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Phoxlm (phenylglyoxylonltrile oxlme O,0-diethylphosphorothloate; 
volaton) is an organophosphorus insecticide with a broad spectrum 
of effectiveness as a contact and stomach poison (~K&RRIS 1970, 
HARRIS & SVEC 1970, JUDA & McE~ZN 1970, HOH~F/~ 1975). It Ims a 
short residual life in soil (HARRIS 1970, DRAGh~ 197V) and on 
forage corn and ~ass plants (BOWMAN & LEUCK 1971). Phoxim is 
widely used in Egypt to oontrol several vegetable crop pests. The 
~9urpose of the present study was to investigate the effects of 
heat and light on the stability of this compound. Also, the dec- 
line of the lusecticide residue on and in treated tomato plants 
was investigated to determine the span of time v~Ich should lapse 
between spraylng and safe marketing of treated plants under local 
environmental couditlons. 

M%T~RIAL AND 5~T_HODS 

Exposure proceO~re : Phoxim was exposed to UV, sunlight, and dif- 
ferent temperatures as a thin dry film either on uncove~'ed Petrl- 
dishes (2.5 cm, i.d.) or in lO-mL closed volumetric flasks. Ace- 
tone ~ms used to transfer 2 mg of phoxim to the reupective con- 
tainers. Two wavelenghths of UV light were used, 254 and 350 Dm. 
Exposure to sunlight was conducted in July 1978 (Maximum temper- 
ature ranged from35 to 40@C). Constant temperature ~tudies were 
conducted in an electric oven. After indicated intervals 
(table 2) , acetone was used for rinsing off the residues in two 
replicates of Petri-dlshes or flasks. The acetone was evaporated 
to near dryness, knm~m amounts of acetone were added, usually l0 
mL, then aliquots were used for thln-layer chromatography (TLC) 
or colorimetric arm lysis. 

Tomato plant studies : At the College of Agriculture experimen- 
tal station, Cairo University, two plots (each 1/~O acre) we.-e 
sprayed ~dth phoxlm at the rate of 2 kg (5% a.i.) volaton per 
/~0 L per acre. Tomato plants were about 2 months old. A third 
plot was used as a control. Leaf samples, usually 50 oi" 100 g, 
were collected after several inteNcals (Table 3). Both the ex- 
ternal and interrml residues of phoxlm were determined. External 
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residues were recovered by rinsir~ both leaf surfaces ,glth ace- 
tone. Acetone washings were concentrated and the residues were 
dissolved into benzene. To extract internal residues, leaves 
were macerate6 in a Waring blender for one min using 2 mL acetone 
per g sample. The macerate was filtered and cleaned-up according 
to the procedure of DRAGER (1971). 

TLC : Glass plates (20 x 20 cm) were ~oated with a 0.25 mm layer 
of Silica Gel G. Carbon tetrachlorlde-chloroform (9:1, V/V) was 
the solvent system. Developed plates were sprayed with the color 
reagent DCQC (2,6-d[bro~o-p-benzoqulnone-4-chlorolmine, 0.3% in 
cyc]ohexane). Proper aliquotes of the final organic extracts 
were spotted on TLC plate and standard phoxlm were spotted on 
another plate. After plate development, the silica gel area for 
phoxlm was scraped from the samples plate, eluted with acetone 
through filtration, and finally subjected to colorimetrlc analysis. 

Ana]~r~is : Phoxlm ~ms estimated by oxidation of the organic phos- 
oho~s to inorga1~c phosphate (NAK~JRA 1952) which was estimated 
eo!orimetrically by the method of DICKNAN & BRAY (1940). 

NN~{ ~al~sl s : Three major degradation products, referred to as 
b, g, h (Fig. i) beside the original phoxlm (f, Fig. 1), were 
subjected to nuclear magnetic resonance analysis (~,~) using 
CHC13 as the internal standard. 

