
 

 

 

Abstract—In Mexico only around 37 % of generated wastewater 

is treated. Since 2006 the Universidad Autónoma Metropolitana-

Azcapotzalco (UAM-A), a public university in Mexico City, is 

operating a Wastewater treatment pilot plant. One of the main aims of 

this facility is to investigate technologies that can be implemented in 

developing countries to treat wastewater for reuse. In this study the 

disinfection efficiency of a heterogeneous Fenton, an advanced 

oxidation process, was evaluated in the pilot plant with real 

wastewater from the university. The catalyst used was iron swarf, a 

waste from the metal-mechanic industry. Disinfection was quantified 

with the indicator microorganisms: total coliforms, Salmonella Thypi 

and Shigella. The inactivation efficiency of heterogeneous Fenton 

was compared with that of ozone (O3), hydrogen peroxide (H2O2), 

ozone-hydrogen peroxide (O3-H2O2) and heterogeneous Fenton-

ozone (Fenton-O3).  For heterogeneous Fenton the highest efficiency 

for inactivation of Shigella (0.99 logs), total coliforms  (0.5 logs) and 

Salmonella Thypi (1.34 logs) was obtained with a volumetric flow of 

wastewater of 30 l/min and a hydrogen peroxide  flow of 1.14 ml/s.  

Results show than heterogeneous Fenton is suitable for disinfection 

of wastewater. However, it is recommended to carry out a study to 

evaluate the effect of the hydrogen peroxide dose on disinfection and 

an economic study before implementing this process in the 

Wastewater Treatment Pilot Plant in UAM-A. 
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I. INTRODUCTION 

N 2009, in Mexico 237.46 m
3
/s of wastewater were 

produced. From this volume 209.01 m
3
/s were collected and 

88.13 m
3
/s were treated [1]. Wastewaters contain high 

concentrations of pollutants that interact in a complex way in 

the environment and have a direct impact in human health. 

According to UNESCO waterborne diseases kill one child 

every 8 seconds and cause 80 % of diseases and deaths in 

developing countries [2]. Microbial quality of drinking water 

is still the greatest concern in developing and developed 

countries [3]. In most cases, microbial contamination is related 

to feces of humans and animals [3]. 

Due to the complex composition of wastewater multistage 

treatment (pre-treatment, biological, physicochemical and 

disinfection) is required to comply with current environmental 

regulations. 

 Advanced oxidation processes (AOP) are an attractive 

technology to remove organic matter. AOP are based in 

physicochemical processes that generate and use transient 

chemical species with a very high oxidant potential, such as 

the hydroxyl radical (HO°). This radical is highly efficient for 

the oxidation of organic matter, specially the non-

biodegradable [4]. Some AOP  are Fenton (H2O2/Fe
2+

),  photo-

assisted Fenton (H2O2/Fe
2+

/UV), photo-catalysis (TiO2/hv/O2), 

ozone-hydroxide peroxide (O3/H2O2), ozone-UV (O3-UV) and 

hydroxide peroxide-UV (H2O2/UV) [5]. 

The Fenton process has been extensively investigated for 

wastewater treatment. Fenton reagent is formed with iron and 

hydrogen peroxide. These chemicals are easily handled, are 

not toxic or harmful to the environment, and are economically 

attractive [6]. The homogeneous Fenton uses soluble iron and 

the heterogeneous Fenton uses an iron based catalyst. 

Hydroxyl radicals (HO°) in the Fenton process are 

generated according to the following reaction [7]: 

 

                              (1) 

 

Reaction (2) scavenges the generation of hydroxyl radicals 

[7]: 

      
  
                    (2) 

 

Heterogeneous Fenton is particularly important because 
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most iron will remain in the solid phase; facilitating separation 

of the catalyst after treatment. Also, in this process organic 

radicals could be generated when hydroxyl radicals and 

organic matter react [8]. Lastly, the final products of the 

reaction of hydrogen peroxide and organic matter are carbon 

dioxide and water, which are non-toxic. 

On the other hand, wastewater disinfection is the selective 

inactivation of microorganisms that bear diseases. Disinfection 

can be carried out by chemical or physical means. 

Chlorination is the most common chemical disinfection 

method used worldwide. However, the generation of toxic by-

products in chlorination is cause of concern [9]. Ozonation, 

UV irradiation and membrane filtration are other disinfection 

technologies commonly used. Operation of these technologies 

is more complex and expensive than chlorination. 

