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ABSTRACT

Antibiotics can reach the aquatic environment through various sources such as
antibiotic industry, hospital effluent and excretion from humans and livestock. The
removal of antibiotics from wastewater has not been effective due to their relatively
low concentrations and because the conventional wastewater treatment plant (WTP)
is not designed to remove them. The problem associated with the presénce of
antibiotics in low concentrations in the environment is the development of antibiotic
resistant bacteria which could lead to severe health problem. The study examined the
effectiveness of modified photo-Fenton treatment of an antibiotic wastewater
containing amoxicillin and cloxacillin and determined the optimum operating
conditions (H>O0,/COD molar ratio 2.75, HgOg/Fe3+ molar ratio 75, H20,/C,H,04
molar ratio 37.5, irradiation time 90 min and pH 3) of the treatment. A serics of
experiments modeled by the RSM software were conducted to obtain the optimum
operating conditions. Then, under the optimum operating conditions, efficiency of
modified photo-Fenton treatment of the antibiotic wastewater was tested. The
efficiency and optimum operating conditions of the modified photo-Fenton treatment
were then compared to the efficiency and optimum operating conditions of Fenton
and photo-Fenton treatments. The study has found that the biodegradability improved
from ~0 to 0.35 in 90 min, and the COD, NH3-N and TOC removal were 78.85%,
46.85% and 52.30%, respectively.
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CHAPTER 1

INTRODUCTION

1.1 Background of Study

1.1.1 Recalcitrant Wastewater

The term recalcitrant means difficult or obstinate, not easy to control (Mara &
Horan, 2003). Recalcitrant wastewater can be defined as the wastewater that is
difficult to be degraded by microorganisms in ordinary biological treatment.
This happens because the recalcitrant wastewater is toxic to the microorganisms.
The examples of recalcitrant substances are pharmaceuticals, synthetic

fragrances, pesticides and drugs.

Pharmaceuticals can reach the aquatic environment through various sources,
such as pharmaceutical wastewater, hospital effluent and excretion from humans
and livestock (Ikehata et al., 2006; Nikolaou et al., 2007; Yang et al., 2008).
Pharmaceuticals including antibiotics and other drugs have been observed in
surface water (Kolpin et al., 2002; Anderson et al., 2004; Rabiet et al., 2006),
groundwater (Rabiet et al., 2006), sewage effluents (Carballa et al., 2004;
Nikolaou et al., 2007) and even in drinking water (Stackelberg et al., 2004).

Among all the pharmaceutical drugs that cause contamination of the
environment, antibiotics occupy an important place due to their high
consumption rates in both veterinary and human medicine (Elmolla &
Chaudhuri, 2009). Antibiotics are a group of chemical produced by
microorganisms and commercially produced synthetically or semi-synthetically
(Ashnaga & Naseri, 2007). From the various types of antibiotics, Penicillin has
since become the most widely used antibiotic to date and is still used for many
Gram-positive bacterial infections (Ashnaga & Naseri, 2007). Amoxicillin and
cloxacillin are semi-synthetic penicillin obtaining their antimicrobial properties

from the presence of a beta-lactam ring (Elmolla & Chaudhuri, 2009).



1.1.2 Photocatalytic Oxidation

Biological treatment is limited to wastewaters which contain biodegradable
substances and which are not toxic to the bioldgical culture. Antibiotic
wastewater has high chemical oxygen demand (COD) and low biochemical
oxygen demand (BOD), and hence biological treatment is unsuitable for the
wastewater (Elmolla & Chaudhuri, 2009). Photocatalytic oxidation or advanced
oxidation processes (AOPs) such as Fenton, photo-Fenton and Fenton-like
processes constitute a promising technology for the treatment of wastewaters
containing non-easily removable (non-biodegradable) organic compounds (Pera-

Titus et al., 2004).

Photocatalytic oxidation enables the advanced destruction of the majority of
organic pollutants into carbon dioxide (CO;), water and some inorganic
compounds at room temperature and atmosphefic pressure (Pasieczna-
Patkowska et al., 2009). It also has been demonstrated that semiconductor
photocatalytic oxidation of organic substances can be an alternative to
conventional methods of removal of organic pollutants from water (Ollis et al.,
1991). Additional advantages of the photocatalytic process are its mild operating
conditions and the fact that the semiconductor can be activated by sunlight (near
UV), thus reducing significantly the electric power requirement and, hence the

operating cost (Goswami, 1995).



