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assumed to be 2.8:l in fababean flour (Pitz and Sosulski, 
1979), the results obtained were much lower than expected 
(0.748% calculated on the basis of the ratio of vicine: 
convicine and their respective molar absorptivities). While 
this difference cannot be adequately explained, the possible 
interference by other compounds cannot be ruled out. 

The absorbance spectrum of the extracted fababean 
flour sample with the titanium reagent (20% TiC1, in 
concentrated HC1) was characteristic of the aglycons of 
vicine/convicine with a maximum a t  480 nm (Figure 2). 
The colored complex was stable for several hours and 
permitted readings to be taken during that time interval 
without any loss in colored complex. This stability of the 
titanium complex is a distinct advantage over the colori- 
metric procedure of Higazi and Read (1974) which requires 
readings to be taken 30 min following the addition of the 
Folin Ciocalteu reagent to samples. The molar absorp- 
tivities for the aglycons of vicine and convicine with tita- 
nium reagent are quite close compared to the phenol 
reagent. Thus the titanium method measures more ac- 
curately vicine and convicine in terms of vicine equivalents 
than does the Higazi and Read (1974) procedure. The 
absence of interference by other compounds such as nu- 
cleosides and nucleotides, which are not absorbed by alu- 
mina, is a distinct advantage of the titanium method over 
the UV procedure described by Collier (1976). 

This study establishes the titanium procedure as a sim- 
ple and reliable colorimetric method for measuring vicine 
and convicine via their aglycons in fababean samples. 
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Influence of Methods of Pesticide Application on Subsequent Desorption from 
Soils 

Bruce T. Bowman* and Walter W. Sans 

“he amounts of fensdfothion [O,O-diethyl 0- [p-(methylsulfinyl)phenyl] phosphorothioate] and its related 
sulfide [O,O-diethyl 0- [p-(methy1thio)phenyll phosphorothioate] desorbed from three mineral soils with 
distilled water were greater when the compounds were spiked on the soil with either of two organic solvents 
(hexaneacetone, 95:5 v/v, or pure acetone) than when they were initially adsorbed from aqueous solution. 
For muck soil, the method of applying the two insecticides did not greatly alter their subsequent 
desorption behavior. 

Desorption processes in soil-water systems have been 
traditionally studied by initially adsorbing the compound 
from aqueous solution and then successively desorbing it 
with distilled water increments (hereafter referred to as 
the “equilibrium adsorption method”) (Bowman, 1979; 
Swanson and Dutt, 1973). Recently, Sharom et al. (1980) 
spiked’ (fortified) soil adsorbents with hexane solutions of 
insecticides (at 5 pg/g) and subsequently evaporated the 
solvent prior to adding distilled water to initiate the first 
desorption cycle. This approach offers the advantage of 
easily treating soil adsorbents with equal insecticide con- 

Research Centre, Canada Agriculture, University Sub 
Post Office, London, Ontario, Canada N6A 5B7. 

Table I. Properties of Soil Adsorbents 
% 

organic 
adsorbent sand silt clay matter pHa 

0.7 6.9 Plainfield sand 91.5 1.5 7 
Big Creek sediment 71 22 7 2.3 6.5 
Bondhead sandy loam 77 15 8 3.9 6.9 

52 34 14 36.7 6.3 muck soil 
Measured in 0.01 M CaCI, (20 mL/10 g of soil). 

centrations, facilit -g comparisons of desorption tend- 
encies among different insecticides on various soil adsor- 
bents. In contrast, the equilibrium adsorption method 
requires prior knowledge of the adsorption isotherm in 
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Table 11. Adsorption Values for Fensulfothion Sulfide 
and Fensulfothion in the Four Soil Systems Using the 
Equilibrium Adsorption Method 

equilibrium adsorption 
values, ug/g' 

adsorbent f .  sulfide fensulfothion 

Plainfield sand 34 5 
Big Creek sediment 65 22 
Bondhead sandy loam 64 24  
muck soil 137 116 

a Initial solution concentration = 5.0 pg/mL. 

order to select a particular initial insecticide concentration 
on the soil for the first desorption cycle. 

