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Photodegradation of Metolachlor Applying UV and UV/IH  ,0,
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Metolachlor is one of the most widely used herbicides in the world for controlling weeds. It has been
detected in both ground and surface waters in the United States, and there are rising concerns in
regard to its health risks and in developing effective treatment processes for its removal from water.
Degradation of metolachlor via ultraviolet (UV) photolysis and an UV/hydrogen peroxide advanced
oxidation process (AOP) was studied. The quantum yield of metolachlor at 254 nm was found to be
0.302 + 0.001 mol E~* through direct UV photolysis in the range of pH 6—8. The second-order rate
constant of the reaction between metolachlor and hydroxyl radical was determined to be 9.07 (+0.21)
x 10° M~ s71 by using a competition kinetics model that utilized nitrobenzene as a reference
compound. In addition, these parameters were successfully applied in modeling the kinetics of
elimination of metolachlor using an UV/H,0, process in both laboratory and natural waters. The
formation of several photolysis byproducts was identified using gas chromatography/mass spec-
trometry, and a scheme for the metolachlor photodegradation pathway is proposed.
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INTRODUCTION Interim Maximum Acceptable Concentration was regulated by
the Canadian Drinking Water Standard (8).

There has been considerable research on the microbial and
chemical degradation of metolachlor in aqueous environments.
P/Ietolachlor can be extensively transformed by microorganisms,
and several metabolites have been identified using GC/MS (gas
chromatography/mass spectroscopy) and nuclear magnetic
resonance spectroscopy methods in which metolachlor ethane
sulfonic acid (ESA) and metolachlor oxanilic acid (OA) were

Metolachlor [2-chloroN-(2-ethyl-6-methylphenIN-(2-meth-
oxy-1-methylethyl) acetamide], a chloroacetamide herbicide, is
among the most widely used herbicides for the control of grasses
in crops, such as soybeans, corn, and beans. The use o
metolachlor has increased steadily, and it recently replaced
alachlor as the major acetamide herbicide. However, according
to the U.S. EPA, the consumption of metolachlor in the United

iﬁ}gﬁ %e'sc;epfl’gé firnor;og? 22)67 million Ibs in 1997 to-28 the two most common metabolite8)( Kalkhoff et al. (0)
) ) ’ ) o showed that ESA and OA were generally present 3—45 times
Like other widely used chloracetamide herbicides (alachlor, more frequently as compared to their parent compound. Acero
butalochlor, and acetochlor), metolachlor is partially degraded gt 5|, (11) studied the oxidation of metolachlor by ozone and
rather stable under natural sunlight and corn field conditions yeported akoy [rate constant for the reaction of metolachlor
with a half-life ranging from 21 to 205 day8,(4). Because of  wth hydroxyl (OH) radicals] value of 6.% 10° M1 sL.
its high water solubility (530 mg t* at 20°C) and lowKow Pignatello and Sun (9) reported that metolachlor undergoes
(octanol—water partition coefficient) value (indicating high  considerable degradation in the photo-assisted Fenton reaction.
mobility), metolachlor has the potential to contaminate surface The attack of OH radical was nonspecific and occurred on the
and groundwaters. It has been detected in shallow groundwatersing, ring alkyl group, and amide alkyl group. Kochany and
of 20 major basins in the United States with a maximum con- Maguire (3) studied the sunlight photodegradation of meto-
centration of 5.4«g L™* (5) and surface waters with concentra- |achlor and reported four photodegradation products. Mono-
tion ranges from 0.1 to tens oM (6). Because of its moderate  chloroacetic acid (MCA) was identified as the major product
toxicity and potential carcinogenic effects, metolachlor was of sunlight photodegradation of metolachlat3[. In addi-
included in the 1998 and 2005 U.S. EPA Candidate Contaminanttion, a study on the UV degradation of metolachlor under 254
Lists. The World Health Organization established in its guide- nm irradiation in water in the presence of soil mineral and
lines a health-based value of 1@ L~! for metolachlor in organic constituents yielded five photolysis products: (2-
drinking water 7). A higher value of 5Qig L~* defined as an hydroxy-N-2-ethyl-6-methylphenyl)-N2-methoxy-1-methyl-
ethyl) acetamide; 4-(2-ethyl-6-methylphenyl)-5-methyl-4-mor-
* To whom correspondence should be addressed. ¥&+919-660-5196. pholine; 8-ethy|-3—hy(_:iorx_)N-(2-methoxy—l-methylenyl)-2—0xo-
Fax: +1-919-660-5219. E-mail: kglinden@duke.edu. 1,2,3,4-tetrahydroquinoline; 2-chloid{2-(1-hydroxyethyl)-6-
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methylphenyl]N-(2-hydroxy-1-methylethly) acetamide; and
2-chloroN-(2-ethyl-6-hydroxymethylphenylN-2-methoxy-1-
methylethyl) acetamide (14). Although photodegradation has
been shown to occur, metolachlor is relatively resistant to
photolytic decomposition (3). Beyond photolysis, there is little
information in the literature on the physicochemical fate of
metolachlor in aquatic systems. Metolachlor is resistant to
hydrolysis, and because of its low volatility [Henry's law
constantKy = 42.6 (£2.8)x 10° (M atm™1) at 293 K (13,
15)], air striping is not effective. Thus, both photolysis and
oxidation processes are the most likely techniques to be viable
for the treatment of water contaminated with metolachlor.
Two promising approaches for degradation of metolachlor
in a water treatment system are UV photolysis, such as that
used in disinfection, and the combination of UV irradiation with
an oxidizing agent, such as,8,. The process involves both
direct UV photolysis (governed by the absorption spectra of