1.2 Problem Statement

1.2.1 Problem Identification

There are growing concerns about the fate of antibiotics in the environment and
their possible effects on the aquatic ecosystem. This is because, in recent years,
antibiotics are extensively used in human and veterinary medicine (>50,000,000
Ibs/yr produced in US (Karthikeyan & Meyer, 2000), >700,000 kg/vr used in
Australia JETACAR, 1999)). In addition, antibiotics including their precursor
compounds and transformation products are discharged into the environment
intentionally and unintentionally during manufacturing processes and through
consumption or disposal of used and unwanted drugs (Daughton & Ternes,
1999). Besides, most of the antibiotics are poorly absorbed by humans and
animals after intake, with about 25% to 75% of added compounds leaving the
organisms unaltered via feces or urine (Chee-Sanford et al,, 2001).
Pharmaceuticals including antibiotics and other drugs have been observed in
surface water (Kolpin et al., 2002; Anderson et al., 2004; Rabiet et al., 2006),
groundwater (Rabiet et al., 2006), sewage effluents (Carballa et al., 2004;
Nikolaou et al., 2007) and even in drinking water (Stackelberg et al., 2004).

Problem that may be created by the presence of antibiotics at low concentration
in the environment is the development of antibiotic resistant bacteria (Walter &
Vennes, 1985). In recent years, the incidence of antibiotic resistant bacteria has
increased and many people believe the increase is due to the use of antibiotics
(Alexy et al.,, 2004). Antibiotic-resistant bacteria are emerging as important
waterborne contaminants (Pruden et al., 2006; Sapkota et al., 2007; Li et al,,
2009). Acquisition and further spread of antibiotic resistance determinants
among pathogens is becoming one of the most relevant problems for treatment
of infectious diseases (WHO, 2007; Kumarasamy et al., 2010). In addition,
antibiotic resistance in organisms which are not considered primary pathogens is
also important because of their ability to potentially transmit resistance to other
organisms by means of transmissible resistance factors (Se’veno et al., 2002;

Bennett, 2008; Mart1 'nez, 2008).



1.2.2 Significance of the Project

Various treatment techniques can be applied to purify the wastewater containing
pharmaceuticals compound. The advanced oxidation processes (AOPs) appear
more practical in comparison with other techniques (activated carbon adsorption,
air stripping and reverse osmosis) because these techniques only transfer the
pollutants from one phase to another without destroying them. Biological
treatment is limited to wastewater which contains biodegradable substances and

which are not toxic to the biological culture (Elmolla & Chaudhuri, 2009).

For the time being, Fenton and photo-Fenton processes are regarded as
promising technology for the treatment of wastewater containing recalcitrant
(non-biodegradable) organic compounds (Chamarro et al., 2001). However, the
modified-photo Fenton (UV-vis/ferrioxalate/H,0,) process was found to be
more effective than the Fenton and photo-Fenton processes in the treatment of
process water containing chlorobenzene, a tank-bottom water containing a
mixture of benzene, toluene and xylenes (BTX), a wastewater containing 1,4-
dioxane and another wastewater containing methanol, formaldehyde and formic
acid (Safarzadeh-Amiri et al., 1997) and degradation of aniline wastewater
(Zhang et al., 2002). The process was also applied in decolourisation of complex
azo dyes and treatment of a dyehouse waste (Tripathi & Chauduri, 2004) and
decolourisation of reactive dyes (Chaudhuri & Wei, 2009).

The ferrioxalate semiconductor absorbs light strongly at longer wavelength (up
to & = 550 nm) and generates hydroxy! radicals with high quantum yield
(Safarzadeh-Amiri et al.,, 1997). The ferrioxalate complex, Fe'(C,04):%, is
highly photosensitive and reduction of Fe(IIl) to Fe(Il) through a photoinduced
ligand to metal charge transfer can occur over the ultraviolet ray and into the
visible light (out to A = 550 nm) (Tripathi & Chauduri, 2004), thus reducing
significantly the electric power requirement and hence, the operating cost

(Goswami, 1995).



1.3 Objective of the Study
To obtain the optimum operating conditions and efficiency of modified photo-Fenton
(UV-vis/ferrioxalate/H,O,) process in treating and improving biodegradability of

recalcitrant wastewater (antibiotic aqueous solution).

1.4 Scopes of the Study
e Experimental procedures and optimum operating conditions in treating
antibiotic aqueous  solution by modified photo-Fenton (UV-

vis/ferrioxalate/H,0,) process.

e Comparison between the effectiveness and optimum operating conditions of
modified photo-Fenton (UV-vis/ferrioxalate/H;O5) process and other AOPs

in treating antibiotic aqueous solution by referring to the literature.

1.5 Relevancy of the Project

The presence of antibiotics at low concentration in the environment will cause the
development of antibiotic resistant bacteria (Walter & Vennes, 1985). Antibiotic
resistant genes and antibiotic resistant bacteria have been detected in wastewater
samples (Zhang et al., 2009a,b; Auerbach et al., 2007; Brooks et al., 2007; Pruden et
al., 2006; Reinthaler et al., 2003). Also, the release of antibiotic resistant organisms
through wastewater effluents into streams has been previously reported (Gallert et
al., 2005; Iwane et al., 2001). This is a very serious problem as the antibiotic resistant
microorganism might be absorbed into the food chain and possibly reached the
humans and animals. Therefore, treatment of the antibiotics wastewater is essential in
providing clean water to the environment. This study is important because the
modified photo-Fenton (UV-vis/ferrioxalate/H,02) procéés is expectantly having

higher efficiency for antibiotic wastewater treatment.



