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ABSTRACT

This study focuses on the use of Fe* EDDS for degradation of methylene blue and wastewater
disinfection using the photo-Fenton process. The stability of Fe** EDDS was tested at different pH
values ranging from 4 to 11. The study finds that an increase in the iron precipitate and a decrease
in degradation efficiency comes about as pH increases. An investigation into the Fe:L ratio shows
that when a high amount of ligand is used, the amount of iron released from the complex is
reduced; with an iron-ligand ratio of 1:1.5 being the most suitable one for the Fe** EDDS system.
Furthermore, the result of careful examination of temperature changes shows that at the increase
in temperature of the reaction system, there was a decrease in the efficiency of degradation of reac-
tion. The process was more effective at a temperature of 25°C than at higher temperatures, occa-
sioned by higher iron precipitate. The results of the disinfection and regrowth of microorganisms
also show that the efficiency of the process is pH-dependent with pH 7 having the best disinfection
and less regrowth rate as compared to a pH value of 9, for instance.
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1. Introduction being released into the environment. The negative effects
these pollutants have on ecosystems, in turn, affect the health
of humans and aquatic organisms [1]. These chemicals,
also known as contaminants of emerging concerns (CECs),
are usually detected in aquatic ecosystems, sometimes at
low concentrations (ng/L-ug/L). Large amounts of CECs
are usually discharged and then transported to wastewater
treatment plants (WWTPs). The presence of the most ubig-
uitous ones in WWTP secondary effluents has been a subject
of scholarly investigation over time. For instance, a study of

Water is important in daily human life. This is seen
in its use for agricultural, industrial, and domestic pur-
poses. However, the availability of clean and safe water
is threatened by pollution through organic and inorganic
compounds. Pollutants such as personal care products,
pharmaceutically active compounds, natural and synthetic
hormones, pesticides, and industrial chemicals (such as plas-
ticizers, flame retardants, and food additives) are constantly
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WWTP effluents in Asia (China and Korea), Europe, and the
US revealed that the amount of the major CECs in effluents
was within a threshold of between 0.001 and 10 pg/L. In addi-
tion, there were pharmaceutically active compounds (PhACs)
in concentrations that were oftentimes higher than 1 ug/L [2].

A list of international priority PhACs was developed
by the Global Water Research Coalition (GWRC) identi-
fying compounds that pose health risks when released
into water sources. The GWRC classified 44 of these com-
pounds into three main groups: the Class I group with 10
compounds, Class II, 18 compounds, and Class III with 16
compounds. In arriving at this classification, the GWRC
considered occurrence in the environment and resistance
to treatment, ecotoxicity, degradability, and human toxic-
ity. The treatment and monitoring of solutions for a group
of 45 priority compounds were proposed by the newer
European Union Directive 2013/39/EU. The European
Union Decision 2015/495/EU put forward on 20/03/2015,
which was later updated on 05/06/2018 in Decision
2018/840/EU, proposed the first watch list of compounds
for Union-wide monitoring. The list includes CECs: natural
hormones (estrone (E117 beta-estradiol (E2); synthetic
hormones (17 alpha ethinylestradiol (EE2)); pesticides
(thiacloprid, thiamethoxam, acetamiprid, oxadiazon, clo-
thianidin, methiocarb, imidacloprid, and triallate); antibi-
otics (clarithromycin, azithromycin, and erythromyecin);
the pharmaceutical diclofenac; a UV filter (2-ethylhexyl
4-methoxycinnamate); and an antioxidant (2,6-di-tert-bu-
tyl-4-methylphenol) which is used as food seasoning [1].
Furthermore, in trying to safeguard against water contam-
ination, the new Swiss Water Protection Act [3] which has
been implemented since January 2016, with implementable
timelines extending to 2040, recommends that CECs in
WWTP effluents should be reduced by 80% before discharge.

