
reactions.

Remediation of organic pollutants using photocatalysts
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is directly linked to the generation of hydroxyl radicals5. Hy-
droxyl radicals are powerful oxidising species that can at-
tack organic pollutants to degrade the contaminants into min-
eral acids, H2O and CO2

6. One of the research works7 have
demonstrated the application of UV/TiO2 photocatalysis for
disinfecting seawater, where the organics are degraded us-
ing immobilized TiO2. Another study8 enhanced photocata-
lytic reaction for decontaminating phenol in seawater using
TiO2 based catalysts under weak UV light irradiation.

Seawater organic degradation by photocatalysis is chal-
lenging due to the salinity effect and electron scavenging
issues. However, various past research studies have dem-
onstrated improved results in overall organic removal effi-
ciency. Despite the effect of salinity, one of the research
works9 proved the superiority of UV/TiO2 among other tech-
nologies for treating marine water in the ballast water appli-
cation. One of the research studies10 applied ZnO modified
TiO2 nanocomposites for organic pollutant removal from
feedwater and reported enhanced degradation performance
compared to pure TiO2. The photodegradation efficacy of
TiO2 can be improved by preventing the high rate of elec-
tron-hole recombination. Since ZnO exhibits high electron
mobility, lower electron-hole recombination can be achieved
by using ZnO-TiO2 in combination11. Moreover, the hydroxyl
radicals, mainly responsible for organic degradation, are
found to be overly generated due to the interactive catalytic
effect of TiO2-ZnO hybrid system. The synergistic effect in
TiO2-ZnO combination is due to the improvement of charge
transfer resulting in a larger production of hydroxyl radicals12.

In the present study of seawater photocatalyst-oxidation
treatment, membrane-fouling-organic-contaminants are de-
graded using ZnO-TiO2 catalysts under solar irradiation. The
operational conditions to achieve optimum degradation of
chemical oxygen demand (COD) and total organic carbon
(TOC) were evaluated. Photocatalytic degradation technol-
ogy is widely applied in treating different types of wastewa-
ter and industrial effluents. However, very few research stud-
ies attempted its application in treating seawater, specifically
for mitigating RO membrane fouling due to organic contami-
nants. Optimization of TiO2-ZnO-solar photocatalytic degra-
dation of organics from seawater using renewable solar en-
ergy is still not available as per the knowledge of present
research group. The number of studies dealing with the ap-

plication of RSM optimization and solar-nano ZnO-TiO2-pho-
tocatalysis for the degradation of organics from seawater is
very sparse and here lies the novelty of the present research
work.

Results and discussion
Table 1 shows the central composite design layout and

the respective response values generated from each experi-
mental run. The COD degradation percentage found to range
from 28.13% to 58.64% while the TOC removal lies between
36.82% to a maximum of 65.86%. Based on experimental
response values obtained in each run, the removal of TOC
and COD are calculated as a percentage of initial values
and used in RSM modeling and optimization. In the solar
photocatalytic reaction of seawater organics, organic com-
pounds are degraded to mineral acids, H2O and CO2. The
photo mineralization with the degradation of organic degra-
dation undertaken in seawater solution is demonstrated in
the eq. (1).

TiO2/ZnO, h > Eg
Seawater organics ———————— H2O +

CO2 + mineral acids (1)
where Eg is the bandgap energy of the semiconductor pho-
tocatalyst and his the solar irradiation.

RSM models of actual and coded factors:
In the current study, analysis of variance (ANOVA) tech-

nique is used to determine the significance of the input fac-
tors on the output responses. As per ANOVA results, COD
and TOC models were found to be significant by F-test at
95% confidence level (Prob < 0.05). Table 2 shows the
ANOVA regression model equations of TOC and COD re-
moval in actual and coded factor terms. Coded factor mod-
els deliver a more expressive understanding of the process
than equations represented in terms of actual factors. In
coded factors, the terms are normalized and represented in
relative weights while in equations with actual factors, owing
to the presence of units, the importance of coefficients are
incomparable. Making inference about the relative effect
between process variables is possible from coded factors
equations.