Wu et al.
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Figure 1. Direct photolysis of metolachlor ((MET] = 30 uM, pH 7.0, T =
20 °C). The insert shows direct and H,0,-assisted photolysis.
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pH 7. Only minor dilution of this concentration occurred from the
addition of varying concentrations of ;8,. Dark controls were

target compounds and quantum vield) as well as the reactionsconducted, under an identical experimental setup, to ensure that no

between target compounds and OH radicals, which are generate
by the photolysis of KO, via absorption of UV light in a
wavelength range of 266300 nm. OH radicals can oxidize
nearly all organic compounds by abstracting a hydrogen atom,
adding OH groups, and electron transféé), The UV/HO,

ss of the metolachlor occurred via processes other than photolysis

é(i).e., hydrolysis or evaporation).

Analytical Methods. Varian Pro Star HPLC (Varian, Inc., Palo Alto,
CA) equipped with a polychromatic diode array detector and C18
reverse phase column (7.5 mm 150 mm) was used to monitor the
concentration of metolachlor by direct injection (3Q injection

process was successfully applied for the degradation of variousvolume). Isocratic elution was used with a mobile phase of acetonitrile

organic contaminants such as endocrine disrupting chemicals,

benzene, MTBE, NDMA, and nitroaromatics (17—20).

The purpose of this study was to evaluate photodegradation
properties of metolachlor using a low-pressure UV lamp typical
of water treatment systems. Quantum yield, OH radical reaction

rate constant, and the basic photodegradation kinetics were

determined. A general kinetic model was developed describing
the relationship between the rate constant, th@Jlose, and

the water quality parameters. The kinetic model was also
validated by predicting metolachlor destruction in natural surface
waters. Photodegradation pathways of metolachlor were pro-
posed based on the identification of several byproducts using
GCIMS.

MATERIALS AND METHODS

Chemicals.Metolachlor (98.7%) was obtained from Syngenta Co.
Ltd. as a solid and was used without further purificatiopOK(30%),
high-performance liquid chromatography (HPLC) grade acetonitrile,

and water were purchased from Fisher Chemicals. Suwannee River

natural organic matter (NOM) was obtained from the International

Humic Substances Society. All other reagents used in the study were

analytical grade and used as received.
Photolysis Experiments.UV irradiation was carried out using a 15
W germicidal low-pressure UV lamp (ozone-free, General Electric

