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ABSTRACT

The changes in oxidation-reduction potential (ORP), pH level, and dissolved oxygen (DO) con-
centration during the redo/oxidative degradation of methyl tert-butyl ether (MTBE) by nanosized
zero-valent iron (nZVI) combined with hydrogen peroxide addition and ultra-violate radiation
were investigated. The optimal ratio of oxidants depended on the initial concentration of MTBE. For
instance, MTBE was completely removed at the 60 min of contact time and with its initial concentration
of 0.05 mm MTBE and all nZVI particle/hydrogen peroxide ratios (10:100, 20:200, and 30:300 mg/L).
In contrast, 54.2% of MTBE (0.27 mM) remained after 90 min of contact time when its initial concen-
tration was 0.5 mM and the nZVI/hydrogen peroxide ratio was 10:100 mg/L. It was observed during
the oxidation process the pH was increased from 4 to 7 and DO was decreased from 9 to 0 mg/L.
Significant fluctuation of ORP was observed over the oxidation time. According to results, the ini-
tial dose of oxidants can significantly affect the pH levels and DO concentrations of effluent, and
ORPs. It can be concluded that in order to achieve the higher removal rate by the nZVI/photo-Fenton
process, it is vital to adjust the values of pH, DO, and oxidation-reduction at optimal ranges.

Keywords: Nano zero valent iron (nZVI); Photo-Fenton; Methyl tert-butyl ether; Dissolved oxygen;
Oxidation-reduction potential;, pH

1. Introduction become an issue of international concern [1-3]. Methyl tert-
butyl ether (MTBE) is one of the organic compounds most
commonly used as a gasoline additive to raise the octane
number or make gasoline burn cleaner [4,5]. This hazardous
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pollutant has been detected in groundwater as a result of
gasoline spills or leaking during production, distribution,
and storage [6,7]. Since the late 1970s, MTBE has replaced
lead (as an anti-knock agent), resulting in the production
of a high volume of it. On the other hand, due to its high
stability and low biodegradability, its concentration in
nature has been increasing over the last decades [8,9]. Low
Henry constant, high resistance to biological decomposi-
tion, and high water-solubility has resulted in high mobil-
ity, unwillingness to stay in the soil, and the sustainability
of MTBE in the environment [10,11]. MTBE has relatively
high solubility, exhibits lower adsorption to the soil, and is
more resistant to chemical degradation. Its water solubil-
ity of about 50 g/L makes it approximately 25 times more
soluble than benzene and the BTEX (benzene, toluene,
ethyl-benzene, and xylene) constituents [12,13]. The most
important sources of environmental pollution by MTBE are
gas supply stations, gas transfer, and storage activities [14].
MTBE has been categorized by the International Agency
for Research on Cancer (IARC) as a possible cancer-causing
compound in humans in the C-group of carcinogenic com-
pounds [15]. The US Environmental Protection Agency
(U.S. EPA) has recommended a limit of MTBE in drinking
water at 20-40 pg/L based on the smell and taste thresh-
old. The range reported by the EPA is about 20,000-100,000
times lower than the range observed for rodent carcinoge-
nicity symptoms. EPA has banned the addition of MTBE to
US gas since May 2006 due to its very low smell threshold
[16]. The low volatility of MTBE in water (10 times lower
than benzene) leads to inefficient removal of MTBE by air
stripping process from water [17]. On the other hand, due
to its complex chemical structure (C;H,,O), MTBE has been
known as a resistant compound to biological degradation
in aqueous solutions [18]. In search of practical methods for
the degradation of the MTBE in aqueous solutions, several
methods of advanced oxidation technologies have report-
edly achieved promising results. Advanced oxidation pro-
cesses (AOPs) are considered as promising methods for the
oxidation of pathogens, organic, and inorganic pollutants
due to the generation of free hydroxyl radicals in aque-
ous environments [19-21]. AOPs generate the high oxida-
tive power hydroxyl radical to degradation of refractory
compounds in queues solutions [22,23]. In an ideal AOP,
organic compounds eventually turn into water and carbon
dioxide [14,24]. It has been reported that AOPs are signifi-
cantly effective for the removal of various concentrations of
MTBE (0.1-1 mg/L) from aqueous solutions, compared to
other physical and biological processes [7,25]. Zero-valent
metals have been recently introduced as an effective reduc-
tant, being a possible source of iron in the Fenton oxidation
process for the treatment of contaminated water [26,27].
Compared to other metals, the zero-valent iron (ZVI) and
nano-sized particles of zero-valent iron (nZVI) are more
abundant, cheaper, non-toxic, more active, and effective for
the removal of pollutants [28-31]. nZVI has been considered
as an active metal and effective reducing agent with high
oxidation-reduction potential (ORP) (E° = 0.44 V) [32].

