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ABSTRACT

Fenamiphos is a widely used organophosphate insecticide/nematocide in
vegetablesand bananasto control pathogenic nematodes. Thiswork reports
the phototransformation of Fenamiphos under different intensity of UV
light in distilled water. The rate of photolysis of Fenamiphos followed
apparent first order kinetics (Ct = Cg*). The rate constants calculated at
25°C and pH 6.9 were 14.47 103 min* (HPK 125W), 4.11 10° min* (PL-SOW/
10) and 3.1 days* (sunlight). Apparent rate constant was proportional to 1°°
(Intensity of light). Half-life(t,,,) valuescal culated were 48min (HPK 125W),
168.6min (PL-S 9W/10) and 223 days (sunlight). From this study, two
photoproducts were identified and characterized using High Performance
Liquid Chromatography/mass spectrometry (HPLC/MS). The plausible
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mechanism of photolysisinvolved is oxidation of sulphonamide group.
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INTRODUCTION

Thelargeamount of industrial wasteand excessive
use of pesticides necessary in intensive agriculture
represent the main cause of contamination of soils,
ground waters and surface waters. Most of these
products are persistent and may cause important
damageto theenvironment and human health”221, An
important success has been obtained inthedeve opment
of methodsfor characterisation and detection of the
pesticides dispersed in the environment(281620221, Their
removal from contaminated waters appears now to be
apressing ecologica problemwhich needsto be solved.

Organophasphorus pesticides (OPPs) aregenerdly
seen as safe chemicalsfor use on cropsand animals
duetotheir relatively fast degradationrates. However,
they ared sothemost toxic to humansof dl pesticides™.
OPPshaverdativey high solubility inwater, thusthey
are transported readily through soils and into
groundwater or surfacewaters. Many of these pollutants
which are present in soil or in water can undergo
photochemica transformationwith solar light viadirect
aswell asindirect photoreactiong'6°1517, Therefore,
information about their toxicity, stability to natural
decomposition (i.e. abiotic or biotic degradation) and
their persistenceintheenvironment isof great interest
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Figurel : Chemical structure and absorbance spectrum of
fenamiphos

Time (minutes)
100 150
0 < "

054 ™\ ()

200

-1 N
by

Ln(C/Cq)

-1.51 N
-2 (a\’\\\‘
-2.5 + 4

-3
Figure3: First order linear transformsin (C/C ) =f (time) of
fenamiphosphotolyss,usng HPLK 125W Phillipslamp (a)
and PL-S9W/10 Phillipslamp (b)

toundergtandtheir environmentd fateintheenvironment.
Fenamiphos (ethyl 4-methylthio-m-tolyl
isopropyl phosphoramidate), an organophosphorus
group of insecticide and nematicide, isused to control
soil nematodes in turf and horticultural cropg354,
Generdly, in soil, fenamiphos oxidize rapidly to
fenamiphossulfoxidewhichisthenoxidized moredowly
into fenami phossulfong*+22, Fenamiphossulfoneand
fenamiphossulfonehavepesticidd activity and toxicity
similar tothat of fenamiphog?!, but they aremuchmore
mobile and persistent. The photodegradation of
fenamiphoshasbeen studiedin variousclay matrices™.
Theprocessdependson theamount of humic substances
andiron (I11). The degradation rate increased in the
presence of water, dueto the photohydrolysis process.
Hydrolysishasamgor rolein the breakdown and
degradation of pesticides. Hydrolysis of fenamiphos
followed smplepseudofirst order kineticsand depends

Figure2: Photochemical degradation of fenamiphaosat varying
intensity. (a) HPLK 125W Phillips lamp; (b) PL-S 9W/10
Phillipslamp
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Figure4: First order linear transformsin (C/C ) =f (time)
of fenamiphosphotolyss, using sunlight

onthepH andtemperaturd. Thereactionisvery dow
at low temperature and in neutral water, but complete
hydrolysisof the product isobserved in basic water at
50°C. So, the more alkaline soil, the faster the hydrolysis.
However, the soils of a neutral nature favour the
accumulation of residues of this pesticidefor alonger
timewhich may contributeto groundwater pollution™.
Therefore, determination of the rate and route of
photolysis transformation in water is important to
determinatetheimpact of fenamiphosuse.

