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Abstract

The oxidation of fresh and saline wastewater containing an endocrine disrupting chemical (butylated hydroxyanisole, BHA) under different
reaction conditions by ozonation and O3/H, O, was investigated at various pH levels. The observed pseudo-first-order reaction kinetics was justified
through a combined direct ozone and indirect radical oxidation approach for the ozonation process. The BHA decay rates increased with the increase
of the solution pH, but decreased as the NaCl concentration increased because of the consumption of ozone by chloride. A kinetic model was
therefore derived for predicting BHA degradation at various initial pH levels and NaCl concentrations. For the O3/H,0, and O3/H,0,/CI~ processes,
the rate of BHA removal was investigated at hydrogen peroxide concentration ranged from 0.5 to 5 mM at pH 7. Different optimal H,O, dosages
and decay rates were found for both processes due to the participation of reactions among O3, H,O,, OH® and CI~ as discussed in the paper.

© 2006 Elsevier B.V. All rights reserved.
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1. Introduction

Butylated hydroxyanisole (BHA) is recognized as an
endocrine disruptor chemical (EDC) in animal experiments
[1-3]. It is a synthetic antioxidant which has been widely used
to preserve and stabilize the freshness, nutrition, flavour and
colour of food and animal feed products [4]. It was also added to
edible fats and fat-containing food as an antioxidant, which pre-
vents food from becoming rancid and developing objectionable
odours. However, its use is not permitted in some countries such
as Japan, because BHA could be tumour promoter [5]. Recently,
numerous studies have shown the carcinogenicity of BHA in
rat and hamster fore stomach, disturbance in mitochondrial
electron transport, slightly oestrogenic to breast cancer cells,
binds rainbow trout oestrogen receptor and claimed to stim-
ulate transcriptional activity of the human oestrogen receptor
[4,6].

In this study, BHA is selected as the probe for the inves-
tigation of the treatability by an advanced oxidation process
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(AOP): O3/H,0; system. Karimi et al. [7] has defined the AOP
as processes which involved the generation of hydroxyl radicals
in sufficient quantity, such as O3/OH™, O3/H,03, FeZ*/H,0,,
UVC/H,0,, UVC/O3 and UVA/TiO; [8]. Kamenev et al. [9]
investigated the effect of HoO» concentration, [H>O3], on the
removal of phenol in O3/H;0, process and did not observe
any significant impact on the oxidation efficiency for H,O,
doses ranging between 0.29 and 0.88 mM. It is postulated that
these concentrations were relatively high comparing to the
low concentrations of phenol (0.04 mg/L or 0.42 uM). There-
fore, the effects of HyO; could not be observed. On the other
hand, Gulyas et al. [10] reported that the significant influence
of H,O, concentration on the removal of triethylene glycol
dimethylether during O3/H,O; oxidation process. Therefore an
optimum dosage of HyO» towards ozonation is necessary for
investigation.

Sodium chloride is commonly used as retarding agents or
exhausting agents in textile industries with a concentration
ranging from 5 to 100 ppt (part per thousand salinity or g/L)
[11,12]. In Hong Kong, seawater is used for flushing pur-
pose. The wastewater received by treatment works is usually
salty (salinity of seawater is about 30 ppt) with an average pH
level of 8 [13]. The chloride ions in wastewater may exert
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interference toward the performance of ozonation either in
acidic or alkaline conditions. Muthukumar and Selvakumar
[14] reported that presence of salts content in the acid dye
effluent increase the complete decolouration time and hence
decrease the decolouration efficiency of ozone. Therefore, the
presence of NaCl in the treatment was simulated in this study as
well.

2. Materials and methods

The butylated hydroxyanisole (BHA) was obtained from
Sigma—Aldrich® (98.1% Purity, CAS: 25013-16-5). Sodium
chloride and hydrogen peroxide (30%, w/w) were obtained from
VWR International Ltd. and Junsei Chemical Co. Ltd. (Japan),
respectively. All the solutions were prepared by 18 M2 deion-
ized distilled water from a Bamstead NANO pure water treat-
ment system. All chemicals and solvents are of HPLC grade, and
they are used without further purification. For pH adjustment,
0.1 M sulphuric acid or 0.1 M sodium hydroxide was used. All
experiments were carried out at a controlled room temperature
at23£2°C.