The use of conventional secondary methods like acti-
vated sludge or tertiary treatment procedures (including
disinfection and filtration) in municipal WWTPs has proved
to be ineffective in the treatment of some CECs present in
WWTPs [3]. This leads to incomplete removal of the target
species, which in turn, constitutes another source of pollu-
tion [4]. As such, effluents from WWTPs account for most
of the CECs emanating from anthropogenic sources into
the environment. Aside ozonation which has found full
scale application [1], other advanced oxidation processes
such as ultraviolet light/hydrogen peroxide [5], ozone/
hydrogen peroxide [6], Fenton, photo-, and electro-Fenton
[7,8], have proved to be effective in the treatment of waste-
water. Nevertheless, due to restrictions that have hindered
their development, the application of these methods has
remained at a lab scale [3].

Advanced oxidation processes (AOPs) are techniques
employed in order to degrade different groups of organic
pollutants and in the process, attain high stages of miner-
alization [9,10]. They are also effective in the disinfection of
micro-organisms in water or wastewater [11]. While there are
several AOP techniques, the photo-Fenton (p-F) technique
is one of the most studied due to its simplicity in design,
the cheap reagents involved, and the effects of the reagents
(H,O,, Fe) used on the environment. The main oxidant in the
p-F technique is the hydroxyl radical (HO*). The simplified
reaction mechanism which leads to the generation of HO*

from H,O, in the p-F reaction is illustrated using Egs. (1)
and (2) [12]:

Fe*" +H,0, - Fe’* + OH™ + HO’ (1)

Fe(OH)" +hv — Fe** + HO" 2)

The optimum results for the p-F process have been
reported at a pH of 2.8 [12,13]. This is because, at this
pH, minimum iron precipitation is recorded. However, it
is more expedient to conduct p-F reactions at circumneu-
tral pH values so that the acidification of effluents and
neutralization-related costs are minimized. Accordingly,
much attention is now paid to the use of p-F process at
circumneutral pH. There are, however, reported cases of
low efficiency associated with p-F processes at circumneu-
tral pH, which is traceable to high precipitation of iron at
these pH values. The precipitation of iron in the solution
can be minimized by the use of iron chelates. For a chelate
to be suitable for application in a p-F process, it should be
capable of forming complexes that are stable with Fe(III),
and absorb UV-vis light. The chelates should also allow the
reduction of Fe* to Fe? under photochemical conditions as
illustrated in Eq. (3) [14]:

Fe" L+hy —>[Fe’™ L|" > Fe® L* G)

The aminopolycarboxylates and polycarboxylates are
chelates which have the ability to complex with Fe(IlI),
absorb UV or solar light better than aqua-complexes
[14]. They also possess the ability to undergo photore-
duction via the ligand-to-metal charge transfer (LMCT),
producing Fe?" [15]. The complexation of chelates with
metals in photo-Fenton process is important in improv-
ing the performance of the system [14]; as this extends
the operational pH of the system and improves the effi-
ciency. Ethylenediamine-N,N’-disuccinic acid (EDDS) is
an example of amino polycarboxylic acids (APCAs), with
its structure having two chiral centers. It occurs as enan-
tiomeric isomer ((S, S')-EDDS) and (R, R)-EDDS). It also
has one meso isomer (R, S)-EDDS [16]. These isomers
have the same stability constant and ability to form com-
plexes. EDDS exists as a complex (i.e., EDDS complex) or
as a chelate (EDDS acid) with different stabilities [16]. The
(S, S)-EDDS isomer is completely biodegradable, while
the (R, R)-EDDS and (R, S)-EDDS isomers are non-biode-
gradable. There are many publications on the use of EDDS
in the degradation, decontamination, or disinfection of
wastewaters in the photo-Fenton like process with encour-
aging results [17,18]. The mechanism for Fe** EDDS in the
p-Fenton reaction is as follows [19]:

Fe* +H,0, — Fe’ + OH™ + OH" 4)
Fe’* + EDDS—"—Fe*" + EDDS’ )
EDDS' +0O, — EDDS,__+0O; (6)
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Oy +H' = HO; @)
0y +HO; - H,0,+0; ®)
HO;, + HO;, - H,0, + 0 )

