
Bull. Org. mond. Sant 1 179 413437
Bull. Wld Hlth Org. 1957,

TOXICITY
OF SOME NEWER INSECTICIDES TO LARVAE

AND PUPAE OF CULEX FATIGANS WEIDEMANN*

E. S. THEVASAGAYAM, M.A., M.Sc.
Entomologist, Medical Research Institute, Colombo, Ceylon

SYNOPSIS

The toxicity of DDT, dieldrin, endrin, malathion, parathion,
Systox and P4 to larvae and pupae of Culex fatigans has been
studied. Two colonies of mosquitos were maintained for the
purpose-one at 88° ±20F (31.10 ± 1 .1°C) and 70%-80% relative
humidity, and the other at 720 ±3°F (22.20 ± 1.7°C) and 45 %-55%
relative humidity.

For test purposes 25 larvae or pupae were exposed to acetone
solutions of insecticides in 25 ml of water, and mortality counts were
taken at the end of 24 and 48 hours. The percent mortality was
plotted on a logarithmic dosage-probit paper and the LC50 (the
concentration required to kill 50%) was read from the slopes ob-
tained. The confidence limits for LC60 and the slope functions were
worked out statistically.

Of the insecticides tested, parathion was found to be the most
toxic to larvae. The others in their order of toxicity were endrin,
dieldrin, DDT, malathion, P4 and Systox. The LC50 at 24 hours
ranged from 0.003 parts per million (p.p.m.) for parathion to 0.18
for Systox. The third-instar larvae were more susceptible to insecti-
cides than those in the fourth-instar stage.

Pupae were more resistant to insecticides than larvae. Parathion
and endrin gave LC50's of 0.034 and 0.04 respectively. P4 and mala-
thion gave very poor results. Dieldrin and Systox acted slowly on
pupae, and the 48-hour mortality is given for these. DDT showed
extremely low toxicity to pupae.

DDT, dieldrin, endrin and parathion were more toxic to larvae
reared and tested at the lower temperature than to those reared and
tested at the higher. The temperature after exposure to DDT altered
toxicity to a greater extent than the temperature at which the larvae
had been reared.

The toxicity of several insecticides to mosquito larvae has been reported
in the literature, where the comparison of the performance has been made
on the basis of p.p.m. (parts per million) of insecticide required to obtain
100% kill. Since there is always a great variation in the dosages required
to kill 95 %-l00 %, the concentration required to kill 50% (LCr0) is con-
sidered a better basis for comparison.

Prepared, with the assistance of a WHO Fellowship, on the basis of work carried out at the Univer-
sity of California, Berkeley, USA
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Culex fatigans was selected as a representative culicine for comparing
the toxicity of some insecticides. It is easy to culture, and a colony was
readily available. Work with this species also has particular practical
value, as it is one of the most widespread household pest mosquitos of the
warmer regions of the world, a highly-active nocturnal biter, and an impor-
tant vector of bancroftian filariasis. It breeds in various types of artificial
water containers, and has a special preference for polluted water.

Residual spraying of houses with DDT has been tried, without much
success, as one of the chief means of controlling this mosquito in many
parts of the world. The failure of this method has been reported by
Wharton 22 from Malaya, Brown & Williams 2 from St. Croix, USA,
Davidson 4 from East Africa and Charles 3 from British Guiana. Since
C. fatigans is known in tropical countries to be an urban type of mosquito,
residual spraying would become more expensive as the ratio of house
wall-surface to breeding-places increased; it seems, therefore, that the use
of larvicides would be the method of choice for control.

It has been observed that culicine larvae are more difficult to control
than anopheline larvae, both because of the greater inherent tolerance of
insecticides by the former and because culicine breeding-places usually
have a high content of organic matter and scum which interferes with the
action of the insecticide. A much greater dose is therefore generally required
to kill culicines. Hurlbut & Bohart 9 pointed out that C. fatigans larvae
were much more difficult to kill in foul water than in distilled water.