For the ozonation process, the experiments were carried out
in a 1000ml cylindrical contact tower, where the deionized
water solution was pre-ozonated for 10 min (to reach satura-
tion of ozone). Ozone gas was fed continuously into the reactor
throughout the reaction with a glass sparger for better gas trans-
fer and mixing. The OZAT® ozone generator (CFS-1A from
Ozonia Ltd.) using oxygen as the source generated 0.018 mM
(0.88mg/L) saturated ozone at a flowrate of 1 Lmin~!. The
dissolved ozone concentration was determined by Indigo spec-
trometric method.

Sample analysis by HPLC was carried out using a chromato-
graph equipped with a pump (Waters 515), an ISCO injector
(with a 20 pl loop), a C8, 250 mm x 4.6 mm, 5 pum particle
size Restek® Pinnacle Il column, and a Waters™ 486 Tun-
able Absorbance Detector. The mobile phase was 70% (v/v)
acetonitrile and 30% distilled-deionised water, and the flow
rate was 1.0ml/min. The detection wavelength for BHA was
226 nm, which were pre-determined as the maximum absorp-
tion wavelengths (Amax) by a Spectronic Genesys 2™ UV-vis
Spectrophotometer.

Ineach test, 0.2 mM of BHA (36 mg/L) in a continuous ozone
purging mode was applied to investigate the reaction kinetics
of BHA ozonation (i.e. 0.024 mg O3/mg BHA™"). Three initial
pH levels at 3, 7, and 11 were used to examine the conse-
quence of the initial pH levels to the overall reaction rates.
Samples were collected from the base of the contact tower at
specific time intervals (0, 1.5, 3, 5, 8, 10 and 20 min) and reac-
tion was quenched by excess sodium thiosulphate [15,16]. For
those experiments involving H,O,, different concentration of
H;0, (0.5-5mM) has been spiked simultaneously before the
reaction start, in order to quench the residual hydrogen per-
oxide in the sample, excessive methanol [17] is previously
added into the vials in a 1:1 ratio. Experiments involving the
salt were carried out by addition of 10, 20, 30 ppt NaCl to
the pre-ozonated solution and followed by the introduction of
BHA.

3. Results and discussion

3.1. Quantitative prediction: decay kinetics of BHA under
different conditions

The ozonation of BHA at different initial pH levels and NaCl
concentration was examined. More than 98% of 0.2 mM BHA
could be removed by continuous feeding of ozone at 0.018 mM
in 20 min when no NaCl was present in the solution, where the
decay rates of BHA were found to follow pseudo-first-order
kinetics (Fig. 1). In the presence of NaCl, the interfering effect
causing the drop of ozonation efficiency was observed at three
different salinities (10, 20, and 30 ppt NaCl), and Fig. 2 (solid
lines) shown one of the typical example (i.e. 30 ppt). The kinetic
rate constants of ozonation reduced by 10%, 13% and 16%
after the addition of 10, 20, and 30 ppt of NaCl, respectively.
Therefore, it should be useful to establish a model that pre-
dicted the suppression effect for the proper reactor design when
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Fig. 1. Ozonation of 0.2 mM BHA at pH 7 in a pseudo-first-order kinetics.
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Fig. 2. Removal efficiency of 0.2 mM BHA by different ozonation conditions
at pH level of 7.
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Fig. 3. The correlation between the BHA decay rate constant of the pseudo-
first-order kinetics (k) and the [NaCl] at different initial pH.

salty wastewater was involved. It was interesting to note that
the ozonation of BHA in the presence of NaCl can be described
by a simple pseudo-first-order kinetics and the rate constants are
highly correlated to either initial pH level or NaCl concentration,
see Figs. 3 and 4.

According to our previous studies [15], the ozonation in a
continuous purging mode can be formulated by Eq. (1), in which
the oxidising ability of ozone is the combination of direct oxi-
dation by molecular ozone and indirect oxidation by hydroxyl
free radicals. The concentration of hydroxyl radicals [OH®] is
pH dependent and can be related to the hydroxide ion [OH™]
and [O3] in solution [18]. In addition, the hydroxyl radicals and
ozone concentration in the solution can be assumed to be con-
stants through the continuous ozone supply:

d[BHA]
dt

= —ko[O3]1[BHA] + kou[OH™1[03][BHA] ey
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Fig. 4. The correlation between the BHA decay rate constant of the pseudo-
first-order kinetics (k) and the initial pH levels at different [NaCl] concentrations
(ppt).

where [BHA], [O3] and [OH™] are the concentrations of BHA,
ozone and hydroxide ion, and ko and k¢ are their correspond-
ing kinetic rate constants. In this study, the change of pH levels
during the reaction was found insignificant, so the variation of
transaction rate from O3z to OH® during the process can be
neglected. This will simplify the modeling work, and the ini-
tial pH level was therefore used as the determining parameter in
simulating the process.

