
idue shown in Table 111. In confirma- 
tion of this. a steak and a roast from a 
steer receiving 2.00 p.p.m. of endrin were 
divided into gross fat and protein 
fractions and analyzed separately. Prac- 
tically all of the endrin-nearly 1.0 
p.p.m.-was located in the fat. 

All meat cuts which appeared to 
contain significant amounts of endrin 
at  the end of the 12-week feeding period 
were analyzed again after cooking. The 
results indicated little or no decrease 
in endrin content. An increase was 
actually noted in several cases, possibly 
owing to the loss of moisture during 
cooking. 

Of all liver and kidney tissues ex- 
amined, only the liver tissue of steers 
receiving the two higher levels of endrin 
showed definite amounts of endrin at 
the end of the 12-week feeding period 
(Table 111). 

The analyses by the biological method 
were included in the study as a means of 
detecting any toxic materials produced 
by the metabolism of the endrin. Data 
in Table IV reveal that there are no 
consistent differences between the two 
sets of analytical results-good evidence 
that no metabolites more toxic than 
endrin are produced. 

Kickerson, LV. J., Apr .  Chem. 8, 
Table IV. Agreement in Endrin 
Content of Fat Samples Analyzed 
by Spectrophotometric and Bioassay 

Methods 

Endrin 
in 

Dief, 
Sample P.P.M. 

Steer, body fat 0 .00  
0 . 1 0  
0 . 2 5  
0 .75  

Lamb, body fat 0,OO 
0 10 
0 25 

Hog, body fat 0 , l O  
0 . 2 5  
0 . 7 5  

Steer, body fat, 

Lamb, body fat, 
after feedoff 2 .00  

after feedoff 0 .?5 

Endrin Content, 
P.P.M. 

Bio- photo- 
array metric 

<0.02 <0 .1  
0 . 1 7  < 0 . 1  
0 .20  0 . 2  
0 . 3 4  0 . 4  

<0.02 <0.1 
0.04 < O . l  
0 . 0 8  0 . 1  
0.02 <0.1 
0 . 0 9  0 . 1  
0 . 2 2  0 . 1  

0 .47  0 . 3  

0 .07  <0 .1  

Spectro- 

weeks was sufficient to allow elimination 
of the endrin to levels below those de- 
tectable by the specific method in the 
case of hogs and lambs. 

Limited data obtained with the con- 
firmatory bioassay indicated that small 
amounts-less than 0.1 p.p.m.-of endrin 
were deposited in the tissues a t  all levels 
of endrin intake. 

The endrin content of roasts and 
steaks is given in Table 111. Only the 
higher levels of endrin intake resulted 
in a deposition in this type of tissue in 
the case of steers and hogs. So detect- 
able endrin was present in steaks and 
roasts of lambs. Fat determination 
made on steer steaks and roasts showed 
that steaks had a higher fat content 
which may account for the higher res- 

INSECTICIDE RESIDUES 

Literature Cited 

(1) Carter. R .  H.. Hubanks. P. E., 
Mann, H. D.. Zeller, J. H., 
Hankins, D. G., J .  A n i m a l  Sc i .  7, 

(2) Carter, R. H., Nelson. R. H.. 
Gersdorff, W. A,. Advances in 
Chem. Ser. No. 1, 271-3 (1950). 

(3) Claborn. H. V., Bowers. J. W., 
Wells, R. IV., Radeleff. R. D., 

509-10 (1948). 

Endrin Content of Milk and Body Tissues 
of Dairy Cows Receiving Endrin"Dai1y 
in Their Diet 

37-9, 119,'121 (19537. 
(4) Diephuis, Floyd, D u m ?  C. L.. 

Montana State Coll.. '4gr. Expt. 
Sta., Bozeman, Monty, Tech. 
Bull. 461, June 1949. 

(5) Fahey, J. F., Brinely, T .  .4.> J .  
Ecnn.  Entomnl .  48, 606-7 (1955). 

(6) Harris, J. R.: Biddulph, Clyde, 
Greenwood, D. A,. Harris, L. E., 
Bryson: M. J., Binns, Lt'ayne, 
Miner, M. L., Madsen, L. L., 
Arch. Binchem. 21, 370-6 (1949). 