It is the object of the present study to compare, under standard con-
ditions, the performance of some of the newer insecticides with regard to
their toxicity to larvae and pupae of C. fatigans, on the basis of their LC50's
and the slopes of their dosage-mortality regression-lines (the slope gives
an indication of the range of the dose required to increase the kill from
about 10 %-90 %). In addition, the relationship of toxicity to the tempera-
ture at which the insect is held before and after treatment is investigated.

There is no indication in the literature that any similar work has been
undertaken with C. fatigans. However, other species of mosquito larvae
have been tested by other workers. Keller & Chapman 10 tested Anopheles
quadrimaculatus with phosphoric acid esters. They used acetone solutions
of the insecticides in distilled water at dosages ranging from 1.0 to 0.0005
p.p.m. In 2-4 replicates of 25 larvae each they found that sulfotepp, para-
thion and EPN were equally effective and more toxic then DDT, malathion,
diazinon and para-oxon. .

With wild-caught Aedes dorsalis, Mitchener 16 found that DDT at
1 p.p.m. gave an 87% kill compared with 100% kills with aldrin, dieldrin,
endrin and isodrin. With pupae, when a concentration of 1 p.p.m. was
used, the percentage kills were-aldrin: 75; dieldrin: 79; endrin: 95;
isodrin: 78.8; and DDT: 6. The trials were carried out on 25 larvae at
a temperature of 72°F (22.2°C); an emulsifiable concentrate of the insecti-
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cide was used in 1000 ml of distilled water. Using the same technique,
Mitchener 17 reported that at 0.2-0.05 p.p.m. DDT, aldrin, dieldrin and
isodrin gave 100% kill of Aides vexans and Aides dorsalis. At 0.1 p.p.m.
DDT, endrin and dieldrin gave only 84%-98% kill. Toxaphene was less
toxic than the others, giving only 91 %-92% kill at 0.2-0.5 p.p.m. With
pupae, endrin gave 98 % kill at 0.5 p.p.m., whereas the others were ineffective.

In all the above experiments, 25 fourth-instar larvae were used in 1000 ml
of distilled water, and mortality counts were made at the end of 24 hours.
The insecticide was added either as an acetone solution or as an emulsifiable
concentrate.

Materials and Methods

The colony

A sub-colony of C. fatigans (quinquefasciatus) was established from a
colony originating about five years earlier from a nucleus collected in an
area of Kern County, California, where resistance to insecticides had not
been noted. The culture had been maintained for about two years by the
Kern County Mosquito Abatement District Laboratory and subsequently
by the toxicology section of the Department of Entomology and Parasi-
tology, University of California, Berkeley.

The sub-colony was maintained in a dark room at a temperature of
880+20F (31.10±2.10C) and a relative humidity of 70%-80%.

The adults were kept in cages measuring 12 x 12 x 24 inches (approxi-
mately 30 x 30 x 60 cm). During the day the room was artificially lighted
by electricity. The mosquitos were fed on a live chicken left in the cage
every night in a restrainer; the adults were also provided with moistened
raisins and with sugar solution soaked on a cotton pad. They laid their
eggs in a finger-bowl of tap-water. The first batch was laid from the 5th
to the 8th day after emergence, and subsequent batches at intervals of an
average of 6 days. Each mosquito laid an average of 4-5 batches of eggs,
and the average egg count for a raft was 90-120.

The egg rafts were placed in enamel trays (18 x 12 x 2 inches (46 x 30 x 5
cm) containing tap-water and kept in the same room as the adults. The
larvae were fed on alfalfa pellets (4-5 pellets were put in the tray every
5 days) and a 1: 1 mixture of dry brewer's yeast and milk powder sprinkled
on the water with a salt-shaker. The scum which formed on the surface
of the water was removed every morning with a filter paper. The pupae
were picked as they pupated and put in the adult cage.