It was known that the presence of C1~ will consume O3 and
form the less reactive O in solution as shown below [19]:

ClI" 4+ 03— ClIO” +0, (2)

Because CI™ acts as a catalyst and can be regenerated in the
solution, the attenuation effect to the available ozone concen-
tration should be closed to a constant in a continuous ozonation
process, therefore the Eq. (1) can be modified as below:

d[BHA]
dt

= —(ko[O3]m + kou[OH ™ 1[03])[BHA] 3

where [O3 ], is the modified ozone concentration in the solution.
When the terms in the bracket (ko[O3]p, + kg [OH™1[03],,) are
all constants, the Eq. (3) can be simplified to

d[BHA]
dt

= —k[BHA] or [BHA]= [BHA]ye ¥ “)

where ¢ is the reaction time, [BHA]( the initial BHA concen-
tration and k is the overall pseudo-first-order rate constant. By
cross examining the kinetic data of BHA decay, it was found
that the BHA decay always followed pseudo-first-order kinetics
no matter the NaCl was involved or not, so the assumption in
deriving Eq. (4) is valid. As a result, the overall rate constant
k is likely dominated by both the initial pH level and sodium
chloride concentration.

3.2. Prediction of the NaCl suppressing-effect

To validate the dependency of the rate constants to the two
proposed determining parameters, an analysis of the rate con-
stants in terms of the pH and [NaCl] was conducted as shown in
Figs. 3 and 4. These figures showed a precise linear correlation
between k versus pH and k versus [NaCl]. This suggests that
the pseudo-first-order rate constant can be predicted by a linear
increment or reduction of either the pH level or the [NaCl] in the
solution. In addition, all the correlations are parallel lines with
non-zero intercepts on y-axis, while the trends declining and
inclining with [NaCl] and pH level, respectively. Therefore, the
combined effects can be simulated by using multiple-regression
via a graphical approach and a general form of this model is
defined below:

k = m1(pH) 4+ m2[NaCl] 4 ¢ (®)]

By incorporating the y-intercepts from Figs. 3 and 4, the over-
all slopes (i.e. m; and my) and intercept (c¢) in Eq. (5) could
be derived, as shown in Fig. 5. The linear model for pseudo-
first-order rate constant for various pH and NaCl conditions,
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Fig. 5. A graphical approach to analyze the proposed linear model m; and m;y
are the slopes and c is the intercept for Eq. (5).

therefore, is derived:
k=432x1073 (pH) — 5.94 x 10~ [NaCl] + 0.1606 (6)

The slopes (m and my) are the weight coefficients of the initial
pH and NaCl concentration, respectively. The positive and neg-
ative signs before the slopes indicate the overall k will increase
and decrease with the pH and NaCl in the solution, which agrees
with our observations. A common intercept (c¢) for correcting the
two slopes was determined to be 0.1606 with a minimal error
as indicated in Fig. 5. By substituting Eq. (6) into Eq. (4), the
kinetic model in predicting the BHA decay at various pH levels
and NaCl concentrations could be derived as follows:

[BHA] = [BHA] exp{—4.32 x 1073 (pH) — 5.94
x 104 [NaCl] + 0.1606)¢} (7

Eq. (7) has been verified by the experimental data as shown
in Fig. 6, where the predicted pseudo-first-order decay curves
and the experimental data at different initial pH levels and NaCl
concentrations fitted very well. This indicates that the proposed
model is capable of predicting the decay of BHA through the
proposed kinetic approach and the assumptions made in the
derivation procedures are valid.

3.3. Effect of hydrogen peroxide concentration

Hydrogen peroxide was suggested as a ubiquitous compound
present in natural waters at low levels generally ranging from
0.015t00.412 pMin seawater and 0.03—-0.882 wM in fresh water
[20]. According to a control test of applying 1 mM H,O;, see
Fig. 2, the removal of BHA was very low (only 10% removal),
which suggests the level of natural-occurring H>O» is difficult
initiate noticeable degradation of BHA.