The purpose of this study is to compare desorption of 
two insecticides of widely differing water solubility, fen- 
sulfothion [O,O-diethyl 0-[p-(methylsulfinyl)phenyl] 
phosphorothionate] and its sulfide [ 0,O-diethyl 0-Lp- 
(methy1thio)phenyll phosphorothioate] to determine 
whether the manner in which insecticides are applied to 
soil can affect subsequent desorption processes. 
EXPERIMENTAL SECTION 

Reagents. Fensulfothion was purified according to 
previous methods (Bowman, 1973) and was >99% pure. 
Fensulfothion sulfide (f. sulfide) was 95.2% pure and was 
supplied by the Mobay Chemical Corp., Kansas City, MO. 

Adsorbents. Two mineral soils, a stream sediment 
(hereafter included with the mineral soils) and a muck soil, 
the properties of which are shown in Table I, were used 
as adsorbents. After collection, the soils were air-dried, 
passed through a 2-mm sieve, thoroughly mixed, and 
stored in bulk containers until used. 

Desorption Procedures. Two techniques were used 
to obtain initial starting concentrations of fensulfothion 
or f. sulfide on the adsorbents. For the first, the equilib- 
rium adsorption method, triplicate 1.0-g soil samples 
(oven-dry basis) were equilibrated with 30 mL of an 
aqueous solution containing 5.0 pg/mL insecticide (shaken 
for 6 h). Following centrifugation (8000g for 0.5 h), a 
25-mL aliquot of the equilibrium supernatant was removed 
for analysis. The desorption process was initiated by re- 
placing the aliquot with 25 mL of distilled water. For the 
second technique, the spiking method, an appropriate 
amount of insecticide was added to a bulk sample of the 
air-dried soil by using either (a) a hexane-acetone solvent 
mixture, 955 v/v, or (b) pure acetone as the carrier solvent. 
The treated soil was thoroughly mixed and the solvent was 
removed with a gentle airstream. Triplicate 1.0-g sub- 
samples of the treated soil (oven-dry basis) were weighed 
into 150-mL corex centrifuge bottles, and 30 mL of distilled 
water was added to initiate the first desorption cycle. With 
the hexane-acetone solvent mixture, two levels of spiking 
were used, one at  5.0 pg/g (low spike), and the other 
(high-spike hexane-acetone) at the same level as the initial 
adsorption value (listed in Table 11) obtained by the 
equilibrium adsorption method outlined above, so as to 
facilitate comparison between the two methods. With 
acetone as the solvent (high-spike acetone), soil adsorbents 
were spiked at the same level as that initially obtained by 
the equilibrium adsorption method. Desorption samples 
were shaken for at least 6 h before centrifuging at  8000g 
for 0.5 h prior to removing a 25-mL aliquot for analysis. 
This was replaced with.25 mL of distilled water to initiate 
the next desorption cycle. Four such desorption cycles 
were obtained for each treatment. 

Analytical. Automated gas-liquid chromatographs 
were used for analysis of equilibrium desorption solutions 
as reported previously (Bowman and Sans, 1979). Trip- 
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Figure 1. Desorption of fensulfothion sulfide from four soils. 
(--) Low spike; (-a) high-spike acetone; (- - -) high-spike hexane; 
(-) equilibrium. 

licate samples of each solution (triplicate injections) were 
injected in a water-methanol (70:30 v/v) mixture and 
compared with external standards in the same solvent 
mixture. Alkali-flame ionization detectors were used for 
detection of fensulfothion and f. sulfide which were sep- 
arated on Pyrex glass columns, 0.7.6 m X 2 mm i.d., packed 
with 100-120-mesh AW DMCS Chromosorb W coated 
with 10% QF-1, and operated at 200 "C. The spiked soils, 
from which triplicate samples were taken for desorption 
studies, were extracted with 3 X 20 mL aliquots of ethanol 
immediately after the solvent (hexane-acetone) was 
evaporated. The ethanol extracts were centrifuged to re- 
move traces of sediment before analysis. 
RESULTS AND DISCUSSION 

