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Safety of DDVP for the Disinsection of Aircraft*
WAYLAND J. HAYES, Jr 1

DDVP (O,O-dimethyl-2,2-dichlorovinyl phosphate) is an organic phosphorus insecti-
cide proposed for use in the disinsection of aircraft at vapour concentrations within the
range of 0.15-0.25 Ikg per litre of air for 30 minutes. Safety tests have shown that men can
withstand brief exposure to concentrations as high as 6.9 ,ug per litre and daily 8-hour
exposure to concentrations as high as 0.5 ug per litre without clinical effect and with little
or no depression of blood cholinesterase. It would appear, therefore, that DDVP could
be safely used at the concentrations and exposure periods required for the disinsection of
aircraft, though further studies will have to be carried out before this procedure can be
definitely recommended.

DDVP(O,O-dimethyl-2,2-dichlorovinylphosphate)
is a direct inhibitor of cholinesterase (Durham
et al., 1957). This means that it does not have to
be metabolized to another compound in the body
in order to produce its effects which, so far as is
known, are connected with inactivation of the above-
mentioned enzyme. Like most other organic
phosphorus compounds, DDVP does not produce
paralysis or prolonged muscle weakness even in
susceptible animals (Durham et al., 1957). No
other side-effects are known.
DDVP does differ from most other organic phos-

phorus insecticides in having a high vapour pressure
so that its fumigant action is outstanding. If the
supply of DDVP vapour is not sustained, the con-
centration falls rapidly, owing partly to mechanical
loss and partly to hydrolysis by moisture in the air.
If DDVP is released gradually from some porous
or solid material, then (for any given rate of appli-
cation) the concentration will be relatively low at
first, but also relatively constant. This is illustrated
by the accompanying figure, which is based on a
study by Durham et al. (1959). It may be seen that
application of DDVP to warehouses by sprinkling
it on floors from which it gradually vaporized (open
circles) produced relatively low, constant levels of
DDVP in the air, so that effective concentrations
were still present seven days after application. On

* Paper submitted to the WHO Expert Committee on
Insecticides, September 1960.

1 Toxicology Section, Technology Branch, Communic-
able Disease Center, Public Health Service, US Department
of Health, Education, and Welfare, Atlanta, Ga., USA.

the other hand, application of DDVP to warehouses
at the same rates in the form of an aerosol (black
points) produced very high levels of DDVP at first,
but the concentrations fell rapidly so that effective
levels lasted only three days.
The acute toxicity of DDVP is moderate. It is

significantly less than that of parathion but much
greater than that of malathion (Table 1). It is very
nearly as poisonous when applied to the skin as
when given by mouth. The onset of symptoms and
their progression to death are rapid in animals that
receive a fatal dose (Gaines, 1960), but animals that
recover do so in a way that is correspondingly prompt.
The acute toxicity studies in animals, as well as a

small number of accidents, have shown that skin
contact with concentrated DDVP formulations
would be dangerous.
Although flies and other disease-bearing insects

can be killed at much lower concentrations provided
the period of exposure is long enough, a DDVP
concentration of approximately 0.15 to 0.25 ug per
litre of air for 30 minutes is considered desirable
for the disinsection of aircraft under practical
conditions. It has recently become possible to pro-
duce this concentration in aircraft with little varia-
tion. There is no need for the crew of the aeroplane
to have any contact with concentrated DDVP.

In judging the safety of using DDVP for the dis-
insection of aircraft, studies of the effect of DDVP
vapour on man and animals are of particular
interest. Table 2 summarizes the reports of several
such studies, and the figure above permits a compa-
rison of the air levels necessary for the disinsection
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CONCENTRATION OF DDVP VAPOUR IN THE AIR OF TOBACCO WAREHOUSES
FOLLOWING APPLICATION AT DIFFERENT DOSAGE RATES

AT 1 HOUR
.. I ..
,, 1 ..

LEVEL FOR AIRCRAFT X

ILEVEL FOR HOUSES

0 10
0 1 2 3 4 5 6 7

HOURS AND DAYS AFTER APPLICATION

The stippled areas Indicate the exposure of people in certain warehouses in which the concentration of insecticide was
measured. The range of concentrations of DDVP necessary for aircraft disinsection and for control of malaria mosquitos is shown
for comparison. The figure is based on the original data of Durham et al. (1959).
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SAFETY OF DDVP FOR THE DISINSECTION OF AIRCRAFT

TABLE I
ACUTE ORAL AND DERMAL TOXICITY OF DDVP, PARATHION, AND MALATHION

TO MALE AND FEMALE WHITE RATS a

DDVP b Parathion Malathion

Sex ~LDso confdenc LDso 19/20 LDo19/20Sexg/kg) confidence (mg/kg) confidence LDsomk confidence(mg/kg) limits (mg/kg) (m/k) limits (mg/kg) (m/k) limits (mg/kg)