The Universidad Autónoma Metropolitana - Azcapotzalco 

(Autonomous Metropolitan University, Campus 

Azcapotzalco) has a Wastewater Treatment Pilot Plant since 

2006. Among the main aims of this plant are to reduce the 

impact of the university on the environment and to investigate 

technologies that can be implemented in developing countries 

to treat wastewater for reuse. The university plant treats 10 % 

of the volume of wastewater generated in the campus. The 

treatment train consists of pH adjustment (pretreatment), 

coagulation-flocculation, sedimentation, filtration, oxidation 

of organic matter, disinfection and stabilization of sediments 

(Fig. 1).  

The aim of this study was to evaluate inactivation of 

indicator microorganisms and oxidation of organic matter with 

the Fenton process and compare it with inactivation achieved 

with more sophisticated water treatments. 

 

Raw 

wastewater 
Pretreatment 

Coagulation-
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Filtration Disinfection Storage Oxidation 

 
Fig. 1. Wastewater treatment train in the Universidad Autónoma 

Metropolitana – Azcapotzalco (Autonomous Metropolitan 

University, Campus Azcapotzalco). 

II. METHODOLOGY 

In this work, disinfection and oxidation of organic matter 

with the heterogeneous Fenton (F) process were compared 

with those of ozone (O3), ozone-hydrogen peroxide (O3-H2O2) 

and Fenton-ozone (F-O3). Disinfection and oxidation with 

hydrogen peroxide (H2O2) was used as a control. 

Wastewater from the filtration unit of the university 

Wastewater Treatment Pilot Plant was feed into the advanced 

oxidation processes. Disinfection was evaluated with the 

indicator microorganisms: total coliforms, Shigella and 

Salmonella Thypi. Oxidation of organic matter was measured 

with the reduction in chemical oxygen demand (COD). The 

wastewater flow was set at 30 l/min, the ozone dose at 25.82 

mg O3/min (H-high) and 14.61 mg O3/min (L-low), and the 

dose of hydrogen peroxide (15,000 mg/l) at 1.14 ml/min (H-

high) and 0.405 ml/min (L-low). Each oxidation process was 

evaluated in three different days. The order of experiments 

was decided randomly. The experimental conditions used in 

the oxidation processes are shown in table I. 

 
TABLE I 

 EXPERIMENTAL CONDITIONS USED FOR EVALUATION OF WASTEWATER 

DISINFECTION AND OXIDATION OF ORGANIC MATTER 

Oxidation process 
H2O2 

ml/s 
O3 mg/min Symbol 

Fenton 1.14 --- F-H 

Fenton 0.405 --- F-L 

Ozone --- 25.82 O3-H 

Ozone --- 14.61 O3-L 

Ozone-Fenton 1.14 25.82 O3-F-H 

Ozone-Fenton 0.405 14.61 O3-F-L 

Hydrogen 

peroxide-ozone 1.14 25.82 H2O2- O3-H 

Hydrogen 

peroxide-ozone 0.405 14.61 H2O2- O3-L 

Control- 

Hydrogen peroxide 1.14 --- H2O2-H 

Control- 

Hydrogen peroxide 0.405 --- H2O2-L 

 

A. Physicochemical Characterization of Wastewater 

Table II shows the parameters and techniques utilized for 

the physicochemical characterization of wastewater. 

 
TABLE II 

TECHNIQUES USED FOR THE PHYSICOCHEMICAL CHARACTERIZATION OF 

WASTEWATER 

Parameter Method Reference 

Color Method 2540 [8] 

Electric conductivity NMX-AA-093-SCFI-2000 [9] 

Chemical oxygen 

demand 

Method 5220 [10] 

pH NMX-AA-08-SCFI-2000 [11] 

Total suspended solids Colorimeter Procedures 

Manual  

[12] 

Turbidity Colorimeter Procedures 

Manual 

[12] 

Alkalinity NMX-AA-045-SCFI [13] 

 

B. Microbiological Analysis 

The microbiological analysis was done by dilution of the 

wastewater samples with a solution of casein peptone (1 ml : 9 

ml). This solution was further diluted from 10
2
 to 10

5
 times. 

Then, the diluted samples were filtered with a membrane for 

total coliforms, Salmonella Thypy and Shigella. Filtration was 

carried out with the procedure established in the Standard 

Methods for the Examination of Water and Wastewater [8]. 