The desorption patterns of the four treatments of f. 
sulfide in the four soil systems were plotted as percent 
remaining adsorbed vs. desorption cycle (Figure 1). Least 
significant difference (LSD,,,) values are shown on the 
graphs for each soil system. In the three mineral soils, the 
amounts desorbed in the first cycle were less for the 
equilibrium adsorption method than for the same initial 
concentrations applied by the two high-spike treatments. 
Even the low-spike treatments on the mineral soils were 
desorbed to a greater extent in the first cycle than the 
equilibrium adsorption treatment, despite the 7-13-fold 
lower loading level. One might expect that for heteroge- 
neous adsorbents such as soils, the lower the adsorbate 
loading level, the greater the adsorption energy (since the 
most energetic sites would be occupied first) and hence the 
greater the retention. This seemed to be true only in the 
comparison of the high- and low-spike treatments applied 
with hexane-acetone. 

In all three mineral soils, f. sulfide desorbed less in the 
high-spike acetone treatments than in the high-spike 
hexane-acetone treatments. This suggests that the organic 
solvent played a role in the manner in which the compound 
was retained by the soil. Two possible explanations are 
that the more polar acetone permitted a more thorough 
penetration of the mineral soils by f. sulfide molecules, 
thereby exposing more adsorption sites, or the two organic 
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by the equilibrium adsorption method. The overall trend 
for fensulfothion desorption was similar to that for the 
sulfide, except that the total amount desorbed was greater, 
as might be predicted for the more water soluble fen- 
sulfothion. For the three mineral soils, considerably less 
fensulfothion was desorbed in the first desorption cycle 
when applied by the equilibrium adsorption method than 
was desorbed when applied with any of the three spiking 
methods. This difference was more distinct than it was 
for f. sulfide (Figure 1). 

The differences in desorption patterns between the 
acetone and hexane-acetone spiking treatments for f. 
sulfide (Figure 1) were not observed with fensulfothion 
(Figure 2). Perhaps the more water soluble, more polar 
fensulfothion molecule (relative to f. sulfide) tended to 
minimize the differential effects that the two solvent 
systems had on the distribution and retention of the f. 
sulfide by the mineral soil surface. The low-spike treat- 
ments of fensulfothion were desorbed less than the com- 
parable high-spike hexane-acetone treatments for the 
Bondhead and muck soils but showed no difference in the 
Big Creek sediment. In the muck soil, the spiking treat- 
ments resulted in fensulfothion desorption equal to 
(high-spike hexane-acetone) or less than that produced 
by the equilibrium adsorption method. With both f. 
sulfide (Figure 1) and fensulfothion (Figure 2), the high- 
spike acetone treatment desorbed slightly less than the 
equilibrium adsorption treatment in the muck soil. 

These results have shown that the method of application 
of insecticides to soil can have an important effect upon 
their subsequent desorption behavior. In the three mineral 
soils, insecticides adsorbed from aqueous solution were 
consistently desorbed to a lesser extent than if the soils 
were spiked with the insecticides in organic solvents. 
Consequently, desorption data obtained by the spiking 
technique are not directly comparable to desorption data 
obtained by the equilibrium adsorption method. With the 
exception of the fensulfothion-Big Creek sediment system, 
the higher treatment levels (high-spike hexane-acetone) 
were desorbed to a greater extent than the lower treatment 
levels (low spike). Peck et al. (1980) have also shown that 
the slope of the desorption isotherm increases with in- 
creasing initial concentrations. Clearly, the initial con- 
centrations of insecticides on the soil must be comparable 
in order to make valid comparisons of desorption from 
various insecticide-soil combinations. 

Although desorption data from the spiking and equi- 
librium adsorption methods are not directly comparable, 
both techniques have practical applications. The spiking 
technique simulates the manner in which insecticides are 
applied to and held by soil in field applications where the 
insecticide is physically deposited on the soil. The equi- 
librium adsorption method simulates more aqueous en- 
vironments such as stream beds or waterlogged fields 
where the soil/solution ratio is relatively low. Further 
desorption studies need to be conducted using commercial 
formulations and application techniques to determine 
whether the spiking technique, in its present form, is a 
useful approximation of field conditions. Additional 
studies are also needed to describe insecticide desorption 
behavior in soil under nonwaterlogged, wetting- and dry- 
ing-cycle moisture regimes. 
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Figure 2. Desorption of fensulfothion from four soils. (--) Low 
spike; (-.) high-spike acetone; (- - -) high-spike hexane; (-) 
equilibrium. 

solvents exhibited differential effects toward enhancing 
or hindering the adsorption of the sulfide molecules by the 
soil surface (i.e., interacted with hydration water of ex- 
changeable cations). 