It has been reported that nZVI is effective for the elim-
ination and/or dichlorination of some hazardous organic
compounds (e.g., chlorine organic compounds) [33], reduc-
tion of organic compounds by conversion of nitrate to

ammonia in acidic conditions [34,35], and conversion of
toxic and hazardous compounds to less toxic compounds in
zero-order reactions and under acidic pH conditions [36].

The mechanism of decomposition of contaminants by
nZVI involves the direct transfer of electrons from nZVI to
the pollutant that convert the pollutant into non-toxic or
less toxic compounds [37]. In addition, nZVT has the poten-
tial to oxidize and decompose pollutants in the presence of
soluble oxygen as a result of transferring two electrons to
the O, molecule and the production of hydrogen peroxide
(H,0,) [Eq. (1)]. The H,0, generated during this process
can be reduced to the water molecule by transferring two
other electrons from the nZVI [Eq. (2)]. Moreover, the com-
bination of H,0O, and Fe* (Fenton process) leads to the pro-
duction of hydroxyl radical (*OH) which is one of the most
effective agents for the oxidation of organic compounds in
water [Eq. (3)] [38,39].

Fe’+0O,+2H" —» Fe* + H,O, (1)
Fe’+H,0, + 2H* — Fe* + 2H,0 )
Fe* + H,0, » Fe*" + *OH + OH" 3)

The high reduction potential of nZVI makes the function
desirable. During this process, the oxidized iron [Eq. (4)] and
the alkyl aldehydes [Eq. (5)] can be reduced. The final equa-
tion of the process under optimal thermodynamic conditions
will be favorable [Eq. (6)] [40].

Fe’ — Fe? + 2e- 4)
RX+2e +H" > RH + X~ (5)
Fe’+ RX +H* —» Fe* + RH + X~ (6)

nZVI also produces hydrogen gas and hydroxide ions in
reaction with H,O,, which leads to an increase in pH level of

the solution [Eq. (7)] [41].
Fe’+2H,0 — Fe* +20H + H, (7)

Similar to the Fenton oxidation process, the addi-
tion of nZVI to H,O, can result in the generation of *OH
and subsequently more degradation of organic pollut-
ants. However, one of the major advantages of using nZVI
compared to the conventional Fenton process is the use of
solid iron nanoparticles as the Fe* source instead of solu-
ble iron sulfate (FeSO,) [42]. The reason is that the applica-
tion of iron sulfate as a source of Fe?" leads to the release of
sulfate ions (SO2) in the solution. The generation of SO?- in
the solution decreases the process efficiency due to the for-
mation of strong complexes between both Fe(II) and Fe(III)
ions and SOZ, which affect the distribution and reactivity of
the iron species presented in the solution [43,44]. It has been
reported that the application of nZVI does not lead to the
generation of SO?- [44]. In the conventional Fenton process,
the application of soluble iron increases the consumption of
chemicals and the production of relatively high amounts of
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iron-rich sludge [45,46]. On the other hand, the complexity
and reactivity of the nZVI-Fenton process are more than the
conventional Fenton process due to the high reactive sur-
face area that consequently can provide a higher density of
reactive sites for the reduction of metals and subsequently
higher production of hydroxyl radicals and removal poten-
tial of nZVI [46,47]. Therefore, continuous monitoring of
parameters in the process is vital to maintaining optimal
conditions [48].

