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The metabolism and residues of 2,2-dichlorovinyl dimethyl phosphate-P3' (DDVP or Vapona) 
were examined with rats, cows, and a goat. Studies with rats also utilized carbon'4 
labeled DDVP, dichloroacetaldehyde, and dichloroethanol, and phosph~rus~~-labeled 
0-methyl 2,2-dichlorovinyl phosphate and 0,O-dimethyl phosphate. In addition, 
several rats and a single cow were treated orally with 1,2-dibrorno-2,2-dichloroethyl 
dimethyl ph0~phate-P~~ (Dibrom). These insecticides are rapidly hydrolyzed in mammals 
to yield no persisting tissue residues and only trace levels in milk. The initial phosphorus- 
containing metabolites of DDVP, 0,O-dimethyl phosphate and 0-methyl 2,2-dichlorovinyl 
phosphate, are low in toxicity and rapidly excreted or further degraded. The 1 -carbon 
of the 2,2-dichlorovinyl group in DDVP is excreted in urine predominantly as a conjugate of 
dichloroethanol, probably the glucuronide, in the feces as unknown derivatives, and in the 
expired air as carbon dioxide. Small amounts of dichloroacetic acid may be formed, 
and some of the C1l persists in liver, blood, and other tissues in an unidentified form. Limited 
metabolism studies of DDVP in plants and of DDVP and Dibrom in bovine rumen fluid are 
also reported. 

INSECTICIDE, 2,2-dichlorovinyl T? imethyl phosphate (DDVP or 
Vapona), has insecticidal activity suit- 
able for many control problems where 
man or animals might be directly ex- 
posed to the vapors a t  the time of treat- 
ment or shortly thereafter. Extensive 
toxicity studies with man and farm 
animals have indicated that insecticidal 
concentrations of DDVP can be safely 
used, even in relatively confined areas 
(4, 5, 9, 72, 75, 76). Residue studies 
based on bioassay procedures have 
failed to detect DDVP in tissues or milk 
from treated animals (76). Enzymatic 
studies have established the rapid deg- 
radation of DDVP in plasma, liver: 
kidney, and spleen (7). The metabolic 
pathway has been deduced from these 
enzymatic studies using a variety of 
analytical procedures for determining 
the fragments of the DDVP molecule 
(7). Dibrom, 1,2-dibromo-2,2-3ichloro- 
ethyl dimethyl phosphate, formed on 
bromination of DDVP, is also biolog- 
ically unstable (70) and of interest as a 
relatively safe but highly effective in- 
secticide. 

The distribution and fate in the animal 
body of DDVP was inveqtigated by 
radiotracer techniques. Limited studies 
were also conducted with Dibrom-P"". 

Methods and Materials 
Chemicals. DDVP was used as the 

nonradioactive material prepared as an 
analytical standard, as the P32-tagged 
compound, and with C14 in the alpha or 
1 position of the dichlorovinyl group. 
These samples were all prepared by 
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reaction of trimethyl phosphite with 
chloral (18). A sample of D i l ~ 0 m - P ~ ~  
prepared by bromination of DDVP-P32 
was also utilized. Specific activities for 
these materials were 7.5 to 13 mc. per 
gram for DDVP-Pr2! 4.3 mc. per gram 
for D i b r ~ m - P ~ ~ .  and 10.6 mc. per gram 
for DDVP-1-CI4. Prior to use, the radio- 
labeled insecticides were purified on 
silica gel [I20 grams of silicic acid plus 
86 ml. of water (77)] columns with 
hexane-chloroform mixtures. Chroma- 
tography of the DDVP-P"' and Dibrom- 
P3* resolved three to four components; 
chromatography of the DDVP-Cl4 sep- 
arated seven components. The iden- 
tity of the main component as the 
insecticide was confirmed in each case 
by infrared spectrograms and partition- 
ing characteristics in several pairs of 
immiscible solvents. DDVP and Dibrom 
readily eluted kyith hexane, while the 
impurities which were more polar eluted 
with the hexane-chloroform mixtures. 
The chemical nature of the impurities 
was not determined. The radiochem- 
ically pure insecticides were thus re- 
covered from reaction mixtures of 67 
to 78% purity for DDVP-P3*, 61% purity 
for Dibrom-P3*, and 78% purity for 
DDVPK?'. Once purified, all com- 
pounds were held in dilute solution in 
anhydrous hexane at -20" C. until 
used. 

Radiolabeled sodium 0-methyl 2,2- 
dichlorovinyl phosphate (des-methyl 
DDVP) and dimethyl phosphate were 
prepared from DDVP-PT2, and dichloro- 
acetaldehyde-l-C14 and dichloroethanol- 
l-Cl4 were prepared from DDVP-1- 
C14. Their structures were ascertained 
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by chromatography and, or derivative 
formation (7). The 6-glucuronidase was 
purified from bovine liver (California 
Foundation for Biochemical Research, 
Los Angeles). Sources for other chem- 
icals utilized are indicated in a previous 
report (7). 

Animals and Administration of 
Chemicals. Four Guernsey cows and a 
goat were treated with P32-labeled com- 
pounds for milk residue studies as fol- 
loivs: intravenous administration in a 
propylene glycol-saline mixture of 1 .OO 
mg.. per kg. of DDVP to a 612-kg. cow; 
subcutaneous administration in a pro- 
pylene glycol-saline mixture of 1 .OO 
mg. per kg. of DDVP to a 518-kg. cow; 
oral administration on bran in gelatin 
capsules of 1 .OO mg. per kg. of DDVP to a 
484-kg. cow: followed after 7 days by a 
20.0 mg. per kg. oral treatment of DDVP 
to the same cow; oral adminsitration on 
bran in gelatin capsules of 20.0 mg. per 
kg. of Dibrom to a 530-kg. cow; and 
wbcutaneous administration in a pro- 
pylene glycol-saline mixture of 1 ..52 mg. 
per kg. of DDVP to a 60-kg. goat. A 
tranquilizer [I25 mg. per animal of 
Diquel or 3-ethyl-l0-(3-dimethylamino- 
2-methylpropyl) phenothiazine. Jensen- 
Salsbery Laboratories, Inc., Kansas 
City, Mo . ]  was used for the cows in- 
jected with DDVP-P32. The animals 
were stanchioned and catheterized to 
allow separate and total collection of 
urine and feces. 

Albino rats for metabolism studies and 
mice for toxicity studies were obtained 
from Dan Rolfsmeyer Co. (Madison, 
Wis.). The compounds were admin- 
istered in ivater, corn oil, or propylene 



glycol as indicated with the individual 
experiment. Female mice weighing 24 
to 26 grams were used for the acute 
toxicity determinations. Limited studies 
also utilized guinea pigs. 

