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a b s t r a c t

Diclofenac has been irradiated under UV-C light at 254 nm. The effect of some operating variables has
been investigated. The kinetics of the process has been analysed by means of the corresponding quantum
yield. The presence of free radical promoters has also been considered.
eywords:
iclofenac
hotolysis
uantum yield
eroxides

Diclofenac initial concentration plays an important role in its conversion profile. First order kinetics is
ruled out under the applied experimental conditions. The process efficiency is significantly enhanced if
oxygen is bubbled instead of air. Diclofenac quantum yield values in the range ≈0.1–0.3 mol Einstein−1

were obtained depending on the operating conditions used (air or oxygen) and the kinetic methodology
followed. The mineralization level achieved also increased from 30 to 80% when oxygen was sparged
instead of air. The presence of free radicals promoters did not improve the diclofenac removal efficiency.
. Introduction

The use of ultraviolet light radiation is a well established tech-
ology in drinking water facilities. UV-C radiation is an effective
echnology in drinking water treatment, achieving high cleaning
evels at low UV fluence dosages [1]. Additionally, in some cases,
his process can also be contemplated as a suitable route of pol-
utants elimination. Amongst other premises, photolytic processes
an be considered when contaminants absorb radiation and their
uantum yields are acceptably high. If this is not the case, UV
adiation can be combined with some substances to enhance the
fficiency of the overall process. Sensitizers are substances capable
f absorbing light leading to excited states. Excited molecules can
eact thereafter with target compounds to initiate the photolytic
rocess. Similarly to sensitizers, other species (i.e. peroxides) can
ndergo photolysis to generate free radicals in solution. Free radi-
als are powerful oxidants able to non-selectively react with a wide
ange of contaminants, regardless of the photolytic properties of
arget pollutants or the transparency of the aqueous matrix. Inor-
anic peroxides have extensively been used/tested when dealing

ith alternative water treatment technologies. Hence, hydrogen
eroxide in combination with UV-C radiation leads to formation of
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two hydroxyl radicals [2] according to:

H2O2
h�−→2 HO• (1)

Other peroxides that can also be used in a similar way are per-
carbonate and monopersulfate. These peroxides have not normally
been used in water treatment technologies, although some recent
works have used their potential oxidising power [3–6]. OXONE® is
the commercialized form of potassium monopersulfate. OXONE®

is a triple potassium salt whose active ingredient is the peroxy-
monosulfate, commonly known as monopersulfate. Activation of
the peroxymonopersulfate molecule under UV radiation or tem-
perature proceeds by scission of the peroxy bond according to [7]:

HOOSO−
3

Temperature, h�−→ HO• + SO−
4

• (2)

Both hydroxyl and sulfate radicals are powerful oxidants capa-
ble of destroying organic and inorganic compounds [8].

Percarbonate is a carbonate perhydrate: 2Na2CO3·3H2O2.
Sodium percarbonate is a source of highly concentrated hydrogen
peroxide with the advantage of stability and easiness of transporta-
tion if compared to solutions of concentrated H2O2. In aqueous
systems, the combination UV-C/Percarbonate is expected to show
a similar behaviour as the combination UV-C/H2O2 with some dif-
ferences. For instance, use of percarbonate involves the presence of

carbonates in the reaction media. Carbonates react with hydroxyl
radicals to form carbonate radicals according to:

HCO3
− + HO• → •CO3

− + H2O, k = 8.5 × 106 M−1 s−1 (3)

CO3
2− + HO• → •CO3

− + OH−, k = 4.2 × 108 M−1 s−1 (4)

dx.doi.org/10.1016/j.cej.2010.07.027
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Carbonate radicals can also attack hydrogen peroxide:

CO3
− + H2O2 → HCO3

− + HO2
•, k = 4.3 × 105 M−1 s−1 (5)

CO3
− + HO2

− → CO3
2− + HO2

•, k = 5.6 × 107 M−1 s−1 (6)

The hydroperoxyl radical, HO2
•, is more selective than HO•, pre-

enting, therefore, a lower reactivity. In this case carbonates are
onsidered as scavengers of hydroxyl radicals. Alternatively, car-
onate radicals might react with organic pollutants [9] contributing
o the efficiency of water treatment. The use of low pH (i.e. acidic
astewaters) could be a solution of carbonate scavenging effect

ecause of the formation and stripping of carbon dioxide.
Additionally, a slight change in reactivity in aqueous solution

ight be observed and attributed to the formation of true percar-
onates according to:

CO3
− + H2O2 → H2O + HCO4

− (7)

Percarbonate behaves as an electrophile moiety, however, it is
upposed that this molecule immediately decomposes under UV
adiation to give the corresponding radicals:

CO−
4

h�−→•CO−
3 + HO• (8)

In recent years, an increasing concern about the presence of
harmaceuticals in different types of waters is emerging. Special
larm is raised when dealing with sources of drinking water. Com-
only, conventional treatments used in drinking water facilities

re not efficient in pharmaceutical compounds removal. As a conse-
uence, undesirable effects can appear even when these substances
re present at trace levels [10]. Amongst the variety of pharmaceu-
icals, diclofenac has been considered in this study. This substance
s a non-steroidal anti-inflammatory drug meant to reduce inflam-

ation. Diclofenac is also used as analgesic. Its presence in surface
aters has been previously reported [11,12]. UV-254 nm photoly-

is of diclofenac has also been reported by Canonica et al. [1] and
ogna et al. [10]. In the first work some kinetic aspects related to

he process and the influence of water matrix nature was assessed,
ineralization level was not monitored. In the second work, total

rganic carbon evolution was reported to be negligible in the
hotolytic process. Additionally, the system UV/H2O2 was also con-
idered, although only one run was carried out. In the latter case,
owever, a 40% of mineralization was experienced.

This work is intended to analyse the diclofenac photolysis in
erms of diclofenac removal and also in terms of TOC removal.
he kinetics of the process has been studied by considering the
bsorbance evolution of the aqueous matrix at 254 nm. Quite often,
n photolytic processes, the 254 nm absorbance of the water bulk
s only considered at the beginning of the process and assumed to
ecrease with time. Additionally, the system UV/peroxide is also
onsidered in greater depth.

. Experimental

Experiments were carried out in a 1 L glass annular jacketed pho-
ochemical reactor (see Fig. 1) already described elsewhere [13]. An
ir or oxygen stream was continuously fed through a porous plate
ituated at the reactor bottom. Water pumped from a thermostatic
ath circulated through the reactor jacket to ensure a constant
emperature inside the reactor.

A 15 W HERAEUS low pressure mercury vapour lamp was used
or experiments carried out using UV-C radiation (254 nm).
Diclofenac and the rest of organics used in this work (Aldrich)
ere quantified at room temperature by UV absorption at 275 nm

or diclofenac and 254 nm for the rest. A high-performance liquid
hromatograph (Agilent Technologies, series 1100) equipped with
Chromasil C-18 column was used. The analysis was performed
Fig. 1. Photoreactor scheme.

in an isocratic mode (flow rate = 1.0 mL min−1). The mobile phase
used was a mixture of acetonitrile/water (70/30, v/v).

The total organic carbon content (TOC) of the samples was
measured using a Shimazdu TOC-VCSH analyser. Peroxides were
iodometrically analysed. The pH of the solution was measured with
a Crison 507 pH-meter. Absorbance of samples at 254 nm was mon-
itored by a Thermo Spectronic Helios � spectrophotometer.

3. Results and discussion

3.1. Preliminary experiments. Determination of apparent
radiation photon flux and optical pathlength

The first step taken in this work was the calculation of the main
parameters of the photolytic equipment used. Hydrogen perox-
ide actinometry experiments were carried out both at high and
at low concentrations [13]. From the simultaneous application of
Lambert–Beer equation and mass balance to a perfectly mixed
batch reactor, it follows that:

−dCH2O2

dt
= ϕH2O2 I0[1 − exp(−2.303LεH2O2 CH2O2 )] (9)

where ϕH2O2 = 1.0, is the hydrogen peroxide quantum yield at
254 nm, εH2O2 , is the hydrogen peroxide molar absorption coeffi-
cient (19 M−1 cm−1 at the circumneutral pH conditions used [13]),
I0 is the incident UV radiation photon flux per volume unit, L is the
radiation path and CH2O2 is the hydrogen peroxide concentration
at time t. From (9) the following simplifications can be obtained:
If: 2.303LεH2O2 CH2O2 > 4.6, then Eq. (9) simplifies to (after inte-
gration):

CH2O2 |t=t − CH2O2 |t=0 = ϕH2O2 I0t (10)
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ig. 2. UV-C photolysis of diclofenac. Influence of initial diclofenac concentration
CD0 ). Experimental conditions: pH0 = 5.2; T = 20 ◦C; V = 0.8 L; Inlet gas = air. Initial
iclofenac concentration (CD0 = mM): ©, 0.63; �, 0.10; �, 0.05; �, 0.01 (solid sym-
ols correspond to normalized absorbance evolution).

