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Abstract. The photodegradation of the organophosphorus ticsae diazinon with a high probability to
contaminate aquatic environments under simulatéd #ight irradiation conditions on natural watdrao
river in North of Iran has been studied. During @sgre to solar natural light, diazinon is brokenvdo
and produced photoproducts in environment. Theatkdion of the insecticide was a 32 hour process
and included the formation of several intermediatiest were identified using GClion-trap mass
spectrometry with El or Cl in positive and negatigaization mode and HPLC/mass spectrometry. On
the basis of the structurally identified photoprodua possible degradation pathway is proposethéor
photolysis of diazinon in natural water. Since ity hydroxy derivatives were identified in this
solution, the mechanism of degradation was probdlalyed on hydroxyl radical attack. The initial
oxidative pathways of the degradation of diazinevolved the substitution of sulfur by oxygen on the
P=S bond, cleavage of the pyrimidine ester bond, @idation of the isopropyl group. Exact mass
measurements of the derivatives allowed the eleshéotmula of the molecules to be determined
confidently.
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Introduction

Diazinon [O,0-diethylO-(2-isopropyl-6-meth- ylpyridin-4-yl) thiophosphate]
(Figure 1) is an organo-phosphorus insecticide with widesgragricultural. The
primary environmental concerns associated withuses are bird kills, contamination of
surface water, and impacts on aquatic species.iid@aznd its metabolites have been
encountered during monitoring studies in variousatig systems all over the world
(Dubus et al., 2000). Additionally, high diazinoesidues have been found in urban
water- ways and effluents from sewage treatmemnitpléBailey, Deanovic et al., 2000;
Bailey, Kraddoi et al., 2000). Toxic effects of zilron are due to the inhibition of
acetyl cholinesterase. Metabolic studies in anirhalge shown that the main route of
metabolism is oxidation, and several metaboliteth Wwiigher acetyl cholinesterase
inhibition activity have been identified (RobertsdaHutson, 1999). In the environment,
diazinon appears to be mobile and persistent endogsignificantly impact water
resources. The abiotic environmental fate of dazihas been well studied previously;
it is stable at neutral waters, while it is rapitilydrolyzed at acidic pH (Ku and Chang,
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1998). Hydrolysis products have been identifieddsopropyl-6-methyl-pyrimidin-4-
ol and diethyl thiophosphate (Mansour et al., 19983zinon is slowly photodegraded
in distilled water under sunlight, while in natunahters the process is significantly
faster (Scheunert et al., 1993; Lacorte et al. 5198 Isopropyl-6-methylpyrimidin-4-ol
has been identified as the main photoproduct (kdi@hang, 1998). Photolysis studies
of diazinon in soil aqueous suspensions under Wtlhave shown that the main
transformation products are its oxygen analoguegethgli 2-isopropyl-6-
methylpyrimidin-4-yl phosphate (diazoxon), its isemO,O-diethyl S-(2-isopropyl-6-
methylpyrimidin-4-yl) thiophosphate) (isodiazinomnd O,0-diethyl O-[2-(1-hydroxy-
1-methylethyl)-6-methylpyrimidin-4-yl] thiophospleathydroxydiazinon) (Mansour et
al., 1999). Because diazinon transformation pradace more polar than the parent
compound, they may be consequently more water kgluore mobile, and have a
greater potential to leach from soil. Thereforegséh compounds would probably be
found in surface and ground water at higher comagans than the parent compound.

Since the formation of highly toxic reaction intexdmates is possible, identification
of the degradation products is essential (San ,e2@0D2). The purpose of this study was
to analyze the photodegradation products of diazinsing GCl/ion-trap mass
spectrometry and HPLC/ mass spectrometry. For iiitEatton, structural data were
obtained on an ion trap mass spectrometer follovelegtron impact ionization (EI),
positive ion chemical ionization (Cl) and negatiwe chemical ionization (NCI). These
data were complemented with exact mass measurenmentboth precursor and
fragment ions obtained using a mass spectrometdeghadation pathway for diazinon
is proposed based on the identified intermediatelsadgso compared with the metabolic
pathways in living organisms.

Figure 1. Molecular structure of the diazinon. Thiophosphai@ety (a) and pyrimidine group
(b) are shown

Materials and methods
Chemicals and reagents

Diazinon technical (95.0 %) and granules 10% weggftafrom Abyek Chemical
Complex.

