Results and Discussion

Analytical Method. The method
presented is a sensitive procedure for
analysis of Kelthane in fats with the
advantage that the substrate materials
need not be separated from the insecticide
prior to analysis. Recoveries from milk
and butterfat are somewhat better than
those recoveries from body fat. No
explanation for low Kelthane recoveries
from body fat can be offered since only a
limited number and relatively small size
of samples were available. Thus, a
statistical evaluation of these results was
not possible. It is readily understood
that the reliability of this procedure is
directly proportional to the size of the
sample being analyzed.

Freshly prepared tetraethylammonjum
hydroxide solutions should be used but
may also be repurified by evaporating to
dryness on a steam bath with a stream of
dry air and dissolving the recovered solid
in sufficient water to make a 1 solution.

The absorbance of 0.005 may be
arbitrarily chosen as the limit of read-
ability of the Beckman DU spectropho-
tometer which was used. This is equiv-
alent to 1.10 ug. of Kelthane or an ulti-
mate sensitivity of 0.06 p.p.m. based on
20 grams of butterfat. Apparent Kel-
thane residues for controls were 0.19 and
0.26 p.p.m., so that these blanks must be
considered in the practical limit of de-
tection. Standard deviation and con-
fidence limits of each set of data from the
1 and 2 p.p.m. feeding trial were calcu-
lated and are shown in Table II.

Feeding Experiment. Results of the
Kelthane feeding study are shown in
Table II. Plateau values seemed to be

reached within 9 days, but could not be
verified statistically. The three test
animals produced butterfat which had a
gross Kelthane residue of 0.58 (£0.193)
p.p-m., 0.59 (£0.231) p.p.m., and 0.42
(%£0.078) p.p.m. compared with 0.19
(£0.081) p.p.m. for control animals.
In terms of 49, milk, these residues are
1/45 of the calculated values. Such low
residues have been considered nonde-
tectable for DDT (70); however, they
must be considered significantly above
control for the studies presented here.
At the 1 p.p.m. Kelthane feeding level,
residues in the butterfat were not signifi-
cantly different from the controls.

Analyses of body fat at the onset of the
1 p.p.m. feeding experiment indicated
that some Kelthane had been retained by
the animal from the previous feeding
experiment, as shown by results of 2.70
and 1.07 p.p.m. Kelthane in body fat of
the experimental cows.

It appears, therefore, that an initial
feeding rate of 1.0 p.p.m. Kelthane in the
daily feed might not result in detectable
residues of Kelthane in the milk.

Data from the Kelthane studies may
be compared with those of a DDT-
feeding experiment (70). The amount
of Kelthane excreted in the milk of
Holstein cows was much lower than
that for a corresponding DDT-feed in-
take. This might be expected since
Kelthane is a more polar, thus more
water-soluble, compound. The fact that
any Kelthane was detected at all at the
2 p.p.m. level of daily Kelthane intake
was due to the greater sensitivity of the
method than that for DDT. This
greater sensitivity was achieved by being
able t analyze up to 20 grams of butter-
fat sample, whereas a 5-gram sample for

INSECTICIDE RESIDUES IN MEAT

Residues in Body Tissues of Livestock
Sprayed with Sevin or Given Sevin

in the Diet

ENTOMOLOGICAL STUDIES have shown
Sevin (1-naphthyl N-methylcarba-
mate) to be a promising insecticide for
the control of ticks (7), horn flies [Hae-
matobia irritans (L.)] (4), and lice (J)
on livestock, and Gyrisco et al. reported
that the compound was effective against
the gypsy moth caterpillar [Porthetria
dispar (L.)] (2). These possible uses
of Sevin on livestock and forage make
residue studies necessary on meat and
milk.  Roberts and coworkers (6)
described a study on Sevin in which
residues were determined in milk from

dairy cows fed Sevin in the diet, and in
milk from dairy cows and in fat of beef
cattle sprayed with the insecticide.
Gyrisco and coworkers (2) also reported
on the residues in milk after feeding
high levels of Sevin to dairy cattle.
No residues of Sevin were reported by
either group. To obtain more informa-
tion on residues in other tissues of cattle
and in the tissues of other farm animals
after spraying with or feeding Sevin, a
study was planned by the U. S. Depart-
ment of Agriculture in cooperation with
Union Carbide Chemicals Co. In
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DDT analysis by the official method
(8, 9) represented the practical limit.
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this study, residue determinations were
made on seven kinds of tissue from cattle,
sheep, goats, and hogs sprayed with
Sevin, and on the same tissues from
beef cattle fed Sevin in the diet. All
tissues were analyzed for Sevin and for
1-naphthol, a likely metabolite. Liver
and kidney tissues were also analyzed
for conjugates of 1-naphthol.

