32-labeled demeton and its isomerization
to the thiol isomer (2); the translocation
and biochemistry of Systox (demeton)
in plants; the determination and charac-
terization of residues of Systox in citrus,
walnuts, apples, pears, potatoes, and
sugar beets; the preparation and de-
termination of purity of phosphorus-32—
labeled schradan; the determination of
schradan residues in cotton; and the
comparative biochemistry of schradan
in the white mouse, squash bug, and
American roach (77).

Acknowledgment

The authors wish to thank the follow-
ing for the chemical compounds furnished.

R. M. Chatters, Sulfur-35-labeled
Department  of sample of tech-
Botany, Okla- nical demeton
homa A & M
College, Still-

water, Okla.
Farbenfabriken Phosphorus-32-
Bayer, Lever- labeled sample of

kusen, Germany demeton

Pest Control Technical schradan

Limited, England

Carbide and Car- Hexaethylphosphor-
bon  Chemicals amide
Corp., New York
Dow Chemical Co., Decamethyltri-
Midland, Mich. phosphoramide
Monsanto Chemical  O-Ethyl octameth-
Co., St. Louis, yltriphosphor-
Mo. amide
Unsymmetrical
0,0-diethyl tetra-
methylpyrophos-
phoramide
Victor Chemical Symmetrical 0,0-
Works, Chicago, diethyl tetra-
1L methylpyrophos-
phoramide

Literature Cited
(1) Bandurski, R. S., and Axelrod, B.,

J. Biol. Chem., 193, 405-10
(1951).

(2) Fukuto, T. R., and Metcalf, R. L.,
J. Am. Chem. Soc., in press
(1954).

(3) Gage, J. C., Biochem. J., 54, 42630
(1953).

(4) Gardner, K., and Heath, D. F,

PESTICIDE FORMULATIONS

Anal. Chem., 25, 1849-53 (1953).

(5) Hanes, C. S., and Isherwood, F.
A., Nature, 164, 1107-12 (1949).

(6) Hartley, G. S., Heath, O. F,
Hulme, J. M., Pound, D. W,
and Whittaker, M., J. Sa.
Food Agr., 2, 303-9 (1951).

{7) Koike, H., Oyo-Kontyu, 9, 77-8
(1953).

(8) Metcalf, R. L., and March, R. B,
Ann.  Entomol. Soc. Amer., 46,
63-74 (1953),

(9) Metcalf, R. L., and March, R. B,
J. Econ. FEntomol., 46, 288-94
(1953).

(10) Metcalf, R. L., and March, R. B,,
Science. 117, 527-8 (1953).

(11) Metcalf, R. L., March, R. B,
Fukuto, T. R., and Maxon,
M. G., unpublished data, 1954.

(12) Tolkmith, H., J. Am. Chem. Soc.,
75, 5270-2 (1953).

(13) Ibid., pp. 5273-5.

Received for review February 17, 1954, Aec-
cepted May 26, 17954. This work was
financed in part by a grant from U. S. Atomic
Energy Commission, Contract At(17-7)34,
Project 6.

A Selected Aromatic Fraction Naturally Occurring

In Petroleum as a Pesticide Solvent

FRANKLIN C. NELSON and GEORGE W. FIERO
Esso Standard Oil Co., New York 19, N. Y.

Heavy aromatic naphtha, a selected fraction naturally occurring in petroleum, is an excel-

lent solvent for pesticide formulations even at low temperatures.

Its lower boiling range

results in more rapid evaporation, an advantage when used for household or agricultural

applications.

Used in normal concentrations, it appears to be nonphytotoxic to pears,

tomatoes, apples, celery, or citrus fruits and no more phytotoxic to corn than other com-
mercial aromatic solvents. Animal toxicity studies indicate that there is no health hazard
in connection with its use as a pesticide solvent.

MULSIVE CONCENTRATES of pesticide
formulations have increased greatly
in use in the past few years. Emulsion
prepared from these concentrates have
less tendency to drift over adjacent fields
than dusts, and they adhere better to
plants. They are easier to use than wet-
table powders because there is no danger
of orifice clogging. On the other hand,
emulsive concentrates possess the dis-
advantage that when subjected to severe
cold temperatures, certain pesticides
may settle out. Also, in certain cases
the solvent employed may possess herbi-
cidal properties.