RESULTS AND DISCUSSION 

Chromatogram in Fig. IA shows the effect of both heat and light 
treatments on the residues of phoxlm. It is clear t~hat phoxlm 
was affected by the aforementioned factors, producing degrada- 
tion products reoresented by five visible chromatographic spots 
(a, b, c, g and h) beside the original (f). Two of these products 
(g and h) appeared only after UV exposure while compound (c) was 
only detected on TLC plates after heat treatment. 

Degradation products of phoxlm, after application of volaton fore- 
mulation in an~ on tomato leaves after 2 days of weathering were 
recorded in Fig. lB. On leaf surfaces only two degradation pro- 
ducts (g and h) were detected, w~dle in leaf extracts an addition- 
al three compounds (b, c and d) were appeared. 

~,~ investigation (Table I) revealed that TLC fraction (f) was 
identified as unchanged parent compound. The fraction (b) con- 
tains two nonequivalent e%hoxy groups at 1.2 and 3.7 ppm and no 
aromatic protons, suggesting a hydrolized product. The fraction 
(g) could not be identified with the available data. The frac- 
tion (h) seems to have two equivalent ethoxy groups at 1.2 and 
3.7 ppm and no aromatic proto.us. 
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Typical TLC chromatograms for phoxim degradation 
products on glass surfaces (A) or in tomato plants 

(B). 

Table I : NMR spectral data. 

Proton NS~Signal (ppm) 
TLC Remarks 

Fraction Aromatic Aliphatic 

f 7.6 - 7.9 m 1.2T,#.2D,Q parent compound 

b* - 1.2T,3.7 Q nonequivalent 
ethoxy groups 

not identified - 

h* - 1.2, 3-7 

* No aromatic fraction was identified. 

415 

equivalent 
ethoxygroups 



Qual~tative data for the effect of heat on pho~im stability (~able 
2) indicated that the compound was almost stable at ~0 and 30 C 
during the I0 day period of the experiment. At a hi~er tempera- 
ture (40~C), pho~dm residues showed a remarkable decrease after 
only 1 day of heat exposure. The loss in phoxim residues increa- 
sed with increasin~ length of exposure. Also, the present data 
indicated that the rate of the insecticide degradation at 40~C 
was faster ~en exposed in uncovered Petri-dishes than when ex- 
posed in closed volumetric flasks where the calculated half-life 
(t l~) values were 5.3 and~lO days respectively. 

Dat8 on the effect of [gJ light and direct sunlight on phoxim are 
in Table 2. With I~ irradiation, the rate of loss in phoxim re- 
si!ucs as indicated in Table 2 was much faster when the compound 
was exposed to 25~ nm than ~gDen exposed to 370 nm. Similar re- 
su!ts have also been obtained for the ~otodegradation of other 
pesticides (CROSBY 1969, Y~O~V~ES & GUPTA 1969). 

Phoxlm photedegradation ~as faster when exposed to su.nli~ht than 
@ion eyposed to UV irradiation. Calculated t 1/2 values were 
0.66 and 0.74 b with sunlight exposure (Table 2), and 3.7 and > 
lO h with UV irradiation (Table 2), ~%en the chezlcal was exposed 
in uncovered Petri-dlshes and closed volumetric flasks, respec- 
tlvely. Such data disagree with the general belief that the UV 
component of sunliEht Is ~esponslble, in most cases, for all the 
photoalteratlorm of pesticides in the e1~ironment (CRO~BY 1969, 
~%~TS[~N~ 1973). The present data could be explained on the ba- 
sis of the heat effect. The [~ exposure ~ms conducted at 25 + 
2~ at which the compound proved to be stable (Table 2). On t~he 
other hand, the sunlight exposure was conducted outdoors during 

@ 

the s~mmer season where the temperature vms from 35-I~0 C, a range 
~hich p~oved to affect the persistance of phoxlm residues (Table 
~). T~s for UV exposure, the effect was malrAy ~J:ae to the UV 
lizht, while in case of sunlight exposure the effect ~ms the re- 
sult of both heat and !i~t effects. 

