
INTRODUCTION

The human activities require water, which 
is the pillar for the economic development and 
social welfare. On average, three thousand liters 
of water per person are required to generate the 
products necessary for daily nutrition [Casadei & 
Albert, 2016]. Although irrigation for agricultural 
purposes represents only 10% of the water used, 
this is the activity with the highest consumption 
of fresh water on the planet [UNESCO, 2006]. 

The use of gray water from homes in different 
domestic activities can be found worldwide [Sil-
va et al., 2008]. Thus, in several countries of the 
world, grey water is used in the activities that do 
not require drinking quality water, for example, 
for evacuating the toilet, watering gardens and 
cleaning certain areas in homes; thus, the benefits 
in terms of saving water are achieved. According 

to various investigations, water reuse leads to sav-
ings of between 30 and 50% in the consumption 
of drinking water in homes [Kamizoulis, 2008; 
Mohamed et al., 2013].

In Brisbane, Australia, an investigation was 
carried out in which a reduction between 30 and 
50% was achieved in the consumption of drink-
ing water, through the use of gray water in the 
irrigation of lawns and ornamental gardens. The 
main concern to implement the use of this type of 
water in garden irrigation, are the chemical com-
pounds and microorganisms that could be harm-
ful to health; therefore, primary and secondary 
treatment is necessary for the reuse of gray water 
in homes. This is possible, as long as the relevant 
safety measures are taken [Jeppesen, 1996].

In a study by Almomani et al. [2018] the 
potential of photocatalytic processes to remove 
emerging pollutants was evaluated. The analysis 
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ABSTRACT
The objective of the study was to establish the configuration of the system model to allow the effective recovery 
of gray water by solar photocatalysis with TiO2 nanoparticles for irrigation of crops. A programmable solar photo-
reactor based on an S7 1500 PLC and online measurement sensors were used as materials. The inductive method 
was used to analyze the samples and the deductive method to determine the water quality. The research design used 
was experimental based on the response surface methodology (MSR) with 20 experiments, 6 of which were central 
experiments and 6 were axial experiments; these experiments were carried out on sunny days. As a result of the 
research, a gray water recovery model was obtained, part of this being an electronic system with a programmable 
photocatalyst, which allowed the development of the experiments. It was concluded that with a solar UV index of 
12.21, a dose of titanium dioxide (TiO2) nanoparticles 1.973 g/L and with an exposure period of 60.041 minutes of 
the solar photocatalyst to UV radiation on sunny days, gray water was recovered in 90% with a confidence level 
of 95% and a significance α = 0.05, which translates into excellent quality according to the water quality index 
established in Peru (ICA-PE).
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of the performance indicator showed that the 
combination of the solar photocatalytic oxidation 
process with the application of ozone (O3) signifi-
cantly increased the removal capacity, with great-
er mineralization, reduced the chemical require-
ments and energy demand. It concluded that these 
oxidation processes with degradation capacity 
improve the water quality. Adrados et al. [2014] 
determined that the microbial community is the 
predominant community in domestic wastewater 
where gray water is immersed and when perform-
ing the conglomerate analysis of bacterial band 
patterns, it was shown that the structure is related 
to the design of the treatment system and the load 
of organic material.

In the work developed by Barwal et al. 
[2016], a biofilm reactor with a mobile platform 
was implemented coupled to a parabolic struc-
ture to obtain the maximum elimination of or-
ganic load and disinfection of microbes from the 
wastewater. The results obtained showed that it is 
possible to reduce the concentration time of the 
photocatalyst to 240 min of solar exposure. In 
addition, this process can offer a practical solu-
tion, free of chemical elements and economically 
viable, since solar energy is available on sunny 
days with solar irradiation of 400 to 700 W/m2 
and on cloudy days with solar irradiation of 170 
to 250 W/m2, achieving water with a pH value of 
7.6 and DQO of 69%.

Due to the high demand for water for crop ir-
rigation in Peru, several studies were carried out, 
such as the one by Deza Martí et al. [2017] that ex-
perimentally evaluated the degradation of the Ci-
bacron Navy H-2G blue dye through the photocat-
alytic action of industrial TiO2 nanoparticles from 
the Spanish company Avanzare. The nanoparticles 
correspond to the anatase phase; they have an ap-
proximate size of 26.6 nm, measured with trans-
mission electron microscopy (TEM). The photo-
catalytic degradation was evaluated based on the 
dose of the photocatalyst from 0.1 g to 1.0 g; vary-
ing the concentration of the dye from 20 ppm to 
100 ppm; the pH being tested ranged from 2 to 10. 
With UV-Visible spectrophotometry, monitoring 
of photocatalytic degradation was carried out. The 
optimal results found were with the dose of TiO2 
equal to 0.6 g for a concentration of 20 ppm of the 
dye and with pH 4.0.