(7) Harris, L. E., Harris, J. R. ,  Man- 
gelson, F. L.? Greenwood, D. A,, 
Biddulph, Clyde? Binns, Wayne, 
Miner, M. L., J .  dl'utrifion 51, 

(8) Kiigemagi: Ulo, Sprowls, R .  G., 
Terriere, L. C.. J. AGR. FOOD 
CHEU. 6, 518 (1958). 

(9) Radeleff, R .  D.! Vet .  .Wed. 46, 105- 
6, 119 (1951). 

(10) Shell Chemical Corp., 460 Park 
4ve.. New York 22, N. Y . ,  
"Spectrophotometric Determina- 
tion of Endrin in .4nimal Tissues, 
Milk, Butter, and Eggs?" SMS 
642156. 

(11) Terriere, L. C., .4rscott, G. H., 
England, D. C., Kiigemagi, Ulo, 
Sprowls, R. G., Oregon State 
Coll., Agr. Expt. Sta., Corvallis, 
Ore., Misc. Paper 34, December 
1956. 

(12) Thomas, J. It'., Hubanks, P. E., 
Carter, R .  H., Moore, L. A.!  J .  
Dairj Sri. 34, 203-8 (1951). 

(13) Wilson. H. F.? Allen, S. N., 
Bohstedt, G., Betheil, J., Lardy, 
H. .4.. J .  Econ.  Entnmnl .  39, 801-6 
(1947). 

491-505 (1953). 

Receioed for reoiew June  22, 1957. Accepted 
Nnvember 12, 1957. Technical paper AVO, 
7057, Oregon Agricultural Experiment Station. 
Oregon State College, Coroallis, Ore. 

ULO KIIGEMAGI, R. G. SPROWLS, 
and 1. C. TERRIERE 
Departments of Agricultural Chem- 
istry and Dairy Husbandry, Oregon 
Agricultural Experiment Station, 
Oregon State College, Corvallis, 
Ore. 

Dairy cows were given daily doses of endrin ranging from 0.1 to 2.00 p.p.m. total dietary 
concentration for 12 weeks. During and after the endrin intake period, milk samples 
were analyzed for endrin residues. Various tissue samples were also analyzed for 
endrin content at the end of the 12-week period. Small amounts of endrin were secreted 
in milk at all levels of intake. Concentrations of endrin up to 1.00 p.p.m. were found 
in the body fat. 

PRAY RESIDUES remaining on forage S crops at the time they are eaten 
by livestock constitute a potential hazard 
to the consumer of milk and meat prod- 
ucts. Before any material can be con- 
sidered for such uses, information on its 
storage in animal tissues and its secre- 
tion in milk must be obtained. 

Bateman and coworkers (3) studied 
the fate of toxaphene consumed by dairy 
cows and found residues in milk in con- 
centrations ranging from 2 to 13 p.p.m. 
Biddulph et  al. (I) and Shepard et a / .  
(71) found that cows eating DDT- 
treated forage secrete DDT in milk 
and store it in fatty tissues. Harris 

et  a l .  (8) and Ely et al .  (6) obtained simi- 
lar results with dieldrin. Davidow, 
Radomski. and Ely (5), Harris et al .  
(8). and Ely et al. (7) demonstrated the 
presence of heptachlor epoxide, a toxic 
metabolite of heptachlor, in the milk 
of cows receiving this insecticide. The 
following report describes experiments 
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in \vhich endrin (1.2,3,4,10,10 - hexa- 
chloro - 6.7 - epoxy - 1.4,4a,5,6,7.8,8a- 
octahydro - 1.4 - endo - endo - 5,8 - di- 
methanonaphthalene). a chlorinated hy- 
drocarbon, was incorporated in the 
diet of dairy COM.S, follo\ved by analyses 
foi endrin residui-s in the milk and eight 
tvpes of body tissues. A more complete 
report listing all relevant data has been 
prepaied in mimeograph form (72). 

Experimental 

The dairy cc~ws, 8 Jerseys and 6 
Guernseys, were obtained from local 
dairy herds and from the college farm. 
They were fed from individual mangers 
and housed in 3 modern dairy barn. 
Except for an exercise period each 
day. the co\vs lvvere kept stanchioned 
throughout the tsxperiment. 

The ration consisted of mixed grass 
and alfalfa hay and a grain mixture of 
ground oats and barley with 27, salt 
and lyc of bone meal added. Suffi- 
cient feedstuffs were allotted to last 
through the entire experiment. Endrin 
analyses made cin the various compo- 
nents of the ration indicated that no re- 
sidual endrin was present. 

