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A B S T R AC T

In this study, Fenton’s reagent was investigated for its possible use in the disinfection of raw 
and secondary treated sanitary wastewater. Different doses of hydrogen peroxide, ferrous (Fe2+) 
ions, and their combination were evaluated at three experimental phases of the disinfection of 
raw wastewater. Hydrogen peroxide and ferrous ions as single disinfectants showed no signifi -
cant reduction in fecal coliforms. Fenton’s reagent inactivated 4 and 3.16 log of fecal coliforms 
from raw wastewater and activated sludge effl uent, respectively. However, at CT values up to 
3750 mg min/l for raw wastewater and 11250 mg min/l for activated sludge effl uent, no observ-
able effects were noted. A dose of Fenton’s reagent of 600 mg/l H2O2 plus 150 mg/l of Fe2+ ions 
led to a 3.16 log inactivation of fecal coliforms in the activated sludge effl uent and discharge 
standards were achievable.
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1. Introduction

Disinfection is one of the main processes carried out in 
wastewater treatment plants. Treated wastewater is con-
sidered a valuable available water resource for agricul-
tural irrigation, but it is often reused without the proper 
application of disinfection methods [1,2]. Consequently, 
use of this wastewater has high risks due to the presence 
of excessive pathogenic microorganisms [1,3]. According 
to the World Health Organization, wastewaters which do 
not contain more than 1000 CFU (colony forming unit) 
100 m/l of fecal coliforms (FC) and more than 1 helminth 
Egg/l can be safely used for irrigation purposes [3].

At different stages of the wastewater treatment 
system, destruction and inactivation of health-related 
microorganisms can be carried out through several 

mechanisms [3]. As none of the conventional wastewa-
ter treatment processes have proved to be suffi cient to 
reduce these microbial agents, fi nal disinfection seems 
to be an obligatory step, especially when fi nal effl uents 
are to be re-used [3,4].

Disinfection has proved crucial for ensuring pub-
lic health in potable water treatment [5]. In spite of the 
advantages of chlorine in water and wastewater dis-
infection, concerns about health-related risks due to 
its disinfection by-products (DBPs) in addition to stor-
age and handling safety problems have led to recent 
research into alternative disinfectants [2,4,6,7]. In the 
last few decades, oxidation compounds such as hydro-
gen peroxide (HP) have been introduced for wastewater 
disinfection. Hydrogen peroxide has disinfection capa-
bility and does not leave any unfavourable environ-
mental effects [6,8]. Another possible technical method 
for the disinfection of raw or treated wastewater is the 
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use of some synergistic agents such as silver (Ag) [1], 
copper (Cu) [1] and iron (Fe) in combination with HP. 
When HP is combined with ferrous iron such as Fe2+, 
the oxidation system is called Fenton’s reaction [4,9–11]. 
Fenton’s reagent was discovered about one hundred 
years ago, however, the application of this reagent as an 
oxidizing agent for bacterial inactivation was not prac-
ticed until the late 1960s [7]. The disinfection potential of 
HP is due to the production of free radicals (OH•) in the 
absence of a catalyst, however, the rate of radical pro-
duction is slow. Fenton’s reagent, on the other hand, is 
an extremely strong producer of hydroxyl radicals. Its 
oxidation potential is 2.7 eV compared with 1.8 eV for 
HP [4,7,10–14]. The generation of OH• radicals by Fen-
ton’s reagent involve the following reactions [4,7]:
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As there is little information available on the disin-
fection potential of Fenton’s reagent in raw wastewater, 
the main objective of the present study was to investigate 
the feasibility of Fenton’s reagent for the disinfection 
of raw wastewater (RW) and activated sludge effl uent 
(ASE). The results were compared with the effectiveness 
of HP alone and iron ions alone in the disinfection of 
similar test samples under similar conditions. It should 
be noted that the study of raw wastewater disinfection 
was essential in our study, since many treatment plants 
especially in developing countries try to by-pass the 
untreated infl uent in some occasions such as hydrau-
lic over fl ow during rainy periods and failure of treat-
ment processes, which cause microbial contamination in 
receiving water bodies.

2. Materials and methods

The materials used in the experimental set up 
involved iron sulfate heptahydrate (FeSO4·7H2O, Allied-
signal), hydrogen peroxide 30% solution (Merck no. 
1.08597), sodium chloride (Merck no. 1.06404), sodium 
thiosulfate pentahydrate (Merck no. 1.06513) and 
A1-Medium (Merck no. 1.00415). The necessary stock 
solutions were made from the above materials and 
doubled distilled water. The glassware was washed and 
autoclaved at 121°C for 15 min before use.

