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Evaluation of Compounds for Insecticidal Activity
on Adult Mosquitos*

5. Toxicity to Adult Mosquitos and Residual Properties of Some Pyrethroids

A. B. HADAWAY, F. BARLOW, J. E. H. GROSE, C. R. TURNER & L. S. FLOWER

New pyrethrin-like compounds are compared with earlier synthetic pyrethroids and
natural pyrethrins for intrinsic toxicity to adult mosquitos andfor residual contact activity.
Two of the compounds are at least as toxic as pyrethrin I to female Anopheles stephensi
and Aedes aegypti. Residues of these compounds are very persistent in the dark or in very
subdued lighting but they decompose on exposure to normal intensities of daylight and
rapidly lose their insecticidal activity.

The generally low toxicity to mammals, and hence
safety in use, of pyrethrins means that there is a
considerable interest in synthetic pyrethrin-like
compounds. Those prepared by Elliott and his
colleagues (Elliott et al., 1965, 1967), together with
some compounds from the World Health Organiza-
tion programme for the evaluation of new insecti-
cides, were therefore tested against adult mosquitos.

MATERIALS

Pyrethrins: a commercial extract containing 25%
w/w of total pyrethrins, supplied by Stafford Allen
and Sons Limited, London, England.

Pyrethrin I: a sample provided by Dr Thain,
Tropical Products Institute, London, England.

Allethrin: a technical grade containing 92% of
the allyl homologue of cinerin I; supplied by the
American Cyanamid Company, Princeton, N.J.,
USA.

a-(±)-trans-allethrin: melting point 51°C-52°C,
separated from technical allethrin.

Dimethrin; OMS-187 (2,4-dimethylbenzyl (+)-cis,
trans-chrysanthemate): a technical-grade sample
supplied by McLaughlin, Gormley, King and Com-
pany, Minneapolis, Minn., USA.

2-naphthyl (±)-cis, trans-chrysanthemate: in view
of the sharp melting point, 80°C-81°C, probably
mainly trans- isomer.

* From the Ministry of Overseas Development, Tropical
Pesticides Research Unit, Porton Down, England.

The following 5 compounds were provided by
Dr M. Elliott, Rothamsted Experimental Station,
England:

Trimethrin (2,4,6-trimethylbenzyl (±)-cis, trans-
chrysanthemate): melting point 50°C-51°C.

Pentamethrin (pentamethylbenzyl (+)-cis, trans-
chrysanthemate): indefinite melting point but higher
than 65°C.

2,4- dichlorobenzyl (+)-cis, trans-chrysanthemate:
a greasy solid, melting point indefinite.

4-allylbenzyl (±)-cis, trans-chrysanthemate: boil-
ing point 143°C at 0.02 mm of Hg.

4-allyl-2,6-dimethylbenzyl (±)-cis, trans-chrysan-
themate: boiling point 150°C at 0.03 mm of Hg.

Phthalthrin; tetramethrin; OMS-1011 (3,4,5,6-
tetrahydrophthalimido-methyl (±)-cis, trans-chrysan-
themate). The technical-grade sample supplied by
the Sumitomo Chemical Company, Japan, was a
cream-coloured solid which melted over the range
65°C-70°C. It could be recrystallized from petroleum
ether to give a white solid, melting point 72°C-74°C;
this was presumably enriched in the trans- ester
(melting point 78'C). The technical-grade material
was used for volatility and toxicity measurements.
Later, samples of the pure (±)-cis, trans- and the
(±)-trans- compound were supplied.
OMS-JIlS (1,2,3,4-tetrahydro-6-naphthalene-me-

thyl (+)-trans-chrysanthemate). The technical ma-
terial supplied by the Sumitomo Chemical Com-
pany, Japan, was a pale-yellow liquid and was used
as received.
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OMS-1116 (thiophthalimido-methyl (±)-trans-
chrysanthemate). The technical material supplied
by the Sumitomo Chemical Company, Japan, was a

pink solid (melting point 110°C-116°C). It was

recrystallized from petroleum ether and the pure

compound (melting point 1140 C-1i 6°C) was used for
measurements.

OMS-1206; NRDC-104 (5-benzyl-3-furylmethyl
(±)-cis, trans-chrysanthemate). Three samples of
this compound were supplied by Dr M. Elliott and
were tested over a period of about 18 months. The
compound when received was a very pale-yellow
solid which became discoloured on storage, but all
the measurements were made with purified material.
Dr Elliott also provided samples of some of the
stereo-isomers of OMS-1206.
NRDC-108 (5-benzyl-3-furylmethyl 2,2,3,3-tetrame-

thylcyclopropanecarboxylate). This compound, syn-
thesized and supplied by Dr M. Elliott (Elliott et al.,
unpublished data) is the ester of the same alcohol
as NRDC-104 with 2,2,3,3-tetramethylcyclopro-
panecarboxylic acid. This acid does not show
stereo-isomerism and the ester is a single substance-
a colourless crystalline material with a melting
point of 36°C-37°C. Like OMS-1206, it became
discoloured on storage but all measurements were

made with colourless material of the correct melting
point and the sample was recrystallized from
methanol when necessary.