Though many works have been published on EDDS as
a complexing ligand for iron in the p-F process [13,20], there
has been no work dealing with the stability of Fe-EDDS at
different pH values and temperatures. This present work,
therefore, aims at: (1) assessing the appropriate metal-ligand
dosage for chelation which will ensure a minimum iron
precipitation; (2) investigating the effect of hydroxyl rad-
ical attack on the complex; and (3) demonstrating the abil-
ity of Fe* EDDS to degrade an organic pollutant and also
disinfect wastewater at different pH values. In this study,
Methylene blue was used as a pollutant for degradation,
while a secondary effluent which was collected from a pilot
waste treatment plant was used for disinfection studies.

2. Materials and methods
2.1. Reagents and sample preparation

The following chemicals were used in this study:
anhydrous iron(Ill) chloride (FeCl,), methylene blue
(Ecibra Quimica, Brazil), 30% wt. hydrogen peroxide
solution (H,O,), NaOH, H,SO,, 18% ethylenediamine-N,
N-disuccinuc acid ((S, S) EDDS) (Sigma Aldrich, Brazil).
Analytical grade reagents were also employed in this study
while distilled water was used in preparing all solutions.
Preparation of Fe* EDDS solution was done by mixing vol-
umes of freshly prepared EDDS and anhydrous ferric chlo-
ride at an appropriate ratio. The solution was stirred con-
stantly using a magnetic stirrer to ensure homogeneity and
allowed to stand for 1 h. The preparation of Methylene blue
(MB) solution was done by dissolving an initial concentra-
tion of 20 mg MB in 1 dm? of distilled water, while the pH
was adjusted using NaOH or H,SO, [21].

2.2. Photodegradation experiment

The photodegradation experiments were doneina 1.2 L
Pyrex jacketed photo-Fenton reactor (Brazil) which allowed
maintenance of constant temperature by passing water
from a thermostated water bath through the outer casing.
The reactor was furnished with three high-pressure UVA
mercury lamps (Philips, BLBF8T5, 8 W, Brazil) which emit-
ted radiation of 4.05 x 10~ Einstein’s s at a wavelength of
365 nm. The radiation dose was measured using the ferriox-
alate actinometry [21,22]. In order to prevent direct contact
of the UV lamps with the sample, the lamps were housed in
borosilicate tubes. The pH of the sample was adjusted after
adding an appropriate amount of iron chelate, the solu-
tion was then transferred to the reactor [23] and pH main-
tained during the reaction by adding a phosphate buffer
(K,HPO,:NaOH). Loss of radiation was prevented by cov-
ering the reactor with aluminum foil [24]. After the effluent
was transferred into the reactor, the UV lamps were turned
on, and a calculated amount of H,O, was added while the

reaction was timed using a stop watch. Homogeneity was
maintained by stirring the solution using a magnetic stir-
rer [25]. A syringe was used to withdraw samples at dif-
ferent time intervals for analysis. The absorbance of MB
decolorization was measured using a UV-visible spectro-
photometer model DR/3900 (Hach, USA) ata A _ =664 nm.
The vanadate method was used for quantification of
H,0, [26].

