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Abstract

The hydrolysis and photolysis of fluvoxamine, a selective serotonin reuptake inhibitor, in aqueous buffer solutions (pH 5, 7, and 9), in
synthetic humic water, and lake waters were investigated in the dark and in a growth chamber outfitted with fluorescent lamps simulating
the UV output of sunlight at 28C. No significant hydrolytic degradation/isomerization was observed for 30 days in all aqueous solutions.
However, fluvoxamine was moderately isomerized tod)si§omer by simulated sunlight. The photo-isomerization occurred in two stages.

The photo-isomerization occurred rapidly within the first 7 days and slowly thereafter with a rate constant of 0.12-0.ft# tragy/first stage

and 0.04-0.05 day for the second stage. Photosensitized rate constants in synthetic humic water and in lake waters were approximately 6—7
times faster than that in pH 9 buffer with the rate constants of 1.15-1.34 dathe first stage. ThezZj-isomer of fluvoxamine was the only

product detected in all aqueous solutions and was identified using LC-ESI-MS.

© 2004 Elsevier B.V. All rights reserved.
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1. Introduction mer of fluvoxamine and the isomer was identified by nuclear
magnetic resonance (NMR) and mass spectrometry (K]S)
Fluvoxamine maleate, 5-methoxy-@rifluoromethyl)- Recently, two papers have reported the occurrence of some

valerophenone H)-O-(2-aminomethyl)-oxime maleate, is SSRIs in US streani8,9], indicating SSRIs are widely used
one of the recently developed selective serotonin reuptakeand are potentially present in wastewater treatment effluent
inhibitors (SSRIs) for the treatment of certain affective dis- released into water bodies and drinking water sources. The
orders. Itis the only achiral SSRI currently on the market, se- persistence of them or their degradation products may cause
lectively inhibiting the neuronal uptake of serotonin. Ruijten adverse impacts on aquatic organisms.

etal.[1] has reported that fluvoxamine is completely metab-  Foda et al[10] have cited a number of LC analysis meth-
olized in rats, hamsters, and mice, and to about 90% in dogs.ods for the determination of fluvoxamine and some methods
In their study, the major metabolite in dogs, rats, and ham- are also reported such as high-performance liquid chromatog-
sters was the carboxylic acid formed by oxidative elimina- raphy (LC)[1,11-13] gas chromatograpli$4—16] and cap-

tion of the methoxy group. Fluvoxamine exhibits non-linear illary electrochromatographiit 7].

elimination kinetics in the therapeutic dose raifigle Many In this investigation, hydrolysis and photolysis experi-
researchers have reported the mean elimination half-lives ofments were initiated not only buffer solutions but also in
fluvoxamine inman to be 15-2(8,4] and 10-14 If5,6]. Re- natural waters to determine the potential for fluvoxamine to

cent research has recently reported the photo-isomerizatiorbe degraded by photolysis and hydrolysis, to identify degra-

of fluvoxamine in only pure water to give a geometric iso- dation products, and to estimate the importance of hydrol-

ysis and photolysis to the fate of fluvoxamine residues that

* Corresponding author. Tel.: +1 662 325 3324; fax: +1 662 325 7807. May enter aquatic environments from wastewater treatment
E-mail addressarmbrust@ra.msstate.edu (K.L. Armbrust). pIants.
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Fig. 1. Molecular structure of fluvoxamine.

2. Experimental
2.1. Chemicals and solvents

Fluvoxamine maleate was purchased from Sigma—Aldrich
(St. Louis, MO, USA) or extracted with chloroform and pu-
rified by recrystallization with diethyl-ether from LUVGX
(Solvay Pharmaceuticals Inc., Baudette, MN, USA). Puri-
fied fluvoxamine was injected onto an LC and the chromato-

graphic response was monitored at 210 nm to determine pu-

rity. Its purity was more than 99%. Its identity was con-
firmed by liquid chromatography—electrospray ionization-
mass spectrometry (LC-ESI-MS) and was compared to a
purchased authentic standard. The molecular structure of th
compound is givenifrig. L Standard buffer solutions used to
calibrate the pH meter electrode and all salts used to prepar
buffer solutions were reagent grade or better and obtained
from Fisher Scientific (Pittsburgh, PA, USA). All solvents
were LC grade and were also obtained from Fisher Scien-
tific. Humic acid (sodium salt) was obtained from Aldrich
(Milwaukee, WI, USA) and de-ionized water was used to
prepare the buffer solutions.

