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Evaluation of the Toxicity to Adult Anopheles stephensi List.
and the Residual Action of Various Chlorinated Hydrocarbons,
Organophosphorus Compounds and Carbamates*

by A. B. HADAWAY, Officer-in-Charge, and F. BARLOW, Chemist, Tropical Pesticides Research Unit,
Porton Down, Salisbury, Wilts., England

The insecticidal and residual properties of numer-
ous compounds have been investigated as part of
the World Health Organization's collaborative
scheme to evaluate potential adult mosquito control
agents.a This paper summarizes the biological
results to date and includes data on the well-estab-
lished insecticides DDT and dieldrin for comparative
purposes. Chemical measurements of rates of evapo-
ration and of sorption and decomposition on soils
of the compounds are to be given in separate reports.

Materials and methods
The test insect used throughout these experiments

was Anopheles stephensi List., reared at 25°C and
70 %-80% relative humidity.
A measure of the intrinsic toxicity of each com-

pound was obtained by topical application of a
solution in di-isobutyl ketone to individual female
mosquitos from a micropipette similar to that
described by Kerr.b Batches of 20 mosquitos were
treated at each of four dosages of insecticide, and
were stored in paper cups at 25'C and 70% relative
humidity for 24 hours before mortality counts were
made. Median lethal doses, in micrograms per

* This investigation was supported by the World Health
Organization and by a United States Public Health Service
Research Grant (No. EF.194) to the World Health Organiza-
tion.

a The World Health Organization scheme for the
evaluation and testing of new insecticides was established
in 1960: insecticide manufacturers participate by submitting
new compounds for testing by seven governmental and
university laboratories. The purpose is to find alternatives
to the established insecticides for use against the mosquito
vector of malaria as well as against other vectors of public
health importance. The compounds evaluated in this scheme
are given serial numbers with the prefix OMS. These
numbers are frequently used in this paper; however, a
common name or a trade name is used where possible, as
the reader is more likely to be familiar with these.

b Kerr, R. W. (1954) Bull. ent. Res., 45, 317-321.

female mosquito, were read from the probit kill/
log-dosage regression lines.

Initial contact toxicity was determined by the
exposure of two- to three-day-old, blood-fed,
female mosquitos on plywood panels freshly
sprayed in a modified Potter tower. The panels
were cut from Invictus board, resin-bonded,
gaboon-faced to BSS 1455 (1956), obtained from the
British Plywood Manufacturing Company. They
were sprayed with aqueous suspensions of wettable
powder formulations, or with emulsions when
wettable powders were unavailable, at various
dosages including the standard one of 1 g active
ingredient per rn2. Mosquitos were exposed on the
treated surfaces for known contact times in Perspex
chambers at 25°C and 50%-55% relative humidity
as described by Hadaway & Barlow c and stored in
paper cups for 24 hours before mortality counts
were made. Other treated panels were stored in a
room maintained at 25°C and 50 %-55% relative
humidity and tested at intervals to determine residual
contact action. The number of weeks for which
mean kills exceeded 70% after an exposure of one
hour was recorded as a measure of residual toxicity.
Under these conditions losses of insecticide were
due largely to evaporation and losses by general
weathering and abrasion which may occur in
treated houses were excluded.

In addition to these tests with plywood, represent-
ing relatively non-porous, chemically inert building
materials, experiments were carried out with porous
dried mud bricks made from highly sorptive Babati
soil and the less sorptive Magugu soil. The bricks
were sprayed with aqueous suspensions of wettable
powder formulations at a dosage of 2 g active

c Hadaway, A. B. & Barlow, F. (1963) Bull. ent. Res., 54,
329-344.
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ingredient per m2 and then stored and tested at 25°C
and either 50 %-55% or 80% relative humidity.
The number of weeks for which mean kills exceeded
70% after an exposure of one hour was recorded as
a measure of the effective life of each compound.
Loss of insecticide from the surface of the dried
mud bricks was due largely to sorption into the soil.

Chlorinated hydrocarbonis
By topical application in solution, isobenzan

(Telodrin) was the most toxic of the chlorinated
hydrocarbons to A. stephensi and was twice as toxic
as dieldrin. The latter was slightly less toxic than
lindane (gamma-HCH), which in turn was about
10 times as toxic as p,p'-DDT. The a-isomer of
endosulfan (Thiodan) was about three times as
toxic as its f-isomer.

Deposits on plywood from a 75% DDT wettable
powder formulation were moderately toxic initially,
but it should be remembered that under these test
conditions in exposure chambers the mosquitos are
activated by contact with DDT after a few minutes
and then repeatedly fly offand on the treated surface,
and kills are probably higher than when mosquitos
have free flight away from treated surfaces. At a
dosage of 1 g/m2 deposits on plywood were very
persistent and there was no change in contact
toxicity after one year. Deposits of lindane, on the
other hand, were highly toxic initially but were
more volatile and lost their effectiveness in six to
eight weeks. Deposits of isobenzan and dieldrin
were also highly toxic initially, but those of iso-
benzan were less persistent and at a dosage of 1 g/m2
were effective for 14-16 weeks whereas those of
dieldrin at the same dosage were effective for 42-48
weeks. Endosulfan lacked the toxicity and persis-
tence required for use as a residual insecticide
against adult mosquitos.
The sorption of surface deposits from wettable

powder formulations of chlorinated hydrocarbons
into dried mud and the effects of atmospheric
humidity on the diffusion and biological activity of
the sorbed insecticides have been described pre-
viously.d, e The rate of disappearance of surface
deposits varies with the physical properties of the
insecticide, such as particle size and evaporation
rate, dosage, sorptive capacity of the soil, and
environmental conditions, especially atmospheric

d Barlow, F. & Hadaway, A. B. (1958) Bull. ent. Res.,
49, 315-331.

