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Abstract

The aquatic photochemistry of trifluralin has been investigated under simulated solar irradiation (Suntest apparatus) in different types
of natural waters (sea, river and lake water) as well as in distilled water. In order to examine the effect of dissolved organic matter (DOM),
photodegradation of the tested herbicide was also examined under the presence of humic and fulvic acids isolated from Pamvotis Lake at
various concentrations. The influence of nitrate ions on the degradation kinetics was also examined. It was found that photodegradation
proceeds via a pseudo first-order reaction in all cases and that the presence of DOM inhibits the photolysis reaction whereas rate constants
measured in the presence of BiOions indicated higher degradation efficiency. Kinetic experiments were monitored by GC-FTD with
half-lives ranging from 7.22 to 50.58 min. In addition Microtox bioassalr{o fischeri) was employed in evaluating the ecotoxicity of
irradiated solutions. The major photodecomposition products formed mainly through dealkylation, cyclization and reduction processes
were isolated by means of solid phase extraction (SPE) and were identified by GC-MS. Based upon this byproduct identification, a possible
degradation pathway is proposed for the photolysis of trifluralin in aqueous media.
© 2004 Elsevier B.V. All rights reserved.
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1. Introduction and weeds in a wide variety of agricultural crops since 1963
[2]. It has been characterized as moderately to highly toxic
Contamination of surface waters and sediments from toward aquatic animals, including fish and invertebr§2gs
non-point sources is of major environmental concern. Pes-and the US Environmental Protection Agency has classified
ticides contribute significantly to this problem due to their it as a persistent bioaccumulative toxic substance (PBTSs).
widespread usage on agricultural land from which they can  As a result of its widespread use, trifluralin has been fre-
be transported by surface runoff. A US sunf&y showed quently detected in environmental wat§8s5], air and pre-
that pesticides were found i40% of those watersheds cipitation, thus demonstrating the validity of the concerns
identified as presenting the greatest risks to aquatic life outlined above.
or human health because of contaminated sediments. De- Itis therefore important to understand the fate of this her-
tailed knowledge of the kinetics pathways of pesticides bicide inthe environmentin order to assess its environmental
is pertinent in designing experiments to obtain reliable impactand potential health threats. Microbial degradation in
rate constants for use in assessing the fate and transporsoil has been reported with the active ingredients’ half-live
of pesticide pollutants in aquatic ecosystems. Trifluralin ranged from 1.5 to 6 montH§], while higher values (up to
(2,6-dinitroN,N-dipropyl-4-trifluoromethyl-benzenamine) 12 months) can be correlated with dry or climatic conditions
a selective pre-emergency soil applied and soil incorporated[7], something which could cause phytotoxicity problems
herbicide representative of a growing list Nfsubstituted  for certain cropg8]. The environmental behavior of triflu-
2,6-dinitroanilines, is one of the most common herbicides ralin especially in the soil system has been investigated in
(annual usage about 25 millionIb) used to control grassesnumerous field studies, the results of which have been re-
viewed[9]. Recently, the abiotic reduction of dinitroaniline
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the fate of organic micro pollutants in the fidil]. Several Table 1
authors have reported on organic pollutants’ photodecom- Characteristics of selected environmental waters

position under a variety of irradiation conditions and dif- Water type pH Conductivity TDS® TOC®  Salinity

ferent solutiong12—17} Most of these works use artificial (nSfcm) (mg/) (%)

solar sources of irradiation (xenon arc lamps) or ultraviolet Distilled 5.35 0.9 nd.  bdl? nd
lonian Sea 7.62 50411 165 2.10 334

(UV) light combined with catalyst particles such as 7i@r
Fe03 [16,18-20]

Dissolved organic matter (DOM) present in natural wa-
ters plays an important role in regard to pesticide degrada- b Total organic carbon
tion. Being the primary light-absorbing species in surface ¢\ getormined.
water, DOM can either enhang®21,22] or inhibit the rate d Below detection limit.
of photolysis[23,24]

Moreover, numerous studies over the last 20 years have(g; payl, USA), and a conventional filtration apparatus was
provided unequivocal evidence that Old generated innat- o gypelco (Bellefonte, USA). Concentration of total
ural waters by the photolysis of nitrite and nitrate. In the organic carbon (TOC) in the water samples was measured
early 1980s Korte and coworkef85,26] pointed out that \ith 4 Shimadzu Total Carbon 5000 Analyzer (TOC-5000

nitrate/nitrite photolysis could have a depolluting influence Shimadzu) using the High Temperature Catalytic Oxidation
through the oxidation of organic compounds. (HTCO) method.