2.2. Preparation of fluvoxamine maleate standard
solution, buffer solutions, and synthetic humic water

A stock solution (1000 mgt') containing fluvoxamine
maleate was prepared in methanol. Buffers consisted of
sodium acetate buffer (pH 5) of GEOONa (0.01 M) and
CH3COOH (0.01 M), sodium phosphate buffer (pH 7) of
NagHPO4 (0.01 M) NaHPO4 (0.01 M), and sodium borate
buffer (pH 9) of KBO3 (0.01 M) and NaOH (0.01 M). Syn-
thetic humic water (SHW) was made according to US En-
vironmental Protection Agency (US EPA) guidelings]
and a previously published pagé®]. Also two lake waters
were collected from Mississippi State University (Mississippi
State, MS, USA) and Chocktaw Lake (Ackerman, MS, USA),
filtered using a 0.2um filter and then stored in a refrigerator
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were prepared in 2ml, capped clear borosilicate glass vials
and irradiated in a temperature controlled growth chamber
outfitted with fluorescent lamps (Light Sources FL40T12-
/BL, Milford, MA, USA) simulating the ultraviolet (UV)
output of sunlight at 23C. These lamps did not emit wave-
lengths below 290 nm. This system has been used in previous
experiments to investigate the photodegradation of chemicals
in agueous solutiongl9-22] and the spectral output is re-
ported in other published work&4]. The light intensity was
measured before starting an experiment and twice a week
over the experimental period using an EPP2000 Miniature
Fiber Optic Spectrometer and SpectraWiz (version 2.1) soft-
ware (StellarNet, Tampa, FL, USA). Control samples (hy-
drolysis samples), having the same initial concentration as
photolysis samples, were kept in the dark at the same tem-
perature. Samples were withdrawn to analyze the amounts
remaining in solutions at 0, 1, 3, 5, 7, 10, 22, and 30 days
for buffer solutions; 0, 0.125, 0.25, 0.5, 0.75, 1, 1.5, 2, 3,
4, 6, and 8 days for synthetic humic water; 0, 0.25, 0.5,
, 1.5, 2, 4, 8, and 16 days for two lake waters of treat-
ment. Experiments were performed in duplicate. The rate
constants were calculated by linear regression analysis of a
plot of the natural logarithm (I€/Cp) of residual fluvoxam-

ine concentration versus time, whetg is the initial con-
centration andC the concentration at a certain time. The
quantum yield was calculated according to the following
equation

_ k300-400

Z ])\8)t
where® is the quantum yield the degradation rate constant,
I\ the irradiance, and, the molar absorptivity. Because it

was polychromatic radiatior),_ 7, ¢, was calculated as sum
of I xg;, at each wavelength from 300 to 400 nm.

P

2.4. UV-vis spectrophotometer and LC analysis

The UV-vis absorption spectrum of fluvoxamine was
recorded with a Model 8453 UV-vis spectrophotometer
(Hewlett-Packard GmbH, Waldbronn, Germany). The test
solutions were the unirradiated mixtures at pH 5, 7, and 9,
which were 1x 10~° M fluvoxamine maleate. The amount of
fluvoxamine remaining in solution was measured by direct
injection of the water sample onto a Waters 2695 LC with
UV detection using a Waters (Model #996, Milford, MA,

at 4°C. The pH values of all solutions were measured using ysa) photodiode-array detector. Data were processed using
a Beckman phi 390 pH meter (Fullerton, CA, USA). The pH 15551 ynx (version 3.4) software. The degradation products
and absorbance values at 370 nm were 7.60 and 7.25, angyere separated from the parent compound using a Waters
3.50x 10"% and 2.00< 10~?a.u., respectively. Nova-Paff C18 (150 mmx 3.9 mm i.d.) analytical column.
The mobile phase used was composed of acetonitrile-aqueous
triethylamine (10 mM) (42:58, v/v), with the pH adjusted to
4.8 by addition of 85% phosphoric acid. The flow rate was
Photolysis and hydrolysis experiments were conducted at1.0 mImirrL. For each solution, the amount of fluvoxamine
aconcentration of 5mgk. For photolysis, a0.5 mlaliquotof ~ remaining was calculated as a percentage of concentration
the stock solution was added to 100 ml of each solution, thus prior to incubation (zero time). The amount of degradation
the final test solutions contained 0.5% methanol. Samplesproducts generated was calculated as a percentage of peak

