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The Toxicity of Carbamates to Adult
Anopheles stephensi*
A. B. HADAWAY1 & F. BARLOW 2

Experiments to evaluate the residual contact toxicity of five carbamates to adult
Anopheles stephensi have shown that four of the compounds (Hercules 7522, UC 10854,
Bayer 39007 and RE-5305) were effective as contact insecticides for at least three months
when applied as wettable powders on plywood at a dosage of I g/m2. They were rapidly
sorbed, however, on dried mud bricks stored at 25°C and 50 %-55 % relative humidity,
and were unstable on fresh limewash. The authors conclude that, although these compounds
show promise as residual insecticides, their residual properties may be expected to vary
according to the properties of the building materials to which they are applied. A fifth
carbamate, Sevin, was much less effective as a contact insecticide.

Investigations on the residual contact toxicity on
various building materials of some organophos-
phorus compounds to adult mosquitos (Anopheles
stephensi) were described in a previous report.3 The
residual properties of a number of carbamates have
now been assessed on similar materials and by the
same methods.

RESULTS

Toxicity by topical application
A technical grade of Hercules 7522 and pure

recrystallized samples of the other compounds were
applied topically in solution in di-isobutyl ketone.
The action of all the compounds was characterized
by a rapid knock-down and subsequent slow
recovery if the dose applied was not lethal. Median
lethal doses, in ,tg per female mosquito, were as
follows:

Compound Anopheles Aedes
stephensi aegypti

Hercules 7522
(2-chloro-3-isopropyl N-methyl car-
bamate + 2 isomers) . . . . . 0.0018 0.0043

Union Carbide UC 10854
(3-isopropylphenyl N-methyl car-
bamate) . . . . . . . . . . . 0.0013 0.0025

* From the Tropical Pesticides Research Unit, Porton
Down, Salisbury, Wilts, England. This investigation was sup-
ported in part by Research Grant No. EF. 194 from the
National Institutes of Health, Public Health Service, US
Department of Health, Education, and Welfare.

I Officer-in-charge, Entomologist.
2 Chemist.
a See the article on page 55 of this issue.

Compound Anopheles Aedes
stephensi aegypti

Bayer 39007
(2-isopropoxyphenyl N-methyl

carbamate) . . . . . . . . . 0.0013 0.0053

California Chemical Co. RE-5305
(3-sec-butyl N-methyl carbamate) 0.0012 0.0023

Sevin
(l-naphthyl N-methyl carbamate) . 0.0037 0.0145

DDT
(for reference) . . . . . . . . . 0.018 0.018

Residual contact toxicity offour carbamates
With the exception of Sevin, all the compounds

were highly toxic initially when applied as wettable
powders to plywood panels and to dried mud bricks
made from various soils. They had a rapid action,
knock-down occurring in less than a quarter of an
hour after a contact of two or five minutes. At a
dosage of 1 g/m2 on plywood panels they had a long
residual action, and after storage at 25°C for three
months high kills were obtained when mosquitos
were exposed on the treated surfaces for one hour or
less. At lower dosages the deposits lost their
effectiveness more rapidly. On the other hand,
deposits on dried mud bricks lost their effectiveness
very rapidly, in a few days, when stored at 25°C and
50 %-55% relative humidity. Loss in toxicity
occurred more slowly on the least sorptive Magugu
soil than on the Babati and Taveta soils. The results
obtained with these compounds are shown in
Tables 1-8.
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TABLE 1
CONTACT TOXICITY TO A. STEPHENSI OF
HERCULES 7522 ON PLYWOOD PANELS

Mean kill (%) after contact
-Dosage dAge of time shown

og aM2 depositgm) (weeks) 2 5 15 30 60 120.
min. min. min. min. min. min

I 0 36 100

2 25 70 100

4 45 100 100

8 37 90 100

12 10 50 100

16 6 55 95

0.5 0 15 75 100

2 5 60 100

4 18 85 100

8 0 29 84

12 0 30 97

0.25 0 10 56 100

2 0 35 100

4 0 0 63
8 0 6 81

TABLE 2
CONTACT TOXICITY TO A. STEPHENSI OF HERCULES 7522

AT I g/m2 ON DRIED SOILS

Soil
Age of
deposit
(days)

Mean kill (%)
after contact time shown

2 15 30 60 120
min. min. min. min. min. min.

Babati 0 100

1 0 0

14 0 0

Taveta 0 100

1 0 10

14 0 0
Magugu 0 100

I1 10 65 100
7 0 25 77

14 0 20 86
28 0 9

TABLE 3
CONTACT TOXICITY TO A. STEPHENSI OF UC 10854

ON PLYWOOD PANELS

Mean kill (%) after contact
Dosage Age of time shown

deposit _-_

(gfm) (weeks) 2 5 15 30 60 120
min. min. min. min. min. min.