Both ORP and dissolved oxygen (DO) are considered
as two important parameters to operate the biological and
chemical wastewater treatment processes [49]. The addition
of nZVI to aqueous solutions containing organic compounds
can reduce the DO of the solution, due to the high reduc-
tion potential of nZVI [50]. However, nZVI reduces ORP
by DO consumption. In addition, the chemical reaction of
nZVI with organic compounds can result in the consump-
tion of hydrogen ion and consequently, it will lead to the
increment of the pH level [46]. Therefore, measurement
of these three parameters (DO, ORP, and pH) can be con-
sidered as an effective tool to evaluate the performance of
nZVI-Fenton AOPs. In previous studies the variations of
ORP, DO, and pH have been monitored during the oxi-
dation reactions with probes in batch systems [46,51]. It
has been reported that measurement of ORP, DO, and pH
parameters during an nZVI-Fenton process for the removal
of azo-dye [46] and chromium (VI) [51] from wastewater
can contribute to the reliable evaluation of the efficiency of
the process. However, the performance evaluation of the
AOP for the removal of organic contaminants from water
in the presence of ultra-violate (UV), H,0,, and nZVI using
the three parameters of DO, ORP, and pH has been rarely
studied in the literature.

The advantages of using UV irradiation combined with
other oxidants in order to enhance the efficiency of MTBE
oxidation were shown in many previous studies [43,52].
Also, degradation of MTBE was investigated by other
methods such as anodic Fenton treatment [53]. But more
recently the vacuum ultraviolet (VUV) irradiation was
studied as a novel method in the advanced oxidation of
organics [54,55]. The VUV-based AOPs have some advan-
tages such as the modular apparatus and the homogeneity
of the treatment, which has shown effectiveness towards
the degradation of compounds over the simple oxidation
[55]. In the present study, UV light was used as long as
chemical oxidants including H,0, and nZVI. The UV
irradiation was used because of its possible potential to
enhance the generation of *OH radicals and consequently
improve the pollutant removal. It should be noted that
as well as the nature of oxidants, the chemical structure
of pollutants can impact the three mentioned parameters
during the chemical oxidation processes and consequently
the efficiency of pollutant removal. Therefore, the main
objective of the present study was performance evaluation
of the UV/nZVI/H,O, process based on the measurement
of selected parameters including pH, DO, and ORP for the
removal of MTBE from aqueous solution. The main objec-
tives of this study were (1) to investigate the efficiency of
UV/nZVI/H,0, on MTBE degradation as a AOPs treatment
system, and (2) to study on ORP, pH, and DO variations
during the oxidation time.

2. Materials and methods
2.1. Experimental set-up and materials

The schematic diagram of the experimental set-up
used for the oxidation of MTBE by the UV/nZVI/H,O,
process is presented in Fig. 1. The cubic oxidation reac-
tor was made of Plexiglas with a capacity of 1 L. In order
to adjust the temperature of the oxidation environment,
the reactor was equipped with a cooling jacket. The cool
water was circulated in the cooling jacket to fix the reaction
temperature between 24°C and 26°C. A medium-pressure
mercury-vapor lamp with a radiation intensity of 19.5 wm™
was used as the source of UV radiation. The lamp was
embedded in the middle of the reactor by the quartz glass
cylinder. The outer wall of the reactor was coated with a
thin foil laminate not only to maintain the UV rays in the
reactor but also to prevent the exposure of users to the
UV light. Moreover, a circulator water pump was used to
ensure the complete mixing and uniformity of the solution
inside the reactor during the process (Fig. 1).