RESULTS

Volatility
Glass-fibre filter-papers impregnated with com-

pounds at a dosage rate of 1 g/m2 from acetone
solutions were hung in a room at 25°C and a relative
humidity of 50%-55 % in darkness. The amounts
of compounds remaining on the papers at different
times after treatment were determined by extraction
with 95% ethanol or 40-60 petroleum ether, accord-
ing to the method of analysis used. The analytical
methods mainly depended on ultraviolet absorption
properties but gas-liquid chromatography was also
employed. Readings at several wavelengths in the
ultraviolet method provided a check on possible
decomposition. Neither form of analysis indicated
any appreciable decomposition in the dark but this
would not be true for residues stored in daylight.
Rates of loss were of zero order and are shown in the
following tabulation. There was no suggestion that
the cis-isomer was appreciably more or less volatile
than the trans-isomer for those compounds which
were mixtures.

Compound Rate of loss (g/m2/day)
OMS-187 0.092
Trimethrin 0.019
OMS-101 1 0.0025
OMS-1 115 0.0048
OMS-1116 0.0020
OMS-1206 (NRDC-104) 0.0033
NRDC-108 0.016

Under the conditions of this test, OMS-187 is
relatively volatile but the remainder would be
classified as of low volatility and potentially per-
sistent insecticides.

Toxicity by topical application
Median lethal doses of compounds determined

by the topical application of measured volumes of
solutions in di-isobutyl ketone to the dorsal surface
of the thorax of individual female Anopheles stephensi
and Aedes aegypti mosquitos, 1-2 days old, are
shown in Table 1.
Of the synthetic pyrethroids, OMS-1206 (NRDC-

104), NRDC-108 and OMS-1011 (phthalthrin) were

TABLE I
MEDIAN LETHAL DOSES OF VARIOUS COMPOUNDS

TO FEMALE MOSQUITOS

LD50 (ng/mosquito)
Compound An. Ae.

stephensil aegypti

Pyrethrum (based on total pyrethrins) 1.8 4.0

Pyrethrin I 1.1 2.5

Allethrin 7.0 19

a-allethrin 15 -

OMS-187 (dimethrin) 13 52

Trimethrin 13 41

Pentamethrin 15 50

4-allyl-benzylchrysanthemate 12 25

4-allyl-2,6-dimethylbenzyl chrysanthemate 9.5 17

2,4-dichlorobenzyl chrysanthemate 50 150

2-naphthyl chrysanthemate >150 >150

OMS-1011 3.6 8.1

OMS-1115 26 68

OMS-1116 7.8 21

OMS-1206 (NRDC 104) 0.9 1.9

NRDC-108 1.0 2.4
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the most toxic, and the NRDC compounds are two
of the most toxic insecticides to adult mosquitos
evaluated in this way. Toxicity of synthetic pyreth-
roids to adult houseflies (Musca domestica) is gener-
ally relatively low, median lethal doses of allethrin,
dimethrin (OMS-187), trimethrin, pentamethrin and
OMS-1011 being 0.54 ng, 1.23 ng, 0.71 ng, 1.77 ng
and 0.60 ng per female fly, respectively.

Three samples of OMS-1206 were tested against
adult mosquitos over a period of about 18 months.
During this time the median lethal dose for both
mosquitos increased by about 50% even where
purified samples were used and represents a genuine
change in mosquito susceptibility. The final values
were 1.4 ng and 2.8 ng for An. stephensi and Ae. ae-
gypti, respectively.

Since OMS-1206 is derived from the (±)-cis,
trans-chrysanthemic acid it contains a mixture of
optical and geometrical isomers and the relative
toxicity and stability of the constituents are, there-
fore, of importance. Dr M. Elliott kindly provided
samples of the esters based on the (±)-trans- and
(-l-)-trans-acids, and, later, of the ester based on the
(T )-cis-acid, as well as the one derived from (±)-
trans-pyrethric acid, and their toxicities, determined
by topical application, are given in Table 2.
The reduced toxicity of the pyrethrate compared

with the corresponding chrysanthemate is in accord-
ance with published results for similar esters but
the order of toxicity of the chrysanthemates was not
expected. The cis-acid normally gives less toxic
esters than the trans-acid, and the (±)-trans-ester
should therefore be more toxic than OMS-1206 but
against these mosquitos it was less toxic. Removal
of the (-)-trans-isomer did give the expected
increase in toxicity and the (+)-trans-ester was the
most toxic of the compounds. Elliott et al. (1967)
found that the (+)-trans-ester and the (±)-trans-
ester were, respectively, 2.5 and 1.3 times as toxic
as OMS-1206 when houseflies were the test insects.
The values for mosquitos show the same ratio
between the (+)-trans- and (±)-trans- compounds
(1.9 times) as for houseflies but both are relatively
less effective compared with OMS-1206 itself. This
suggests that the cis-isomers may be more toxic to
mosquitos than to houseflies as compared with the
trans-isomers, unless some decomposition has oc-
curred in the samples. The (+)-trans-ester was a pale-
yellow liquid when received and used. The (±)-trans-
ester was a white crystalline solid whose stated melt-
ing point was 54°C-55°C and a check on this property
showed no depression; decomposition was therefore

unlikely. Comparison of the (±)-trans- and (±)-cis-
esters showed that the latter were, in fact, more
toxic to adult mosquitos.
On the other hand, as may be seen from Table 2,

removal of the cis-isomers from OMS-1011 leads to
an increase in toxicity-the opposite result to that
obtained with OMS-1206 (NRDC-104).