2.1. Sampling and preparation of samples

Plastic containers each of 10 l volume were used for 
RW and ASE sampling. The samples were taken from a 
municipal wastewater treatment plant with an activated 

sludge process located in the north of Tehran city, Iran, 
and were immediately transported to the laboratory, 
where they were analyzed daily.

2.2. Procedure

The study was conducted in three phases as men-
tioned in Table 1 at an ambient temperature ranging 
from 21 to 26°C. The selected doses of the reacting sub-
stances are also shown in Table 1. Each experimental 
phase included 14 tests relating to different concentra-
tions of each chemical. Doses of the reacting substances 
were increased gradually to determine the trend in dis-
infection activity. The research was carried out in model 
laboratory reactors of 1l volume. A series of 14 reactors 
were supplied with the RW and ASE at the same time 
and the chemical reagents at different concentrations 
were then added. In the third phase, Fenton’s reagent 
was prepared at a constant weigh ratio of iron to HP 
of 1:4 and then supplied to the reactors. Samples were 
mixed thoroughly for one min and after 30 min con-
tact time, disinfectant activity was stopped by adding 
a mole-to-mole ratio of sodium thiosulfate as a neutral-
izer. Comparison tests were carried out using only HP 
and Fe ions. The difference between the initial and fi nal 
(after exposure to disinfectant) FC number was used to 
evaluate the disinfection effi cacy.

To compare the effi cacy of the disinfectant on RW 
and ASE, both alone and in synergy with Fe, was deter-
mined by calculating the Cit by multiplying the initial 

Table 1
Experimental phases and applied doses of reacting 
substances

Dose Phase 1
H2O2 (mg/l)

Phase 2
Fe+2 (mg/l )

Phase 3
Fenton reagent

  Fe+2 (mg/l ) H2O2 (mg/l)

1 10 2.5 2.5 10
2 20 5 5 20
3 30 7.5 7.5 30
4 40 10 10 40
5 60 15 15 60
6 80 20 20 80
7 100 25 100 25
8 200 50 200 50
9 300 75 300 75

10 400 100 400 100
11 500 125 500 125
12 600 150 600 150
13 700 175 700 175
14 800 200 800 200
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  disinfectant concentration (Ci) in mg/l by the time (T) 
in minutes (min) that the applied disinfectant was in 
contact with the wastewater infl uent.

2.3. Microbiological analysis

Microbiological analyses of the RW and ASE were 
performed in triplicate; before and after the disinfection 
process according to the doses shown in Table 1. Fecal 
coliforms were analyzed by the direct (without enrich-
ment) multiple fermentation tube procedure (Standard 
Methods, 9221E-2). The samples were inoculated and 
incubated on A1-Medium and their ability to produce 
gas was determined. For the enumeration of FC bacte-
ria, the samples were incubated at 37°C for 3 h and the 
tubes were then transferred to a 44.5°C water bath for 
19–21 h [15].

3. Results and discussion

The physico-chemical and microbiological proper-
ties of the RW and ASE samples used during the period 
of this research are shown in Table 2. It can be clearly 
seen that treating municipal wastewater with the acti-
vated sludge process reduced the COD, BOD, TSS and 
FC by 92.52, 92.22, 92.86 and 98.65%, respectively. From 
the standpoint of FC reduction and health-related risks, 
it is obvious that the activated sludge process alone can-
not produce an effl uent appropriate for re-use purposes.

The disinfection performance of the phase-1 reaction 
(H2O2 alone) on RW and ASE is shown in Fig. 1. Results 
obtained in this phase of the experiment showed that HP 
doses in the range of 10 to 800 mg/l and 30 min contact 
time corresponding to CT values of 300–24000 mg min/l, 
led to no signifi cant (0.02–0.66) log inactivation of FCs in 
RW. The results are in good agreement with the fi ndings 
of Marcine Debowski and Miroslaw Krzemieniewski 
(2007), they applied HP as a single disinfectant for sew-
age sludge disinfection and after 24 h contact time the 
highest used dose of HP decreased coliforms bacteria by 
1.1 log inactivation. An HP dose of 600 mg/l and 30 min 

contact time (CT = 18000) led to a 0.85 log inactivation 
of FC in ASE. In this case, the results also are similar to 
Velasquez et al. (2008). they used HP for the disinfection 
of advanced primary treatment effl uent and found that 
the maximum fecal coliforms removal occur at a dose of 
250 mg/l of HP and at an exposure time of 120 min (CT 
30000), they stated that fecal contamination decreased 
by 2.2 log inactivation.