2.3. Photolysis and hydrolysis experiments
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area for the parent compound as standards for degradation 0.4
products were not available. ok
2.5. LC-ESI-MS analyses 0-0.4'
8 |
LC—ESI-MS in positive mode was performed on a Micro- 2 o8 8.
.| =z

mass quattro micro mass spectrometer (Micromass, Manch- 1.2

ester, UK), operating at a capillary voltage of 3kV, cone volt- I -~ e

16}
age of 40 kV, source temperature of @D, cone temperature I TRl
of 240°C, cone gas flow of 60 I'ht, and desolvation gas flow 2.0} ‘ %
of 609 1 1. The entire column eluents of samples exposed to oal ‘
lightfor 8 daysin pH 9 buffer were directly introduced into the L T SR S T .
mass spectrometer through the ESI interface. The MS scan A 0 5 10 15 20 2 30
range wasn/'z120—400. Degradation products were separated A Time (day)
on a Phenomenex Lunausn phenyl-hexyl (25 mnx 2 mm O
i.d., Torrance, CA, USA) column. Elution was carried out 0.0
with acetonitrile (A)-ammonium acetate (10 mM) (B). The .
solvent gradient began at A:B (10:90, v/v) for 2 min and pro- 8 ’0-4_
ceeded to A:B (90:10, v/v) over 30 min. The flow rate was Cos
0.2mlmir . 5

-1.2

-1.6
3. Results and discussion " ke A

20 B e
3.1. UV spectrum of fluvoxamine 24}

) ] o 1 2 3 4 5 6 7 8
Fluvoxamine showed a maximum absorbantgaf) at (B) Time (day)

245nm in all aqueous solutionBi@. 2). Spectral data indi-
cated that fluvoxamine absorbed light at wavelengths over Fig. 3. Photo-isomerization of fluvoxamine by two stages of pseudo-first

290nm and would thus be capable of absorbing the UV ©'der kinetic in pH buffer buffers (panel A) pH 5; (®) pH 7; (4) pH 9)
and in SHW and two lake waters (panel B)(SHW; (@) lake water I; &)

energy of sunllght. This fact .SUQQeStS that nature_ll sunlight lake water II). The solid lines indicate the degradation in the first stage and
could be responsible for the direct photo-degradation/photo- gashed lines indicate the degradation in the second stage.

isomerization of fluvoxamine in aquatic environments.
[23] have reported that 2-hydroxy-5-methylbenzophenone

3.2. Kinetics of isomerization (E)- and @)-oximes (active substances of commercial cop-
per extractants) which have similar structures to fluvoxamine,

In hydrolysis experiments, no degradation/isomerization kept in the dark did not degrade over a 60 day period, indi-
was observed over 30 days, suggesting that fluvoxamine iscating that oxime compounds are generally stable in the dark
quite stable to hydrolysis at pH values normally found in conditions. However, fluvoxamine was moderately isomer-

aquatic habitats. Similarly, Olszanowski and Krzyzanowska ized to the Z)-isomer by irradiation in all pH buffers tested.
Interestingly, the isomerization pattern was divided into two

30000 stages, occurring rapidly within the first 7 days and slowly

= ~ thereafter as shown fRig. 3A. In the first stage (from O to 7

P‘g 25000 days), the rate constants were 3.0, 2.4, and 4.8 times higher

s than those in the second stage (from 7 to 30 days) in pH 5,
= 200007 7, and 9 buffer, respectively. The rate constants and quan-
3% 15000 tum yields of fluvoxamine photo-isomerization are shown in
s I Table 1 The rate constants were calculated by linear regres-
8 10000 sion analysis. The? values ranged from 0.9865 to 0.9906

-§ - in the first stage and from 0.9717 to 0.9891 in the second
= 5000 stage. InTable ], the results indicated that the highest rate

was at pH 9 in the first stage, but, in the second stage, much

%00 250 300 350 400 smaller differences were observed between buffers. The half-
lives ranged from 3.6 t0 6.0 days and from 14 to 17 days in the
first and in the second stage, respectively. All rate constants
Fig. 2. UV absorption spectrum of fluvoxamine in pH 7 buffered solution. followed pseudo-first order kinetics.