Fate of DDVP-PSZ and Derivatives 
and Dibrom-P3? TIssrjE EXTRACTION 
ATD COUNTING. Tissues for analysis 
were cut into small pieces immediately 
after autopsy of the animal for determin- 
ing total P32 content. One-gram sub- 
samples were then homogenized in 20 
ml. of acetone in a glass homogenizer 
and centrifuged until the protein was 
well packed; the acetone was then de- 
canted. The acetone was added to 5 ml. 
of~vater  and distilled off on a steam bath, 
and the residual aqueous solution was 
made up to 10 ml. in a volumetric flask. 
Chloroform-water partitioning of the 
P I ?  was used to determine the propor- 
tion of unhydrolyzed DDVP in this 
acetone-soluble fraction. The residue 
from the acetone was homogenized in 
4.0 ml. of water, centrifuged, and the 
water was decanted. The residue was 
then remixed with an additional 3.0 ml. 
of water and centrifuged. This water 
\vas decanted, added to the first, and 
made up  to 10 ml. in a volumetric flask. 
Total counts and chloroform-soluble 
counts were used to determine the DDVP 
content of this fraction which was in- 
itially protein bound, but could be re- 
covered by water washing. Recoveries 
of unhydrolyzed DDVP from fortified 
samples varied from 57 to 65% for 
brain, heart, kidney, liver, and muscle. 
\Vith this procedure, DDVP recovered 
was 947, in the acetone-soluble frac- 
tion, 5.47G in the protein-bound frac- 
tion that could be recovered by washing 
with water, and 0.67, that remained 
Xvith the protein. About 10 to 127, hy- 
drolysis of DDL‘P occurred by this 
procedure so that the remaining losses 
occurred during evaporation of the 
acetone into the water. 

Analyses of other tissues. feces, and 
blood from DDVP-P”2- and Dibrom- 
P”-treated rats were made in a similar 
manner. Urine was used directly for 
counting and chloroform-\rater parti- 
tioning. 

MILK SAMPLING A N D  ANALYSES. Ani- 
mals were milked 5 hours prior to treat- 
ment with the radioactive compounds; 
this pretreatment milk sample was used 
as a control. Following treatment, the 
milk from one quarter was used for the 
0.25-hour sample, from a second quarter 
for the 0.5-hour sample, from a third 
quarter for the 1.0-hour sample, and 
from the fourth quarter for the 2.0- 
hour sample. Oxytocin was given just 
prior to the 4.0-hOUr milk sample, and 
all four quarters were milked at  this 
time and for each subsequent sampling 
time when oxytocin was not used. 
Representative samples of the total 
milk were used for analysis. 

Analysis of the milk conqisted of de- 

termining total radioactivity in the 
whole milk, which would represent the 
combined DDVP or Dibrom and me- 
tabolites, and extracting the milk to 
ascertain the level of organosoluble 
radioactivity. Samples of raw milk 
freshly fortified with these compounds 
usually yielded 90 to loo%, recovery in 
the organosoluble fraction in preliminary 
studies. Experimental milk samples were 
refrigerated and extracted lvithin a few 
hours from the time of milking. A 
series of fortified samples a t  nine levels 
of insecticide were run along with the 
experimental samples for each cow. 
All data reported are the average of 
duplicate analyses. The  per cent re- 
covery in the fortified samples during 
the time of analysis of the experimental 
milk samples from treated co\vs aver- 
aged 87% for the 1.0 mg. per kg. 
DDVP dose, 927, for the 20 mg. per 
kg. DDVP dose, and 79% for the 20 mg. 
per kg. Dibrom dose. Residue results 
reported take these recoveries into con- 
sideration. 

The following method was used to 
recover the organosoluble materials from 
the milk: 

Twenty milliliters of fresh milk and 
40 ml. of chloroform were homogenized 
in a Lourdes blender for 2 minutes. 
Centrifugation separated chloroform, 
protein, and aqueous layers. The pro- 
tein layer \vas removed, extracted 
similarly in a Lourdes blender with 50 
ml. of acetone, and the mixture \vas 
passed through a Buchner funnel to 
recover the acetone. The chloroform 
and acetone were combined, dried \vith 
sodium sulfate, filtered, and evaporated 
to a small volume under reduced pressure 
with a rotary evaporator. The residue 
was transferred to planchets, the remain- 
ing solvent evaporated at room tempera- 
ture, and total radioactive counts \rere 
made on the organosoluble material. 

By this extraction method, 2.0% of 
the radioactivity was recovered in the 
aqueous phase, 37.97, in the chloro- 
form, 59.8% in the acetone. and 0.2% in 
the residue. Partitioning between chlo- 
roform and water to differentiate between 
DDVP and hydrolysis products in- 
dicated that 7670 of the radioactivity in 
the aqueous phase, 9970 in the chloro- 
form, and 977, in the acetone was due to 
DDVP. The organosolubles (combined 
chloroform and acetone) accounted for 
90 to 100% of the radioactivity in milk 
fortified with DDVP and less than O . l ~ o  
when radiolabeled dimethyl phosphate 
was used to fortify the milk. Fresh, 
raw milk fortified with about 5 p,p.m, 
of radiolabeled DDVP was incubated 
at  37’ C., and milk samples were ana- 
lyzed for DDVP content after various 
intervals. Recoveries were 97% at 
zero time, 97% at 30 minutes, 87yc at  
2 hours, 817c at 8 hours, and 547G at 
24 houis. 

RUmN JUICE. The stability of DDVP- 

P3* and D i b r ~ m - P ~ ~  in stagnating bovine 
rumen fluid was determined according to 
a described procedure (7 ) .  Hydrolysis 
was ascertained by partitioning, be- 
tlveen chloroform and water, aliquots 
taken after varous incubation times up  
to 4 hours a t  37’ C. Fresh rumen fluid 
was always compared with boiled rumen 
juice. Studies were made with initial 
pH values for the rumen fluid adjusted 
to 6.0 and 7.0 and with organophos- 
phate concentration varying between 
5 and 50 p.p.m. The pH of the rumen 
fluid increased during incubation by 
about 0.7 units for the unboiled and 1.1 
units for the boiled rumen fluid. 