The gray water becomes an important addi-
tional source to compensate for the demand for 
the resource, due to the lack of drinking water to 
satisfy the requirements of the populations at low 

costs, with benefits for agricultural soils, taking 
into account the reduction of the impact on the 
environment. However, the use of contaminated 
water in Peru is a risk to the public health, espe-
cially when it is used to irrigate crops that are for 
direct consumption [Larios et al., 2015].

Therefore, the configuration of a system mod-
el that allows the effective recovery of gray wa-
ter by photocatalysis with different times of ex-
posure to solar radiation and differentiated doses 
of TiO2 nanoparticles for irrigation of crops was 
proposed.

MATERIALS AND METHODS

Grey waters

The waters which come from the use of the 
shower, sink and washing clothes are soapy. Gray 
water differs from black water because it does 
not contain fecal bacteria, such as Escherichia 
coli (E-Coli) [Ofori et al., 2021]. Therefore, with 
proper treatment, they can be used to irrigate 
plants, promoting agriculture and the sustainabil-
ity of water use.

Solar radiation on the Earth’s surface

The irradiance that reaches the upper atmo-
sphere of the Earth is defined as a solar constant, 
having the value established by NASA [2010] 1,361 
W/m2 and 1,373 W/m2 according to the World Me-
teorological Organization (WMO) [Roldán, 2012]. 
Solar radiation on the earth’s surface is affected by 
geographic parameters, atmospheric composition, 
cloudiness, among others, which determine its na-
ture and value. The spectral distribution of solar ra-
diation emitted by a black body at a temperature of 
5,900 °K, in the upper part of the atmosphere con-
tains the three distributed radiation regions; 7.20% 
ultraviolet, 47.20% visible light and 45.60% infra-
red [Coulson, 1975].

Ultraviolet solar radiation

The solar radiation is made up of different 
types of radiation, mainly the ultraviolet that 
ranges up to 400 nm, the visible ranges from 400 
to 780 nm and the infrared over 780 nm [Duffie & 
Beckman, 2020].

The index ultraviolet radiation (IUV) indi-
cates the irradiance per variation of wavelength 
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in the range of 280 to 400 nm by a constant ker, as 
seen in equation (1) [Madronich, 2007, p. 1537].
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 (1)

where: l(λ) represents the global solar irradiance 
at surface level for λ,

 ker has a value of 40 m2/W, 
 ε(λ) is the erythematic action coefficient is 

represented by:
λ < 298 nm → ε(λ)

328 nm < λ < 298 nm  → ε(λ) = 100.094×(298–λ×1000)

400 nm < λ < 328 nm  → ε(λ) =100.015×(139–λ×1000)

Considering the dependence of the ozone 
concentration, the IUV is expressed as in equa-
tion (2) [Madronich, 2007, p. 1538].
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 (2)

where: μ0 is represented by the cosine of the azi-
muthal angle,

 Ω represents the total ozone.

The the average daily UV radiation indices for 
the month with the lowest solar radiation without 
the presence of a cloud for the solar noon in the 
city of Pampas where the research work is car-
ried out, exceed the value 10. Zaratti et al. [2014] 
mentions that just under 90% of the world’s popu-
lation is exposed to the UV radiation with indices 
that exceed 10, and in the areas close to the equa-
tor, as is the case in the study area, in the months 
of high solar radiation, this index exceeds 20.

Solar photocatalyst

A solar photocatalyst is the one that captures 
UV solar radiation and affects the reactor where 

the chemical reactions take place. It is also con-
sidered a kind of solar collector; these solar col-
lectors can be mobile or static. For the study, the 
photocatalyst is static; therefore, it is considered 
as a flat plate oriented towards the equator with 
an elevation angle of the latitude of the place 
(-12.395178°) multiplied by the factor 0.87 (for 
being in the southern hemisphere), which is rec-
ommended for the greater capture of sunlight as a 
result of solar UV radiation [Nfaoui & El-Hami, 
2018], so the UV solar photocatalyst will be ori-
ented to the north with an elevation angle of ap-
proximately β = 11° (Figure 1).

