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Control of root flies in cabbage crops has always been and rem- 
ains difficult (Pelerents 1982). Chlorfenvinphos ~diethyl 1-(2,4- 
-dichlorophenyl)-2-chlorovinyl phosphate] is an insecticide u- 
sed widely and efficiently against root flies in cabbage culture. 
Several metabolites of chlorfenvinphos (~) in soil have been i- 
dentified: 2,4-dichlorophenacyl chloride (~), 2,4-dichloroaceto- 
phenone (~), ~-(chloromethyl)-2,4-dichlorobenzyl alcohol (4), 
1-(2',4'-dichlorophenyl)-ethan-l-ol (~) (Beynon et al. 1966, 1967 
and 1968). Their soil concentrations are always very low; they 
are very transient intermediates and represent only a small part 
of chlorfenvinphos metabolites. 

In the present work, we searched for the metabolites of chlor- 
fenvinphos which are found in higher concentrations in soil of 
cauliflower crops. These metabolites make up a part of the soil 
bound residue of chlorfenvinphos. 

MATERIALS AND METHODS 

Cauliflower were planted in the field at the 4-6 leaf stage. 
Just after planting, 50 mg of chlorfenvinphos was applied onto 
the soil by pouring around the stem of the plant an emulsion of 
Birlane WP (25 g% chlorfenvinphos) in water. Crops were made in 
four different locations in Belgium which were different as to 
their soil types. At St Katelijne-Waver: pH 5.6, sand 72.3%, 
silt 22.3%, clay 5.4%, organic matter 3.3%, loamy sand. At Op- 
dorp: pH 5.9, sand 75.1%, silt 14.9%, clay 10.O%, organic matter 
2.8%, sandy loam. At Oppuurs: pH 5.7, sand 59.9%, silt 29.8%, 
clay 10.3%, organic matter 3.5%, sandy loam. At Gembloux: pH 
5.5, sand 10.2%, silt 74.8%, clay 15.0%, organic matter 2.4%, 
silt loam. In each field there were four replicates. Soil was 
sampled around the cauliflower stem, taking a volume of soil 
corresponding to half a sphere having a radius of 8 cm. No re- 
sidue was detected at lower soil depth. 

In order to evaluate the loss of chlorfenvinphos by evaporation 
from soil, the insecticide was incorporated separately in ste~- 
lized sand from the Rhine, and in sterilized soil from Opdorp at 
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the 50 ppm level using Birlane WP. Sand and soil were previously 
wetted so that they contained 25% g/g water. Incubation was at 
20~ in an open beaker. Chlorfenvinphos in sand and soil was 
measured 15, 30 and 45 days after soil incorporation. 

Standard chlorfenvinphos (!) was prepared from Birlane WP. Bir- 
lane WP (i00 g) was mixed with chloroform (300 ml), the mixture 
was filtered, the solution was concentrated (vacuum evaporator 
at 30~ during which chlorfenvinphos crystallized. Recrystalli- 
zation afforded a product> 97% pure. From Janssen Belgium were 
obtained the metabolites 2-5, and of 2,4-dichlorobenzoic acid 
(6), 2-hydroxy-4-chlorobe~z~ic acid (~), and 2,4-dihydroxyben- 
zoic acid (8). 

Thin layer chromatography (t.l.c.) was performed using silicagel 
plates (Merck). The analyzed solution was applied as a band. The 
standards were applied on a part of the t.l.c, plate. 

Chlorfenvinphos and its metabolites 2-5 were analyzed as such 
by gas liquid chromatography (g.l.c.~.--Metabolites 6, 7 and 8 
were methylated with diazomethane before g.l.c, analysis. ChTor- 
fenvinphos was detected using a flame photometric detector. Com- 
pounds 2--8 were detected by electron capture. Injection and de- 
tection at 250~ glass column 1.80 mx2mm i.d. filled with 
5% SE30 on 80-100 mesh Gas Chrom Q, nitrogen carrier gas at 80 
ml/min. Metabolite, oven temperature, retention time: I, 200~ 
4.2 min; i, 150~ 2.3 min; ~, 125~ 3.6 min; 4, 160~ 3.5 min; 
~, 160~ 1.8 min; 6 (methylated), 140~ 2.2 mi--n; 7 (methylated) 
140~ 3.3 min; 8 (methylated), 140~ 4.5 min. - 

Several times, compounds i, 2, 6, 7 and 8 were analyzed by mass 
spectrometry (m.s.). When separated on t.l.c., they were scraped, 
extracted with ethyl acetate, this was concentrated and analyzed 
by m.s. (without methylation of acids 6_-8). 

Soil (lO0 g) was extracted with acetone (200 ml) with stirring 
and heating to reflux during 2 hr; after cooling and filtration, 
the solid residue was extracted in the same way with acetone+ 
water l+l (200 ml). The extracts were gathered, concentrated to 
130 ml. After addition of NaC1, the mixture was extracted two 
times with methylene chloride (2x200 ml). This was dried with 
sodium sulphate, concentrated and applied on a first t.l.c, pla- 
te. Elution with ethyl acetate gave a band at Rf=l.O containing 
the compounds 1-5. The band was separated, extracted with ethyl 
acetate, concentrated, and applied on a second t.l.c, plate. 
Elution with chloroform gave (metabolite, Rf): ~ and ~, 1.O; ~, 
0.72; ~, 0.45; i, 0.25. A band containing metabolites 2+3 was 
isolated; an other large one was isolated which contained me- 
tabolites 1+4+5. The silicagel was extracted, concentrated, and 
analyzed by g.l.c, and m.s. 