1 0 100

2 100
4 92

8 3 61 100

12 0 35 95

0.5 0 100

2 48 100

4 0 12 73

8 0 10 81

12 0 23 85

0.25 0 93 100

2 5 63

4 0 0 61

8 0 10 95

TABLE 4

CONTACT TOXICITY TO A. STEPHENSI OF UC 10854
AT 1 g/m2 ON DRIED MUD BRICKS

240
min. Soil

Age of
deposit
(days)

Mean kill (%)
after contact time shown

2 5 15 30 60 120 1240
min. min. min. min. min. min. min.

Babati 0 100

1 0 14 54

7 0 0

Taveta 0 100
1 0 37 87
7 0 0

Magugu 0 100

1 4 59 100
7 0 9 43

14 0 22

64



TOXICITY OF CARBAMATES TO ADULT A. STEPHENSI

TABLE 5
CONTACT TOXICITY TO A. STEPHENSI OF BAYER 39007

ON PLYWOOD

TABLE 7
CONTACT TOXICITY TO A. STEPHENSI OF RE-5305

ON PLYWO OD

Dosage
(g/m2)

Age of
deposit
(weeks)

Mean kill (%) after contact
time shown

2 5 15 30 60
min. min. min. min. min.

Dosage
120 (g/m2)
min.

I 0 85 100

2 95 100

4 88 100

8 38 85

12 3 47 90

16 3 50 100

0.5 0 70 100

2 45 100

4 18 90

8 6 26 97

12 0 33 97

0.25 0 30 95

2 0 60 100

4 0 0 35

8 0 0 72

TABLE 6

CONTACT TOXICITY TO A. STEPHENSI OF BAYER 39007
AT 1 gIm2 ON DRIED MUD BRICKS

Mean kill (%)
Age of after contact time shown

Soil deposit
(days) 2 5 15 30 60 120 240

min. min. min. min. min. min. min.

Babati 0 100

1 0 0

7 0

Taveta 0 100

1 0 0

7 0

Magugu 0 100

1 0 15 100

7 0 9

14 0 0

I

0.5

Age of
deposit
(weeks)

0

2

4

8

12

16

0

2

4

8

Mean kill (%) after contact
time shown

2 5 15 30 60 120
min. min. min. min. min. min.

100

100

100

0

100

82

0

4

9

76

0

100

8

4

95

0

96

48

43

100

100

0.25 0 100

2 0 5 76

4 0 23 96

8 0 46

TABLE 8
CONTACT TOXICITY TO A. STEPHENSI OF RE-5305

AT 2 g/m2 ON DRIED MUD BRICKS

Mean kill (%) after contact
Age of time shown

Soil deposit -
(days) 2 | 5 15 30 60 120

min. min. min. min. min. min.

Babati 0 100

1 0 4 8 35

3 0 0

Taveta 0 100

1 0 0 29 80

3 0 0

Magugu 0 100

1 100

3 0 19 100

7 0 33 100

14 0 48 100

28 0 28 100

56 0 0
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Further observations confirmed that the rapid loss
of effectiveness of carbamates on dried muds was due
to sorption. Mud bricks were sprayed with suspen-
sions of the pure substances and the crystalline
insecticide particles disappeared very rapidly-
within a few hours on the Babati and Taveta soils, in
a few days on the Magugu. Sorption was so rapid
on the first two soils that humidity had no effect on
the rate, but on Magugu the rate was greatest at
20%, as compared with 80%, relative humidity, and
so the process shows the same characteristics as seen
with chlorinated hydrocarbons. Decomposition of
these carbamates on the soils occurred very slowly
or not at all, and they could be recovered from the
bricks so that loss of activity is due to a change in
availability and not loss of insecticide. Finally, as
described in the following paper,' the toxicity of
sprayed bricks shows the same response to humidity
as that of bricks made from soils impregnated with
insecticides and it can be assumed that the insecti-
cides are present in the same physical state in the
two kinds of brick.

Residual contact toxicity of Sevin
A 50% wettable powder, supplied by Murphy

Chemical Co., was sprayed on to plywood panels
and dried mud bricks made from various soils at a
dosage of 1 g/m2. No kills were obtained when
mosquitos were exposed on the treated surfaces for
two hours on the day of application.
A second sample of wettable powder from the

Murphy Chemical Co. and a 50% wettable powder
obtained from the World Health Organization were
sprayed on to plywood panels at dosages of 2 g/m2
and 1 g/m2. Kills of mosquitos were negligible after
a contact of one hour, even at the higher dosages
(Table 9).

Residual contact toxicity on limewash
Carbamates in general are readily decomposed by

alkalies, and it was expected that these carbamate
insecticides would not give a satisfactory residual
action on fresh lime. This was confirmed in the
following experiment, in which dieldrin was included
as an example of an alkali-stable insecticide. Sus-
pensions of wettable powders were sprayed on to
fresh deposits of lime on glass plates at a dosage of
1 g of active ingredient per M2. There was a rapid
loss in the toxicity to Anopheles stephensi of the
carbamates during the first week of storage at 25'C
and 50 %-55 % relative humidity, but no change in the

I See the article on page 69 of this issue.

