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Abstract

The goal of this study was to identify the by-prouthat form during the oxidative degradation
of five phenylurea pesticides. Four advanced olodgirocesses were used including photolysis,
ozonation, heterogeneous photocatalysis, and timication of photolysis with ozonation. After
concentrating the by-products using solid phaseaetibn, our samples were analyzed by mass
spectrometry. We have managed to identify the npadducts for each pesticide and process,
from which we could determine that the main reatiduring the application of AOPs were the
dehalogenisation and hydroxylation of the aromatig, as well as the terminal demethylation
and the oxidation of the methyl groups.

Introduction

Organic contaminants, such as pesticides, pharmeaks, etc. have become a major concern
regarding the environment due to their persistesmog low biodegradability that can lead to
accumulation in soils and watéts A large number of these contaminants have presumned
proven negative health effects (carcinogens, emdisruptors). Phenylurea herbicides are one
such type of chemicals that are widely used fordveentrol, mostly in non-agricultural areas,
and their high half-life in soifd causes them to wash into waters, even appearingiriking
water. Another problem is that regular water tremttnmethods often are ineffective in the
removal of these contaminants. Therefore applicabdthods are being developed based on
advanced oxidation processes (AOPs) that are camdilthe degradation of organic matter by
forming highly reactive radicals. These methodslude photolysis by ultraviolet light,
ozonation, heterogeneous photocatalysis, Fentarioeawhich can be effective themselves, but
also can be further improved by their combinaffmresulting in higher radical concentrations or
different reaction pathways. This also means tmat/arious processes will result in different by-
products that can be identified using mass speetgymThis information is essential for the
development of analytical processes for these comggand their metabolites.

Materials and methods
Four phenylurea pesticides were used for our exyais, as presented Bigure. 1.
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Figure 1. Molecularformulae of thepesticides: A: fenuron;mBonuron; C: diuron; D: linuron
During the experiments 500 énof aqueous pesticide solutiong8.7 x 10°mol dm?) were
circulated with a peristaltic pump between theretirreservoir and reactor tanks, both were
thermostated at 25+0.1 °C. The solutions were kdblith air (in case of photolysis and
photocatalysis) or oxygen (in case of ozonationthedcombined UV/ozone method) 10 minutes
before and throughout the measurements.

Three low-pressure mercury vapour lamps with idahgparameters (15 W, 227 mm arc length,
307 mm length and 20.5 mm external diameter) weesl uemitting at differing wavelengths:
standard UV (254 nm), UV/VUV (185 and 254 nm) amdofescent lamp (with maximum
emitted fhoton flux at 365 nm). Each process wasceted by the selection of the light source
and the material of the envelope (quartz or glessgring it. The measurements were initiated by
switching the lamp on.

Process Lamp Envelope
Photolysis 254 nm quartz

Ozonation 185/254 nm perforated glass
Photolysis and ozonation 185/254 nm perforated quartz
Heterogeneous photocatalysis 365 nm quartz

UV-vis spectrometry was performed using an Agil&d53 spectrophotometer, while high-
performance liquid chromatographic measurements wexde utilizing an Agilent 1100 modular
HPLC system equipped with a diode-array detectbe mobile phase consisted of acetonitrile
and water (60:40 %V/V) for diuron and linuron, alseethanol and water (60:40 %V/V) for
fenuron and monuron. For isoproturon gradient efutivas used according to Kovalczuk et
al.[4]The separation of compounds was achieved ld€aroCART® C-18 column (250 mm x 4
mm, 5 pm) at 25 °C temperature with an injectiotur@e of 20 pL. The mass spectrometric
measurements were performed on an Agilent G195@8mypole mass spectrometer.

Results

From the degradation curves of the target compquheésinitial rates of transformation can be
obtained, which serves as the basis of the congran$ the processes. Furthermore, the time
required to transform 50 % the parent compoundatsmbe calculated, which is important in the
identification of the by-products, the reason beimagt at this point most of them are present in
the solutions.

