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Studies on the Safety of DDVP for the Disinsection
of Commercial Aircraft*

ROBERT F. WITTER, Ph.D.,' THOMAS B. GAINES, B.A.2
J. GORDON SHORT, M.D.,3 V. A. SEDLAK, B.S. 4 & D. R. MADDOCK, M.S.5

There is a need for a more effective method for the disinsection of intercontinental
aircraft. A study was made of the possible toxic hazard associated with a new method of
disinsection using DDVP vapour (O,O-dimethyl-2,2-dichlorovinyl phosphate) as the
insecticidal agent. In these experiments, men and monkeys were exposed four times over
one- or two-hour periods for a total of 4-8 hours to DDVP vapour in a simulated aircraft
cabin. The concentration of DDVP was higher and the exposure periods were longer than
those plannedfor use in disinsection. Concentrations up to 0.7 ,ug per litre of air produced
no effect on the cholinesterase of men or monkeys. It was found that a concentration of
DDVP of0.9-3.5 ,ug per litre of air caused a slight decrease in plasma cholinesterase of the
men and the monkeys. At a DDVP concentration of 7.5-17.9 ,ugper litre, monkeys exhibited
a marked drop in red cell and plasma cholinesterase and showed miosis, but no other signs
ofpoisoning.

INTRODUCTION

The development of resistance to DDT and the
inherent limitations in the performance of aerosols
currently used to disinsect aircraft have made dif-
ficult the destruction of insect vectors of disease in
intercontinental aircraft. The discovery of a new
volatile organic phosphorus compound, 0,0-di-
methyl-2,2-dichlorovinyl phosphate (DDVP) (Matt-
son et al., 1955), which is considerably less toxic than
parathion to animals (Durham et al., 1957, 1959)
but has high insecticidal properties (Mattson et
al., 1955), offered possibilities of a new method of
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control. It was later demonstrated that effective
disinsection of aircraft could be accomplished by
using DDVP vapour for 30 minutes.6 Highly
effective control of the test insects was usually
obtained within the range of 0.15 ,tg to 0.25 ,ug of
DDVP per litre of air.7 This paper presents some
studies on the possible toxic hazard of this procedure
to the passengers and crew members.
DDVP is known to be a direct inhibitor of the

enzyme cholinesterase (Durham et al., 1957). Many
studies have shown that with moderate continued
exposure to other organic phosphorus compounds,
the level of blood cholinesterases can decline long
before symptoms of poisoning appear (Kay et al.,
1952; Sumerford et al., 1953; Hayes et al., 1957;
Bruaux, 1957, 1960; Lebrun & Cerf, 1960; Hayes 8).
In fact, the rate of decrease in the level of erythrocyte
or plasma cholinesterase can provide an index of the
degree of absorption of organic phosphorus insec-
ticides in excess of a tolerated minimum (Sumerford
et al., 1953; Hayes et al., 1957). Therefore, experi-
ments were set up to determine the minimal con-

Maddock, D. R., Sedlak, V. A. & Schoof, H. F. Pre-
liminary tests with DDVP vapor for the disinsection of
international aircraft (Unpublished manuscript for the Tech-
nical Development Laboratories).

7 See the article by Schoof et al. on page 623 of this issue.
' Hayes, W. J., jr (1956) Summary of investigations,

No. 11, p. 4 (Unpublished report from the Technological
Development Laboratories).
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centration ofDDVP vapour that would cause a drop
in the concentration of blood cholinesterase in
volunteers under conditions similar to those to be
used in aircraft disinsection. In this way, a threshold
value for the range of DDVP concentration that
would cause a measurable pharmacological effect
could be determined. Some idea of the factor of
safety in the use of this insecticide could be obtained
by comparison of this level of DDVP with the
insecticidal level of this compound. The factor of
safety obtained in this manner should be a conserva-
tive one, since, as mentioned before, blood cholin-
esterase depletion can occur without any symptoms
of poisoning. For the same reason, it was felt that
the volunteers would not be subjected to any hazard
in these studies. Monkeys, as well as humans, were
used, since the former have body-weights and ratios
of surface-area to volume similar to those of small
children.