e Barlow, F. & Hadaway, A. B. (1958) Bull. ent. Res.,
49, 333-354.

humidity. For example, deposits from suspensions of
< 10-,t crystals of dieldrin disappeared from the
surface of Babati bricks kept at 25°C and 50%
relative humidity in one and two to five days when
the dosages were 1 g/m2 and 2 g/m2 respectively.
Similar deposits persisted for two and more than
six weeks respectively on the less sorptive Magugu
bricks. The considerable effect of atmospheric
humidity on the persistence of surface deposits is
illustrated by the persistence of similar crystals of
DDT at a dosage of 1 g/m2 for five days at 50%
relative humidity and for more than six weeks at
80% relative humidity.
With the disappearance of surface particulate

deposits there is a marked loss in effectiveness, but
the sorbed chlorinated hydrocarbons are stable in
the soils and remain biologically active. The effective-
ness of the sorbed insecticide depends upon atmos-
pheric humidity as both diffusion from the surface
layer deeper into the soil and into the cuticle of
mosquitos resting on the surface are favoured by
high atmospheric humidity. At a higher humidity
the insecticide is at a lower concentration in the
surface layer of soil but is more effective biologically.
A typical sequence of events, therefore, is high
contact toxicity initially and as long as particulate
deposits persist on the surface, a marked loss in
effectiveness when they disappear, and then a more
gradual loss in effectiveness as the sorbed insecticide
diffuses deeper into the soil.
On the criterion of at least 70% kill after an expo-

sure of one hour, DDT at a dosage of 2 g/m2 was
effective on Babati bricks for one to two and 16-24
weeks at 50% and 80% relative humidity respectively,
and on the less sorptive Magugu bricks for 8-12
and more than 32 weeks at 500% and 80% relative
humidity respectively. Dieldrin at a dosage of
1 g/m2 was effective on Babati bricks for less than
one week and 12-16 weeks at 50% and 80% relative
humidity respectively, and on Magugu bricks for
8-12 and more than 32 weeks at 500% and 80%
relative humidity respectively.

It has been shown previously d that, whereas the
loss of lindane from deposits on glass plates was
rapid (50% in one week), no loss occurred from
Uganda dried-mud bricks until the concentration
was more or less uniform throughout the bricks, and
the time to reach this condition was humidity-
dependent. The effect of this reduction in the rate
of loss of a volatile compound was reflected in an
increase in the period of effectiveness of lindane on
both Babati and Magugu bricks, and of isobenzan
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TABLE I
SUMMARY OF DATA ON CHLORINATED HYDROCARBONS

Corn- LD50
pound (4/?

Initial contact toxicity on plywood

For- Do-
mulation sage Kill (%) after contact of:(g/M2)

2min 15 min 115 min 30 min 30min

Weeks effective (>70 % kill after 1-hr
exposure)

On On On On On
ply- Babati Babati Magugu Magugu. wood at 50% at 80% at 50 % at 80%RH RH RH RH

0.025 75 % w.p.

0.0022 50% w.p.

0.003 50 % w.p.

0.0014 50%w.p.

36 % w.p.

on Magugu bricks, compared with that on plywood.
The results with chlorinated hydrocarbons are

summarized in Table 1.

Phosphorothionates
By topical application in solution the 0,0-

dimethyl and 0,0-diethyl nitrophenyl- and methyl-
thio- phosphorothionates were highly toxic to
mosquitos, and deposits from wettable powder
formulations on plywood were generally persistent.
These, including Chlorthion, dicapthon, fenitrothion,
fenthion and ethyl Chlorthion, would be expected
to have a residual action for several months on
relatively non-porous, inert building materials.
The most persistent O,O-dimethyl 0-(3,5-dichlo-
ro-4-methylthiophenyl) phosphorothionate [OMS-44]
-is too toxic, however, to be used safely as a
conventional house spray.

Fenchlorphos and diazinon were more volatile
and their residual action on plywood was too short.
Coumaphos was highly toxic by topical application,
but crystalline deposits had a very poor contact
action which may be related to low lipoid solubility
and slow penetration through insect cuticle.

The residual action of deposits from wettable
powder formulations of the phosphorothionates on
dried mud bricks was of relatively short duration.
Sorption was rapid and generally followed by
decomposition. Compounds were effective on
bricks made from Babati or Magugu soil for no
more than one or two weeks at 50%-55% relative
humidity even at a dosage of 2 g/m2. At the higher
humidity of 80% and at a dosage of 2 g/m2 on
Babati bricks, fenthion was effective for four to eight
weeks but the other compounds were effective for
only one or two weeks. Residual action on Magugu
bricks under these conditions was somewhat better,
fenthion being effective for more than eight weeks,
fenitrothion and OMS-44 for four to eight weeks,
and the others for one or two weeks.