Experimental Techniques

Treatment of Animals. Spray treat-
ments were applied to one group each



Cattle, sheep, goats, and hogs were sprayed four times in 2 weeks with a 1.0%, suspension
of Sevin, and Hereford steers were fed 50 and 200 p.p.m. of Sevin in the diet for a

period of 27 days.

the end of the feeding period.

Animals were slaughtered at 1 and 7 days after spraying, and at
Residues of Sevin, 1-naphthol, and conjugates of

1-naphthol were not detected in the body tissues of any sprayed animals 7 days after

spraying, except in the fat and brain of a goat.
cattle fed Sevin in the diet.

No residues were detected in tissues of

Tablel. Summary of Sevin Feeding
Test
Level of
Feed
Con-
tamina- Total Feed
tion Consumed Total Sevin
(P.P.M.) {Pounds) Consumed (Mg.)
0 226,12 0
273,00 0
50 304.50 6,896.9
238.81 5,409.0
279 .11 6,321.8
276.00 6,251.4
200 226.00 20,475.6
262,00 23,737 .2
316.00 28,629.6
316.00 28,629.6
Table Il. Recovery Rates of Sevin,

1-Naphthol, and Conjugates from
Animal Tissves

Per Cent Recovery

Con-
1- jugates®
Naph- (1-
Tissue Sevin® thol*  Naphthol)
Omental fat 95 96
Muscle 92 86 A
Liver 66 67 60
Heart 76 53 S
Kidney 72 52 78
Brain 81 83

¢ 30 pg. added to 25 grams of tissue.
b 20 pg. added to 10 grams of tissue.

of steers, sheep, goats, and hogs. There
were three animals in each group: two
were spraved and one served as a con-
trol. The treated animals were sprayed
to the point of runoff with a 1.09} water
suspension from a 509, wettable powder
twice a week (Monday and Thursday)
for 2 weeks. Twenty-four hours after
the last spraying, the control and one
treated animal from each group were
sacrificed, and samples of omental
and renal fat, liver, kidrey, heart, brain,
and muscle were collected. One week
after the first slaughter, the second
treated animal from each group, except
the hog group, was sacrificed, and tissue
samples were collected. It was not
necessary to sacrifice the second treated
hog since no residues had been found in
the first set of tissue samples.

In the feeding test, two levels of feed
contamination were used. One group
of four Hereford steers was fed a diet

Table Ill. Sevin Residues in Tissues of Cattle, Sheep, Goats, and Hogs
After Four Sprayings with 1.09% Sevin
Time P.P.M. Sevin in Tissues®
After Omental Renal
Spraying fat fat Muscle Liver Heart Kidney Brain
CATTLE
1 Day 0.57 0.54 0.13 0.00 0.05 0.10 0.10
7 Days <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
SHEEP
1 Day 0.21 0.10 0.07 <0.04 0.07 0.04 0.15
7 Days <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04
GOATS
1 Day 0.38 0.24 0.18 <0.04 <0.04 0.06 23.0
7 Days 0.70,0.90 0.12,0.25 <0.04 <0.04 <0.04 0.04 0.30
Hogcs
1 Day <0.04 <0.04 <0.04 <0.04 <0.04 <0.04 <0.04

@ Values shown are net values from which readings of control samples have been sub-

tracted.

containing 50 p.p.m. of technical Sevin,
and a second group of four was fed a
diet containing 200 p.p.m. Two animals
were used as controls. Sevin was dis-
solved in acetone at a concentration to
allow 1 ml. of solution to contaminate 1
pound of feed to the desired level. The
feed was weighed and the Sevin added
to it a short time before feeding. All
feed given the test animals during the
27-day feeding period was contaminated.
A summary of the total amount of feed
and Sevin consumed by each animal
is presented in Table I. Omentectomies
were performed on two animals in each
group of four before the beginning of the
test and on the same animals after 2
weeks of feeding. Twenty-eight days
after feeding started, one control and
the two animals from each treated group
that had not been sampled by the omen-
tectomy method were sacrificed and
samples of tissue collected. The re-
maining animals were not subsequently
sacrificed since no residues were found.