#G15T8) at ambient temperature. The setup was previously described

by Rosenfeldt and Linder20). Incident irradiance was determined by

a calibrated radiometer (IL1700, SED 240/W, International Light,
Peabody, MA). In a typical photolysis experiment, metolachlor was
spiked into 120 mL of 0.02 M phosphate buffer solution (PBS) in a 70
mm x 50 mm crystallization dish (the surface area was 34.2 amd

the solution depth was 3.51 cm) and exposed to UV irradiance under
completely mixed batch conditions. Initial metolachlor concentrations
used in the study varied from 2 to 301. UV fluence was determined

and water (65/35 v/v) at a flow rate of 1 mL minUnder the conditions
described above, the retention time (RT) for metolachlor was 7.0 min.
Absorbance spectra were measured using a UV spectrophotometer- Cary
Bio100 (Varian, Inc.). Total organic carbon was measured by a Tekmar
Dohrmann Apollo 9000 Total Carbon analyzer in accordance with
Standard Method 5310A (21). Residual®d was determined by the

15~ method (22). The solution pH was determined by using a Thermo
Orion 920A pH meter. Alkalinity was measured according to the
Standard Method 2320 (21).

Photolysis byproducts of metolachlor were identified using Shimadzu
GC/MS-QP5050A gas chromatograph with a 15 m RTX-5 MX column
(film thickness, 0.2%m; i.d., 0.25 mm). Helium was used as the carrier
gas, with a flow rate of 1.1 mL mirt. The GC temperature condition
was as follows: initial temperature at 8G, 10°C/min gradient until
250°C, 3 min final hold. The detector temperature was 280 The
electron energy for the ElI mass spectrum was 70 eV, and the scan
range was 50—400 amu.

Extraction Procedure. For the identification of reaction products,
agueous metolachlor solutions (before and after exposure to UV) were
extracted using either liquid—liquid extraction (LLE) or solid-phase
extraction (SPE). In the LLE, 60 mL of the aqueous sample was
acidified to pH 3 with concentrated sulfuric acid and mixed twice with
6 mL of dichloromethane in a separatory funnel. The extracted phase
was passed through an anhydrous sodium sulfate column. The SPE
was conducted with Varian Abselut Nexus cartridges (100 mg) by
passing 60 mL of aqueous samples through the cartridge at flow rate
of 2 mL min~™. The cartridge was then washed twice with 5 mL of
methanol. The extracts in both procedures were concentrated to about
0.7 mL by evaporation using a gentle stream of nitrogen &CiGand
internal standards and surrogates were added in the solution as
volumetric standards prior to GC/MS analysis. The identification of
the photodegradation byproducts was confirmed by comparing RT as
well asm/z values of available authentic samples and the interpretation
of m/zcharts.

from the average 254 nm irradiance as calculated with a spreadsheeRESU'-TS AND DISCUSSION

program using the lamp spectrum, solution absorbance, exposure time,

and the irradiance reading from the calibrated radiometer. At specific
delivered UV fluence intervals, a 0.6 mL sample was taken by syringe
and was then stored in HPLC vials. A maximum of 3 mL was removed
throughout each exposure experiment, minimally affecting the solution

Direct Photolysis and Quantum Yield. Photodegradation
of metolachlor exhibited pseudo-first-order kinetics, with a rate
constant () of 7.25 (£0.04)x 10* cn? mJL, at pH 7.
Approximately half of the metolachlor was transformed at UV

volume and depth. Each experiment was performed twice to ensure fluénce of 1000 mJ cnt (Figure 1).

the repeatability of the data..B.-assisted photodegradation was studied
by adding 5—250 mg t! H,O; to a PBS solution of metolachlor at

Quantum yield ¢) and molar absorption are two fundamental
parameters that govern the rate of direct photodegradation.
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120 7 propane, acetone, and nitroaromatids,(25, 26). Several
1004 et el competing effects may contribute to obtaining an optimal rate
o & * * x of degradation as a function of the molar ratio 0§04 to
o gt J metalochlor (Figure 2). First, with an increasing concentration
{‘J L Predicted of H,O,, more QH radicals are produced and hence available
B 60T for the destruction of metolachlor (eq 3)
§ ’ 4 Experimental
g OTrF H,0, + hv— 20H 3)
© 20k
L . L L Second, the reaction betweern,@® and OH radicals that
0 o 1(‘)0 2(‘)0 3(')0 4(')0 5(')0 6(’)0 7(‘)0 s(;o produces H@, which are much less reactive as compared to
R [HeOIMET] OH radicals, becomes significant at a higher concentration of
H»0,; thus, the HO, acts as a OH radical scavenger (eq 4):
Figure 2. Comparison of the predicted (line) and experimental (dots)
reaction rates of metolachlor at various molar ratios of H,O, to metolachlor. H,0, + "OH— HO," + H,0 ()