PLANTS. DDVP-P?  was admin- 
istered to corn (8 to 10 inches tall, 
hybrid field corn, \Yisconsin Experi- 
mental \.t’423A variety), cotton (5 
inches tall, Delta Pine I5 variety), and 
pea (4 to 5 inches tall, Perfection vari- 
ety) seedlings. Short term studies were 
necessitated by the volatility and bio- 
logical instability of the compound. 
Cotton seedlings were treated, by spread- 
ing 100 p1. of a O.l%, DDVP-P32 aqueous 
solution, as uniformly as possible over 
the upper leaf surface of one first true 
leaf per plant. Treated leaves from 
duplicate plants were removed for 
analysis a t  0, 5, 10, 15, 20, 30, and 45 
minutes and 1,  2, 4, 8> 16, 24> 36, 48, and 
72 hours after DDVP application. 
Each leaf was washed twice with 7 ml. 
of water to recover the surface residue, 
and then the leaves were homogenized 
in 7 ml. of water to recover the absorbed 
residue. In  the root absorption study, 
seedlings of each of the plant species 
were placed with the roots in a 250- 
p.p.m. DDVP-P32 aqueous solution for 
8 hours, the roots then thoroughly rinsed 
with distilled water, and the plants 
transferred to distilled water for 40 
more hours. Plants were removed at  
0, 8, 16, 24, 32, and 40 hours and divided 
into leaves and stems plus roots which 
were separately homogenized in water. 
Analysis in all cases consisted of deter- 
mining the total DDVP-P3* equivalents 
by direct counting and the organosoluble 
DDVP-P3* equivalents by chloroform- 
water partitioning. All plants were held 
in a glass house at 30’ C. 

Fate of DDVP-l-CI4 and Derivatives 
in Rats. Female white rats weighing 
180 to 220 grams were administered 
aqueous solutions of DDVP-1 -C14: di- 
chloroacetaldehyde-1 -Cl4> and dichlo- 
roethanol-l-Cl4. For ascertaining the 
percentage of the dose expired as C”02, 
the compounds were each given by the 
intraperitoneal route a t  1.00 pmole per 
rat, and this dose of DDVP-1-C“ was 
also administered orally. Treated rats 
were placed in individual chambers 
designed for complete trapping. of ex- 
pired carbon dioxide by bubbling the 
air exhausted from the animal chamber 
through an ethanolamine-ethylene 
glycol monomethyl ether mixture. Car- 
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bon-14 was then determined by count- 
ing in ethanolamine-ethylene glycol 
monomethyl ether-toluene with 2,5- 
diphenyloxazole in a Tri-Carb liquid 
scintillation spectrometer Model 314-A 
(Packard Instrument Co., La Grange, 
Ill.) according to a described procedure 
(8). Studies were conducted for 24 
hours after treatment, during which 
time rats administered sodium acetate- 
l-C14 expired 74YG of the administered 
dose as C 1 4 0 ~ .  All experiments were 
run in duplicate. 

Similar rats were treated at 4.00 mg. 
per kg. with DDVP-I-C" in aqueous 
solution via the intraperitoneal and 
oral routes. These rats ivere atropinized 
just prior to treatment so that cholinergic 
symptoms persisted no more than 60 
minutes. Treated rats were held 7 days 
in cages designed for quantitative and 
separate collection of urine and feces. 
Tissue samples were removed after 7 days 
for determination of total CI4 content. 
Three pairs of rats were used for the 
urine and feces studies and four rats 
for the tissue studies with each admin- 
istration route. Urine samples were 
prepared by adding 0.20 ml. of urine 
to 0.5 ml. of 1.5% gelatin in 0.015.V 
sodium hydroxide in aluminum planch- 
ets and air drying overnight. The 
alkali immediately converted DDVP to a 
nonvolatile derivative which could be 
directly compared with the nonvolatile 
derivatives excreted by suitable cor- 
rection for self-absorption effects. 
Heparinized blood samples were diluted 
with alkali to a final concentration of 
3376 blood in 0.005-V sodium hydroxide 
before pipetting 1 .O-ml. aliquots and 
air drying. Tissue and feces samples 
were homogenized at  5% w./v. in 
0.01 5 S  sodium hydroxide; 0.5-ml. sam- 
ples were removed and air dried over- 
night. ,411 samples were counted on a 
Nuclear-Chicago Model 183B Scaler 
with a gas flow counter? utilizing a 
Micromil window, and were corrected 
for self-absorption effects. 

The nature of the C'kontaining 

DDVP metabolites in the total urine 
samples was investigated by derivative 
formation. The procedure for deter- 
mining dichloroacetaldehyde released 
in acid at  100' C. for 30 minutes. and 
for free dichloroacetic acid and dichlo- 
roethanol has been reported (7). Total 
dichloroethanol was determined by re- 
fluxing the urine sample in 8.0.V hy- 
drochloric acid for 6 hours prior to 
extraction of the free dichloroethanol 
for phenylurethane formation. Re- 
fluxing in 2.0.V hydrochloric acid gave 
similar results, but 0.5.V acid was not 
adequate for complete hydrolysis of the 
conjugate. The conjugate was also 
partially split by adding 5 mg. of p-glucu- 
ronidase to 0.2 ml. of rat urine and 
0.8 ml. of 0.OSM pH 4.5 sodium acetate 
and incubating for 12 hours at 37' C.. 
prior to extraction of the free dichloro- 
ethanol. 

Other  Methods. Ion exchange chro- 
matography, colorimetric procedures, 
and cholinesterase assays were utilized 
as in previous studies on organophosphate 
esters (3. 7, 17.  13). 

Results 

Fate of DDVP-PSZ and  Derivatives 
in  Rats and  Cows. TISSUE DISTRIBU- 
TIOS ASD HYDROLYSIS IN RATS. 
DDVP-P3* administered oralli- to rats 
a t  10 mg. per kg. is rapidly absorbed, dis- 
tributed among the tissues and hydro- 
lyzed (Table I) .  Similar results were 
obtained with male and female rats. 
The tissue distribution of P3* is that 
expected of a compound which is 
rapidly hydroll-zed and excreted except 
for inorganic phosphate which enters 
the normal phosphate pool of the or- 
ganism. Further studies confirming the 
rapid in vivo hydrolysis involved intra- 
peritoneal administration of several doses 
to rats and mice. Female rats treated 
every half hour with 4 mg. per kg. of 
DDVP-P3* for a 2-hour period and then 
autopsied one half hour after the last 
treatment showed largely hydrolysis 

products in the tissues. Mice treated 
with 10 mg. per kg. every 15 minutes 
for three treatments kdlowed by another 
treatment 15 minutes before autopsy 
shoived that more than 9570 of the 
DDVP had been hydrolyzed in the liver, 
kidney. and small intestine. 