METHODS

The studies of exposure to DDVP vapour were
conducted in the simulated aircraft cabin to be
described elsewhere.' Seven healthy men and eight
Rhesus monkeys were the subjects.
The men ranged in age from 19 to 44 years and

averaged 29 years old. Each man was given a
thorough medical examination before and after each
of two experiments. In each experiment, one group
was exposed for one hour a day for four consecutive
days (a total of four hours); a second group was
exposed two hours a day for four days (a total of
eight hours). In the first experiment, each man was
assigned to a particular seat in the simulated aircraft
cabin. In the second experiment, the DDVP con-
centration was higher, and each man was assigned in
turn to front, rear, and middle positions in the cabin.
After every daily exposure, the eyes of each man
were checked for miosis before he left the mock-up.
Three blood samples for cholinesterase determina-
tions were drawn from each man before exposure
began. Additional samples were taken each morning
before the men entered the simulated cabin. Post-
exposure samples were taken one and seven days
after last exposure. Plasma and red cell cholinester-
ase were assayed by the method of Michel (1949)
on the day the blood samples were taken.

1 Maddock, D. R., Sedlak, V. A., Schoof, H. F. & Pearce,
G. W. Biological effectiveness of vapor deposited residues of
DDVP on different aircraft surfaces (Unpublished manu-
script from the Technological Development Laboratories).

TABLE 1. EFFECTS IN MEN ON BLOOD
CHOLINESTERASE LEVELS PRODUCED BY EXPOSURE TO
DDVP VAPOUR IN A SIMULATED AIRCRAFT CABIN

DDVP
Experiment concentration

Experimeno Remarks
Range Mean
(g/l) (Mg/1)

No change ir plasma cho-
linesterase or red cell

1 0.26-0.88 0.49 cholinesterase in 3 men
exposed 4 hours or 3 men
exposed 8 hours.

Slight drop in level of
plasma cholinesterase in 2
of 3 men exposed 8 hours;

2 0.9-3.5 2.1 no change in levels of theseenzymes in men exposed
4 hours. These changes
are of questionable signi-
ficance.

The eight monkeys used in these studies had not
been exposed to organic phosphorus compounds
within the past year. The males ranged in weight
from 6.5 kg to 11 kg, and the females from 4.7 kg to
6.0 kg. Two monkeys, one male and one female,
were used in each of four experiments. Each pair
was exposed to DDVP vapour two hours a day for
four consecutive days. The monkeys were placed in
individual cages in the middle position in the cabin.
In experiments 1 and 2 the monkeys were present in
the cabin with the volunteers, but in experiments 3
and 4 they were alone in the cabin. Blood for
cholinesterase samples was drawn according to the
same schedule as that used for the volunteers.
The DDVP vapour was produced by the vaporizer

to be described elsewhere.2 During the expo ure
period, samples of air were collected at the front,
middle, and rear positions in the airplane cabin.
These air samples were collected and analysed for
DDVP by a method given elsewhere.3 The con-
centration of DDVP in the air varied with the posi-
tion in the cabin.

RESULTS

The results of the studies of the blood cholin-
esterase activities of men are given in Fig. I and 2
and summarized in Table 1, and the results for

' Maddock, D. R., Sedlak, V. A. & Schoof, H. F. Pre-
liminary tests with DDVP vapor for the disinsection of
international aircraft (Unpublished manuscript from the Tech-
nical Development Laboratories).