Aromatic products associated with
petroleum may be obtained by thermal
decomposition or cracking (whereby side
chains are removed from aromatic
nuclei and some cyclization takes place),

catalytic reforming (whereby naph-
thenes are converted to aromatics), and
physical separation of naturally occur-
ring aromatics from an appropriate
petroleum distillate. A study of aro-
matics from these sources indicates that
the latter two possess similarity in solvent
and stability properties, but commercial
catalytic reforming processes tend to
produce aromatics of undesirably low
molecular weight. Efforts have there-
fore been concentrated on physical
separation of aromatics. The molecular
weight of the aromatic can be adjusted
by selection of the proper distillate. The
culmination of this research resulted in
the production of heavy aromatic naph-
tha which, by reason of its physical
properties as well as inherent solvent
and stability characteristics, is an excel-
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lent and economical solvent for pesti-
cides.

The following table is a usual inspec-
tion of heavy aromatic naphtha.

Initial boiling point, ° F. 328
109, 395
50% 448
90% 495

Final boiling point, ° F. 540

Specific gravity 0.9267

API gravity 20.9

Kauri butanol value 96

Per cent aromatics 85.5

Mixed aniline point, ° C. 25

Color, Tag Robinson 17

Flash (P.M.C.C.), ° F. 150

The boiling range, with 809, between
395° and 495° F., is considerably below
that of many commercial petroleum
pesticide solvents obtained from cata-
lytically cracked distillates. This is of
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considerable importance in pesticide
formulations because the solvent evap-
orates more rapidly. In the case of
household spravs and aerosols, there are
less oiliness and more rapid drying of
residual twpe sprays. For agricultural
pesticides, more rapid evaporation
should decrease the possibility of phyto-
toxicity. Heavv aromatic naphtha con-
tains no pyrroles, substances found in
some catalytically cracked aromatic
solvents which produce a blue-black
coloration with some chlorinated pesti-
cides, Although the typical inspection

736

indicated a flash of 150° F., the guaran-
teed flash is 125° F.

Color and odor are very important in
the case of household products and odor
is of some importance for agricultural
applications. Heavy aromatic naphtha
usually has a color of Tag Robinson 17,
with a minimum of 14. The product is
especially processed to eliminate dis-
agreeable odor and possesses mild aro-
matic odor with a slight naphthalenelike
undertone, acceptable for household and
agricultural use. This quality is care-
fully controlled by a trained odor panel.

AGRICULTURAL AND FOOD CHEMISTRY

The low mixed aniline point and high
kauri butanol value indicate that the
product is an excellent solvent for DDT,
pentachlorophenol, lindane, and other
pesticides. These pesticides were dis-
solved in heavy aromatic naphtha and
subjected to temperatures of —20°
—10°,0°, 14°,32° and 70° F. Table I
indicates the results after 24 hours and
5 days at the given temperatures. After
5 days at a given temperature, the solu-
tion was seeded with a small crystal of
the pesticide, left at the same temperature
for an additional 24 hours, and examined.



At70°F., the heavy aromatic naphtha
retained 409, methoxychlor, 359, DDT,
209 lindane, 259, benzene hexachlor-
ide, 17.59%, pentachlorophenol, and 75
toxaphene or chlordane for 5 days. At
32° F., the product retained 259, DDT,
209% benzene hexachloride, 109 lindane,
and 60% isopropyl ester of 2,4-D, Even
at —10° F., favorable solubilities were
indicated, such as 209, DDT, 309,
methoxychlor (909, commercial grade),
75% chlordan, 7.5% lindane, 159, ben-
zene hexachloride, 109, pentachloro-
phenol. 709, isopropyl or n-capryl
esters of 2,4-D and 609 of n-capryl ester
of 2,4,5-T.

Phytotoxicity

Aromatic petroleum products used un-
diluted often possess herbicidal action
and may even be used as weed killers.
However, when used in emulsifiable
pesticide formulations, they are suffi-
ciently diluted with water to possess
little, if any, herbicidal action.

Heavy aromatic naphtha with emulsi-
fying agents, but without a pesticide, was
sprayed on several crop plants at a rate
of 2 quarts per acre. No phytotoxicity
resulted in tomatoes, beans, and Golden
Delicious and Stayman apples. In the
case of corn, both this solvent and a
commercial pesticide solvent used as a
control resulted in some injury where
excessive spray collected in the whorl of
the plant,

An emulsive concentrate with DDT,
Rhothane, and Perthane used under field
conditions with a number of applications
resulted in no phytotoxicity with toma-
toes, beans. celery, and Golden Delicious,
MaclIntosh, and Rome apples. In the
case of corn, however, injury occurred
where the spray collected excessively in
the whorl; two commercial agricultural

solvents used as controls also produced
injury. Emulsive concentrates of DDT
and Rhothane exhibited no phvtotox-
icity on several varieties of California
lemons and oranges.