Under these conditions of temperature and relative humidity the average
life-cycle from egg to adult took about 6-10 days-egg 1-2 days, larva 4-6
days, and pupa 1-2 days. These figures are similar to those reported by
Roy 20 from Calcutta, where the life-cycle took 8-10 days at a time of year
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when the temperature range was 54°-81°F (12.20-27.20C). He does not,
however, mention the range of the relative humidity for the observation.
The average life-span of the females at the above temperature and relative
humidity was about 30 days.
A second colony was maintained in a room where the temperature was

720±30F (22.2±1.7°C) and the relative humidity varied from 45% to 55 %.
The adults and the larvae were kept in this room, which had sunlight
during the day, and were fed in the same way as the first colony. The life-
cycle took 15-20 days (egg 2-3 days, larva 10-13 days and pupa 3-4 days);
the females lived for an average of 40 days.

Test method

The method used for testing is similar to those adopted by Keller &
Chapman 10 and by Mitchener,16, 17 with slight modifications. They used
25 larvae in 1000 ml of water, whereas in the present experiment 25 larvae
were used in 25 ml of water. When the insecticide is added on the basis
of p.p.m., the amount of insecticide available in the former case is much
greater than in the latter, but there is less likelihood that the larvae will
use up a large proportion of the insecticide, thereby reducing the concentra-
tion appreciably. In the former experiment the comparison is on the basis
of a constant concentration of insecticide, whereas in the latter it is on the
basis of the total quantity of insecticide used.

Twenty-five fourth-instar larvae, or pupae, as the case may be, were
transferred into 30-ml beakers containing about 15 ml of distilled water.
The required amount of insecticide solution was then added and the water
level made up to 25 ml. The mixture was not agitated except by the addition
of the extra water to make up the 25 ml. These beakers were then left in a
chamber where the temperature was controlled. The number of larvae
dead was counted at the end of 24 and 48 hours. In most of the trials a
48-hour reading for the pupae was not possible, since many of those sur-
viving at the end of 24 hours emerged during the 24- to 48-hour period.
A stock solution of 100 mg of insecticide in 100 ml of acetone was

prepared. This was then diluted to give concentrations of 10.0, 1.0 and 0.1 y
(y = 0.001 mg) of insecticide per ml of acetone. The quantity of insecticide
solution added to each beaker was adjusted so that the amount of solvent
added never exceeded 250 A (A = 0.001 ml). Acetone was then added to
each beaker so as to make the acetone content of each beaker 250 A. This
precaution was taken so as not to introduce a variable in the form of a
solvent. Two controls, one using 250 A acetone in 25 ml distilled water,
and the other using distilled water alone, were run concurrently.

The insecticides used in the experiment were DDT, dieldrin, endrin,
malathion, parathion, Systox (all chemically pure) and technical P4 (R1303
supplied by the Stauffer Chemical Co.). The technical names of all insecti-
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cides mentioned in the text are given in the Annex (see page 435). These
insecticides were selected as a fair representation of the large number of
insecticides available. As DDT has been used for a long time, and as more
work has been done with it, it was chosen as a basis for comparing the
other insecticides. Each insecticide was tested at 880±20F (31.10±1.10C)
-hereafter referred to as " the higher temperature "-against larvae and
pupae reared at this temperature. DDT, dieldrin, endrin and parathion
were also tested at 720±30F (22.20±1.7C)-hereafter referred to as " the
lower temperature-against larvae reared at this temperature. Larvae
reared at the higher temperature were tested at the lower temperature, and
vice versa when DDT and dieldrin were used. Parathion and endrin were
also tested at the higher temperature against third-instar larvae reared at
that temperature.

With each insecticide and with each set of conditions at least 8 replicates
were made, giving a minimum total of 200 larvae or pupae tested. The
mortality rate in controls was negligible, averaging approximately 1 in
500 larvae tested, and never more than a single larva in a test group of
25 larvae.

Occasionally there also occurred some inexplicable variations in the
results, with one trial giving readings far outside the usual range. With
sufficient replicates to obtain the normal pattern of the performance it was
possible to discard such data.