From the equations given in Table 2, it is clear that pH,
RT, TiO2 dose and ZnO dosage have first-order effects on
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COD degradation along with quadratic-effect of ZnO dose
and interaction effect among (pH)(ZnO) and (TiO2)(ZnO).

Table 2. Final ANOVA regression model equations for COD and TOC responses in terms of actual and coded factors
Coded factors equations Actual factors equations

COD removal (%) = + 54.73 + 2.21×A + 1.63×B – = – 20.20 + 49.35×TiO2 + 409.97×ZnO –
2.57×C – 1.31×D – 1.73×A× 8.79×pH – 0.029×RT – 76.91×TiO2×ZnO +
B + 5.01×B×C – 11.62×B2 16.68×ZnO×pH – 516.25×ZnO2

TOC removal (%) = + 45.38 + 1.56×A – 0.63×B – = + 207.38 – 46.81×TiO2 + 71.54×ZnO –
4.08×C – 2.31×D + 2.86×A× 49.23×pH – 0.275×RT + 127.11×TiO2×
B + 5.7×B×C + 2.31×B×D + ZnO +  18.99×ZnO×pH + 0.34×ZnO×RT +
2.59×C×D – 7.33×B2 + 11.59×C2 0.028×pH×RT – 325.76×ZnO2 + 2.89×pH2

While from TOC degradation equation it can be seen that
ZnO and pH has a second-order influence on the response.

Table 1. The 4-factor central composite design matrix; input factors at actual levels and the experimental response results for solar nano-
photocatalytic treatment of seawater

Input factors COD removal (%) TOC removal (%)
Run A: TiO2 B: ZnO C: pH D: RT Experimental RSM- Experimental RSM-

(g L–1) (g L–1) (min) predicted predicted
1 0.3 0.6 8 90 46.45 48.01 39.31 39.01
2 0.6 0.6 8 90 48.45 48.97 48.95 47.84
3 0.45 0.45 6 135 58.64 54.73 48.43 45.38
4 0.3 0.3 4 90 44.54 46.43 65.86 63.95
5 0.45 0.45 8 135 51.53 52.16 54.39 52.89
6 0.3 0.3 8 180 28.13 28.65 45.58 44.38
7 0.45 0.6 6 135 43.83 44.74 39.05 37.42
8 0.6 0.3 8 90 41.12 39.16 36.82 36.62
9 0.3 0.3 4 180 45.54 43.81 57.86 58.76

10 0.6 0.3 4 180 49.58 51.69 55.64 56.15
11 0.45 0.45 6 135 56.45 54.73 42.46 45.38
12 0.45 0.45 6 135 56.45 54.73 47.87 45.38
13 0.45 0.45 6 90 52.85 56.04 38.56 43.08
14 0.3 0.6 8 180 46.45 45.39 53.18 53.42
15 0.6 0.45 6 135 52.85 56.94 44.49 46.94
16 0.3 0.3 8 90 32.43 31.28 37.64 39.22
17 0.3 0.6 4 90 42.25 43.14 41.43 40.94
18 0.45 0.45 6 135 52.85 54.73 47.72 45.38
19 0.6 0.6 4 90 44.28 44.1 47.84 49.78
20 0.3 0.45 6 135 52.85 52.52 42.11 43.82
21 0.45 0.45 6 135 57.45 54.73 45.13 45.38
22 0.6 0.6 8 180 47.45 46.35 59.51 62.25
23 0.45 0.45 6 135 58.21 54.73 50.76 45.38
24 0.3 0.6 4 180 41.25 40.51 43.45 45.01
25 0.45 0.3 6 135 38.32 41.48 37.05 38.68
26 0.6 0.6 4 180 42.28 41.48 56.78 53.84
27 0.6 0.3 4 90 58.54 54.32 62.41 61.34
28 0.45 0.45 4 135 55.17 57.3 59.55 61.05
29 0.45 0.45 6 180 51.45 53.42 46.29 47.69
30 0.6 0.3 8 180 35.15 36.54 42.02 41.77
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The negative coefficient of factor C: pH in both response
equations show that increase in its value from –1 to +1 (from
pH = 4 to pH = 8) will decrease the degradation rate. This is
in agreement with the optimum conditions obtained where
pH value for optimum degradation was found to be 4.