There was a considerable difference in reactivity of the 
f. sulfide immediately following application to the soil 
surface in the two organic solvent systems. Within 1.5 h 
following application of f. sulfide to the soil using hex- 
ane-acetone (during the solvent removal period before 
distilled water was added), 10 and 20% of the f. sulfide 
had oxidized to fensulfothion in the muck and mineral 
soils, respectively. When acetone was used, less than 2% 
of the sulfide was converted to fensulfothion. Further 
conversion to fensulfothion appeared to cease upon ad- 
dition of distilled water, which agrees with the minimal 
amount of conversion observed in the equilibrium ad- 
sorption method. The initial treatment levels for both the 
Low- and high-spike treatments using hexane-acetone 
(Figure 1) have been corrected for conversion to fen- 
sulfothion, since conversion occurred before the desorption 
process was initiated. It was also observed that f. .sulfide 
was less susceptible to oxidation on glass surfaces when 
applied in an acetone solvent than in the hexane-acetone 
solvent. 

Application methods did not appear to greatly influence 
the desorption pattern off. sulfide in muck soil. After four 
desorption cycles, only 10% of the initial f. sulfide was 
desorbed with the high-spike hexane-acetone method, and 
slightly lesser amounts were desorbed with the other 
treatments. The low-spike treatment exhibited the least 
tendency to desorb, again presumably because of the en- 
ergetics of the adsorption process. 

Fensulfothion (water solubility = 2000 Fg/mL) desorp- 
tion was examined (Figure 2) by using the same treatment 
techniques as for f. sulfide (water solubility = 1.7 pg/mL) 
to determine whether a more water soluble compound 
exhibited the same differences between the spiking and 
equilibrium adsorption techniques. Only one spiking 
treatment with the hexaneacetone solvent was necessary 
for fensulfothion desorption from Plainfield sand (Figure 
2) since coincidentally 5 Fg/g was the amount adsorbed 
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Fate of 0 - 1 4 4  (4-Chlorophenyl)thio]phenyl] 0-Ethyl S-Propyl Phosphorothioate 
(RH-0994) in Soil 

Don L. Bull* and G .  Wayne Ivie 

Under laboratory conditions, [ 14C]RH-0994 [0-[4~(4-chlorophenyl)thio]phenyl] 0-ethyl S-propyl 
phosphorothioate] is degraded in construction sand, Lufkin fine sandy loam, and Houston clay soils 
by oxidation and hydrolysis. Laboratory tests indicated that [14C]RH-0994 does not leach in loam and 
clay; however, the compound decomposes readily in the field to more water-soluble products that do 
leach. Residues in soil that resulted from the treatment of cotton with [14C]RH-0994 reached maximum 
levels (ca. 1.0 ppm) just after.the last of 10 spray applications (ca. 5-day intervals) and then declined 
rapidly. %-Labeled residues in soil resulting from [14C]RH-0994 sprays and the postharvest incorporation 
of treated plant material into the soil declined progressively to a level of ca. 0.16 ppm after 14 months. 
Residues associated with [14C]RH-0994 treatments were detected in rotation crops, but levels were 
generally low (ca. 0.1 ppm or less) in the plant parts that would be consumed. 