Oral administration

M 80 62-104 15.0 10.2-16.5 1 375 1 206-1 568

F 56 48-65 3.6 3.2-4.0 1 000 885-1 130

Dermal administration

M 107 34-137 21.0 14.0-34.0 > 4 400 -

F 75 59-96 6.8 4.9-9.5 > 4 400

a Reproduced, with permission, from Durham et al. (1957).
b Technical grade material, prepared at the Technical Development Laboratories.

of aircraft and the levels (shaded areas) to which
people were exposed in one of these studies (Durham
et al., 1959).
Rats are the only animals which have been killed

by DDVP vapour. A concentration in excess of
30 ,ug per litre was required to produce illness and
exposure for more than four hours was required to
produce death. Because DDVP is adsorbed on
surfaces and is hydrolysed by moisture, such con-
centrations can be maintained only in small, closed
containers in which the entire air supply is dry and
is bubbled through fresh DDVP. Thus, special
laboratory equipment is required to maintain fatal
concentrations of the insecticide.

Miosis and a rapid drop in plasma and red cell
cholinesterase have been produced in monkeys by
exposure for two hours per day to concentrations
of DDVP ranging upwards from 7.5 ,ug per litre.
Even this exposure did not produce illness. Men
have withstood brief exposure (30-60 minutes) to
concentrations as high as 6.9 ,ug per litre without
cholinesterase depression or any other observed
effect. It is true that five men, who participated in
early studies of DDVP for seven weeks and who
received enough exposure to cause a moderate
depression of red cell cholinesterase, complained of
" lingering, unpleasant, metallic aftertaste " when
working with technical DDVP or its concentrated
solutions (Durham et al., 1957). But it now seems
that this aftertaste was caused by dichloroacetal-
dehyde or some other impurity present in a relatively
high concentration in the early preparation. No

aftertaste has been reported in later studies or in the
course of the commercial use of DDVP in tobacco
warehouses for control of the cigarette beetle.
A single exposure for several hours at a con-

centration of about 1.0 ,tg per litre may produce
measurable inhibition of plasma cholinesterase in
man, while a slightly higher concentration is required
to produce the same effect in monkeys. Higher
concentrations (e.g., 1.3-1.4 ,tg per litre or exposure
for longer periods, or both, will produce measurable
reduction of both red cell and plasma enzymes in
men, monkeys, and rats. Even apparently lower
concentrations (0.1-0.5 ,ug per litre) produced
recognizable depression, especially of red cell
cholinesterase, in monkeys exposed for 24 hours
daily for 50 days. This effect did not occur during
the first 22 days of exposure. Because the air con-
centration of DDVP was not measured during this
long experiment but was estimated from measure-
ments during other experiments, it is impossible to
exclude the possibility that the concentration of
DDVP exceeded 0.5 ,tg per litre of air after the
22nd day of the test.

Concentrations of DDVP as high as 0.7 ug per
litre (higher than those necessary for the disinsection
of aircraft) have been withstood by men, monkeys,
and rats for an hour or more (longer than the period
required for aircraft disinsection) without any de-
pression of blood cholinesterase or any other ob-
served effect. The American Conference of Govern-
mental Industrial Hygienists (1960) recently estab-
lished 1.0 ,ug ofDDVP per litre of air as the accepted

631



W. J. HAYES, JR

TABLE 2
EFFECT IN MAN, MONKEY, AND RAT OF EXPOSURE TO DDVP VAPOUR AT DIFFERENT CONCENTRATIONS

FOR DIFFERENT PERIODS OF TIME

Duration
Concentra- of exposure

Species tion range Results Reference
(Gg/litre) Hours/ No. of

day days

Man 0.1 -0.5 a 8 4 No effect. Durham et al. (1959)

0.2 -0.25 8 1 No effect. Durham et al. (1959)

0.26-0.88 1 4 No effect. Witter et al. b

0.3 -0.5 8 1 Questionable drop in plasma Ch.E (lowest 0.73 a Durham et al. (1959)
pH/hr).

0.7 -1.0 8 1 Slight d rop in plasma Ch.E (lowest 0.514 pH/hr). Durham et al. (1959)
1.3 -1.4 8 1 No further plasma depression in men previously Durham et al. (1959)

exposed at lower levels; RBC Ch.E depression in
same subjects (lowest 0.43 a pH/hr).

