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In the treatment of crops with pesticides itis a fairly 
common practlce fo apply two or more materials during the growing 
season, sometimes simultaneously. At the rime of reentry into the 
fields or orchards for thinning or harvesting the question of 
assessing blame to one or more material arises when any worker 
suffers adverse effects from exposure to the residues. Though 
absolute quantitation of the effect produced by each component of 
the mixture is not possible, itis indeed possible to estimate the 
relative contribution each pesticide could have made as long as 
each produces the same physiologlcal effect. Some field data are 
available for use to illustrate the method. 

APPLICATION OF PESTICIDES 

In August and September 1970, 51 acres of Thompson seedless 
grapes near Fresno, California were treated with organic phosphate 
pesticides according to the following schedule: 

Formulations 
Active Applied in 

Field Dates of Ingredient 30 Gals. ~~ter 
Pesticide 2 Number Application Per Acre (ibs.) Per Acre 

(Ethion R 1 Aug. 27 1.60 25% W.P. 
and R 2 & R 3 Aug. 2g 

Guthion) R 4 & R 5 Aug. 31 1.90 50% W.P. 
Zolone R I-R 3 Sept. il 3.00 3#/gal. EC 

R 4 & R 5 Sept. 14 
Dibrom R I-R 5 Sept. 24 1.00 8#/gal. EC 

I 
The analysis upon which this publication is based was performed 
pursuant to Community Studies on Pesticides Contract No. 
68-02-0719 with the Environmental Protection Agency. 

2 
Pesticides named in this paper, equivalent trade or generic 
names and the chemical names are as follows: Ethion or ethion 
O,O,O',0'-tetraethyl S,S'-methylene bis phosphorodith�8 
Guthion (R) or azinphosmethyl, 0,0-dimethyl S-4-oxo-l,2.3-ben- 
zotriazin-3 (4H)- ylmethyl phosphorodithioate; Dibrom (~) or 
naled, 1.2-dibromo-2,2-dichlorethyl dimethyl phosphate and 
Zolone(R) or phosalone, 0,0-diethyl S- [(6-chloro-2-oxoben- 
zoxazolin-3-yl)methyl]phosphorodithioate. 
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DISAPPEARANCE OF PESTICIDE RESIDUES 

Leaf samples were taken before and at varying intervals after 
pesticide applications in order to determlne the rate of disappear- 
ance of residues. Sampling was random with respect to plants in 
each field. Following removal by washing, residues remaining at 
the varying times were estimated by gas chromatographlc analyses 
and a kinetic analysis of the data indicated first order losses 
with rate constants for pesticide disappearance, k, of 10.2 x 10 -2 , 
4.83 x 10 -2 and 6.07 x 10 -2 days "I for Ethion, Guthion and Zolone, 
respectively. Dibrom residues could not be detected four days after 
application and thus the pesticide was not further considered. 

ESTIMATION OF RELATIVE TOXICOLOGICAL POTENTIAL 

Workers entered the vineyards to harvest grapes on October 6 
and were monitored for blood cholinesterase changes, relative to 
values obtained before entering the fields, hhat day, and again 
October 8 and October 12 by procedures under good quality control 
(SEPJ~T and ~OENGLE 1973). There were depressions in the enzyme 
activities but at the rime no quantitative assessment could be made 
of the pesticide or pesticides most likely responsible. 

Itis reported that Ethion and Guthion together, at levels of 
half the LD50, potentiate the sum of the respective toxicities by 
some two-fold when administered to female white rats by intraperi- 
toneal injection (DUBOIS 1962). ~loreover, Zolone potentiates the 
toxic activity of both Ethion and Guthion when administered orally 
to female white rats (information kindly supplied by the manufac- 
turer). From the data available, a potentiating factor of some I~ 
to 2 fold was estimated. Data concerning potentiation following 
dermal exposure could not be found. 

For initial calculations, considering each pesticide separate- 
ly, the toxicologic potential, T, at any time is defined here as 
the ratio between the pesticide residue level on foliage and the 
dermal LD50 value. Only dermal values are considered here since, 
from a knowledgeable consensus of opinions, that mode of absorp- 
tion is believed to be the major route of exposure to field workers. 
From the integrated expression for a first order loss of pesticide 
residue 

kt 
log P = log Po 

2.303 ' 

where Pis the residue level at rime t after application, Po is 
the deposit level and k the specific rate constant. Then, 

P Po kt 

T = L~~50 or log T = log LD50 2.303 
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Toxicologic potential, as defined, for each pesticide in a mixture 
of residues can thus be determined for any rime after application 
as long as an LD50 value and the rate constant for pesticide 
disappearance are known. The kinetics of loss for ai1 pesticides 
do not have to be of the same order, but for ai1 cases of which we 
are aware, first order or pseudo first order kinetics prevail. 
For any pesticide whose disappearance is other than first order, 
an appropriate expression for P as a function of time must be 
used in the expansion of the basic equation for T. 