TABLE 2
MEDIAN LETHAL DOSES OF ISOMERS

OF VARIOUS COMPOUNDS TO FEMALE MOSQUITOS-

LD5o (ng/mosquito)
Compound An Ae

istephensi aegypti

5-benzyl-3-furylmethyl (±)-cis,
trans-chrysanthemate (OMS-1206) 1.4 2.8

5-benzyl-3-furylmethyl (±)-
trans-chrysanthemate 1.8 3.3

5-benzyl-3-furylmethyl (+)-
trans-chrysanthemate 0.95 1.5

5-benzyl-3-furylmethyl (±)-
trans-pyrethrate 4.8 9.0

5-benzyl-3-furylmethyl (±)- 1.6 2.8
trans-chrysanthemate

5-benzyl-3-furylmethyl (±)-cis- 1.1 1.9
chrysanthemate

(±)-cis, trans-chrysanthemate ester,
technical OMS-1011 3.7 8.1

(±)-cis, trans-chrysanthemate ester, 3.1 11
pure OMS-1011

(+)-trans-chrysanthemate ester, pure 2.5 9.6

Pyrethroid-piperonyl butoxide mixtures
Little synergism was found between piperonyl

butoxide and natural pyrethrins or the synthetic
pyrethroids allethrin and dimethrin in previous tests
with adult mosquitos (Hadaway, Barlow & Duncan,
1963). Addition of piperonyl butoxide to solutions
of OMS-101 1 or OMS-1206 (NRDC-104) in the
proportion 5: 1 also had no marked effect on toxicity
to adult mosquitos by topical application, and
factors of synergism were low, 2.0 and 1.1 for
OMS-1011 and OMS-1206, respectively, with An.
stephensi, and 2.0 and 1.3, respectively, with Ae.
aegypti.

Contact toxicity of deposits on plywood
Plywood panels were sprayed with aqueous

suspensions of water-dispersible-powder formula-
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tions at a dosage rate of 1 g of active ingredients
per m2, and then stored at 25°C and a relative
humidity of 50 %-55 % in a room that was lit only
when samples were taken from it for testing. Depo-
sits were stored, therefore, in the dark unless other-
wise stated.

OMS-187. Mosquitos were quickly activated by
contact with deposits from a 30% water-dispersible-
powder and repeatedly flew off and on to the treated
surfaces. On transfer to holding cages at the end of
5-minute exposure periods, some mosquitos were
already knocked down and the remainder were also
knocked down soon after but about 500% subse-
quently recovered. The time to total knock-down
was about 7 minutes on fresh deposits. The time
increased gradually as deposits aged, reaching 15
and 45 minutes after 10 and 14 weeks, respectively
(Table 3). This residual life is of the order that
might be expected from the volatility of dimethrin.

time flying off and on to the panels until increasing
numbers were knocked down on the floor of the
exposure chambers. Knock-down before the end
of an exposure period results, of course, in no
further contact with the deposits on the vertical
panels and this accounts for the small increase in
percentage mortality with increasing exposure times
and also for irregular changes in percentage mor-
tality for a given exposure time. There was consi-
derable shedding of legs by affected mosquitos and
some recovery after knock-down. Deposits of all
three compounds were very persistent and showed
no decrease in effectiveness after storage for 24
weeks (Table 4). This long persistence was expected
from the very low volatilities of these pyrethroids.

TABLE 4

CONTACT TOXICITY TO FEMALE AN. STEPHENSI
OF OMS-1011, OMS-1115 AND OMS-1116 ON PLYWOOD u

STORED IN THE DARK

TABLE 3

CONTACT TOXICITY TO FEMALE AN. STEPHENSI
OF OMS-187 ON PLYWOOD a STORED IN THE DARK

Mean percentage kill of mosquitos 24 hours
Age of after exposure to insecticide for following
deposit numbers of minutes:
(weeks)

2 5 15 30 60

0 0 44 100

2 0 56 100

4 0 34 100

7 0 73

10 0 24

14 0 0 45

a Applied at a rate of 1 g/m2.

Compound

OMS-1011

OMS-1l1i1l5

OMS-1116

Age of
deposit
(weeks)

0

12

24

0

12

24

0

12

24

Mean percentage kill of
mosquitos 24 hours after
exposure to insecticide for

following numbers of minutes:

2 5 15

45

63

32

0

69

82

62

9

13

77

72

92

100

100

26

49

20

89

95

82

30

74

97

81

95

100
95

60

100

100

a Applied at a rate of 1 g/m2.

OMS-1011, OMS-1115 and OMS-1116. Water-
dispersible-powder formulations (25%) of OMS-
1115 and OMS-l 116 were supplied by the Sumitomo
Company, Japan, and a 50% wettable powder of
OMS-1011 was prepared in the laboratory. This
powder consisted of 50% of OMS-1011, 23% of
Speswhite china-clay, 22% of Hisil 233, 3 % of
GA5590 and 2% of Empicol LZ (sodium lauryl
sulfate). The constituents were mixed, hammer-
milled through a 1-mm screen and air-milled.

Again, mosquitos were quickly irritated by
contact with the deposits and spent much of the

Other plywood panels sprayed with the OMS-101 I
wettable powder at an application rate of 1 g/m2
were exposed to northern daylight in a room at
25°C. The effectiveness of these deposits decreased
considerably even after only 1 week, but the low
level of activity reached after 6 weeks was then
maintained until the termination of tests 17 weeks
after application. OMS-101l is therefore unstable
in light but enough remains in the residues to kill
mosquitos that remain in contact with the residues
for a sufficiently long time (Table 5).
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TABLE 5

CONTACT TOXICITY TO FEMALE AN. STEPHENSI
OF OMS-1011 ON PLYWOOD a EXPOSED TO LIGHT

TABLE 6

CONTACT TOXICITY TO FEMALE AN. STEPHENSI
OF AGED POWDERS OF OMS-1011 ON PLYWOOD `

Age of
deposit
(weeks)

0

3

6

10

17

Mean percentage kill of mosquitos 24 hours
after exposure to insecticide for following

numbers of minutes:

2 5 15 30 60

69

8

96

27

0

0

100

35

76

0

100

100

27

19

14

92

100

100

"' Applied at a rate of 1 g/m2.

