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ABSTRACT

The transformation of 1-Naphthol (1-NP) photoinduced by a natural iron oxide (NIO) in
aqueous suspension and the influence of oxalic acid have been investigated under mono-
chromatic irradiation (365 nm). The NIO was characterized by X-ray diffraction (XRD),
X-ray fluorescence, and Brunauer–Emmett–Teller methods. The XRD result shows that the
NIO consists of mixed crystalline hematite. A dark investigation of the system was per-
formed before studying the photochemical behavior. The experiment shows that the NIO
possesses a high adsorption capacity for 1-NP and its photodissolution was not observed.
Also, the experiment shows that the UV light alone could play an important role in the deg-
radation of 1-NP.After 3 h of irradiation at pH 9.4, 64.2% of 1-NP was degraded. The pres-
ence of the NIO was found to promote the photodegradation of 1-NP (72.1%) and the
process follows pseudo-first-order reaction kinetics. The photodegradation of 1-NP has been
studied at different pH (1.9–12) and catalyst loads (0.5–2.0 g L−1). The results demonstrated
that the phototransformation of 1-NP is enhanced by increasing the pH and the optimal ini-
tial concentration of the catalyst was found to be 1 g L−1. The involvement of •OH radicals
was ruled out because of the non-influence of tertiobutanol used as a scavenger. The effect
of the oxalic acid on the photodegradation of 1-NP by NIO was also investigated. The result
revealed that the oxalic acid promoted the photodegradation rate of 1-NP. This investigation
will give a new insight to understand the 1-NP photodegradation in natural environment.
Measuring chemical oxygen demand also monitors the toxicity of the degraded 1-NP solu-
tion and a significant decrease is observed, which implies that the photodegradation
through NIO is a safer technique.

Keywords: 1-Naphthol; Natural iron oxide; Oxalic acid; Heterogeneous photodegradation;
Photodissolution

1. Introduction

Contamination of surface water and groundwater
with aromatic compounds is one of the most serious
environmental problems the world faces today [1].

Numerous treatment technologies to eliminate or
reduce environmental problems have been developed,
such as biodegradation, adsorption, and photocataly-
sis. The photocatalysis technology has been widely
applied for degradation and mineralization of organic
pollutants [2–4]. TiO2 is the most commonly used
material owing to its high photocatalytic activity,*Corresponding author.
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chemical stability, and non-toxicity. However, because
of its wide band-gap energy (3.2 eV), TiO2 can only
absorb wavelengths in the near ultraviolet (UV) region
(λ < 400 nm), which significantly hinders its practical
application [5,6]. Consequently, while using the solar
energy, the photocatalyst should acquire small band-
gap energy less than 3 eV casing the major part of
solar spectrum. In this regard, iron oxide, which
acquires small band-gap energy of 2.3 eV, is one of the
best materials to utilize solar energy efficiently [7].
Adsorption is another widely used environmental
treatment technology. Adsorption techniques have
potential for removing organics from water due to
their high efficiency and ability to separate a wide
range of chemical compounds [8,9].

Iron oxides have been widely used as adsorbents
in wastewater treatment to remove organic and inor-
ganic pollutants [10–17]. Iron oxides, on the other
hand, are good alternatives for pollutants’ degradation
under visible light because of their stability, non-toxic-
ity, simple production, low cost, and abundance in
nature. In fact, there have been several success reports
using Fe2O3 and FeOOH as photocatalysts for degra-
dation of various pollutants such as chlorophenols
[18], aminophenols [19–21], 2,6-dimethylphenol [22],
atrazine [23], phenol [24,25], salicylic acid [26], and
dyes [27–29], although their efficiencies are quite low.

