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Abstract
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For stabilization of excess sludge in activated sludge process, the Fenton process was applied as a safe technique and its effectiveness was
experimentally examined. In order to carry out experiments, a batch reactor with the effective volume of 0.5 L was used. Effect of hydraulic
retention time, pH, H,0, and Fe concentrations on sludge stabilization were investigated. Before and after the process, the content of
total solids (TS), volatile solid (VS), chemical oxygen demand (COD), and color were measured. The study showed that, the best efficiency
was obtained when iron concentration was 60 mgjfL, duration of the process was 150 minutes, pH =3, and H,0, concentration was 4000
mg|L. The Fenton process can reduce the values of TS, VS, COD, and color to 50%, 61%, 53% and 61%, respectively. By analogy to conventional
methods, the Fenton process is an effective method that can be suggested to stabilize excess sludge.

1. Introduction

During past decades, industrial development and ur-
banization have led to the production of the significant
amount of sewage sludge and in the meantime the prog-
ress of wastewater treatment. This process is expected to
continue in the future. Currently, lack of the principle
management of sludge disposal from wastewater treat-
ment has led to the release of some raw (untreated)
sludge to the environment. This release has caused a lot
of damage to the environmental resources and human
health (1, 2). Slaughterhouses are industries that pro-
duce large amounts of wastewater and sludge contain-
ing a wide variety of organic compounds at very high
amounts. Unless this wastewater manages and treats
properly, it can cause environmental damage and has
horrible effects on human health.

One of the systems used in the industrial livestock and
poultry slaughterhouse wastewater treatment is activat-
ed sludge. Typically, the activated sludge system produces
15-100 L sludge per each 1 kg removed biochemical oxy-
gen demand (BOD). Sludge from wastewater treatment
contains 95% - 98% water. According to the provisions of
sludge disposal, appropriate management of sludge is a
great challenge for operators (3, 4). Generally sludge sta-
bilization has several goals such as reducing pathogens,
removing foul odors, and reduction or elimination of pu-

trescible (5). Recently, advanced oxidation processes in
sludge management are applicable with high efficiency.
However, high investment costs and energy consump-
tion are justifiable when there are no cheaper options (6).

The Fenton process is a suitable approach for sludge
stabilization with high performance and low cost (7). Us-
ing Fenton reaction for minimization of excess sludge is
based on this idea that a part of the activated sludge de-
composes into carbon dioxide and water, and the other
part is converted to solution biodegradable material (8).
The high efficiency of the process is due to the presence of
hydroxyl radicals. Hydroxyl radicals are produced from
interaction between hydrogen peroxide and ferrous sul-
fate at atmospheric pressure and in the absence of heat.
Oxidation potential of OH® is dependent on pH. In neutral
PH, E° =18 vand in acidic conditions E° = 2.7 v. Therefore,
the Fenton process is managed in acidic conditions (7, 9).
Principles of advanced oxidation processes performed by
Fenton's reagent (H,0,/Fe?") can be summarized in the
following equations (10):

(1) Fe2* + H,0,5 Fe* + OH + OH™

(2) OH + H,0, > H,0 + HO,
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3) Fe* + HO,» Fe** + H* + O,
(4) Fe?* + HO,» Fe* + HO;
(5) Fe¥ + OH 5 Fe** + OH

The produced hydroxyl radicals can quickly degrade the
extracellular material and destruction of the sludge flocs
increases the sludge stabilization. Effect of the Fenton
process strongly depends on the reaction temperature,
pH, hydrogen peroxide concentration, contact time, and
concentration of iron (11-13).

Ease of use, applicable in ambient temperature, mate-
rial availability, ease of storage and inexpensive materi-
als are the advantages of the Fenton process. Erden and
Filibeli applied the Fenton reaction to biological sludge
for dewatering and noted that 4 g Fe (II)/kg TS and 60 g
H,0,/kg TS was efficient for floc disintegration (14). The
purpose of this study was stabilization and reduction of
the amount of excess sludge slaughterhouse wastewater
treatment plant. For this purpose, the excess sludge of
treatment plant of the poultry slaughterhouse of Hama-
dan City was used. Activated sludge is the system, used
for wastewater treatment of this slaughterhouse, which
produces large amount of excess sludge with COD higher
than 20000 mg/L. This is considered a problem for this
industry. Therefore, the Fenton process was investigated
in order to reduce the amount of COD, solids, and colorin
this slaughterhouse.