Analytical grade standard of diazinon of high pustas obtained from Fluka and
was used without further purification and all theemicals and solvents were obtained
from E-Merck (Darmstadt, Germany).
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Water sampling

Natural waters used in the experiments were celterom the Mazandaran province
in North Iran and was natural water of BabolroodeéRi The natural water sample
collected from the top meter of water body in 2.p+e-cleaned amber glass bottle and
stored at 4°C prior to use. Water sample was used without previtreatment and
filtration. Physicochemical characteristics of sé&npf Babolrood River natural water
are given infable 1

Table 1. Physicochemical properties of the selected natwatkrs

Water type pH | Conductivity TDS! TOC? Salinity Nog
(nS/cm) (mg/L) (mg/L) (°/o0) (mg/L)
Babolrood River | 7.81 382 208 2.93 0.4 3.28

'TDS: Total Dissolved SolidSTOC: Total Organic Carbon

Photolysisin natural waters under simulated solar irradiation

The photochemical stability of diazinon was testeing a Sunset CPS+ photo
simulator from Heraeus (Hanau, Germany), equippitldl avxenon arc lamp (1500 W)
and special glass filters restricting the transmois®f wavelength below 290 nm. The
light source was on the top of the reactor andameirradiation intensity of 750 W/m
was maintained throughout the experiments measbsedan internal radiometer.
Chamber and black panel temperatures were regudgtedessurized air-cooling circuit
and monitored using thermocouples supplied by theufacturer. The temperature of
samples did not exceed 26 using tap water cooling circuit for the UV-react®he
distance between the irradiated solutions and #rap$ was 17 cm. Irradiation
experiments were carried out by exposing 200 magqfeous solution of diazinon (20
mg/L) containing 0.2 % sodium azide (for biologiaigradation resistance) under
artificial solar irradiation. During irradiationhé samples were magnetically stirred. All
experiments were carried out at room temperatudep&h6. A dark control experiment
was also conducted in this experiment. The treatater sample was processed for
diazinon photodegradation on 32 hour after treatrtieat almost is equal with sunlight
natural irradiation at 8 sunny days.

Extraction procedure

Treated water samples (200 ml) were taken in aragpafunnel and 10 g sodium
chloride was added. The diazinon residues and phplpotoproducts were extracted
by liquid-liquid partitioning thrice with 15% dicbtomethane in acetone. The extract is
passed through anhydrous sodium sulphat to remesielual water. Combined the
organic layers and concentrated to near drynessa motary vacuum flash evaporator
followed by nitrogen gas manifold evaporator. Thecpss was repeated thrice after
adding 5 ml acetone in order to eliminate the act dichloromethane. The final
volume (2 ml) was made in acetone for analysis. firte¢ sample was stored in the dark
place while awaiting analysis.
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Analytical procedures
HPLC analysis

Analyses were carried out using a Waters (Milfdvth) Model TM 600 gradient
pump and a 717 auto sampler. Data were processegl Wsaters Millenium software
(version 2.0). The analytical column was Wateig @€.6 x 250 mm, the mobile phase
was isocratic acetonitrile/water, 70:30 (v/v), dtaav rate of 1 mL/min, and the eluate
was monitored at 254 nm. The irradiated solutioreyewfiltered through 0.45 pm
Millipore Millex-LCR filters before HPLC analysig.he injection volume was 20 pL.

GC/MS analysis

A Hewlett-Packard system consisting of a 5890 G§lesy equipped with electron
capture detector (ECD) and capillary column HP-Q 8% 0.32 mm i.d., 0.25 um film
thickness of 5% diphenyl / 95% dimethyl polysiloegna 5971 mass spectrometer.
Chromatographic data were monitored by Xcalftblir4 software. The helium carrier
gas velocity was 30 cm/s, the injector temperatuas 210 °C, and the transfer line
temperature was set at 275°C. The oven programlwas at 60 °C, 20 °C/min to
80°C, 5 °C/min to 196 °C, and 20 °C/min to 270 1D (in). The mass spectrometer
detector was tuned by maximum sensitivity autotuviass spectra database searches
were carried out using the Wiley (New York, NY) Rty of Mass Spectral Data, 6th
edition, and the NIST Mass Spectral Search Progension 1.6d.

Results

The intermediate products formed in this photodaggian of diazinon in the aqueous
solution after 32 hours were investigated by HPLC/MBS analysis. Six products were
identified by the molecular ion and mass fragmemisj and also through comparison
with NIST library data. The structures of the siRopproducts are represented in
Figure 2 together with the parent compound. The similesitof these compounds to
the NIST library data were more than 85%. By intetipg the mass spectra, the
product no. 1 (2-isopropyl-6-methyl-pyrimidin-4-dMP) was formed from diazinon
due to the cleavage of P-O (pyrimidine ring) bofte product no. 2 (diazoxon) was
found to be the product which was substituted tregd®n to O atom. Further hydroxyl
radical attack could yield to hydroxyl derivativé diazoxon (product no. 3). The
product nos. 4 and 6 were formed due to hydroxgmatif isopropyl group on diazinon.
The product no.5 was formed by further oxidizingltoxydiazinon (product no. 4) on
the isopropanol group. In addition to these six pounds, other degradation products
still possibly would exist in the photodegradatgystem but were not detected because
of their low concentration, extraction efficienaydalimited sensitivity in GC/MS.