Results with the phosphorothionates are sum-
marized in Table 2.

Phosphonothionates

Compounds evaluated are given in Table 3. The
most toxic was 0-isopropyl 0-(2-chloro-4-nitro-
phenyl) ethylphosphonothionate [OMS-405], and
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deposits from a 250% wettable powder formulation it is highly toxic to mammals, the median lethal
were persistent on plywood, giving kills of more than single oral dose to rats being of the order of 10-20
70% after one-hour exposures for 26-32 weeks when mg/kg, and it could not be recommended for indoor
the initial dosage was I g/m2. However, it is readily spraying.
hydrolysed on soils, and at a dosage of 2 g/m2 gave a The remaining compounds were only moderately
residual action of only less than one and two to toxic by topical application, and were too volatile
four weeks on Babati and Magugu dried mud bricks or unstable to give adequate residual action on both
respectively at 80% relative humidity. Furthermore, plywood and dried mud.

TABLE 2

SUMMARY OF DATA ON PHOSPHOROTHIONATES

I.

LD5o Formu-
(sjg/ ;) lation

Initial toxicity on plywood, at 1 g/m' Weeks effective
on plywood at

Kill (%) after contact of: 1 g/M2 (> 70 %
21 m

kill after 1-hr
2 min 5 min 15 min 30 min |160 min exposure)

Chlorthion [OMS-217]
(0,0-dimethyl 0-3-chloro-4-nitrophenyl phos- 0.0098 20 % w.p.
phorothionate)

I~~~~~
Dicapthon rOMS-214]
(0,0-dimethyl 0-2-chloro-4-nitrophenyl
phorothionate)

phos- 0.0056

Fenitrothion [OMS-43]
(0,0-dimethyl 0-(4-nitro-m-tolyl) phosphoro- 0.0028
thionate)

Fenthion [OMS-21
(O,O-di methyl 0-4-methylthiophenyl-m-tolyl 0.0025
phosphorothionate)

OMS-236
(0,0-dimethyl 0-3,5-dimethyl-4-methylthiophe- 0.013

50 % w.p.

40% w.p.

40 % w.p.

25 % w.o.
nyl phosphorothionate)

Fenchlorphos [OMS-123]
(0,0-dimethyl 0-2,4,5-trichlorophenyl phospho- 0.022 25 % w.p.
rothionate)

Bromophos [OMS-658]
(0,0-dimethyl 0-2,5-dichloro-4-bromophenyl 0.019 20 % w.p.
phosphorothionate)

r;ML rl. o.r^.o L_ Irtrnyi Chlorinion LvivS-3W'JVUJ
(0,0-diethyl 0-3-chloro-4-nitrophenyl phospho-
rothionate)

OMS-44
(0,0-diethyl 0-3,5-dichloro-4-methylthiophenyl
phosphorothionate)

Diazinon [OMS-469]
(0,0-diethyl 0-2-isopropyl-4-methyl-6-pyrimi-
dinyl phosphorothionate)

Coumaphos [OMS-485]
(0,0-diethyl 0-3-chloro-4-methyl-7-coumarinyl
phosphorothionate)

0.0049 25 % w.p.

0.0036

0.007

0.003

25 % w.p.

40 % w.p.

30 % w.p.

14 745 1005

I.

-; I-

59

100

0

40

86

100

100

0 43 100__ - -
50 100

79 100

100

_ 0

Compound

>20

20-26

16-20

>26

12-16

4-8

100 8-12

26-32

>52

4-8

O~ 0
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TABLE 3

SUMMARY OF DATA ON PHOSPHONOTHIONATES

Initial toxicity on plywood Wekefctv

LDso a mon plywood at
Compound (g/?) Formulation Kill (%) after contact of: fem2(<70 % kill

________________________ after 1-hr
2 min 5 min 15 min exposure)

OMS-405
(0-isopropyl 0-(2-chloro-4-nitrophenyl) ethylphos- 0.0063 25 % w.p. 4 29 100 26-32
phonothionate)

OMS-40
(0-methyl 0-(2,4-dichlorophenyl) methylphospho- 0.018 50 % emulsion 12 84 100 <1
nothionate)

OMS-414
(0-ethyl 0-(2,4-dichlorophenyl) ethylphosphono- 0.027 50 % w.p. 80 100 2-4
thionate)

OMS-578
(0-ethyl 0-(2,4,5-trichlorophenyl) ethylphosphono- 0.019 25 % w.p. 23 82 100 4-6
thionate)

OMS-582
(0-methyl 0-4-methyl-6-ethylthio-2-pyrimidyl 0.011 25 % w.p. 71 92 100 44
methylphosphonothionate)

