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Abstract

The photodegradation of 17�-ethynylestradiol (EE2) in aqueous solutions induced by UV-light
was preliminarily studied in this paper by means of fluorescence, UV and infrared spectra. The
result suggested that EE2 in aqueous solutions underwent photodegradation under irradiation with
UV disinfection lamp (λ = 254 nm, 30 W), but the photodegradation was not observed under
high pressure mercury lamp (λ ≥ 365 nm, 250 W). The photodegradation of 1.6–20.0 mg/l EE2 in
aqueous solutions at a given initial pH value of 6.8 was pseudo-first order reaction. Increasing the
initial concentration of EE2 lowered the photodegradation rate. The photodegradation rate of EE2
reached the lowest value at pH about 5.0, higher pH values of 6.0–8.0 benefited the photodegradation.
Ferric ions can promote the photodegradation of EE2 in aqueous solutions at pH value of 2.0–5.0.
© 2003 Elsevier Science B.V. All rights reserved.
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1. Introduction

Many exogenous chemicals, both natural and synthetic, have been identified to be poten-
tial of interfering with the endocrine activity of the natural hormones both in the animals
and human, which is called endocrine disrupting chemicals (EDCs) or endocrine disrup-
tors (EDs)[1,2]. Besides industrial chemicals such as DDT, bisphenol A, methoxychlor,
chlordecone, alkylphenols, PCBs and phthalic esters, some natural estrogens such as estra-
diol (E2) and estrone (E1), and synthetic pharmaceuticals such as diethylstilbestrol (DES)
and 17�-ethynylestradiol (EE2, molecule structure inFig. 1) are found to be the most potent
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Fig. 1. Molecule structure of EE2.

endocrine disruptors[3]. There are few published articles focusing the degradation of es-
trogens in the environment or lab[4–6]. These estrogens are difficult to be totally removed
from wastewaters by the traditional primary and secondary treatment. New methods are
needed for treating them in wastewaters prior to their release into the environment.

Photochemical methods are of great potential of treating persistent organic pollutants
(POPs) in environment. Coleman et al.[7] reported�mol/l concentrations of aqueous
17�-estradiol were 98% destroyed in 3.5 h by photocatalysis over the immobilized TiO2. To
exam the pharmaceutical antioxidation, Segmuller et al.[8] investigated photodegradation
of EE2 in acetonitrile solution at a high concentration of 4.3 g/l. However, photochemical
method applied in treating EE2 in water has not been reported.

The objectives of this work were to preliminarily exam the UV-light induced photolysis
and degradation of EE2 in aqueous solutions at high concentrations, including reaction ki-
netics and factors affecting the photodegradation. Through fluorescence, UV and infrared
spectra analysis for the photodegradation process and products, it could give us a better un-
derstanding on the photochemical behavior of EE2. This work is also essential for exploring
the feasibility of photochemical treating EE2.

2. Material and methods

2.1. Material and reagents

17�-Ethynylestradiol (Sigma, USA) were used in this study. Ferric chloride was used as
the source of ferric ion. HCl and NaOH were used to adjust the pH of the EE2 solutions.
Ethanol was used as co-solvent for EE2 in aqueous solutions. All reagents were analytical
grade and double distilled water was used throughout.

2.2. Procedure

The working solutions of EE2 were prepared by dilution of the 100 mg/l stock solution
with water and adjusted to the desired pH values. The solutions were respectively irradiated
by a high pressure mercury lamp (125 W,λ ≥ 365 nm, Shanghai lamp Co. Ltd., PRC)
and an UV disinfection lamp (30 W,λmax = 254 nm, Shanghai lamp Co. Ltd., PRC).
Irradiation was performed in the quartz tubes about 8 cm long and 1.5 cm diameter with
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2 mm thickness of tubes wall. At different time intervals, the concentrations of EE2 were
detected with fluorescence spectrophotometer.

2.3. Analysis

The concentrations of EE2 solutions were determined with fluorescence spectropho-
tometer F-4500 (Hitachi, Japan). The wavelength of the maximum excitation peak and
the emission peak of EE2 are at 288 nm at 307 nm, respectively. The linear range for this
fluorescence method is 1.0–23 mg/l, the detection limit 0.6 mg/l and the R.S.D. below 2%.

The UV spectra of EE2 solutions were recorded with a Shimadzu UV-1601 spectropho-
tometer. IR absorbance spectrum was measured by an AVATAR-360 FTIR spectrometer
(Nicolet, USA), using KBr pellets. To conduct IR spectra analysis of the photodegradation
products, the samples in the solutions were concentrated after radiation to a very small vol-
ume with a K-D concentrator under nitrogen gas at 80◦C, and then dried with an infrared
lamp at a temperature less than 100◦C.

3. Results and discussion

3.1. Effect of light sources on the photodegradation of EE2

Apparent decrease of the concentration of EE2 in aqueous solutions was observed dur-
ing irradiation with UV disinfection lamp, which implied that photodegradation of EE2
occurred. However, no change was observed with high pressure mercury lamp radiation.
Concentration profiles of EE2 solutions during irradiation with both light sources were
shown inFig. 2. Other radiation experiments were under UV-light.