The experimental organophosphorus insecticide 0- [4- 
[ (4-~hlorophenyl)thio]phenyl] 0-ethyl S-propyl phospho- 
rothioate (RH-0994) is being developed for use in con- 
trolling phytophagous pests of crops and is especially ef- 
fective against the Heliothis spp. that attack cotton. Bull 
and Ivie (1981) reported that foliar applications of RH- 
0994 were absorbed readily by foliage of the cotton plant 
and then metabolized within the plant to the sulfoxide and 
sulfone derivatives of the intact ester and to three sub- 
stituted phenolic products that were found in both free 
and conjugated forms. These authors also reported that 
10 spray applications of RH-0994 at  5-day intervals led to 
an appreciable accumulation of insecticide-related residues 
in the foliage of cotton. There is therefore a good potential 
for contamination of soil by RH-0994 or its degradation 
products as a result of the runoff of sprays or as a result 
of shredding and cultivation of treated foliage. This report 
describes studies to assess the fate of RH-0994 after ap- 
plication to different kinds of soil. 
MATERIALS AND METHODS 

Chemicals. Technical-grade and emulsifiable concen- 
trate formulations of RH-0994 (I) that were unlabeled or 
uniformly radiolabeled with 14C in the P-0-phenyl moiety 
(respective specific activities of 2.48 and 1.30 mCi/mmol), 
were supplied by the Rohm and Haas Co., Spring House, 
PA. The technical [14C]RH-0994 was purified (>99%) via 
thin-layer chromatography (TLC) before use in soil 
treatments. Also provided were pure unlabeled samples 
of known (Bull and Ivie, 1981) metabolites of I: 11, 0- 
[4- [ (4-chlorophenyl)sulfinyl]phenyl] 0-ethyl S-propyl 
phosphorothioate; 111, 0-[4- [ (4-chlorophenyl)sulfonyl]- 
phenyl] 0-ethyl S-propyl phosphorothioate; IV, 4-[ (4- 

Cotton Insects Research Laboratory (D.L.B.) and Vet- 
erinary Toxicology and Entomology Research Laboratory 
(G.W.I.), Agricultural Research, Science and Education 
Administration, U.S. Department of Agriculture, College 
Station, Texas 77841. 

chlorophenyl)thio]phenol; V, 4-[(4-chlorophenyl)- 
sulfinyl]phenol; VI, 4-1 (4-chlorophenyl)sulfonyl]phenol. 
Structures of these chemicals are shown in Figure 1. 

Soils. Three types of soil were used for tests: con- 
struction-grade sand and Lufkin fine sandy loam and 
Houston clay obtained from cotton fields near College 
Station avd Waco, TX, respectively. The properties of 
these soils, which were determined by the Soil Testing 
Laboratory at Texas A&M University, are listed in Table 
I. Prior to use in different tests, samples of these soils 
were sieved to pass a 40-mesh screen. 

Analytical Methods. The radioactivity in different 
samples was determined by standard liquid scintillation 
counting procedures. Corrections for quenching in certain 
samples were made through the use of internal standards. 

TLC was done with precoated glass plates (silica gel 60 
F-254, 0.25 mm thick; EM Laboratories, Inc., Elmsford, 
NY). Tentative identifications of radioactive materials in 
different extracts were based upon their cochromatography 
with authentic standards after two-dimensional develop- 
ment on TLC plates in different combinations of the four 
solvent systems reported by Bull and Ivie (1981): (A) 
benzene and methanol, 9:l; (B) chloroform, hexane, and 
acetone, 6:3:2; (C) heptane, chloroform, and methanol, 
9 4 1 ;  (D) benzene, ethanol, and acetic acid, 93:7:1. Non- 
radioactive analytical standards were visualized under 
short-wave UV light, and radioactive compounds were 
located by autoradiography with X-ray film. 

The levels of unextractable radioactive materials in 
treated soil were determined by combusting samples in a 
furnace a t  lo00 "C in an oxygen atmosphere (Bull et al., 
1970) and radioassaying trapped radiocarbon by liquid 
scintillation. Radioactive residues in plant materials were 
analymd by a standard oxygen combustion procedure (Bull 
and Ivie, 1976). 

Fate of [14C]RH-0994 in Soil in the Laboratory. 
Samples (10 g each) of the three soils were weighed into 
20-mL glass vials and then treated with 100 pL of a 
methylene chloride solution containing 25 kg of [ 14C]RH- 

This article not subject to U.S. Copyright. Published 1982 by the American Chemical Society 


