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ABSTRACT

The direct. thermo and photodecomposition of chlorfenapyr was studied. The results show that
the loss percentage of the compound was increased with increasing the degree of temperature and
the time of exposure. Over 60% of chlorfenapyr residues were degraded after 144, 96 and 48 h of
exposure to 30, 40, H0°C, respectively. Also the photo decomposition of chlorfenapyr was increased
by the prolongation of exposure period to record 61.93 and 90.07% after 48 h of exposure to direct
sunlight and UV-rays, respectively. The residue half life values were 12.03 and 5.71 h after
‘exposure to direct sunlight and UV-rays, respectively. Four major photo degradation products
were 1solated for chlorfenapyer (m/z = 408, 353, 284, 202 and 192 and identified by their mass
spectra comparing with library scan, which as follows: “N-methoxyethylpyrrole-2-phenyl-3-cyano-4-
Bromo-5-difluoromethylinum cation, N-methyl ethyl ether (2-trifluoromethyle-5-pyrrolium cation),
2(P-chlorophenyl})-3-carbomitrile pyrroclium cation and 2 (P-chlorophenyl)-3-cyano-4-oxo-b-
trifluoromethyl pyrrolidine.
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INTRODUCTION

Chlorfenapyr 1s a pyrrole group of insecticide (4-Bromo-2-(4-chlerophenyl)-1-(ethoxymethyl)-b-
(trifluoromethyl)-1H-pyrrole-3-carbonitrrile) used as broad spectrum insecticide /acarcide to control
whitefly, thrips, caterpillars mites, leaf miners and aphids (Ditya et al., 2010). With a novel mode
of action Chlorfenapyr is active against resistant insect and mite strains (Leonard, 2000). As well
known photo and thermo decomposition are the most destructive pathways after their release into
the environment.

The influence of the climatic factors on pesticides breakdown 1s extremely complex. It seems that
the chemical processes of pesticides are affected by changes in heat and light.

Photolysis oecurs where the radiant energy in the form of photons breaks the chemical bonds
of melecule. Both heat and light affect the efficiency of pesticide which are measured by the
duration of their residual effect (Burrows et al., 2002).

Hou et al. (2005) and Cao et al. (2006) studied the photo catalytic degradation of chlorfenapyr
in TiO, suspensions using orthogonal experiments. The rate of photo catalytic degradation was
greater than photodegradation, the sequence of influence factors were TiO, dosages initial
concentrations of chlorfenapyr, pH and temperature. TiO, dosage showed the most visible effect
among the factors. Therefore, this study aims to elucidate the thermo and photo decomposition
profile of chlorfenapyr in the environment.
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MATERIALS AND METHODS
Chlorfenapyr obtained: From Shoura Company (Kgypt).

Chemical class: Pyrroles (new).

Chemical name (IUPAC): 4-bromo-2-(4-chlorophenyl)-1-ethoxymethyl-5-trifluoromethyl-1H-
pyrrole-3-carbonitrile

Exposure technique: A stock solution (500 ug mL ™) of the pure active ingredient of chlorfenapyr
in ethyl acetate was prepared. One milliliter ethyl acetate containing 500 pg mL ™ (a.i) for each
recipe was homogeneously spread on the surface of an un-covered Petri dish (5 cm. i.d). The ethyl
acetate solvent was left to dry at room temperature then the resulting deposits were divided and
subjected to different treatments as follows:

*  The 1st set of Petri dishes were exposed to temperature of 30, 40 and 50°C inside a dark electric
oven with a temperature regulating system for different periods of 6, 12, 24, 48, 96 and 144 h

* The 2nd set of Petri dishes was exposed to a short wavelength of an ultraviclet lamp (254 nm)
at a distance of 12emfor 0,1, 2,4, 6,12, 24 and 48 h

* The 3rd set of Petri dishes was exposed to direct sunlight regime for 0, 1, 2, 4, 6, 12, 24 and
48 h

The atmospheric temperature was measured daily during the exposure time (dominated
atmospheric temperature was 30.5°C). Residues of the exposed tested pesticides were quantitatively
transferred to standard glass stopper test tubes with methancl and the residues were determined
by HPLC.