Discussion

Based on the intermediate products listedable 2 as well as the literature data
(Kouloumbos et al., 2003; Sakkas et al., 2005), gbssible degradation pathway for
diazinon is proposed in Scheme 1. As can be seenpossible degradation pathways
are proposedHigure 1): one pathway involved the cleavage of the P-Qifpdine
group) bond vyielding IMP. In the photodegradatiowgess, loss of the pyrimidine

APPLIED ECOLOGY AND ENVIRONMENTAL RESEARCH 11(1):5341.
http://www.ecology.uni-corvinus.hel ISSN 1589 1623 (Prin® ISSN1785 0037 (Online)
© 2013, ALOKI Kit., Budapest, Hungary



Niknafs et al.: Photodegradation of insecticideziian under simulated solar light irradiation cdiugtis
-39-

group probably occurred either through oxidativeulieiration by OH radical attack
(Atkinson et al., 1989) on the thiono group to girazoxon followed by hydrolysis, or
through an oxidation mechanism acting directly @ziton.

Table 2. Identified products by GC/MS in the photocatalgiégradation of dizainon

Product | RT (min) M.W. Characteristic ions Compound
No. (m/z)
1 26.1 152 137,152,124 2-isopropyl-6-methyl-pyrimid-ol
2 29.9 288 137,151,273 Diazoxon
Diazinon 30.5 304 137,152,179 Diazinon
3 32.0 304 111,153,289 Hydroxydizoxon
4 32.7 320 153,169,320 Hydroxydiazinon
5 33.7 304 153,180,199 Diazinon methyl ketone
6 35.2 320 151,122,195 2-hydroxydiazoxon

These oxidative mechanisms have already been aubéyr most thiophosphates in
metabolic studies (Raymond Yang et al., 1971). he tsecond pathway, the
thiophosphoric moiety of diazinon was preserveddidyylation of the primary or
secondary carbon atoms of the isopropyl group gaydroxydiazinon or 2-
hydroxydiazinon, respectively, which after furthetidation led to diazinon aldehyde
and diazinon methyl ketone.

!
f/
4

Figure2. Scheme of the proposed photodegration pathwagi&ainon: 2-isopropyl-6-methyl-
pyrimidin-4-ol, (IMP) (1), dizoxon (2), hydroxydizmn (3), hydroxydiazinon (4) diazinon
methyl ketone (5), 2-hydroxydiazoxon (6)
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A similar transformation pathway was observed fwlltg for the oxygen analogue
diazoxon formed by oxidation of the P = S bond iakzohon to a P = O bond which led
to the formation of the hydroxylated derivativebMH is the hydrolysis product of
diazinon detected in natural waters while photodhahtransformation of the parent
molecule yields the production of diazoxon and bygdiazinon, respectively
(Mansour, 1999). Hydroxylated metabolites of diannincluding hydroxydiazoxon
have also been observed in metabolism studiesniFBsag, 1996).

Conclusions

Information on degradation products is necessarynierstand the environmental
fate of pesticides and to establish important ddagran pathway, which will allow us to
get a better knowledge of the transformation of¢aicompounds in the environment.
Moreover, the study of contaminant photochemicélabeor is a key issue in terms of
the formation of toxic transformation products. Tgtetodegradation of diazinon under
simulated solar light irradiation conditions onurat water of a river in North of Iran
has been observed to proceed essentially throinylraxylation mechanism occurring
rapidly by attack of the photochemically generat@H radicals. The main
transformation intermediates identified were oxmlatproducts of the isopropyl group
of diazinon and its oxygen analogue diazoxon. Lokghe thiophosphoric moiety
yielded the pyrimidinol IMP. The results reporteérd show that the combination of
HPLC/GC/MS with EIl, positive and negative ions aedact mass measurements
represent a powerful analytical approach for the&fiomation of the molecular structure
of photodegradation intermediates. These photoutedare extremely stable and
actually more toxic than the parent compound. Tibxicand persistence of
photoproducts indicate that these compounds shbalcdonsidered along with the
metabolites in residue and toxicology evaluations.
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