H,O, with a purity of 30% (laboratory grade) was used
to prepare different concentrations of 10, 20, and 30 mg/L
of H,O, in the solutions. The purity of methyl tertiary butyl
ether ((CH,),COCH,) was 99.9%. Other chemical compounds
such as n-pentane, toluene, Hydrogen chloride (HCI), and
sodium hydroxide (NaOH) were used for the synthesis of
nZVI and pH adjustment. All chemicals were supplied by
Merck Company, Inc.

2.2. Synthesis of nZV1

There are various methods for the synthesis of iron
nanoparticles [56-58]. The iron nanoparticles used in this

7

Fig. 1. Schematic diagram of the experimental set-up used for
oxidation of MTBE by UV/nZVI/H,O,. (1) UV lamp, (2) ORP and
pH meter, (3) DO meter, (4) electrical source, (5) quartz cell, (6)
circulator pump, (7) cooling water circulator system.
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study were synthesized by the sodium borohydride method
[569,60]. One of the most important advantages of this
method is its ease of use. According to the previous studies
[61-63], in order to synthesize nZVI with the borohydride
method, the nanoparticles were synthesized by the addition
of 0.1 molar sodium borohydride solution to a ferric chloride
solution (FeCl,-6H,O) at the ambient temperature. The 0.02
molar of ferric chloride solution was prepared by adding
0.5406 g of FeCl,-6H,0 in 100 mL of water—ethanol solution
with a volumetric ratio of 1/4.

2.3. Fenton oxidation process

Synthetic solutions were prepared at different concen-
trations of MTBE. Synthesized nZVI particles and H,O,
were added to the reaction solution and the UV lamp was
turned on at the beginning of the photo-Fenton oxidation
process.

The contact time of each oxidation process was 90 min
and the sampling process was conducted at specifi-
cally selected time intervals. After extraction of MTBE by
(e.g., liquid-liquid extraction method), extracts were imme-
diately injected to the gas chromatography (GC) device
to measure the concentration of MTBE. The values of pH,
ORP, and DO parameters were simultaneously measured
during the process by the installed probes in the reactor.

2.4. Analytical methods

The concentrations of MTBE were measured by the gas
chromatograph (0.25 mm x 60 m, J&W DB-624 GC-5890)
equipped with a flame ionization detector (FID). The injec-
tion port temperature was set at 180°C. The oven tempera-
ture was set to 50°C and ramped to 200°C at 50°C/min. The
detector temperature was 200°C. Helium gas was used as
a carrier gas. The scanning electron microscopy technique
(SEM) was used to determine the properties of the synthe-
sized iron nanoparticles.

3. Results and discussion
3.1. Analysis of prepared nZVI by TEM and SEM

According to the SEM image as it can be observed in
Fig. 2a, the particle size of synthesized granular Fe’ was less

than 100 nm in diameter. The measured diameter indicates
increases of available surface area and therefore the chemical
reactivity of nZVI particles. This observation was in agree-
ment with previous studies of nZVI synthesis by the sodium
borohydride method [51].

In addition, the TEM image (Fig. 2b) represents the pres-
ence of the core and shell layers of nZVI particles. The central
regions of nZVI particles that have a darker color than the
outer regions are the particle core, and the lighter color rep-
resents the shell of nZVI. The core is formed of zero-valent
metallic iron and the shell is formed of iron oxides. These
results are in good agreement with previous studies [47,59].

3.2. nZVI/H,O, concentration and MTBE removal

The oxidation of MTBE at different initial concentrations
of 0.05, 0.1, 0.25, and 0.5 mM (mmol/L) and in the presence
of different doses of H,0,/nZVI ratios (10:100, 20:200, and
30:300 mg/L), during a 90 min oxidation period was eval-
uated. In order to prepare the Fenton solution, the ratio of
1/10 of H,O,/nZVI was used.