In fact, iron oxides and oxalic acid, which coexist
together in aquatic environments, can form a photo-
chemical system to conduct a photo-Fenton-like reac-
tion with much higher quantum efficiency than that of
the Fe(OH)2+ photochemical process or the photocata-
lytic reaction with iron oxides alone [30–35]. Oxalic
acid is first adsorbed on the surface of iron oxide to
form iron oxide–oxalate complexes of [≡FeIII
(C2O4)n]

3−2n, which can be excited to form a series of
radicals including oxalate radical (C2O4)

•−, carbon-
centered radical (CO2)

•−, superoxide ion (O2
•−),

•OOH, and hydroxyl radical (•OH). This hydroxyl
radical attacks the organic pollutants and is effective
in their mineralization.

1-Naphthol (1-NP), a large-scale hazardous indus-
trial chemical used for the manufacture of dyes, insec-
ticides, etc., is a metabolite of the insecticide carbaryl
(1-naphthyl methylcarbamate). Also, it affects the
reproductive hormone levels in adult men [36]. 1-NP,
which is one of the major by-products of naphthalene
degradation, is discharged from many industries, such
as dye, plastics, synthetic rubber, and asbestos produc-
tion, and is known to have similar toxicity to naphtha-
lene [37]. In addition, due to the substituted hydroxyl
group, it has a much higher solubility in water than
naphthalene, which can result in high levels of con-
tamination in aquatic and soil environments through

enhanced mobility. Because 1-NP can be released in
the environment, it is of great interest to investigate
the processes of 1-NP degradation that can occur in
the aquatic environment. The natural iron oxide (NIO)
used in this work comes from a mineral in Chaabet-
El-Ballout, which is located in Souk-Ahras, northeast
of Algeria. The analysis of the iron deposits from
Chaabet-El-Ballout revealed that they are mostly com-
posed of hematite Fe2O3.

In this paper, we present the results of our investi-
gation on the photodegradation kinetics of 1-NP in
aqueous NIO suspensions. Several key factors such as
the amount of the photocatalyst, initial 1-NP concen-
tration, oxygen, and pH value were studied to deter-
mine the optimum treatment conditions. A dark
investigation of the system NIO-water-1-NP was per-
formed before studying the photochemical behavior.
The role of oxalic acid in this photochemical process
was also demonstrated.

2. Experimental

2.1. Materials

The NIO was washed several times with distilled
water and dried at 45˚C. 1-NP (99% +Acros Organics),
sodium hydroxide (NaOH, 98% Carlo Erba Reagenti),
hydrochloric acid (HCl, 37% Merck), acetate sodium
(99%), acetic acid (99.5%), and sulfuric acid (98%)
were provided by Panreac. 1,10 phenantroline (>99%
Fluka), titanium (IV) oxysulfate solution (Sigma
Aldrich, Fluka analytical), oxalic acid (99.5% Prolabo),
dichromate (Aldrich), and methanol (99% VWR Pro-
labo) were used without further purification. Deion-
ized water (18.2 mΩ cm) from an ultrapure water
system (Simplicity UV, MILLIPORE) was used in all
experiments.

2.2. Characterization

The chemical composition of NIO fractions was
obtained by X-ray Fluorescence (CUBIX, PANALYTI-
CAL Ex PHILIPS). The crystalline phase formed in the
sample was determined by X-ray powder diffraction
(XRD, D8 Advance Bruker NXS) with monochromated
Cu-Kα radiation (40KV, 40mA). The specific surface
area (SBET) and total pore volume of NIO sample were
determined by the multipoint BET method using N2

as the adsorbate (Quantachrome instruments, USA).

2.3. Experimental setup and procedure

Degradation experiments were performed in con-
tainers made up of stainless steel cylinders, built upon
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a circular base. The solution was irradiated in a Pyrex
glass tube. It was placed vertically in the center of the
cylinder and irradiated by medium pressure mercury
lamps (Philips HPW 125) emitted at 365 nm. The pho-
toreactor tubes were placed in a Pyrex glass jacket of
a slightly larger diameter flushed by water; thus pro-
viding cooling and keeping constant temperature of
the irradiated solution. The solutions were magneti-
cally stirred during irradiations.