Collection of Storage of Tissues.
Extreme care was exercised in the
collection of samples to prevent me-
chanical contamination. Immediately
after collection, samples were placed
in polyethylene bags, quick frozen, and
stored in the deep-freeze until analyzed.
All samples were analyzed for 1-naphthol
within 48 hours after collection.

Chemical Methods. The method

voL 11,

used for the determination of Sevin,
1-naphthol, and conjugates of 1-naphthol
in animal tissues was basically the same
as that described in Union Carbide
Chemicals Co. Laboratory Manual a
“Chemical Method No. 30 TUIA15,”
modified by Johnson (3). Some minor
changes were made in the authors’
laboratory to improve recoveries. A
brief description of the procedures
follows.

1-Naputnor. Twenty-five grams of
chopped tissue was blended with 75
grams of anhydrous sodium sulfate and
200 ml. of methylene chloride. The
solution was decanted and filtered
through a folded filter into a 500-ml.
separatory funnel. The residue was
blended with another 200-ml. portion
of methylene chloride, which was filtered
into the same funnel. The combined
extracts were extracted with 50- and
30-ml. portions of 0.5N sodium hy-
droxide. The methylene chloride ex-
tract was separated and held for the
Sevin determinations described below.

The alkaline extracts were drained
into a 125-ml. separatory funnel, acidified
with 7 ml. of concentrated hydrochloric
acid, and extracted with two 25-ml.
volumes of methylene chloride. The
combined extracts were dried with 5
grams of anhydrous sodium sulfate and
decanted onto a 25 X 19 mm. column
of Florisil which had been prepared to
contain 3.59 water determined by ti-
tration with Karl Fischer reagent. The
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Table IV. Residues of Chemically
Bound 1-Naphthol (Conjugates) in
Unwashed Kidney Tissue of Sprayed

Animals
P.P.M. 1-Naphtho! in Kidney
Tissue®

1 Day ofter 7 Days after
Animal spraying spraying
Cattle 1.50 0.12
Sheep 0.34 0.26
Goats 4.00 0.10
Hogs <0.02 <0.02

@ Values shown are net values from which
readings of control samples have been
subtracted.

solvent from the column was collected
in a 250-ml. Erlenmeyer flask. The
column was washed with 40 ml. of water-
saturated methylene chloride, which was
collected in the same flask. A drop of
diethylene glycol was added to the flask
and the solvent evaporated to dryness
under reduced pressure at approximately
10° C.

One milliliter of 0.1V alcoholic sodium
hydroxide was added and the flask
rotated to allow complete contact with
the walls. Nine milliliters of glacial
acetic acid was then added, followed by
1 ml. of a fluoborate solution (0.025
gram of p-nitrobenzenediazonium fluo-
borate dissolved in 5 ml. of methanol
and 20 ml. of glacial acetic acid), which
was added with continuous swirling.
The solution was transferred to a 16-mm.
cuvette and the absorbance read im-
mediately at 475 my, with acetic acid
as a blank,

Sevin. The methylene chloride ex-
tract from the I1-naphthol procedure
described above was transferred to a
500-ml. Erlenmeyer flask and dried with
anhydrous sodium sulfate. The solution
was filtered through a folded filter into a
1000-ml. Erlenmeyer flask and the filter
washed with methylene chloride. The
solvent was removed by distillation
through a three-ball Snyder column to a
volume of 5 or 10 ml., and the remaining
solvent evaporated at room temperature
with a jet of air. The residue was
transferred to a 500-ml. separatory
funnel with 200 ml. of Skellysolve F and
extracted twice with 25-ml. portions of
acetonitrile. The acetonitrile extract
was concentrated to 5 ml. by distillation
through a Snyder column, and the re-
maining solvent was removed by adding
and evaporating two 15-ml. portions of
Skellysolve F.

The residue was dissolved in 25 ml.
of water-saturated methylene chloride
and passed through a Florisil column,
prepared as described above for 1-naph-
thol. The ecluted solvent was collected
in a 250-ml. Erlenmeyer flask. The
column was washed with an additional
100 ml. of solvent, collected in the same
flask. A drop of diethylene glycol was
added and the solvent evaporated to
dryness under reduced pressure.

To the residue, 2 ml. of 0.1N alcoholic
sodium hydroxide was added and the
flask rotated to allow complete contact
with the walls, After 2 minutes, 18 ml,

of glacial acetic acid was added. Then,
1 ml of the fluoborate solution was
added with constant swirling. The
solution was quickly filtered through a
plug of glass wool into the 16-mm. cuvette
and the absorbance determined at 475
my with acetic acid as a blank.