1.6 Feasibility of the Project within the Scope and Time Frame
The following are the goals to be achieved for the project during the first four months

(FYP 1) pertod:
¢ Review of literature related to the topic.

e Perform preliminary experiment to confirm that modified photo-Fenton
(UV-vis/ferrioxalate/H,0,) process is able to oxidize the antibiotic aqueous

solution.

In the remaining four months of the project (FYP 2), detailed oxidation experiments
and data analysis will be conducted. The detailed oxidation experiments will focus

on obtaining the following:
¢  Optimum pH
¢  Optimum irradiation time
e  Optimum concentration of oxidant and catalyst

Basically, the project is feasible within the scope and time frame as proper planning
has been done. In addition, all of the equipments and materials needed for the project

are available in the Environmental Engineering Laboratory.



CHAPTER 2

LITERATURE REVIEW

2.1 Antibiotics

Antibiotic was first discovered by Alexander Fleming in 1928. Antibiotics are
chemicals produced by microorganisms that kill other microorganisms by breaking
down their cell walls. They are used to fight infections in humans and animals, since
both serve as hosts to disease causing organisms such as bacteria, viruses, fungi and
protozoa. Since the discovery of antibiotic by Alexander Fleming, a lot of researches
had been done for development of antibiotics. In fact, those research and
development activities are still rapidly continuing until today. Consequently, various
types of antibiotics have been produced. The following Table 1 shows the

classification of antibiotics according to their mode of action and structure.

Table 1: Classification of antibiotics (Morse, 2003).

Class Mode of Action & Structure

p-lactams ~ Includes penicillin (amoxicillin, ampicillin and cloxacillin). They
have low toxicity and quite effective. It contains a carboxyl group
which makes them weak acids and has high water solubility.

Sulfa drugs  Includes sulfanilamide and sulfamethoxazole class of synthetic
antibiotics. They could block folic acid synthesis & subsequently
kill bacteria.

Quinolones  Such as ciproflaxacin, cipro, norfloxacin etc. They are DNA
inhibitors which block action of bacterial enzymes that reIaxe% the
coils of DNA for replication and repair

Aminoglycosides These are products of actinomycetes, which are soil bacteria and

& Tetracyclines synthetic products. It includes streptomycin, neomyein,
chlorotetracycline, terramycine, e.t.c. They interfare with the sub-
unit bateria ribosome. They also prevent activated amino acids to
the ribosome thus halting protein synthesis




2.2 Antibiotics in the Environment

Nowadays, antibiotics are very important and essential as they are extensively used
in human therapy and veterinary medicine. This situation is proven as more than
50,000,000 Ibs/yr of antibiotics are produced in United State of America
(Karthikeyan & Meyer, 2006) and more than 700,000 kg/yr of antibiotics are used in
Australia (JETACAR, 1999)). Due to the high production and consumption of

antibiotics, it presence in the environment also had become a world concern.

Antibiotics can reach the aquatic environment through various sources, such as
pharmaceutical wastewater, hospital effluent and excretion from humans and
livestock (Ikehata et al., 2006; Nikolaou et al., 2007; Yang et al., 2008). The
presence of antibiotics and other pharmaceuticals had been observed in surface water
(Kolpin et al., 2002; Anderson et al., 2004; Rabiet et al., 2006), groundwater (Rabiet
et al., 2006), sewage effluents (Carballa et al., 2004; Nikolaou et al., 2007) and even
in drinking water (Stackelberg et al., 2004). The following Figure 1 shows the

exposure routes of human-use antibiotics into wastewater and the environment.

industry hospital household
production disposal
a Y
_
v Y
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Figure 1: Exposure routes of human-use antibiotics into wastewaters and the environment
(Giger et al., 2003).




2.3 Antibiotic Resistant Microorganisms

Due to the widespread use of antibiotics by humans, dramatic and global increase is
observed in aquatic environments in reference to the number of antibiotics resistant
bacteria, muliiple antibiotic resistance, pathogenic bacteria resistance and reduced
efficacy of antibiotic treatment for diseases caused by resistant pathogens (Meirelles-
Pereira et al., 2002; Park et al., 2003; Schwartz et al., 2003; Dang et al, 2006).
Antibiotic resistance has been observed in various aquatic environments including
river and coastal areas, domestic sewage, surface water and sediments, lakes, sewage
polluted ocean water, and drinking water (Merzioui & Baleux, 1994). In Malaysia,
presence of antibiotic resistant bacteria in three (3) sewage treatment plants near

Kuala Lumpur has been reported (Yaziz, 1981).