The photocatalyst implemented uses a tube 
with composite parabolic cylindrical radiation 
reflectors (CPC) in a static system, being an eco-
nomical and efficient option for photochemical 
processes. [Otálvaro et al., 2017], the CPC has a 
highly reflective surface that generates a radiative 
envelope around the cylindrical reactor. In this 
type of reactors, the concentration factor (CF) is 
close to 1 when the position is perpendicular to 
solar radiation, which constitutes one of the ad-
vantages of this kind of static system.

Titanium dioxide

Titanium dioxide (TiO2) is used in the photocat-
alytic process, because it has high quantum yields, 
and it is the one that gives high degradation capac-
ity [Hashimoto et al., 2005]. The TiO2 particle il-
luminated by sunlight generates photocatalysis due 
to UV radiation with wavelengths in the range of 
280 ≤ λ ≤ 400, with a photon energy equal to 3.2 
electron-volt (E = 3.2 eV), allowing the passage of 
one electron from the valence band until reaching 
the conduction band (Figure 2) generating radicals 
in the presence of contaminated water OH*.

Figure 1. Photoreactor inclination angle
Figure 2. Behavior of a TiO2 particle in 

water by action of UV radiation
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Titanium dioxide, when analyzed by UV-
Visible-IR spectroscopy, presents the absorbance 
spectrum of the anatase type [Mota et al., 2018], 
with an absorbance around 280 nm, within the 
UV spectrum.

The methodological development of the work 
includes the following phases; modeling and 
implementation of the photocatalyst and design 
of experiments for the effective recovery of gray 
water for crop irrigation.

Photocatalyst modeling

The mathematical modeling of the photocata-
lyst composed of a tubular reactor with a compos-
ite parabolic collector of Figure 3 was carried out 
taking into account the reference S point through 
the parameters: θ angle equation (3), and ρ the 
distance equation (4), which traces a line tangent 
to the tubular reactor [Kreider, 1979].
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tion AB and the other is BC, for which equations 
(5 and 6) are established.
For section AB of the curve;
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The inverse of the sine of the θa angle equa-
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The concentration factor ranges from 1 to 
1.15, since the acceptance angle (θa) varies from 
60° to 90°. The CPC collector in Figure 4 has as 
a reflector element the material composed of alu-
minum and zinc, and the photoreactor tubes are 
made of high transparency borosilicate glass.

Implementation of the photocatalyst

The process for the photocatalyst, as shown 
in Figure 5, begins with the provision of gray wa-
ter to a main process tank, where the mixture of 
the different doses of TiO2 is carried out accord-
ing to the design of the experiment. The water 
parameters (pH, EC, DO, Turbidity, ORP, FCL) 
and the solar UV radiation index (IUV) are mea-
sured online from the S7 1500 PLC (Program-
mable Logic Controller) and the 8X AI U/I/RTD/
TC ST analog input module [Siemens, 2014]. The 
data is normalized and scaled according to the 
characteristics of the sensors, using the Norm_X 
and Scale_X functions in the Step 7 software of 
the TIA Portal; these values are stored in a data-
base that can be exported to a Microsoft Excel 
spreadsheet. 

The gray water is transferred to the photore-
actor where it is exposed to solar UV radiation for 
different periods of time, programmable from an 
interface for the S7 1500 PLC. Once the exposure 
period has concluded, the treated water returns to 
the main process tank for a new reading and stor-
age of water parameter values. The execution of 
the experiment is then completed and the treated 
water is automatically moved through a filter to 
the final storage tank.

Figure 3. CPC collector radiation curve
Figure 4. CPC collector scheme for 

the photocatalytic process
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The HMI interface of the photoreactor of Fig-
ure 6 is connected to the S7 1500 PLC, where the 
main process tank initially stores the gray water 
to be treated. In the photoreactor the exposure to 
solar UV radiation of the water under treatment 
is monitored, the control panel allows automati-
cally stopping or continuing the process, mixing 
the gray water with the TiO2, activating the pho-
toreactor and restarting the process, it also allows 
establishing the period of exposure of the water in 
treatment to solar UV radiation, as well as to acti-
vate the recording of measured parameter values 
on a database.