HPLC conditions for quantitative analysis of chlorfenapyr: According to Cao et al. (2005)
Agilent 1100 HPLC with UV photo diode array detector (DAD) has proven to be suitable for
chlorfenapyr determination. Chromatographic separation was done in Zorbax SB-C18 column
(4.6 mm i.d. X150 mm length). The detection at 260 nm offers suitable chromatograms for the
quantification of chlorfenapyr. The mobile phase was methanol: Water (80:20 v/v) with 1 mL min™*
flow rate. The column oven was kept at 25°C. The volume of the injection loop was 20 puL. Under
the previous conditions, chlorfenapyr showed a retention time of 4.4 min and a good
chromatographic separation as shown in Fig. 1.
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Fig. 1: Chromatographic separation
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Chlorfenapyr at exp. RT: 4.4
Area{ DADI B, Sig =260, 4 Ref = off
Correlation: 0.99996
Residual Std. Dev.: 5.45974 1
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Fig. 2: Standard calibration curve of chlorfenapyr using HPLC

Good linearity was obtained in the range 0.01-200 ng uL™' of active ingredient with a
correlation coefficient of 0.99996 as shown in Fig. 2.

Statistical analysis: All obtained data were subjected to statistical analyses and graphically
illustrated according to Timme and Fisher (1980). The half life (+1/2) was calculated mathematically
according to Moye et al. (1987).

RESULTS AND DISCUSSION

Effect of temperature on chlorfenapyr: Table 1 show that the loss percentages were 4.64, 7.88
and 17.88% after 6 h of exposure to temperature at 30, 40 and 50°C, respectively. Increase in the
exposure period led to increase the percent of loss. More than 60% of chlorfenapyr was degraded
after 144, 96 and 48 h of exposure to 30, 40 and 5H50°C, respectively. Loss percentages of
chlorfenapyr ranged between 4.64 to 64.62; 7.88 to 75,65 and 17.88 to 94.04 when exposed for
144 h to 30, 40 and 50°C, respectively. The calculated residues half hife values of chlorfenapyr were
90.35, 55.67 and 20.63 h at 30, 40 and 50°C, respectively.

Previous results clearly indicate that the rate of degradation of the chlorfenapyr was influenced
by several factors including the chemical structure, vapor pressure, temperature and the period of
exposure. Gradually, the percentage loss of pesticide residues increases by prolonging the period
of exposure.

Sholkr (1997) found that increasing temperature degrees and prolengation of the exposure time
increased the percent loss of insecticides primiphos-methyl, fenitrothion, malathion and prothicfos.

Hou et al. (2005) reported that the rate of phote catalytic degradation of chlorfenapyr was
greater than that of photodegradation, the sequence of influence factors were T10,, dosages initial
concentrations of chlorfenapyr, pH and temperature,

Photodecomposition of chlorfenapyr
Photo stability of chlorfenapyr: Table 2 reveals that the percent of losses of chlorfenapyr
after 1 h of exposure to direct sunlight and UV-rays were 3.74 and 20.73%, respectively. These
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Tahble 1: Effect of different temperatures on the degradation of chlorfenapyr

Chlorfenapyr

30°C 40°C 50°C
Exposure time (h) ug Loss (%) e Loss (%) e Loss (%)
0 500.00 0.00 500.00 0.00 500.00 0.00
6 476.81 4.64 460.585 7.883 410.57 17.88
12 457.72 8.46 437.84 17.337 335.23 32.95
24 41791 16.418 380.945 23.811 220.68 55.86
48 360.11 27.97 320.046 35.001 170.36 65.93
72 272.24 45.55 232.011 53.058 100.97 79.81
96 231.52 53.69 143.115 71.038 70.099 85.80
144 176.89 64.62 121.745 75.651 20.078 94.04
tie (hy 90.35 55.67 20.063

