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In this work, a UV/H2O2 system was evaluated using an experimental design 2 level I-optimal response surface 
design to analyze the effect of temperature, pH, UV lamp power (W), and H2O2 concentration on dye load 
removal and nitrification from industrial cleaning wastewater. Results showed that the optimum conditions were 
80 °C, pH 4, PW-UV 60 W, and H2O2 3.1 Mol*L-1. Removal percentages of 45% for COD, 47.5% color, 87% Fe, 
82% Cr and 91% ammonium oxidation to nitrate were achieved. It can be concluded that the effluents treated 
by this process could be promising for reuse and exploitation in biotechnological tools through microalgae and 
cyanobacteria. 

1. Introduction 
Dry cleaners wastewater is a type of effluent generated by a wide variety of industrial sectors that require the 
use of synthetic dyes with recalcitrant compounds (Urbina et al., 2021); worldwide, the emission of this type of 
wastewater is led by the textile industry with 54% followed by the dyeing industry 21%, paper, and pulp 10%; 
tanneries and paints with 8% (Samsami et al., 2020). Fabric dyeing and its treatment generate 20% of 
wastewater worldwide. It has been reported that it requires up to 200 L of water to produce 1 kg of fabric (Bilińska 
et al., 2017), and the size of this industry will increase between 20% and 30% in 2025 (Garcia et al., 2020). 
Wastewater from dry cleaners is highly pollutant since dyeing requires recalcitrant compounds made of 
benzidine substances (Direct Black 38, Direct Blue 6, and Direct Brown 95) that are highly toxic and non-
biodegradable (Katheresan et al., 2018). Azo dyes are the most common pigment found in textile wastewater 
(Reza Samarghandi et al., 2020). Other substances are polyvinyl alcohol (PVA), carboxymethylcellulose, 
surfactants, organic processing acids, sulfides, formaldehyde, detergents, oil, dispersants, NaNO3, NaCl, and 
Na2SO4 that assist dye fixation (Sarker et al., 2019). These recalcitrant compounds generate a highly harmful, 
toxic effluent that is highly dangerous to ecosystems and human health (Jia et al., 2020). Dry cleaners’ 
wastewater is hard to treat using biological processes due to their recalcitrant pollutants (Mani and Hameed, 
2019). Some bacteria can effectively degrade dyes and other compounds using oxidative-reducing enzymes 
such as azoreductase, and laccase peroxidase, which catalyzes the mineralization and degradation of many 
pigments. However, the scaling of this type of process is complex (Mishra and Maiti, 2018).  
Microalgae and cyanobacteria have emerged as a promising technology in treating these effluents; these 
organisms can degrade different compounds present in these effluents while generating biomass with value-
added metabolites such as lipids, carbohydrates, pigments, and others (Oyebamiji et al., 2019). The main 
drawback is the presence of metal ions which can reduce their growth rate (Urbina et al., 2022), and lower the 
biomass quality, which will reduce the applicability of that biomass (Gita et al., 2021). Advanced oxidation 
processes (AOPs) can be a better alternative for the degradation of non-biodegradable organic compounds, the 
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mineralization of pollutants, and the removal of recalcitrant organic materials present in these effluents (Atalay 
and Ersöz, 2020). Different AOPs such as ozone photo-Fenton, ultrasonic, and photocatalysis has been 
reported for degrading azo dyes (Maroudas et al., 2021). AOPs coupled with UV have gained relevance in 
recent years. The use of photo-Fenton in the treatment of textile effluents has reported high color removals up 
to 70%, but with low COD removal (<10%) (Kumar Shivappa Masalvad and Kumar Sakare, 2020). A study on 
advanced oxidation of peroxydisulfate (PDS) and peroxymonosulfate (PMS) activated by UV showed that a pH 
of 6-8 had positive effects on water treatment (Sbardella et al., 2019); on the other hand, it has been reported 
that degradation by direct photolysis with UV under acidic pH can degrade parabens (Álvarez et al., 2020). The 
effect of temperature and UV lamp power are still a relevant topic of research. Therefore, the present work 
evaluates the implementation of a UV/H2O2 system in real dyeing wastewater and the effect of temperature, pH, 
UV lamp power (W), and H2O2 concentration on the removal of the dye load and the generation of nitrates as a 
potential use in the cultivation of microalgae and cyanobacteria. 
 