At times during the experiments some larvae pupated, and some adults
emerged in the trials with pupae, within the 24- or 48-hour observation
period. Under these conditions, if the number of such changes was small
these were ignored and the percent mortality was calculated from those
remaining unchanged (for example if 15 larvae were killed out of 25 and
5 had pupated, then the mortality was calculated on the basis of 15 dead
out of 20 to give 75 % mortality; or if 22 were killed and 3 had pupated, the
mortality was taken as 100%). All the larvae that pupated remained alive,
whereas some of the adults which emerged during the trials were dead when
readings were taken.

No attempt was made in the experiments to determine the minimum
dose which would give a 1000% kill in 24 hours. It is felt that such a study
does not give a clear indication of the performance of the insecticide, as it
has often been found that there is disproportionate difference between the
dose required to kill 95 % and that required to kill 100 %; hence the method
of determining the precise LC50 with the aid of a mortality curve has been
chosen. This, with the slope of the curve, will give a truer picture of the
nature and performance of the insecticide tested.

An attempt was made first to determine 4-5 convenient dosages which
would give a mortality range from about 10% to 90%. Once these dosages
were determined, they were repeated 8-10 times with 25 larvae or pupae in
each instance, to give a minimum total of 200 larvae or pupae for each dose.
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Method of analysis of data

The dosage mortality data are plotted on logarithmic dosage-probit
paper for an estimation of LC50 values. For calculation of such statistical
properties as slope function, standard error and confidence limits for LC50,
the graphical methods of Litchfield, jr. & Wilcoxon 13 are used. The pro-
cedure is as follows: the LC50, LC84 and LC16 are obtained from the morta-
lity lines on the log dosage-probit paper. The slope function (S) is then
expressed as:

LC84 LC50

LC50 LC16
2

which amounts to calculating the change in the log dosage per unit change
in probit. However, McKenzie & Hoskins'4 felt that this was an unusual
method of expressing slope, since it is the horizontal distance per unit rise
instead of the rise per unit horizontal distance. Therefore they felt that
the reciprocal of S which would give the rise per unit horizontal distance
was a better method of expressing slope. This method has been followed
in the present study, where S is expressed as:

2
LC84 LC50
LC50 LC16

The number of insects used between 16% and 84% mortality is given
by N'. The factor for LC50 (FLC50) is given as S2.771IVN'. For 95 % con-
fidence, the confidence limits for LC50 would be:

FLC50FLC° - and LC50xFLC50

Results

Toxicity to fourth-instar larvae

The results of the tests with fourth-instar larvae reared and tested at the
higher temperature are given in Table I. For each of the dosages tested a
mean percentage kill is given with the range obtaining in 8 replicates of
25 each, and the standard error for each mean value. There is some over-
lapping in the ranges but these are few, and the standard error gives an
indication of the range into which the majority of observations fell. The
LC50 in p.p.m. for each insecticide, with its confidence limits for 95 %
confidence, is given in Table II. The LC50 is obtained from the slopes
given in Fig. 1, and the slope function for each is given in Table II. The
confidence limits for LC50 and the slope functions have been calculated
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FIG. 1. DOSAGE MORTALITY LINES FOR FOURTH-INSTAR LARVAE, REARED AND
TESTED AT THE HIGHER TEMPERATURE, AFTER 24 HOURS' EXPOSURE

TO INSECTICIDES

95 95
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using the methods of Litchfield, jr. & Wilcoxon,13 as modified by McKenzie
& Hoskins.'4

The results show that, of the insecticides tested, parathion, with an
LC50 of 0.003 p.p.m., is the most toxic to fourth-instar larvae of C. fatigans.
Endrin and dieldrin come next in the order of toxicity, with LC50's of
0.015 and 0.016 p.p.m., respectively about five times less toxic than
parathion. The LC50's for DDT and malathion are 0.062 and 0.084, respec-
tively-about 20-30 times less toxic than parathion. P4 and Systox are the
least toxic, with LC50's of 0.125 and 0.18 respectively-about 50 times less
toxic than parathion.