2. Materials and Methods

All investigations carried out in a lab-scale reactor in
a batch system. Samples were collected during sum-
mer and autumn 2014 in Hamadan poultry slaugh-
terhouse wastewater treatment plant with a random
approach from returned sludge to the aeration tank.
Samples were transported to the laboratory at 4°C.
Physical and chemical characteristics of raw sludge are
presented in Table 1. A plexiglass reactor with useful
volume of 0.5 liter (15 cm height and 10 cm diameter)
was used for testing. Chemicals such as ferrous sulfate
(Fe, (50,);.7H,0), hydrogen peroxide (H,0,), sulfuric
acid, sodium hydroxide 0.1 M (to adjust pH) with puri-
fication of 99.5% from Merck Co (Germany) were used.
After adjusting the pH of the samples, several concen-
trations of iron (30-80 mg/L) and hydrogen peroxide
(1000 - 5000 mg[L) were supplied in separate steps
and added to the reactor. The contents of the reactor
during the reaction stirred with the speed of 200 rpm
for 0 - 180 minutes and samples were collected from a
depth of 10 cm at time intervals of 30 minutes. Mea-
surements were done in accordance to the standard
methods (15). The samples were diluted for COD test
and in order to determine its amount, the closed re-
flux colorimetric method was used. Then, absorbance

Table 1. Physical and Chemical Properties of Raw Sludge in This
Study

Parameters Values
PH 7-83
COD, mg|L 25000 -32000
VS, mg|L 3310-9000
TS, mg/L 5320 -11500
Total Coliform, MPN/100 mL 90 x105
Fecal Coliform, MPN/100 mL 20 x105
EC, ps/cm 550-900
TDS, mg/L 900-1000
Color, Pt/Co 800 -1197
SVI, mL/g 900 -950

values at 600 nm were read. Before subjecting to the
COD measurement, the samples were pretreated with
Na,SO, to remove residual H,0,. Color of the samples
were measured through photometric method and TS and
VS tests were carried out through gravimetric methods
(8, 16). Data were entered, cleaned, and analyzed using
SPSS version 16.0. Descriptive statistics were employed to
report numerical summaries of the findings.

3. Results and Discussion

3.1. Effect of Retention Time on the Fenton Process

In order to study the effect of retention time on the
Fenton process, pH adjustment on 3 and then concentra-
tions of iron (60 mg/L), and hydrogen peroxide (4000
mg/L) were added to the reactor. The sludge was sampled
at intervals of 30 minutes. Results are shown in Figure
1. The most important part of the reaction occurs in the
beginning of the reaction between iron and hydrogen
peroxide, which leads to the production of hydroxyl radi-
cal. Organic materials were oxidized by radical OH and
converted to CO, and H,O (17). The observed foam on the
sludge represents the formation of CO, (Figure 2). Maxi-
mum removal efficiencies for TS, VS, COD, and color dur-
ing 150 minutes are 50%, 61%, 53%, and 61%, respectively. No
significant change was observed with increase in reten-
tion time. This showed that, in 150 minutes, the reaction
between hydrogen peroxide and iron is completed. In a
study, Aliabadi et al. (18) have used the Fenton process for
the treatment of sewage containing olive oil. They also
used cracking operation for degradation of inhibitor
compounds. At the condition of pH 3, four hours reten-
tion time, H,0, as 0.5 M, and Fe as 0.02 M, this process
removed 57% of COD.
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3.2. Effect of pH on the Fenton Process

pH is an important parameter in Fenton process. Ac-
cording to Figure 3, with increasing pH, the removal
efficiency of the process decreases. So, if pH increases
from 3 to 9, then the efficiency of the process for TS, VS,
COD, and color from 50%, 61%, 53% and 61% will be de-
creased to 9%,13%,20% and 10%, respectively. Gholikandi
et al. in a study about the Fenton process in reduction
of organic load in biological excess sludge, found that
the best efficiency was obtained at pH =3 (19). When pH
is below 3, Fe (OH)?* reacts very slowly with hydrogen
peroxide, which leads to the reduction of radical OH.
Therefore, the efficiency of the process will decrease.
Hydrogen peroxide is unstable in basic solution, and
in pH level of above 7, it would decompose to yield oxy-
gen and water. In addition, conversion of iron (II) to
iron (III) occurs very fast and leads to sedimentation of
iron as Fe (OH)?*, which decreases the efficiency of the
process (10, 15).