2.3. Disinfection reaction

Bacterial residual concentration was monitored during
treatment using Fe* EDDS to ascertain the efficacy of the
iron chelate to disinfect microorganisms in secondary
effluent. To carry out the disinfection analysis, 1,000 mL
of the sample was measured and transferred to the reac-
tor. Fe** EDDS was then added to the sample and mixed
thoroughly using a magnetic stirrer. The effluent was
homogenized for 5 min [27] and then 10 mL of the sam-
ple was collected in the dark and analyzed as time 0 min.
After that, the UV light was turned on and H,0, was added.
Treated samples were collected with a syringe at 10, 20, 30,
40, 50, and 60 min and microbial analysis conducted. 10 mL
of the sample was collected and analyzed for Escherichia coli
and total coliforms using the commercial Collilert® method
[28,29]. Duplicate analyses were done on each experiment in
order to ensure reproducibility. The pH of the effluent was
adjusted using 2 M H,SO, or 1 M NaOH solution. Bacterial
regrowth analyses were conducted by re-incubating the
test Collilert® and the bacteria count done after 24, 48, and
72 h. The number of bacteria seen during the regrowth
test that exceeded the number seen after disinfection rep-
resented the reactivated/repaired or, partially damaged
bacteria which became reactivated after the treatment [30].

To perform the Colilert® method [28], 10 mL sample
was added into 90 mL of dilution water which was pre-
viously prepared by adding 1.0 g peptone bacteriological
reagent in 1,000 mL of distilled water. The Colilert® media
snap was then added to 100 mL of the sample. It was mixed
thoroughly until the Colilert® media was dissolved. The
mixture was then transferred to a 97-well Quanti-Tray®
consisting of 49 big and 48 small wells. The Quanti-Tray®
was later fitted into a rubber fitting which had equal num-
ber of holes as the Quanti-Tray®. The Quanti-Tray® together
with the rubber fitting was later slid into a preheated
Quanti-Tray® sealer and then incubated at 35°C + 0.5°C
for 24-28 h. The color of the wells was observed and com-
pared with the yellow color of the Quanti-Tray® compara-
tor. The yellow colored wells were considered to be total
coliform positive. The results were then compared with
the most probable number (MPN) table to determine the
number of total coliforms. The total coliform positive
treys were later checked for fluorescence with a UV light.
The blue coloured treys were deemed to be E. coli positive.
The number of E. coli was also determined by comparing
the results with the Quanti-Tray® MPN table [28,31-33].
Duplicate analyses were done for each experiment to
ensure reproducibility.

The first-order kinetic model was used to evaluate the
efficiency of microorganism after disinfection. Eq. (10) is
the illustration of the first-order model:



U.]. Ahile et al. / Desalination and Water Treatment 222 (2021) 366—374 369

_IN N (10)
dt
At constant heat (isothermal conditions), the value of k
can be evaluated. When Eq. (10) is integrated, we have:

In [N] _ —kt (11)

AN

From the equation: [N] is the microorganism concen-
tration [MPN/100 mL], [N] is the initial microorganism
concentration [MPN/100 mL], k is the rate constant [min™],
and t is the time [min].

2.4. Iron precipitation measurement

The ISO 6332 method [34] was used for iron precipitation
determination. The samples were collected at various times
and filtered through 0.45 um pore size Polytetrafluroethylene
(PTFE) syringe-driven filters (Millipore Millex® GN). Then
4 mL of the filtered sample were mixed with 1 mL of 1,
10-phenanthroline solution (0.1% w/v in distilled water)
and 1 mL buffer solution (250 g/ ammonium acetate and
700 mL/L acetic acid in distilled water). The test was then
allowed to stand for 10 min and the assay’s absorbance
read at 510 nm using a spectrophotometer at 510 nm. The
blank was prepared by replacing the 1, 10-phenantroline
solution in the test with 1 mL of deionized water.

3. Results and discussion
3.1. Effect of iron—ligand molar ratio on iron loss

To achieve good results in the p-F process, the appro-
priate Ligand-Fe (L-Fe) molar ratio had to be determined.
Iron-Ligand molar ratio is a very important parame-
ter because for good chelation to occur, the molar ratio
of iron to ligand must be correct and be at least 1:1 [35].
However, in their work, Da Luca et al. [36] recommended
a higher ratio. They explained that even though the molar
ratio can easily be identified in theory, in practice, a much
greater ratio is required for complexation of iron. When
the amount of the ligand is not sufficient to appropriately
chelate the metal, limited metal chelation will be obtained.
Another factor of interest is the precipitation of the iron
as a result of an attack on the complex from HO* during
photo-Fenton process [36]. To determine the best chelat-
ing ratio for Fe:EDDS process, the amount of iron precip-
itation after an attack on the complex by HO® was mea-
sured and total iron determined as the reaction progressed
for iron-ligand ratio (Fe:L) of 1:1, 1:1.5, and 1:2 (Fig. 1).