Since hydrogen peroxide is not an effective oxidant for the
removal of BHA, the use of H,O, together with ozone could
be a better alternative for the same purpose. HyO> can be used
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Fig. 6. A comparison of experimental data and predicted BHA decay curves
using Eq. (7) at different pH levels (with addition of 30 ppt NaCl).

as the source in generating OH® in the O3/H2O; process; how-
ever, it may also perform as a scavenger for hydroxyl radicals
if overdosed. Hence it is critical to determine the optimal H,O»
concentration for application purpose.

Therefore ozonation process in the presence of HyO, was
investigated, and two typical BHA decay curves (with and with-
out NaCl) were shown and compared with other processes
at Fig. 2 (dotted lines). The degradation of BHA by using
03/H0; still follows the pseudo-first-order decay kinetics,
while O3/H,0» resulted in the fastest BHA decay among the
other processes. The NaCl again can induced a suppression
effect in the O3/H,O; process due to the consumption of ozone,
which results in a ranking of the rates in the descending order
of O3/H,0O,, O3, O3/H,0O,/C1~, and O3/CI~. Because the rate
reduction due to the presence of NaCl is apparently not avoid-
able, it is suggested to lessen such an interfering effect of salt by
improving the process performance through the adjustment of
H,0; dosage. To quantify the rate enhancing and/or retarding
effects of adding H>O; in the ozonation process, a typical case
of the BHA degradation at pH 7 with and without 30 ppt NaCl
was chosen for detail investigation so as to simulate the case of
seawater using for flushing in Hong Kong.

The ozonation of BHA was therefore conducted at various
H»0O; dosages ranging from 0.5 to 5.0 mM, and the variation of
kinetics rate constants are illustrated at Fig. 7. It was noticed
that both ozonation (i.e. without using H,O,) and O3/H;0,
processes exhibited two distinct phases, no matter NaCl was
involved or not. In general, an increment of rate was observed
as [HpO»] increased, but the rate would be retarded when
the [H>O3,] was overdosed. It was interesting to note that the
observed optimal dosages of HyO, were different at 1.5 and
1.0 mM with a 99 and 97% removal of 0.2 mM BHA at 20 min
for the case without and with NaCl, respectively.

The BHA decay rate improvement at lower [H,O»] is simply
due to the formation of more hydroxyl radical using H, O as the
source (where hydroperoxide ions is the major promoter of the



W. Chu, TK. Lau / Journal of Hazardous Materials 144 (2007) 249-254 253

0.26

—&— Ozonation only
0.24

AL —#— Ozone + 30 ppt NaCl
-7-.9-""---..
()_22-// P

0.20 |

0.18 |

k (min-1)
L]

0.16 F e

0.14 |-

Suppression effect

0.12

0.10

0 1 2 3 4 ] 6
[H,05] (mM)

Fig. 7. The backward-shifting optimum H>O, dosage via comparison of the
decay rate constant of BHA ozonation with and without addition of NaCl at pH
7 (—); incremental stage; (- - -) retardation stage; the zone of suppression effect
in dashed box).

chain reaction or via the dissociation reaction of O3 to oxygen
atom as the precursor of hydroxyl radical formation) as indicated
in Eq. (8), detailed intermediate reaction can be found in other
studies [16,21]:

203 +HyO, — 20H* + 30, 8)

The reason causing the rate retardation ay higher [H>O;] is
because the consumption of hydroxyl radical by H,O;, which
forms weaker radicals (such as HOO?®) in the solution [22,23].
This mechanism will become more significant if high [OH®]
and [H>O3] are both present simultaneously, which reduces the
effective level of both hydrogen peroxide and hydroxyl radical
in the solution and, therefore, the decay rate of BHA. In addi-
tion, a slightly shifting of optimal [H>O»] to the lower side was
observed in the presence of salt, which is likely due to the con-
sumption of ozone by chloride ion as indicated in Eq. (2). Under
these circumstances, the effective ozone concentration in the
solution is lowered and results in a higher H,O,/O3 ratio com-
paring to that without C1~. Because the free H>O» not reacting
to the ozone is relatively increased for the case with NaCl, the
overdose of H,O, shows up earlier at a lower dose.