' Chemical Memorandum Number 6, 1960. Determina-
tion of DDVP in air (Unpublished document from the Tech-
nical Development Laboratories).
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FIG. I
PLASMA AND RED CELL CHOLINESTERASE OF MEN EXPOSED TO DDVP VAPOUR AT CONCENTRATIONS

OF 0.26-0.88 &g/I
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monkeys are given in Fig. 3-6 and summarized in
Table 2. The arrows in Fig. 1-6 indicate the periods
of exposure. The odd numbers in Fig. 3-6 relate to
the male, and the even numbers to the female
monkeys. The levels of DDVP vapour presented in
the tables and in the legends for the figures are the
ranges for a total of four days of exposure for two
hours a day. The DDVP concentration was also

determined at the end of one hour. The range and
average of concentration of DDVP vapour were
essentially the same for the men exposed one hour
per day as for the men exposed two hours per day.
The range and average ofDDVP concentration given
for the experiments with men include all the levels
found for the front, middle, and back positions in
the cabin. Since the monkeys were always in the

8

6
PLASMA

.1

01.

A.I.

0 0.

O.

V0.
lr0.

9o.

0

!EI(
I0.4

<z 1.d

u; I.C
cn
< 0.e

W-*OE,;cl6w
z

I

-x0
a
0
C
0



638 R. F. WITTER AND OTHERS

FIG. 2
PLASMA ANP RED CELL CHOLINESTERASE OF MEN EXPOSED TO DDVP VAPOUR AT CONCENTRATIONS

OF 0.9-3.5 iug/I
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middle position, the values for DDVP concentration
given in Fig. 3-6 and in Table 2 are those obtained
for the air in this position in the simulated aircraft
cabin.
As shown in Fig. 1, no changes were noted in the

cholinesterase levels of the volunteers exposed to
DDVP at air concentrations of 0.26 jig to 0.88 ,g per
litre other than those consistent with normal varia-
tion as shown in the pre-exposure samples. When

the DDVP concentration was increased to a level
ranging from 0.9 ,g to 3.5 ,ug per litre, or an average
of 2.1 ,ug per litre (Fig. 2, No. 6 and 3), a slight drop
was noted in the level of plasma cholinesterase of
two of the three men exposed four times for two
hours each time. The activity of red blood cell
cholinesterase in one of the men rose during this
same exposure (Fig. 2, No. 6). These results, includ-
ing the greater sensitivity of plasma cholinesterase as
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FIG. 3. PLASMA AND RED CELL CHOLINESTERASE OF MONKEYS EXPOSED FOUR TIMES FOR TWO HOURS
EACH TIME TO DDVP VAPOUR AT CONCENTRATIONS OF 0.32-0.66 mo/I
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FIG. 4. PLASMA AND RED CELL CHOLINESTERASE OF MONKEYS EXPOSED FOUR TIMES FOR TWO HOURS
EACH TIME TO DDVP VAPOUR AT CONCENTRATIONS OF 1.23.3 Mg/l
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FIG. 5. PLASMA AND RED CELL CHOLINESTERASE OF MONKEYS EXPOSED FOUR TIMES FOR TWO HOURS
EACH TIME TO DDVP VAPOUR AT CONCENTRATIONS OF 1.9-3.3 Mg/l
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TABLE 2. EFFECTS IN MONKEYS ON BLOOD CHOLIN-
ESTERASE LEVELS PRODUCED BY EXPOSURE TO
DDVP VAPOUR IN A SIMULATED AIRCRAFT CABIN

Remarks

No change in plasma cho-
linesterase or red cell
cholinesterase.

Slight drop of questionable
significance in plasma cho-
linesterase of 1 of 2 mon-
keys.

Slight questionable drop in
plasma cholinesterase of
I of 2 monkeys.

Both monkeys tested had
miosis, which disappeared
between test days. A pro-
nounced drop in red cell
and plasma cholinesterase
was observed, lasting seve-
ral weeks after test was
discontinued.

compared with that of red cell cholinesterase, are in
accord with previous studies of the respiratory
toxicity ofDDVP to workers in tobacco warehouses
treated with this insecticide (Durham et al., 1959).
The results of the post-exposure medical examina-

tion of the men were in agreement with the results of
the cholinesterase assays. No cholinergic signs such
as miosis were observed, and exposure had no
apparent effect on the health of any of the volunteers.
Some people working with concentrated DDVP solu-
tions have noted an unpleasant metallic aftertaste
(Durham et al., 1957), which was probably caused
by dichloroacetaldehyde or some other impurity
present in relatively high concentration in the early
preparation. This phenomenon was not reported by
any of the volunteers in the present experiment.

