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INTRODUCTION

Pesticides are extensively used in agriculture, gardening and a variety of other household applications. In general terms, around 45-50 %of the active substances used are herbicides. They can be
emitted into the atmosphere through dispersion during spraying, and also through volatilization from ground or leaf surfaces. Once in the atmosphere pesticides are distributed between the gas,
particle and aqueous phases. The partitioning Iin different phases depends on their physicochemical properties (such as equilibrium vapour pressures, Henry's law constants) as well as on the
environmental conditions (temperature, wind direction, height of cloud base).

Thiocarbamate herbicides such as Prosulfocarb (CAS: 52888-80-9, S-benzyl dipropylcarbamothioate) are used both in pre- and post-emergence in winter cereals. It can be released to the
atmosphere directly while being sprayed. A vapour pressure of 6.4 x 103 Pa at 20 °C indicates that prosulfocarb will exist in both gas and particulate phases in the atmosphere. Studies on the gas-
phase degradation of pesticides are problematic because of their low vapour pressures. One advantage of large simulation chambers, such as those at the European Photoreactor (EUPHORE), Is
that compounds with vapour pressures as low as 3 mPa can be introduced into the chamber in the gas-phase.

EXPERIMENTAL ¢

A White-type multi-reflection mirror system (path

FTIR Reactant and Products (gas-phase) length of 553.5 m), MCT detector

Waltz Hygrometer T and RH Waltz TS2

Barometer Pressure Air-DB-VOC(, Sirsa

NOXx monitor NO,NO,, NOx TAPI NO, monitor (T200)

O3 monitor O; Ecotech ozone analyzer

Radiometer Actinic Flux Jazz

SO, monitor SO, Thermo Electron monitor model 43i

Reactants and products (gas-phase) (with

(On-line)- SPME-GCMS and without on-fiber derivatization)

Agilent LTM 5975T. SPME G6501B

EUPHORE consists of two identical half-spherical FEP (fluorine-ethene-propene) foil chambers mounted (Off-line)-SPME-GC-FID
on an aluminium floor covered with FEP foil which transmits = 90 % sunlight at wavelengths higher than
320 nm, dropping to 75 % transmission at the atmospheric threshold of 290 nm. The chamber used for the (Off-line) GC-MS
experiments has a volume of approximately 200 m? and two mixing fans to ensure homogeneity of the
reaction mixtures. A retractable steel housing surrounding the chamber is used to control the time of
exposure to sunlight. PTRMS Products (gas-phase) lonikon
The present series of experiments were carried out to determine the major reaction pathways for
prosulfocarb degradation in the troposphere.

Reactants (gas-phase) Agilent 6890

Products (gas and particle phase). With and

. .. . GC-MSTRACE-DSQ Il GC-MSn Thermo Electron.
without derivatization techniques

(Off-line) LC MS/MS Products (gas and particle phase) Waters

SMPS Aerosol size distribution Model 3080 with DMA 3081 and CPC 3075

RESULTS AND DISCUSSION

Prosulfocarb Cyclohexane TMB HO, NO  O; HONO RH Ratio (ppbC/ppbNO,) SOA Yield i
Type of Experiment (pphV) (ppbV)  (ppbV) (ppbV) (pphV) (ppbV) (ppbV) (%) (%)

Prosulfocarb ozonolysis with cyclohexane as OH scavenger 116 22000 - - - - 1000 - - - 0 PHO.‘.O lYSIS UN D [R SUN “:G I-H (0 N DI.H:O NS | RE A(T[O N W.H-H 0 Z 0 N [
Prosulfocarb relative kinetics 120 - 135 - - - . Cont? . - -
Prosulfocarb relative kinetics in darkness 139 - 135 - - - - ' '

S
Prosulfocarb photolysis with cyclohexane as OH scavenger 63 - - A - Lifetime (t=1/J) >10 h in autumn, at 288 + 10 K and 40° Lifetime (to3=1/kO5[05]) >13 days
Photo-oxidation of prosulfocarb in the absence of NOx (with H202) 82 ‘ ' ' S ' latitude. Two photolysis compounds detected at trace at [Oglaverage = 7 % 101 molecule cm3