In the HyO,/0O3/C1™ process, a significant reduction of all
the rate constants than that of HyO,/O3 process through out the
tested H,O, dosages was observed as expected, however, it is
surprise to note a suppression effect, in which the addition of
high dose of H,O; results in a lower BHA decay rate than that
without using H,O; (see Fig. 7).

The chloride in the saline solution apparently not only con-
sumes ozone but also reacts with hydroxyl radicals (Egs. (9) and
(10)), where the available hydroxyl radical for the oxidation of
BHA will be largely reduced. In addition, other than the gener-
ation of weak HOO® as indicated before, another weak oxidant
Cl, will be generated in the system (the oxidation potential of
ozone and chlorine is 2.08 and 1.36 V, respectively) [24] by con-

suming ozone via the reaction with hydroxyl radical. Because
the overdose of HyO; can induce faster generations of chlorine
and HOO?® and results in lower ozone and hydroxyl radical con-
centrations in the solution, the overall oxidation capability of
the system (and therefore the removal of BHA) is significantly
reduced at higher H,O, levels:

Cl” +0OH* — CI1* + OH™ C))

Cl” +CI* — Clp+e™ (10)
4. Conclusions

The ozonation of BHA with or without the presence of NaCl
follows pseudo-first-order kinetics and it shows that ozonation
is an effective approach to remove one typical EDC compound
(BHA). The presence of NaCl in the solution reduces the effi-
ciency of BHA degradation by ozonation in all the pH ranges.
Kinetic study reveals that the reaction rate constant is dom-
inated by NaCl concentration and initial pH level. A kinetic
model was proposed and found feasible to be used in predict-
ing BHA-contaminated wastewater at different salinity through
such a kinetic approach.

In this study, HyO»-aided ozonation, as one of the advanced
oxidation processes has shown its advantages in improving
the removal efficiency of BHA, not only to the fresh water
solution but also to the saline water. Optimum concentra-
tions of hydrogen peroxide of 1.5 and 1.0 mM were observed
for fresh and saline water systems, respectively, for a sys-
tem of 0.024 mg O3z/mg BHA. The reactions of chloride to the
ozone and hydroxyl radicals (that generated from either O3 or
03/H,0,) are the main reason to cause the retardation of BHA
decay. However, the adverse effect of NaCl could be minimized
by the addition of properly selected dose of hydrogen peroxide.

Acknowledgements

The work described in this paper was fully supported
by a grant from the Research Grants Council of the Hong
Kong Special Administrative Region, China (Project No. PolyU
5038/02E). The authors would like to thank Mr. W.S. Lam for
technical support in the laboratory and C.M. Lee for his contri-
bution on this study.

References

[1] T.A. Sarafian, S. Kouyoumjian, D. Tashkin, M.D. Roth, Synergistic cyto-
toxicity of b 9-tetrahydrocannabinol and butylated hydroxyanisole, Toxi-
col. Lett. 133 (2/3) (2002) 171-179.

[2] F. Nagai, T. Okubo, K. Ushiyama, K. Satoh, I. Kano, Formation

of 8-hydroxydeoxyguanosine in calf thymus DNA treated with tert-

butylhydroquinone, a major metabolite of butylated hydroxyanisole, Tox-

icol. Lett. 89 (2) (1996) 163-167.

H. Wang, W. Liu, Optimization of a high-performance liquid chromatogra-

phy system by artificial neural networks for separation and determination

of antioxidants, J. Sep. Sci. 27 (14) (2004) 1189-1194.

A. Jos, G. Repetto, J.C. Rios, A. del Peso, M. Salguero, M.J. Hazen, M.L.

Molero, P. Fernandez-Freire, J.M. Pérez-Martin, V. Labrador, A. Camedn,

Ecotoxicological evaluation of the additive butylated hydroxyanisole using

3

—

[4

=



254 W. Chu, TK. Lau / Journal of Hazardous Materials 144 (2007) 249-254

a battery with six model systems and eighteen endpoints, Aquat. Toxicol.
71 (2) (2005) 183-192.

[5] H. Verhagen, P.A.E.L. Schilderman, J.C.S. Kleinjans, Butylated hydrox-
yanisole in perspective, Chemico-Biol. Interact. 80 (2) (1991) 109-134.