In addition the study of a contaminants’ photochemical
behavior is a key issue in terms of the formation of toxic
transformation products. Therefore, toxicity assessment be-
comes necessary. Several methods and organisms for direct i ]
acute toxicity assessment are availaf@]. Among them Natural V\(aters qsed in the experiments were collected
Microtox kit using the bacteriaibrio fischeri is especially ~ Tom the Epirus region of Greece (NW Greece) and were as
rapid and reliabld28]. foIIow_s: seawater (lonian Sea), lake water (Pamvotis Lake)
and river water (Louros River). The natural water samples
were collected from the top meter of each water body in

Louros River 7.81 382 208 2.93 0.40
Pamvotis Lake  7.87 516 361 11.03 0.44

aTotal dissolved solids.

2.2. Water sampling

There is relatively little information in the literature re-
garding the fate of trifluralin in natural waters. This paper :
examines the phototransformation of trifluralin under labo- 2-5-1 Pre-cleaned amber glass bottles and stored@ptior
ratory conditions taking into consideration the major factors t© Use. All water samples were used without previous treat-
that may affect its environmental fate in natural waters such Ment filtration or sterilization. Their physicochemical char-
as DOM as well as the nitrate ions. The goals of this research@Cteristics are given ifiable 1
are: (i) to determine the degradation kinetics of trifluralin in
different environmental waters, (ii) to investigate the effect 2.3. Chromatographic conditions
of humic and fulvic substances as well as the effect of the
nitrate ions on the reaction rate, (iii) to assess the toxicity of 2.3.1. GC-FTD
the irradiated solution and (iv) to identify the transformation =~ The analysis of the photodegradation kinetics was per-
products formed by photolysis. formed by using a Shimadzu 14A gas chromatograph

equipped with a DB-1 capillary column, 30 0.32 mm
i.d. (J&W Scientific, Folsom, CA). The temperature pro-

2. Experimental gram was: 150C (2 min), 150-210C (5°C/min), 210°C
(11 min), 210-270C (20°C/min), 270°C (0 min). Helium
2.1. Chemicals was used as both the carrier and the make-up gas with a

flow rate of 1.5 and 40 ml/min, respectively. The detector

Trifluralin  (2,6-dinitroN,N-dipropyl-4-trifluoromethyl- gases were hydrogen (4 ml/min) and air (120 ml/min), and
benzenamine), was residue analysis grade, purchased fronthe ion source was an alkali metal salt gSi,) bonded to
Riedel-de Haen (Seelze, Germany) and used without fur-a 0.2 mm spiral of platinum wire. The temperatures were
ther purification. Humic and fulvic acids were isolated set at 240C for the injector and 280C for the detector.
from Pamvotis Lake using the IHSS isolation method
pre-established by Thurman and Malcolm in 1981 by the 2.3.2. GC-MS
so-called XAD techniqug29]. Pesticide grade-hexane, A GC-MS, QP 5000 Shimadzu instrument equipped with
methanol, dichloromethane and ethyl acetate were pur-a capillary DB-5-MS column, 3k 0.25mm x 0.25um,
chased from Pestiscan (Labscan Ltd., Dublin, Ireland). contained 5% phenylmethyl and 95% dimethylpolysiloxane
Sodium sulfate (pro-analysis) and NaBl@ere obtained (J&W Scientific, Folsom, CA) was used for the identifica-
from Merck (Darmstadt, Germany) and Riedel de Haén, tion of the transformation products under the following chro-
respectively. Styrenedivinylbenzene (SDB) copolymer ex- matographic conditions: injector temperature 260 oven
traction disks (47 mm) were purchased from 3M Empore temperature program 5& (2 min) to 210°C (held 20 min)
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at 5°C/min and to 270C at 10°C/min. Helium was used  The disks were placed at the filtration apparatus and washed
as the carrier gas at 1.0 ml/min. The interface was kept atwith 5ml of solvent mixture dichloromethane:ethyl acetate
290°C. The splitless mode was used for injection. The MS (1:1, v/v) under vacuum, followed up with 5 ml of methanol
was operated in electron ionization mode with a potential of for 3 min, with no vacuum applied. The disks were not al-