FATE OF DIMETHYL PHOSPHATE AND 

DES-METHYL DDVP IS RATS. Di- 
methyl p h 0 ~ p h a t e - P ~ ~  and des-methyl 
DDVP-P"* were administered orally 
a t  500 mg. per kg. in water to male rats. 
Autopsy: 90 hours after treatment. in- 
dicated that the rat administered di- 
methyl phosphate-PS2 had eliminated 
almost the entire dose. The urine, 
containing only unmetabolized dimethyl 
phosphate-P32. accounted for about half 
of the radioactivitv; the tissues were 
almost. devoid of P32-containing materi- 
als. The rat administered des-methyl 
DDVP eliminated about 14% of the 
dose via urine in 90 hours, and the tissues 
were similar in distribution of P32 to a 
rat 90 hours after DDVP administra- 
tion (Table I ) .  The very high propor- 
tionare radioactivity in the bone was 
indicative of rapid degradation to 
phosphoric acid, as was chromato- 
graphic analvsis of the cumulative 0 to 
90 hour urine sample which showed 
86qc of the metabolites as phosphoric 
acid and 14% as des-methyl DDVP. 

EXCRETIOK OF P " 2 - C ~ ~ ~ . ~ ~ ~ ~ ~ ~  ME- 
TABOLITES. From 67 to 100% of the 
administered radioactivity was recovered 
in the combined urine and feces within 
a Lveek following treatment of animals 
(Table 11). The percentage excre- 
tion did not vary greatly ivith dosage 
based on studies with both male and 
female rats and doses betlveen 0.1 and 
80 mg. per kg. Excretion of in 
the feces accounted for only I 1  to 157, 
of the administered dose. except with 
co\vs treated orally where about half 
the P3? \vas excreted via this route. T ~ v o  
examples of the excretion rates are 
shown in Figure 1.  

AND FECFX. DDVP was hydrolyzed 
S A T U R E  O F  p32-PROOCCTS I S  URINE 

Table 1. Tissue Distribution of Total DDVP-P3' Equivalents in Male and Female Rats Following 
10.0 Mg. Per Kg. Oral Dose 

Tissue or 
Organ 

Blood 
Bone 
Brain 
Fat 
Heart 
Kidney 
Liver 

Tafal DDVP-P3*,  P.P.M. Equivalenfs of Time lndicafed 
0 .25  Hour 1.0 Hour 4.0 Hours 1 4  Hours 1 Day 4 Days 7 Days 

Male Female Male Female Mole Female Male Female Male Female Male Female Male Female 

7.06 
1 . 2  
1 .6" 
1.1c 
3.06 
8 .56  

37 ,  6a 

4.3c 
1 . o  
2 . l d  
1.4c 
2.6d 

15 .1"  
31 . G b  

6 .0b  
6 . 3  
2 , 8 "  
2 .0Q 
5 ,6c  

25, 7b 
59, le 

4.5c 
4 . 0  
4.8'3 
1 . Y  
5 , 4 <  

23 .  3b 
34. 2c 

2 . 7  
9 . 0  
1 . 9  
1 . 4  
5 . 1  

12 .2  
22. 7c 

2 . 5  
8 . 2  
3 . 5  
0 . 8  
5 . 9  

22 .5  
22. 3c 

1 . 3  
1 1 . 5  

1 . 3  
0 . 5  
3 . 8  
7 . 2  

16.5c 

1 , I  
11 .2  

1 . 7  
0 . 8  
4 . 1  

1 0 . 0  
11 .bb 

1 . o  
1 1 . 3  

1 . 3  
0 . 7  
3 . 2  
4 . 9  
8.3a 

0 . 4  
1 2 . 9  
2 . 0  
0 . 6  
3 . 5  

1 0 . 2  
1 2 . 5  

0 . 3  
1 3 . 5  

1 . 3  
0 . 4  
1 . 4  
2 . 9  
3 .2a  

0 . 5  
7 . 4  
1 . 9  
0 . 4  
1 . 8  
2 . 8  
3 . 3  

0 . 2  
1 1 . 4  
1 . 1  
0 .1  
0 . 8  
2 . 0  
1 . 4  

0 . 1  
8 . 1  
1 .7 
0 . 3  
1 . 3  
2 . 5  
2 . 7  ~. .~ 

Muscle 0 . 6 c  0 .5"  1 . 7 "  1 .4"  1 . 3  1 4  0 . 9  1 . 5  0 .7  1 . 8  1 . 0  1 . 0  0 . 9  1 . 3  
Stomach 123.11 124.11 129.7d 69.36 22.2d 22 .00  . , . 1.7c 1 .2*  1.2c 0 .8c  1 .8c  0 .5a  0 . 9 n  
Small intestine 2.OC 8 .3b  87.5b 69.7" 2 . 8  6 . 4  7 . 7  4 . 0  2 . 3  3 . 0  0 . 0  5 . 5  0 . 0  1 . 3  
Large intestine 0 . 9 ~  0 . 6 ~  13 . ld  3.8b 1 . 8  5 . 8  6 . 8  3 . 8  2 . 0  5 . 3  1 . 2  0 . 6  0 . 3  1 . 5  

5-f The organosoluble-P3* (presumably DDVP) was subdivided into the following ranges as percentage of the total P32 without correction 
for extraction efficiency; Q, less than 1 %; 6, 1 to 5 % ;  c, 6 to 20%; d, 21 to 40%; e, 41 to 60%; and j ,  61 to 727,. 
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Figure 1 .  Rate of excretion of DDVP- 
P 3 2  equivalents (DDVP plus P3z-con- 
taining metabolites) by a cow and 
goat 
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Figure 2. Blood levels of total in- 
secticide-Ps2 equivalents (insecticide plus 
P3kontaining metabolites) following 
administration of DDVP-P32 and Di- 
brom-PS2 to cows and a goat 

prior to excretion in the urine, since 
99 to over 99.976 of the radioactivity 
in the urine remained in the aqueous 

Table II. Excretion of DDVP-P3* and D i b r ~ r n - P ~ ~  Derivatives 
in Urine and Feces 

Route of  Dose, Adminisfered Dose Excreted, % 
Administration Ms./Ks. Hours Urine Feces Total 

DDVP-GOAT 
Subcutaneous 1 52 96 89 11 100 

DDVP-Cow 
Intravenous 1 00 96 68 13 81 
Subcutaneous 1 00 96 79 15 94 
Oral 1 00 168 15 53 68 
Oral 20 0 144 40 51 91 

DDVP-FEMALE RATS 
Oral 0 1 . 1  0 . 1 0 ,  148 70 11 81 

20, 40. 80 

DDVP-MALE R ~ T S  
Oral 0 1.  1 0 .  10 ,  148 59 12 71 

20. 40. 80 

Oral 
DIBROM-COW 

20.0 144 9 34 43 

Table 111. 