Photo-oxidation of prosulfocarh in the presence of low NOx (with H202+NO) 92 - - - - - - level. No reaction prod ucts detected.
Photo-oxdation of prosulfocarb in the presence of low NOx (with H202+NO) 78 ‘

Photo-oxidation of prosulfocarb in the presence of low NOXx (with H202+NO) 3 - - - - - - R E A (.\..[ ON W.[.\.H HYDR OXY l- R ADI ( A l- S
Photo-oxidation of prosulfocarb in the presence of NOx (with H202+NO) 43 - - . - ..
) Cont. : Added continuously, around 2 ppbimin kon(prosulfocarb) = 2.88 x 101t cm3® molecule! st

b) Ozone and TME were added to generate OH in the darkness Lifetime (,E -1 /kOH[OH]) = 6.2 hours
| OH™ -9
at [OH],yerage = 1.56 x 10° radical cm
High variety of products detected

SOA formation
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Conclusions:
 In the gas phase prosulfocarb would have a relatively short lifetime === mainly due to reaction with OH radicals.

!

Undergo short or medium-range transport (during night hours —no photochemical activity- depending on the wind
speed, could be transported medium or large distances)

Heterogeneous losses could be a significant removal source.

Main degradation products for the reaction of prosulfocarb and OH radicals: benzaldehyde, benzoic acid, S-
benzylformyl(propyl)carbamothioate, and S-benzylpropanoyl(propyl)carbamothioate===) relevant aerosol precursor,
with aerosol yields of 14-46% or greater under high NOx conditions.

O

0
+ 0, [ j \S/\N{H + —CH, +0,

S-benzyl (1-hydroxypropyl)propylcarbamothioate ~ S-benzyl propanoyl(propyl)carbamothioate  S-benzyl formyl(propyl)carbamothioate

4 Lo
AN

f + H { H + other secondary products

b
N
|

Benzaldehyde
H HN

/\N{
REFERENCES '

) *Borras, E., Rédenas, M., Vazquez, M., Vera, T., and Mufioz, A., 2015. Particulate and gas-phase products from the atmospheric degradation of chlorpyrifos and chlorpyrifos-oxon. Atmospheric Environment, A ( K N 0 W l_ [ D G M E N .\- S
123:112-120 :
*Kwok, E.S.C.; Atkinson, R and Arey J. 1992. Gas-phase atmospheric chemistry of selected thiocarbamates. Environ. Sci. Technol., 26, 1798-1807
«Logan, J. A. Tropospheric ozone: seasonal behavior, trends, and anthropogenic influence. J. Geophys. Res. 1985, 90, 10463-10482. The authors wish to acknowledge the Spanish Ministry of Economy and Competitiveness for the IMPLACAVELES project (CGL2013-49093-C2-1-R), the

‘Mufioz, A., Vera, T.; Sidebottom, H., Mellouki, A., Borras, E., Rodenas, M., Clemente, E., Vazquez, M. 2011a. Studies on the atmospheric degradation of chlorpyrifos-methyl. Envir. Sci. Technol.. 45 (5), 1880— i(géaéf\;ué':}ggﬁ/r%elc;/gggghﬂ10-3E-1302 cofunded by FEDER, and the Generalitat Valenciana — Spain for the DESETRES-Prometeoll project
1886 .

_ _ _ _ _ _ CEAM is partly supported by the Generalitat Valenciana. In addition, we thank Marlon Salazar for their work in these experiments
*Prinn, R. G.; Huang, J.; Weiss, R. F.; Cunnold, D. M.; Fraser, P. J.; Simmonds, P. G.; McCulloch, A.; Harth, C.; Salameh, P.; O'Doherty, S.; Wang, R .H. J.; Porter, L.; Miller, B. R. Evidence for substantial
variations of atmospheric hydroxyl radicals in the past two decades. Science 2001, 292, 1882-1888.

o

~“H

N
o)



mailto:amalia@ceam.es