70 eV and the spectra were obtained in full scan mode. lowed to dry and the samples were allowed to percolate
through the disks under vacuum. The compounds that were
2.4. Photolysisin natural waters entrapped to the disks were collected by using 3.0 ml

of the elution mixture (dichloromethane:ethyl acetate, 1:1,
Irradiation experiments were carried out in a 10 cm diam- v/v). The fractions were dried with sodium sulfate and fi-
eter cylindrical Duran glass UV-reactor by exposing 50 ml nally evaporated to 0.1 ml under a gentle stream of nitrogen.
of the four different aqueous solutions (distilled, sea, river
and lake water) of trifluralin (0.27 mg/l) under artificial 2.7. Calculation of half-life
solar irradiation. The irradiation was carried out using a

Suntest CP$ apparatus from Heraeus (Hanau, Germany),  Reaction kinetics was studied directly from the concentra-

equipped with a xenon arc lamp (1500 W) and special glass tjon versus time plots. The rate constakitsere calculated
filters restricting the transmission of wavelength below f.om the first-order equation:
290 nm. The light source was on the top of the reactor and e
an average irradiation intensity of 750 W/mwvas main-  C: = Co€ 1)
tam_ed throughout the expenlmen.ts measured by an I.ntemalwherec, is the herbicide concentration at tinheC, is the
radiometer. The corresponding light dose for 1 h of irradi- . ... . .

: . initial concentration and is the rate constant. When the
ation was 2700 kJ/f The temperature of samples did not . N .

. : o concentration reduces to 50% of its initial value the half-life

exceed 25C using tap water cooling circuit for the UV

reactor. A dark control experiment (in the absence of light) gﬁgv\ll)aer:etreorrrr];nrﬁd trtg tf::(:t-eoqrgz?(:ginze T:olrr:sztgttaﬁggtlhz
was also conducted in this series of experiments. brog '

initial concentration of trifluralin were determined by least

2.5. Photolysis in the presence of isolated humic/fulvic squares fitting of the data to a first-order kinetic equation.

acids and nitrate ions o _
2.8. Toxicity evaluation

In order to examine the effect of DOM, aqueous solutions o . . _ _ _
of trifluralin (0.27 mg/l) in distilled water (50 ml), were ex- The toxicity of trifluralin solution before and after irradi-
posed to simulated solar irradiation using the Suntest appa-ation (collected after different time intervals) was examined
ratus and the same UV reactor in the presence of humic aciddy @ Microtox Model 500 Toxicity Analyzer. Freeze-dried
(HA) and fulvic acid (FA) isolated from Pamvotis Lake, con- bacteria, reconstitution solution, diluent (2% NaCl) and an
centrations of which were: 4, 8, 16 and 24 mg/l, respectively. adjustment solution (non-toxic 22% sodium chloride) were
The influence of N@~ ions on the reaction rate was also all obtained from Azur. The inhibition of the luminescence,
examined at concentrations close to the real environmentalcompared with a toxic-free control to give the percentage of

values (1.0, 2.5, 5.0 and 10.0 mg/l) at the same irradiation inhibition, was calculated following the established protocol
conditions. and using the Microtox calculation program after contact

times of 5 and 15 min.
2.6. Quantification and extraction procedure

For the determination of the kinetic rate constants 3. Resultsand discussion
liquid—liquid extraction was chosen, as it is a simple and
reliable method for quantification of pesticides in water, 3.1. Photodegradation kinetics of trifluralin
especially when using low extraction volumes.

At specific time intervals water samples of 5 ml were with- Trifluralin was irradiated in different types of natural wa-
drawn from the UV reactor. The samples were extracted ters under simulated sunlight irradiation. The data were plot-
twice with 2.5 mIin-hexane for 1 min using a vortex, dried ted as the concentration versus irradiation time. The pseudo
with a small amount of Ns50O, and finally analyzed by first-order rate constant&ghot) and the half-livestg,,) for
FTD, quantified by internal standard. natural waters under simulated solar irradiation are summa-