The lo\ver levels of endrin fed were 
of the same order of magnitude as those 
expected from actual field use of endrin 
on forage crops. T o  increase the like- 
lihood that positive results would be 
obtained. endrin levels above those ex- 
pected to occur in the field were in- 
cluded in the feeding experiment. The 
concentrations fed. therefore, were 0.0, 
O . t >  0.25. 0.75, and 2.00 p.p,m. 

Rather than attempt to accurately 
contaminate the entire ration each day, 
the toxicant \va;j added to the grain 
ration in quantities equivalent to those 
which Lvould be #consumed. if the entire 
ration were contaminated. The grain 
was weighed and fed just prior to the 
evening milking. The toxicant, in ace- 
tone solution, \viis distributed over the 
grain in numbered pails assigned to 
each cow. The grain was always con- 
sumed by each animal. A glass syringe, 
graduated in milliliters, was used to 
measure the endrin solution. These 
solutions were prepared so that the de- 
sired level of fortification could be at- 
tained by adding 1 ml. of solution per 
pound of feed. 'Two cows were used 
as controls, three received endrin at  
0.1-p.p.m., four a t  0.25-p.p.m., three 
a t  0.75-p.p.m., and two a t  the 2.00- 
p.p.m. level. 

Throughout the experiment? records 
were kept on feed consumption, milk 
production, butterfat content: and body 
weights. Milk s,imples were taken 3 
days prior to the beginning of the feed- 
ing experiment, 3 days after feeding 
started, and again at  1: 2,  4, 8, and 12 
weeks, a t  which time endrin feeding 
was stopped. Further samples were 
taken 4 and 6 weeks after this date. 

On the day milk samples were scheduled, 
the 24-hour milk production of each cow 
was collected in numbered milk cans. 
The freshly drawn milk was weighed, 
well mixed, and a subsample was with- 
drawn for butterfat determination. Be- 
tween the morning and evening milk- 
ings, the milk was kept in ice water 
storage. ,4 representative 2-quart sam- 
ple for endrin analysis was taken and 
stored in Pliofilm bags inside paper 
cartons a t  below zero temperatures. 

At the end of the 12th Jveek of endrin 
feeding, eight cows were slaughtered 
and their tissues sampled. These in- 
cluded one control cow, two on the 0.1- 
p.p.m., two on the 0.25-p.p.m., two 
on the 0.75-p.p.m.: and one on the 
2.00-p.p.m. feeding level. The remain- 
ing cows were continued on an endrin- 
free diet for 6 weeks before slaughtering, 
and milk samples were taken a t  4- and 
6-week intervals. Tissue samples taken 
for endrin analysis consisted of brain, 
heart, liver, kidney, renal fat, body 
fat, steak, and roast. The latter meat 
cuts were typical round steaks and 
shoulder roasts, respectively. Attempts 
were made to make all tissue samples as 
representative as possible. Portions of 
both kidneys \vere used and renal fat 
was taken from both sides of the carcass. 
Body fat was obtained from the various 
areas of deposition over the outside of 
the carcass. The agreement between 
duplicates and between the t\vo methods 
of analysis indicates that these attempts 
were successful. 

All of the milk and 
body tissue samples were analyzed by a 
spectrophotometric method for endrin 
as described by Bann et  QI. (2). This 
method involves refluxing of tissue 
samples in strong alkali to saponify 
the fats present, chromatography of the 
fat-free extracts to remove additional 
interferences: and the development and 
measurement of the color characteristic 
of endrin. The sensitivity of the specific 
method was 0.01 p.p.m. for the 600- 
gram milk samples and 0.1 p.p.m. for 
the 50-gram tissue samples. 

To  determine lvhether endrin was 
converted to toxic metabolites not de- 
tected by the specific method, about 20% 
of the samples were analyzed by a non- 
specific biological assay method using 
mosquito larvae. Samples were sa- 
ponified and chromatographed in the 
same way as those prepared for the 
spectrophotometric method. The mos- 
quito larvae were then exposed to graded 
amounts of the extracts and the result- 
ing mortalities compared with those en- 
countered with known concentrations 
of endrin. The sensitivity of the bio- 
assay method was considered to be 
0.002 p.p.m. for milk and 0.02 p.p.m. 
for tissue samples. The bioassay pro- 
cedure as described would not measure 
metabolites that were unstable to alkali 
or removed by the chromatography. 

Endrin Analysis. 