Design of experiments

The context was constructed and the indepen-
dent variables were intentionally manipulated to 
evaluate the study variables. In order to achieve 
the objectives, the authors worked with data that 
characterize the variables from the experimental 
tests and the analysis of parameters of greywater.

The data was obtained automatically from the 
gray water parameter sensors. The data collection 
instruments were previously calibrated for the 
measurement of the 6 water parameters (pH, EC, 
DO, Turbidity, ORP and FCL).

The central compound design was applied, 
with 3 factors at its levels: high, medium and low 
(1, 0, -1); the same one that has 6 central points 
and 6 axial points, with 20 observations and runs. 
This type of design is the most efficient for the 
analysis of the data with the response surfaces 
methodology [Melo et al., 2020]. Process vari-
ables are encoded as x1, x2, x3 being 𝑥𝑥1 =

𝜉𝜉1−8.5
4.5 , 𝑥𝑥2 =

𝜉𝜉2−1.5
0.5 , 𝑥𝑥3 =

𝜉𝜉3−45.5
15 ; 

 

𝛼𝛼 = (2𝑘𝑘)
1 4⁄  

 

 
𝑥𝑥1 =

𝜉𝜉1−8.5
4.5 , 𝑥𝑥2 =

𝜉𝜉2−1.5
0.5 , 𝑥𝑥3 =

𝜉𝜉3−45.5
15 ; 

 

𝛼𝛼 = (2𝑘𝑘)
1 4⁄  

 

 ξ1 denotes the natural 
variable to the IUV, ξ2 represents the natural vari-
able TiO2, and ξ3 the natural variable time.

The axial points were calculated with 2k, 
where k = 3 is the number of factors, so the num-
ber of factors is 23 = 8. The distance to which the 
axial points should be placed is calculated with 

𝑥𝑥1 =
𝜉𝜉1−8.5
4.5 , 𝑥𝑥2 =

𝜉𝜉2−1.5
0.5 , 𝑥𝑥3 =

𝜉𝜉3−45.5
15 ; 

 

𝛼𝛼 = (2𝑘𝑘)
1 4⁄  

 

, getting α = ±1.68.

Figure 5. Flow chart of the implemented photocatalyst operation

Figure 6. HMI interface of the photoreactor for gray water recovery
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The response surface analysis was made for 
the model of second order, according to the fol-
lowing expression of equation 8.
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RESULTS

Water quality obtained 

With the implemented system and previously 
calibrated sensor-transducers for the reliable mea-
surement of water parameters [Vargas & González, 
2014], 20 different experiments were carried out 
according to the central compound design, with 
six central points and six established axial points, 
obtaining the data described in Table 1.

The analysis of variance (ANOVA) of three fac-
tors was applied to the result obtained in Table 1, be-
ing the level of significance. In Table 2, the coded 
coefficients are obtained α = 0.05.

Table 3 presents the analysis of variance for 
the linear, quadratic, and quadratic models with 
interaction of factors.

The response surface analysis of the various 
interactions of the variables involved in the com-
plete quadratic equation is shown in Figures 7, 8 
and 9.

Factor optimization of the gray 
water recovery model

The factors (IUV, TiO2 and exposure time) 
were optimized within the ranges experienced, 
using Minitab V19, restricting the IUV levels 
(4 to 13), with TiO2 (1 to 2 g/L) and the time of 
unrestricted exposure, with the objective of ob-
taining recovered gray water with a quality equal 
to or greater than 90% (Table 4), the water being 
without threats and with conditions close to the 
desired levels, with a confidence level of 95%.

The results were analyzed to achieve the ob-
jective, reaching the following:
a) The intervention of solar UV radiation in the 

gray water recovery process is of great impor-
tance, the greater UV radiation, the shorter the 
photoreaction, which is evidenced in the results 
of the experiment in Table 1 (Obs10) reaching 
water with a quality index of 86.34%

b) The applied doses of nanoparticles of TiO2 
ranged from 0.6591 g/L to 2.34 g/L, obtaining 

Table 1. Water quality index obtained for the six central points and six axial points of the experiment design

Observation Run 
order

Process variables Coded variables Water quality index 
(ICA-PE)