Phosphorodithioates
The most promising residual insecticide in this

group of compounds, listed in Table 4, is malathion.
Its intrinsic toxicity by topical application was high,
and deposits from wettable powder formulations
had a persistent contact action on plywood and
other relatively non-porous materials. Sorption
was rapid, however, on porous dried muds and
although the rate of decomposition varied con-
siderably with different soils, residual action on
dried mud bricks was generally poor.
The intrinsic toxicity of carbophenothion (Tri-

thion) was low and accounted for the low contact
toxicity of deposits. The intrinsic toxicity of
azinphos-methyl (Guthion), as determined by
topical applications of solutions, was high but the
contact toxicity of crystalline deposits was low, due
probably to low lipoid solubility and slow penetration
of the insect cuticle.
By topical application dimethoate [OMS-94] was

twice as toxic as the diethyl compound OMS-297
and 10 times as toxic as OMS-242, which lacks the
N-methyl group of dimethoate. The contact toxicity
of formulations of all three compounds applied to
plywood was low. This is probably related to their
physical properties. Solubilities in water are 2.5%,

1.2% and 1 % for OMS-94, OMS-242 and OMS-297
respectively, and solution in the aqueous phase of
formulations would result in low surface deposits
on treated materials. Their appreciable solubilities
in water may also indicate that they lack the lipoid
solubility necessary for passage through the insect
cuticle.

Phosphonodithioates
The compounds in this group that have been

evaluated (Table 5) lack the toxicity and persistence
required for use as residual insecticides against adult
mosquitos.

Phosphoramidothioates
By topical application in solution the phos-

phoramidothioates listed in Table 6 were, in general,
relatively low in toxicity to adult mosquitos. Change
in toxicity with chemical structure showed no
general pattern in the two series of compounds
OMS-3, 4, 5, 122 and OMS-7, 8, 9, 290, although the
methylphosphoramidothioate was the least toxic
compound in each series. Toxicity increased as the
chain length of the alkoxy group of the three
phosphoramidothioates OMS-3, 7 and 56 increased.
O-isopropyl 0-(2,4,5-trichlorophenyl) phosphorami-
dothioate [OMS-56] was, in fact, the most toxic of
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the compounds evaluated. The dichlorophenyl
compounds were less toxic than the corresponding
trichlorophenyl compounds.
The contact toxicity of deposits of 25% wettable

powder formulations on plywood was also low, even
at the high dosage of 2 g/m2. This is partly explained
by the generally low intrinsic toxicity but even the
most toxic, OMS-56, gave low kills after one-hour
exposures. One property of this series of compounds
which varies greatly is solubility in a paraffin such as
n-hexane, and the compounds showing the better
contact action were those with high solubility.
Some of these compounds should be capable of

having a long residual life on inert surfaces such as
plywood as judged by evaporation rates, but the

biological effectiveness of fresh deposits was so low
that it was considered not worth while investigating
residual action biologically. Sorption and decom-
position of these compounds were rapid on dried
soils and little residual action would be expected on
dried mud walls. The compounds could not be
recommended, therefore, for use as residual insecti-
cides against adult mosquitos.

Phosphoramidate
0-Methyl 0-(2,4,5 trichlorophenyl) ethylphos-

phoramidate [OMS-10] (Table 6) was more toxic to
A. stephensi by topical application in solution than
the corresponding amidothioate, OMS-5. Deposits
from a 25% wettable powder formulation on ply-

TABLE 4
SUMMARY OF DATA ON PHOSPHORODITHIOATES

Compound

Malathion [OMS-1]
(O-O-dimethyl S-(1 2-di(ethoxycarbonyl)ethyl)
phosphoridithloate)

OMS-315
(0,0-dimethyl
thioate)

S-4-chlorophenyl phosphorodi-

LD50

0.0074

0.021

Formu-
lation

30 % w.p.

40% w.p.

OMS-754
(0,0-dimethyl S-2-chlorophenyl phosphorodi- 0.028 40 % w.p.
thioate)

OMS-694
(2-(O,O-dimethyl-phosphorodithlomethyl)2-me- 0.015 25 % w.p.
thyl-1 ,3-dithiolane)

Carbophenothion [OMS-244]
(0,0-diethyl S-(4-chlorophenylthiomethyl)
phosphorodithioate)

0.052

Azinphos-methyl [OMS-186]
(0,0-dimethyl S-(4-oxobenzotriazino-3-methyl) 0.004
phosphorodithioate)

Dimethoate [OMS-941
(0,0-dimethyl S-methylcarbamoylmethyl phos- 0.004
phorodithloate)

OMS-242
(0,0-dimethyl S-carbamoylmethyl phosphorodi- 0.04
thloate)

50 % w.p.

25 % w.p.

40%
emulsion

25 % w.p.