In regard to the monkeys, no changes other than
those consistent with normal variation were noted in
the blood cholinesterases of two of them exposed for
a total of four two-hour periods at DDVP levels of
0.32 ,fg to 0.66 ,ug per litre (Fig. 3). However, one
of two monkeys exhibited a slight drop of ques-
tionable significance in plasma cholinesterase in an

6

5

Experiment
No.

DDVP
Concentration

Range Mean
(Mg/I) (Mg/1)
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FIG. 6
PLASMA AND RED CELL CHOLINESTERASE OF MONKEYS EXPOSED FOUR TIMES FOR TWO HOURS EACH

TIME TO DDVP VAPOUR AT CONCENTRATIONS OF 7.5-17.9 p1g/
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experiment (Fig. 4, No. 7) conducted at an average
DDVP level of 2.3 ,ug per litre with a range of 1.2 ,g
to 3.3 ,ug per litre. Another monkey (Fig. 5, No. 6)
showed the same reaction at an average level of
2.6 ,ug per litre with a range of 1.9 ug to 3.3 ug per
litre. When the concentration of DDVP vapour was
increased to an average of 12.9 ,ug per litre with a
range of 7.5 ,tg to 17.9 ug per litre, the activities of
both the plasma cholinesterase and the red cell
cholinesterase dropped abruptly and did not recover
for several weeks, as is illustrated in Fig. 6. At this
high level of exposure, the monkeys also exhibited
pronounced miosis, which disappeared between the
two-hour exposure periods. The animals had no
other signs of poisoning, and their body-weights
were unaffected. There appeared to be no difference
between the results with the male and the female
monkeys.
These results are consistent with those of previous

studies of the respiratory toxicity of DDVP to mon-

keys. The level of blood cholinesterases in this
species was not depressed after 22 days but was
definitely lowered after 50 days of exposure in
tobacco warehouses, with the air during the exposure
period containing an estimated 0.1 Mig to 0.5 Mug of
DDVP per litre (Durham et al., 1959). A depression
of blood cholinesterase level was noted after two
monkeys were exposed for 20 hours in a Peet-Grady
chamber to 2.0 Mug to 6.0 ug of DDVP per litre
(Durham et al., 1957). The monkeys in these experi-
ments did not exhibit miosis (Durham et al., 1957,
1959).

DISCUSSION

Under the conditions of the tests reported in this
paper, the threshold range for a slight effect on
blood cholinesterase of man appears to lie in the
range of 0.9 Mug to 3.5 Mug per litre. As indicated
above, highly effective control of insects was obtained
within the range of 0.15 Mug to 0.25 Mg of DDVP per
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litre. The transient enzyme depression found at
0.9 Hg to 3.5 ,ug per litre was the only effect noted in
this study. This range of values for the threshold
concentration of DDVP is in essential agreement
with that of Durham et al. (1959), who found a slight
drop in the plasma cholinesterase of men exposed to
0.7 ,ug to 1.0 ,ug of DDVP per litre for eight hours.
However, the men in the present experiment were
exposed for four two-hour periods with 22 hours
between exposure periods. This schedule of exposure
permitted time for recovery and metabolism of the
organic phosphorus compound between doses and
probably accounts for the higher threshold range
reported.

Previous studies on the respiratory toxicity of
DDVP to monkeys, which were carried out in Peet-
Grady chambers, showed that the blood cholin-
esterase levels which had been depleted by con-
tinuous exposure to much higher concentrations of
DDVP actually began to recover over a period of a

week despite the continuous presence of 0.1 ,ug to
0.2 ,ug of DDVP per litre (Durham et al., 1959).
This concentration is of the order of magnitude of
the proposed insecticidal level to be used for 30
minutes at a time.
The rapid recovery of animals from near-fatal

acute poisoning by DDVP (Gaines, 1960), the ability
of rats to withstand a dietary concentration of
1000 p.p.m. for 90 days without clinical illness
(Durham et al., 1957), and the results reported and
reviewed above all indicate the capacity of mammals
to detoxify the compound efficiently.