Since acidic pH levels (3-5) have been found to be suit-
able for the Fenton oxidation process [64,65], the initial pH
of the solution was adjusted to 4. As it is shown in Fig. 3, at
the constant concentration of oxidants, the amount of MTBE
removal was decreased over oxidation time by increasing
the initial concentration of MTBE from 0.05 to 0.5 mm.

It can be attributed to the sufficient hydroxyl radicals
presented for oxidizing MTBE throughout the process at
lower concentrations of MTBE. However, increasing the
concentration of MTBE resulted in complete consumption
of all remained hydroxyl radicals which can make process
suffer from the lack of enough oxidants and consequently
reduced the oxidization rate of both MTBE and its interme-
diate compounds. The correlation of initial concentration of
MTBE and its removal efficiency at a constant concentration
of oxidants has also been reported in the literature [9,60,63].

In contrast, the increase of H,O,/nZVI concentration
(i.e., 10:100, 20:200, and 30:300 mg/L) led to an incensement
in MTBE removal due to the generation of more hydroxyl
radicals. According to Eq. (3), the chemical reaction between
nZVI and H,0, yields the production of *OH. Meanwhile,
H,0O, can absorb energy from UV irradiation leading to
the production of ‘OH. So, increasing the initial oxidant

Fig. 2. (a) SEM and (b) TEM images of synthesized nZVI.
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Fig. 3. Variation of MTBE concentration (C,/C) per time in different initial concentrations of MTBE (0.05, 0.25, 0.1, and 0.5 mM) in
different oxidant dose H,0,/nZVI (10:100#, 20:200®, and 30:3004).

concentration will increase the energy absorption and pro-
duction of more *OH [9]. Therefore, the normalized amount
of remained MTBE (C/C,) in the reaction solution depends on
its initial concentrations.

The *OH radicals produced by H,0,/nZVI/UV remove
the MTBE by simultaneous decomposition mechanisms of
the chemical bonds of organic pollutant and generation of
Fe*? ions [66]. It has been observed that in low initial con-
centrations of MTBE because of the efficiency of oxidation
is significantly high due to the presence of adequate oxi-
dant agents such as *OH in the solution. For instance, MTBE
with an influent concentration of 0.05 mM was completely
removed under 90 min of reaction time and all Fenton
doses. In contrast, similar observation only took place at
30:300 mg/L of H,O,/nZVI for the initial concentrations of
0.1 mM of MTBE.

According to the results, it can be concluded that the oxi-
dation efficiency strongly depends on the amount of *OH
produced inside the reactor. So that at the first 30 min of oxi-
dation time, the high removal rate of MTBE was observed
due to the presence of a high concentration of *‘OH. The
continuous reduction of MTBE concentration during the oxi-
dation process indicates the continuous production of Fe*
from the residual Fe’ nanoparticles in the reactor (Eq. (1)).
The produced Fe?* can be converted to the Fe** through the

reaction by the H,O,. This can lead to the enhancement of
pH level due to the generation of OH~ which is the other
product of reaction [Eq. (3)].

According to Fig. 3, increasing the H,0,/nZVI doses
led to the removal of higher concentrations of MTBE.
However, the observed improvement of the MTBE removal
was not equal at different ratios of H,0,/nZVI. When the oxi-
dizing dosage of H,O,/nZVI changed from 10:100 to 20:200,
the oxidation efficacy of MTBE significantly increased.
However, the final concentration of MTBE in the solution
was slightly different in H,0,/nZVI doses of 30:300 and
20:200. Therefore, it can be argued that the optimal point,
known as optimal dose ratio, is a relative concentration of
H,O0,/nZVI and MTBE which achieves the highest removal
of MTBE in the shortest time and the lowest dose of the
chemicals. In this study, the ratio of 20:200 was found to be
the optimal oxidation ratio for the studied MTBE concentra-
tions which can achieve up to 100% of MTBE removal.