OMS-1206 (NRDC-104). This compound was
first prepared as a water-dispersible-powder con-
taining 50% by weight of OMS-1206, 23% of
Speswhite china-clay, 22% of Hisil 233 silica, 3% of
GA5590 polyethyleneoxide-type dispersing agent
and 2% of Empicol LZ. The ingredients were shaken
together, ground lightly in a mortar and air-milled to
give a fine powder which dispersed readily in water.
The powder gave a high rate of kill of mosquitos
exposed to a deposit of 1 g/m2 on plywood panels
when it was tested shortly after preparation. The
deposit showed no loss of toxicity over a period of
12 weeks but the powder itself did not store well.
After 8 weeks at room temperature (20°C-250C) it
was no longer a fine powder and some of the aggre-
gates would not disperse in water, even when more
surfactants were added. The coarse suspension could
be sprayed on to a surface but the deposit was very
inferior in contact toxicity when rates of kills were
compared with those produced by the powder
shortly after its preparation (Table 6).

This reduction in biological activity could be due
entirely to the deterioration in physical properties
but some decomposition had probably also occurred
since both the wettable powder and the samples of
OMS-1206 had shown a progressive deepening of
the original pale-yellow colour and an increase in
the strength of a benzaldehyde-type odour during
the same period of time.
Plywood panels which had been treated with the

freshly made, highly active, wettable powder applied
at a rate of I g per m2 and kept for 8 weeks in the
dark were exposed to northern daylight in a room

Age of
powder
(weeks)

Mean percentage kill of mosquitos 24 hours
after exposure to insecticide for following

numbers of minutes:

2

0 90

8 0

5

92

15

15

100

32

"' Applied at a rate of 1 g/m2.

with a constant temperature of 25'C. Their effec-
tiveness against mosquitos which had not changed
during 8 weeks storage in the dark decreased
rapidly in the light, especially after the first week,
compared with the effectiveness of similar panels
which were left in the dark. However, as with
OMS-1011, even after 5 weeks in the light, a low
level of effectiveness still remained (Table 7).
Possibly the decomposition products, after a suffi-
cient amount has accumulated, can protect the
remaining insecticide from further decomposition.

TABLE 7

EFFECT OF DAYLIGHT ON THE TOXICITY TO FEMALE
AN. STEPHENSI OF RESIDUES OF OMS-1206 (NRDC-104) ON

PLYWOOD a

Storage
conditions

Residues
exposed to
light

Residues
kept in the
dark

Mean percentage kill of
mosquitos 24 hours after

Length exposure to insecticide for
of time following numbers of minutes:

2 5 15 30 60

0 day

1 day

1 week

2 weeks

3 weeks

5 weeks

0 day

1 day

1 week

2 weeks

3 weeks

5 weeks

87

81

38

87

69

100

62

77

100

88

81

0

100

92

100

92

77

100
96

92

0

8

4

100
100
100
100
92

100

20

69

42

100

100

"' Applied at a rate of 1 g/m2.
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With such potent compounds, even a small residue
will produce some toxic action.
OMS-1206 was later formulated as a 25% wettable

powder: with the following composition: 25% of
OMS-1206, 35% of talc (BDH), 34% of Hisil 233,
4% of GA5590, 2O% of Empicol LZ and 0.25% of
Tropanol 0. As only a small amount of the insec-
ticide was available, systematic variation in the com-
position of the original powder was not possible and
so several changes were made at the same time, all of
which were intended to improve stability. The con-
centration of the active ingredient was reduced; the
china-clay, which is a diluent of high surface-acidity,
was replaced by the more neutral talc; the concentra-
tion of the dispersing agent was increased and
Tropanol 0 was added as an anti-oxidant at a rate
of 1 % of the weight of OMS-1 206. This powder was
as biologically active as the first and quite stable.
Over a period of 36 weeks the content of OMS-1206
remained at 25% and there were no changes in
appearance of the powder or ease with which it
dispersed in water.
Plywood panels were sprayed at 3 dosages and

stored in the dark. As with the other pyrethroids,
mosquitos were quickly activated by contact with the
deposits and there was some recovery after knock-
down. However, deposits were highly toxic ini-
tially and the effectiveness did not decrease after
storage in the dark for 24 weeks (Table 8).

TABLE 8

CONTACT TOXICITY TO FEMALE AN. STEPHENSI
OF OMS-1206 WETTABLE POWDER ON PLYWOOD

STORED IN THE DARK

Dosage Age of
rate deposit

(g/m2) (weeks)

0.25 0

2

Percentage kill of mosquitos
24 hours after exposure

to insecticide for following
numbers of minutes:

2

28

21

24 33

_
0.5 0 44

2 59

24 81

1.0 0 82

2 82

24 92

5 15

56 72

32 92

76 87

62 95

67 93

87 100

92

93

100

100

100

100

Some of the plywood panels with deposits applied
at the rates of 0.25 g/m2 and 0.5 g/m2 were moved
into the light after 8 weeks; and their effectiveness
decreased sharply over the next 5 weeks (Table 9).
This adverse effect of light confirms the results
obtained with deposits of the 50% wettable powder
applied at a rate of 1 g/m2.