It therefore appears that the proposed procedure
would be safe to the passengers and crew of a plane
if disinsection were carried out according to direc-
tions. However, as an added precaution, additional
long-term tests including studies of reaction time,
visual accommodation and other physiological func-
tions important to pilots and crew members should
be made before the procedure can be recommended.
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RESUMEm
Le DDVP (phosphate de O,O dimethyl dichloro-2,2

divinyl) a ete propos6 r6cemment pour la desinsectisation
des a6ronefs, en remplacement duDDT auquel les insectes
vecteurs sont devenus partiellement r6sistants. La concen-
tration n6cessaire et utile est de 0,15-0,25 jug par litre
d'air.
Les auteurs ont 6tudi6 la toxicite 6ventuelle de ce pro-

duit, en prenant pour critere le taux des cholinesterases
sanguines, signe biologique qui pr6cide de beaucoup les
premiers sympt6mes d'intoxication. Ce signe peut etre
consid6r6 comme l'indice d'un degr6 d'absorption de
compos6s organophosphor6s d6passant le minimum
tol6re. On a cherch6 'a tablir quelle concentration de
DDVP provoquait une baisse significative du taux plas-
matique ou 6rythrocytaire des cholinesterases de l'homme
et du singe.

A la concentration de 0,9-3,5 ,tg/l, une 1lgere baisse du
taux des cholinesterases fut not6e chez 2 des 3 hommes et
2 des 4 singes mis en contact avec l'insecticide 4 fois
2 heures chacun. Aucun signe clinique ne fut not6 a cette
concentration. En revanche, exposes a des concentrations
de 7,5-17,9 ,ug/l en deux periodes de 4 heures, des singes
pr6senterent une baisse notable du taux des cholinest6-
rases, et du miosis, mais aucun autre signe d'intoxication.

I1 semble donc que l'emploi du DDVP aux concentra-
tions prevues ne fait courir aucun risque aux passagers et
a 1'6quipage des aeronefs. Avant de recommander le pro-
c6d6, il y a lieu cependant de poursuivre les essais, en
verifiant que l'action a long terme du DDVP, qui pourrait
affecter des fonctions physiologiques importantes telles
que le temps de reaction et l'accommodation visuelle, est
egalement nulle.

REFERENCES
Bruaux, P. (1957) Ann. Soc. belge Med. trop., 37, 789
Bruaux, P. (1960) Bull. Wld Hlth Org., 22, 575
Durham, W. F., Gaines, T. B., McCauley, R. H., jr,

Sedlak, V. A., Mattson, A. M. & Hayes, W. J., jr
(1957) A.M.A. Arch. industr. Hlth, 15, 340

Durham, W. F., Hayes, W. J., jr & Mattson, A. M. (1959)
A.M.A. Arch. industr. Hlth, 20, 202

Gaines, T. B. (1960) Toxicol. appl. Pharmacol., 2, 88
Hayes, W. J., jr, Dixon, E. M., Batchelor, G. S. &

Upholt, W. M. (1957) Publ. Hlth Rep., (Wash.), 72,787

Kay, K., Monkman, L., Windlish, J. P., Doherty, T.,
Pare, J. & Racicot, C. (1952) A.M.A. Arch. industr.
Hyg., 6, 252

Lebrun, A., & Cerf, C. (1960) Bull. Wid Hlth Org., 22, 579
Mattson, A. M., Spillane, J. T., & Pearce, G. W. (1955)

J. Agric. Food Chem., 3, 319
Michel, H. 0. (1949) J. Lab. clin. Med., 39, 1564
Sumerford, W. T., Hayes, W. J., jr, Johnston, J. M.,

Walker, K. & Spillane, J. (1953) A.M.A. Arch. industr.
Hyg., 7, 383