TABLE 9
CONTACT TOXICITY TO A. STEPHENSI

OF SEVIN ON PLYWOOD

Ag ]of Mean kill(%F Dosage dAgeof aftercontacttimeshown|(dPays) |60 min. 120 min.

Murphy 2 0 0 78

6 0 54

1 0 0 40

6 0 37

WHO 2 0 11 60

6 17 75

1 0 0 0

6 0 29

toxicity of dieldrin for two weeks. There was a
strong smell of free phenols from the plates sprayed
with carbamates, and negligible amounts of UC
10854 and Bayer 39007 could be recovered from
the layers of limewash when the deposits had become
biologically inactive (Table 10).

TABLE 10
CONTACT TOXICITY TO A. STEPHENSI
OF INSECTICIDES AT I glm2 ON LIME

Mean kill (%)
Age of after contact time shown

Insecticide deposit
(days) 2 5 15 30 60 120 240

min. min. min. min. min. min. min.

Hercules 0 57 100
7522

1 20 96

7 0 0

UC 10854 0 100

1 100

7 0 0 38

Bayer 39007 0 100

1 0 0 14

7 0 0

Dieldrin 0 83

1 91

7 96

14 92
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In the field the lime on a washed surface could be
carbonated to varying degrees depending upon its
age and the lime used. As calcium carbonate is a
much less alkaline material than the hydroxide the
carbamates should be more persistent on it. This
proved to be the case when wettable powders of the
above carbamates were sprayed at a dosage of
1 g/m2 on to glass plates coated with a layer of
calcium carbonate. There was no change in the
contact toxicity of the deposits over a period of
six weeks, indicating that the carbamates are stable
on this material.

DISCUSSION

Four carbamates (Hercules 7522, Union Carbide
UC 10854, Bayer 39007 and California Chemical Co.
RE-5305) have been shown to be effective as contact
insecticides against adult mosquitos (Anopheles
stephensi) for at least three months when applied as
wettable powders on plywood at a dosage of 1 g/m2.
These carbamates were also highly toxic to mos-
quitos immediately after application to dried mud
bricks, but the solid particles of insecticides were
rapidly sorbed by all soils tested and there was a
marked loss in effectiveness during the first week of
storage at 25°C and 50 %-55% relative humidity.

L'activite remanente sur Anopheles stephensi de quatre
carbamates - Hercules 7522, UC 10854, Bayer 39007 et
RE-5305 - appliques sous forme de poudre mouillable
a raison de 1 g/m2, s'est maintenue durant trois mois au
moins, sur du contre-plaque. Ces insecticides se montr&
rent fortement toxiques sit6t apres leur application sur
des briques de boue sechee, mais les particules solides
de l'6mulsion ont ete rapidement fixees par tous les
echantillons de sols etudies. Leur efficacite a beaucoup
baisse pendant la lre semaine de conservation a 25°C,
sous une humidite relative de 50-55%. II est donc pro-

They are unlikely, therefore, to have a sufficiently
long residual action on the dried mud walls of
houses in some localities when the humidity is of
this order. Toxicity of the sorbed carbamates
responds to changes in humidity, but unless this
remains high the residual action is likely to be low or
variable. In addition, although stable on calcium
carbonate, they are unstable on fresh lime and pro-
bably even on aged and partially carbonated lime.
It may be concluded, therefore, that those carba-
mates are promising new compounds for use as
residual insecticides against adult mosquitos, but
their residual properties can be expected to vary
according to the properties of the building materials
to which they are applied.
A fifth carbamate, Sevin, had a median lethal dose

for A. stephensi of only two or three times that of the
others when applied topically in solution, but was
very much less effective as a contact insecticide when
applied to surfaces as a solid in aqueous suspension.
Even at a high dosage of2 g/m2 on plywood kills were
negligible after a contact of one hour. This may be
related to its very low solubility in paraffinic solvents
and to its rate of penetration through the insect
cuticle to the site of action. Solubilities of the
carbamates in n-hexane, for example, are 0.028, 0.18,
0.48 and 1.9 g per 100 ml for Sevin, Bayer 39007.
UC 10854 and RE-5305 respectively.

;UMt

bable que leur action serait insuffisante dans des regions
oit temperature et humidite sont de cet ordre-la. Ils sont
instables sur la chaux fraichement preparee et probable-
ment aussi sur la chaux carbonat6e.
On peut donc conclure que les proprie't6s insecticides

remanentes de ces carbamates dependent du type de
materiau auquel on les applique.
Un autre carbamate, le Sevin, plus actif que les prece-

dents en application locale, l'etait beaucoup moins
comme insecticide de contact sous forme de poudre
mouillable.
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