The slopes given in Fig. 1 give an indication of the range of the doses
required to kill 10%-90% of the larvae. The slope function for these,
expressed as the rise per unit distance, is given in Table II. Parathion,
dieldrin, DDT, malathion and Systox gave very steep slopes with slope
function ranging from 0.645 to 0.77. Although Systox was the least toxic
of the insecticides tested, it gave the highest slope function-0.77. The
dosage range in these insecticides for 10%-90% kill was small. P4 gave a
slope function of 0.555, with a wider range for the dosage. Endrin gave
the least slope function-0.454-thus indicating the widest range of dosages
required to increase the kill.
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Observations were made of the mortality at the end of 48 hours. Para-
thion gave an increase in the mortality rate of 10 %-15 % at the higher dos-
ages and of about 5 %-10% at the lower dosages. Dieldrin, DDT and P4
gave an increase of 5 %-10 %, malathion, 15 %-20 %, and Systox, 25 %-30 %,
at all the dosages. Endrin did not show any appreciable change in the
mortality rate at the end of 48 hours.

Toxicity to third-instar larvae

The results of toxicity tests with third-instar larvae reared and tested at
the higher temperature are given in Table III. The LC50, its confidence
limits, and the slope functions are given in Table IV. Parathion and endrin
were tested with third-instar larvae. The LC50 for parathion is 0.00086
p.p.m., as compared with 0.003 p.p.m. for the fourth-instar larvae. The
LC50 for endrin is 0.0072 p.p.m., as compared with 0.015 for the fourth-

TABLE III. AVERAGE PERCENT MORTALITY, RANGE AND STANDARD ERROR FOR
8 REPLICATES OF 25 EACH OF THIRD-INSTAR LARVAE, REARED AND TESTED AT
THE HIGHER TEMPERATURE, AFTER EXPOSURE FOR 24 HOURS IN WATER TO

ACETONE SOLUTIONS OF INSECTICIDES

Dosage 1 Parathion 1 Endrin
(PPm.) A.P.M. range S.E. A.P.M. range S.E.

0.0006 21 16-24 3.8

0.0008 42 36-48 5.1

0.001 59 56-64 3.8

0.0012 81 78-84 2.6

0.006 11 0-16 7.5

0.007 33 20-40 9.4

0.008 60 48-68 8.6

0.01 84 68-92 10.6

A.P.M. = average % mortality
S.E. = standard error

TABLE IV. LC5o (P.P.M.), ITS CONFIDENCE LIMITS FOR 95% CONFIDENCE, AND
THE SLOPE FUNCTION OF INSECTICIDES OBTAINED BY 24-HOUR EXPOSURE OF
THIRD-INSTAR LARVAE, REARED AND TESTED AT THE HIGHER TEMPERATURE

Insecticide LC,, | Confidence limits Slope function

Parathion 0.00086 0.0008-0.00092 0.714

Endrin 0.008 0.0072-0.0089 0.561

422



TOXICITY OF NEWER INSECTICIDES TO MOSQUITOS 423

instar larvae. Parathion therefore is about three and a half times as toxic
to third-instar larvae as it is to fourth-instar larvae, and endrin is about
twice as toxic. The slopes for the two insecticides are given in Fig. 2. Both
insecticides give a higher slope function with third-instar larvae. These
results give an indication of the general picture, and since they are represen-
tative of the group, the others were not tested on the third-instar larvae.

FIG. 2. DOSAGE MORTALITY LINES FOR THIRD-INSTAR LARVAE, REARED AND
TESTED AT THE HIGHER TEMPERATURE, AFTER 24 HOURS' EXPOSURE

TO PARATHION AND ENDRIN
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90 90~~~~~~~
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Toxicity to pupae

The results of the toxicity tests with pupae reared at the higher temperature
and tested at the same temperature are given in Table V for parathion,
endrin, P4 and malathion. These insecticides gave precise kills at the end
of 24 hours. The LC50, its confidence limits, and the slope functions are
given in Table VI. The LC50 for parathion is 0.034 p.p.m., which is about
ten times as much as for fourth-instar larvae with the same insecticide.
The LC50's for endrin, P4 and malathion are 0.04, 2.4 and 4.8 respectively.
The LC50 for parathion is only a little less than that for endrin, although
with fourth-instar larvae the LC50 for parathion was five times less. The
performance of P4 and malathion was poor.