[6] S. Jobling, T. Reynolds, R. White, M.G. Parker, J.P. Sumpter, A variety of
environmentally persistent chemicals, including some phthalate plasticiz-
ers, are weakly estrogenic, Environ. Health Persp. 103 (6) (1995) 582-587.

[7]1 A.A. Karimi, J.A. Redman, W.H. Glaze, G.F. Stolarik, Evaluating an AOP
for TCE and PCE removal, J. Am. Water Works Assoc. 89 (8) (1997) 41-53.

[8] G. Ruppert, B.G.H. Ruppert, UV-03, UV-H;0,, UV-TiO; and the photo-
Fenton reaction comparison of advanced oxidation processes for wastew-
ater treatment, Chemosphere 28 (8) (1994) 1447-1454.

[9] S. Kameney, J. Kallas, R. Munter, M. Trapido, Chemical oxidation of bio-
logically treated phenolic effluents, Waste Manage. 15 (3) (1995) 203-308.

[10] H. Gulyas, R. von Bismarck, L. Hemmerling, Treatment of industrial
wastewaters with ozone/hydrogen peroxide, Water Sci. Technol. 32 (7)
(1995) 127-134.

[11] M. Muthukumar, D. Sargunamani, N. Selvakumar, D. Nedumaran, Effect
of salt additives on decolouration of Acid Black 1 dye effluent by ozonation,
Indian J. Chem. Technol. 11 (5) (2004) 612-616.

[12] C.Tang, V. Chen, The photocatalytic degradation of reactive black 5 using
TiO,/UVin an annular photoreactor, Water Res. 38 (11) (2004) 2775-2781.

[13] Y.C. Lam, J.H. Liu, Marine Water Quality in Hong Kong in 2003, Envi-
ronmental Protection Department, Report No. EPD/TR2/04, 2004.

[14] M. Muthukumar, N. Selvakumar, Studies on the effect of inorganic salts on
decolouration of acid dye effluents by ozonation, Dyes Pigments 62 (2004)
221-228.

[15] W. Chu, K.H. Chan, C.Y. Kwan, Modeling the ozonation of herbi-
cide 2,4-D through a kinetic approach, Chemosphere 55 (2004) 647-
652.

[16] C. Gottschalk, Ozonation of water and waste water: a practical guide to
understanding ozone and its application, Wiley—VCH, Weinheim, Chich-
ester, 2000, pp 16.

[17] K.H. Chan, W. Chu, Modeling the reaction kinetics of Fenton’s process on
the removal of atrazine, Chemosphere 51 (2003) 305-311.

[18] EJ. Benitez, Degradation by ozone and UV-radiation of the heribicide
cyanazine, Ozone Sci. Eng. 16 (1994) 213-234.

[19] V.V. Lunin, A.V. Levanov, I.V. Kuskov, A.V. Zosimov, E.E. Antipenko,
Chlorine evolution in the interaction between ozone and a solution of
sodium chloride in the presence of carbon dioxide, Russian J. Phys. Chem.
77 (4) (2003) 580-585.

[20] T. Oppenlander, Photochemical Purification of Water and Air, Wiley—VCH,
Germany, 2003, p. 155.

[21] EJ. Beltran, G. Ovejero, J. Rivas, Oxidation of polynuclear aromatic hydro-
carbons in water. 4. Ozone combined with hydrogen peroxide, Ind. Eng.
Chem. Res. 35 (3) (1996) 891-898 (Article).

[22] Y. Sun, J.J. Pignatello, Chemical treatment of pesticide wastes. Evaluation
of iron(III) chelates for catalytic hydrogen peroxide oxidation of 2,4-D at
circumneutral pH, J. Agric. Food Chem. 40 (2) (1992) 322-327.

[23] S.G. Poulopoulos, F. Arvanitakis, C.J. Philippopoulos, Photochemical
treatment of phenol aqueous solutions using ultraviolet radiation and hydro-
gen peroxide, J. Hazard. Mater. B129 (2006) 64—68.

[24] S.H. Lin, Looking to treat wastewater? Try ozone, Chem. Eng. 100 (1993)
112-116.



	Ozonation of endocrine disrupting chemical BHA under the suppression effect by salt additive-With and without H2O2
	Introduction
	Materials and methods
	Results and discussion
	Quantitative prediction: decay kinetics of BHA under different conditions
	Prediction of the NaCl suppressing-effect
	Effect of hydrogen peroxide concentration

	Conclusions
	Acknowledgements
	References