The reactor was first filled with the suspension
containing hematite particles. The required volume of
1-NP solution (50mL) or mixed solution of 1-NP and
oxalic acid was then added. The mixture was rapidly
fed. When necessary, the solutions were deoxygenated
at room temperature by continuous nitrogen bubbling
in the reactor. The samples withdrawn at different
reaction times were filtered with cellulose acetate fil-
ters (0.45 μm) to separate NIO particles. All experi-
ments were performed at T = 293 ± 1 K. The solution
pH was adjusted by 1.0M of HCl or NaOH and mea-
sured by means of an HANNA Instruments 8521 pH
meter. Chemical oxygen demand (COD) digestion
apparatus (Thermoreaktor CR 3200) was used for
determining COD.

2.4. Analytical methods

The remaining 1-NP during the photodegradation
was determined by HPLC (Shimadzu) equipped with
a controller model SCL-10A VP, photodiode-array
UV–vis detector model SPD-M10A VP, and two
pumps model LC 8A. The system is controlled by soft-
ware “Class VP5” for storing and processing of chro-
matograms. The analytical column is a C18 Supelco
(5 μm, 250 × 4.6 mm i.d). The methanol–ultrapure
water mixture (55:45) was used at mobile flow rate of
1mLmin−1 at room temperature. The detection wave-
length was at 290 nm. The UV–vis absorption spectra
were recorded employing a Unicam «Heλios α» spec-
trophotometer controlled by software “Vision”. Fe (II)
concentration was determined by the method of Zuo
[38] with o-phenantroline by measuring the absor-
bance at 510 nm of the complex (the molar absorption
coefficient: 11,040M−1 L cm−1 [39]). Hydrogen peroxide
was determined using titanium (IV) oxysulfate accord-
ing to DIN 38402H15.

3. Results and discussion

3.1. Catalyst properties

The NIO was analyzed by X-ray Fluorescence. The
chemical composition of NIO fractions is summarized
in Table 1. The X-ray diffraction (XRD) pattern as

shown in Fig. 1 confirmed that the NIO sample has
nine characteristic peaks of (012), (104), (110), (113),
(024), (116), (018), (214), and (300) attributable to
hematite [40] and three additional peaks at 2θ = 21.2,
29.5, and 36.67˚. The specific surface area of hematite
was 79.02m2/g and the total pore volume was 0.0893
cm3/g. The results show that the NIO is not pure and
contains predominantly hematite Fe2O3.

3.2. Characterization of 1-NP

The UV–visible spectra of 1-NP (10−4 M) in aque-
ous solution at experimental pH (pH 6.5) pointed out
in Fig. 2 shows a maximum absorption at λ = 290 nm
(ε = 4,560 ± 200 LM−1 cm−1) and a shoulder around
320 nm. For pH values above the pKa 1-NP
(pKa = 9.3), the shape of the UV–Visible spectrum sub-
strate changes because the anionic form is predomi-
nant. The absorption spectrum of the anionic form as
shown in Fig. 2 has two strips at 245 nm and the other
at 332 nm. There was a band shift of 42 nm. We can
note the good recovery of UV absorption spectrum
substrate and the solar emission spectrum. Thus, it
may undergo a phototransformation in the aquatic
environment.

3.3. Behavior of 1-NP-NIO system in absence of irradiation

A dark investigation of the system 1-NP-NIO was
performed before studying the photochemical behav-
ior. The solution containing mixture of 1-NP-NIO
(10−4 M, 1 g L−1) kept in dark at 20˚C was not stable in
terms of loss of 1-NP, when the mixture ages (Fig. 3).
Disappearance of 1-NP due to the addition of NIO
observed might be related to adsorption of 1-NP to
NIO under our experimental conditions.