Process optimization and performance evaluation:
The RSM-numerical optimization technique is used to op-

timize multiple responses in order to achieve maximal re-
moval efficiencies of TOC and COD simultaneously. This
approach enables to locate the optimal settings of the vari-
ables to attain the desired response. According to the nu-
merical optimization steps in the software the desired goal
for input variables (TiO2, ZnO dosages, pH and RT) are cho-
sen as ‘in range’ while TOC and COD removal responses
are defined as ‘maximum’. The software combines the indi-

vidual desirability to determine the best set of trade-offs. The
program then searches the design space to optimize desir-
ability function based on the defined goals. Table 3 shows
the values of optimum removal efficiencies forecasted by the
model under optimum process operating conditions. Numeri-
cal optimization was also conducted by keeping ‘target pH =
8’. The results obtained at this setting enable to operate the
photocatalytic pretreatment of seawater, without altering its
original pH. Additional experiments are performed to confirm
the validity of the prediction, revealing good agreement be-
tween predicted and experimental results.

Effects of input factors as 3-D response surfaces:
Figs. 1(a,b) show the 3-D response surface plots for TOC

and COD removal obtained by statistical analysis through
Design-Expert software. The plots demonstrate the effects

Fig. 1. (a) 3-D surface plot for TOC removal versus pH and ZnO dosage at optimum setting of TiO2 dosage = 0.6, reaction time (RT) = 180.0 min,
(b) 3-D surface plot for COD removal versus ZnO dosage and TiO2 dosage at optimum settings of pH = 4.0, reaction time (RT) = 90.0 min.

Table 3. Optimum COD and TOC degradation efficiencies and experimental validation results at optimum conditions (for seawater pH in
the range from 4 to 8 and at target pH = 8)

Responses Optimum solution Experimental validation Optimum condition
COD removal (%) 60.97 58.09 TiO2 dosage = 0.6 g L–1, ZnO dosage= 0.39 g L–1, pH = 4,
TOC removal (%) 64.02 62.25 RT = 90 min
COD removal at pH = 8 53.05 51.23 TiO2 dosage = 0.6 g L–1,
TOC removal at pH = 8 62.35 59.65 ZnO dosage = 0.51 g L–1, pH = 8, RT = 180 min
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of two variables on the response when the other two vari-
ables kept constant at their optimum level. As observed in
Fig. 1(b), the factor dosage has a linear effect on COD re-
moval while the factor dosage has a quadratic effect. This
second-order effect of factor is evident from the existence of
term in the coded COD equation shown in Table 2. The non-
linear effect of factor on TOC removal is evident from Fig.
1(a), where the maximum degradation occurred at pH = 4.
The C2 term in the coded equation of TOC removal shown in
Table 2 validates this quadratic behaviour.

Effects of TiO2 and ZnO dosages on overall photocata-
lytic degradation:

In a redox photocatalytic reaction, charge transfer can
be enriched when using TiO2 in combination with ZnO. This,
in turn, enhances the production of hydroxyl radicals. The
efficiency of the photocatalytic treatment also depends on
the ratio of TiO2/ZnO dosages, since excessive dosages in-
crease the turbidity and hinder the sunlight required for the
reactions. The preliminary experimental study has been con-
ducted to determine the optimal and effective range of dos-
ages, and the resulting combinations were used in experi-
mental design (DOE). The ‘AB’ interaction term between fac-
tors A:TiO2 and B: ZnO present in the coded equation in Table
2 shows their interaction effect on responses COD and TOC
removal. The positive coefficient of ‘AB’ term in TOC-coded
equation shows their synergistic effect while the negative
coefficient in COD-coded equation shows the antagonistic
effect. The synergistic effect in TiO2-ZnO combination is due
to the improvement of charge transfer resulting in a larger
production of hydroxyl radicals. In the present study, TiO2
dosage of 0.6 g L–1 and ZnO dosage 0.39 g L–1 were found
to be optimum by achieving 60.97% degradation of COD
and 64% degradation of TOC. Similar catalysts dosage re-
sults were obtained in a previous TiO2-ZnO-aeration study
conducted for petroleum wastewater organic degradation14.
In our research work, an optimization study has also been
conducted without changing the seawater pH. At original
seawater pH = 8, TiO2 dosage of 0.6 g L–1 and ZnO dosage
0.51 g L–1 have been found to be optimum, and 53.05%
degradation of the COD and 62.35% degradation of the TOC
is predicted. This results from the current study confirm that
comparable TOC and COD degradation of seawater organic
pollutants can be achieved without changing seawater pH.

Effects of pH:
The pH of the solution significantly affects the charge on

semiconductor particles. The aggregate size and position of
valence and conductance bands also depend on the pH of
the reaction mixture. Optimum pH required for effective pho-
tocatalytic reaction varies from process to process due to
the differences in intermediates formed. In the current study,
the optimum pH required for maximum TOC and COD deg-
radation has been determined as 4, while the initial average
pH of the seawater before treatment has been determined
as 8.08. On a commercial scale in SWRO plants, adjusting
the pH of a larger volume of seawater to acidic (pH = 4) is
not practical on a daily basis. Hence RSM numerical optimi-
zation study has been conducted keeping pH at 8 as the
target and maintaining other factors in-range. Even though
the initial optimum value suggested for pH is acidic (pH = 4),
numerical optimization at target pH value (pH = 8) gave com-
parable results for TOC and COD removal.

As shown in Table 3, at the new setting of pH, organic
removal with a reaction time of 180 min, pH of 8.0, TiO2
dosage of 0.6 g L–1, ZnO dosage 0.51 g L–1 have been found
as optimum, and 62.35% removal of TOC and 53.05% re-
moval of COD were predicted through numerical optimiza-
tion techniques. The experimental validation results corre-
spond well with the predictions (TOC = 59.65%, and COD =
51.23%). A similar range of pH was obtained in a research
study15 for seawater treatment using UV/TiO2. Moreover, the
degradation efficiency of solar photocatalytic treatment does
not depend on pH values range from 4 to 1016. Neverthe-
less, previous research studies show that slightly higher op-
erational efficiency of photocatalysis can be achieved at acidic
conditions when the pH values range from 2 to 617.

From the RSM plot of TOC shown in Fig. 1(a), it is evi-
dent that the removal rate is slightly rising towards the acidic
region with maximum degradation at pH value of 4. The en-
hanced inactivation under acidic pH is reported in the previ-
ous studies18. The negative coefficients of pH in coded equa-
tions for TOC and COD responses shown in Table 2 sub-
stantiate this argument. At pH less than optimal conditions,
generation of (OH) radicals become comparatively lower and
lead to poor oxidation of organics. pH also affects the posi-
tion of conductance and valance bands, size of catalyst ag-
glomeration and the charge on catalyst particles19. The cur-
rent study reveals that even though higher degradation of
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TOC and COD occurs at low pH, comparable organic re-
moval can be achieved without altering the original pH of the
seawater.

Effect of irradiation time:
The optimum time required for seawater organic degra-

dation is lower in TiO2/ZnO process, compared to the irra-
diation time required when any one of the catalysts employed
independently. Irradiation time depends on the initial organic
loading and the type of catalyst used. In the present study,
the optimum irradiation time at the original pH of seawater
(pH = 8) is obtained as 180 min. Similar irradiation time was
reported in a research study, where the maximum organic
removal is achieved in 170 min of solar photocatalytic treat-
ment14. However, in the present study at acidic condition (at
pH = 4), the optimum irradiation time was found to be 90
min. The lower irradiation time can be attributed to coulom-
bic-force of attraction between positive surface-charge of both
ZnO and TiO2 catalysts (point of zero charge lies between
4.5 and 7 for both of the catalysts) and organic pollutants,
which results in faster degradation.