0.9 -3.5 2 4 Slight drop in plasma Ch.E (lowest 0.2 A pH/hr) Wilter et al. b

Monkey 0.03-0.27 24 4 No effect. Durham et al. (1959)

01-0.5 24 122 No effect.
Dra ta.(990.1 -0.5 24 { 50 Recognizable depression, especially of RBC Ch.E. Durham et al. (1959)

0.33-0.66 2 4 No effect. Wilter et al. b

0.8 -1.7 24 7 Slight depression of plasma and RBC Ch.E. Durham et al. (1959)
1.2 -3.3 2 4 Questionable depression of plasma Ch.E. Wifter et al. b

1.4 -2.0 24 7 Marked depression of plasma and RBC Ch.E. Durham et al. (1959)
3.0 -6.0 20 1 Marked depression of plasma and RBC Ch.E. Durham et al. (1959)
7.5 -17.9 2 4 Miosis and rapid drop in plasma and RBC Ch.E; no Wilter et al. b

illness.

Rat 0.03-0.27 24 4 No effect. Durham et al. (1959)

01-0.5 24 122 No effect.Dra ta.(990.1 -0.5 24 { 50 Recognizable depression, especially of RBC Ch.E. Durham et al. (1959)
0.8 -1.7 24 7 No effect. Durham et al. (1959)
1.4 -2.0 24 7 Slight decrease of plasma and RBC Ch.E. Durham et al. (1959)

>30 4.8-24 1-4 Fatal. Durham et al. (1957)

a Initial brief exposures to concentrations as high as 6.9 ug per litre and later exposures to concentrations consistently below
1.0 lg per litre produced no effect on the cholinesterase level.

b See article on page 635 of this issue.

safe threshold limit for industrial plants, based on
an 8-hour working day.

It is important to understand that cholinesterase
depression is used as the most delicate available
measure of the physiological effect of the organic
phosphorus insecticides. There is a wide margin
of safety between dosages that inhibit the enzyme
and dosages that produce illness. Thus, a dietary

concentration of DDVP as low as 50 parts per
million (p.p.m.) produces definite lowering of the
plasma and red cell cholinesterase levels of rats, yet
these animals withstand a dietary level of 1000
p.p.m. for 90 days without showing signs of
intoxication (Durham et al., 1957). It is well known
that workers with moderate but prolonged exposure
to parathion (Kay et al., 1952; Sumerford et al.,
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1953; Hayes et al., 1957), diazinon (Bruaux, 1957).
or Dipterex (Bruaux, 1960; Lebrun & Cerf, 1960)
may show marked depression of cholinesterase with-
out any signs of illness.
Unpublished data from the Communicable

Disease Center have shown that men exposed
during practical tests of disinsection of aircraft (in
flight and on the ground) suffered no depression of
cholinesterase.

In conclusion, it appears possible to use DDVP
for the disinsection of aircraft without produ-
cing any inhibition of cholinesterase in the passen-
gers or crew. However, the possible effects of
exposure on such functions as reaction time,
depth perception, etc. must be determined before
the procedure can be recommended. Long-term
exposure tests are also contemplated as an added
precaution.

RISUMIE

Le seul effet connu du DDVP (phosphate de 0,0-
dim6thyl-dichloro-2,2 vinyl) est son action inhibitrice
directe sur les cholinesterases. Sa pression de vapeur est
elevee, par rapport 'a celle d'autres insecticides organo-
phosphores; on peut l'incorporer dans des materiaux
poreux ou solides de telle sorte que sa vaporisation puisse
se faire a un taux relativement constant.

Si la toxicite buccale aigue est moderee, la toxicite
cutaneeest apeu pres aussi importante, au point que le con-
tact avec des preparations concentrees serait dangereux.
On propose pour la desinsectisation des avions le

DDVP a l'etat de vapeur a des concentrations de 0,15 a
0,25 ug par litre d'air.

Les singes exposes 'a des doses de 7,5 a 17,9 ftg par litre
presentent une diminution des cholinesterases et du

myosis, mais ne paraissent pas malades. Les hommes ont
support6 de courtes expositions it des concentrations
allant jusqu'A 6,9 ug par litre et par jour, des expositions
de 8 heures a des concentrations allant jusqu'a 0,5 pg
par litre, sans reactions cliniques et avec peu ou pas de
diminution des cholinest6rases sanguines. Toutes les
especes animales soumises aux essais ont r6siste A des
concentrations de 0,7 ltg par litre pendant une heure, ou
meme plus, sans reactions, meme sans alteration du taux
des cholinest6rases sanguines.

I1 semble donc que le DDVP puisse etre utilis6 sans
crainte pour la desinsectisation des avions, suivant les
normes r6sultant des essais. Cependant, on doit proceder
a d'autres experiences avant de recommander l'emploi
generalise de ce produit.
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