The kinetics of 1-NP disappearance obtained by
HPLC and spectrophotometric (Fig. 3) indicate similar

Table 1
Chemical composition of NIO fractions obtained by X-ray
fluorescence

Compound formula Composition (%)

SiO2 4.75
Al2O3 0.38
Fe2O3 76.06
CaO 2.64
MgO 0.17
Cl 0.008
Na2O 0.000
K2O 0.026
SO3 0.04
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behavior showing a slight decrease which becomes
more important when the solution ages.

The chromatograms obtained during this reaction
do not show any formation of intermediate product.
These results confirm an adsorption on the surface of
NIO. The adsorption rate of 1-NP on the surface of
NIO particles obtained after 3 h of experimental exam-
ination was 30.96%.

3.3.1. Fe(II) formation

The presence of Fe(II) resulting from the dissolu-
tion of Fe2O3 was checked out in the filtered aliquots
by complexometry with ortho-phenantroline. Under
our experimental conditions, we were unable to detect
any release of iron II in the suspension either in the
presence or in the absence of 1-NP.

3.3.2. Effect of pH

The mixture of 1-NP-NIO (10−4M, 1 g L−1) at pH 2,
9.4, and 12 were followed at different times. The kinet-
ics of disappearance of 1-NP at natural and acidic pH
follows similar pattern as shown in Fig. 4. However,
at the basic pH, the rate of disappearance of 1-NP is
1.5% after 3 h.

The point of zero charge of hematite is pHpzc =
8.5–9.48 [40]. At pH’s < ppzc, the FeOHþ

2 groups pre-
dominate over FeO− groups, i.e. the surface has a net
positive charge. The adsorption of the catalyst on
1-NP is the result of the formation of a monodentate
surface complex, due to a chelation of electron
donator group (–OH) with the active site of Fe2O3

(Fig. 5). The pKa of 1-NP is equal to 9.3, for pH values
higher than pKa; the adsorption of 1-NP in basic
media is deprived by the repulsive forces which exist
between the anionic form of the substrate, predomi-
nant in this pH range, and the surface negatively
charged of Fe2O3 (FeO−). This explains the decrease in
the amounts adsorbed.

The percentages of the 1-NP disappearance
deduced from the kinetics at different pH (Table 2)
show that the efficiency of adsorption is higher in
acidic medium.

3.4. Photochemical behavior of 1-NP-NIO system

The irradiation experiments were carried out
immediately after mixing the reactants. This permits
us to neglect the contribution of the thermal pro-
cesses since the time scale of these processes is
much larger than the time scale of the irradiation
processes.
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Fig. 1. XRD pattern of the NIO.
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Fig. 2. UV–Visible spectrum of 1-NP (10−4 M) in aqueous
solution.

Fig. 3. UV–Visible spectral changes of 1-NP (10−4M) in the
mixture 1-NP/NIO (10−4 M, 1 g L−1) in the dark at 20˚C
and at natural pH = 9.4. The insert shows the absorbance
changes of 1-NP at 292 nm.
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3.4.1. Photodegradation of 1-NP by NIO

The elimination of 1-NP was studied at two differ-
ent experimental conditions: under UV illumination in
absence of NIO (photolysis) and under UV illumina-
tion in presence of NIO (photocatalysis). In Fig. 6, the
concentration of 1-NP is plotted as a function of reac-
tion time. It can be observed that 1-NP could be trans-
formed by UV light alone (λ = 365 nm).After 3 h of
illumination at pH 9.4, 64.2% of 1-NP was degraded.
However, in the presence of the NIO, the photodegra-
dation of 1-NP was promoted.

Iron (II) produced by charge separation in the pho-
toredox reaction was followed by complexometry. The
result showed that there no iron (II) was detected
under our conditions.