Wavelength (nm)
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Table 1
Kinetic parameters of fluvoxamine photodegradation in different aqueous media
Media First stage Second stage
Degradation rate (day) Quantum yield ¢, x10~3) Degradation rate (day) Quantum yield ¢, x10~3)
pH 5 buffer 0.12 5.51 0.04 1.91
pH 7 buffer 0.12 5.16 0.05 2.19
pH 9 buffer 0.19 8.55 0.04 1.87
SHW 1.34 - 0.01 -
Lake water | 1.28 - 0.02 -
Lake water Il 1.15 - 0.03 -

Like buffer solutions, two stage isomerization patterns at 16-day after treatment. It is likely that the pH of the lake
were also observed in SHW and the two lake wat€ig. 3B). water was changed not by photoproducts formed, but presum-
In the first stage (from 1 to 1.5 days), the rate constants wereably by degradation products of organic materials present in
134, 64, and 38 times higher than those in the second stagevater during the irradiation. Two stages of pseudo-first-order
(from 1.5 to 8 days) in SHW, lake waters I, and I, respec- decay of DDT in an UV/surfactant system were also reported
tively. These rate constants are also showfeble 1land the by Chu[24].
half-lives were 0.5-0.6 days and 26—70 daysinthefirstandin  Miolo et al. [7] have previously reported the photo-
the second stage, respectively. There were two different iso-isomerization of fluvoxamine in only water, showing the
merization patterns observed between buffer solutions andsame photoproduct of th&Jfisomer of fluvoxamine. The
solutions containing humic material (SHW) or natural water half-life of fluvoxamine by photolysis in this paper was
materials (two lake waters). One pattern is the rate constantsmuch shorter than ours although the concentration (ca.
between two types of solutions in the first stage of each and4340 mgt1) in aqueous solution is much higher than our so-
the second is the rate constants between the first and the sedution (5 mg I-1). The differences in half-lives are likely due
ond stage in two types of solutions. The first patterns can beto different light sources. That is, they have used a UVB light
explained by photosensitized isomerization. Humic materials with a wavelength range of 290-320 nm, emitting mainly at
or natural water materials played a role in isomerization of 312 nm. However, a wavelength range of 290—-400 nm, emit-
fluvoxamine under photolysis, with approximately 6—7 times ting mainly at 340 nm, was used in our experiments.
enhancement compared to pH 9 buffer. The second patterns
may be explained by changes in the pH of solutions and/or by 3.3, Characteristics of the photoisomer
photoproducts formed during the experiment. During the ex-
perimental period, changes in pH in aqueous solutions were  The mass spectrum of the parent showed an exact
recorded at regular intervals in three buffers, SHW and lake [M + H]* of m/z 319. This spectrum exhibits ion peaks
water | as seeniRig. 4 No significantchanges were observed at m/z 200 [M—CH,CH,CH,OCHz—CH,CHoNH>—H]™,
in buffers and SHW, indicating that much lower degradation m/z 226 [M—OCH,CHNH>—OCHs—H]*, m/z 258 M—
rates in the second stages were not related to pH changesOCH,CH,NH;]*, andm/z360 [M + H + CH3CN]* (Fig. 5B).
However, lake water | showed a decrease in 0.74 unit of pH Over the experimental period, only one photoproduct was
detected regardless of the types of aqueous solutions though
there were differences in amounts of the photoproduct. This
photoproduct was detected mifz 319 M+ H]* leading to
a molecular mass of 318ig. 5C). This mass spectrum
was exactly identical to that of parent compound as seen
in Fig. 5B and C, indicating that the photoproduct has the
same molecular weight and identical chemical structure to

- _ ;*_Q =~ v . . the parent compound and that the photoproduct is ffe [
I M\O\o—o isomer of the parent compound. As mentioned above, the

pH

sl same photoproduct was previously detected and identified
I [7]. A paper has reported that th&{isomer of fluvoxamine

5/ m-m-m—m = = " accounted for 3% in original standdi]. Before this exper-
I iment we confirmed that ndZj-iosmer of fluvoxamine was

4 (.) . ‘-‘ . Is : 1; . 116 present. The same authors have also elucidated thaf}he (

isomers of some metabolites in animals occurred along with
the (E)-compound and theH) to (2) ratio of fluvoxamine
was 1:4 in the dog, indicating that thE){isomer can iso-
merize to the Z)-isomer. From the above report, it is likely
that the one photoproduct produced in this investigation is

Time (day)

Fig. 4. Change in pH of aqueous solutions during the photo-isomerization:
(M) pH 5 buffer; @) pH 7 buffer; &) pH 9 buffer; ) SHW; () lake water
l.