To decide the best chelating ratio for use in this study,
several experiments were performed using a fixed amount
of iron while the amount of the ligand was varied. The
essence of this experiment was to determine which ratio
would produce the least amount of iron precipitates after
a hydroxyl radical attack on the complex. This is because
for p-F process to be effective, the ligand must be able to
keep the iron soluble without precipitation. Fig. 2 shows
that at a molar ratio of 1:1, the iron was highly precipitated
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Fig. 1. Effect of Fe:EDDS molar ratio on the complex resistance to
HO*, Fe** =20 mg/L; H,O,=90 mg/L; pH ="7.
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Fig. 2. Schematic representation of the photo-Fenton experiment.

leaving only 26% of soluble iron in solution at the end of the
reaction time. This shows a high iron precipitation; hence
the use of this ratio is not appropriate for photo-Fenton
process. Iron-ligand molar ratio of 1:1.5 and 1:2 produced
very little iron loss. Since the amount of iron precipitated
in the 1:1.5 was not high, it is therefore recommended that
this ratio be used for the Fe:EDDS system.

The choice of 1:1.5 molar ratio is predicated on the fact
that, the use of molar ratio higher than 1:1 enhances bet-
ter chelation process due to an increased presence of free
chelators in solution. The free chelators in solution are
reported to act by re-coordinating with the iron ions which
are released from the breakage of the complex as a result
of HO® radical attack [36]. Also, in the chelate assisted pro-
cess, the HO* degrades both the contaminants as well as
the chelate (ligand); leading to the commencement of iron
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precipitation as soon as the excess ligand is consumed [18].
This is the reason behind the higher iron precipitation in
the reaction with Fe-L molar ratio of 1:1. Although iron
precipitation is an important factor to consider before the
choice of Fe-L molar ratio is arrived at, the adverse effects
associated with increase in the total organic carbon of the
effluent on addition of the chelate cannot not be ignored.
Secondly, there is the risk associated with heavy metal remo-
bilization [36]. Therefore, applying a ratio above 1:1.5 will
only lead to an increase in the cost of operation because
of high usage of chemicals and high consumption of H,0,.

3.2. pH influence on HO" attack on the chelate

The HO® is a highly reactive species which oxidizes
any organic molecule that is in contact with it. The effect
of pH on the release of iron from the chelate when there
is HO* attack on the complex was investigated to monitor
the amount of iron released from the complex at varying
pH values. When iron is released from the complex, two
possibilities exist. It either recaptures free chelators in solu-
tion forming the complex [36]; or if no free chelators are
present, the released iron from the complex may form the
insoluble hydroxide [37]. When the hydroxide is formed,
the amount of iron available for decomposition of hydro-
gen peroxide to generate HO® reduces, resulting in reduced
efficiency of the process. Fig. 3 demonstrates the precipita-
tion of iron from Fe* EDDS. The result shows an increasing
iron precipitation as the pH of the solution increase from
acidity to alkalinity with the highest iron precipitation at
pH 11. This is because as the pH of the solution increases,
the ease with which it forms precipitates increases.
The results of this study show that Fe** EDDS is suitable for
application in effluents with a pH as high as 8, with higher
efficiency at lower pH values. When the pH value is high,
the amount of iron release is very high and may produce
poor results when applied in the photo-Fenton process.

The effect of pH was further investigated using Methy-
lene blue removal. The results obtained in Fig. 3 show
that an increase in pH resulted in a decrease in the degra-
dation of Methylene blue which is as a result of reduced
decomposition of H,0, at higher pH values [38]. Usually,
at higher pH values, there is an attack on the Fe-ligand
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Fig. 3. Effect of pH on HO"® attack on the chelate using
Fe =20 mg/L; H,0,=90 mg/L; Fe:EDDS = 1:1.5.