The slopes for the observations are given in Fig. 3. Malathion gave the
largest slope function-0.709-although it was the least toxic. The slopes
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TABLE V. AVERAGE PERCENT MORTALITY, RANGE AND STANDARD ERROR OF
8 REPLICATES OF 25 EACH OF PUPAE, REARED AND TESTED AT THE HIGHER
TEMPERATURE AFTER EXPOSURE FOR 24 HOURS IN WATER TO ACETONE SOLU-

TIONS OF INSECTICIDES

16-24

28-36

52-64

64-87

80-100

4-28

28-44

52-64

64-84

92-1 00

4-28

24-44

40-56

64-88

96-1 00

10.0

10.2

6.5

8.6

2.2

18

37

58

77

97

18

31

49

78

98

A.P.M. = average % mortality
S.E. = standard error

TABLE VI. THE LC5o (P.P.M.), ITS CONFIDENCE LIMITS FOR 95% CONFIDENCE, AND
THE SLOPE FUNCTION OF INSECTICIDES OBTAINED BY 24-HOUR EXPOSURE OF

PUPAE REARED AND TESTED AT THE HIGHER TEMPERATURE

for the other three are within the range 0.526 and 0.571. There appears to
be no significant difference between the slopes for the larvae and those for
the pupae.

The action of dieldrin and Systox was somewhat different from the
others. At the dosages given, the percent mortality at the end of 24 hours

424

Endrin P4 Malathion

range S.E. A.P.M. range S.E. A.P.M. range S.E

Insecticide LCso Confidence limits J Slope function

Parathion 0.034 0.029-0.04 0.571

Endrin 0.04 0.035-0.046 0.526

P4 2.4 2.1-2.7 0.526

Malathion 4.8 4.5-5.1 0.709

2.6

3.0

3.6

6.9

6.1

9.6

5.9

4.2

7.8

3.2
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FIG. 3. DOSAGE MORTALITY LINES FOR PUPAE, REARED AND TESTED AT THE
HIGHER TEMPERATURE, AFTER 24 HOURS' EXPOSURE TO INSECTICIDES

95 1
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was low, but a significant number of those pupae that were not dead were
moribund, and most of these died within 48 hours. Adult emergence
during the 24- to 48-hour period did not take place, in contrast to our
experience with the other insecticides. With the other insecticides there
was never a significant number of moribund pupae at the end of 24 hours.
The action of dieldrin and Systox was much slower than the others. It is
felt that the percent mortality at the end of 24 hours will not give a true
picture, and therefore the percent mortality at the end of 48 hours is given
in Table VII, and all other data are also given for mortality at the end of
48 hours. The LC50, its confidence limits, and the slope functions are
given in Table VIII; the slopes are shown in Fig. 4. The- LC50 for 48-hour
exposure to dieldrin is 0.14 and for Systox is 1.5. A comparison with the
other insecticides is not possible as the other data are all for 24-hour
mortality. Dieldrin gave a very low slope function of 0.4, whereas Systox
gave 0.625.

The performance of DDT with pupae was very poor; at 100 p.p.m. it
gave only about a 50% kill. It was very difficult to get a range for 10 %-90%
kill under the conditions observed as the amount of insecticide which had
to be added was too great for the 25 ml of distilled water invariably used
in the experiments. Thus the trials could not be continued with DDT in
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TABLE VIl. AVERAGE PERCENT MORTALITY, RANGE AND STANDARD ERROR FOR
8 REPLICATES OF 25 PUPAE EACH, REARED AND TESTED AT THE HIGHER TEM-
PERATURE AFTER EXPOSURE FOR 48 HOURS IN WATER TO ACETONE SOLUTIONS

OF INSECTICIDES

Dosage Dieldrin Systox
(ppm.) A.P.M. range SE. A.P.M. range SSE.