J.-W. Kwon, K.L. Armbrust / Journal of Pharmaceutical and Biomedical Analysis 37 (2005) 643-648

"5.00

%o

200

226
28241

41141143 182 l201 Fzso 61 302
k143 165 (384 D16 | 242 267008 | SV

258

59
260

"10.00 15.00 20.00 25.00  30.00 35.00 40.00 45.00
319

360
320

321 361
3ﬂ342L’ 38235399

31

9

1(©

%%

258

259 k20
'

226 360
200 244 o6
108" Hha0 179182 [2012‘6162911 0376295 04 3'213411342T§61382383m 2
120 140 160 180 200 220 240 260 280 300 320 340 360 380 400

Fig. 5. The total ion chromatogram obtained from a sample irradiated in pH
9 buffer for 5 days (A) and their mass spectra of parent (B, peak #1 in A)
and photoproduct (C, peak #2 in A).

also @)-isomer by isomerization of oxime moiety of fluvox-
amine. Ruijten et al[1], however, has reported 11 different
metabolites of fluvoxamine in the four animals and has also
reported that most of the metabolites contain b&kisomer
and @)-isomers. The oxime isomerization can be induced by
temperature, light, Hand OH ions, and a solveni25].
Examples of photo-isomerization of compounds, 2-hydroxy-
5-methylbenzophenon&)- and ¢)-oximes with the oxime
moiety in their structures exposed to a full spectrum of UV
light were reported23,26]. During the irradiation, theH)-
and @)-isomers of individual compounds were converted to
(2)- and E)-isomers, respectively. Unlike this investigation,
however, in their experiments, photo-degradation also oc-
curred in addition to photo-isomerization.

The retention time of the photoproduct was slightly shorter

647

% peak area

15 20

Time (day)

Fig. 6. Changes in amounts of the parent and the photoproduct as a function
of time. Symbols: parent—l) pH 5 buffer; @) pH 7 buffer; @) pH 9 buffer
and photoproduct—£{) pH 5 buffer; (O) pH 7 buffer; () pH 9 buffer.

(Fig. BA). The photo-isomerization profiles of fluvoxamine
under the different pH conditions are illustratedRiy. 6.

This figure shows the photo-isomerization of fluvoxamine
and the formation of4)-isomer as a photoproduct. During
the experimental period of 30 days, the amount of the pho-
toproduct formed gradually increased until 4 days and then
maintained constancy through the rest of the experimental pe-
riod at pH 9. However, at pH 5 and 7, it gradually increased
through 30 days, indicating it is quite stable to further hy-
drolysis and photolysis at all pH levelsi¢. 6). The same
stability was reported by Miolo et dl7]. They also reported
that the f]-isomer produced during the photolysis loses ca-
pacity to inhibit serotonin uptake. The similar stability was
shown in SHW and lake waters, but a slight decrease was seen
after 4 days in SHW and after 8 days in natural waters (data
not shown), suggesting that th&]{isomer may be slowly
changed to other product in real aqueous environments. Us-
ing a diode array detector, the UV spectrum of the photoprod-
uct was compared with that of the parent compou¥id.(7).

The UV spectrum of the photoproduct is somewhat differ-
ent from that of the parent compound. The UV spectrum of

100

80\
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Absorbance

40} ez B

20+

280

240 260
Wavelength (nm)

0 1
200 220 300 320

than that of the parent compound, suggesting that the photo-rig. 7. v absorption spectra of parent compound (A) and photoproduct
product is a more polar compound than the parent compound(B) obtained by on-line diode array detector.
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the photoproduct showed a maximum absorbance at approx- [2] O. Spigset, K. Granberg, S.4dg, E. $derstbm, R. Dahlqvist, Br.
imately 235 nm instead of at 245 nm and had a lower absorp- ~ J. Clin. Pharmacol. 45 (1998) 257-263.