As in the c~se ~ f  heat treatment, the rate of loss in phoxim re- 
sidues was ~ch faster ~eu the compound ~s exposed to either 
~Y! or sunlight as a thin dry film in uncovered Petrl-dlshes than 
ffneu it ~:as exposed in closed volumetric flasks. These results 
could b~ easily attributed to the effect of evaporation, and air 
oxidation factors which could be added to thermal and/or !Ight 
effects in the case off exposure in uncovered Petri-dishes. 

Generally, when the rate of p~oxim photodecomposition as indicated 
in the present work is compared with the pbotodecompositlon rates 
of other insecticides ss reported bjEBERI~& ,GUNTHER (19~5), EL- 
~AI & HOPFI~B (]~), CROSBY (1969), and RISKAI~H eta!. (1979), 
it seems tha~ phoxim is less stable than rany insecticides when 
ewposed ~o !~qt. 
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Table 2 : The effect of heat, UV, and sunlight on the chemical 

stability of phoxim. 

Percent of initial amount remaining after e~pomtre in : 
Time Closed volumetric Uncovered Petri- 

Intervals flasks dishes 

Heat treatment 

20"C 30~ 40*C 20"C 30"C ~O*C 

o !oo loo ioo ~oo !oo .zoo 
I day I00 I00 94 99 99 81 
o days i00 !00 90 96 96 "~co 
4 days I00 I00 90 95 91 61 
6 days i00 i00 87 95 $8 47 
8 days I00 I00 85 94 82 21 

l0 days I00 100 85 93 80 16 

UV treatment 

5, nm 35o am 2~ re.~ 350, r~  

o !co IOO IOO !oo 
I h 97 97 67 91 
2 h 95 97 55 87 

h 95 97 47 84 
6 h 94 96 3S 8! 
8 h 94 95 25 71 

lO h 93 94 17 66 

Sunlight treatment 

0 109 i00 
I h 31 26 
3 h 24 23 
6 h 22 14 
I day !2 7 
2 days 7 5 
4 days 2 ! 
5 days ND a ~ 

a .  NO ~ <!~ 

Chemical assessments for the dissipation and 9enetration of pho- 
xim into tomato leaves are in T;~b!e 3- ~e given data indicate 
that the initial deposit, as determined one hour after phoxlm 
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Table 3 : Phoxim residues (ppm) detected on and in tomato leaves 
following phoxlm spraying. 

Post-treatment Leaf surface 
Leaf 

intervals washinEs 
extracts 

I h 19.0 - 

! day 9.3 0.I 
2 days 4.I 0.3 
# days I. 2 h~) a 
6 days 0.7 ND 
8 days 0.6 ND 

I0 days O. 6 ND 

a. ND -- < 0.i ppm. 

application on tomato plants was 19 ppm. About 50% of the resi- 
dues disappeared from leaf surfaces within 1 day after treatment. 
Thereafter, phoxlm residues disappeared at a relatively slower 
rate to reach about 3% of the initial residues after l0 days. 
These results are in agreement with those of FAHMY etal. (1978) 
working on tomato fruit and those of BOWMAN & LEUCK (1971) work- 
Ing on forage corn and grass and indicate the short residual llfe 
of phoxlm on treated plants. Such data are also in harmony with 
short residual activity of phoxim in treated soll (HARRIS 1970, 
DRAG~ 1977). On the other hand, minute amounts of phoxim could 
be detected in leaf extracts 1 and 2 days followln~ phoxim spray- 
ing. These amounts were found to represent only from 0.5 to 1.5% 
of the initial surface residues. Four days after treatment, all 
the detected phoxim in leaf extracts had disappeared. Such data 
may indicate that phoxim has poor systemic properties. Also, it 
is possible that a considerable amount of phoxlm may have penetr- 
ated into the tomato leaves and degraded rapidly Just after pen- 
etration. This suggestion could be strengthened by the appearance 
of 5 degradation products in leaf products, in comparison with 
only 2 degradation products on leaf surfaces (Fig. 1 B). 

In view of the short residual life of phoxim as demonstrated by 
the present work, this compound can be used safely on edible and 
fodder crops without any harm if the last treatment is conducted 
i0 days before harvesting. 
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