Mass spectrometric measurements were made both thithoriginal and the concentrated
samples. The identified by-products are shown e ftillowing tables Tables 1-4.The tables
contain the products’ retention times, moleculaighe number of chlorine atoms, the suggested
formulae, and the processes during which eachevhtivere detected. The results indicate that
during the oxidative transformation of these commsuthe hydroxylation and dehalogenisation
of the aromatic ring, the oxidation of the methybugps, and terminal demethylation are the
primary reactions in all cases.
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Table 1.By-products formed during the oxidative transfotima of diuron
(o: detected without enrichment by SRE detectedafter enrichment by SPE)

Retention uv Ozona-| Combined Het.
time M Cl Suggested formula photolysis tion method Photocat.
(min) (UV) (05) (UV/O5) (TiOy)
2.78 213| O o o
3.09 213| 0 o o o
HO
(o]
I _CHs
CI—@NHCN\
CH3
3.24 214 1 ce ° ° °
HO,
@ I _CHO
cl NH-C—N_
H
Cl
(0]
Il CH3
HO—@NHCN:
CHs
3.39 214 1 ° ° ° °
Cl
@ I _CHO
HO NH-C—N]
H
Cl o
4.06 204 2 CI@NH—E—NHZ ce ce ce ce
o)
Il /CH3
CI—@NHCfN
CH3
4.51 198 1 cl ° oe °
NH*C*N\
CH3
cl R
5.06 218 2 C|4©7NH-8—N’H ce ce oce ce
“CHs
5.58 203 2 o ° ce ce
cl
8.22 |246| 2 u@NHSN/C”O ce ° . oe
“CHs
cl
o
9.08 248 | 2 {_y e ° ° ° °
cl @ NH-C N\CH3
OH
938 232| 2 possible diuron . . . .

contamination
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Table 2. By-products formed during the oxidative transfotima of linuron
(o: detected without enrichment by SRE detectedafter enrichment by SPE)

Retention uv Ozona- | Combined Het.
time M Cl Suggested formula photolysis tion method Photocat.
(min) (UV) (03) (UV/O3) (TiOy)

HO
246 | 200| 1 CI@NHSN/% oe oe .
“H
HO o
313 | 230| 1 q@mcm% . oo
“0—CHs
cl o
3.22 204 2 CI@NH%—NHZ ce ce oce oce
0
l_CHg
CI—@NH{:*N\
CH3
358 198 1 cl [ J [ )
@ (H) /CH3
NH-C—N_
CHs
cl
QO H
4.04 | 218| 2 a@NH-é_N/ oe . oe oe
“CHs
cl R
4.55 234 2 C|4©*NH—(I_1,—N/CH3 [ ] [ ]
OH
4.64 203 | 2 °
4.86 232 | 2 ° ° ° °
5.90 203 | 2 ° ° ° °
11.20 280| 2 ° °

Table 3.By-products formed during the oxidative transfotima of fenuron ¢: detected without

enrichment by SPEs;: detected after enrichment by SPE)

. uv . Combined
t?nf;e(nr::%r; M Suggested formula photolysis Oz?ga)tlon method Het'(.:?igm)o cat.
(UV) 3 (UV/O3) 2
2.61 186 oe oe oe ce
3.33 180 o] oe oe oe oce
I CH
HO - NH-C—N”
“CH
4.00 186 oe o oce oce
4.85 164 ce ° °
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Table 4. By-products formed during the oxidative transfotiora of monuron
(o: detected without enrichment by SRE detected after enrichment by SPE)

Retention uv Ozona-| Combined Het.
time (min) M Cl Suggested formula photolysis | tion method Photocat.
(LV) (O3) (UVIO,) (TiO,)
2.59 202 O ce ce ce ce
3.58 235| 0 ce ce ce ce
4.88 153| 1 Q
CINH—C—NH 2 ° ° °
OH
5.63 214 1 Q CH
a NH-C—N °
OH
5.99 198| 1 ible | ; °
758 198 1 possinle Isomers o ° .
9.54 198 | 1 monuron ce ce
11.09 220| 1 ° ° °

We have identified the most by-products for diudmipwed by linuron, while we could identify
only 2 and 1 products for monuron and fenuron, eesyely. In the case of monuron we have
found several products with the same mass, whicleamsider to be contamination in the initial
compound.

Conclusions
* We have successfully identified the main produdtse oxidative transformation of four
phenylurea herbicides
* The main reaction pathways have been found to del¢halogenation and hydroxylation
of the aromatic ring, and also the demethylatiosh @xidation of the methyl groups
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