TABLE 9

CONTACT TOXICITY TO FEMALE AN. STEPHENSI
OF OMS-1206 WETTABLE POWDER ON PLYWOOD STORED

IN DAYLIGHT

Dosage Age of
rate deposit

(g/m2) (weeks)

0.25 0

5

0.5 0

1

2

5

Percentage kill of mosquitos
24 hours after exposure

to insecticide for following
numbers of minutes:

2 5 15 30 60

57

69

85

26

83

95

41

100

68

0

100

100

71

3

21

100
3 51

OMS-1206 was also used as an emulsion prepared
from a 50% w/v emulsion concentrate with the
following composition: 1.25 g of OMS-1206,
0.06 g of Ethylan BCP, 0.06 g of Ethylan BSE,
0.0125 g of Tropanol 0, and xylene to a final volume
of 2.5 ml. Deposits from the emulsion spray were as
effective on plywood as those from a wettable-
powder formulation (Table 10), suggesting that
for insects to pick up a toxic dose of an insecticide
as potent as OMS-1206, the removal of particles
from deposits is not necessary. Otherwise, kills
would be greater with wettable powder deposits
than with emulsion deposits on plywood.
NRDC-108. The compound was formulated as a

wettable powder containing 35% of active ingredient
by weight; the composition was as follows: 35% of
NRDC-108, 49% of talc (BDH), 8.2% of Hisil
233, 5.2% of GA5590 and 2.6% of Empicol LZ.
The mixed components were air-milled to give a

fine powder which dispersed readily in water. It
was used in bioassay tests shortly after preparation
but the unused portion was observed for stability
during storage in the dark at room temperature
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TABLE 10
CONTACT TOXICITY TO FEMALE AN. STEPHENSI

OF OMS-1206 50% EMULSION ON PLYWOOD STORED
IN THE DARK

Percentage kill of mosquitos
Doae Age of 24 hours after exposureDosage deposit to insecticide for following

(g/m2) (weeks) numbers of minutes:
2 5 15

0.25

0.5

1.0

0

4

12

24

0

4

12

24

0

4

12

24

28

80

79

26

49

73

79

72

53

97

94

82

71

97

92

82

74

97

97

92

82

100

100

92

76

100

100

100

85

100

100

97

97

100

100

100

20°C-250C). There was no visible change after 4 and
8 weeks and the powder still dispersed satisfactorily
in water. By 24 weeks it had acquired a pale-yellow
colour and flowed much less freely. Determination
of the active ingredient showed that 41 % had been
lost and for a long shelf-life some anti-oxidant
should obviously be added; this was not done in the
present instance because the powder was used
immediately. It was also desirable that anti-oxidants
should not be present in the spray residues so that
this powder could be compared with one to which
large concentrations of protectants had been added
with a view to increasing persistence.
Plywood panels were sprayed with a suspension

of the wettable powder at 3 dosage rates, namely,
0.25 g/m2, 0.5 g/m2 and 1.0 g/m2. Mosquitos exposed
on the deposits displayed the typical symptoms of
constant activity, flying off and on to the treated
surfaces, and knock-down. Recovery of paralysed
insects occurred, especially with aged deposits
applied at low dosage rates. Thus, all mosquitos
were knocked down after 15 minutes exposures on
the 0.25-g/m2 deposits that had been stored for
32 weeks, but 61 % of them recovered (Table 11).

TABLE 11
CONTACT TOXICITY TO FEMALE AN. STEPHENSI
OF NRDC-108 DEPOSITS ON PLYWOOD STORED

IN THE DARK

Percentage kill of mosquitos
Dosage Age of 24 hours after exposure
rate deposit to insecticide for following

(grma) (weeks) numbers of minutes:

2 5 15

0.25 0 82 95 100

4 90 97

16 97 94

24 51 97

32 11 39

0.5 0 85 92 100

4 97 97

16 100 100

24 100 100

32 97 97

1.0 0 79 90 100

4 100 100

16 100 100

24 100 100

32 100 100

NRDC-108 is therefore a highly toxic and per-
sistent insecticide for mosquitos when stored in the
dark, and is as effective as OMS-1206. Like the
latter compound, however, it is prone to a light-
activated decomposition process and further tests
were made, on the effect of light on residues of
NRDC-108.
Plywood panels were sprayed with a suspension

of the 35% wettable powder at a dosage rate of
0.5 g/m2 and were then stored at 25°C under four
different lighting conditions. The lights used were
as follows:

(1) northern daylight;
(2) a fluorescent lamp, Colour 12, Philips TLU

20W/l, whose maximum emission is about 310 nm
and extends on either side to about 280 nm and
360 nm;