3.3. Changes of pH, ORP, and DO
3.3.1. Changes of pH during the process

According to reactions (1)—(3), the production of hydroxyl
radical during the nZVI/H,O, oxidation process caused the
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oxidation of organic compounds. At high amounts of nZVI
(e.g., 300 mg/L), the production of Fe? can lead to the increase
of the hydroxyl radical production. In addition, according to
these reactions, the generated OH- can increase the pH level
of the solution during the oxidation process. The increase
in the pH level enhances the reaction of Fe* ions with OH~
which led to the formation and subsequently precipitation
of Fe(OH), and Fe(OH), [Egs. (8) and (9)]. Therefore, this
can prove the low dissolution of the soluble iron at high pH
levels.

Fe* + 20H" — Fe(OH) 4 (8)
4Fe(OH), + 2H,0 +O, — 4Fe(OH),{ )

As shown in Fig. 4a, the pH of the solution slowly
increased by the addition of H,O,/nZVI at the beginning
of the oxidation process. The reason is related to the con-
sumption of 2 moles of H" during the reaction between nZVI
and H,O, [Eq. (2)] as well as the production of OH" derived
from the ferrite ion reaction in the presence of H,O, [Eq. (4)].
It was found out that the rate of pH increase strongly
depends on the oxidizing agent dose. The results indicated
that the pH of the solution increased from 4 up to higher than
8 in the H,0,/nZVI ratio of 30:300 after 30 min of reaction
time. It can indicate the considerable amount of produced
OH- and consequently the formation of high amounts of
hydroxyl radicals. This phenomenon was not considerable
at oxidants doses less than 30:300. However, when the pH
reached the basic range, it caused the oxidation of Fe?" with
OH- and the generation of Fe(OH),. According to Eq. (8),
both the consumption of hydroxide ions and the decrease of
oxidant concentrations reduced the rate of OH~ production
during oxidation. Therefore, it resulted in reducing the pH
of the solution toward a neutral pH range (Fig. 4a).

3.3.2. Changes of DO during the process

In general, the addition of nZVI causes DO to be reduced
by the following reactions:

Fe"+ RX + H* — Fe?* + RH +X- (10)
2Fe’ + 2H,0 + O, - 2Fe? + 4OH" 11)
2Fe* + 2H,0 — 2Fe* + H, + 20H- (12)

According to Eq. (10), reduction of iron enhances the con-
sumption of hydrogen ions, which Fe’ nanoparticles react
with DO in Eq. (11), and releases hydroxyl radicals. As can
be observed, the reaction of nZVI oxidation with DO leads to
the production of Fe?" after the addition of nZVI to the solu-
tion. The produced Fe? from the nZVI oxidation was used in
another reaction to produce Fe*. The generated OH- during
reaction leads to an increase in the pH level of the solution.
The increased rate of pH was directly related to the amount
of nZVI. For instance, 2 mol OH- was generated from each
mole of nZVI [Eq. (12)].

It was found that the reduction of DO in the solution
was dependent on the initial concentrations of oxidants.

For instance, the DO concentration of the solution dropped
almost to zero in the oxidizing ratio of 30:300 after about
20 min from the beginning of the oxidation reaction. In con-
trast, the concentration of DO was stable at about 1.5 mg/L in
the oxidizing ratio of 10:100 even at 90 min of reaction time.

According to the previous studies, the amount of DO
rapidly decreased at the beginning of the oxidation process
by the addition of nZVI to the solution. However, in some
reports, the amount of DO was slowly increased which may
be contributed to the effect of surface aeration phenomena
[49,56]. However, this can only occur when the surface of
reaction solution is in contact with the air.