If: 2.303LεH2O2 CH2O2 < 0.1, then Eq. (9) simplifies to (after inte-
ration):

n
CH2O2 |t=0

CH2O2 |t=t
= 2.303LεH2O2 ϕH2O2 I0t (11)

Experiments conducted in triplicate (two in air saturated solu-
ions and the third in an oxygen saturated solution) in the
resence of 5.5 × 10−2 M of initial H2O2 concentration allowed for
he application of Eq. (10). A plot of hydrogen peroxide concen-
ration versus time led to a straight line (R2 > 0.99) with slope
H2O2 I0. The photon flux value obtained from the slope was
.27 ± 0.35 × 10−6 Einstein L−1 s−1. Additionally, three more exper-

ments (two in air saturated solutions and the third in an oxygen
aturated solution) were carried out in the presence of 1.0 × 10−3 M
f initial H2O2 concentration. A plot of the natural logarithm of
2O2 concentration versus time led to a straight line (R2 > 0.99).
rom the slope of the straight line and the value of I0 previously
btained, L was calculated as 3.2 ± 0.5 cm.

At this point it should be stated that light photon flux and path-
ength can be influenced by the presence of air/oxygen bubbles,
owever, since the actinometry experiments have been carried
ut under similar conditions as diclofenac photolysis, the values
btained for I0 and L can be applied to diclofenac phototransfor-
ation, even in the case that calculated I0 and L are not the true

alues.

.2. Diclofenac photolysis

.2.1. Influence of initial diclofenac concentration
The photolysis of diclofenac was firstly carried out in air satu-

ated solutions by modifying the initial concentration of the parent
ompound. Fig. 2 shows the normalized evolution of the phar-
aceutical compound as a function of time. From this figure it

s observed that the photolysis of diclofenac does not obey a first
rder kinetic law because: (1) Conversion–time curves do depend
n initial diclofenac concentration and (2) a plot of the natural log-
rithm for the normalized diclofenac concentration (not shown)
oes not strictly follow a straight line. A deeper analysis of the
urves reveals that the initial diclofenac removal rate is indepen-
ent of the initial concentration of the parent compound (initial rate
alues are calculated after differentiating a mathematical expres-

ion which is obtained from the fitting of the experimental points).
ence, values of 9.5, 10.9, 10.7, 9.13, 9.0 and 9.79 × 10−6 M min−1

ave been obtained for experiments conducted in the diclofenac
oncentration interval 6.3 × 10−4 to 5.0 × 10−5 M. By considering
hat the molar absorption coefficient of diclofenac (εD) at 254 nm
Fig. 3. UV-C photolysis of diclofenac. Influence of inlet gas nature. Experimental
conditions: pH0 = 5.2; T = 20 ◦C; V = 0.8 L; CD0 = 0.63 mM. ©, air; �, oxygen (solid
symbols correspond to TOC conversion).

is 4972 ± 243 M−1 cm−1 (similar to 4260 ± 130 given by Canonica
et al. [1]), it follows that the term 2.303LεDCD is relatively high
for the diclofenac concentration interval given above. Accordingly,
a zero order equation similar to (10) applies for the initial pho-
tolysis of diclofenac. However, the experiment conducted with
CD0 = 1 × 10−5 M leads to a value of 2.303LεDCD = 0.36, i.e. zero
order kinetics cannot be assumed. At these conditions the initial
diclofenac removal rate differs by a factor of twofold decrease from
the values given previously for runs conducted with diclofenac ini-
tial concentration above 5.0 × 10−5 M.

3.2.2. Influence of oxygen
Photolysis experiments of diclofenac aqueous solutions were

conducted under an oxygen stream of 40 L h−1. The results are
displayed in Fig. 3. From this figure it is observed the significant
effect that oxygen exerts on the process efficiency. Accordingly,
diclofenac half-life is reduced from 45 min in the presence of air
to roughly 10 min when the solution is bubbled with oxygen.
Moreover, the mineralization level obtained is also considerably
improved. In this case, bubbling oxygen increases the total oxi-
dation of diclofenac from a scarce 30% (in air saturated solutions)
up to a value >80%. The beneficial effect of oxygen has also been
reported previously by other authors [14]. The influence of oxygen
in photolytic processes can be attributed to different routes [15].
For instance, the excited triplet state of diclofenac can transfer its
energy to oxygen or alternatively an electron leading to the forma-
tion of the superoxide radical and the radical cation of diclofenac.
Photosensitization of oxygen by diclofenac has been reported in the
literature previously [16].