(3) a fluorescent lamp, Actinic 05, Philips TLA
20W/05, which has a maximum emission at 370 nm
and extends on either side to about 300 nm and
500 nm;
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(4) a fluorescent lamp, Mazda artificial-daylight,
which has a spectral distribution from 300 nm to
about 700 nm but with most of the output in the
visible region.
The panels were placed at a distance of 60 cm

from a bank of 3 lamps of one kind. At this range,

the total energy reaching the deposits was calculated
from manufacturer's data to be approximately
1 mW/cm2 for each of the different lamps. The
value is not very informative since the light which is
effective in promoting decomposition forms a

varying proportion of the spectral output according
to the type of lamp. However, it provides some

indication of the levels of illumination used.
Bioassays showed that toxicity to mosquitos was

lost rapidly when the deposits were irradiated with
light from various sources; in about 2-3 days in
northern daylight, 1-2 days under a Colour 12 lamp,
2-3 days under an Actinic 05 lamp and 7-14 days
under an artificial-daylight lamp (Table 12). Both of
the shorter-wavelength lamps produced a rate of
decomposition which was similar to that produced
by true daylight but since the light from the Actinic 05
lamp has a spectrum which lies entirely within the
solar spectrum, while that from the Colour 12 lamp
does not, the former lamp may be taken as simulating
daylight more closely. It is interesting that the
wavelengths which the two lamps have in common
lie between 300 nm and 350 nm, and presumably
this is the effective light although absorption by
NRDC-104 must be very inefficient in this region
of the spectrum. The importance of this kind of
light was also demonstrated by placing OY 10 or

OV 1 filters, excluding light with wavelengths shorter
than about 350 nm, between Actinic 05 lamps and
the residues. The presence of the filters prolonged
the life of NRDC-108 by 4-5 times compared with
residues exposed to unfiltered light.
Although a direct comparison under the same

conditions of illumination was not made, NRDC-
108 appears to be at least as susceptible as OMS-
1206 to light-promoted decomposition and probably
even more so. The effectiveness of the light from
Actinic 05 lamps was also confirmed by exposing to
it residues of NRDC-108 produced by impregnation
of glass-fibre filter-papers. Loss of insecticide was

followed by gas-liquid chromatography, 50% being
decomposed in 10 hours and almost all within
24 hours. Similarly, tests with residues from an

emulsion of NRDC-108 on glass, in which the loss of
ester was followed by qualitative thin-layer chroma-
tography confirmed the relative effectiveness of the

TABLE 12
CONTACT TOXICITIES TO FEMALE AN. STEPHENSI

OF NRDC-108 ON PLYWOOD IRRADIATED CONTINUOUSLY
WITH LIGHT FROM VARIOUS SOURCES a

Percentage kills of mosquitos
Type Duration 24 hours after exposure
of of to insecticide for following

illumination illumination numbers of minutes:(days) 5 15 6
215 5 1_30 60_

Northern 0 85 95 -
daylight

0.7 95 97

1.3 80 95

2.0 26 33

2.7 0 0 0 0

0 85 95
Colour 12

0.2 92 97

1.0 31 44

2.0 0 0 15

3.0 0 0 3

Actinic 05 0 85 95

1.0 72 97

2.0 26 36 64

3.0 0 0 0

Artificial 0 85 95
daylight

1.0 97 100

2.0 95 97

3.0 80 97

4.0 95 100

7.0 18 41 64

14.0 0 0 13

a Applied at a rate of 0.5 g/m2.

different lamps although times were shorter than the
corresponding ones measured by bioassays of suspen-
sions on plywood.
The alcohol portion of the insecticide molecule

probably contains the site of oxidative attack. To
confirm thiS presumption, the residual action of the
free alcohol, 5-benzyl-3-furylmethyl alcohol, and its
acetate (which were provided by Dr M. Elliott)
were examined. They were formulated as emulsions,
sprayed on to glass plates at dosage rates of 0.5 g/m2
and the deposits were exposed to light from an
Actinic 05 lamp or stored in the dark. The two com-
pounds were much more volatile than NRDC-104
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or NRDC-108 and were lost within a few days, even
in the dark. Under the lamp the loss was even more
rapid and was accompanied by the production of
coloured materials which remained at the origin
in thin-layer chromatography. As expected, there-
fore, the alcohols are susceptible to the same decom-
position process as the insecticidal esters.

Contact toxicity on dried-mud bricks
OMS-187. Dried-mud bricks made from a

tropical soil from Taveta, Kenya, were sprayed with
an aqueous suspension of 30% water-dispersible
powder at a dosage rate of 1 g/m2; mosquitos were
exposed on the freshly treated surfaces for 1 hour.
Although there was some activity at the end of the
exposure period, no mosquitos were knocked down
and the average mortality after 24 hours was only
5 %. This lack of effectiveness may be accounted for
by penetration of the liquid insecticide into the
porous substrate.
OMS-1011 and OMS-1206 (NRDC-104). Dried-

mud bricks made from African soils, a red soil from

Babati, Tanzania, and a black soil from Magugu,
Tanzania, were sprayed with aqueous suspensions
of the 50% OMS-1011 wettable powder or the 25%
OMS-1206 wettable powder at a dosage rate of
1 g/m2, and were stored and tested at 25°C and a
relative humidity of 80% in subdued light. Deposits
were highly toxic initially and all mosquitos died
after an exposure of only 2 minutes. Loss of effec-
tiveness of both compounds occurred more rapidly
on the highly sorptive Babati soil than on the
Magugu soil, and on a given soil OMS-1011 had a
longer residual life than OMS-1206. Even after
storage for 20 weeks, deposits of OMS-1206 on
Magugu mud bricks produced high percentage
mortalities in mosquitos exposed on them for 1 hour,
and therefore were more persistent than most
insecticides on this soil (Table 13).