tion than the parent compound at wavelengths above 290 nm. 3! *;h:r;:éiii'nifé \E?gsg()er;gh?% L.C. Post, Eur. J. Drug Metab.
This sp.ectrum SUppOI‘tS. the Observati_on that the.phOIOprOdUCt [4] M.H. de Vries, .M. Raghoebar, I.S.' Mathlener, J. van Harten, Ther.
is relatively stable to direct photolysis. As previously men- Drug Monit. 14 (1992) 493-598.

tioned, however, this photoproduct started to degrade after 8 [5] O. Spigset, K. Granberg, S.adg, A. Norstiom, R. Dahlqvist, Eur.
days in SHW and lake waters, suggesting that indirect pho-  J. Clin. Pharmacol. 52 (1997) 129-133.

tolysis by humic materials or natural water materials may be [6] J-A- Carillo, M.L. Dahl, J.O. Svensson, C. Aim, I. Réguez, L.

. . Bertilsson, Clin. Pharmacol. Ther. 60 (1996) 183-190.
occurring. These results appearto beS|m|Iartothoseobservedm G. Miolo. S Caffieri L. Levorato. M. Imbesi. P. Giusti T

for 2-hydroxy-5-methylbenzophenong)¢ and £)-oximes. Uz, R. Manev, H. Manev, Eur. J. Pharmacol. 450 (2002) 223-

When exposed to light, the UV spectrum of tt-{somer 229.

produced by photo-isomerization is quite different from that [8] D-W. Kolpin, E.T. Furlong, M.T. Meyer, E.M. Thurman, S.D. Za-

of the (E)-isomer. Also theE)—isomer had & may at 259 and ugg, L.B. Barber, H.T. Buxton, Environ. Sci. Technol. 36 (2002)
1202-1211.

316 nm, while theZ)-isomer had & max at 249 nm{23]. [9] P.D. Anderson, V.J. D’aco, P. Shanahan, S.C. Chapra, V.L. Cun-

ningham, B.M. Duplessie, E.P. Hayes, F.J. Mastrocco, N.J. Parke,
J.C. Rader, J.H. Samuelian, B.W. Schwab, Environ. Sci. Technol. 38
4. Conclusions (2004) 838-849.
[10] N.H. Foda, M.A. Radwan, O.A. Al Deeb, in: K. Florey, H.G. Brittain
Fluvoxamine, a selective serotonin reuptake inhibitor, was ~ (Eds.), Analytical Profiles of Drug Substances, Academic Press, San
found to be relatively persistent to chemical degradation, __ Di€90. 1996, pp. 165-208.

. L . e . [11] A. Belmadani, I. Combourieu, M. Bonini, E.E. Creppy, Hum. Exp.
other than isomerization by UV irradiation, in aqueous so- Toxicol. 14 (1995) 34-37.

lutions: the photo-isomerization to th&)isomer was the  [12] G. Tournel, N. Houdret, V. Bdouin, M. Deveaux, D. Gosset, M.
main dissipation process during the UV irradiation. It was Lhermitte, J. Chromatogr. B 761 (2001) 147-158.

also shown that the photo-isomerization rates in SHW and [13] C. Frahnert, M.L. Rao, K. Grasader, J. Chromatogr. B 794 (2003)
in natural waters was up to seven times faster than in buffer 35-47.

. s . . . [14] C.B. Eap, N. Gaillard, K. Powell, P. Baumann, J. Chromatogr. B
solutions, indicating that fluvoxamine can be isomerized by 682 (1996) 265-272

Sun"ght_in real agueous enVi.ronments- . . [15] J.P. Lamas, C. Salgado-Petinal, C. Gasgares, M. Llompart, R.
The isomer was hydrolytically and photolytically quite Cela, M. Gmez, J. Chromatogr. A 1046 (2004) 241-247.
stable during the experimental period of 30 days in buffer [16] J.J. Berzas, C. Guiberteau, M.J. Villase, V. Rodiguez, Anal.

solutions used. However, it is shown that the isomer can be _ Chim. Acta 519 (2004) 219-230.
.. . . . [17] M.J. Hilhorst, G.W. Somsen, G.J. de Jong, J. Chromatogr. A 872
dissipated in SHW and natural waters, suggesting the possi- (2000) 315-321

bility of disappearance in real aqueous environments. [18] US EPA 712-C-98-099, Fate, transport and transformation test
guidelines-OPPTS 835.5270, Indirect photolysis screening test, US
EPA, Washington, DC, 1998.
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