To validate the two analytical 
methods, control samples were analyzed 
frequently with and without fortifica- 
tion with endrin. The recoveries under 
these circumstances were about 80%. 

Results and Discussion 

Effect of Endrin Feeding on Experi- 
mental Animals, All cows receiving 
endrin gained weight. Their physical 
appearance during the experiment was 
that of well-fed dairy cattle. hlilk pro- 
duction was normal under the conditions 
imposed. 

The results of 
the milk analyses are listed in Table I. 
A measurable concentration of endrin 
in the milk of cows receiving daily diets 
containing endrin at  0.25 p.p.m. and 
above is indicated. The secretion of 
endrin began to be apparent within 1 
week after intake started and except for 
the 2.00-p.p.m. intake level. had dis- 
appeared from the milk lvithin 1 month 
after intake ceased. An increase in the 
dietary level of endrin did not result in 
a corresponding increase in endrin se- 
cretion. Furthermore, within the limits 
imposed by this study, the endrin con- 
tent of milk reaches a plateau within a 
month after intake begins and remains 
relatively close to this level for the re- 
mainder of the exposure. 

The bioassay results are listed in Table 
11. According to this more sensitive 
method, some detectable endrin is present 
even at  the lowest level of intake. These 
results confirm those obtained on the 
duplicate samples by the specific meEhod. 

Table I11 lists the results of the analy- 
ses of the tissue samples. Measurable 
quantities of endrin were found in the 
fat tissue a t  the 0.25-p.p.m. and higher 
dietary intake levels, \vith the maximum 
concentration being 1 p.p.rn. At the 
end of the endrin-free diet (feed off) 
period, all of the samples which had 
contained endrin were hack to normal, 
indicating a rapid turnover of the stored 
insecticide. Of the other tissues an- 
alyzed, only liver and roast from the 
two higher level diets contained definite 
amounts of endrin a t  the end of 12 weeks. 

In Table IV? some analyses of various 
tissue samples use both bioassay and 
the specific method ; these show good 
agreement. 

The insecticide content of milk fat 
and of body fat of dairy cows receiving 
insecticide in their diet are expected 
to be about the same. -4s the average 
milk fat content of the milk of cows 
involved in this study was 5.3yC, the 
ratio of insecticide in milk us. the insec- 
ticide in body fat should be 1 to 19.  
The actual ratio varied from 1 to 5 to 
1 to 20, tvith an average of 1 to 12. 

One of the complications lvhich might 
arise in the ingestion of insecticide 
residues by livestock is the conversion 
of the original insecticide to another toxic 

Results of Analyses. 
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Table I. Spectrophotometric Determination of Endrin Content of Milk from Treated Cows 
Endrin Content o f  Milk, P.P.M.* 

After Endrin 
Endrin in No. o f  Before During Endrin Feeding Feeding Ceased  

Diet, P.P.M. AnimalsQ endrin f ed  wk. 7 wk. 2 wk. 4 wk. 8 wk. 72 wk. 4 wk. 6 wk. 

0.00  2 ( 1 )  <0 .01  <0.01 <o.  01 <o . O l  <o . O l  <0 .  01 <0 .01  (0.01 <0.01 
0 . 1 0  3 ( 1 )  <0.01 <o . O l  <0.01 <0.01  . < o .  01 <o , O l  <o ,01 q u .  01 < 0 . 0 1  
0 .25  4 ( 2 )  <0 .01  <o ,01 0 .01  <0 .01  0 . 0 1  0 .02  0 . 0 2  <0 .01  <o .01  
0 . 7 5  3 ( 1 )  <0.01 <o , O l  0 .01  0 .01  0 .02  0 .04  0 .02  <0 .01  <0 .01  
2 . 0 0  2 ( 1 )  <0 .01  0 .01  0 .07  0 .08  0 . 1 0  0 . 1 0  0 .08  <0.01 0 .03  
Numbers in parentheses refer to numbers of animals retained for feedoff studies. 
Data corrected for apparent endrin content of control samples and rounded to nearest 0 .01  p.p.m. Values below this level are indicated. 

material by the animal's body metabo- 
lism. Such a conversion has been noted 
in the case of heptachlor. where an ep- 
oxide analog has been found deposited 
in the fat (8) and secreted in the milk 
(5) of animals ingesting heptachlor. 
This was confirmed by Ely et al.  (7): 
using a similar heptachlor intake level. 
These authors did not find epoxide in 
the milk when field residue levels were 
fed, although another group of investi- 
gators (8) have shown that even low 
levels of heptachlor result in the secre- 
tion of heptachlor epoxide in milk. 
Another example of the epoxidation is 
the conversion of aldrin to dieldrin in 
the body of some animals ( 7 ) .  Ap- 
parently. toxic metabolites are not 
formed when endrin is ingested by dairy 
cows. as confirmatory analyses of a 
representative portion of the milk and 
tissue samples by a biological assay 
method did not reveal residues of greater 
magnitude than those indicated by the 
specific method. 