U.]. Ahile et al. / Desalination and Water Treatment 222 (2021) 366-374

chelate and then iron is gradually released from the che-
late in form of precipitate. Aside the pH, inorganic ions
such as NO;, CI;, SOZ, and CO?" are reported to reduce the
degradation of organic compounds in a reaction matrix
[39] due to scavenging effect. Since a secondary efflu-
ent was used in this study, the presence of these inorganic
ions might have affected the degradation of the MB.

3.3. Effect of temperature on the performance of Fe** EDDS

The classical p-F process has the ability to function
with higher efficiency when temperature is raised [18]
until a threshold temperature of about 45°C is reached;
above which there is precipitation of iron, and therefore,
a loss of efficiency. This phenomenon is attributed to the
increased rate of formation of ferric hydroxides.
4Fe™ +0, +10H,0 — 4Fe(OH), +8H" (12)

Series of experiments were performed using methylene
blue to demonstrate the Fe** EDDS efficiency with tem-
perature changes (Fig. 4). The result shows an increase in
efficiency with a corresponding increase in temperature
from 25°C to 30°C. A further increase in the temperature
led to lower efficiency as well as a lower rate of decom-
position of H,0,. At elevated temperatures, an increase
in the precipitation of iron was also noticed. This might
be caused by either an increase in rate of Fe(OH), for-
mation (reaction 12) which overcomes the rate of resid-
ual ligand recapture, and/or an increase in the kinetics of
Fe*-EDDS photolysis which leads to the depletion of the
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Fig. 4. Effect of pH on the degradation of methylene blue using
Fe™ = 20 mg/L; H,0, = 90 mg/L; Fe:EDDS = 1:1.5. (a) Variation
of MB removal with time and (b) percentage removal efficiency
against pH.
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chelate and then faster iron precipitation [18]. A test of mean
difference (one way f-test; Table 1) was conducted on the
temperature values at 95% confidence level. The t-statistic
values observed were: 14.183, 9.299, 10.188, and 10.667 with
significance values of 0.000 each at 25°C, 30°C, 35°C, and
40°C, respectively. The significance of the f-statistic values
indicates the existence of significant mean difference in the
degradation of the dye at each tested temperature.

3.4. Wastewater disinfection and microbial and regrowth

The efficiency of Fe** EDDS in wastewater disinfection
was demonstrated at pH values of 7 and 9 using a secondary
effluent (Fig. 6). Blank experiments were conducted using
UVA/H,O, and Fe** EDDS without UVA. The results pre-
sented in Fig. 5 show higher inactivation efficiency at pH 7.
This is because Fe** EDDS undergoes photolysis under UV
radiation, resulting in the reduction of Fe* to Fe*" [Eq. (5)].
The conversion of Fe* to Fe*" happens faster at alkaline pH
when compared to acidic pH. Once this happens, Fe*" can
react with: (a) EDDS again [Eq. (13)]; or (b) H,O, [Eq. (1)].
Furthermore, when the breakage of Fe* EDDS complex
occurs, the p-F efficiency will become dependent on the
species of Fe*/Fe** formed in water. Since the reactive
species of soluble iron exist at acidic pH, the disinfec-
tion efficiency depends on iron availability in solution,
and partly due to iron precipitation at alkaline pH. This
is because of the breakage of Fe* EDDS complex. The
bacterial inactivation efficiencies are better at pH 7 than 9.