ConjucaTEs OF 1-NapHTHOL. Forty
grams of chopped liver or kidney tissue
was blended with 160 ml. of water. A
50-gram sample of the blended material
was weighed into a 125-ml. Erlenmeyer
flask, 10 ml. of concentrated hydrochloric
acid was added, and the mixture was
refluxed for 10 minutes. The hot mix-
ture was filtered through a fast, folded
filter into a 500-ml. separatory funnel,
and the residue and filter were washed
with 30 ml. of water. The filter paper
and residue were blended twice with
150-ml. portions of methylene chloride,
and the solvent was filtered into the
separatory funnel containing the aqueous
extract. After shaking, the layers were
allowed to separate, and the methyvlene
chloride was transferred to a 3500-ml.
Erlenmeyer flask and dried with anhy-
drous sodium sulfate. The solution was
filtered and concentrated to 25 ml. by
evaporation at reduced pressure, de-
canted onto a 100 X 19 mm. Florisil
column, and eluted with 40 ml. of water-
saturated methylene chloride. All of
the solvent passed through the column
was collected in a 125-ml. separatory
funnel and extracted twice with 50- and
30-ml. portions of 0.5N sodium hy-
droxide.  The alkaline extract was
collected in a 125-ml. separatory funnel,
acidified with 7 ml. of concentrated
hydrochloric acid, and then extracted
with two 25-ml. portions of methylene
chloride. The methylene chloride ex-
tracts were collected in a 200-ml.
Erlenmeyer flask, a drop of diethylene
glycol was added, and the solvent was
evaporated to dryness at reduced pres-
sure. The color was developed as de-
scribed for 1-naphthol above, beginning
with the last paragraph.

For comparison, per cent recoveries of
Sevin and 1-naphthol, when known
amounts were added to the various tis-
sues, are shown in Table II. In the
determination of recoveries of conju-
gates, 1-naphthol was added to the
tissues.

Results

Sevin Residues. Residues of Sevin
found in tissues following the spray
treatments are shown in Table IIL
Small residues were found in tissues of
cattle, sheep, and goats 1 day after
spraying. At 7 days, these residues were
eliminated by cattle and sheep, and only
small residues remained in the fat and
brain of goats. No residues of Sevin
were found in tissues of hogs 1 day
after spraying, and there were no de-
tectable residues in tissues of cattle at
the end of the 27-day feeding period.

1-Naphthol Residues. There were
no residues of 1-naphthol in any tissues
of sprayed animals, except that 0.34
p-p-m. was found in the brain of the
goat slaughtered 1 day after spraying.
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This was the same sample that contained
23.0 p.p.m. of Sevin (Table ITI). Res-
idues of 1-naphthol were not detected
in any tissues of cattle fed Sevin in the
diet.

Conjugates of 1-Naphthol. No res-
idues of chemically bound 1-naphthol
were found in liver tissues from either
sprayed or fed animals. As shown in
Table IV, small amounts of conjugates
were found in unwashed kidney tissues
of sprayed cattle, sheep, and goats.
None was detected in hog kidney, nor
in kidney tissue from cattle fed
Sevin in the diet. Washing the kidney
tissue of sprayed cattle in running water
reduced the amount of bound 1-naphthol
from 1.5 p.p.m. to 0.02 p.p.m., which
indicated that the conjugates were
present In excretory wastes rather
than stored in kidney tissue.

Discussion

The data presented indicate that any
residues resulting from dermal applica-
tions of Sevin to cattle, sheep, and hogs
are quickly eliminated from the tissues.
Feeding Sevin to cattle at 50 and 200
p.p.m. in the diet likewise caused no
detectable residues of Sevin or 1-naphthol
in tissues.

Data on residues in tissues of the
sprayed goats are difficult to evaluate.
In spite of precautions taken in the
collection of samples, the analyses of
the brain taken 1 day after spraying
and omental fat taken 7 days after spray-
ing suggest that these samples were
mechanically contaminated. It would
be difficult to justify the increase in
resicue in omental fat taken 7 days after
spraying over that taken at 1 day, and
also the difference in omental fat and
renal fat taken from the same animal.
Likewise, it does not seem reasonable
that a high residue of Sevin would be
stored in the brain of a goat and not be
stored in the brains of a calf and a sheep
that had received the same treatment.
Conclusive statements regarding these
residues must await acquisition of more
data.
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