UV radiation TiO2 (g/L) Time (min) x1 x2 x3 Y
Obs1 1 4 1.0 30 -1 -1 -1 34.98
Obs2 2 13 1.0 30 1 -1 -1 55.63
Obs3 3 4 2.0 30 -1 1 -1 39.31
Obs4 4 13 2.0 30 1 1 -1 86.21
Obs5 5 4 1.0 60 -1 -1 1 38.40
Obs6 6 13 1.0 60 1 -1 1 86.34
Obs7 7 4 2.0 60 -1 1 1 56.49
Obs8 8 13 2.0 60 1 1 1 86.35
Obs9 9 0.93 1.5 45 -1.68 0 0 34.10
Obs10 10 16.07 1.5 45 1.68 0 0 86.30
Obs11 11 8.5 0.66 45 0 -1.68 0 51.18
Obs12 12 8.5 2.34 45 0 1.68 0 72.61
Obs13 13 8.5 1.5 19.77 0 0 -1.68 47.42
Obs14 14 8.5 1.5 70.23 0 0 1.68 86.39
Obs15 15 8.5 1.5 45 0 0 0 56.40
Obs16 16 8.5 1.5 45 0 0 0 56.50
Obs17 17 8.5 1.5 45 0 0 0 56.51
Obs18 18 8.5 1.5 45 0 0 0 56.37
Obs19 19 8.5 1.5 45 0 0 0 56.56
Obs20 20 8.5 1.5 45 0 0 0 56.55
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Table 2. Value of the coded coefficients
Term Coef EE of the coef. T value P value

Constant 56.58 2.53 22.37 0.000
IUV 17.07 1.68 10.17 0.000
TiO2 6.52 1.68 3.89 0.003
Time 8.57 1.68 5.10 0.000

IUV·IUV 0.70 1.63 0.43 0.679
TiO2·TiO2 1.29 1.63 0.79 0.447

Time·Time 3.07 1.63 1.88 0.090
IUV·TiO2 1.02 2.19 0.47 0.652
IUV·Time 1.28 2.19 0.58 0.572
TiO2·Time -2.10 2.19 -0.96 0.361

Table 3. Variance analysis
Source GL SC Adj. MC Adj. F value P value
Model 9 5770.25 641.14 16.67 0.000
Linear 3 5562.45 1854.15 48.21 0.000

IUV 1 3979.87 3979.87 103.48 0.000
TiO2 1 580.72 580.72 15.10 0.003
Time 1 1001.86 1001.86 26.05 0.000

Square 3 151.01 50.34 1.31 0.325
IUV·IUV 1 6.97 6.97 0.18 0.679
TiO2·TiO2 1 24.14 24.14 0.63 0.447

Time·Time 1 135.41 135.41 3.52 0.090
Interaction of 2 factors 3 56.80 18.93 0.49 0.696

IUV·TiO2 1 8.34 8.34 0.22 0.652
IUV·Time 1 13.16 13.16 0.34 0.572
TiO2·Time 1 35.31 35.31 0.92 0.361

Error 10 384.62 38.46 – –
Lack of fit 5 384.59 76.92 12972.29 0.000
Pure error 5 0.03 0.01

Total 19 6154.87

Figure 7. Response surface of the 
IUV – TiO2 interaction

Figure 8. Response surface for IUV 
interaction – Exposure time

Table 4. Value of factors that optimize greywater recovery
Solution IUV TiO2 (g / L) Weather (min) ICA Adjustment Compound desirability

1 12.21 1,973 60,041 90.00 1.00
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the best results with respect to this factor in ex-
periment 8 (Obs8) of Table 1, where it allows 
obtaining the water with a quality index 86.35, 
the dose being 2.0 g/L, with an IUV 13 and an 
exposure time of 60 minutes.

c) The period of exposure of the water in treat-
ment had an interval of 19.77 to 70.23 minutes, 
obtaining better results with respect to this fac-
tor in experiment 14 (Obs14) for an IUV of 8.5, 
and a TiO2 dose of 1.5 g/L.

d) In order to determine the mathematical behav-
ior of the gray water recovery process repre-
sented by the water quality index (%), which 
is the response variable (and), first and second 
order mathematical models were evaluated, 
being the one that best adjusted that of second 
order indicated in equation (9):

 
𝑦𝑦 = 14.9 + 1.67𝑥𝑥1 + 6.3𝑥𝑥2 − 0.396𝑥𝑥3 + 

+ 0.0344𝑥𝑥12 + 5.18𝑥𝑥22 + 0.01362𝑥𝑥32 + 
+ 0.454𝑥𝑥1 · 𝑥𝑥2 + 0.019𝑥𝑥1 · 𝑥𝑥3 − 0.28𝑥𝑥2 · 𝑥𝑥3   