Table 1
One-sample test

Similar results were obtained by Garcia-Fernandez et
al. [40] who studied the disinfection of Enterococcus faeca-
lis and E. coli using solar p-F. They observed that microor-
ganism disinfection was more efficient at acidic pH than
at neutral or alkaline pH owing to the availability of iron
at acidic pH. It is worthy of note that the mechanism of
microbial disinfection is a very complex process. Several
reactions and processes work together in the wastewater
decontamination process at neutral or near pH. Basically,
the main decontamination mechanism involves an attack
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1,0 o0 o ° ‘
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s ; e
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2 |
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L J
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Fig. 5. Effect of temperature on the degradation of methy-
lene blue by Fe** EDDS using Fe* = 20 mg/L; H,O, = 90 mg/L;
Fe:EDDS =1:1.5; pH=7.

Test value =0

95% Confidence interval
of the difference

T df Sig. (2-tailed) Mean difference Lower Upper
25°C 14.183 8 0.000 0.85622 0.7170 0.9954
30°C 9.299 8 0.000 0.80538 0.6057 1.0051
35°C 10.188 8 0.000 0.79619 0.6160 0.9764
40°C 10.667 8 0.000 0.83348 0.6533 1.0137
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Fig. 6. Disinfection of secondary effluents at pH of 7 and 9 (Fe*" =5 mg/L; H,0, = 90 mg/L; Fe:EDDS = 1:1.5).
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Fig. 7. Microbial regrowth after treatment with photo-Fenton (Fe** =5 mg/L; H,0, =90 mg/L; Fe:EDDS = 1:1.5).

on the cellular membrane due to the external generation of
OH?"; the damages initiated by a source of radiation — in our
case, UVA; and the internal photo-Fenton process as a result
of diffusion of H,0, and iron into the cell of the organism.
Some other studies have shown that amino polycarboxylic
acid chelates (EDTA, EDDS, etc.) initiate changes in ligands
to bring about changes in outer membrane absorptivity
which results to changing the internal chemical and phys-
ical conditions of the cell, leading eventually to cell death
[41]. This alteration can be credited to the coordination of
cations such as Mg? and Ca*" which confer electrostatic
stability on the different parts of the lipopolysaccharides
found on the surface of the outer membrane [27].

The microbial regrowth is another factor which was
used to assess the performance of Fe* EDDS in the treat-
ment of the secondary effluent. Some effluents have pH
values which are higher than 7; therefore, it is very import-
ant to carry out the disinfection of these effluents at pH
values of 7 and above to determine the process efficiency.
It is noteworthy that at pH of 7 and above, there was high
iron precipitation, with the result being reduced efficiency
[42]. The same applied to the regrowth observed here.
Increasing iron precipitation led to less damage on the
microbial cell as the pH increased (Fig. 7). Therefore, higher
regrowth was recorded as the pH increased toward alka-
linity. In this system, it was also discovered that despite
complete disinfection of microorganisms after 30 min of
irradiation, implying that some microorganisms which
were not seen after 30 min of disinfection were only par-
tially injured and were reactivated after some time [43].

4. Conclusion

In this study, the Fe** EDDS system was investigated to
ascertain the suitable Fe:L ratio, effect of pH on iron precip-
itation, effect of temperature on the decolorization of MB,
and the ability of Fe* EDDS to disinfect a secondary efflu-
ent in the photo-Fenton process. The results of the exper-
iments reveal that an iron-Ligand ratio of 1:1.5 is needed
for the effective performance of the Fe** EDDS system. The
pH of the solution also affects the performance of the iron
Fe* EDDS system, with high iron precipitation experienced
at higher pH levels. When the pH of the solution increased,
the rate at which the Fe* EDDS performed in the pho-
to-Fenton process decreased. Decrease in efficiency of MB
decolorization was experienced with increase in tempera-
ture. This shows that an increase in temperature brought
about an increase in iron precipitation, thereby decreasing
the effectiveness of the system. EDDS can be considered a
feasible option to carry out treatment of wastewater efflu-
ents in the pH ranges between 4 and 9. Since the applica-
tion of this method on a full scale basis is the focus of this
work, it is recommended that the system be applied in sys-
tems which require the use of a natural source of radiation
(sunlight) instead of UV light from electrical sources.
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