Exposition of the aqueous sol ution of fenamiphos
to UV lightisauseful method for determining therate
and thereaction pathways of fenamiphosphotolysis. In
the present work, we determinate and compared the
rate of photolysis of fenamiphosin water under UV
light usngtwotypeof lampswith different light intengity
and wave length. High performance liquid
chromatography / mass spectrometry (HPLC/MYS) is
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Figure5: Identification of theby-productsby HPL C-M Safter 120minutesof irradiation timeof fenamiphos solution

used to characterisethemain intermediate products.
EXPERIMENTAL

Reagents

Fenamiphoswith 99.5% purity isused asreceived
without further purification. All other chemicaswere
analytical grade and were used without further
purification. Solutionswere prepared with high purity
water. Samplesfrom considered solution weretaken at
regular timeintervalsand analysed directly by HPLC
coupled to Diode Array UV detector. All the
experimentswereruninduplicate. All solventsused for
HPLC andysiswereof chromatography grade. A stock
solution of fenamiphos (3.29mM) was prepared in
methanol. From stock solution, a0,0329mM working
standard solution in water was prepared. The
absorbance spectrum of fenami phosin aqueous solution
is presented in figure 1. The concentrations were
determined from the calibration curve (concentration
vsabsorbance) produced from known concentrations.

Irradiation experiment

Thesolutionswereirradiated inareactor usngtwo
types of lamps: High-pressure mercury lamp HPLK
125W-Phillips (high level of UV radiation, provide
maximum energy at 365 nm, with substantia radiation
also at 435, 313, 253 and 404 nm) and alow-pressure
mercury vapour fluorescent lamp PL-S9W/10 Phillips
(Emit long-wave UV-A radiation, range of wavelength
is350-400 nm), to achieveamaximum intensity of UV
light at | max > 290 nm under acontinuousstiringusing
amagneticgirrer. A cylindrica Pyrex glassvessd of 250
mL was used asabatch reactor. Other testsweremade

on thedegradation kineticsusing natural sunlight. The
sampleswereirradiated continuoudy for 2h under the
effect of light lampsand for 20 days under the effect of
sunlight. Test controlswereincubatedinthedark toensure
that thetransformation of fenamiphoswasonly dueto
light absorption. The progressof reactionwasfollowed
by successivesampling at regular timeintervasand was
andysed directly by HPL.C coupledto DiodeArray UV
detector. Hydrolysisexperimentswere al so performed
a thesametimeasthephotolysisstudy and no hydrolyss
effect was observed. The pH (6.9) and temperature
(25°C) remained constant during experiment.

Instrumental analysis

HPLC wasperformed using aGBC equipped with
aUV diodearray detector set at 249 nm. The column
was a 250mm x 4.6 mm agilent Zorbax SB C18
column. Themobilephasewasamixture of water and
methanol (30/70, v/v). Theflow rateof isocraticeution
was 1mL/minand theinjection volumewas 20mL.

TheHPLC coupled to mass spectrometer (HPLC/
MS) usedinthisstudy isequipped withHPLC LC type
Surveyor brand Thermo-Electron, C18 column (4.6x150
mm), quaternary gradient pumpwithintegrated degesse,
oven included in the ferryman, stable between 5 and
95°C, UV detector diode array SURVEYOR (spectral
range from 190 to 800nm) and a detector mass
spectrometer LCQAdvantageMAX iontraptype.

RESULTSAND DISCUSSION

Photolysisof fenamiphos
The direct irradiation of a solution containing
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Figure6: Theevolution of fenamiphosand itsintermediate
asafunction of theirradiation time

100

0,0329mM (10ppm) of fenamiphoswas conducted over
aperiod of 2 hours or 3 hoursusing UV light, with
regular samplingevery 10 minutes. Analysisby HPLC-
UV of solutions shows a steady decreasein the con-
centration of fenamiphosversustimeof irradiation (Fig-
ure2). Thephotolys sof fenami phosinwater wasmod-
eledwith afirst order kinetic. Thefirst order rate con-
gtant ‘k’ is determined from the slope of the linear plot
of thelogarithm of fenamiphos concentration at various
samplingintervalsagaingt theirradiationtime. Thehaf
lifevaueswerecd culated by usingtheregresson andy-
ssand therate constant k was cal culated from thefirst
order rate equation.

C,=CeX

where C, istheconcentration of pesticideat timet, C,
representstheinitial concentration and K istherate
constant. When the concentration is reduced to 50
percent of itsinitial value, the half-life (t,,) can be
calculated.