Resistance determinants present in gene-transfer units are auto-replicative elements
that can be maintained in microbial populations unless they confer a fitness cost to
the recipient bacteria. It has been shown that reducing the antibiotic load in natural
ecosystems may reduce as well the amount of pollutant‘antibiotic resistant genes
(Martinez, 2009). However, the declination is slow and part of the resistant
population remains (Andersson, 2003) in the environment. This situation should be
taken into attention as the incidence of outbreaks involving waterborne antibiotic-
resistant bacteria has led to a serious problem of death of patients who do not

respond to antibiotics (Morse, 2003).

2.4 Treatment of Antibiotic Wastewater

Previously, antibiotics received comparatively little attention as pollutants in the
aquatic environment (Costanzo, 2005). However, their occurrence in aquatic systems
has become a concern as biological impacts and potential risks to the environment, as
well as to human health, have been reported (Hirsch et al.,! 1999: Boxall et al., 2003;
Banik & Hossain, 2006). Because of that, it is very important to treat the antibiotic

wastewater before it is discharged.

Conventional wastewater treatment processes are not designed to remove trace
quantities of chemicals such as antibiotics and given the increasing number of reports
of their presence in the environment. Because of that, it is essential that alternative
technologies be developed which effectively degrade or remove these compounds

(Stackelberg et al., 2004; Westerhoff et al., 2005; Choi et al., 2008). One such



alternative is advanced oxidation processes (AOPs). AOPs will produce hydroxyl
('OH) radicals, which are capable of oxidizing almost any organic molecule yielding
short-chain organic acids, inorganic ions and CO; as final products. Thus, AOPs can
be employed as pretreatment before conventional biological treatment for

discharging them to the receiving water bodies.

Table 2: Summary of selected antibiotic wastewater pretreatment by AOPs.

Wastewater T;:::;:) e;t I(l;:)::l pH ER:fliI; ?:I?cl; Reference

Penicillin ~~ Fenton/Photo- 1390 3 COD66%; Alaton&
Fenton mEgt TOCS2% ' Dogruel,
: (2004)

Amoxillin, Fenton 520 3 COD 81.4%; Elmolla &
Ampicillin & mg/L DOC 54.3% Chaudhuri
Cloxacillin BODs/COD 0.37  (2009a)
Amoxillin, Photo-Fenton 520 3 COD 80.8%; Elmolla &
Ampicillin & i mg/L - DOC 58.4% Chaudhuri
Cloxacillin BODs/COD 0.40  (2009b)
Amoxillin, UV/ZnO 520 11 COD 23.9 %; Elmolla &
Ampicillin & mg/L DOC 9.7% Chaudhuri
Cloxacillin BODs/COD 0.036 (2010a)
Amoxillin, UV/TiO2 & 520 . 5w COD 26,3%; - Elmolla &
Ampicillin &  UV/H202/ mgL DOC135%  Chaudhuri
Cloxacillin ~ TiO2 ~ BODs/COD0.10  (2010b)

2.5 Modified Photo-Fenton Process

One of the latest developments of AOPs is the introduction of modified photo-Fenton
(UV-vis/ferrioxalate/H,0,) process. A few studies have been conducted on this AOP
for treatment of recalcitrant wastewater such as water containing chlorobenzene, a
tank-bottom water containing a mixture of benzene, toluene and xylenes (BTX), a
wastewater containing 1,4-dioxane and another wastewater containing methanol,
formaldehyde and formic acid (Safarzadeh-Amiri et al., 1997), aniline wastewater
(Zhang et al., 2002), complex azo dyes and a dyehouse waste (Tripathi & Chauduri,
2004) and reactive dyes (Chaudhuri & Wei, 2009). No study has been conducted yet

on this AOP for antibiotic wastewater treatment.

The modified photo-Fenton (UV-vis/ferrioxalate/H,0,) process is expectantly having

higher degradation efficiency because the ferrioxalate, is able to absorb light strongly
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at longer wavelength (up to A = 550 nm) and generates hydroxyl radicals with high
quantum yield (Safarzadeh-Amiri et al. 1997).

The ferrioxalate complex, Fem(C204)33' is highly photosensitive, and reduction of
Fe(IID) to Fe(Il) through a photoinduced ligand to metal charge transfer can occur

over the ultraviolet and into the visible (out to & = 550 nm):

Fe(C,005 +hv  —» Fe’ +2C,04" + C04” (1)
C,0; —» CO;, "+ CO; (2)
CO,y + Fe™(C104) —» Fe?' + CO, + 3C,04° (3)

The reactions can be collapsed into one reaction, since the short lifetime of the oxyl
radical, C,04", should preclude it from participation in other reactions, and its

decarboxylation product, CO,", is not involved in any other significant reactions:
Fe™(C,00):" +hv  —» Fe?* + CO, +2.5C,047 @)

There are no other significant photochemical reactions (e.g., H2O7 photolysis)
because the molar extinction coefficients of the reactants are such that ferrioxalate is
the predominant absorber. The Fe?* produced then generates hydroxyl radical, ‘OH,

via the Fenton reaction:
Fe*' + HyOo + 30,05 —» Fel(C204):" + OH + OH (5)

In presence of a sufficient excess of oxalate, Fe(Ill) will coordinate with either two
or three oxalate ligands. As with the photo-Fenton reaction, iron cycles between
oxidation states and so the production of hydroxyl radicals is limited only by the
availability of light, 1,0, and oxalate, the latter two of which are depleted during the

reaction.