Greenhouse tests were made on toma-
toes, beans, and corn by the New Jersey
Agricultural Experiment Station (2),
using two commercial 259 DDT con-
centrates, in which the product consists
of 259, DDT, 729, heavy aromatic
naphtha and 39, Triton X-100. The
results given in Table II indicate that it
would probably be safe to use this prod-
uct for pest control on tomatoes, beans,
and similar crops—i.e., potatoes, peppers,
egg plants, soybeans, and other legumes.
Injury to corn was moderate and no
greater than with other commercial
products. In this case, the test plants
were of small size, only 4 weeks old.

Toxicity to Animals

The toxicity of heavy aromatic naph-
tha (Formula 132) has been investigated
by Kehoe and associates (7), to determine
its suitability for use as an insecticidal
solvent for household use. The studies
involved the intermittent exposure of
experimental animals to low pressure
aerosols of the solvent and patch testing
of 100 human subjects for evidence of
primary skin irritation or photosensitiza-
tion. A control solvent, widely used in
household insecticides and accepted by
the U. S. Department of Agriculture for
this purpose, was tested concurrently
with heavy aromatic naphtha.

The inhalation studies involved the inter-
mittent, daily exposure of mice, rats,
guinea pigs, rabbits, and dogs to aerosols
made with the solvents according to the
following procedure recommended by the
U. S. Department of Agriculture (3).
During the first week the animals were

Table Il. Phytotoxicity of Emulsive DDT Concentrates
Av. Plant Height, Inches
Concentrate, Degree of Before 7 Days after
1 Q1./100 Gal. Phytotoxicity spraying spraying
Beans, Bountiful Variety®
Commercial product A None 9.5 9.5
Commercial product B None 8.75 8.25
Heavy aromatic naphtha 132 None 8.75 8.25
Untreated None 8.25 8.25
Tomatoes, Rutgers Variety®
Commercial product A None 12.5 14.0
Commercial product B None 13.75 15.25
Heavy aromatic naphtha 132 None 12.0 13.25
Untreated None 14.75 16.0
Concentrate,
3 Qt./100 Gal.
Corn, Iowa Chief®

Commercial product A Moderate-severec 11.25 14.0
Commercial product B Severe 10.0 Dead?
Heavy aromatic naphtha 132 Moderate-severe® 11.0 12.75
Untreated None 10.75 12.0

@ Average of 3 replicates (4 plants/replica); plants sprayed to near run-off.
b Average of 3 replicates (3 plants per replica); plants sprayed to near run-off.

¢ Necrotic spots.
¢ Collapsed at topmost whorl.
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placed in the 10-cubic-foot exposure
chamber 0.5 hour per day without treat-
ment, just to become acclimatized. The
second week 0.5 gram of aerosol was
sprayed in the chamber and the animals
were exposed 0.5 hour each morning. The
third week, 0.5 gram of aerosol was
sprayed twice a day, morning and noon,
and the animals were exposed 0.5 hour
during these periods. The fourth week
three applications of 0.5 gram of aerosol
each were made—morning. noon, and
evening—with the 0.3 exposure period
after each application. Mortality figures,
growth rates, blood picture (peripheral
and bone marrow), organ weights, and
microscopic observations of tissues were
comparable for the two solvents. A low
order of toxicity was indicated in these
short-term, intermittent vapor exposure
tests.

In the patch testing of 100 human sub-
jects no significant degree of primary
skin irritation was induced bv either of
the solvents. Subsequent exposure of
the test sites to ultraviolet light produced
only a mild intensification of skin reac-
tion in five of the subjects tested with
heavy aromatic naphtha. Four of these
reactions subsided after 3 hours. In
the fifth subject the reaction persisted for
6 hours. The control sample induced a
mild intensification of reaction after
ultraviolet light exposure in three out of
100 subjects tested. All of these reac-
tions subsided after 3 hours. Neither
sample induced a significant order of
skin irritation or photosensitization reac-
tion.

These studies indicate that heavy aro-
matic naphtha, if used as a household
insecticidal solvent, would involve no
greater hazard than that of an already
widely used solvent that has been ac-
cepted by the U. S. Department of Agri-
culture for such purposes. No problems
have been associated with the approved
solvent in its field use. The U. S. De-
partment of Agriculture has accepted
heavy aromatic naphtha for registration
for aerosol and other pesticide formula-
tions as far as health hazards are con-
cerned.
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