3.3. Effect of H,0, Concentration on the Fenton Pro-
cess

In the Fenton process, the chemical efficiency of hy-
drogen peroxide is remarkable (17). Effects of the ini-
tial H,0, concentration on sludge stabilization at dif-
ferent concentrations of H,0, (1000 - 5000 mg/L), in
the presence of a specified amount of iron (60 mg/L),
pH =3, and time period of 150 minutes are shown in
Figure 4. It was found that, increase in initial H,0, con-
centration would improve the sludge disintegration
rate. Increase in the concentration of hydrogen per-
oxide to 4000 mg/L, leads to increase in the removal
efficiency of TS, VS, COD and color to 50%, 61%, 53%, and
61%, respectively.
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Figure 2. The Formation of Foam Due to the Presence of CO,
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Figure 3. Effect of pH on the Removal Efficiency of Investigated Param-
eters in the Fenton Process (Iron = 60 mg/L, Retention time =150 min, and
H,0,=4000 mg[L)
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Figure 1. Effect of Retention Time on the Removal Efficiency of Investi-
gated Parameters in the Fenton Process (iron = 60 mg(L, pH =3, and H,0,
=4000 mg|L)

Figure 4. Effect of Concentration of H,0, on the Removal Efficiency of
Investigated Parameters in the Fenton Process (Concentration of iron =
60 mg|L, pH =3 and Time =150 minutes)
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Hydrogen peroxide was not completely consumed dur-
ing the reaction. The residual H,0, can interfere with
COD measurement because of its reaction with dichro-
mate in the aqueous solution and hence a higher COD
would be obtained when H,0, was present. High con-
centration of H,0, inhibits the production of hydroxyl
radical and reduces the efficiency of the process. Also in
the presence of excess hydrogen peroxide, according to
the reactions 6 through 8, H,0, acts as a consumer of
hydroxyl radicals (Following Equations) (18, 20).

Lopez et al. in a study on landfill leachate showed
that increase in H,0, concentration up to an optimum
amount can reduce the amount of COD, and with in-
crease in hydrogen peroxide concentration more than
optimum concentration, there will be no increase in ef-
ficiency (21).

6
©) H,0,+ OH » H,0+ HO,

7
@) HO,+ OH - H,0+ O,

(8)
OH + OH » H,0,

3.4. Effect of Fe Concentration on the Fenton Pro-

cess

The effect of different concentrations of iron (30
- 80 mg/L) on the Fenton process in the presence of
optimum conditions (Period = 150 minutes, pH = 3,
and concentration of H,0, = 4000 mg|L) were inves-
tigated. Figure 5 shows the effect of iron concentra-
tion variance on the efficiency of the process. The re-
sults showed that, increasing iron concentration, can
improve the efficiency of the process. This increase
in efficiency was observed until 60 mg/L of iron were
added. If iron concentration increased more than the
optimum concentration, the efficiency of the process
would reduce. Increasing concentration of Fe can
limit the catalytic action of Fe. Because, the excess of
this ion in the solution combine with hydroxyl radical
and bring them out of the solution (22). Kochany and
Lipczynska-Kochany (23) for pretreatment of landfill
leachate, used the Fenton process with iron concentra-
tion of 56 mg/L, which reduced the 66% of COD in the
solution. Iron in reaction with hydrogen peroxide is
consumed. With increasing Fe (II), more hydroxyl radi-
cals produce. Thus, reducing the amount of ferrous
increases the hydraulic retention time. On the other
hand, excessive amounts of iron can lead to an increase
in the color and opacity (16, 18, 19).
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Figure 5. Effect of Concentration of Fe on the Removal Efficiency of Inves-
tigated Parameters in the Fenton Process (H,0, =4000 mg/L, pH =3 and
Time =150 min)

4. Conclusions

According to the results of the experimental studies on
sludge of slaughterhouse wastewater treatment plant,
the Fenton process is an effective process for sludge stabi-
lization. This is a simple, environmental, and economical
process. Oxidation rate depends on many factors such as
PH of sludge, concentration of hydrogen peroxide, ions
of iron and time of reaction. The best efficiency will be
obtained when the pH is 3, concentration of hydrogen
peroxide is 4000 mg/L, concentration of iron is 60 mg|L,
and duration of the process is 150 minutes. The disadvan-
tage of the Fenton process is the production of Fe (OH),
that must be collected and disposed properly. According
to these results, the Fenton process is an effective process
for sludge management.
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