Contact toxicity on plaster
Deposits of solid insecticides are usually more

effective on plaster than on plywood, probably
because components of the spray liquid which affect

TABLE 13
CONTACT TOXICITY TO FEMALE AN. STEPHENSI OF OMS-1011 AND OMS-1206 DEPOSITS
ON DRIED SOILS IN SUBDUED LIGHT AT A TEMPERATURE OF 25°C AND A RELATIVE

HUMIDITY OF 80%a

Compound

OMS-1011

OMS-1206

Age of
deposit
(weeks) -

2

0

2

4

8

12

20

24

0

2

4

8

12

16

20

100

4

100

0

Mean percentage kills of mosquitos 24 hours after exposure
to insecticides on 2 different soils for following

numbers of minutes:

Babati soil

5

46

0

15

96

27

46 78

30

85

8

0

60

15

0

2

100

100

96

50

18

7

0

100

100

50

22

Magugu soil

5

89

65

48

50

96

77

4

15 30

100

86

64

96

24

8

69

48

0

60

100

93

68

a Applied at a rate of I g/m2.
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the availability of insecticide particles can drain
away into plaster more completely. The same
dosages of OMS-1206 on plaster gave rather higher
kills than on plywood shortly after spraying but the
lower dosages did not persist so well, even in the
dark (Table 14).

TABLE 14
CONTACT TOXICITY TO FEMALE AN. STEPHENSI
OF OMS-1206 ON PLASTER STORED IN THE DARK

Percentage kill of mosquitos
24 hours after exposureDoage Ageofsi to insecticide for followingrgsate dgeksi numbers of minutes:

2215 15 30 60

0.25 0 36 90 79

2 3 20 56

8 3 15 20

12 1 10 28 69

24 0 8 85

0.5 0 100 100 100

8 60 90

12 64 74

24 18 36 69

1.0 0 100 100
8 98 100

24 100 100

Contact toxicity ofimpregnated muslin
A new technique which has been suggested for

mosquito control avoids the need to spray sorbent
mud surfaces and simplifies house treatment. It
involves the use of muslin impregnated with a suit-
ably toxic insecticide (Gahan et al., 1966). The
muslin is hung so that it can serve as a resting place
for mosquitos. OMS-33 has been used and although
highly toxic is really too volatile for the purpose.
The method might however be an economical way of
using the newer pyrethroids such as OMS-111 and
OMS-1206.

Pieces of muslin were impregnated by dipping
them into acetone solutions of weighed amounts
of OMS-1206 until all the solution was absorbed.
Tropanol 0 (1 % of the weight of insecticide) was

also added as an anti-oxidant. Samples were

stored both in the dark and in northern daylight.
The impregnated muslin remained effective for more

than 24 weeks when kept in the dark but not when
exposed to daylight (Tables 15, 16). However, it
might still perform satisfactorily under the subdued
lighting conditions occurring inside many houses
in tropical countries.

TABLE 15
CONTACT TOXICITY TO FEMALE AN. STEPHENSI

OF MUSLIN IMPREGNATED WITH OMS-1206 STORED
IN THE DARK

Percentage kill of mosquitos
Dosage Age of 24 hours after exposure

rate deposit to insecticide for following
(g/m') (weeks) numbers of minutes:

2 5 15

0.25 0 31 78 89

2 4 47 77

8 72 92

24 8 10 59

0.5 0 50 78 89

2 47 60 87

8 36 64 95

24 5 46 71

TABLE 16
CONTACT TOXICITY TO FEMALE AN. STEPHENSI

OF MUSLIN IMPREGNATED WITH OMS-1206 STORED
IN DAYLIGHT

Percentage kill of mosquitos
Dosage Age of 24 hours after exposure

rate deposit to insecticide for following
(g/mr) (weeks) numbers of minutes:

2 15 15 30 60

0.25 0 4 47 77

1 10 23

6 0 5

0.5 0 47 60 87

1 18 38

6 0 0 8

An attempt to protect NRDC-108 in wettable-powder
residues
Since the decomposition of the esters NRDC-104

and NRDC-108 seems to involve light-activated
oxidation, it should be possible to provide some pro-
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tection by adding either an anti-oxidant or an ultra-
violet absorber, or both, to the residues. Such addi-
tives must have a residual life at least as long as that
of the insecticide when stored in the dark; therefore
the volatilities of a selection of commercially
available compounds were measured by the com-
parative test used for insecticides. Santowhite
(Monsanto) was chosen as an anti-oxidant and
Tinuvin 326 (Geigy) as an ultraviolet absorber.
Tinuvin 326 has an absorption maximum for
wavelengths of 354 nm-358 nm but has an adequate
range on either side of this maximum. Both com-
pounds had negligible volatilities.

TABLE 17

CONTACT TOXICITY TO FEMALE AN. STEPHENSI
OF A WETTABLE POWDER OF NRDC-108 CONTAINING

PROTECTANTS, ON PLYWOOD a

Percentage kill of mosquitos
Type Duration 24 hours after exposure
of of to Insecticide for following

illumination llumination numbers of minutes:
il n (days) 2 5 15 30 60

Northern 1 92 100
daylight

2 87 97

5 0 2 31

6 0 10 15

Actinic 05 1 92 100

4 36 62

8 0 0 0

a Applied at a rate of 0.5 g/m2.

Only enough NRDC-108 was available to make
one powder and so both compounds and dilauryl
3,3-thiodipropionate, which has a synergistic action
with phenolic anti-oxidants in many applications,
were included in the one formulation consisting
of 30% of NRDC-108, 42% of talc (BDH), 45%
of Santowhite crystals, 4.5% of dilauryl 3,3-thio-
dipropionate, 4.5% of Tinuvin 326, 7.2% of Hisil
233, 4.8% of GA5590 and 2.5% of Empicol LZ.
The components were mixed and air-milled to

give a fine powder. Sprayed on plywood at a dosage
rate of 0.5 g/m2, it was as effective by contact activity
as the 35% powder without protectants. The same
dosages on plywood were exposed to northern day-
light and to light from the Actinic 05 lamp; the loss

of contact activity as measured by bioassay is
shown in Table 17.