11



CHAPTER 3

METHODOLOGY

3.1 Research Methodology

The response surface methodology (RSM) (Khuri & Cornell, 1996) was adopted for
optimizing the treatment. This method is essentially a particular set of mathematical
and statistical methods for designing experiments, building models, evaluating the
effects of variables, and searching optimum conditions of variables to predict
targeted responses. Speciﬁcéﬂy, central composite design (CCD), which is the most
widely used form of RSM was employed to evaluate the effect of important process
variables (irradiation time, catalyst and oxidant concentration) on chemical oxygen
demand (COD), ammonia nitrogen (NH3-N) and total organic carbon (TOC)
removals efficiency. The following are the steps for project of the modified photo-

Fenton treatment of antibiotic aqueous solution,

3.1.1 Determination of Range of the Variables

The appropriate ranges for the variables were obtained from preliminary
experiment with reference to prior studies which also involved the modified
photo-Fenton (UV-vis/ferrioxalate/H,0,) process. Previously, the process had
been used for treating process water containing chlorobenzene, a tank-bottom
water containing a mixture ofbenzene, toluene and xylenes (BTX), a wastcwater
containing 1,4-dioxane and another wastewater containing methanol,
formaldebyde and formic acid (Safarzadeh-Amiri et al., 1997), degradation of
aniline wastewater (Zhang et al., 2002), decolourisation of complex azo dyes
and treatment of a dyehouse waste (Tripathi & Chauduri, 2004) and
decolourisation of reactive dyes (Chaudhuri & Wei, 2009).

Initially, the pH of the aqueous solution was fixed at pH 3 because the optimum
pH for the previous studies was in the range of pH 2.8 to pH 4. Table 3 shows

the appropriate range for the other variables.

12



Table 3: Appropriate range for process variables.

Process Variable Unit Low Level (-1) High Level (+1)
H,0,/COD - Molar Ratio {1 e
H,0,/Fe’ Molar Ratio 50 100
H,0,/C2H,04 Molar Ratio 25 50
Irradiation time Min 60 120

3.1.2  Design of the Experiment by Using RSM

The CCD was used for the RSM in the experimental design. The CCD with three
factors at three levels was applied using Design-Expert® software 6.0 (trial
version) with the bounds of the independent variables. Each independent
variable was coded at three levels between —1 and +1 at the selected ranges:
H,0,/COD, 1.5-4.0 molar ratio; HZOZIFe“, 50-100 molar ratio; Hy02/H2C504,
25-50 molar ratio: irradiation time, 60-120 min. The total number of experiments
with three factors was obtained as 30 (=2*+2k + 6), where & is the number of
factors (=4). Twenty four experiments were augmented with six replications at
the design center to evaluate the pure error and carried in randomized order as

required in many design procedure.

3.1.3 Experimental Procedure

Batch experiments were conducted in a SolSim solar simulator photoreactor
(Luzchem Research Inc. Gloucester, ON, Canada) with a 250 mL beaker
containing 200 mL of the antibiotic aqueous solution. The required amount of
H,C,04 and Fe'" were added to the aqueous solution and mixed by a magnetic
stirrer to ensure complete homogeneity during reaction. Thereafter, necessary
amount of H,0, was added to the mixture simultaneously with pH adjustment to
the required value by using H,SO4 or NaOH. The time at which H,O, was added
to the solution is considered as the beginning of the experiment. Sample was
taken out from the SolSim photoreactor when the pre-selected time is reached
and filtered through 0.45 um membrane filters and tested for chemical oxygen

demand (COD), ammonia nitrogen (NH3-N) and total organic carbon (TOC).

13



3.1.4 Optimization of the Operating Conditions

The results of each experiment obtained from step 3.1.3 were extracted to get the
efficiency. The efficiency was then entered into the RMS software and the
software through the CCD obtained the optimum operating conditions of the
treatment. Besides, the results also were evaluated by the application of analysis
of variance (ANOVA). The central idea of ANOVA is to compare the variation
due to the treatment (change in the combination of variable levels) with the
variation due to random errors inherent to the measurements of the generated
responses. It is important to be performed because ANOVA will determine

whether the results obtained are reproducible model or not.

3.1.5 Confirmation of the Model Prediction

Experiments were conducted under the optimum operating conditions in order to
know the experimental removals efficiency of the modified photo-Fenton
process on antibiotic aqueous solution. Then, all data will be recorded and the

model prediction comparison under optimum operating conditions was done.