3.2.3. Quantum yield determination
3.2.3.1. Air saturated solutions. The diclofenac quantum yield in
photolytic experiments was calculated by numerical integration of
Eq. (12):

−dCD

dt
= ϕD

εDCD∑
iεiCi

I0

[
1 − exp

(
−2.303L

∑
i

εiCi

)]
(12)

where ϕD is the diclofenac quantum yield at 254 nm, εD is the
diclofenac molar absorption coefficient and

∑
iεiCi accounts for
the absorption of UV light of all the species present in solution.
The latter term was monitored along the experiments (see Fig. 2)
and fitted to a mathematical expression A254(t).

From (12), the only adjustable parameter was ϕD. Error val-
ues estimated as the squared differences between experimental
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Table 1
Diclofenac quantum yield determination by numerical integration of Eq. (12).

Inlet gas CD0 (mM) ϕD (mol Einstein−1) aR2

Air 0.01 0.081 0.98
Air 0.01 0.075 0.99
Air 0.05 0.098 0.97
Air 0.05 0.095 0.97
Air 0.10 0.089 0.98
Air 0.10 0.102 0.98
Air 0.63 0.047 0.99
Air 0.63 0.066 0.99
Air 0.63 0.052 0.99
Oxygen 0.20 0.172 0.99
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Table 2
Diclofenac quantum yield determination by competitive runs Eq. (14).

Inlet gas Reference ϕD (mol Einstein−1) aR2

Air Phenol 0.114 0.96
Air Acenaphthene 0.080 0.91
Air Pyruvic 0.100 0.93
Air Atrazine 0.095 0.95
Oxygen 0.20 0.151 0.98
Oxygen 0.20 0.165 0.99

a Correlation coefficient from the plot CDexp vs. CDmodel .

iclofenac concentration and model calculations

rror =
∑

(CDexp − CDmodel
)
2

(13)

ere minimized using the EXCEL add-in Solver. Fitted ϕD values
re shown in Table 1.

From Table 1 it is noticed an acceptable concordance in val-
es for experiments conducted in the initial diclofenac interval
–10 × 10−5 M. However, experiments conducted with the high-
st diclofenac concentration led to ϕD values significantly lower
twofold decrease). The reason for the latter anomalous result
elies on the deviation of the Lambert–Beer law of the diclofenac
olution, i.e. the initial absorbance of the solution was around
units cm−1 well above the recommended values of linear relation-

hip between absorbance and concentration for the used apparatus.
y only considering the first 6 runs in Table 1, the value of ϕD

s 0.088 ± 0.010 mol Einstein−1. Comparison to ϕD values given in
he literature [1] (of the order of 0.27 mol Einstein−1) results in
onsiderable lower quantum yields obtained in this work. The pho-
oreactor used in Ref. [1] was quite different to the experimental
etup used in this work, as a consequence, direct comparison of
alues should be taken with caution.

In any case, it is worth to highlight that in this investigation
bsorbance increases as the reaction progresses. For instance, as
n average, A254 raises up to 3.3 times from its initial value. As a
onsequence, the hypothesis of low optical density used in many
hotolysis related works may not be fulfilled along the whole reac-
ion period and, as a consequence, the simplification considered
similar to Eq. (11) in this study) cannot be applied. As inferred
rom Fig. 2, first order kinetics does not apply in diclofenac concen-
ration so apparent pseudo first order rate does not seem to be a
uitable option to calculate the quantum yield.

In an attempt to confirm the previous results, a second endeav-
ur to calculate ϕD was carried out using competitive photolysis
xperiments. Therefore, when two substances are present in solu-
ion it follows that:

dCD

dCRef
= ϕD

ϕRef

εDCD

εRefCRef
⇒ ln

CD

CD0

= ϕDεD

ϕRefεRef
ln

CRef

CRef0
(14)

here the subindex “Ref” stands for a reference compound.
Phenol, acenaphthene, pyruvic acid and atrazine were used as

eference substances. Obviously, calculated ϕD values were depen-
ent on the accuracy of photolytic parameters considered for the
eference compounds. For instance, different values can be found
or phenol quantum yield [17,18]. Additionally, in some cases (i.e.

yruvic acid) differences in photolytic reactivity between reference
ubstance and diclofenac led to a high uncertainty in the calculated
uantum yield.