Animal 

hfale rat 

Male and female 

Goat 
rats 

c o w  

c o w  

Nature of P3*-Containing Hydrolysis Products in Urine 

Dose, Mg./Kg. 
and Route 

10 oral 

20 and 80 
oral 

1.52 sub- 
cutaneous 

20 oral 

20 oral 

Hours affer 
Adminisfrafion 

DDVP 
0-3 
3-6 
6-1 2 

12-24 
24-48 
0-1 2 

0-2 
2-12 

12-36 
0.5-1 

2-4 
8-1 2 

DIBROM 
0.5-1 

2-4 

% Excreted P 3 2  Chromafographing 
in Posifion of  
Mono- and Des- 

Inorganic dimethyl mefhyl 
phosphafe phosphates DDVP 

3 . 2  83.3 1 3 . 5  
4 .4  88.5 7 .1  

<0.2 81 .7 18 2 
<0.2 97.8 2 .1  

2 4  94.8 2 . 8  ~ 

1 . 3  68 9 29 8 
<o 2 97.8 2 . 2  

8 8  91 2 <o 2 

< 0 . 2  71 . o  29.0 
< 0 . 2  95.2 4 . 8  

phase on partitioning with chloro- 
form. The  excreted metabolites ap- 
peared to be des-methyl DD17P, di- 
methyl phosphate, and inorganic phos- 
phate based on cochromatography with 
authentic compounds on ion exchange 
columns. Results for monomethyl phos- 
phate are reported along with the 
dimethyl phosphate because of the in- 
complete resolution of these materials. 
The proportion of des-meth) 1 DDVP 
decreased rapidly in the rat, cow, goat 
(Table 111), mouse, and guinea pig. 
Inorganic phosphate increased in pro- 
portion as the administered DDVP was 
more completely degraded in the body. 
Cows treated via the oral, subcutaneous. 
and intraperitoneal routes with 1 .O 
mg. per kg. of DDVP yielded similar 
chromatograms for the urine. No dif- 

ference was noted between male and 
female rats. 

The P32 in the feces of treated cow's 
was present predominantly (greatei 
than 957c), if not entirely, as ionic 
DDVP derivatives. No further char- 
acterization was attempted on these 
products in feces. 

BLOOD LEVELS WITH Cows A ~ D  A 

GOAT. The parts per million of total 
insecticide equivalent (insecticide plus 
hydrolysis products) based on PY2 are 
shown in Figure 2. Subcutaneous ad- 
ministration to either a goat or cow gave 
peak blood levels a t  1 to 2 hours. 
It'hen cows were administered 1.0 mg. 
per kg. of DDVP. the peak blood levels 
were higher and were attained sooner 
with the intravenous than with the 
subcutaneous route, which in turn 
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Table IV. Total Insecti~ide-P3~ Equivalents (Insecticide plus Hydrolysis 
Producfs) and Residues of Organ~soluble-P~~-Derivatives Following 

Administration of DDVP and Dibrom to Cows and a Goat 

Hours after 
Treatment 

0 . 2 5  
0 . 5  
1 
2 
4 
8 

12 
18 
24 
36 
48 
60 
72 
84 
96 

120 
144 

0 .25  
0 . 5  
1 
2 
4 

8-96 av. 

DDVP-Cow 
Intravenous, Subcutaneous, Oral, Oral, 

1 .oo 1 .oo 1 .oo 20.0 
m g . / k g .  mg./kg. m g . / k g .  m g . l k g .  

TOTAL INSECTICIDE-P32, P.P.M. 

< O .  70a < O ,  30 <O ,004 0.84b 
<O .70 <0 .30  <0.004 1 . l l h  
<O, 70 < O .  30 0.0045 0.99* 

0 . 9 3  0 .30  0.0067 0.79* 
0 . 7 7  1 . 2 4  0 .13  7 . 6  
1 .95  1 .83  0 . 3 6  10 .5  
2.51 
0 . 9 7  
0 .80  

< O .  70 
<O .70  
< O .  70 
<O .70 

<0:70 
. . .  
. . .  

2.15  
0 .83  
0 . 7 5  
0 .52  
0 .52  
0 .32  

<0 .30  

< o .  30 
. . .  
. . .  

0 .61  
0 .58  
0 . 6 0  
0 .50  
0 .38  
0 .31  
0 . 2 7  
0 . 2 5  
0 .18  
0 .15  
0 . 1 2  

11 .1  
9 . 3  
7 . 9  
7 . 6  
6 . 2  
4 . 5  
3 . 7  
3 . 0  
3 . 0  
2 . 3  
1 . 3  

RESIDUES, ORCANOSOLUBLE-P32, P.P.B. 

80 <15 1 . 5  16 
38 <15 2 . 3  67 

<10 <15 0 . 4  77 
<10 <15 1 . 3  31 
<10 <15 <1 .o  3 
<10 <15 <1 . o  <10 

DDVP-Goat, Dibrom-Cow, 
Subcutaneous, Oral, 

1.52 
M s . / K g .  

0 .22  
0 . 1 3  
0 .11  
0 .92  
1 . 8 2  
1 . 3 1  
0 . 8 4  
0 . 5 0  
0 .42  
0 .30  
0 . 3 0  
0 .27  
0 .21  
0 . 2 5  
0 . 2 0  
. . .  
. . .  

12 
8 
2 

< 0 . 4  
< 0 . 4  
< 0 . 4  

20.0 
M g . / K g .  

<0.10  
<0 .10  
<o 10 

0 .13  
2 8  
2 . 5  
7 . 5  
7 . 8  
7 . 7  
6 . 0  
5 . 1  
4 . 5  
3 5  
3 . 3  
2 . 7  
2 . 1  
2 . 1  

24 
37 
77 
78 

9 
<8 

a Values indicated as "<" were below the level of significance in counting. 
High early values resulted from a previous treatment of this cow with 1.00 mg. per kg. 

of DDVP 7 days prior to the 20.0 mg. per kg. treatment with a preparation of lower specific 
activity. 

reached higher levels and sooner than 
with oral administration. 