Fig. 2. Concentration profiles of EE2 solutions irradiated with UV disinfection lamp and high pressure Hg lamp.
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To preliminarily inspect the mechanism of photodegradation of EE2 in aqueous solution,
UV spectra of EE2 solutions were recorded. The main conjugated structure of EE2 is
hydroxyl substituted benzene ring, which has light absorption in the UV region with the
absorbance peak at 288 nm. The UV absorption of EE2 solutions decreased after irradiation.
The second-derivative spectra showed that EE2 in aqueous solution has several absorbance
peaks at 226.5, 235.7 and 291.6 nm, respectively. These peaks are assigned to the substituted
benzene ring. All peaks in the second derivative spectra decreased after radiation and no
new peak occurred, which indicated that the substituted benzene ring was destroyed and
broken. Since EE2 nearly absorb no light at wavelength above 350 nm, high pressure Hg
lamp (λ ≥ 365 nm) cannot induce the photodegradation of EE2.

Infrared spectra of EE2 and its photodegradation products showed that EE2 had benzene
ring absorbance peaks at about 1582 and 1499 cm−1, while these peaks decreased obviously
and even disappeared after photolysis. Moreover, the peaks at about 1712 cm−1, assigned
as carbonyl group, occurred in the IR spectra of the products after radiation. This result
indicates that the photodegradation of EE2 causes the breakage and oxidation of benzene
rings to produce compounds containing carbonyl groups.

3.2. UV-light photodegradation kinetics of EE2

To exam the photodegradation kinetics and the effect of initial concentration of EE2,
experiments were repeated at pH 6.8 containing 1.6, 4.8, 8.0, 10.0, 16.0 and 20.0 mg/1 EE2,
respectively. Pseudo-zero order model and pseudo-first order model were applied to investi-
gate the kinetics of photodegradation. The results listed inTable 1indicate that the UV-light
photodegradation kinetics of EE2 in aqueous solutions is in accordance with pseudo-first
order law. Over the concentration range inspected in this work, the photodegradation rate
constantk decreases with raising the initial concentrations of EE2.

3.3. Effect of the initial pH values on the photodegradation of EE2

To study the effect of the initial pH values of the solutions on the photodegradation
of EE2 under the UV-light, pH values in the range of 2.0–8.0 were chosen to conduct

Table 1
Photodegradation kinetics analysis

Initial concentrationC0 (mg/l) −r0 −r1 Kinetics equation

1.6 0.8797 0.9978 lnC/C0 = −0.03032t
4.8 0.9455 0.9871 lnC/C0 = −0.02432t
8.0 0.9290 0.9885 lnC/C0 = −0.02001t

10.0 0.9283 0.9807 lnC/C0 = −0.01561t
16.0 0.9105 0.9539 lnC/C0 = −0.01125t
20.0 0.8985 0.9628 lnC/C0 = −0.00864t

The number of samples is 7, the critical correlation coefficientrc = 0.9507 (a = 0.001). r0 andr1 represent
correlation coefficients calculated under pseudo-zero order law and pseudo-first order law, respectively;t represents
reaction time in unit of minute.
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Table 2
Effect of ferric iron on photodegradation of EE2 in aqueous solutions at different initial pH values

Photodegradation rate constantk (min−1)

pH 2.0 pH 3.0 pH 4.0 pH 5.0

Without Fe3+ (k) 0.01355 0.01295 0.01269 0.01251
With Fe3+ (k′) 0.01548 0.01583 0.01562 0.01496
Enhancement (k′−k)/k (%) 14.3 22.2 23.1 19.6

photodegradation experiments for 10 mg/1 EE2 solutions. There was a general decrease
in the rate with increasing pH up to pH 5.0, at which point there was a sharp rise to pH
7.0 followed by a slow rise to pH 8.0. At present, it is difficult to explain clearly the pH
dependence in our experiment. We think EE2, like phenol, was ionized to the phenoxide
ion at higher pH values, which might be easily photodegraded.

3.4. Effect of iron ion on photodegradation of EE2

Ferric ion in acidic aqueous solutions can photolyze under UV-light irradiation to produce
hydroxy radicals, which is an extremely strong nonselective oxidant for almost all organic
compounds[9,10]:

Fe(OH)2+ + hν → Fe2+ + •OH

The hydroxyl radical may react with EE2, so degradation could be enhanced. To approve
this idea and determine the effect of ferric ion on the photodegradation of EE2 in aque-
ous solution, 30�mol/l Fe3+ was added into 10 mg/l of EE2 solutions at four acidic
pH values of 2.0, 3.0, 4.0 and 5.0, respectively. Higher pH values more than five will
easily cause precipitation of ferric hydroxide.Table 2shows the photodegradation was
enhanced significantly, especially at pH 3.0 and 4.0. The pH behavior of the kinetics is
similar to that for other organic compounds in the UV/Fe3+ system, with rate maximum at
pH 3.0.

4. Conclusions

17�-Ethynylestradiol is readily destroyed by UV-light (λ = 254 nm) radiation. The UV
photodegradation reaction kinetics of EE2 fits the pseudo-first-order law. High pressure Hg
lamp with radiation wavelength above 365 nm cannot initiate photodegradation of EE2. The
initial pH dependence shows rate maximum at pH 8.0 and minimum at pH 5.0. Ferric ions can
promote the photodegradation of EE2 in aqueous solutions at pH value of 2.0–5.0. Further
work is required to elucidate the degradation pathway of EE2 and to determine whether
or not the intermediate breakdown products have estrogenic activity. As an alternative
treatment method for EE2 in wastewater, more researches in this area need to be carried
out.
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