From competitive experiments with phenol [17]
ϕPh = 0.05 mol Einstein−1, εPh = 516 M−1 cm−1), acenaphthene [13]
Oxygen Phenol 0.15–0.260 0.95
Oxygen Atrazine 0.304–0.332 0.94

a Correlation coefficient from the plot of Eq. (14).

(ϕAc = 0.0055 mol Einstein−1, εAc = 1333 M−1 cm−1), pyruvic [19]
(ϕPy = 0.038 mol Einstein−1, εPy = 87 M−1 cm−1) and atrazine [20]
(ϕAt = 0.05 mol Einstein−1, εAt = 2486 M−1 cm−1) the following ϕD
values were obtained 0.114, 0.080, 0.100 and 0.090 mol Einstein−1,
respectively (Table 2). No error is given for the previous values
since errors associated to reference parameters are not reported.

3.2.3.2. Oxygen saturated solutions. Eq. (12) was used to calcu-
late the diclofenac quantum yield in the presence of oxygen.
Experiments were carried out in triplicate (initial diclofenac con-
centration 2 × 10−4 M) and the results are shown in Table 1.

ϕD values in the range 0.15–0.17 mol Einstein−1 were obtained.
Additionally, some competitive experiments were also conducted
using phenol or atrazine (in triplicate) (Table 2). Values obtained
by this method differed by a factor of two if compared to results
obtained when diclofenac was photolysed in the absence of refer-
ence substances. In this way, the run completed in the presence
of phenol gave a diclofenac quantum yield of 0.26 mol Einstein−1.
Runs completed in the presence of atrazine (varying the initial
ratio diclofenac/atrazine) led to ϕD values of 0.304, 0.315 and
0.332 mol Einstein−1. Differences in quantum yield values obtained
by these two different approaches are difficult to explain. In
these competitive experiments, if Eq. (12) is applied to diclofenac
removal, calculated ϕD values are in the proximity of 0.15–0.16,
confirming the values obtained in the absence of reference com-
pounds. A plausible explanation could be the inhibiting effect of
oxygen in the phototransformation of phenol and atrazine. As a
consequence, the quantum yield of these two reference compounds
should be lower than the values used in experiments conducted in
air. However, some data from literature contradicts this hypoth-
esis. In this sense, Alapi and Dombi [21] report a higher phenol
photoreactivity in oxygen saturated solutions than in oxygen free
solutions. Quenching of excited states of the reference compounds
by the simultaneous presence of diclofenac and oxygen could also
account for the observed effect, however, the latter hypothesis has
not been tested.

3.3. Diclofenac photolysis in the presence of free radical
promoters

3.3.1. Experiments with OXONE® as promoter
To assess the possibility of improving the photolytic process, a

series of experiments were conducted by adding different amounts
of potassium monopersulfate. Fig. 4 shows the results obtained.
From Fig. 4 it is observed a general trend of no influence of monop-
ersulfate addition regardless of the gas introduced to the reactor
(air or oxygen). The effect is the consequence of the low absorption
capacity of the monopersulfate molecule. Accordingly, although
the calculated apparent quantum yield of HSO5

− is relatively high,
i.e. 2.88 mol Einstein−1 (standard deviation 0.23), under the condi-

tions used in this investigation, the absorption capacity of HSO5

−

at the highest concentration was only 0.08 units cm−1 (εHSO−
5

=
12.5 ± 0.12) compared to A254 for diclofenac above 3 units cm−1. It
has to be pointed out that a quantum yield above one is not accept-
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Fig. 5. Percarbonate promoted UV-C photolysis of diclofenac in air (unless stated).
Experimental conditions: T = 20 ◦C; V = 0.8 L; CD0 = 0.63 mM. CH2O20

from percar-
bonate (mM): ©, 0.0; �, 0.63; �, 1.26; �, 6.3 (solid symbols in the presence of
oxygen).
ig. 4. OXONE® promoted UV-C photolysis of diclofenac in air (unless stated). Exper-
mental conditions: T = 20 ◦C; V = 0.8 L; CD0 = 0.63 mM. COXONE®

0
(mM): ©, 0.0; �,

.16; �, 0.32; �, 0.63; ♦, 3.15 (solid symbols in the presence of oxygen).

ble from a theoretical point of view (i.e. a chain reaction must
roceed) that is why the terminology “apparent quantum yield” is
sed.