The rate of output of an insecticide 

Table I I .  Bioassay Determination of Endrin Content of Milk from Treated Cows 
Endrin Content, P.P.M.a 

Endrin in During Endrin Feeding Affer feeding ceased, 
Dief, P.P.M. 1 wk. 8 wk. 72 wk. 6 wk. 

0.00  <0.002 (1) 
0 .10  0.002 (1) 
0 .25  0.003 (1)  
0 .75  0.009 (1)  
2 . 0 0  0 . 0 3  (1) 

<0.002 (1)  
0.003 ( 3 )  
0.007 (1) 
0 .03  (1)  
0 . 0 5  (1) 

5 Figures in parentheses refer to number of animals. 

<0.002 (1) <0.002 (1) 
0 .003  (2)  <0 .002  (1)  

0.002 (1)  0 .02  (4)  
0.002 (1)  0 .03  (2)  

0 . 0 6  (1)  0 .02  (1) 

in milk is an important consideration in 
selecting an insecticide for forage crop 
treatments. An insecticide that has 
less tendency to be secreted in milk 
certainly presents a potentially less 
health hazard than one that is secreted 
rapidly. Endrin is secreted at  a lower 
level than dieldrin or heptachlor, al- 
though there is some contradictory evi- 
dence for the latter insecticide (Table V). 

Endrin is accumulated in the fat of 
small animals (rats) a t  a rather rapid 
rate (70). At 1-p.p.m. dietary level, 

~ 

the ratio of storage z's. intake is 15 to 1. 
This ratio decreases with increasing 
intake. The current study indicates 
that in the dairy cows the ratio of storage 
in body fat CS. intake is about 1 to 2,  
and seems to be constant at all levels 
tested. 

In Table VI, the residues obtained 
with some insecticides a t  rates giving 
economic pest control and the corre- 
sponding residues in milk are compared 
with their toxicity. Endrin gives the 
largest safety margin. 

Table 111. Endrin Content of Various Cow Tissues after 12 Weeks of Endrin Intake and after 6 Additional Weeks 
without Endrin 

Endrin Content, P.P.M.* 
l iver Renal Fat Body Fat Steak, Roast Endrin in No. o f  Brain, Heart, Kidney, 

D ie f ,P .P .M.  Animalsa 7 2 w k .  7 2 w k .  1 2 w k .  1 2 w k .  7 8 w k .  7 2 w k .  7 8 w k .  7 2 w k .  1 8 w k .  7 2 w k .  1 2 w k .  7 8 w k .  
0.00 2 ( 1 )  < 0 . 1  < 0 . 1  <0.1 <0.1 <0.1 <0.1 <0 .1  < O . l  < O . l  <0.1 < O . l  <0.1 

0 .25  4 ( 2 )  < 0 . 1  < 0 . 1  <0.1 < 0 . 1  . . . 0 . 2  <0.1 0 . 1  < O . l  <0.1 < 0 . 1  . . .  
0.10 3(1)  <0.1 <0 .1  <0.1 <0.1 . . , <0.1 < 0 . 1  <0 .1  <0 .1  <0 .1  <0.1 . , , 
0 .75  3 ( 1 )  <0.1 < 0 . 1  <0.1 0 . 1  <0.1 0 . 3  <0.1 0 . 4  <0 .1  < o . l  0 . 1  <0.1 
2 .00  2 ( 1 )  <0.1 <O. l  <0.1 0 . 2  < 0 . 1  0 . 8  0 . 1  1 . 0  < 0 . 1  < O . l  0 . 1  < 0 . 1  

Data corrected for apparent endrin content of control samples and rounded to the nearest 0 , l  p.p.m. 
a Numbers in parentheses refer to number of animals retained for feedoff studies. 

Values below this level are indi- 
cated. Only those samples which contained significant amounts of endrin at 12 weeks were analyzed at the end of the feedoff period. 