3.1.6 Optimization of pH

After the optimum concentration of H,C,Oq, concentrdtion of Fe*" concentration
of H,0, and the irradiation time were obtained; the optimum operating
conditions were used in order to get the optimum operating pH of the modified
photo-Fenton treatment of the antibiotic aqueous solution. A series of
experiments were conducted at different pH (2, 3, 4 and 5). The efficiency of the
treatment for each experiment was compared and’ the pH for the highest

treatment efficiency was employed as the optimum operating pH.
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3.2 Process Flow of Methodology

Determination of the Ranges of Variables

¥

Designing the Experiment by Using RMS

4

Running the Designed Experiments

9

Optimization of the Operating Conditions

.4

Confirmation of the Model Prediction

9

Optimization of pH
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3.3 Apparatus and Chemicals Required

3.3.1 Apparatus
e Pipetie
e 500 mL beaker
e (.45 pm membrane filter
e (.20 um membrane filter
o SolSim solar simulator photoreactor (Luzchem Research Inc.
Gloucester, ON, Canada)
¢ pH meter
¢ Magnetic stirrer
e Syringe
¢ COD reactor
s COD vial adapter
s  Volumetric flask
s Spectrophotometer
o Test vial
s Reagent bottle
¢ DO meter

3.32 Chemicals
o Sulphuric acid, H,SO4
¢ Hydrogen peroxide, H;O,
e  Oxalic acid, H2Cp04
e Tron(III) Sulphate, Feo(SO4);
¢ Amoxicillin
e (Cloxacillin
e Distilled water

e Nessler reagent

16
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CHAPTER 4

RESULTS AND DISCUSSION

4.1 Experimental Design and Observed Removals
The following Table 6 shows the experimental design and response parameters

(observed removals of COD, NH3-N and TOC).

Table 6: Experimental design and observed removals.

Processs Variables Removals (%)
H202/ COD H20;/Fe 5 HzOz/CszO4 Time : :
(molar ratio)  (molar ratio)  (molar ratio)  (min) col Nl o
4.00 50.00 25.00 120.00 | 60.23  40.00 57.29
1.50 50.00 50.00 120.00 | 7469 50.74 53.25
1.50 100.00 50.00 60.00 60.81 5240 23.82
0.25 75.00 37.50 90.00 64.71 4975 29.80
1.50 100.00 25.00 120.00 | 65.27 4521 56.32
275 75.00 12.50 90.00 7509 5726 4312
5.25 75.00 37.50 90.00 5425 33.15 44.85
1.50 50.00 25.00 60.00 1032 = 830752817
275 75.00 37.50 90.00 78.23 48.49 49.76
2.75 75.00 37.50 O000F  JIT21: 48T T 5 1T0
2.75 75.00 37.50 90.00 70.07 3836  50.07
4.00 50.00 50.00 120.00 | 72.02 36.44 48.01
4.00 100.00 25.00 60.00 76.28  52.60 4298
1.50 50.00 25.00 120.00 | 69.64 45.02 34.17
1.50 100.00 50.00 120.00 | 71.34 5270 61.93
1.50 50.00 50.00 60.00 61.82 - 3699 2528
2.75 125.00 37.50 90.00 69.88  48.86  38.75
4.00 50.00 50.00 60.000 176512 3616 7091
4.00 100.00 50.00 60.00 59.18 40.82 41.90
4.00 50.00 25.00 60.00 58.25 3089515507
1.50 100.00 25.00 60.00 66.92 6499 39.13
2{78 75.00 37.50 90.00 77.30 43.84 60.66
4.00 100.00 25.00 120.00 | 6998 5041 47.94
4.00 100.00 50.00 120.00 | 75.85 5447 40.26
2.75 75.00 37.50 150.00 | 83.33 38.63 57.39
2515 25.00 37.50 90.00 T2:62 AT 04T
2.75 75.00 62.50 90.00 70.83  46.03  52.39
295 a0 37.50 30.00 65.48 47.67 48.79
2.75 75.00 37.50 90.00 73.05 40.55 53.51
2.75 75.00 37.50 90.00 7224 4329 41.32
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All of the experiments in Table 6 were done with the following fixed parameters:
e pH=3

Light Intensity = 900 watts/m’

Initial COD concentration = 392 mg/L

Initial NH3-N concentration = 7.3 mg/L

Initial TOC concentration = 144.4 ppm

4.2 Statistic Analysis

Analysis of variance (ANOVA) in the CCD was used to evaluate the “goodness of
fit” of the COD, NH3-N and TOC removals toward the experimental design. The
summary of the ANOVA is shown in Table 7.

Table 7: ANOVA of the response parameters.