Experimental
Materials and methods:
The seawater samples were characterised before the

treatment to determine COD, pH, salinity, dissolved oxygen
(DO) and TOC. The mean values (before treatment) of COD,
pH, salinity, DO, and TOC of the seawater samples were
determined as 5.12 mg/L, 8.08, 33960 mg/L, 5.38 mg/L, and
3.65 mg/L respectively. The photocatalysts used were nano
zinc oxide (ZnO, 99.9% pure, APS: 20 nm), purchased from
mkNANO, Canada and titanium dioxide (TiO2) Aeroxide P-
25 supplied by Evonik Industries, Germany. NaOH and HCl
were used for adjusting the pH of the solution as per the
settings prescribed by the CCD matrix (Table 1). Chemical
oxygen demand (COD) test was done by using COD HR+
(01–15000 ml/L) reagent purchased from CHEMetrics. Total
organic carbon (TOC) of each sample was analysed by us-
ing TOC Analyzer (LCSH/CSN) procured from SHIMADZU
Japan. All the samples were filtered before TOC/COD analy-
sis, using 0.22 m Millipore Durapore membrane (150 mm-
diameter and Ashless-40). Solar radiant flux in the region
was measured using KIPP and ZONEN-CMP 21 Pyranometer
and found to be 680±4 Watts/m2. All experiments were car-
ried out from 11 AM to 2 PM to ensure the availability of

maximum UV radiation during photocatalytic reactions.
Experimental procedure:
The experimental setup of TiO2-ZnO solar nano photo-

catalytic includes a photo-reactor, a peristaltic pump for re-
circulation of seawater through photoreactor, a recirculation
tank (4.5 litres) subjected to stirring with magnetic stirrers
and an aeration pump. The photoreactor consists of nine
borosilicate glass tubes (650 mm length, 22 mm inner diam-
eter and 2 mm thickness) connected in parallel used for sea-
water recirculation exposed to solar irradiation. Seawater
solution runs through the tubular photocatalytic reactor by
means of peristaltic pumps at a flow rate of 1.1 litres per
minute, which is fixed for all experiments. The pH of the so-
lution was varied from 4 to 8 as per the factor settings of
each run prescribed by central composite design (CCD).
Samples were taken for TOC/COD analysis at respective
reaction time interval settings varied from 90 min to 180 min.
The tilt of the reactor is fabricated adjustable (19 to 24º angle
with horizontal) to make it align with solar-angle and being
conformable to the location latitude (23º4012.97 N). Para-
bolic reflectors were installed beneath the reactor tubes to
make the solar irradiation to be reflected and diffused to the
tubes at optimum intensity. The magnetic stirring and recir-
culation using a peristaltic pump ensure proper mixing and
sufficient supply of oxygen required for organic degradation.
The post-separation of the catalysts is performed by over-
night sedimentation process in a settling tank. The settling
time can be accelerated either by adding a coagulant (like
basic aluminium chloride) or by changing the pH to the point
of zero charge (pHpzc) for surface charge neutralisation and
thereby enhancing the aggregation and sedimentation pro-
cess20.

Design of experiments and statistical analysis:
RSM modeling and optimization studies were carried out

using Design Expert (version 11, Stat-Ease, USA) software.
Response surface methodology is a statistical tool utilising
experimental data generated from respective central com-
posite design (CCD) to optimize and model any system in
which the response variable under study is affected by key
input variables21. RSM is a promising technique for process
optimization, strategically calculating optimum condition for
a multivariate process22. This technique helps to establish
relationships between response variables and controllable
input variables or process factors. In the current study, ZnO



Varghese et al.: Solar nano-photocatalytic pretreatment of seawater: Process optimization and performance etc.