2. Materials and methods 
2.1 Dry cleaners wastewater 

The wastewater was obtained from a textile dry-cleaner company in the city of Cúcuta (Norte de Santander, 
Colombia). The sample was taken every 30 min (in duplicate) through a 24 h interval; the final sample volume 
was 500 mL. The sample was kept cold at 4°C and then transferred to the laboratory for further analysis. 

2.2 Physicochemical characterization of the dyeing effluents. 

The dyeing wastewater was physicochemically characterized according to standard methods 23 ed (Table 1). 

Table 1: Physicochemical characterization 

PARAMETER METHOD PARAMETER METHOD 
COD (mg*L-1) Standard Methods 

5220C 
pH Standard Methods 4500B 

BOD (mg*L-1) Standard Methods 
5210B-4500-OG 

Conductivity (µS*cm-1) Standard Methods 2510B 

Nitrates (mg*L-1) Colorimetric Total Suspended Solids 
(mg*L-1) 

Standard Methods 2540D 

Nitrites (mg*L-1) Colorimetric Heavy Metals 
(Fe, Ni, Cd, Cr, Cu y Zn) 

(mg*L-1) 

Standard Methods 3111D 

Ammonia nitrogen (mg*L-1) Colorimetric Sulfides (mg*L-1) Standard Methods 4500- 
Phosphates (mg*L-1) Colorimetric Chlorides (mg*L-1) Standard Methods 4500-ClB 

2.3 Experimental Analysis 

An I-optimal response surface design (Table 2) was created on Design Expert 13 software®. The design had 4 
variables (temperature, initial pH, UV lamp power, and H2O2 concentration) with two levels. The response 
variables were COD, NO3, and color. The design resulted in 40 experiments conducted in triplicate for a total of 
120 experiments. The stipulated conditions were obtained from the review of the little existing literature and the 
experience of the working team. The results were analyzed using a two-way ANOVA on Design Expert 13 
software®. 

Table 2: Experimental design 

PARAMETER FACTOR 
-1 0 1 

H2O2 (mg*L-1) 0.3 0.5 0.7 
Lamp power (W) 30 45 60 

pH (mg/L) 4 5 6 
Temperature (°C) 50 65 80 

 
Prior to experimentation, the solids from wastewater were removed by sedimentation (30 min, 27°C). A 250 mL 
volume reactor with an operating volume of 200 mL was used for the photocatalytic experiments. Each 
experiment was mixed at 550 rpm and the pH was adjusted using either HCl and NaOH (0.1 M). a solution of 
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H2O2 (35% v/v) was used for the calculation of the different concentrations in the design. Finally, 15W UV-C 
(254 nm) lamps were used. Each lamp emitted light intensity of 44 µW * cm-2. 

2.4 Analytical methods 

Total organic carbon (TOC) was determined using a TOC analyzer (Thermo Fisher Scientific). The operating 
conditions were a sample volume of 0.5 mL, water chase volume 1.0 mL, injection line rinse on, injection line 
rinse volume 0.5 mL, acid volume 0.5 mL, ICS parge flow 200 mL*min−1, carrier gas delay time 0.40 min, ICS 
parge time 50 min, detector sweep flow 500 mL*min−1, furnace sweep time 1.0 min, and system flow 200 mL* 
min−1. For the determination of color removal, a spectrophotometric scan was performed on a THERMO 
GENESYS10 brand spectrophotometer in a range of 220 to 750 nm at 25 °C. The measurement separation 
interval was calibrated at 1 nm. Deionized water was used to measure the baseline. 

3. Results and discussions 
3.1 Physicochemical characterization 

The physicochemical characterization of dry cleaning wastewater is shown in Table 3. 