Table 2
Physico-chemical and microbiological characteristics
of RW and ASE

Parameter RW ASE

COD (mg/l) 648 ± 112 48 ± 13

BOD (mg/l) 360 ± 76 28 ± 6
pH 7.48 ± 0.5 7.2 ± 0.25
TSS (mg/l) 420 ± 20 30 ± 4

FC (MPN/100 ml) 1.48E + 07 2.00E + 05
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Fig. 1(a). Fecal coliforms reduction in phase 1 of the experi-
ments (in the RW); (b) Fecal coliforms reduction in phase 1 
of the experiments (in the ASE); (c) Log-inactivation vs. the 
CT factor for FC reduction, using HP for disinfecting of RW 
and ASE.
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 In addition, it can be inferred from Figs. 1(a) and 
1(b) that at CT values of 24000 and 18000 mg min/l, the 
highest doses of HP applied to RW and ASE, respec-
tively; the number of surviving FC were 2.31E+06 and 
2.4E+04 MPN/100 ml, respectively. In addition, it can 
be inferred from Fig. 1(c) that the number of organisms 
has a notable effect on HP disinfection intensity. For 
RW, HP doses of less than 60 mg/l had no consider-
able disinfection effect [Fig. 1(a)], but in the case of ASE 
this value was 10 mg/l [Fig. 1(b)]. These fi gures clearly 
show that HP alone did not have a signifi cant disinfec-
tion effect, and this is in accordance with the fi ndings of 
other researchers [1,16–18].

The disinfection performance of phase 2 of the 
experiment (Fe alone) on RW and ASE is shown in Fig. 
2(a) and 2(b), respectively. As seen in Fig. 2(a), the high-
est concentration of Fe (200 mg/l) did not have a sig-
nifi cant effect on FC removal. The maximum removal 
effi cacy achieved with Fe was 0.18 log inactivation. Fig. 
2(b) shows the impact of Fe on FC numbers in ASE. It 
can be seen that even at a low number of FC (1.70E+05 
MPN/100 ml) Fe did not have a meaningful disinfection 
effect. In this case, the FC content in ASE was reduced to 
2.3E+04 MPN/100 ml, thus the reduction was a 0.87 log 
inactivation at a CT value of 4500 mg min/l.

In phase 3 of the experiment, the disinfection per-
formance of Fenton’s reagent was evaluated. Figs. 3(a) 
and 3(b) demonstrate the results of this series of experi-
ments. The results presented in these fi gures show that 
the effi ciency of Fenton’s reagent improved to a satisfac-
tory level with increasing chemical concentrations. The 

Fig. 3(a). Fecal coliforms reduction in phase 3 of the experi-
ments (in the RW); (b) Fecal coliforms reduction in phase 3 
of the experiments (in the ASE); (c) log-inactivation vs. the 
CT factor for FC reduction using Fenton’s reagent for disin-
fecting of RW and ASE.
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Fig. 2(a). Fecal coliforms reduction in phase 2 of the experi-
ments (in the RW); (b) Fecal coliforms reduction in phase 2 
of the experiments (in the ASE).
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 fi gures show that the addition of Fe2+ ions to HP had a 
signifi cant synergistic effect on HP disinfection capac-
ity. For example, the application of a combination of HP 
and Fe2+ ions (600 + 150 mg/l) to ASE, led to a 3.16 log 
inactivation of FC, while HP alone at the same dose led 
to a 0.85 log inactivation, and applying (700 + 175 mg/l 
and 800 + 200 mg/l) to RW, resulted in an approximate 
2 and 4 log inactivation, respectively.

A comparative study of the impact of different CT 
values on the removal effi ciency of FC from RW and 
ASE is shown in Fig. 3(c). The trend change at CT val-
ues lower than 11250 mg min/l was very slow for both 
RW and ASE, but in both cases and at CT values up to 
11250 mg min/l, a gradient variation occurred rapidly. 
It can be seen that at CT values up to 3750 mg min/l for 
RW or 11250 mg min/l for ASE (log inactivation was less 
than 1log) no observable effect was noted. Importantly, 
the observed log inactivation at CT values up to 11250 
mg min/l for RW was greater than that for ASE, but at 
higher CT values, the trend was reversed.

Fig. 4(a) shows HP and Fenton Reagent perfor-
mance in RW disinfection. As shown, the trend of fecal 
coliforms log-reduction for HP as a single disinfectant 
is linear, but the trend of fecal coliforms log-reduction 
for Fenton reagent seems to be exponential. It is shown 
that at CiT about 17000 Fenton reagent and HP can led 
to 1.38 and 0.44 log-reductions, respectively. Therefore, 

it is obvious that adding Fe2+ ions has notable synergistic 
effect on the disinfection performance of RW using HP.