The overall photolysis rate and the quantum yield were Third, the higher concentration of,®, may effectively absorb
calculated using egs 1 and 23). UV light and provide a screening effect that reduces the

photodecomposition of metolachldtg, 27). Because of these
d[MET] effects, an optimal kD, concentration exists, which represents
T Kd[MET] = ks met Prer (1) the optimum between the competition of UV light absorbance
and the reaction between OH radicals.
Ky The steady-state concentration of OH radicals in solution can
Dyer = ks_ 2 be expressed by the ratio between the production rate and the
MET depletion rate of OH radicals (eq 5).

where ®yer is the quantum of metolachloky is the pseudo-

first-order reaction rate constarts ver is the specific rate of FOH]u. = Roon  Roon Ko, Pro, M0l T,

light absorption by metolachlor (E midis™1), in which ks wet ss— Rs = = [H,0,] + [MET]
, s

= Eveyer[l — 10739/az; E is the incident photon irradiance on zk‘[ 1 Kuo, (M0 + kuer

(102 E cnr2s7Y); eyer is the molar absorbance of metolachlor

(M=t cm™), measured as 503 M cm™ at1 = 254 nm;a is where [OH]ssis the steady-state concentration of OH radicals;
the ;olutlon absorbance at wavelength 254 nm; Zrid the Rp,onis the production rate of OH radicaRs onis the sum of
solution depth. the scavenging rate of OH radicalsi,o, is the rate constant

The quantum yield of metolachlor (at 254 nm) was found to between OH radicals and2B; (ki,0, = 2.7 x 10’ M~1 s71)
be 0.302+ 0.001 mol E* at pH values between 6 and 8, which  (28); f, is the fraction of UV absorbed by 0, (eq 6):
corresponds to most natural water pH levels. This value is

approximately half of the previously reported average value of €n.0. [H,0,]
0.564 0.05 mol E%, evaluated through a competitive kinetic Ho. = 2 (6)
model that utilized the simultaneous photochemical oxidation 22 €0, [H:0,] + €yer [MET]

of mixtures of metolachlor and propachlor at pH values of 2,

5, 7, and 9 24). It is also noteworthy that the quantum yield andksn,0, is the specific rate of light absorption by,&, (E

reported by Kochany and Maguir8)( 5.6—9.6x 10-2 mol mol~! s71). The fraction of photons absorbed by theGQd

E~1, is about 30 times lower than the value found in this study. nonlinearly increases with the increasing ¢fd4 concentration

The discrepancy between these results is likely due to the (eq 6). In fact, in the presence of high concentrations g9

different wavelength studied, 254 nm as compared to the UVA photon absorbance by metolachlor is negligible. On the other

and UVB wavelengths of between 280 and 330 nm used in their hand, the scavenging effect expressed by the denominator in

work. eq 5 also increases with increasingQ4 concentration. The
UV/H 0, Advanced Oxidation. Degradation of metolachlor ~ combination of these effects causes the steady-state concentra-

by the UV/HO, advanced oxidation process (AOP) is via tion of OH radicals to increase at low concentrations gOk

reaction with OH radicals, produced by UV irradiation of®3. and remain constant or decrease slightly at higher concentrations
H,0, was added to the metolachlor solutions at concentrations of H,O,. Figure 3 shows the fraction of photons absorbed by
from 5 to 250 mg L (corresponding to 1.5 1074 to 7.3 x metolachlor and kD,, respectively (left axis). Also shown is