Parameter | Prob > F value R’ Adequate Precision
COD 0.0037  0.8031 s
NH;-N 0.0132 0.7579 8.803
TOC 0.0022 0.8196 8.992

Prob > F value represents the proportion of time or probability you would expect to
get the stated F value (Noordin et al., 2004). Basically, F value is a measure of
variation of the data about the mean. The general rule mentioned that the model is
significant if the prob > F values equal to or less than 0.05. From Table 7, ANOVA
of all response parameters are less than 0.05 and thus imply the experimental design
is significant. Meanwhile, R? is the coefficient of determination which estimates the
fraction (a number between zero and one) of the overall variation in the data
accounted for by the model. Since R? values for all parameters are numbers between
zero and one, the model is good enough for the quadratic fits to navigate the design
space defined by the CCD (Ghafari et al., 2009). Adequate precision compares the
range of the predicted values at the design points to the average prediction error.
Ratios greater than 4 indicate adequate model discrimination and can be used to
navigate the design space defined by the CCD (Ghafari et al., 2009). From Table 7,
the adequate precision for all responses are more than 4 and prove that the model is

significant and good.

Other that ANOVA, the CCD also performed some diagnosis on the model. The

following Figure 2, 3, 4, 5, 6, 7, show the results of the diagnostics.
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4.3 Model Validation
In the CCD, the model is also diagnosed in order to validate it. The following Figure

2.3.4,5, 6,7, show the results of the diagnostics.

Normal Plot of Residuals
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Figure 2: Normal Probability plot of the studentized residuals of COD removal.
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Figure 3: Normal Probability plot of the studentized residuals of NH;-N removal.
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Figure 4: Normal Probability plot of the studentized residuals of TOC removal.
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Figure 5: Outlier T plots of COD removal.
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Figure 7: Outlier T plots of TOC removal.

The straight line in Figure 2, 3 and 4 indicate that there is no abnormality in the

model and the model is valid. From Figure 5, 6 and 7, we can see that there is no

point beyond the red lines which were set at plus-or-minus 3.5. The red lines are the

boundary for a valid model, thus model is applicable and acceptable.
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4.4 Model Optimization and Prediction
Based on the experimental design and the observed responses data, an optimized

model and prediction are generated by the CCD.

4.4.1 Optimization and Prediction of COD Removal
The optimization and prediction are presented in various views. The following
Figure 8. 9 and 10 show the different views of the COD removal’s optimization

and prediction.

COD removal
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1 |
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+
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- EEEIER)
(v ]
701574
62680 — /
[68 6281
|
\
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140 213 275 338 400

A:H202/COD

Figure 8: Response surface plot for COD removal.
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Figure 9: 3D view of the COD removal prediction.
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Figure 10: Perturbation view of COD removal prediction.

From Figure 8. 9 and 10, we can see that the CCD predicted that the optimum
COD removal is at 74.68 %.

4.4.2 Optimization and Prediction of NH;-N Removal
The following Figure 11, 12 and 13 show the different views of the NH;3-N

removal’s optimization and prediction.

- NH3-N removal
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Figure 11: Response surface plot for NH;-N removal.
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Figure 12: 3D view of the NH;-N removal prediction.
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Figure 13: Perturbation view of NH;-N removal prediction.

From Figure 11, 12 and 13, we can see that the CCD predicted that the optimum
NHj3-N removal is at 43.88 %.
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4.4.3 Optimization and Prediction of TOC Removal
The following Figure 14, 15 and 16 show the different views of the TOC

removal’s optimization and prediction.
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Figure 15: 3D view of the TOC removal prediction.
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Figure 16: Perturbation view of TOC removal prediction.

From Figure 14, 15 and 16, we can see that the CCD predicted that the optimum
TOC removal is at 51.19 %.

4.4.4 Optimization and Prediction Summary

In addition to the removal prediction, the CCD also comes out with the predicted
optimum operating conditions for the experiment. The experiment which will be
conducted under the predicted optimum operating conditions is expectedly to
produce the COD, NH;-N and TOC removals as close as possible to the removal

prediction. The subsequent Table 8 shows the summary of the model prediction.

Table 8: Summary of model optimization and prediction.

Predicted Optimum Operating Condition Remova(lDZI;edlctmn

H,0,/COD  H;0x/Fe’*  Hy0,/C;H04  Time | G ,
(molar ratio)  (molar ratio)  (molar ratio) (min) con NH@N T3¢

275 75.00 375 90.00 | 74.68 4388 51.19

4.5 Optimum Model Verification

Verification experiments had been conducted in order to validate the removal
prediction made by the CCD application. The experiments were conducted under the
optimum operating conditions and at pH 3. The Table 9 on the next page compares

the experimental removals with the predicted removals.
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Table 9: Comparison of predicted removals and experimental removals.

COD NH;-N TOC
Predicted Removals (%) 74.68 43.88 51.19
Experimental Removals (%) 78.37 45.94 52.30
Percentage Difference (%) 4.95 4.69 2.17

The tolerance for the percentage difference according to the CCD application is
+5.00 %. From the Table 9 above, all responses are acceptable because the
percentage differences between the actual and the predicted removals are less than
5.00 %.

4.6 pH Optimization

A series of experiments had been performed under the optimum operating conditions
but at different pH (2, 3, 4 and 5). The purpose of these experiments was to
determine the optimum pH for the modified photo-Fenton (UV-
vis/ferrioxalate/H,0,) process. The Figure 17 below shows the effect of pH on the
COD, NH3-N and TOC removals.