Cholinesterase assays on the whole 
blood showed no inhibition due to 
treatment with 1.0 mg. per kg. of DDVP 
either by the oral or subcutaneous routes. 
Intravenous administration yielded 29% 
inhibition in 1 to 2 hours with rapid 
recovery thereafter. Subcutaneous treat- 
ment of the goat yielded 44% inhibition 
at 0.25 hours, 46% at 0.5 hours. 417, a t  1 
hour. 3570 a t  2 hours, and rapid re- 
covery thereafter. The  higher level 
of 20.0 mg. per kg. administered orally 
to a cow yielded inhibition reaching 
25% a t  1 hour, 32% at 2 hours. and 
217, at 4 hours, followed by rapid 
recovery. 

MILK LEVELS WITH Cows AND A G o ~ T .  
The  levels of total and organosoluble 
equivalents of DDVP-P32 as calculated 
from the specific activity of the original 
insecticide administered are shown in 
Table IV.  The majority of the radio- 
activity in the milk was due to hydrolysis 
products. Only within the first 2 hours 
was the level of organosoluble radio- 
activity significantly above background. 
With the sampling method utilized, 
the recovery of organosoluble radio- 
activity occurred only in the first four 
samples in which milk was secreted con- 
tinuously from the time of administra- 
tion. Thus. the samples were actually 
0- to 0.25-, 0- to 0.5-, 0- to 1-, and 0- to 
2-hour samples, whereas the next sample, 
because of the use of oxytocin. contained 

~ ~~ 
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Table V. Tissue Distribution of 
Total DDVP-C14 Equivalents in 
Female Rats 7 Days after Adminis- 

tration of 4.00 Mg. Per Kg. Dose 
T o f d  DDVP-CI4 Equivolents, 

P.P.M. 
Tissue or 
Organ 

Blood 
Brain 
Fat 
Heart 
Kidney 
Liver 
Muscle 
Stomach 
Small intestine 
Large intestine 

Oral 

0 . 9 9  
0 . 2 9  
0 . 2 4  
0.36 
0.49 
3.10 
0 . 2 5  
0 .25  
0 . 4 2  
0 . 3 5  

Intro- 
perifoneol 

0 .92  
0 .39  
0 .29  
0 .28  
0 . 5 9  
2 . 8 5  
0 .26  
0.21 
0 . 3 5  
0 . 3 7  

a small amount of milk secreted within 
the first 2 hours but was predominantly 
a 2- to 4-hour sample. After the 4 
hour time, the samples corresponded 
solely to the milk secreted in the interval 
since the last sample. 

Biopsies of subcutaneous back fat 
taken 1.5, 3, and 6 hours after treat- 
ment showed 0.20. 0.28, and 0.20 p.p.m. 
of total DDVP-P2 equivalents, of which 
about 30Y0 was not acetone soluble. 

Fate of DDVP-1-CI4 and Derivatives 
in Rats. DD\’P-1-C14 is eliminated 
from rats a t  a similar rate following 
either oral or intraperitoneal administra- 
tion. Based on :-day studies, excretion 
in the urine accounted for 27 to 32% 
and in the feces for 37, of the adminis- 
tered dose (Figure 3). CI4O2 expired 
within 24 hours after treatment ac- 
counted for 16% of the administered 
dose \vith DDVP and 3270 \vith dichlo- 
roacetaldrhyde and dichloroethanol (Fig- 
ure 4).  Considerable radioactivity re- 
mained in the tissues. particularly the 
blood and liver, even after 7 days Lvhen 
little further excretion \vas occurring 
(Tablr V). No attempt was made to 
define the chemical nature of the radio- 
labeled derivatives remaining in the 
tissucs. 

More than 90(% of the radioactivity 
in the urine of rats treated with DDVP-1- 
CId appeared as a conjugate of dichloro- 
ethanol. This conjugate was completely 
split by refluxing the urine in acid, and 
partially split by 0-glucuronidase. The 
principal conjugate was therefore prob- 
ably dichloroethyl glucuronide, in agree- 
ment with a study where dichloro- 
ethanol was administered to rabbits (73). 
Little, if any free dichloroethanol ap- 
peared in the rat urine. Some dichloro- 
acetaldehyde-1-Cl4 was recovered on 
acid hydrolysis of the urine. This radio- 
activity was due to either dichloro- 
acetaldehyde or des-methyl DDVP, 
since DDVP per se is not excreted in the 
urine. Since DDVP-P32 studies have 
shown des-methyl DDVP excretion in 
urine, the dichloroacetaldehyde re- 
covered on treatment with acid probably 
resulted from partial hydrolyis of this 

material. The acid hydrolysis was not 
drastic enough for complete degradation 
of des-methyl DDVP to dichloro- 
acetaldehyde (7) .  Averaging the results 
from all urine samples fractionated 
gave 95.6% as dichloroethanol con- 
jugates, l.4y0 as derivatives which hy- 
drolyzed in acid to yield dichloroacet- 
aldehyde, and 3.0% as acids which 
crystallized along with dichloroacetic 
acid on formation of a dicyclohexylamine 
salt. These percentage values represent 
the derivatives recovered during car- 
rier crystallization and do not take into 
account incomplete hydrolysis which 
was probably a factor with dichloro- 
acetaldehyde. 

Fate of Dibrom-PY2 in Rats and a 
Cow. Adult male rats were treated 
with 25 mg. per kg. of D i b r ~ m - P ~ ~  in 
corn oil by stomach tube. Tissue 
samples taken 0.5. 4, 24. and 72 hours 
after treatment were analyzed by the 
same procedure used for DDVP. The 
radioactivity in all the tissues other than 
the stomach appeared predominantly, 
if not entirely, as hydrolysis products. 
The high specific activity occurring in 
the bone within a day after treatment 
indicated at  least partial hydrolysis of 
Dibrom to products other than dimethyl 
phosphate, which were further degraded 
to inorganic phosphate. Following 
intraperitoneal administration of 10 
mg. per kg. of Dibrom-Ps’, the fat con- 
tained a high proportionate level of 
radioactivity within 15 minutes. but 
this material quickly partitioned back 
out of the fat to leave no persisting 
residue. 