Initial toxicity on plywood, at I gim' Weeks effective
on plywood at

Kill (%) after contact of: 1 g/m2(<70 %
kill after 1-hr

2 min mm 15 min 130 min 160 min exposure)1 5min I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~

20

28

4

19

71

87

38

73

100

100

100

100

0

0

0

0

13

0

7

0

>20

4-6

1-2

8-12

0

0

0

0

0I 08 5I w Ip 0 8 0

OMS-297
(0,0-diethyl S-methylcarbamoylmethyl phos-
phorodithioate)

- 1 1 1 | I~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~~
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TABLE 5

SUMMARY OF DATA ON PHOSPHONODITHIOATES

Initial toxicity on plywood at 1 g/m2 Weeks effective
LD.o Formu- ~~~~~~~~~~onplywood at

Compound (Lg/O lation Kill (%) after contact of: I gIM2(<70 % killGA91 9) lation ~~~~~~~~~~~~~~after1-hr
2 min 5 min 15 min 30 min exposure)

OMS-727
(0-methyl S-phenyl methylphospho- 0.13 50 % w.p. 0 76 100 <1
nodithloate)

OMS-169
(0-ethyl S-(4-methyl phenyl) ethyl- 0.014 25 % w.p. 11 92 100 2-4
phosphonodithioate)

OMS-698
(0-ethyl S-(3-methyl4-chlorophe- 0.015 _- --_
nyl) ethylphosphonodithloate)

OMS-590
(0-isopropyl S-(4-methylphenyl) 0.052 50 % w.p. 15 56 96 4-8
chloromethylphosphonodithloate)

wood panels, however, gave no kills when mosquitos
were exposed on them for two hours. Deposits
should be persistent on an inert material such as
plywood as this compound has a low rate of evapora-
tion, but residual action was not investigated
biologically because of the poor results obtained
with fresh deposits. Sorption on dried soils was
rapid, and was followed by rapid decomposition.

Dichlorvos and related compounds
Dichlorvos [OMS-14] and the related compounds

listed in Table 7, with the exception of butonate,
were highly toxic to mosquitos by topical application.
In general, however, they were too volatile for
deposits to have adequate residual action on ply-
wood, and they were rapidly decomposed on soils.
2-Chloro-l-(2,4-dichlorophenyl)vinyl dimethyl phos-
phate [OMS-712] is a solid with the greatest persis-
tence on plywood, being effective at a dosage of
1 g/m2 for more than 32 weeks, but at a dosage of
2 g/m2 it was effective for less than one week and
one to two weeks on Babati and Magugu bricks
respectively. These compounds, therefore, are not
sufficiently persistent to be used as residual insecti-
cides against adult mosquitos, but dichlorvos, of
course, is used as a residual fumigant.

Carbamates
The intrinsic toxicities of a number of derivatives

of phenyl N-methylcarbamate were determined, and

results have been recorded in an earlier paper.f
The initial and residual contact action of deposits
from wettable powder formulations of the majority
of the more toxic compounds is given in Table 8.
Also investigated were the parent compound,
phenyl N-methylcarbamate [OMS-483], and 3-iso-
propylphenyl N, N-dimethylcarbamate [OMS-476]
because of its greater stability to alkaline hydrolysis
than the corresponding N-methylcarbamate.

Initial contact toxicity on plywood was generally
high, the more toxic compounds giving 100% kills
after a contact of five minutes or less. As would be
expected, contact toxicity generally decreased as the
median lethal dose increased, with minor variations
due to differences in formulation properties and the
concentration of active ingredients in the wettable
powders. There were a few anomalies, however,
and these will be considered in detail elsewhere.
Thus, carbaryl had a very poor contact action, and
those of 3,5-dimethyl-4-methylthiophenyl N-methyl-
carbamate [OMS-93] and 3,4,5-trimethylphenyl
N-methylcarbamate [OMS-597] were lower than
expected from their intrinsic toxicities. The solubility
of these compounds in a paraffin such as n-hexane is
low. On the other hand, the contact toxicities of
phenyl N-methylcarbamate and 3-isopropylphenyl
N,N-dimethylcarbamate were higher than expected.

f Hadaway, A. B. & Barlow, F. (1965) Bull. Wld Hith
Org., 32, 581-585.
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In the latter case this may be explained by the fact
that this compound is a liquid whereas the others are

solids, and that the insecticide remained attached
to the aggregates of carrier which in turn formed a

raised, coarsely particulate deposit on the wood
surface. Contact with this deposit probably resulted
in gross contamination of the tarsi with the mobile
liquid insecticide.

Phenyl N-methylcarbamate and 3-isopropylphenyl
N,N-dimethylcarbamate were both highly volatile

and were effective on plywood for less than one week.
2-Isopropylphenyl N-methylcarbamate [OMS-32]
was also highly volatile and effective for only four to
six weeks. Several compounds of moderate volatility
persisted for from 12 to 20 weeks on plywood, and
those of low volatility giving the longest residual
action were 3,4-dimethyl-6-chlorophenyl N-methyl-
carbamate [OMS-174], more than 52 weeks; 3,5-
dimethyl-4-methylthiophenyl N-methylcarbamate
[OMS-93], more than 32 weeks at both 1 g/m2 and

TABLE 6
SUMMARY OF DATA ON PHOSPHORAMIDOTHIOATES AND A PHOSPHORAMIDATE

Initial toxicity on plywood
at 2 glm2

LDso
Compound (4g/O) Kill (%) after contact of:

30 min 60 min 120 min

OMS-3
(0-methyl 0-(2,4,5-trichlorophenyl) phosphoramidothloate) 0.035 0 0 48

OMS-4
(0-methyl 0-(2,4,5-trichlorophenyl) methylphosphoramidothloate) 0.059 - - -

OMS-5
(0-methyl 0-(2,4,5-trichlorophenyl) ethylphosphoramidothloate) 0.032 8 58 100