1815

dosage, TiO2 dosage, reaction time and pH were chosen as
input parameters for seawater organic degradation and their
+1 and –1 level was set at 0.3 and 0.6 g L–1, 0.3 and 0.6 g L–1,
90 and 180 min and 4 and 8, respectively. The efficiency of
the photocatalytic treatment is analysed in terms of degra-
dation of COD and TOC. For evaluating the influence of cata-
lyst ratio on the overall organics degradation, five different
TiO2-ZnO ratios (i.e. 0.5, 0.75, 1, 1.25 and 1.5) were tested
in the preliminary experimentation. TOC and COD removal
rate were examined by varying ZnO dosages (0.9, 0.6, 0.45,
0.36 and 0.3 g L–1) while keeping TiO2 concentration fixed at
0.45 g L–1. Since maximum TOC/COD removal rate was ob-
served at the equal proportion of catalysts, (ratio = 1), an
equal amount of dosages were used for both TiO2 and ZnO
in the CCD factor settings (0.3 g L–1 and 0.6 g L–1 as –1 and
+1 ranges respectively).

CCD is one of the RSM techniques well suited for fitting a
quadratic curve in order to optimize significant process pa-
rameters by conducting the minimum number of experiments.
This second-order design technique works well for process
optimization, as well as to analyse interdependence between
parameters23. In the present study, 30 experimental runs were
conducted using CCD design. TOC and COD degradation
were treated as responses or dependent variables. Perfor-
mance and treatment efficiency is evaluated by analysing
the percentage removal of TOC and COD responses. Each
independent process factor is varied between –1 and +1 at
predetermined ranges calculated from preliminary experimen-
tation. One factor at a time (OFAT) analysis was conducted
to find the levels of input variables, and for determining pro-
cess design space consists of suitable factor ranges. The
TOC and COD percentage degradation obtained from OFAT
analysis were found to be less than that resulted from RSM
analysis (53% and 49% against 64% and 60.97%). This
shows that the study on interaction or interdependence of
influencing factors is very important in a multivariate system.
The synergistic or antagonistic effects of input factors on re-
sponses are not visible in the univariate investigation of OFAT
analysis of any process. Solar photocatalytic seawater treat-
ment is a complex multivariate process in which the system
performance and organic removal efficiency are affected by
a large number of parameters. Therefore, multivariate opti-
mization strategies are necessary to evaluate the optimum
operating conditions.

Conclusions
In this study, treatment efficiency and performance evalu-

ation for advanced oxidation of TOC and COD degradation
from seawater have been investigated. Statistical response
surface methodology (RSM) was applied to assess the inter-
action among key process factors such as ZnO-TiO2 dos-
ages, reaction time (RT) and pH to determine the treatment
efficiency and optimum operational settings. Regression
models obtained for both TOC and COD responses were
found to be significant with the lowest probability (< 0.0001).
The removal with a reaction time of 90 min, pH of 4.0, TiO2
dosage of 0.6 g L–1 and ZnO dosage of 0.39 g L–1 were
found to be optimum and overall degradation of 64.02% of
TOC, and 60.97% of COD were accomplished. The optimum
prediction corresponds well with validation-experimental re-
sults (62.25% for TOC and 58.09% for COD removal). The
optimum validation degradation efficiencies for COD and TOC
removal without changing the original pH of seawater (at pH
= 8) were obtained as 51.23% and 59.65% respectively.
Hence the optimization analysis results from this study con-
firm that comparable organic degradation can be achieved
without altering the original pH of seawater. The synergistic
degradation efficiency obtained in this work depicts that the
support of TiO2 catalyst with ZnO can be a feasible alterna-
tive for persistent organic removal. Hence the solar supported
photocatalytic pretreatment of seawater can be applied as a
sustainable technique for degradation of RO membrane foul-
ing organic pollutants. The solar nano-photocatalysis of TiO2-
ZnO is a unique method for decontaminating highly saline
seawater by utilising efficient renewable resources.
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