A cow was administered 20.0 nig. per 
kg. of Dib1-0m-P~~ orally for direct com- 
parison with the same dose of DDVP-P”?. 
Blood levels (Figure 2)  and milk 
results (Table IV) were quite similar for 
Dibrom and DDL’P. S o  more than 
10% blood cholinesterase inhibition 
resulted at any time after treatment 
with the 20.0 mg. per kg. Dibrom 
dose. The proportion of administered 
radioactivity recovered in urine and 
feces was lower for Dibrom than for 
DDVP (Table 11), \vith the small 
proportion appearing in the urine being 
particularly outstanding. ,4s with 
DDVP. the P32 excreted in urine and 
feces was at  least 95% and probably 
greater than 99% as hydrolysis products. 
Chromatography of the urine yielded 
PY2-metabolires in the positions of in- 
organic phosphate, mono- and ,  or di- 
methyl phosphate, and des-methyl 
DDVP. No further studies were made 
on the chemical nature of the Dibrom 
hydrolysis product which cochromato- 
graphs on Dowex-I with des-methyl 
DD\’P. Biopsies of subcutaneous back 
fat taken 1.5, 3, and 6 hours after treat- 
ment showed 0.23, 0.30. and 0.08 p,p,m. 
of total D i b r ~ m - P ~ ~  equivalents. of 
which about 80% was not acetone 
soluble. 

Other Studies. RUMEN FLUID. DDVP 
and Dibrom did not appear to be sig- 
nificantly hydrolyzed by microbial or 
enzymatic attack in the stagnating 
rumen fluid. Although 20% hydrolysis 
of DDVP and 30% of Dibrom occurred 
within 4 hours in rumen fluid initially 
adjusted to p H  7.0, the difference in 
activity between the boiled and unboiled 
samples could be accounted for on the 
basis of the p H  differences in these 
preparations on incubation. This lack 
of marked hydrolytic activity of the 
bovine rumen fluid is consistent with 
studies on similar organophosphate sub- 
strates ( 7 )  and indicates that with 
DDVP and Dibrom, the hydrolysis in 
the rumen is not a major factor in the 
metabolism of the compound in the 
bovine organism. 

STABILITY OF DDVP-P3* IN PLANTS. 
About half of a 100-pg. dose of DDVP- 
P3* applied in 100 p l .  of water to the 
upper surface of the first true leaves of 
cotton seedlings volatilized within 5 
minutes. An additional 45y0 was 
absorbed within 20 minutes so that only 
5% remained on the surface 20 minutes 
after application. The surface residue 
was nonhydrolyzed DDVP, while 70 to 
80% of the absorbed material appeared 
as organ~soluble-P~~,  presumably non- 
hydrolyzed DDYP. during the first 30 
minutes after treatment (Figure 5). 
Disregarding the DDVP lost by volatil- 
ization during the first 5 minutes after 
treatment, the half life of the DDVP was 
1.2 hours with the primary loss occurring 
by hydrolysis. In addition to the volatil- 
ization of DDVP, which resulted in the 
total DD\’P equivalents dropping from 
100 pg. per leaf at 0 time to 35 pg. per 
leaf at 30 minutes, the hydrolysis prod- 
ucts \vere also lost from the treated 
leaves, since only 14 pg. per leaf re- 
mained after 24 hours and 7 pg. per 
leaf after 72 hours despite the fact that 
no DDVP or other organo~oluble-P~~ 
derivatives were detected after 8 hours. 
The loss of hydrolysis products from 
treated leaves may have occurred, at 
least in part, from translocation away 
from the leaf sampled. 

The parts per million of total DDVP- 
P32 equivalents taken up from a 250- 
p.p.m. solution in 8 hours were 27 for 
corn? 105 for cotton, and 48 for peas. 
At the end of this 8-hour absorption 
period, 77% of the absorbed P32 ap- 
peared as hydrolysis products in peas, 
and 33% in corn and cotton. Once the 
plants were removed from the insecticide 
source. the hydrolysis of the absorbed 
DDVP followed first order reaction 
kinetics with half-life values for both 
corn and cotton of 9 hours and for pea of 
3 hours. The hydrolysis rate with all 
plants \vas the same for the combined 
root and stem and for the separately 
analyzed leaves. The total DDVP 
equivalents did not drop appreciably 
during the 40-hour post-absorption pe- 
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Volatilization, penetration, and hydrolysis 

riod allowed for metabolism. This 
indicates that the excretion or volatil- 
ization of P3*-hydrolysis products is not 
rapid following this route of administra- 
tion, although the possibility remains of 
some DDVP loss by volatilization prior 
to hydrolysis. Once within the plant, 
the Pjz was translocated from the root 
and stem into the leaves more rapidly 
with cotton than with corn, which in 
turn was more rapid than with peas. 

These findings on the instability of 
DDVP applied to or absorbed by plants 
are in agreement with earlier reports 
(2, 6 ) .  

ACUTE TOXICITY OF DDVP DERIVA- 
TIVES. Studies with mice on the acute 
toxicity of DDVP and potential hydroly- 
sis products showed relatively high 
toxicity associated only with the un- 
hydrolyzed compound (Table VI). The 
symptoms associated with the “shock 
dose” of DDVP (76) do not appear to 
be associated with the hydrolysis prod- 
ucts. since the level for narcosis with 
dichloroethanol and dichloroacetal- 
dehyde is considerably higher than would 
be present as DDVP hydrolysis prod- 
ucts at this “shock dose.” 

Discussion 

DDVP and Dibrom are readily hydro- 
lyzed by mammalian enzymes ( 7 ) .  The 
metabolites of DD\’P include dimethyl 
phosphate, monomethyl phosphate, 0- 
methyl 2,2-dichlorovinyl phosphate, in- 
organic phosphate, dichloroacetaldehyde, 
dichloroethanol. dichloroethyl glu- 
curonide, and possibly dichloroacetic 
acid ( 7 ) .  The metabolic products from 
Dibrom include DDL’P, dichlorobro- 
moacetaldehyde, dichloroacetaldehyde, 
dimethyl phosphate, and certain com- 
plex amino acid conjugates of the de- 

graded products (70). In addition to 
enzymatic degradation, Dibrom is re- 
ported to react readily with sulfhydryls 
including well-known amino acids to 
rapidly destroy residues on crops (70). 
Studies with rats and a cow indicate that 
the initial site of hydrolytic attack on a 
portion of the dose is at the P-0-methyl 
group which would yield additional 
metabolites from Dibrom. I t  also ap- 
pears probable that the aldehyde mix- 
ture from Dibrom metabolism is reduced 
a t  least in part in mammals and con- 
jugated prior to excretion. The  acute 
toxicity of the DDVP metabolites is low 
relative to that of DDVP itself. The 
phosphorus-containing mctabolites of 
DDVP other than inorganic phosphate 
are quickly eliminated from the body. 
A portion of the C14 from DDVP-1-Cl4 
persists in the body for a least 1 Iveek in 
the liver: blood. and to a lesser extent 
in other tissues. The chemical nature 
and toxicological significance of these 
metabolites are not kno\vn. Subacute 
and chronic feeding studies with DD\’P 
(3. 9. 76.) give no indication of involve- 
ments other than those attributable to 
cholinesterase inhibition by the original 
compound. 