Table IV. Endrin Content of Cow 
Tissue, Bioassay and Spectrophoto- 

metric Methods 
Endrin Content, P.P.M. 

Sample P.P.M. Bioossay photometric 
Spectro- 

Steak Control <0.02 <0.1 
0 .25  <0 .02  <0 .1  

Roast 0 .75  0 .07  0 .1  
2 .00  0 .06  0 . 1  

Liver 0 .25  <0 .02  <0.1 
0 .75  0 .11  0 . 1  
2 .00  0 .15  0 . 2  

Renal fat 0 .10  0.08 < 0 . 1  
0.25 0 . 0 9  <0 .1  
2 .00  0 .68  1 . o  

Table V. A Comparison of the Tendency of Endrin, Dieldrin, and Heptachlor 
to be Secreted in Milk 

Intake in Output in Ratio 
Insecticide Diet, P.P.M. Milk, P.P.M. Intake/Outpuf Reference 

Endrin This paper 0 . 2 5  0 . 0 2  0.08 
0 . 7 5  0 . 0 4  0.05 This paper 

Dieldrin 0 .40  1 . 0  
1 .64  0 . 5  

a Secreted as heptachlor epoxide. 

1.2. 
2.0. 
, . .  

A G R I C U L T U R A L  A N D  F O O D  C H E M I S T R Y  520 



literature Cited 

(1) Bann, J. M., DeCino, T. J., Earle, 
N. W., Sun, Yun-Pei, J. AGR. 
FOOD CH;EM. 4, 937-41 (1956). 

(2) Bann, J. hI., Lau, S. C., Potter, 
J. C., Johnson, H. W., Jr., 
O’DonneJ, A. E.: Weiss, F. T., 
Ibid., 6, 196 (1958). 

(3) Bateman, G1. Q., Biddulph, Clyde, 
Harris, J. R., Greenwood, D. A., 
Harris, I,. E., Ibid.: 1, 322-4 
(1953). 

(4) Biddulph, Clyde, Bateman, G. Q., 
Bryson, M. J., Harris, J. R., 
Greenwood, D. A.,  Binns, 
Wayne, Miner, M. L., Aduances i n  
Chem. Ser.  S o .  1, 237-43 (1950). 

(5) Davidow, 13ernard, Radomski, J. 
L.? Ely, R.  E., Science 118, 383-4 
(1 953). 

(6) Ely, R. E., Moore, L. 4 . ,  Carter, 
R.  H.? Hubanks, P. E., Poos, F. 
IY.? J .  Dairy  Sci. 37, 1461-5 
( 1 9 54). 

(7) Ely, R. E.: ]Moore, L. A? Hubanks, 
P. E., Carter, R .  H., Poos, F. W., 
Ibid., 38, 669-72 (1955). 

Table VI. A Comparison of Rates of Application to Alfalfa, Residues at 
Harvest, Residues in Milk, and Acute Oral Toxicity to Rats of Endrin, 

Toxaphene, and DDT 
Residue Acufe Oral 

Rafe of Residue a t  Expected Toxicity Relafive 
A P P L  Harvest, in Milk, to Rats, Safety 

lnsecficide lb . /Acre  P.P.M. P.P.M. M g . / K g .  (9 )  Margina Reference 

Endrin 1/5-1/4 0 . 1 5  0 . 0 2  18 9 This paper 
Toxaphene 2 120 2 5  90 0 . 3 6  (3) 
DDT 2 1 2 . 1  3 . 3  225 0 . 7  ( 4 )  
0 Relative safety margin = LDjo  per p.p.m. in milk X 100. 

(8) Harris, J. R., Stoddard, G.  E., 
Bateman. G. Q., Shupe, J. L., 
Greenwood, D. A, .  Harris. L. E., 
Bahler, T. L.. Lieberman, F. V., 
6. AGR. FOOD CHEM. 4, 694-6 
( 1 9 56). 

(9) Ingle. L.. ‘.Toxicity of Chlorinated 
Hydrocarbon Insecticides.” An- 
nual Meeting, Ohio Pest Control 
Association, 1956. 

(10) Lehman, A. J.. dssoc. Food @ D r u g  
O j i c i a l s  U. S., Q u a r t .  B u l l .  20, 
95-9 (1956). 

(11) Shepard, J. B., Moore, L. A, 
Carter, R .  H., Poos, F. W., J .  
D a i r y  Sci. 32, 549-55 (1949). 