Table 3: Physicochemical characterization of dry cleaning wastewater 

PARAMETER VALUE PARAMETER VALUE 
COD (mg*L-1) 622 ± 2.01 Fe (mg*L-1) 7.5 ± 0.02 
BOD (mg*L-1) 214.2 ± 3.2 Ni (mg*L-1) 0.05 ± 0.0 

Nitrates (mg*L-1) 24.3 ± 0.46 Cr (mg*L-1) 0.1 ± 0.001 
Nitrites (mg*L-1) 3.23 ± 0.003 Cd (mg*L-1) 0.002 ± 0.0 

Ammonia nitrogen (mg*L-1) 15.6 ± 1.06 Zn (mg*L-1) 0.67 ± 0.02 
Phosphates (mg*L-1) 0.96 ± 0.023 Cu (mg*L-1) 0.12 ± 0.003 

Total Suspended Solids (mg*L-1) 602.4 ± 5.67 Sulfides (mg*L-1) 0.5 ± 0.001 
Conductivity (µS*cm-1) 1302 ± 0.56 Chlorides (mg*L-1) 893.88 ± 4.76 

pH 5.98 ± 0.1   
It has been reported that industrial textile effluents have a strong color product of the chemicals used in the 
dyeing process, a large number of suspended solids (SS), a fluctuating pH (4-9), and a high concentration of 
COD (Assémian et al., 2018). The composition and concentration of these compounds in dry cleaning effluents 
are highly variable and depend on the manufacturing processes, the type of fibers, the amount of water used in 
the process, and the chemicals (Silva et al., 2020). The results obtained (Table 3) show that the pollutant load 
with had a low biological degradability due to the COD/BOD ratio. The samples showed an acid pH (5.98 ± 0.1) 
and a high content of iron (7.5 ± 0.02 mg*L-1), which is above the levels allowed by current Colombian 
regulations. the concentrations of the remaining metals were below the regulations.  

3.2 Color removal 

The results for the ANOVA analysis for the color removal (table 4) using hydrogen peroxide show that the Model 
F-value of 5.82 implies the model is significant. There is only a 0.05% chance that a large F-value could occur 
due to noise. In this case, Temperature and pH are the most significant variable. Finally, the Lack of Fit F-value 
of 0.94 implies the Lack of Fit is not significant relative to the pure error. 

Table 4: ANOVA analysis of 2 level I-optimal Response Surface design for color removal. 

Source Sum of Squares df Mean 
Square F-value p-value  

Model 8.05 5 1.61 5.82 0.0005 significant 
A-Temperature 1.78 1 1.78 6.44 0.0159  

B-pH 6.28 1 6.28 22.70 < 0.0001  
C-Hydrogen 

peroxide 0.0768 1 0.0768 0.2775 0.6018  

D-pW 0.4623 2 0.2312 0.8354 0.4424  
Residual 9.41 34 0.2767    
Lack of Fit 4.57 17 0.2687 0.9440 0.5466 not significant 
Pure Error 4.84 17 0.2847    
Cor Total 17.46 39     
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The effluents of dry cleaners contain dyes and dye impurities, mainly azo-type dyes, which hinder the 
degradation of the pollutant load. As observed in this study, color removal is linked to the amount of OH- 
available for oxidation, and this process is affected by the pH. Acidic pH favors the generation of OH- and 
oxidation of dyes, while alkaline pH decreases the removal of color. Korpe and Rao (2021) found that under 
alkaline pH, the dissociated form of H2O2 can remove OH-, which will decrease the efficiency of color removal. 

3.3 Nitrification 

The results for the ANOVA analysis on the nitrification (Table 5) using hydrogen peroxide show that the Model 
F-value of 3.18 implies the model is significant. There is only a 0.6% chance that an F-value this large could 
occur due to noise. In this case, A2 (Temperature) and the interactions Temperature-pH, pH-Hydrogen peroxide, 
and Hydrogen peroxide-pW are the most significant. Finally, the Lack of Fit F-value of 1.14 implies the Lack of 
Fit is not significant relative to the pure error.  