OMS-122
(0-methyl 0-(2,4,5-trichlorophenyl) isopropylphosphoramidothioate) 0.0350 0 32

OMS-7
(0-ethyl 0-(2,4,5-trichlorophenyl) phosphoramidothioate) 0.029 - - -

OMS-8
(0-ethyl 0-(2,4,5-trichlorophenyl) methylphosphoramidothioate) 0.046 - - -

OMS-9
(0-ethyl 0-(2,4,5-trichlorophenyl) ethylphosphoramidothioate) 0.032 0 35 100

OMS-290
(0-ethyl 0-(2,4,5-trichlorophenyl) isopropylphosphoramidothioate) 0.0380 4 83

OMS-56
(0-isopropyl 0-(2,4,5-trichlorophenyl) phosphoramidothioate) 0.014 0 25 96

OMS-11
(0-methyl 0-(2,4-dichlorophenyl) ethylphosphoramidothioate) 0.052 - - -

OMS-1 15
(0-methyl 0-(2,4-dichlorophenyl) isopropylphosphoramidothioate) 0.075 0 25 87

OMS-12
(0-ethyl 0-(2,4-dichlorophenyl) phosphoramidothioate) 0.035 - - -

OMS-10
(0-methyl 0-(2,4,5-trichlorophenyl) ethylphosphoramidate)
(0-methyle
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TABLE 7
SUMMARY OF DATA ON DICHLORVOS AND RELATED COMPOUNDS

Initial toxicity on plywood at I g/m' Weeks effective
LD5 Formu- ion plywood at

Compound (iD/9) iatlon Kill (%) after contact of: I g/m' (<70% kill
2 mln 5 min 15 min 30 min exposure)

Dichlorvos [OMS-14]
(0,0-dimethyl 2,2-dichlorovinyl 0.0025 50% 100 4-8
phosphate) emulsion

Naled [OMS-75]
(0,0-dimethyl 1,2-dibromo-2,2-dich- 0.004 80% 100 2-4
loroethyl phosphate) emulsion

Butonate
(0,0-dimethyl 1-butyryloxy-2,2,2-tri- 0.034 25 % w.p. 10 75 100 <2
chioroethyl phosphonate)

OMS-712
(2-chloro-1-(2,4-dichlorophenyl) 0.004 50 % w.p. 69 100 >32
vinyl dimethyl phosphate)

OMS-593
(0-methyl 0-carboethoxymethyl 0- 0.007 50% 2 84 100 <1
dichlorovinyl phosphate) emulsion

OMS-365
(0,0-dimethyl 1-o-tolyl-thlovinyl 0.0023 25 % w.p. 62 100 4-8
phosphate)

OMS-349
(0,0-dimethyl 1-(p-chlorophenyl 0.0017 50% 0 46 100 8
thio) vinyl phosphate) emulsion

OMS-215
(ethyl 2,2-dichlorovinyl benzene- 0.0027 50% 100 6-8
phosphonate) emulsion

0.5 g/m2; 3,5-di-isopropylphenyl N-methylcarba-
mate [OMS-575], 32-36 weeks; and 3,4,5-trimethyl-
phenyl N-methylcarbamate [OMS 597] 32-36 weeks.
Deposits of carbaryl were very persistent, but as
mentioned above, the contact toxicity of fresh
deposits was too low.

All of the carbamates were readily sorbed on
dried mud bricks, and the sorption process and
diffusion of the sorbed insecticide were affected by
atmospheric humidity in the same way as described
previously for chlorinated hydrocarbons. At a
dosage of 2 g/m2 surface deposits from suspensions
of < l0-t crystals of 3-isopropylphenyl N-methyl-
carbamate [OMS-162] disappeared within about
three hours at both 20% and 80% relative humidity
on Babati bricks, and within two to four and four to
seven days at 20% and 80% relative humidity
respectively on Magugu bricks. At a dosage of

2 g/m2 surface deposits from suspensions of <l10.
crystals of 3,4-dimethyl-6-chlorophenyl N-methyl-
carbamate [OMS-174] disappeared in less than one
week at both 20% and 80% relative humidity on
Babati bricks, but persisted for about three and six
weeks at 20% and 80% relative humidity respectively
on Magugu bricks.

In general the sorbed carbamates were stable in
the standard soils or decomposed only very slowly,
and so were potentially biologically active. The
sorbed carbamates were like the chlorinated hydro-
carbons in that they were more active as atmospheric
humidity increased, but differed from them in that
they were much more active on Magugu than Babati
soil at a given concentration and humidity.e The
residual action of carbamates on Babati bricks was
generally poor at both 50 %-55% and 80% relative
humidity, the most toxic compound, 3-isopropyl-

10
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TABLE 8
SUMMARY OF DATA ON CARBAMATES

Initial contact toxicity Weeks effective;
at I WImt on plywood (>70 % kill after 1-hr

exposure)
Compound LD5o For-On n(Co&g/m) mulation Kill (%) after contact of: On Oanbat MOggu

alfoot2g/M2~ at2g/M2
2 min 5 min 15 min 30 min 60 min g and 80A and80%
2mm 5mm15mm ~~~~~~~RHRH

OMS-162 (= OMS-15)
(3-isopropylphenyl N-methylcar- 0.0019 50 % w.p. 100 16-20 2-4 16-20
bamate)

OMS-33
(2-isopropoxyphenyl N-methyl- 0.002 50 % w.p. 85 100 >16 -
carbamate)

OMS-30
(3-sec-butylphenyl N-methylcar- 0.002 25 % w.p. 100 12-16 --
bamate)

OMS-93
(3,5-dimethyl-4-methylthlophenyl
N-methylcarbamate)

OMS-716
(3-methyl-5-isopropylphenyl
N-methylcarbamate)

0.0025

0.0035

50 % w.p.