(12) Terriere, L. C., Arscott, G.  H., 
England, D. C., Kiigemagi, Ulo, 
Sprowls, R. G., Oregon State 
Coll., Agr. Expt. Sta., Corvallis, 
Ore., Misc. Paper 34, December 
1956. 

Receiz’ed for review October 75, 7957. Ac- 
cepted Apr i l  70, 1958. Technical paper AVO. 
1065, Oregon Agricultural Experiment Station, 
Oregon State College, Coruallis, Ore. 

I N S E C T I C I D E  RESIDUES 

Field Persistence Comparisons of 
Residues of the Insecticide, Diazinon, 
in Lemons and Valencia Oranges and 
Effects on Juice Flavor 

F. A. GUNTHER, W. H. EWART, R. C. 
BLINN, H. S. ELMER, and G. B. 
WACKER 
University of California Citrus Ex- 
periment Station, Riverside, Calif. 

Residues of the insecticide, Diazinon, were determined by an ultraviolet spectrophotometric 
procedure on and in lemons and oranges. The persistence of these residues is illustrated 
by the half-life values of 12 to 13 days for lemons and 16 to 17 days for Valencia oranges; 
Diazinon residues are short-lived compared to most other insecticides and acaricides as 
residues on citrus fruits. Triangular-type tests of juice from Diazinon-treated fruits 
showeld no detectable flavor changes; citrus peel appears to be an efficient barrier 
against penetration into citrus juices by odors or flavors from outside sources. 

HE COMPOUND 0,O-diethyl 0-(2- T isopropyl - 4. - methyl - 6 - pyrimi- 
dinyl) phosphoroi hioate, or Diazinon: is a 
useful insecticide against certain insects 
(4 ,  72) and sho\v!s promise in the control 
of some California citrus pests-notably 
soft scale, Coccus hesperidum L. (3 ) .  In 
the present paper, magnitudes and half 
lives of residues of Diazinon on and in 
lemons and Valencia oranges treated in 
the field with commercial formulations 
are compared icith residues from a 
number of other insecticides and acari- 
cides. 

Residue Studies 
An analytical method suitable for 

determining magnitudes of residues of 
Diazinon on and in citrus tissues was 
proposed by Harris ( 7 3 )  and modified 
by Blinn and Gunther ( 7 )  for use in this 
study. This procedure is based on the 
ultraviolet determination of 2-isopropyl- 
4-methyl-6-pyrimidinol, a hydrolytic 

product of Diazinon. The method is 
semispecific. as only compounds that 
hydrolyze to a pyrimidinol Mill respond. 

Materials and Methods. Average- 
sized L’alencia orange trees were sprayed 
on June 4, 1956. either with 2.0 pounds 
of a 2570 wettable-powder formulation 
of Diazinon per 100 gallons of water or 
with 2.0 pounds of a 25YG emulsifiable- 
concentrate formulation of Diazinon 
per 100 gallons of water. Identical 
sprays uere applied to average-sized 
lemon trees on November 12. 1956. 
.4pplications were made as conventional 
sprays, using a high-pressure reciprocat- 
ing pump and manually operated spray 
guns. Final sprays were applied a t  the 
rate of approximatell 1700 gallons per 
acre for the oranges and 1125 gallons per 
acre for the lemons. 

Mature orange fruit samples for assay 
of residues were collected immediately 
before treatment, within 4 hours after 
the spray deposit had dried, and then 

1, 4, 7 ,  14, 21, and 28 days after treat- 
ment. ,Mature lemon fruit samples for 
assay of residues were collected before 
treatment and 1, 4, 14. 21, and 28 days 
after treatment. One fruit was picked 
from each quadrant of each of eight 
trees in each plot, and the resulting 32 
fruits were processed as a unit. The  
three replicates for each treatment were 
prccessed separately. 

The fruits were peeled. and 1-pound 
subsamples of the minced peel and of the 
minced pulp were processed separately 
with petroleum ether in a manner pre- 
viously described (5), to afford final 
stripping solutions. .4liquots of stripping 
solutions were assayed by the ultraviolet 
spectrophotometric procedure (7 ) .  

Results. Field-replicated residue 
values for Diazinon and field-treated 
lemons and Yalencia oranges are collated 
in Table I and presented graphically in 
Figures 1 and 2. S o  Diazonon was 
found in the pulp (edible portion) of 
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