3.4.2. Influence of catalyst loading

Fig. 7 showed the effect of the Fe2O3 dosages on
the photodegradation of 1-NP with the initial concen-
tration of 10−4 M. The pH almost remained constant
during the course of the experiment, suggesting that
Fe2O3 has buffer capacity due to the charged surface
groups (≡FeOHþ

2 , ≡FeOH, ≡FeO−) [41].
An electron hole pair (hvb

+/ecb
−) is formed when a

photon with energy greater than the band gap of α-
Fe2O3, which is an active photocatalyst, is adsorbed.
The hole valence band (hvb

+) [EH = 2.3 eV] is a power-
ful oxidant and the electron conduction band (ecb

−)
[EH = 0.0 eV] is a relatively poor reductant. The cata-
lytic power of α-Fe2O3 is generally less effective com-
pared to TiO2, because of the fast recombination of
(hvb

+/ecb
−). This can be due to a high density of

intrinsic mid-band gap electronic states, internal defect
induced trap states, and, to a lesser extent, surface
defects [42,43].

The first-order kinetic constants k were 6.69 × 10−3

(R2 = 0.9459), 12.16 × 10−3 (R2 = 0.9825), 8.26 × 10−3 (R2 =
0.9363), and 8.01 × 10−3 (R2 = 0.9868) min−1 with the
dosage of 0.5, 1.0, 1.5, and 2.0 g L−1 of Fe2O3, respec-
tively. Obviously, there should be an optimal dosage

Table 2
Percentages of disappearance of 1-NP in the mixture 1-NP-
NIO (10−4M, 1 g L−1) at different pH levels

pH Disappearance rate (%)

2 39.70
9.4 30.96
12 1.50

0.0

0.2

0.4

0.6

0.8

1.0

C
/C

0

0 30 60 90 120 150 180

Time (min)

Photolysis

Fe
2
O

3

Fig. 6. Disappearance of 1-NP (10-4 M) in absence and in
the presence of Fe2O3 (1 g.L-1) under irradiation at 365 nm
and at pH = 9.4.

Fig. 4. Pathway of 1-NP adsorption on the surface of Fe2O3.

0.0

0.2

0.4

0.6

0.8

1.0

C/
C 0

0 30 60 90 120 150 180

Time (min)

pH = 2

pH = 9.4

pH = 12

Fig. 5. Disappearance of 1-NP during thermal reaction in
the mixture 1-NP-NIO (10−4 M, 1 g L−1) at different pH
levels.
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of 1 g L−1 for Fe2O3. In fact, excessive dosage of iron
oxide will limit the penetration of UV light in the
solution and lead to the quick decay of UV light
intensity.

3.4.3. Influence of 1-NP concentration

Experiments were carried out under different 1-NP
initial concentrations in the 1-NP- Fe2O3 system at the
natural pH of 9.4.

1-NP photodegradation by Fe2O3 was found to
occur according to the Langmuir–Hinshelwood rate
law, i.e.:

r ¼ � dC

dt
¼ kKC0

1þ KC0
(1)

The equation can be simplified to a pseudo-first-order
equation:

ln
C0

C
¼ kKt ¼ k’t (2)

The lines on the top right corner of the graph in
Fig. 8 were derived by plotting ln [C0/C] vs. time. The
first-order rate constants k’ (Table 3), represent the
slope of these plots. The experimental results obtained
(Table 3) show that the apparent kinetic constant k’
decreased with increasing 1-NP concentration. In other
words, the apparent kinetic constant k’ is inversely
proportional to C0 (C0 is the initial 1-NP concentra-
tion). Therefore, it can be derived that the photodegra-
dation of 1-NP by Fe2O3 follows a pseudo-first-order
kinetics.

3.4.4. Influence of pH

The effect of the pH on the rate of photodegrada-
tion of 1-NP was examined in the range 1.9–12 in an
aqueous NIO suspension. The results are depicted in
Fig. 9. The enhancing effect of increasing pH was due
to a higher oxidability of the anionic form of 1-NP in
comparison with the molecular form.

3.4.5. Influence of oxygen

1-NP-NIO suspensions (10−4M, 1 g L−1) were irra-
diated at 365 nm in deoxygenated (nitrogen bubbling),
aerated, and oxygen-saturated system. The corre-
sponding kinetics of disappearance of 1-NP repre-
sented in Fig. 10 illustrate that oxygen seems to be
necessary for 1-NP degradation.