The acetone and acetone+water extracted soil was extracted with 
NaOH 1N in water (200 ml) with stirring and heating to reflux 
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during 1 hr. After centrifugation, the supernatant was made acid 
(HC1), the mixture was extracted with ethyl acetate ; this was 
dried (NaoSO~), concentrated and applied on a t.l.c, plate. Elu- 
tion with~2-~ropanol+33% ammonia+water 7+1.5+3 v/v/v separated 
the acid metabolites (metabolite, Rf): 6: 0.82; ~, 0.68; 8, 0.32. 
The bands were separated, extracted wit~ethyl acetate, methyla- 
ted with diazomethane when they were analyzed by g.l.c, but not 
when they were analyzed by m.s., concentrated and analyzed by 
g.l.c, and occasionally by m.s. The recoveries in soil of chlor- 
fenvinphos and of its metabolites were 65-105%. The flower of 
cauliflower was extracted in the same way as soil, but the first 
extraction was made using a Sorvall omnimixer. 

RESULTS AND DISCUSSION 

In all four crop locations, no root fly attack was observed, 
good protection being obtained with chlorfenvinphos. No chlor- 
fenvinphos nor any of its metabolites were detected in the flower 
of cauliflower, the analytical li~it of sensitivity for these 
compounds being about 0.02 mg kg -~ fresh weight. Fourty five 
days after incorporation of cauliflower into sterilized sand or 
soil, more than 95% of the applied dose was measured as chlorfen- 
vinphos itself in sand and soil. Losses of chlorfenvinphos by e- 
vaporation from soil thus are very low. 

Results (Table 1 ) indicate that, beside chlorfenvinphos (!I 
2,4-dichlorophenacyl chloride (~) is the main acetone soluble 
metabolite of chlorfenvinphos in soil. It is generated by hydro- 
lysis of chlorfenvinphos. The~-(chloromethyl)-2,4-dichloroben- 
zyl alcohol (~), which is generated by reduction of the ketone 
function of i, is present only in low concentrations in soil. The 
reduction which consisted into the replacement of the aliphatic 
chlorine atom by a hydrogen one also did not occur intensively, 
as shown by the low soil concentrations of 2,4-dichloroacetophe- 
none (~) and of l-(2',4'-dichlorophenyl)-ethan-l-ol (5). These 
results are different from the ones obtained during s~il incuba- 
tion of chlorfenvinphos in laboratory conditions (Beynon et al. 
1967); indeed, during these last assays, soil concentrations of 

were very low, whereas concentrations of the reduction metabo- 
lites ~ and ~ were rather high. 

In the acetone and acetone+water insoluble residue, thus in the 
soil bound residue, we identified 2,4-dichlorobenzoic acid (6), 
2-hydroxy-4-chlorobenzoic acid (7) and 2,4-dihydroxybenzoic a--cid 
(8). Compound 6 should be generated successively by hydrolysis 
oT 2,4-dichlor~phenacyl chloride, oxidation into 2,4-dichloro- 
phenylglyoxylic acid (which could not be detected in any of the 
soil extracts), and decarboxylation into 6. Compounds 7 and 8 
correspond to the progressive replacement--into 6 of ch~orine--a- 
toms by hydroxyl groups. When looking for loss o--f chlorfenvin- 
phos by evaporation from sterilized soil or sand, 45 days after 
incorporation of the insecticide in sand or soil, more than 95% 
of the chlorfenvinphos was still present as such in sand or soil. 
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Compounds 6, 7 and 8thus should arise in field soils through mi- 
crobial mechanisms. Their concentrations in soil were rather 
high; thus, on account of their relative stability, they tend to 
accumulate in soil. 

For the spring crops made in St Katelijne-Waver, Opdorp and Op- 
puurs, the rate of chlorfenvinphos disappearance (also of the 
sum chlorfenvinphos+metabolites 2-8) was in the following decrea- 
sing order: Oppuurs~Opdorp > St--K~telijne-Waver. This could be 
related to soil composition, especially the clay content. 

For the summer crops made in St Katelijne-Waver, Opdorp and Op- 
puurs, the rate of chlorfenvinphos disappearance, and the rate 
of disappearance of the total chlorfenvinphos+metabolites 2-8 
were similar in the three locations. Moreover, these rates of dis- 
appearance were lower than during the spring crops, in spite of 
the higher temperatures. This could be related to the unusual 
dry weather during the summer crops, soil dryness having a level- 
ling effect on the rate of insecticide metabolism. 

The soil at Gembloux contains more clay and silt than soils in 
the other crop regions. In spite of that, the rate of disappea- 
rance of chlorfenvinphos and of the total chlorfenvinphos+meta- 
bolites 2 to 8 were not high. Moreover, good protection against 
root fly--was o--btained with chlorfenvinphos at Gembloux. 

Results obtained in the four different regions show the influence 
of soil texture, rainfall and season on the rate of chlorfenvin- 
phos metabolis~ in soil. Identification and measurement of the 
major metabolites of the bound residue give a better measurement 
of the total fate of chlorfenvinphos in field crops. The results 
give information about the true chlorfenvinphos concentrations 
in soil during cauliflower growth, and thus about the protection 
against root fly. 
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