 

 (9)

DISCUSSION AND CONCLUSIONS

On the quality of water obtained

Solar UV radiation is a key factor for pho-
tocatalytic processes, in the results of this work 
it has been evidenced in experiments, especially 
in observation 10 of Table 1. UV radiation, upon 
reaching a parabolic surface, has a higher concen-
tration and manages to cross the glass tube of the 
photoreactor, generating reactions with photosen-
sitive elements, such as TiO2. Another favorable 
aspect was located in the central area of Peru, 

Figure 9. Response surface for TiO2 
interaction – Exposure time

where the UV radiation index exceeds 10 in times 
of lesser solar radiation, rising to more than 20 in 
times of greater radiation, due to the fact that the 
Earth is closer to the Sun, turning this radiation 
into a sustainable resource Zaratti et al. [2014]. 
This finding agrees with other studies: Ponce 
[2018], in the results of the study of wastewater 
treatment through processes that use solar radia-
tion and ozone, established that the photo-fenton 
solar processes require a high and stable IUV to 
achieve the mineralization of pollutants.

Castro [2017] used solar radiation to deacti-
vate the bacteria in water in PET bottles, finding 
a mathematical model with parameters obtained 
by regression, achieving an intracellular attack as 
a consequence of the action of photons from sun-
light. Moreover, Barwal and Chaudhary [2016], 
in a study for municipal water treatment, devel-
oped a parabolic concentrator to take advantage 
of solar energy, improving from 400 to 700 W/m2 
in full Sun and from 170 to 250 W/m2 on cloudy 
days, which resulted in an increase efficiency of 
40% and 13% respectively.

The TiO2 dose of 2.0 g/L, IUV 13 and an ex-
posure time of 60 minutes, water is obtained with 
a quality index of 86.35%, to avoid sedimenta-
tion, this semiconductor was dissolved in the 
photoreactor and mobilized with displacements 
in short times by means of a recirculating water 
pump programmable from a human machine in-
terface screen and maintaining kinetic efficiency. 
This, in order to take advantage of the photocata-
lytic properties of TiO2, since it is a semiconduc-
tor that, when illuminated by sunlight, generates 
photocatalysis due to UV radiation, with water 
acting as a donor and acceptor of electrons so 
that in the process produces oxidation – causes 
a reduction of pollutants [Plantard et al., 2021]. 
Mobility is necessary for the photocatalytic ac-
tion of TiO2 to be able to prolong its usefulness, 
as reported by Jiménez [2015]. TiO2 can be com-
bined with other elements to improve the photo 
degradation efficiency in specific applications 
[Zawadzki et al., 2020].

On the other hand, Borges et al. [2016], in 
the research they carried out, concluded that the 
photocatalytic process represents a sustainable 
alternative, achieving the degradation of 95% of 
the contaminated water after 2 hours, and high 
oxidative capacity of this system. Moreover, 
Powell, Litter, Blesa and Apella [2007], in the 
research carried out, determined that both solar 
disinfection (SODIS) and hybrid photocatalytic 
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disinfection (FHS) offer bacterial removal at ac-
ceptable levels, the requirement being 4 hours of 
exposure to the Sun in spring, summer and au-
tumn. The changes in the initial values of pH, 
conductivity, dissolved oxygen and bacterial con-
centration did not determine the efficiency of the 
disinfection process. Therefore, it was necessary 
to apply a combined treatment with TiO2.

From the optimization of factors of 
the gray water recovery model

The mathematical model determines the be-
havior of the gray water recovery process; from 
the result, this model represents the water quality 
index (%) which is the response variable “y”. The 
linear model, quadratic linear model, and com-
plete quadratic model were evaluated. Determi-
nation of the latter model describes the recovery 
of chalk waters with the highest determination 
index (R2 = 91.86) for α = 0.05

Finally, it can be indicated that the factors 
involved in the recovery of gray water are cor-
related. Therefore, when optimizing water quality 
to 90% according to ICA-PE, the configuration of 
the system model has a solar UV index of 12.21, 
TiO2 nanoparticles dissolved in a dose of 1.973 
g/L and with a period of solar exposure of 60.04 
minutes in the photocatalyst that was implement-
ed for this purpose, having the particularity of 
being programmable and keeping the treatment 
water in motion to avoid sedimentation.
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