Tahle 2: Effect of exposure to direct sum light and UV-Rays on the photo degradation of chlorfenapsyr

Direct sun light UV-Rays

Exposure time (h) ug Loss (%) e Loss (%)
0 500.00 500.00

1 479.66 4.068 384.69 23.06
2 415.36 16.93 351.04 29.79
4 355.95 28.81 271.73 45.65
6 310.22 37.81 183.27 63.35
12 230.94 53.81 112.24 77.55
24 211.51 57.69 69.55 86.09
48 177.65 64.47 8.35 98.33
T 9.03 517

values increased gradually by the prolengation of the exposure period to reach 61.93 and
90.07% after 48 h of exposure to direct sunlight and UV-rays, respectively. The residue half life
values were 12.03 and 5.71 after exposure to direct sunlight and UV-rays. Such results emphasize
that the photo degradation of chlorfenapyr was relatively more affected by UV-rays than the
direct sunlight.

This confirms that the residues of the tested pesticides were greatly deteriorated when exposed
to UV-rays rather than to direct sunlight, especially with the prolongation of the exposure period.
Results further refer that the rate of degradation of the tested insecticide varied according to its
chemical structure and the period of exposure to either direct sunlight or UV-rays.

Generally speaking the effect of ultraviclet light (UV) on the degradation of pesticides 1s of
considerable interest to scientists in that field, UV-light exerts chemicals changes on a large number
of pesticides such as hydrolysis, oxidation and isomerization. When such reactions cccur under field
conditions, they induce considerable environmental contamination and produce serious pesticide
residues on and in agricultural products.

Sensitivity to sunlight may limit the use of certain potential pesticides in the agricultural
classical approaches. To overcome this obstacle, chemical modifications in the molecular structure
of the pesticide are practiced or, sometimes, of UV-absorbing materials are added to the final
formulation. However, both methods may suffer serious drawhacks.
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Library searched: C:\Database\W8NO8-L
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ID: Chlorfenapyr $$4-Bromo-2-(4-chlorophenyl)-1-(ethoxymethyl)-5-(trifluoromethyl)- 1H-pyrrole-3-carbonitrile#

(a L o Scan 1617 (22.017 min): 0.01003.D

1000 | 137 24T
TS a7 102 423 '} 181183 183 200214237 || 268 2aoaps 314 2% Mpde3, . 408

mz > 0 130 140 160 180 200 220 240 280 260 300 330 340 360 360 400
[ - w*85087 CI pyr 35 4-Bromo-2-(4-chiorophenyl)- 1 -(etho
9000 (b) #85087: Chlorferapyr $$4-Brome-2 -(4-chlorophenyl)-1-(etho..
8000
7000
~§ 6000
g
3 5000
<
4000 §
3000
2000
1000
75 102 137 s 13 328 350383 408
0l 7 . .a? 123 dor 151 184 183 200 214 233 ™/ 268 282 3'!_3
mz > O  he 80 80 100 120 140 1860 180 200 230 240 280 260 300 330 340 360 380 400

(©

Fig. 3: Mass spectrum analysis of chlorfenapyr

Identification of the photo degradation products of chlorfenapyr: The technical material
of chlorfenapyr was subjected to GC-MS investigation, adopting the conditions previcusly
mentioned in the materials and methods to identify the chemical constituents of the detected
compounds. Figure 2 shows the chromatogram of chlorfenapyr which was detected at 22.01 min
retention time and its mass spectrum analysis 1s illustrated in Fig. 3.

The samples of chlorfenapyr were analyzed after exposure to UV-rays for 24 and 48 hours by
GC-MS to identify their chemical constituents. Table 3 and Fig. 4 revealed the formation of four
major isolates photo degradation produects together with parent compound (m/fz = 408, 353, 284, 202
and 192) were detected and identified by their mass spectra comparing with library scan.

