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The Role of Chlorinated Polyphenyls in Inproving
Lindane Residues!

1. HonxsreIN and W. N, Suruivan, U7.8.D.4., Agr. Res. Adm., Bureau of *
Entomology and Plant Quarantine .

The use of lindane and other volatile
insecticides to leave toxic residues on
surfaces presents several problems, With
lindane deposits the following problems
may be encountered:

{1) The appearance of & crystalline deposit may

be ohjjectionable,

(2) It evaporates so rapidly that repeated treat-

ments may be ncecessary.

(3) The crystals may be reinoved by mechanical

contact.

(4) Weathering may remove the toxicant in out-

door applications. -
* (5) Ou very porous surfaces there may be a rapid
lqjs of toxicity through sorption of the insccti-
rcude,

(6) "The cost of lindane is high.

A film-forming material in which the
insecticide is soluble will prevent crystal-
lization, reduce the volatilization rate,
and if the proper material is chosen, pro-
vide a tight bond to the surface being
treated. The problein of cutting down
sorplion on porous surfaces is essentially
one of finding appropriate methods of ap-
plication,

I'rolonged insecticidal effectiveness has
been obtained by incorporating the toxi-
cant.in a nonvolatile oil. lowever, on
porous surfaces this oil solution penetrates
rapidly and toxicity is soon lost, and on
nonporous surfaces a wet oily film is left
which may be very undesirable,

" Lindquist et al. (1945), Campbell &

West (19442, b), and others have suggested
the ineorporation of DDT in paints,
Block (1948) has made a comprehensive
survey of the field of insecticide coatings,
In general, oil filns, oil-modified resins,
or rosin derivatives produced coatings
with DT having poor insecticidal qual-
ity. Among paint vehicles from natural
products an asphalt varnish derived from
gilsonite appeared to be salisfactory,
Wiater-dispersible vehicles, such as ensein
and glue, were found not to be so toxic as
expected. Various synthetie resing includ-
ing urea-formaldehyde appeared promis-
ing.

In these insecticidal paints and coatings
the insecticide is of low solubility in the
filn-forming materinl.=IU is nssummed that
the mechanism of prolonging their toxie-
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ity consists essentially in the formation
of a supersaturated solution, which crys-

tallizes at the film surface only. This

crystallization lowers the concentration of
insccticide in solution at the film surface
and results in a diffusion of insecticide
from the body of the coating to this sur-
face. If we are dealing with a metastable
cquilibrium such as exists in supersatu-
raled solutions, a scratch or a blow may
cause crystallization within*the coating,
and the slow diffusion of insccticide to the
surface will stop and the toxicity of the
film will quickly drop. If the surface be-
comes case-hardened with- time, as do
many paints and coatings, this diffusion
process can no longer take place and again
the toxicity of the surface quickly drops.

SurraBLE PROPERTIES OF CHLORINATED
Porypeuenyrs.—It has heen found after a
number of trials that a mixture of chlor-
inaled terphenyls available commercially
appears to have the physical properties
that make it suitable as a filin-forming
carrier for lindane. This material is pro-
duced by the pyrolysis of benzene to yield
a mixture containing 80 per cent of bi-
phenyl and 20 per cent of isomeric ter-
phenyls, separation of the terphenyl frac-
tion, and chlorination until a 60 per cent
chlorine content is attained. This material

is available as Aroclor 5460 and is inex- -

pensive in bulk quantities. It has been
safely used for a . variety of industrial
purposes. lowever, as a precautionary
measure pharmacological studies should
be made to determine possible toxicity.

The properties of this product that
make it particularly suitable are as fol-
lows:

(1) Itisa good solvent for lindane, and
thereby contributes to the lowering of its
vapor pressure and prevents its erystal-
lization,

(2) It is inert, resistant to oxidation,
nonflarmmuable, and does not. afford a
medium for fungus growth, Once the film
has been deposited and the solvent evap-

1 Preacnted at the meeting of the American Assiciation of
Feonomie Entomologista at Philadelplia, I's,, Decewber 1318,
Lude.
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orated, no further change in the physieal
properties of the film is to be expected,