50 % w.p.

4

35

-I I~

OMS-32
(2-isopropylphenyl N-methylcar-
bamate)

0.0036 50 % w.p. 75

43 94

100

100

>32

16-20

4-6

OMS-227
(3-sec-amyiphenyl N-methylcar- 0.0037 25 % w.p. 46 100 12-16
bamate)

OMS-174
(3,4-dimethyl-6-chlorophenyl
N-methylcarbamate)

0.0041 65%w.p.

Carbaryl [OMS-29] 0.0046 50 % w.p.(1-naphthyl N-methylcarbamate) 004 0%WP

OMS-597
(3,4,5-trimethylphenyl N-methyl-
carbamate)

Zectran [OMS-47]
(3,5-dimethyl-4-dimethylanimo-
phenyl N-methylcarbamate)

OMS-575
(3,5-di-isopropylphenyl
N-methylcarbamate)

OMS-483
(phenyl N-methylcarbamate)

0.0053

0.0084

0.013

0.056

50 %w.p.

67

I ~~~ I- I

25 % w.p.

93

5

4

_I

25 % w.p.

25 % w.p.

20

0

100

63

50

71

100

>52

I. II

0

100

100

95

13 0

32-36

16-20

32-36

<1

<1

<1

<1

1-2

0

<1

<1

<1

8-12

8-12

4-8

12-16

0

4-8

2-4

2-4

(3-isopropylphenyl 0.091 50 % w.p. 19 62 100 <1 0 <1
N,N-dimethylcarbamate

II~
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phenyl N-methylcarbamate, being effective for only
two to four weeks at a dosage of 2 g/m2 and 80%
relative humidity. Residual action on the less
sorptive Magugu soil was better when the less
volatile compounds persisted as surface deposits for
several weeks (OMS-93 and OMS-174) or when the
sorbed insecticide was sufficiently toxic (OMS-162).
At 50Y%-55Y% relative humidity OMS-162, OMS-93
and OMS-174 at a dosage of 2 g/m2 were effective
on Magugu bricks for 8-12, 4-8, and 4-8 weeks
respectively, and at 80% relative humidity were
effective for 16-20, 8-12 and 8-12 weeks respectively.

Discussion

The insecticidal and residual properties of various
chlorinated hydrocarbons, organophosphorus com-
pounds and carbamates have been evaluated by
standardized laboratory bio-assays using adult
mosquitos, Anopheles stephensi List., as the test
insect. The number of weeks for which kills exceed
70% after an exposure of one hour on the treated
surface has been taken as a measure of the residual
action of a compound. In the field, of course, the
length of time mosquitos rest inside treated houses
varies according to the habits of the species and to
any irritant or repellent properties the insecticide
may possess.

Deposits of wettable powder formulations of
DDT, dieldrin and lindane have been found pre-
viously to have similar contact toxicities and residual
properties on plywood, grass and straw thatch,
palm leaf and bamboo. Plywood was used, therefore,
to represent a number of relatively non-porous,
chemically inert building materials. On plywood,
the well-established insecticides DDT and dieldrin
were very persistent and had a long residual action,
dieldrin at a dosage of 1 g/m2 being effective for
42-48 weeks and DDT for more than a year. The
chlorinated hydrocarbons lindane, isobenzan and
endosulfan were much more volatile and were effec-
tive for much shorter times. Several phosphorothio-
nates, including Chlorthion, dicapthon, ethyl Chlor-
thion, fenitrothion, fenthion and OMS-44; a phos-
phorodithioate, malathion; and a phosphonothionate
(OMS4-05) combine high intrinsic toxicity with low
volatility and would be expected to be effective
against adult mosquitos on this type of building
material for several months. The remaining
organophosphorus compounds evaluated lack either
the toxicity or the persistence and stability to be
considered for use as residual insecticides against
adult mosquitos. On the other hand, several carba-

mates show considerable promise combining high
toxicity with low or moderate volatility. The
most persistent were 3,4-dimethyl-6-chlorophenyl
N-methylcarbamate [OMS-174], 3,5-dimethyl-4-
methylthiophenyl N-methylcarbamate [OMS-93],
3,4,5-trimethylphenyl N-methylcarbamate [OMS-
597], and 3,5-di-isopropylphenyl N-methylcarbamate
[OMS-575]. The most toxic compound in this
group, 3-isopropylphenyl N-methylcarbamate [OMS-
162], had a moderate persistence, being effective for
16-20 weeks at a dosage of 1 g/m2.
In many tropical countries, the walls of houses are