Clearly, addition of the anti-oxidants and an
ultraviolet absorber to a wettable-powder formula-
tion produced very little improvement. If enough
insecticide had been available, a better procedure
would have been to test powders with either anti-
oxidants or ultraviolet absorbers so that the two
forms of protection could 1e assessed separately. The
addition of an absorber might have a deleterious
effect if the energy it has absorbed can be trans-
ferred to the insecticide. Also, wettable powders
may be unsuitable formulations for this kind of
protection because the compounds are not in such
intimate contact as when they are used in homo-
geneous systems such as plastics and vegetable oils.

DISCUSSION

A number of new pyrethrin-type compounds were
found to be more toxic than the earlier synthetic
pyrethroids, allethrin and dimethrin (OMS-187), to
adult mosquitos. Of these compounds, OMS-1206
and NRDC-108 are two of the insecticides most toxic
to adult mosquitos by topical application in solution
that have been tested so far. OMS-1206 is an ester
of 5-benzyl-3-furylmethyl alcohol and synthetic
chrysanthemic acid and contains 4 stereo-isomers
which vary in insecticidal activity and stability. A
surprising feature is that the (±)-cis-esters are
more toxic than the (±)-trans-esters to An. stephensi
and Ae. aegypti, whereas the converse is true for
houseflies. Esterification of the same alcohol with
2,2,3,3-tetramethylcyclopropanecarboxylic acid to
produce the single substance NRDC-108 did not
reduce toxicity to mosquitos appreciably, thus
the isobutenyl side chain of the naturally occurring
acid is not an essential feature of these esters.
Both compounds OMS-1206 and NRDC-108, and

OMS-1011, have low volatilities and deposits were
very persistent and, even at low dosages, on most
surfaces lost little biological activity when they were
stored for several months in the dark or under
very subdued lighting. All these compounds, how-
ever, suffer from the disadvantage of instability
and decomposition of residues on exposure to
normal intensities of daylight. The rapid loss of
insecticidal activity of deposits on exposure to
daylight was not prevented by the addition of anti-
oxidants and an ultraviolet absorber to a wettable
powder. More elaborate stabilization methods will
have to be developed if these compounds are to be
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satisfactory insecticides for mosquito control under a
wide range of lighting conditions. All three com-
pounds might be usable as deposits on impregnated
muslin in tropical houses where the light intensity is
low. OMS-101 1 when stored as the pure substance or
technical grades, and in formulations, is reasonably
stable. OMS-1206 and NRDC-108, however, based
on a different alcohol, tend to decompose on storage
and need the addition of stabilizers.

Another feature which could limit the usefulness
of these compounds in mosquito control is the
activity they induce in adult mosquitos. Mosquitos
alighting on deposits of these compounds are rapidly
irritated and stimulated to fly from the treated sur-
face, frequently after less than a minute. This
abnormal activity could lead to a high proportion
of the mosquito population leaving a treated house
before a lethal dose of insecticide had been acquired.

RtSUM8
8VALUATION DE L'ACTIVITE INSECTICIDE DE DIVERS COMPOSES SUR DES MOUSTIQUES ADULTES:

5. TOXICITE POUR DES MOUSTIQUES ADULTES ET REMANENCE DE QUELQUES PYRETHROTDES

Un certain nombre de nouveaux compos6s du genre
pyr6thrine sont plus toxiques pour des moustiques adultes
(Anopheles stephensi et Aedes aegypti) que des pyrethroldes
plus anciens, comme l'allethrine et la dimethrine. Deux
d'entre eux, l'OMS-1206 (NRDC-104) et le NRDC-
108, font preuve d'une efficacit6 au moins egale a celle de
la pyrethrine I. L'addition de butoxyde de pyp6ronyle
dans la proportion de 5 a 1 n'a aucune influence appr6-
ciable sur leur toxicite en applications topiques.

Les taux de deperdition par 6vaporation de l'OMS-
1011, de l'OMS-1115, de 1'OMS-1116, de 1'OMS-1206
et du NRDC-108 sont faibles et les dep6ts de poudres
dispersables dans l'eau ne montrent qu'une l6g6re dimi-
nution de I'activite de contact apres conservation A l'obs-
curite ou a la lumiere attenuee pendant 24 semaines. Des
pieces de mousseline impregnees d'OMS-1206 en solution

dans l'acetone, stockees de la meme facon, conservent
intacte leur activite insecticide. Cette technique pourrait
peut-etre etre utilis6e avec succes dans les conditions
d'eclairement limite qui sont celles de beaucoup d'habi-
tations dans les pays tropicaux.
Tous ces pyrethroides synthetiques ont cependant l'in-

conv6nient de se decomposer rapidement lorsque les
dep6ts sont exposes a des intensit6s d'6clairement nor-
males et leur efficacit6 est fortement reduite apres quelques
jours. L'addition aux dep6ts d'anti-oxydants ou d'un
additif absorbant le rayonnement ultraviolet ne pr6vient
que tres imparfaitement cette perte d'activit6. II importe
de mettre au point un proced6 permettant de stabiliser
ces composes avant d'envisager de les utiliser comme
insecticides a effet remanent dans des conditions variables
d'eclairement.
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