Table 3 shows that the amounts of chlorfenapyr after exposure to UV-rays for 24 and 48 hrs.
decreased to 51.46% as percent area, compared to 8.93% for compound (no. 1), 3.68% for compound
(No. 2), 4.57% for compound (No. 3) and 13.24% for compound (No. 4).

The pathway of photo degradation can be explained as follows: The parent compound
{chlorfenapyr) losses a chlorine atom and a fluorine atom to yield N-methoxyethyl pyrrole-2-
phenyl-3-cyano-4-bromo-5- difluromethylinum-eation compound (No. 1), C,,H,,N,OF,;Br, with 6.88
and 8.93% area after 24 and 48 h of exposure, respectively and a molecular weight 353, Also,
N-methyl ethyl ether (2-trifloromethyle-5-pyrrolium cation) (compound (No. £) was vielded from
chlorfenapyr by the loss of a cyano group and a bromine atom as shown in Fig. 4, C;H,.NOF,,
m/z = 192 and 2.91 and 3.68% area after 24 and 48 h of exposure, respectively.
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Table 3: Chemical constituents of chlorfenapsyr and its photodegradation products after exposure to UV Rays for 24 and 48 h

Area (%)
No Compounds Rt min 24 h 48 h mw Chemical formula
1 N-methoxyethyl pyrrole-2-phenyl-3-cy ano-4-Bromo-5- 6.438 6.88 8.93 353 Cy:Hy o N.OF Br
difluromethylinum-cation
2 N-methyl ethyl ether (2-trifloromethyle-5-pyrrolium cation) 19.010 291 3.68 192 CyHNOF
3 2( P-chlorophenyl)-3-carbonitrile pyrrolium cation 21.196 3.53 4.57 202 CuHNCL
4 2 (P-chlorophenyD-3-cyano-4-oxo-5-trifhuromethyl pyrrolidine 21.884 11.25 13.24 284 O HNOF;
5  4-Bromo-2-(4-chlorophenyl)-1-(ethoxymethyl)-5-(trifluoromethyl) 21.973 53.67 51.46 408 CysH, o NoOF:BrCl
-1H-pyrrole-3-carbonitrrile (chlorfenapyr)
Br cC==N
F
F 7/ \
F N cl H CJ \ %
2 (P-chlorophenyl)-3-cyano-4- H P
- Ll Chlorfenapyr (¢]
oxo-5-tnfluro methyl pyrrolidine -4
mz '=284 (compound No. 4) mz == H\CJ
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N\
7

N-methoxyethyl ether
(2-trifluromethyl-5-pyrrlium cation)
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Fig. 4. Degradation pathways of chlorfenapyr (photedegradation products) after exposure to UV-
rays for 24 and 48 h

Furthermore, 2( P-chlorophenyl)-3-carbonitrile pyrrolium cation (compound No. 3), C;,H;N,CI, with
3.563 and 4.57% area after 24 and 48 h of exposure, respectively and a molecular weight 202 was
yielded from chlorfenapyr by loss of a bromine atom, trifluromethyl and ethyl methyl ether. The
parent compound chlorfenapyr losses amethyl ethyl ether group and a bromine atom to yield 2 (P-
chlorophenyl)-3-cyano-4-oxo -B-trifluromethyl pyrrolidine (compound No. 4), C H.N,OF,, with
11.25 and 13.24% area after 24 and 48 h of exposure, respectively and a molecular weight 284 as
shown in Fig. 3.

CONCLUSIONS

The results revealed that the residues were greatly detericrated when exposed to UV-Rays
sunlight and high temperature. The most prominent effect was related to the impact of UV-rays
incomparable to direct sunlight. Consequently to overcome this situation an addition of UV-
absorbing material to the product formulation will incrementally decrease the rate of degradation.
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In the same trend the storage of the end product within the proper environmental conditions can
delay the product degradation.
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