3.4.6. Influence of tertiobutanol on the 1-NP-NIO
system

Tertiobutanol 1% (v/v) was added to some
1-NP-NIO suspensions in order to give evidence for
the formation of •OH radicals. Actually, tertiobutanol
is commonly used to quench hydroxyl radicals, the
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Fig. 7. The effect of NIO dosage on the photodegradation
of 1-NP (10−4M) under UV irradiation at pH = 9.4.
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Fig. 8. Plots of In [C0/C] vs. irradiation time for 1-NP
photodegradation runs carried out in the presence of
Fe2O3 (1 g L−1) and various concentrations of 1-NP.

Table 3
Photodegradation kinetics data of 1-NP by Fe2O3

C0 (M) k’ (min−1) R2

0.5 × 10−4 0.0129 0.9893
1 × 10−4 0.0122 0.9825
2 × 10−4 0.0085 0.9759
5 × 10−4 0.0058 0.9959
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rate constant of the reaction between •OH and tertio-
butanol is 6 × 108M−1 s−1 [44]. It was observed that the
degradation of 1-NP was not affected by the presence
of the alcohol (Fig. 11). It can be deduced that hydro-
xyl radicals are not involved in the process of 1-NP
degradation.

3.5. Influence of oxalic acid

Fig. 12 shows the degradation of 1-NP with an
initial concentration (C1-NP) 10−4 M under different
reaction conditions. Without UV light (dark) and
only with 1mM oxalic acid and 1 g L−1 NIO, 1-NP
concentration was decreased by 34.1% because 1-NP
was adsorbed on the surface of the NIO (curve a).
Under UV illumination without iron oxide and oxa-
lic acid, the removal percentage of 1-NP was about

64.2% after 3 h (curve b). Under UV illumination
with 1 g L−1 NIO and without oxalic acid, the
removal percentage of 1-NP was 72.1% after 3 h and
its first-order kinetic constant was determined to be
0.45 × 10−2 min−1 (curve c). When both 1mM oxalic
acid and 1 g L−1 NIO were added into the 1-NP
solution under UV illumination (curves d), the
removal percentage of 1-NP was significantly
increased up to 99.7% after 3 h reaction and its first-
order kinetic constant was determined to be 4.5 ×
10−2 min−1. The results indicate that the combination
of iron oxide, oxalate, and UV light is essential for
1-NP’s photodegradation. The photochemical process
in the presence of iron oxide and oxalate together
has been described in detail [45–47]. During the
photochemical reaction of Fe(III)−oxalate complexes,
many key intermediates are formed through the
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Fig. 9. Effect of pH on the photodegradation rate of 1-NP
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reactions, shown in Eqs. (3)−(8). These intermediates
include dissolved Fe(II) and Fe(III) species, adsorbed
Fe(II) and Fe(III) species, and the superoxides and
hydroperoxyl radicals (O2

•−/•OOH). H2O2 can be
obtained by the dismutation of O2

•−/•OOH, as per
Eqs. (9) and (10). After H2O2 was formed, the classi-
cal Fenton reaction takes place with Fe(II) species
(the photo-reduction products of Fe(III) species) to
form •OH, as Eq. (11). This was the reason why
1-NP photodegradation was enhanced greatly in the
presence of oxalate.

Iron oxide þ n H2C2O4 $ ½� FeðC2O4Þn�ð2n�3Þ� (3)

½� FeðC2O4Þn�ð2n�3Þ� þ hm ! FeðC2O4Þ2�2
ðor � FeðC2O4Þ2�2 Þ þ ðC2O4Þ��

(4)

FeIIIðC2O4Þ3�2n
n þ hm ! ½FeIIðC2O4Þðn�1Þ�ð4�2nÞ þ ðC2O4Þ��

(5)

ðC2O4Þ�� ! CO2 þ CO��
2 (6)

CO2
�� þO2 ! CO2 þO��

2 (7)