.3.2. Experiments with percarbonate and hydrogen peroxide as
romoters

The use of hydrogen peroxide at concentrations of the same
rder to the one considered in the case of OXONE® would theo-
etically lead to similar results, i.e. an initial H2O2 concentration of
0−3 M would give an absorbance of roughly 0.02 units cm−1, again
nfavourably compared to diclofenac absorption. However, based
n the results reported by Vogna et al. [10] who claimed a signif-
cant positive effect of H2O2 in the UV-C photolysis of diclofenac,
t was decided to conduct an experimental series by replacing the
queous solution of H2O2 by percarbonate. In Fig. 5 it is revealed
ow the presence of percarbonate negatively affects the diclofenac
emoval rate, moreover, it exerts a patent negative effect on TOC
limination. Considering that percarbonate dissolution is just an
lternative form for H2O2 addition, the results obtained in this
tudy manifestly are in opposition to those reported by Vogna et al.
10]. Nevertheless, it could be argued that percarbonate is not only
source of hydrogen peroxide but also a source of carbonates acting
s scavengers through reactions (3) and (4). The scavenging nature
f carbonates could be demonstrated by calculating quantum yield
or the hydrogen peroxide photolysis when percarbonate was the
ource of H2O2. The value obtained was ϕH2O2(from percarbonate) =
.47 + 0.09 mol Einstein−1, i.e. as expected, half of H2O2 in pure
ater. Furthermore, addition of percarbonate shifted the initial pH
f the aqueous solution to values close to 10–11, so direct com-
arison to non-promoted experiments could not be accomplished.
dditionally, Vogna et al. [10] used an initial concentration ratio
2O2/diclofenac of 5, much higher than the ratio used in this work

maximum value 1.6).

Fig. 6. Hydrogen peroxide promoted UV-C photolysis of diclofenac in air (unless
stated). Experimental conditions: T = 20 ◦C; V = 0.8 L; CD0 = 0.63 mM. CH2O20

(mM):
©, 0.0; �, 0.4; �, 0.7; �, 1.0 (solid symbols in the presence of oxygen).
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In any case, considering the precedent discussion, in a final
ttempt to improve the photolytic process, hydrogen peroxide
as directly used in the absence of scavengers. Fig. 6 once again

howed the negligible influence of the radical promoter, even for
H2O2/diclofenac ratio of 5.0 used in Ref. [10] (the latter results
ot shown). The reason seems to be the negligible absorption
f light by hydrogen peroxide (A254 = 5.7 × 10−2 units cm−1 when
H2O20

= 3 × 10−3 M). A similar effect has been reported for the
unlight photolysis of diclofenac in the presence of organic mat-
er from the Mississipi River. In this case, organic matter does not
ffect the process because of the domination of light screening by
iclofenac [22].

Increasing the absorption of UV light by H2O2 would involve
he increase in its initial concentration, however this is not rec-
mmended because of the high operating costs associated to the
se of high hydrogen peroxide concentrations and because of the
otential appearance of the scavenging nature of H2O2 when used

n excess:

2O2 + HO• → HO2
• + H2O, k = 2.7 × 107 M−1 s−1 (15)

O2
− + HO• → HO2

• + OH−, k = 8.3 × 109 M−1 s−1 (16)

. Conclusions

The most important conclusions derived from this work are:

Photolytic process kinetics is dependent on the medium
absorbance evolution. From a modelling point of view, simplifica-
tions assumed at the beginning of the process may not hold true
for the whole reaction period. Additionally, the approach used in
kinetics determinations should also be specified; hence, differ-
ent methodologies that apparently are valid can lead to different
parameters determination.
Given the significant influence of oxygen presence, its concen-
tration should also be considered when analysing the diclofenac
phototransformation.
In this work, UV-C radiation at 254 nm achieves high levels of TOC
removal, especially when oxygen is sparged into the diclofenac
aqueous solution.
As a rule of thumb, it can be suggested that addition of free rad-
ical promoters does not enhance the efficiency of the process
when irradiating substances with relatively high values of quan-
tum yield and molar absorption coefficient; moreover, a negative
effect can be experienced. Actually, concentration, quantum yield
and molar absorption coefficient should be simultaneously con-
sidered.
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