Where potentiation exists, dividing the LDs0 values for the 
respective pesticides by the potentiating factor allows a correc- 
tion to be made. The correction is probably excessive when very 
low residue levels are existant because there are finite concen- 
tration limits beneath which a physiological effect cannot be 
measured. 

In the field application mentioned above the deposit level of 
Ethion was 192 ppm; Guthion, 322 ppm and Zolone, 380 ppm as ob�87 
tained by extrapolation of the first order decay lines to zero 
time. The values for dermal LDs0 as determined on rabbits are, 
according to the manufacturers, 915 mg per kg for Ethion (tech.), 
ai least 1500 mg per kg for Guthion (I lb per gai. emulsion) and 
at least 1500 mg per kg for Zolone (3 lb per gai. emulsion). It 
is recognized that LD50 values should be measured on materials as 
they are expected to exist in the residues on foliage, but such 
values are not available. 

Values of the toxicologic potential for the three pesticides 
were calculated with an assumption that they are mutually poten- 
tiating at factors of I% fold for each. This assumption may be 
less valid for Ethion, since the low levels of residues present 
at the rime workers entered the fields may rule out its role as 
a potentiator. 

Results are depicted in Fig. I. For Ethion and Guthion, 
residues were extant for an average of 40 days after application 
at the time fields were entered while for Zolone the average time 
was 24 days. Accordingly, at the time fields were entered the 
toxicolog�8 potentials are determined as 0.0053, 0.0467 and 
0.0885 for Ethion, Guthion and Zolone, respectively. For this 
combination of the residues of 3 pesticides, relative to Ethion 
Guthion showed a toxicologic potential of 9 fold, while for 
Zolone it was 17 fold. 

684 



m 

= 0 .05  
0 

0 .  

U 

0 
0 

._ 
X 
0 

1~ I 
0.5 

~xo. o1! \ %  

0.01 -_~ 

0.005 _- 

~ Ethion 

Guthion 

Zolone 

0.001 I I I 
20 40 60 

Time After  Application (Days) 

Fig. i Toxi` potential of the residues of three 
pesticides in a mixture on grape foliage. 
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DISCUSSION 

Due to the common practlce of applying more t~han one pesticide 
slmultaneously or over a short rime period there is definite need 
to estlmate the potential toxicity of each as a function of the 
age of the residues. Only estimates tan be made but these should 
be subject to ref�8 from the values calculated above when 
better and standardized methods are used by those who will deter- 
mine the level of resldues on crops, the LDs0 values and the degree 
of potentlation pesticides show at varying levels of absorption 
as would be expected from foliage at the times of reentry into 
treated flelds. 

Only a toxicologic potential has been calculated. For such 
purposes as the calculation of a reentry rime (SERAT 1973) the In- 
herent toxicity of each compound as it is tobe used in the field, 
must be determlned. Approxlmat�8 however, of a reentry t�8 for 
a mixture of compounds of slmilar physiological activity can be 
made when the inherent toxicity of one component, the toxicologic 
potentlals and the interdependent potentiating capac�8 of ai1 
are known. 

The calculation of toxicologic potentials involves some known 
parameter of the toxicity of the pesticides. At present only LD50 
values are available and these are determined on animais by pro- 
cedures that seldom are the same for the different compounds. 
Itis not assumed that the LD50 values used above are in the same 
relative pmoportion to those that might be observed in man, nor 
is it anticlpated that the relative proportions are widely variant 
from those that might exist for man. 

Though the results suggest that Zolone contributed most heavi- 
ly to the chollnesterase loses observed, it must be remembered 
that at the 24 days (ave.) after application of Zolone when fields 
were entered there were resldue levels averaging 89 ppm on the 
foliage, while for Guthion and Ethion at 40 days after application 
there were 47 and 3 ppm resldue levels, respectively. In toxicolo- 
gie potential Zolone would compare with Guthion at comparable 
residue age. It would appear that Ethion, per se, offered little 
if any contribution to the observed cholinesterase decreases. Its 
possible contribution in potentiating the effects of the other 
compounds, however, is not known. 
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