Finally, the microorganisms were sowed in the appropriate 

agar and incubated 24 or 48 hours at 35 ± 1 °C (table III). 
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TABLE III 

INCUBATION PERIODS FOR INDICATOR MICROORGANISMS 

Indicator microorganism Agar Incubation time 

(hours) 

Total coliform m-Endo LES 24 

Salmonella Thypi bismuth sulphite 48 

Shigella xylose lysine deoxycholate 48 

C. Inactivation of Indicator Microorganisms 

Inactivation, as reduction in the concentration of indicator 

microorganisms, was calculated dividing the concentration 

(CFU/100 ml) of total coliforms, Shigella or Salmonella Thypi 

(N) after the oxidation process between the concentration of 

these microorganisms initially present in wastewater samples 

(N0). 

      
 

  
              (3) 

III. RESULTS AND DISCUSSION 

A. Physicochemical Characterization of Wastewater 

Characterization of wastewater before 

disinfection/oxidation is presented in table IV; average and 

standard deviation were calculated with data from all 

experiments. As can be observed, the quality of wastewater 

generated in the university is quite variable. This can be 

explained by factors such as the number of persons at the 

university, the day of the week, the time of the day, 

temperature and the amount of precipitation. Rain is an 

important dilution factor that could considerably lower most 

of the physicochemical parameters. 

 
TABLE IV 

 CHARACTERIZATION OF WASTEWATER BEFORE OXIDATION-DISINFECTION 

Parameter Units Average Standard 

deviation 

pH units 6.8 0.4 

Electric conductivity µs/cm 1,721.9 465.3 

Suspended solids mg/l 10.7 5.1 

Turbidity FAU 16.7 8.7 

Color Pt-Co 169.2 83.4 

COD mg/l 147.6 47.3 

Alkalinity mgCaCO3/l 284.4 128.5 

 

B. Disinfection and Oxidation of Organic Matter 

The results for inactivation of total coliforms, Salmonella 

Thypi and Shigella and efficiency of oxidation of organic 

matter are presented from Fig. 2 to Fig. 5. The error bars in 

these graphs represent the standard deviation for the average. 

The results for disinfection and oxidation of organic matter 

present a large variability. This is attributed to changes in the 

quality of the incoming wastewater. 

Inactivation of total coliforms (Fig. 2) and Salmonella 

Thypi (Fig. 3) increases with the dose of the oxidant (hydrogen 

peroxide or ozone) and inactivation of Shigella with ozone and 

hydrogen peroxide is higher for the smaller dose of these 

oxidants (Fig. 4). However, due to the large values for the 

standard deviation is not possible to establish the effect of the 

oxidant dose on disinfection. 

Inactivation of microorganisms with the Fenton treatment 

was among the highest for total coliforms (0.50 logs), 

Salmonella Thypi (1.34 logs) and Shigella (0.99). But 

oxidation efficiency with this treatment was only 23%. 

 

 
Fig. 2. Inactivation of total coliforms 

 

 
Fig. 3. Inactivation of Salmonella Thypi 

 
Fig. 4. Inactivation of Shigella 

 

In terms of the removal of organic matter treatment with 

hydrogen peroxide was the most effective with average 

oxidation efficiencies from 46 to 56 %. However, for this 

treatment inactivation of microorganisms was relatively low; 

0.34 logs for total coliforms, 0.49 logs for Salmonella Thypi 

and 0.51 logs for Shigella. While Fenton, ozone, ozone-Fenton 

and hydrogen peroxide-ozone are advanced oxidation 

processes treatment with hydrogen peroxide is not. This could 

mean that the hydroxyl radicals, generated in advanced 

oxidation processes, are reacting before getting in contact with 

organic matter or that there is a factor that inhibits the 

generation of these radicals. 

International Conference on Biological, Civil and Environmental Engineering (BCEE-2014) March 17-18, 2014 Dubai (UAE)

http://dx.doi.org/10.15242/IICBE.C0314013 3



 

 

 
Fig. 5. Oxidation efficiency of organic matter 

 

IV. CONCLUSIONS 

The variability in the performance in disinfection and 

oxidation of the processes evaluated can be explained by the 

changes in composition of the wastewater treated. 

The Fenton treatment achieved the highest inactivation of 

microorganisms but low efficiencies for organic matter 

oxidation. 

Inactivation of microorganisms was smaller than 1 log in 

most oxidation processes. This may be the result of the 

relatively high flow of wastewater (30 l/min), which affected 

the retention time in the oxidation units. 

It is recommended to study the effect of the hydrogen 

peroxide flow and concentration on disinfection and oxidation, 

and an economic study before implementing this process in 

the Wastewater Treatment Pilot Plant in UAM-A. 
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