103 M). As expected, the destruction of metolachlor increased the calculated concentration of OH radicals from eq 5, which
significantly using UV combined with 0, as compared to its  varied from 1 to 12x 10713 (M) (right axis). Given that the
direct photolysis, as shown iRigure 1. It can be concluded reaction between OH radicals and metolachlor dominates the
that the reaction between the OH radicals formed and the destruction of metolachlor in the UV, process, the destruc-

metolachlor was the major destruction pathway. tion rate of metolachlor should follow a trend similar to the
The reaction rates of metolachlor at various molar ratios concentration of OH radicals at different doses @Opl Thus,
between HO, and metolachlor are shown fRigure 2. The the rate of degradation of metolachlor can be predicted ac-

destruction rates initially increased upon increasing the molar curately at various molar ratios ob8, to metolachlor as shown
ratio of H O, to metolachlor up to an optimal rate obtained at in Figure 2. The difference between the predicted and the
a molar ratio of approximately 200, after which the reaction experimental dependence of degradation rate on the molar ratio
rate remained constant (Figure 2). A similar trend was also of metolachlor to HO, beyond 200 may be due to formation
observed for UV/HO, degradation of 1,2-dibromo-3-chloro- of the less reactive secondary radicals at higbftoncentra-
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tions (such as H@, as presented in eq 4), which are not taken Figure 4 Comparison of pre@icted (line) and experimental (dots)
into account during calculation of the predicted values. destruction of metolachlor at various concentrations of H,0,: (A) PBS,
OH Radical Rate Constant. Competition kinetics experi- ~ [DOC] = 0.96 mg L™* and alkalinity = 100 mg L™ as CaCOs; (B) Eno
ments were conducted to evaluate the rate constas) (k River water, [DOC] = 5.78 mg L™* and alkalinity = 23 mg L~! as CaCOs;.
between OH radicals and metolachlor (23). Nitrobenzene
[kon = 4.0 x 1®® M s71 (28)] was chosen as the reference
compound because it essentially does not undergo direct
photolysis, it is easy to analyze using HPLC, and it has been
successfully applied in similar experimen8). Most previous
studies on the UV/KD, process assumed that the direct
photolysis of the target compounds was negligit6, (31). r —k b f
However, as discussed above, because of the high quantum Kop mer = Kopngr——MET _MET MET (1)
yield, metolachlor undergoes considerable direct photolysis. ' ' 'ng
Such an effect should be taken into consideration in determining
the OH radical rate constant via a UV-based process. Noting The above equations were applied for experimental data
that the direct photolysis of nitrobenzene is negligible, the obtained at various initial concentrations of,®, meto-
destruction rates of metolachlor and nitrobenzene can belachlor, and nitrobenzene. The OH radical rate constant of

function of UV fluence. Because nitrobenzene shows little direct
photolysis under the experimental conditions (data not shown),
the OH radical rate constant of metolachlor can be calculated
using eq 10.

expressed by egs 7 and 8, respectively. metolachlor was found to be constant using the various
concentrations, and an average value of 980.21) x 10°
e = ["OH]<s+ D, f (7) M-l s! was obtained and used for subsequent studies.
et = Kor e s Ko er Puer fuer This value compares well with the value of 62Q.4) x 10°
-1 o1 i i
s = Kornel OHlss ©) M~1 s71 obtained in a study of ozonefB, treatment of

metolachlor (11).

Here, the steady-state concentration of OH radicals was Scavenging Effects of DOC and Alkalinity. AOP proces-

calcited sccoring 0 2 S where e composiiofs] 2o WIZE I redclon betueen O radcal and s
also included the degradation rate of the N&,§,[H202] + J ging

. are nonselective and can react with virtually any species present
;Mggoggﬂcllzﬁ-{grtfﬂk,\‘;\E\I/\i])deig?n:?neeg%cnzg %f UV absorbed by in aqueous solutionsey = 2.8 V; 32). Carbonate species
ET y ' (HCO;~, CO2"), NOM, and HO, can act as OH radical

ever [MET] scavengers and hence reduce the destruction rate of meto-
fer = MET 9) lachlor. The effects of these scavenging species were investi-
€n,0, [H202] + €xg [NB] + eyer [MET] gated at pH 7, 20C with 2 «M metolachlor, and a range of

0—50 mg ! of H,O,. In the presence of NOM and carbonate
Thus, the reaction rates for both metolachlor and nitrobenzenespecies, the expression of steady-state OH radical concentra-
can be calculated from the changes in their concentrations as dion (eq 5) was modified; thus, the denominator included the
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Figure 5. Typical GC/MS chromatogram of the photolysis experiments ((MET] = 25 uM, pH 7.0, UV fluence of 1000 mJ cm—2).
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Figure 6. Mass spectra and proposed structures of six byproducts.