Theevolutionof In(C/C)) versustimeisshownin
figure 3and 4. The disappearance of fenamiphosfol-
lowsapparent first-order kineticsand therate constant
ispresentedin TABLE 1.

Therateof photolysisand thehaf-lifevaried with
respect to theintensity of light, being morerapid with
HPLK lamp than with PL-S9W/10 or sunlight. The
kineticsof transformation of fenamiphos dependson
theintensity of thelight used for irradiation. Apparent
rate constant isproportional to 1°° (Intensity of light).
The dependence between light intensity and the
decomposition of different pesticideshasbeenwiddy
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HUdl ed[1,10,21,24] .

HPLC/M S anaysiswas carried out to follow the
mainintermediatesresulted from the photol ytic process
of fenamiphos.

I dentification of photoproducts

Aspresented infigure5, HPL C chromatograms
showed the presence of three peaks corresponding
to fenamiphos and two intermediates products at
retentiontimes4.59, 2.9 and 1.89 minutes, respectively
(TABLE2).

Eighty percent of the initial concentration of
fenamiphos was degraded after 2 hours. Analysisby
HPLC-MSallowed usto identify the by-products of
photolysiswith m/z = 320.68 and m/z = 336.50, which
can beassigned respectively to thefenamiphossulfoxide
(FSO) and fenamiphos sulfone FSO, (Figure5).

Theevolution of fenamiphosanditsintermediateas
afunction of theirradiation timeisshowninfigure6.
We can clearly observe the appearance of two
intermediates products, 10 and 20 minutes after the
irradiation by UV Lamps. The transformation of
fenamiphosfollowstwo steps. Thefirst ep corresponds
to the transformation of fenamiphos to fenamiphos
sulfoxide (FSO) witch occurs rapidly and continue
during the irradiation (2hours). After 20 minutes,
fenami phos sulfoxide (FSO) oxidize on fenamiphos
sulfone(FS0O,) and the concentration of FSO decreases
during thefirst 30 minutes, but therate of fenamiphos
transformation on FSO is more important than the
oxidation of FSO on FSO, as shownin figure 6 and
TABLE 2.

Using sunlight, only 10% of the product has been
transformed for a period of 20 days of
irradiation. Fenamiphos sulfoxide FSO and fenamiphos
sulfoneare observed after 7 days 20 daysrespectively.

Onthebasisof theidentified photoproducts and
thesequenceof their formation during the experiment,
wewould suggest that the photolysisof fenamiphosin
water proceeds via oxidation pathway!*8. The
fenamiphosoxidizesinfenamiphos Sulfoxide (FSO) by
theeffect of light and it oxidizesto fenamiphossulfone
(FSO,). No other products were observed like the
phenol derivative which corresponds to the
photohydrolysisof fenamiphosas generdly observed
for the photodegradati on of fenamiphosin soil*Y,
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TABLE 1: Ratecongtant (K) and half-life(t, ) of transfor mation
of fenamiphosduring photolysisprocessusngHPLK 125W
Phillipslamp (a), PL-S9W/10 Phillipslamp (b) and sunlight

Lamp Kinetics parameters R?
HPLK 125W  kinetic constant k (10°min)  14.47 0.9941
HPLK 125W half-lifet ., (min) 48
PL-S9W/10  kinetic constant k (10° min)  4.11 0.9893
PL-S9W/10 half-lifet ,, (min) 168.6

Sunlight kinetic constant k ( 103 days?) 3,1
Sunlight haf-lifet ,, (days) 223 0,979

TABLE 2: Retentiontimeand m/zvaluesof phototransformation
productsof fenamiphosafter 120minutesof irradiation time

Fenamiphos Fenamiphos Fenamiphos
PNOS g Ifoxide (FSO) ~ Sulfone (FSO,)
Masse (m/z)  304.02 320.51 336.50
Retention g 2.9 1.89
time (min)
CONCLUSION

Thisstudy focused on determining the kinetics of
photolysis of fenami phosin agueous medium and de-
termination of effect of intengity light.

The kinetic study by different |lamps shows that
fenamiphos oxidizesaccording to apseudo first order
reaction. Thekinetic dependsontheintensity of lamp.
Anaysisof photoproductsby HPL C-M S showed that
fenamiphos undergoes oxidation with formation of
fenamiphos sulfoxideand fenamiphossulfone.
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