Significant milk residues of DDVP and 
Dibrom resulting from insecticidal con- 
centrations sprayed. rubbed, or painted 
on animals. appear to be highly un- 
likely. Calculations made from oral 
administration of relatively high levels 
to Guernsey COIL’S illustrate this point. 
The  organosoluble insecticide equiv- 
alents in the milk expressed as parts 
per billion were calculated for the first 
and second 12-hour periods after feed- 
ing. These levels were 0.46 and 0.39 for 
1.00 me;. per kg. of DDVP, 21.1 and 
7.3 for 20.0 mg. per kg. of DDVP, and 
24.2 and less than 5 parts per billion for 

Table VI. Toxicity of DDVP and 
Metabolites to Mice by Intra- 

peritoneal Route 

Compound Vehicle 

DDVP (technical) Corn oil 
Des-methyl DDVP, Water 

Dichloroacetalde- Corn oil 

Dichloroethanolm Ccrn oil 
Dichloroacetic acid Corn oil or 

sodium salt 

hyde“ 

water 
Sodium dichloro- Water 

Mono- and di- Water 
acetate 

methyl phos- 
phoric acid 
mixture 

dimethyl phos- 
phate mixture 

Sodium mono- and Water 

IDSO, 
Mg./Kg.,  
72 Hour 

28 
1500 

440 

890 
250 

> 3000 

1500 

> 3000 

0 Threshold dose for narcosis shortly 
after injection was 450 to 550 mg./kg. for 
both dichloroacetaldehyde and dichloro- 
ethanol. 

20.0 mg. per kg. of Dibrom. Other 
routes of administration of DDVP to 
cows and subcutaneous administration 
to a goat were consistent with these 
very low residue levels. 

High insecticidal activity combined 
with relatively low acute toxicity and 
rapid metabolism in mammals should 
make possible the utilization of DD\*P 
and Dibrom where man or animals are 
exposed directly to small amounts of the 
insecticide. 
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Six groups of two dairy cows each (a high and low producer) were placed on a pasture at 
various intervals after application of approximately 0.25 pound of granular heptachlor per 
acre. The butterfat from these animals showed continuous low level residues (maximum 
3 p.p.m.) of heptachlor epoxide when animals were allowed to graze the treated pasture 
continuously after 1 , 8, 15, 29, and 43 days following application. Residue was present 
in trace (indeterminate) amounts in the butterfat of the animals placed on the pasture 57 
days after treatment. Animals continued to excrete residue in their butterfat after removal 
from the treated pasture (80 days after application) and placed in a dry lot for 40 days, 

EPI‘ACHLOR applied as a spray 112s H been used effectively on pastures 
and range land to control many insects. 
Milk and fatty tissues of dairy cattle 
fed heptachlor-treated hay or grazing 
heptachlor-treated pastures have been 
found to contain heptachlor ep:xirie. 
thc merabolite of heptachlor ( 2 - 7 ,  8). 

A maximum level of 13.3 p.p.ni. of 
heptachlor epoxide was found i n  the 
butterfat of four dair). co\vs grazing 
pasture sprayed with 2 ounces or tiep- 
tachlor in Diesel oil for grasshopper con- 
trol. This peak was reached after 28 
days and. thereafter. consistently and 
slowly declined with levels reaching 
5.9 and 1 p.p.m. after 84 and 165 days. 
respectively ( 3 ) .  I n  the one other study 
involving direct grazing of heptachlor- 
treated pasture (0.5 pound in emulsion 
per acre) by cattlr, Gannon and Decker 
( J )  reported a maximum concentration 
of 0.2 p.p.m. of heptachlor epoxide in 
the milk. or approximately 5.0 p.p.m. 
in the butterfat. within 3 to 7 days. 
which declined thereafter. 

‘These previous studies with heptachlor 
\vere based on spray applications. 
‘l’hr present recommendation for eradica- 
tion of the imported fire ant. Solenopsis 
s a m i s s i m a  richteri, is the application of 
heptachlor granules a t  the rate of 0.25 
pound ( 1 2 . j  pounds of 2% heptachlor 

granules) per acre in each of two treat- 
ments at  3- to 6-month intervals ( 9 ) .  
The  label issued for use of heptachlor in 
this manner requires that dairy cattle 
not be allowed to graze treated pasture 
for 30 days after application. Because of 
[he physical properties of granular 
heptachlor, it \vas assumed that there 
would be little contamination of forage, 
and consequently little danger of residue 
in milk. Since no published reports 
were found in the literature to verify 
this assumption, this study was under- 
taken. I n  addition. it \vas desirable to 
determine holv much time should elapse 
after application of heptachlor before 
it would be safe to place cattle on 
treated pasture. 

Experimental Procedure 

Experimental Plots. FORAGE AND 

SOIL SAMPLES. Approximately 15 acres 
of dairy pasture with no previous history 
of insecticide application was mowed to a 
height of approximately 4 to 6 inches in 
hfarch: prior to initiation of the experi- 
mect. and 200 pounds per acre of nitrate 
of soda were applied. I t  was disked 
lightly and seeded to Johnson grass, 
Sorghum holepense (L.). The  15 acres 
Jvere divided, Lvith \vire fence, into five 
plots approxiniately equal in size. 

Samples of forage and soil from each 
plot Lvere collected prior to and after 
insecticide treatment for determination 
of heptachlor and heptachlor epoxide. 
For forage. ten randomly distributed 
subsamples, approximately 1 foot square, 
were collected from each plot. placed 
in a 5-gallon lard can: and stored at  
40’ F. until ready for processing. 
T\venty-five randomly distributed soil 
samples \cere collected from each plot 
with a soil auger. Each soil sample was 
2 inches in diamerer and was trimmed 
to include only the top inch of soil, as 
described by hlurphy and Barthel (7).  
Soil samples were stored in the same 
manner as forage samples. 

Two days prior to application of in- 
secticide, the plots were clipped to a 
height of 4 to 6 inches. Similar clip- 
ping commensurate \vith good pasture 
management \vas performed during 
the course of the experiment. After 
application of the insecticide. forage 
samples were again collected as de- 
scribed above at  2-, 4-. 6-, and 8-week 
intervals. Soil samples were also col- 
lected 6 and 30 days after application. 
as previously described. 

APPLICATIOZ. T\vo per cent hepta- 
chlor granules were applied to the five 
pasture plots bet\veen 12 noon and 2 P.M.  

on May 13, 1960. by a jeep equipped 
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