80.0 e At
p R
< 700 g —
g
g 600
& 2.0 - -
- 400
e
E 09
& -
10.0
}.0
pH2 pH 3 pH4 pHS
pH
—&— COC Removal —— NH3-N Removal TOC Removal

Figure 17: Effect of pH on the COD, NH;-N and TOC removals.

From the Figure 17 above, we can see that not much difference in the COD, NH3-N
and TOC removals between the pH 2 — pH 5. However, it is apparent that the highest
removals were happening when the experiment was conducted at pH 3. Therefore,
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we can say that the optimum pH for the modified photo-Fenton (UV-

vis/ferrioxalate/H,0,) process is pH 3.

4.7 Comparison with Fenton and photo-Fenton Processes
The comparison was performed with respect to optimum operating conditions and
removals efficiency. The following Table 10 shows the comparison for the optimum

operating conditions.

Table 10: Comparison with respect to optimum operating conditions.

OPTIMUM OPERATING CONDITIONS

P : = - . . a®

FOCES T H,05/C0D  Hy04/(Fe* /Fe™)  Hy05/C:H 04 I"'.’Lfl:f::’“"
Fenton 3.0 10 NA 60
Photo-Fenton "o 20 NA 50
Mudified 275 75 375 90

Photo-Fenton

With respect to H,0,/COD (Molar Ratio), modified photo-Fenton requires an
amount that is less than the Fenton but more than the photo-Fenton process.
Meanwhile, with respect to H,0,/(Fe*'/Fe*") (Molar Ratio), the modified photo-
Fenton requires significantly less than those Fenton and photo-Fenton processes.
However, for Fenton and photo-Fenton, H,0,/C,H,04 (Molar Ratio) is not applicable
and the modified photo-Fenton requires 37.5 molar ratio. In term of irradiation time,
modified photo-Fenton needs the longest irradiation time as compare with the other

processes. Table 11 shows the comparison for the removals efficiency.

Table 11: Comparison with respect to removals efficiency.

Removals (%)

Process oD NH,N TOC/COD BODs/CO
Fenton 814 NA 54.3 0.37
Photo-Fenton 80.8 NA 51 0.40
Modified 78.37 45.94 52.3 0.35

Photo-Fenton

From Table 11, the overall performance of the modified photo-Fenton in term of the
removals efficiency and biodegradability improvement is slightly lower than the
previous two methods in the treatment of antibiotics aqueous solution. However, the

difference is small to the extent of negligible.

From comparison above, the operation of modified photo-Fenton process is more

economical than the Fenton and photo-Fenton processes and yet producing a
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comparable removals efficiency and biodegradability improvement. This is because,
the modified photo-Fenton process requires less amount of oxidant and catalyst than
the Fenton process. Meanwhile, comparing the modified photo-Fenton to the photo-
Fenton process, the required amount of oxidant and catalyst is more but the modified
photo-Fenton uses sunlight which is free and safe, whereas the photo-Fenton process

needs the irradiation of ultraviolet (UV) rays which is expensive and unsafe.

4.8 Other Observations
During conducting the experiments, some other interesting observations were made.
1. The pH of the solution must be increased up to pH 10 immediately after the
specified irradiation time for the model s reached. The increase in pH up to
PH 10 will stop the reaction in the solution and thus stop the treatment or
otherwise the reaction will still continue and the results obtained will not be

accurate.

2. Brownish colored iron sludge was produced after the treatment process
(Figure 18). Thus, a settling or sedimentation tank should be provided after
the modified photo-Fenton (UV -vis/ferrioxalate/H,0,) treatmeni.

Figure 18: Brownish iron sludge observed in one of the model experiments.
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CHAPTER 5

CONCLUSIONS AND RECOMMENDATIONS

5.1 Conclusions

Under optimum operating conditions (H;0,/COD 2.75 molar ratio,
H202/Fe3+ 75 molar ratio and H,Q5/C2H,04 37.5 molar ratio) at pH 3, the
biodegradability improved from ~0 to 0.35 in 90 min, and the COD, NH;3-N
and TOC removals were 78.37%, 45.94% and 52.30%, respectively.

The modified photo-Fenton (UV-vis/ferrioxalate/H,O;) process is
comparable with Fenton and photo-Fenton processes in terms of removals
efficiency and biodegradability improvement. In addition, operation of the
modified photo-Fenton process is more economical than the other two
processes.

Modified Photo-Fenton process is effective and can be used as pretreatment

of antibiotic wastewater for biological treatment.

5.2 Recommendations

For further research of this topic, the following is recommended:

Expanding the research on effect of radiation intensity on the removals
efficiency. This is important for improving the removals efficiency of the
method.

Applying the same method on other recalcitrant wastewater like pesticide
and synthetic fragrance.

Executing the treatment process under the direct sunlight without using the

SolSim photoreactor.
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