For the identification of the transformation products, 50 ml rized in Table 2
of the irradiation solutions were extracted separately at dif- Fig. 1 depicts the degradation curves of the herbicide in
ferent time intervals, by means of solid phase extraction natural waters as well as in distilled water. Experimental
(SPE) as follows: SDB extraction disks were pre-conditioned data indicated that photolysis rate decreases in the following
with 10 ml of acetone for 2 h. In order to allow better extrac- order: lake< river < sea< distilled water showing a strong
tion, 0.25 ml of methanol modifier was added to the residues. dependence on the constitution of the irradiated media and
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Kinetic parameters of trifluralin photolysis in different agueous media

under simulated solar irradiation

Photolysis t1/2 (min) Kphot (Min~1) R2
Distilled water 11.81 0.0587 0.985
Sea water 23.89 0.0290 0.977
River water 29.49 0.0235 0.997
Lake water 50.58 0.0137 0.996
Humic (4 mg/l) 16.08 0.0431 0.984
Humic (8 mg/l) 20.88 0.0320 0.991
Humic (16 mg/l) 24.06 0.0288 0.994
Humic (24 mg/l) 33.48 0.0207 0.962
Fulvic® (4 mg/l) 15.37 0.0451 0.985
Fulvic (8 mg/l) 18.83 0.0368 0.997
Fulvic (16 mg/l) 22.80 0.0304 0.995
Fulvic (24 mg/l) 31.08 0.0223 0.994
NO3z~2 (1 mg/l) 10.28 0.0674 0.989
NO3~ (2.5mg/l) 8.37 0.0828 0.996
NO3~ (5mg/l) 7.98 0.0869 0.988
NO3~ (10mg/l) 7.22 0.0960 0.983

2|n distilled water.
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Fig. 2. Photodegradation of trifluralin in various concentrations of humic
acids in distilled water under simulated solar irradiation.

Some studies have come up to the conclusion that DOM
photolysis is considered a minor contribution to the con-
centration of OHM that occurs in natural watef86,32] but

especially on the concentration of DOM. The photodegra- more recent observations suggest that DOM is a significant
dation rate was slower in natural waters than in distilled wa- source of OM production, thus affecting the fate of the pol-
ter: in other words as the DOM in natural waters increases lutants[9,33]. The results of this study suggest that DOM
the photolysis rate decreases. The retarded degradation rathad a more important role in inhibiting the loss of the par-
could be attributed to the optical filter effd80,31]since or-
ganic matter absorbed most of the photons emitted, therebyof sorption of the contaminari84,35], radical scavenging
slowing down direct photochemical reaction. Moreover, par- or light attenuation.

ticulate matter such as sediment particles and microorgan-

ent compound and this inhibition could be either the result

In order to verify the retardation effect observed in natural

isms suspended in a water column may scatter incident light, waters (attributed in DOM), experiments with the same ini-
greatly reducing penetration of light beneath the surface. Thetial concentration of trifluralin at various concentrations of
very low solubility of the compound in water (0.27 mg/l)
and its highKqe value (logkoc 5.07) indicates that this
herbicide has also a tendency to associate with particulateproduced, allowing for the calculation of the rate constants
matter and this fraction was never available to photolysis (Figs. 2 and R In all cases the presence of DOM slowed

reactions. The retarded photodegradation rate in seawatedown the rate of photolysis. For example, experiments con-
is also consistent with OHscavenging by chloride ions

isolated humic and fulvic substances were also conducted.
In this case too, pseudo first-order dissipation curves were

ducted at concentrations: 4, 8, 16 and 24 mg/l of HA pro-
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Fig. 1. Photodegradation of trifluralin in distilled, sea, river and lake water.

Fig. 3. Photodegradation of trifluralin in various concentrations of fulvic
acids in distilled water under simulated solar irradiation.
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Fig. 5. Photodegradation of trifluralin at various concentrations 0§ NO
in distilled water under simulated solar irradiation.

duced rate constants of 0.0431, 0.0320, 0.0288 and 0.0207,

respectively. The same tendency was also observed in the

case of FA. The rate constants decreased as the concentrad-2. Toxicity evaluation

tion of FA increased: 0.0451, 0.0368, 0.0304, and 0.0223

at concentrations of 4, 8, 16, and 24 mgl/l, respectively. Tri-  The toxicity of the water samples was evaluated by mon-
fluralin absorbs some irradiation in the wavelength region itoring changes in the natural emission of the luminescent
emitted by the |amp source, and this Wavelength range over-bacteriavibrio fischeri (15-min incubation) when challenged
laps with the absorbance region of DOM (HA and FA), thus With toxic compounds. The initial toxicity of trifluralin that
screening by DOM is significani(g. 4). showed an inhibition of 17% decreases rapidly in the first