(3) When properly applied, a 1:1 or a
1:2 mixture of lindane and chlorinated
terphenyls provides a surface that is
slightly tacky. Inscets passing over such a
surface appear Lo pick up the insecticide
more readily than when they, travel across
& hard surface. Thus, when lindane iy in-
corporated in a vinyl-lype polymer, a
clear transparent film results but because
of the surface hardness the inscet toxicity
is guite low,

Ducrrasep VOLATILITY oF LINDANE
v Mixreres wirn CunomiNvatep Ten-
puENYLs.—The rale of volatilization of
lindane at a given temperature is a func-
tion of its vapor pressure, the surface arca
available for evaporation per unit mass,
and the concentration of lindane in the
air surrounding tlie- deposit. The last
factor depends largely on the air exchange
in the arca treated.

The reduction in vapor pressure in
lindane-chlorinated terphenyl mixtures
accounts in part for the extended life of
the material. Of importance too is the
decrease in surface area per unit mass of
lindane. The relatively large surface as-
sociated wilh lindane crystals is no longer

. available for vaporization. Inslead cvap-

oration takes place from a relalively
smooth filin having considerably less ex-
posed surface.

In contrast to eryvstallization from a
supersaturated film, it is the evaporation
of lindane that creates the lack of balance
in concentration that kegps lindane diffus-
ing to the surface from the body of the
coating. Thus, higher concentrations of
insecticide can be utilized completely and

longer lasting residues are obtainable.

CoymparaTIVE ToxiciTy oF LINDANE
AND LiNDANE-CHLORINATED TERPHENYL
MixTures.—In previous tests we com-
pared the effectiveness against the Ameri-
can cockroach, Periplanela americana
(L.), of deposits of 100 mg. of lindane
per square foot with and without 200
mg. of chlorinated terphenyls on alum-
inum surfaces (Sullivan & Iornstein
1953). Lindane alone gave a 36 per cent
kill after 30 days, a 3 per cent kill after
60 days and no kill at the end of 90 days.
The lindane-chlorinated terphenyl mix-
ture still gave 80 per cent kill at the end of
90 days. Tsao et al. (1953) obtained simi-
lar results against house flies, Musca do-

Vql. 46, No. 6

atestica T, On masonile, a porous surface,
siilar deposits gave only about a 20 per
cent kil of American cockroaches alter
10 days. Other porous surfaces, such as
carpeting and plywood also gave poor
resulls when lindane or lindanc-chlori-
nated terphenyl mixtures were applied.

Our knowledge of the ability of lindanc-
chlorinated tecphenyl mixtures to with-
stand  outdoor weathering is  limited.
Iowever, the following experiment is of
interest, A low-pressure acrosol conlaining
5 parts each of lindane and chilorinated
terphenyls, 40 parts of methylene chloride
and 50 parts of Freon-12 (by weightl) was
sprayed on the leaves of a small willow
tree and subjected Lo the summer weather
conditions prevailing at Beltsville, Mary-
Iand. At the end of 30 days a leaf sample
was found on analysis to contain 250
micrograms of lindane per square inch.
I'here were no obvious 1ll cffects on the
leaves. At the end of 60 days, another
leaf sample contained about 200 micro-
grams of lindane per square inch. At the
end of 70 days {lies eaged around a portion
of a treated branch showed 90 per cent
mortality and all those on untreated
check branchies were alive: .

Although the fumigating cffect of lin-
dane vapors is malerially cul down by the
lowered rate of vaporization, it is by no
means eliminated. T'wo weeks after lindane
chlorinated  terphenyl mixtures were
painted on the inside of a large glass ves-
sel 50 per cent of caged flies not in contact
with the treated surface were killed after a
10-minute exposure.

Metuopns or AprpLicaTiON TO PPOROUS
Svurracks.—We have tried in several ways
to obtain betier surface coatings on por-
ous materials and have selected unpainted
plywood as a typical porous surface for
test purposes.