O2
�� þ Hþ ! �OOH (8)

O2
�� þ Fe3þ ! Fe2þ þO2 (9)

O��
2 = �OOHþ nHþ þ Fe2þ ! Fe3þ þ H2O2 (10)

Fe2þ þ H2O2 ! Fe3þ þ OH� þ � OH (11)

3.5.1. The formation of Fe2+and hydrogen peroxide

It can be seen from Fig. 12 that the photodecompo-
sition of 1-NP is faster with the NIO and the oxalic
acid than that with NIO alone because in the absence
of oxalic acid, no dissolved Fe2+ was found and no
H2O2 was detected within 3 h of irradiation (data not
shown). On the other hand, in the presence of oxalic
acid, small amounts of dissolved Fe2+ in the range of
0.01–0.18mM were detected, as illustrated in Fig. 13.
Dissolved Fe2+ will react with H2O2 generated (Eq. 10)
to form the most reactive oxidant (•OH) in
this system. In the dark, dissolved Fe3+ was formed by
the desorption of surface Fe(III)-oxalate complexes,
and Fe(II) was generated by the slow reductive
dissolution.

3.5.2. Influence of tertiobutanol on the 1-NP-NIO-
oxalic acid system

Contrary to the disapperance of 1-NP in the mix-
ture 1-NP/NIO, that was insensitive to tertiobutanol,
the degradation of 1-NP in the mixture 1-NP/NIO/
Oxalic acid (10−4 M, 1 g L−1, 1 mM) was 26.1% inhib-
ited in the presence of 1% of tertiobutanol (Fig. 14).
Thus, the transformation is not only due to hydroxyl
radicals. Another reactive species, which does not
react with alcohol, is necessarily involved. This species
are most probably positive holes h+ formed on the
irradiated photocatalyst, which react with the
adsorbed molecules.

Fig. 13. The variation of dissolved Fe2+ and H2O2 during
1-NP photodegradation under an initial concentration of
1mM oxalic acid.
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0.0

0.2

0.4

0.6

0.8

1.0

C
/C

0

Time (min)

Without tertiobutanol 

 1 % tertiobutanol

Fig. 14. Effect of tertiobutanol on the photodegradation of
1-NP (10−4 M) in presence of NIO (1 g L−1) and oxalic acid
(1mM).
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4. Chemical oxygen demand

The COD is an effective technique to measure the
strength of organic content present in wastewater.
This test allows the measurement of total quantity of
oxygen required for the complete oxidation of organic
matter to carbon dioxide and water. In order to verify
that the 1-NP encountered a total mineralization, the
COD of its solution was determined before and after
the treatment. This was performed on the two pro-
cesses studied in this paper (with NIO alone and with
NIO/Oxalate systems). To measure the COD, we used
the method presented by Thomas and Mazas [48]. We
observed a significant decrease in the COD values of
the1-NP solution from 36.80 to 3.31mg L−1 in the case
of the photocatalyzed process with NIO and from
99.84 to 3.04 mg L−1 in the case of photocatalyzed pro-
cess with NIO/Oxalate. The significant decrease in the
COD values indicates the high potential of the NIO-
catalyzed photodegradation processes for the removal
of 1-NP from wastewater.

5. Conclusion

The experiments confirmed the efficiency of the
NIO used in this study for the degradation of 1-NP.
The photodegradation of 1-NP depended significantly
on various factors including the initial pH value, the
amount of iron oxide and the presence of oxygen. A
reduction of the consumption rate of 1-NP has been
recorded decreasing the pH of the solution. An impor-
tant effect of oxygen was observed. The results indicate
that the oxidation process is not sustained by the inter-
vention of •OH radicals as for other photocatalytic sys-
tems and the formation of iron (II) could not be
detected in 1-NP-NIO-UV system. The existence of oxa-
lic acid together with NIO can achieve much faster deg-
radation of 1-NP in aqueous solution than NIO alone.
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