Besides competition of trifluralin and DOM for the avail- minutes of irradiation and an inhibition of less than 2%
able photons, the retarded photodegradation rates couldvas observed after just 40 min of irradiation. After that time
also be attributed to binding of trifluralin to DOM. Adrian Nno measurable toxicity has been observed in the solution
and Thorn have reported that aromatic amines such asdemonstrating that degradation of trifluralin yields to the
trifluralin—a tertiary amine-entering the aquatic environ- formation of compounds non-toxic to the test organism. The
ment are subject to interesting reaction pathways like the inhibition of the luminescence bactetidorio fischeri during
covalent binding to DOM namely here HA and F26—38] trifluralin photodegradation is shown Fig. 6.

However, sensitized reactions by the presence of HA and
FA can still play a role in limiting the persistence of tri-
fluralin during photolysis, since a sixfold increase in DOM
concentration (4—24 mg/l) resulted in a 23—-65% decrease on
the reaction rate. This could be explained by a combination
of “inner filter” effect coupled with photosensitized reac-
tions involving electronic energy transfer from triplet states
of humic and fulvic acids to organic molecules as well as
sunlight induced hydroxyl radical production.

Hamilton[19], Zafiriou[39], Zepp and coworkerigl0,41]
were the first to recognize nitrite/nitrate photolysis as a po-
tential source ofOH in natural waters which initiate rapid
organic reactions. Of course, the exact mechanism of ni-
trate photolysis has been the subject of detailed investigation
[42,43] In the case we are studying here as illustrated in the
kinetics diagram of trifluralin at four different N§ con-
centrations in distilled wateg. 5) it seems that increasing
nitrate concentrations decreased the half-life of trifluralin,
thus the loss of the parent compound was predominantly the
result of reaction with hydroxyl radicals. The degradation
rate of trifluralin increases as much as 63% when 10 mg/l of
NOs~ is present in the water solution, in other words OH
:’ja(f:_icals produced from nitrate photolysis aided in its degra- Fig. 6. Inhibition of the luminescence of bactengbrio fischeri as a

ation.

% Inhibition

20 40

60

Irradiation Time (min)

function of the irradiation time.
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Table 3

GC-MS-El retention times and spectral characteristics of trifluralin and its transformation products

Compound R, (min) mz

1 2,6-DinitroN-propyl-4-(trifluromethyl)benzenamine 25.40 293(5), 264(40), 248(15)
Trifluralin 25.79 335(6), 306(100), 264(64)

2 3-Nitro-N2-propyl-5-(trifluromethyl)-1,2-benzenediamine 26.56 263(64), 234(100), 216(91)

3 3-Nitro-5-(trifluromethyl)-1,2-benzenediamine 26.77 221(100), 203(54), 175(28)

4 2-Ethyl-4-nitro-6-(trifluromethyl)-H-benzimidazole 27.18 258(100), 259(83), 212(81)

ul Unidentified-1 27.52 296(7), 257(74), 185(100)

5 2-Ethyl-7-nitro-1-propyl-5-(trifluromethyl)-H-benzimidazole 29.19 301(35), 244(48), 213(100)

6 2-Ethyl-1-propyl-5-(trifluromethyl)-H-benzimidazole-7-amine 29.32 271(6), 242(6), 229(9)

7 2-Ethyl-6-(trifluromethyl)-H-benzimidazole-4-amine 30.68 229(45), 228(39), 214(19)

u2 Unidentified-2 31.68 317(39), 260(89), 212(63)

2Relative abundance in parenthesis.

3.3. Degradation products

attributed to a free-radical oxidatigid4] and has also been
observed in the case of other pesticides like that of monuron

Up to seven compounds could be identified as possible [42] zectran and matacil10]. Compound {) associated
degradation products during photodegradation process into 2,6-dinitroN-propyl-4-(trifluromethyl)benzenamine has
natural waters. Their major GC-MS characteristics are sum- also been detected by Klupinski and Clii®], during the

marized inTable 3 The total ion chromatogram obtained
by GC-MS for the SPE extract of trifluralin solution after 5
and 15min of simulated irradiation in lake water is shown
in Fig. 7.

Photodecomposition of trifluralin generally involves three
major routes: oxidative dealkylation of propylamines, cy-
clization and reduction of nitro groups.

abiotic degradation of trifluralin.