frequently constructed of dried mud made by
puddling local soil with water. Sand, gravel, straw
or cowdung may be added. Many of the soils,
especially the red lateritic earths, are highly sorptive
and this property has a marked effect on the residual
action of wettable powders sprayed on to porous
mud walls. For a compound to be effective as a
residual insecticide on dried mud it must remain on
the surface as a particulate deposit or it must be
highly active when sorbed into the soil. The first
situation is obtained when the sorptive capacity of
the soil and the vapour pressure of the compound
are low and the persistence of surface deposits
increases with increasing atmospheric humidity.
Requirements for the second situation are stability
of the compound in the soil, high intrinsic toxicity
and high atmospheric humidity.
DDT had a long residual action on dried mud

bricks made from Babati soil and the less sorptive
Magugu soil at 80% relative humidity by virtue of
its persistence as surface deposits. Dieldrin was less
persistent than DDT as surface deposits and its
long residual action on both soils is related to its
high intrinsic toxicity and stability in the sorbed
state. Sorption of the more volatile and highly toxic
chlorinated hydrocarbons lindane and isobenzan
reduced the rates of foss by evaporation, and both
insecticides had a longer residual action on Magugu
bricks at 50% relative humidity than on plywood.
The residual action on dried mud bricks of all of the
organophosphorus compounds and carbamates
evaluated was inferior to that of DDT and dieldrin.
Many of the organophosphorus compounds are
liquids and sorption into the soil was rapid and
generally followed by decomposition at rates varying
from soil to soil so that long residual action would
not be expected. Fenthion was the most effective
organophosphorus compound. Surface deposits of
carbamates were readily sorbed, and although the
compounds were stable in the soils or decomposed
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only slowly, their residual action was generally of
short duration especially on the sorptive Babati bricks.
On the less sorptive Magugu bricks at 80% relative
humidity the compounds of low volatility-3,5-
dimethyl-4-methylthiophenyl N-methylcarbamate
[OMS-93] and 3,4-dimethyl-6-chlorophenyl N-
methyl carbamate [OMS-174]-were effective at a
dosage of 2 g/m2 for about three months, owing
largely to persistence of surface deposits, while 3-iso-
propylphenyl N-methylcarbamate [OMS-162] was
effective for four to five months owing to its high
intrinsic toxicity and activity in the sorbed state.
To summarize the results, therefore, deposits of

wettable powder formulations of a number of
phosphorothionates and carbamates would be
expected to have a long residual action on relatively
non-porous, chemically inert building materials,
and a very much shorter one on porous dried mud.
The relationship between chemical structure and

intrinsic toxicity has been investigated for derivatives
of phenyl N-methylcarbamate, and has been the
subject of a separate report.f The physical properties
of compounds also exert a considerable influence on
the contact toxicity of deposits to adult mosquitos.
Deposits from a wettable powder formulation of a

liquid insecticide on a relatively non-porous sub-
strate are generally more effective than those of a
solid insecticide of comparable intrinsic toxicity,
and this is probably due to ease of pick-up and
penetration through the insect cuticle. Several
instances have been referred to in this report of solid
insecticides showing a lower contact action than
would be expected from their intrinsic toxicity as
measured by topical applications of solutions.
Generally, the compounds are characterized by low
lipoid solubility. Further investigations on the
relationship between physical properties of com-
pounds and their contact action are in progress and
will be described in due course.

* *
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Technique for Infecting Larvae of the Culex pipiens Complex
with a Mermithid Nematode and for Culturing the Latter in the Laboratory

by J. MUSPRATT, Former Senior Bursar (C.S.I.R.), Department of Entomology, South African
Institute for Medical Research, Johannesburg, South Africa

An as yet undetermined mermithid nematode a
parasite of mosquito larvae was discovered by the
writer in Zambia (then Northern Rhodesia) some
twenty years ago b and was successfully cultured in
the laboratory.c When cultured in association with
an unknown number of species of other organisms
the method is termed " xenical ". d

Until December 1962 the mermithid had not been
seen again for many years, but by a rather lucky

a Considered by Dr H. E. Welch (personal communica-
tion) to be referable to Romanomermis Coman.

b Muspratt, J. (1945) J. ent. Soc. S. Afr., 8, 13.
c Muspratt, J. (1946) J. ent. Soc. S. Afr., 10, 131.
d Welch, H. E. (1963) Nematode infections. In: Steinhaus,

E. A., ed., Insect pathology, an advanced treatise, New York
and London, Academic Press, vol. 2, p. 385.

chance it was rediscovered in the same locality,
where it parasitizes most but not all species of tree-
hole-breeding culicines that occur there. But two of
the commonest Aedes species appear to be entirely
resistant to or not favoured by the nematode.

In view of the anti-filariasis campaigns being
organized by the World Health Organization and
other bodies in various parts of the world, it was
decided to ascertain the susceptibility of one of the
most important vectors-namely, Culex pipiens
fatigans Wiedemann. It was found that not only is
the larva of this species very much favoured by the
mermithids, but they develop in it as well as or better
than in larvae of Aedes aegypti L., which was the
original laboratory host. In addition, the living
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