Effi ciency of HP and Fenton reagent in ASE disinfec-
tion are shown in Fig. 4(b). It is shown that at CiT about 
15000 Fenton reagent and HP can led to 2.03 and 0.67 
log-reductions, respectively. It can be seen that both (HP 
and Fenton) removal trends are in linear form; since 
there is high concentration of organic and inorganic 
compounds in RW, free OH• radicals as a main oxidant 
produced in Fenton systems would be consumed to oxi-
dizing such compounds and FCs removal line changes 
exponentially [19].

The aim of this study was to evaluate and compare 
the disinfection effi ciency of hydrogen peroxide, Fe2+ 
ions and Fenton’s reagent on FC reduction in RW and 
ASE. During the past two decades, researchers have 
been interested in using AOPs for the destruction of 
pathogenic bacteria. The use of AOPs for disinfection 
can reduce COD, TOC, heavy metals and NOM concen-
trations in addition to economical benefi ts. However, 
the presence of such compounds negatively affects the 
disinfection potential of Fenton’s reagent by consum-
ing OH• radicals [20]. In addition, Fenton’s reagent has 
been used in other applications. Weiwei Ben et al. used 
Fenton’s reagent for the removal of veterinary antibiot-
ics from pretreated swine wastewater in a sequencing 
batch reactor, and Walter et al. used Fenton’s reagent for 
trihalomethanes oxidation [21,7].

The results show that the application of HP alone had 
only mild or low disinfection ability on the RW, even at 
high doses such as 800 mg/l. In addition, the application 
of Fe2+ ions alone had no signifi cant disinfection effect. 
The combination of these two agents and the generation 
of Fenton’s reagent showed signifi cant disinfection abil-
ity. However, in the case of RW disinfection, even at very 
high doses of Fenton’s reagent (800 mg/l H2O2 plus 200 
mg/l Fe2+ ions) a signifi cant reduction of about 4 log inac-
tivation in FC did not enable us to achieve the Iranian 
national wastewater discharge standards (<400 MPN/100 
ml) for receiving waters and for agricultural re-use. More-
over, achieving the EPA standard (200 MPN/100 ml) for 
agricultural re-use was impossible. However, in the case 
of ASE, it can be seen that at a CT value of 22500 mg min/l 
(Fig. 3(b)) a 3.16 log inactivation of FC density was achiev-
able. When this value was compared with that achieved 
when HP was applied alone at the same dose of 600 mg /l 
(0.65 log inactivation), this demonstrated that Fe2+ ions 
had a notable synergistic effect on HP disinfection perfor-
mance. Moreover, by reducing the MPN to 160 per 100 ml 
with reagent doses of 600 mg/l H2O2 plus 150 mg/l 
Fe2+ ions, both national and EPA discharge standards 
were achievable in the disinfection of ASE. According to 
other researches, the main inactivation mechanisms for 
FC removal is the OH• production that cause damage

Fig. 4(a). Comparison of HP and Fenton’s reagent per-
formance in RW disinfection; (b) Comparison of HP and 
Fenton’s reagent performance in ASE disinfection.
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bacteria cell wall. All particles can be affected by free 
radicals. This reaction leads to the limitation of cell’s 
biological and biochemical activity [10].

4. Conclusions

In certain areas, wastewater is sometimes the only 
available water source for agricultural irrigation. How-
ever, its use poses health-related risks due to high 
levels of pathogenic microorganisms, including fecal 
coliforms. Conventional treatment processes such as 
ASE can lower these levels, however, the treatment of 
raw wastewater to a healthy low-risk liquid without dis-
infection is impossible. Therefore, unconventional disin-
fection methods were studied in this research.

•  The application of HP alone for disinfection of raw 
wastewater and activated sludge effl uent is not prac-
ticable due to low observed effi ciency.

•  The use of Fenton’s reagent allowed us to obtain nota-
ble results for activated sludge effl uent disinfection 
and WHO guidelines (<1000 CFU/ml) for agricultural 
crop irrigation achievable, however, in the case of raw 
wastewater, the use of this process to achieve disinfec-
tion goals is not recommended.

•  The effi ciency of the methods used showed a direct 
relationship with increasing compound concentra-
tions; however, at CT values ranging from 11250 to 
30000 mg min/l, the removal rate was signifi cant and 
the use of lower concentrations of Fenton’s reagent for 
disinfection was unsuccessful.
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