Further photodegradation intermediates seemed to be
formed by cyclization reactions. A modification of the free
radical mechanism proposed by Doepfb] to explain
the photochemical formation of indols-oxides from ni-
troaralkanes provides a plausible route from 2-nitroanilines
to the benzimidazoles. By these means compouris (

The first product being produced seemed to be the and @) were apparently formed by a reaction between

mono-dealkylated derivative of the parent compound, com
pound (), (R, = 25.40min). Compound1) exhibited a
molecular ion at/z = 293 corresponding to the successive
loss of the propyl group and fragmentsidt = 264 and 248,

- the propylaminea carbon and the N@® group of triflu-

ralin and compoundlj), respectively Fig. 8), and were
identified as 2-ethyl-7-nitro-1-propyl-5-(trifluoromethyl)-
1H-benzimidazole R; = 29.19 min) and as 2-ethyl-4-nitro-

respectively. The photochemical-dealkylation has been  6-(trifluoromethyl)-H-benzimidazole g, = 27.18 min),
trif
20+ 4
5
ul
104
uz2
0 1
12I. 5 2I5 3'?'. 5
(a) Retention time (min)
trif
54
.54
o ’\—__M.J-] _7_,_,«»———"“
12l. 5 2l5 3'?'. 5

(b)

Retention time (min)

Fig. 7. Total ion chromatogram of trifluralin photodegradation in lake water, using SPE and GC-MS analysis at different irradiation time, (a)dd min, an

(b) 15min.
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Fig. 8. Proposed photodegradation pathway of trifluralin in aqueous solutignsiof detected in this study.

respectively. The dealkylated benzimidazole (compound that these routes account also for other process except
(4)) with a molecular ion atr/z = 259 and fragment ions at  photodegradation.
m/z. 258 and 212, most stable of the photoproducts, might Two more unidentified peaks compoundgl) and (12)
persist in the environment long enough to be detectable were considered as possible degradation intermediates since
as was the case with the corresponding compound fromtheir amounts increased in the early steps of photolysis and
dinitramine[44]. It could also be formed by a dealkylation then decreased with longer irradiation time.
reaction from compound5j. The identification of com- Considering the opportunities for dealkylation, reduction
pound &) was made by using an identification program of and cyclization also available to the reaction intermediates
NIST library with a fit value higher than 90%. It exhibited of trifluralin photolysis, eventual photodecomposition of the
a molecular ion peak atVz = 301 and fragment ions at  herbicide to a largely irresolvable mixture of numerous trace
m/z = 244 and 213, respectively. products is reasonable. Therefore, a tentative and simple
Compounds ) and @) can be reduced by mechanisms scheme Fig. 8) can be drawn taking into consideration the
not very clear in water medipd6] through the formation main alteration processes for trifluralin photodegradation.
of aryl hydroxylamineq10] to give compound®) (R, =
29.32min) and compound (7)R; = 30.68 min), respec-
tively, associated to 2-ethyl-1-propyl-5-(trifluromethyl)- 4. Conclusions
1H-benzimidazole-7-amine and 2-ethyl-6-(trifluromethyl)-
1H-benzimidazole-4-amine. These products have been Photochemical behavior of trifluralin under simulated so-
also formed during the abiotic degradation of trifluaralin lar irradiation was under the scope of the present work.
[10]. Degradation rates in natural waters were lower than in dis-
Compounds ) and @) are formed by a reduction tilled water indicating thus a strong dependence on the com-
of the N& group to NH from compounds ¥) and position of the water sample. DOM divided here into two
2,6-dinitro-4-(trifluromethyl)benzenamine, (compound fractions, namely humic and fulvic acids being isolated from
ND), respectively. The latter, however, has not been iden- aquatic humus (Pamvotis Lake), slows down the rate of pho-
tified in our study. Compound3], (R, = 26.77 min) the tolysis. On the other hand, the presence of nitrate ions is ac-
3-nitro-5-(trifluoromethyl)-1,2-benzendiamine, exhibited a celerating the photolysis reaction. The formation of various
base peak at/z = 221 and fragment ions atVz = 203 transformation products proceeded via pseudo first-order re-
and 175. These compounds too have been also identifiedactions in all cases whereas their identity was determined
during the abiotic degradation of trifluralii0], showing by MS techniques. The bacterial toxicity of the aqueous tri-



480

fluralin solutions decreased with increasing irradiation time.
Consequently, trifluralin photolysis produced compounds of
lower toxicity or eventually non-toxic compared to the par-

ent compound.
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