Welling the surface down with water
and then applying as a spray a solution of
lindane and chlorinated terphenyls in a
low-boiling solvent appears promising. The
water prevents the oil from wetting and
therefore penclrating the porous surface,
and the solvent quickly evaporates to
leave a surface deposit of lindane-chlor-
inated terphenyls. _

Pressurized  sprays containing  low-
boiling solvenls give good surface de-
posits. By adjustment of the concentra-
tion of a very volatile solvent, such as
methylene chloride, in the pressurized-

pSW 255051

Lalan: Cabididraatd e b, 4 o b

b Shiid RAdNCe: bt hnadl e 2 At ol P ALl e o e 4

T

STLCOPCB4060742



i e

L

N Lt

P e

o St

% No. 6

surface,
2 20 per
s after
such as
¥e poor
e~chlori-
sdied.

Yndane-
» with-
Bmited.
st is of
mlaining
wrinated
ehloride
ht) was
E willow
weather
e Mary-
f <ample
z2in 250
re inch.
s on the
another
? micro-
. At the
£ portion
per cent
mlrended

‘£ of lin.
1 by the
"~ s by no
rhindane
-5 were
218y ves-
»eontact
+Jaflera

Porovs
eral ways
~ ON por-
npainted
~face for

*h waler
i

wation of
als inoa
<ang, The
ting and
« surface,
wates to

ne-chlors .

nye  Jow-
fauee de-
wncentria-
. such as
sssurized-

December 1953 1TornsTEIN & SurLivan: Improving Linpane REsipues

spray formulation, most of the solvent
will evaporate before the lindane-chlor-
inated terphenyl mixture reaches the sur-
face. The highly viscous particles of this
mixture will then have little tendency to
penetrate into the porous material.

The lindane-chlorinated terphenyl mix-
ture may be precipilated out of solution
just as it hits the surface. A nearly sat-
urated solution of this mixture in acctone-
wateris prepared. ‘The surface to he treated
is wetted down with water. In thisinstance

it is not the repellency of theoil and water, -

but the solubility of the acetone in water
that gives the desired result. The water
precipitates the lindane-chlorinated ter-
phenyl mixture out of the acetone solu-
tion. After evaporation of the acetone and
water, the lindanc-chlorinated terphenyl
mixture will be left as a spotty but ad-
herent deposit; however, for many pur-
poses, where -appearance is not of prime
importance, this may prove a uscful
method of application.

A homogenized suspension of a xylene
solution of lindane and chlorinated ter-
phenyvls in water also gave promising
resulls, To obtain a fairly stable homog-
enized suspension, a xylene solution hav-
ing a specific gravity of 1 was prepared
by adding 15 parts cach of lindane
and chlorinated terphenyls to 60 parls
of xylene (all parts by weight). The
closer the densities of the mutually insolu-
ble phases the more stable will be the
homogenized suspension. This solution
was then homogenized with water so that

- the final suspension contained about 2 per

cent exch of lindane and ellorimated ter-
phenyls-and a water-to-xylene ratio of
ahout 10 to 1, When such a homogenized
suspension is sprayed on a surface, it has
a tendeney to break quickly. Agin the
initial repelleney of oil and water appears
to give a good surface coating before much
of the insecticide penetrates, This phase
of the work is being continued. The sur-
face deposits made as described appear to
be heavier than those obtained by direct
application of solutions or emulsions,
Lixpane Varon Puesserie 1N Mix-
renrs wrrit CirowNaTeEd TrenENyLs.
—The lindane vapor pressure in various
mixtures of lindane and chlorinated ter-
phenyls has been measured (Lable 1),
The lindane was reerystallized from 95
per cent ethanol and had a nelting point
of 112.5°C, The chlorinated .terplienyl

“»
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was the same product used in the previous

tests. :

The mixtures were prepared by dissolv-
ing the desired amount of lindane and
chlorinated terphenyls in acctone. Wads
of glass wool were dipped in the solution,
then removed and air-dried for 48 hours.
~ The apparalus consisted of a train
having in series a drying bottle filled with
anhydrous caleium sulfate, two gas-satu-
ration bottles with fritted glass discs
through which the air was pulled and
packed with the coated glass wool, an

Table l.—Vapor pressure of lindane in mix~
tures with chlorinated terphenyls at 25° C.