scavenging rates of bicarbonate, carbonate, NOM, astobH
respectively (eq 11).
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TR S
Ks ho, Ph,o0, [H202] fii0,
Kuco,- [HCO; 1 + koo [CO* T + kyow INOM] + kiy 6, [H,0,]
(11)

wherekyco,” = 8.5 x 1P M7t s% keoz = 3.9 x 1B ML
s andkyom = 2.5 x 10* mg L™ s71 (33).
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4A, which includes several sets of near identical experi-
ments, displays the combined effects of NOM, carbonate
species, and ¥D,. The predicted values of the destruction rate
of metolachlor were accurate at lower initialo® con-
centrations up to 50 mg1, yet overestimated at higher@,
levels. Such discrepancy is typical mainly because the OH
radical and NOM rate constants used simplify the diverse
composition of functional groups for different types of NOM.
Nonetheless, this model proved effective in predicting the
destruction of metolachlor with an average difference be-
tween the predicted and the experimental rate constant of
about 5%.

The accuracy of the model was further verified in a natural

An increase of the NOM concentrations from 1.6 to 4.7 mg water systemFigure 4B presents the experimental and predicted
L=1 C resulted in a decrease of the destruction rate of degradation of metolachlor in a natural water obtained from
metolachlor (Table 1). The predicted values of the destruction the Eno River in Durham, NC. Water quality parameters

rate of metolachlor using eqs 7 and Kh{y at various NOM

(summarized in the caption dfigure 4B) such as DOC and

concentrations were found to be in good correlation with the carbonate species were integrated in the model (eq 11) in order

experimental resultkg,9 for initial H,O, concentrations of both
25 and 50 mg L%, as shown inTable 1. Carbonate/bicarbonate

to characterize the scavenging effect of the natural water. The
predicted degradation of metolachlor agreed well with the

decreased the degradation rate of metolachlor but to a muchexperimental results atJ, concentrations ranging from 0 to

lesser extent as compared to NOM (data not showigure

50 mg L1
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Table 2. GC/MS RTs and Fragmentation Patterns of Unresolved
Byproducts

compounds RT ions (m/z) and abundance

3 15.01 247 (1), 233 (30), 203 (13), 202 (100), 175 (62),
174 (82), 161 (36), 160 (55), 146 (52),
132 (15), 91 (28), 77 (17)

5 15.21 247 (45), 202 (11), 176 (7), 131 (100), 117 (27),
91 (32), 73 (86)

6 15.31 202 (100), 175 (82), 174 (92), 160 (59), 146 (18),
91 (7

9 15.69 265 (7§, )247 (24), 202 (43), 175 (56), 174 (100),
160 (21), 146 (18)

11 16.01 248 (3), 247 (23), 202 (42), 175 (59), 174 (100),
160 (11), 146 (27), 146 (27)

12 16.11 232 (7), 215 (55), 202 (94), 176 (35), 174 (66),

160 (43), 159 (26), 132 (25), 131 (100),
117 (23), 91 (26), 72 (35)

Photodegradation Byproduct Identification. During UV
disinfection of water via photolysis or natural photodecay in

the environment, unwanted degradation products may be formed
from parent compound destruction. Because direct photolysis

of metolachlor is significant, the formation of intermediate

Wu et al.
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Figure 7. Suggested scheme for photodegradation of metolachlor.

photodegradation products was assessed under UV irradiation.

Direct photolysis of metolachlor, at initial concentrations of-25
30 uM and pH 7, resulted in the formation of several inter-

mediates, of which most were eluted before the metolachlor

(RT, 16.4 min) Figure 5is a typical GC/MS chromatogram of
the solution following photolysis of metolachlor obtained after
LLE extraction. Dechlorination, hydroxylation, oxoquinoline for-

mation, and demethylation were the processes observed durin

the photolysis of metolachlor. Compoufd, with MW of 283,

Compoundl0, which gives a fragmentation pattern similar to
the sunlight photodegradation product “#1” reported by Kochany
and Maguire ), was identified as [2-hydrox)-(2-ethyl-6-
methylphenyl)-N(2-methoxy-1-methylethyl) acetamide] (s
NOs). The molecular ion could lose the GBICH; fragment to
give an ion peak ain/z220, while the ion peak ah/z193 may

€Iesult from cleavage of the 2-methoxy-1-methylethyl fragment

with hydrogen migration. The ion peak at 220 may lose the

corresponds to the parent metolachlor, which was verified with COCHOH fragment with hydrogen migration to give the base

a metolachlor standard. The mass spectrum of this peak (U
treated extracted sample) showed major ion peaks/afl62,

y ion peak atm/z162.