In the present study, an insignificant increase of the DO
level after the loss of oxygen concentration in the final stages
of oxidation was observed due to the improper isolation of
the reactor and the limited amount of air contacted with the
reaction solution. DO in aqueous solutions is a common oxi-
dizing agent that can accept electrons. In the conventional
nZVI process, DO can be consumed by the generated elec-
trons from the corrosion of nZVI in water. Therefore, the
concentration of DO decreased rapidly. This phenomenon
occurred due to the application of high amounts of nZVI or
the prolongation of the oxidation process (Fig. 4b). In cases
where the air is injected into the oxidation system, the oxy-
gen concentration recovered due to the continuous presence
of DO in the reaction solution. Therefore, oxygen always
acted as an oxidizing agent for the oxidation of nZVI, and
subsequently the oxidation of ferric hydroxide (Fe(OH),).
Therefore, the pH of the reaction solution increased due to
the production of OH™.

3.3.3. Changes of ORP during the process

In a Fenton process, both oxidation and reduction
reactions are involved. Therefore, the ORP of the reaction
medium can change during Fenton-based oxidation reac-
tions. ORP is one of the most important factors affecting the
overall oxidation process. Since variations in ORP values
affect both the concentration of the DO and the production
and consumption of OH™ and HY, it can also cause a variation
in the pH of the solution [67].

The ORP value decreased abruptly after the addition of
nZVI due to the high reduction potential of nZVI (-0.440 V)
(Eq. (13)). The higher dose of the nZVI will lead to a more
negative ORP [48].
Fe* +2e"— Fe E’=-0.440 V (13)

However, it was observed that the ORP rapidly increased
to a positive value by the addition of hydrogen peroxide to
the solution. The reason for this observation was correlated
to the high oxidizing potential of H,0, which caused the
generation of hydroxyl radicals and the formation of pre-
cipitations during the oxidation reaction. In the present
study, it was observed that the value of ORP had high fluc-
tuations during the oxidation process, which was occurred
due to the variations in the initial concentrations of oxi-
dants. The most significant change of ORP happened in the
initial oxidation ratio of 30:300. As presented in Fig. 4c, the
addition of nZVI to the reaction solution at the beginning
of the oxidation process, led to a sharp decrease in the ORP
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Fig. 4. Variation of (a) pH, (b) DO, and (c) ORP during the MTBE oxidation by UV/nZVI/H,O, at different oxidant doses (10:100#,

20:200m, and 30:3004).

and the domination of strongly negative conditions inside
the oxidation reactor. The logic behind that was the rapid
oxidation of the nanoparticle surface that occurred at the
early stages of the oxidation time. During the process, due
to the deposition of iron oxides on the outer surface of the
nanoparticles, the role of H,O, in the liberation of hydroxyl
radicals became more considerable and this led to a strong
positive ORP in the solution. However, the ORP value of the
reaction medium decreased again (Fig. 4c) due to the full
consumption of hydrogen peroxide, the low rate of produc-
tion of hydroxyl radicals as well as the lack of adequate sol-
uble oxygen. Thus, anaerobic conditions were dominated in
such a situation.

4. Conclusion

In the present study, the efficacy and performance of
UV/nZVI/H,0, AQP for the removal of MTBE were evalu-
ated by the measurement of variation of pH, DO, and ORP
levels during the process. It was observed that the efficiency
of MTBE degradation considerably depends on the con-
centrations of oxidants. At optimal oxidants dosages, the
oxidation method can remove up to 100% of MTBE under
laboratory conditions and therefore, it can be considered
as a promising option. Furthermore, it was observed that
the change of pH, DO, and ORP levels depend on the ini-
tial concentrations of both oxidant and MTBE. In addition,
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the changes in the amount of each of these factors can also
affect the rate and extent of oxidation. It can be concluded
that it is necessary to adjust the pH, DO, and ORP factors in
a suitable range in order to prevent the undesirable effects
during UV/H,0,/nZVI oxidation process. Therefore, all the
selected variables have a critical role in the performance of
the applied process and must be considered for efficient
removal of MTBE.
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