LINDANE-
CinLomiNaTED  VoLuMe oF  Vapror PreEssyunre
TERPHENYL  SATURATED (Microxns)
RaTio AR SaMPRE
——  (Custe Meas-  Theo-
Weight Mole FeET) ured retical
1:0 1:0 2.5 0.059 f—_
1:2  1:1.6 4.0 .029 0.023
1:5 1:4.0 5.0 017 .012
1:10 1:7.9 6.0 .0073 L0067

alumina column for adsorbing lindane,
a diaphragm-type pump, and a calibrated
gas meter. The apparatus was adjusted
so that 1 cubic foot of air per hour was
pulled through the train. At the comple-
tion of the run the lindane adsorbed on
the alumina was cluted with acetic acid
and the lindane determined colorimetri-
cally (1ornstein & Sullivan 1953).

The vapor pressures were calculated
from the results as deseribed by Thomson
(1949). The theoretical vapor pressures
were caleulated on the assumptions that
the chlorinated terphenyl had a molecular
weight of 368 and that the vapor pressure
of lindane was proportional to the mole
fraction of lindane in the film,

Svanany.—Lindane residues ean - be
made o last longer and look better if the
lindane is applied in chlorinated terphenyl
coatings. The vapor pressure of lindane
in these films is lowered, but the fumigat-
ing aclion of lindane is not eliminated.

A general method of prolonging the
residual effectiveness of volatile insecti-
cides by preparing coneentrated solutions
in chlorinated polyphenyl film-forming
materials has been deseribed,

An attemipt has also been made to ap-

ply insccticides on porous surfaces in a.

manner designed to minimize absorption,
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Methyl Bromide Fumigation of Soil for Destruction
of White-I'ringed Beetle Larvae

vhite-fringed  beetle (Grapho-
gnathus sPR.) is now known to occur in
eight Southdn States. The larvac are
present in theNgoil throughout the yeur
(Young & App M039). Tests for control
measures led not oMy to the use of methyl

potting soil under con
1939, Livingston 1910)
fumigation of soil arcas in

Use of methyl bromide ayd of carbon
disulfide in quarantine wor

1942 (BEPQ 503, 4th rev) lu
the basis of tests made at Monr
Alabama (Livingstone & Swank 1%
The approved treatment of soil lats
and plunging beds provided for ?/u}ppx

cation of methyl bromide at the rate of
4.7 ml. per square foot (7 . per 1.5
square feet injected 6 inchefinto the soil
at points 15 inches apap cach way. It
further provided that tje fumigated arca
should be covered wih asphall builders’
paper for 6 days g¥ soil temperalures at
the G-inch level Metween 45° and 62°F.,
or for 4 days g& temperatures above 62°.
1t was consydered impractical to reduce

, for as the 40° boiling point of
bromide was approached this

tich obstructed orifices in the injector.
Subscquent to this approval, testing was
continued first at Guliport, Mississippi,
and later at Burgaw, North Carolina, in

J. L. McCuurrin, US.D.A., Agr. Res. Adm.,

Bureau of Entomology and Plant Quarantine

an attempt to improve the, trealment
schedules and reduce their epdt.

Merrtions or AprrLicatipN.—Technical
methyl bromide was appfied with a spe-
cially built injector (EgSter & Dunn 1942)
which delivered a fed amount of 7 ml.
per injection. Begduse Lhe cutput was not
adjustable, 1t wAs necessary to vary spac-
ings betweewnjections in order to apply
different dosages per square foot. An
applicgtér suitable for injecling small
meagdred amounts in rapid succession is
difticult to make, because of the necessity
or a closed system capable of retaining
vapors under pressure. This system must
also include a quick-acting two-way valve.
Such a valve permits liquid methyl bro-
mide to pass from storage into the injector
chamber while its outlet is closed; then the

et is closed and the outlet opened so
tIL the charge can escape into the soil

gauge shows when the chamber
r cmpticd. Pressures up to 90
p.s.i. haveNeen used.

i the mechanical inconven-
iences of a cloxed system, volatile liquid
vehicles having dgiling points above nor-
mul outdoor temPeratures were tested.
Aqueous cinulsions Zere unsatisfactory,
but. certain organic sdvents were found
suitable. A proprietaryN\product contain-
ing 10 per cent of methyINpromide and 90
per cent of ethylene dichioNde was tested

1 Most of this work was done by G. R, § -nnk; jater he and
E. E. Rogers continued this work and made pieliminary tests on
the ficld use of methyl bromide solutiona
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