Two compounds (compoundsand14 in Figure 6), whose

238, and 240; the latter is of one-third relative abundance of Structures have not been previously reported in the literature,

the ion peak oim/z240. The ion peak om/z238 may have
resulted from the loss of G®CH, group, and the ion peak of

were identified through analysis of the MS spectra. Compound
7 has strong M peak with a molecular weight of 265 {£,3-

m/z240 indicates the presence of chlorine atom. As compared NOs) with no indication of a chlorine moiety. During the MS
with the standard mass spectrum of metolachlor, the probability Process, it may lose the GBCHs;, CH,, and CHOH groups
of this compound corresponding to metolachlor is 98%. The consequently to form the base peakrét of 177. The remaining

identification of other compounds, shown Figure 5, was

CO group may also be lost to produce the peakmdt 149.

tentative, and hence still required further investigation or other Compoundl4 (RT, 16.97 min), which has a parent ionrafz

analytical methods unless confirmed by authentic samples.
Of all of these byproducts, noted on the chromatogram in
Figure 5, four could be positively identified upon comparing
their electron impact MS fragmentation patterns with those from
the literature Figure 6). Thus, compound was identified as
N-(2-ethyl-6-methylphenyIN-(2-vinyl-6-methyl)-(N-2-hydroxy-
1-methylethyl) acetamide (gH.1NO,, MW 247). The molecular
ion could lose a CKHDCH, group to give the ion ain/z202,
which could lose CHland CO groups to give the base ion peak
atm/z160 (3). Compoun@, which possesses a 5% parent ion
at m/z233, may correspond to the molecular formulgHG ¢
NO,. The molecular M could lose CHO and CH groups to
give the peak am/z188, which may lose additional GHand

247, may correspond to 8-meth{{2-methoxy-1-methylethyl)-
2-oxo-4-methyl-1,2,3,4,-tetrahydroquinoline;68,1NO,) with

a molecular weight of 247. The molecular ion may losesCH
OH though hydrogen migration to give an ion peakz215

and then lose additional CH to give the ion peakmdt202. It

may lose two CH groups to give the base ion peaknatz174.
Several byproducts remained unresolved based on current
information.Table 2 summarizes then/zpeaks and abundance

of these byproducts.

Pignatello and Sunl@) found that several major byproducts
through photo-assisted Fenton reactions of metolachlor retain
a chlorine atom, while Kochany and Maguir8) (reported
dechlorination to be the first step during sunlight photodegra-

O throughy-rearrangement to give the base ion peak at 160 dation of metolachlor since none of their identified byproducts

(3). Compound matches with the spectra of the metolachlor
metabolite “G” reported by Liu et al. (9). Compoudd(RT,
15.04 min) was identified as 8-methM-(2-methoxyl-1-meth-
ylethyl)-2-ox0-1,2,3,4,-tetrahydroquinoline {£11gNO,) with
MW 233, compound “VI” reported by McGahen et aB4).
The molecular ion could lose GHo give the ion atm/z218
and CHO to give the ion atn/z188. The base ion peak @t/z
146 is the result of loss of CGHfrom the methyl group.

contained a chlorine atom. In this study, no chlorine ion was
detected by the El implying that none of the photolysis products
contained chlorine. Hence, it can be concluded that dechlori-
nation is one of the initial steps in the photodegradation of
metolachlor. The loss of chorine is assumed to be initiated by
absorption of photons where the chlorine forms MCSY);

Figure 7 presents a suggested scheme of photodegrada-
tion of metolachlor, based on the six identified products



Photodegradation of Metolachlor

(Figure 6). The loss of the chlorine atom might be initiated by
absorption of photons and result in formation of the intermedi-
ates 1 and 2, which proceed to compoubh@and4. Cyclization

of compoundl0 results in the formation of compourd The
CH,CHjz group on the benzene ring in intermediate 2 may also
undergo cyclization to form compounds 2, and14.
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