Table 5: ANOVA analysis of 2 level I-optimal Response Surface design for Nitrification. 

Source Sum of Squares df Mean 
Square 

 F-value p-value  

Model 4.74 17 0.2787  3.18 0.0060 significant 
A-Temperature 0.3067 1 0.3067  3.49 0.0749  
B-pH 0.0271 1 0.0271  0.3090 0.5839  
C-Hydrogen 
peroxide 0.0003 1 0.0003  0.0032 0.9554  

D-pW 0.1308 2 0.0654  0.7452 0.4863  
AB 0.3957 1 0.3957  4.51 0.0452  
AC 0.1312 1 0.1312  1.50 0.2343  
AD 0.4778 2 0.2389  2.72 0.0878  
BC 1.08 1 1.08  12.30 0.0020  
BD 0.1652 2 0.0826  0.9414 0.4052  
CD 1.07 2 0.5360  6.11 0.0078  
A² 0.7329 1 0.7329  8.35 0.0085  
B² 0.0139 1 0.0139  0.1582 0.6947  
C² 0.1303 1 0.1303  1.49 0.2359  
Residual 1.93 22 0.0878     
Lack of Fit 0.4859 5 0.0972  1.14 0.3759 not significant 
Pure Error 1.44 17 0.0850     
Cor Total 6.67 39      
 
 

 

Figure 1: Surface response of the interaction between pH and temperature 
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The surface response of the interaction between temperature and pH, (Figure 1) shows that lower pH and higher 
temperatures will increase the nitrification and the removal of color. Using the solution obtained for color removal 
and nitrification (Table 4) was corroborated by performing eight new experiments (one original, plus seven 
replicates) The results were analyzed using one-way ANOVA. Nitrification is a process that demonstrates the 
effectiveness of AOPs in the oxidation of organic matter and azo groups of dyes in simpler forms. This process 
occurs due to the release of oxygen radicals that oxidize N-NH3 into N-NO3. Studies have revealed that acidic 
pH promote the oxidation of the azo dyes; also it has been reported that at room temperature the consumption 
of peroxide by the pollutants is lower; therefore a temperature increase is required to maintain OH- generation 
and improve the reactivity of these radicals (Korpe and Rao, 2021). 
The results obtained from the experimental design and the response surface in this work allowed us to determine 
the variables to corroborate the process conditions for its optimization: (80°C, pH 4, 0.31 M of H2O2, and pW 60 
W). Figure 2a. shows the results obtained. For the case of nitrate, the value obtained was higher than expected, 
while for the color removal rate, there were no significant differences between the expected and the obtained 
results. 
 

Figure 2. (a) color removal and nitrification. (b) Removal of contaminants 

Figure 2b presents that for some metals, it was possible to remove up to 90% of their initial content; on the other 
hand, the ammonium oxidation process reached 86%, while the BOD, COD, and color removal were lower (70, 
45, and 45%, respectively). The chemical composition of the effluent after the UV/H2O2 treatment shows 
promising potential as an alternative culture media to produce algal biomass. In recent years, advanced 
oxidation processes and biological processes with algae and cyanobacteria have gained popularity (Urbina‐
suarez et al., 2021); however, more studies are required to identify the optimal conditions for their operation and 
promote the combined use of AOPs and microalgae biotechnology. 

4. Conclusions 
It can be concluded that the AOPs UV-H2O2 method proved to be efficient in degrading the pollutant load of the 
dyeing. It was found that the OH- radical plays a critical role in the pollutant’s removal; also, it was found that 
pH affects the degradation process of organic matter and the nitrification process. Acidic pH favors the 
generation of OH- radicals and their interaction with the different pollutants. On the contrary, alkaline pH tends 
to increase COD because the dissociated form of H2O2 tends to capture OH- radicals, affecting the process. 
Finally, parameters were determined to optimize the oxidative process of these effluents, finding that 48% of 
color is removed and nitrification is stimulated, allowing potential reuse and utilization. 
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