0.04 8 0-12 2.1

0.1 48 32-54 4.5

0.2 60 54-70 6.2

0.4 80 72-86 5.2

0.8 12 8-16 2.8

1.0 40 32-48 3.6

2.0 64 56-70 4.1

3.0 84 72-86 4.2

4.0 92 88-100 3.1

A.P.M. = average % mortality
S.E. = standard error

TABLE Vil. THE LCso (P.P.M.), ITS CONFIDENCE LIMITS FOR 95% CONFIDENCE, AND
THE SLOPE FUNCTION OF INSECTICIDES OBTAINED BY 48-HOUR EXPOSURE OF

PUPAE, REARED AND TESTED AT THE HIGHER TEMPERATURE

Insecticide LC,0 | Confidence limits Slope function

Dieldrin 0.14 0.117-0.168 0.4

Systox 1.5 1.38-1.62 0.625

the hope of obtaining any precise data. However, 100 p.p.m. for a kill of
about 50% is a sufficiently large figure to allow a comparison to be
made with the other insecticides for which the LC50's are in the range of
0.34-4.8 p.p.m.

Variations in toxicity to fourth-instar larvae at both temperatures

In order to find out if the temperature at which larvae were reared and
the temperature at which they were tested had any relationship to toxicity,
tests at both the higher and lower temperatures were carried out with larvae
reared at both temperatures. Results of the trials with larvae reared and
tested at the higher temperature are given in Tables I & II (see pages 419 and
421), and those with larvae reared and tested at the lower temperature in Tables
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FIG. 4. DOSAGE MORTALITY LINES FOR PUPAE, REARED AND TESTED AT THE
HIGHER TEMPERATURE, AFTER 48 HOURS' EXPOSURE TO DIELDRIN AND SYSTOX

Dosage (p.p.m.)

I _

210
WHO 7282

TABLE IX. AVERAGE PERCENT MORTALITY, RANGE AND STANDARD ERROR OF
8 REPLICATES OF 25 FOURTH-INSTAR LARVAE EACH, REARED AND TESTED AT
THE LOWER TEMPERATURE, AFTER EXPOSURE FOR 24 HOURS IN WATER TO

ACETONE SOLUTIONS OF INSECTICIDES

Parathion Endrin Dieldrin DDT
Dosage
(PDPos Ag PM.1 range SeE- A.P.M.| range S.E. A.P.M.1 range S.E. A.P.M.1 range S.E.

0.0012 9 4-12 3

0.0016 23 16-28 4.1

0.002 57 56-60 2.1

0.003 82 80-88 3.3

0.006 13 8-20 4.2 12 8-10 3.5

0.007 32 24-40 4.6 27 20-32 6

0.008 45 40-48 3.7 52 48-56 4.1

0.01 78 64-84 5.7 81 76-88 5.1 18 10-24 6

0.02 43 40-48 3.7

0.03 69 64-72 3.7

0.04 95 92-1 00 4.1

A4217

A.P.M. = average % mortality S.E. = standard error
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II and IX. Parathion, endrin, dieldrin and DDT were tested in the latter
category and the corresponding LC50's are 0.0021, 0.0082, 0.0082, and 0.02
p.p.m. respectively. Parathion is one and a half times as toxic at the lower
temperature as at the higher temperature, endrin and dieldrin are about
twice as toxic, and DDT about three times as toxic. A negative temperature
coefficient is shown by the results.

The slopes for these results are given in Fig. 5. The slope function for
parathion is 0.666, which is about the same as at the higher temperature.
Endrin, on the other hand, gave a slope function of 0.806, which is much
higher compared with 0.454 at the higher temperature. The slope function
for dieldrin is 0.813, as compared with 0.645 at the higher temperature,
whereas DDT gave a lower slope function of 0.564 as compared with 0.714
at the higher temperature.

FIG. 5. DOSAGE MORTALITY LINES FOR FOURTH-INSTAR LARVAE, REARED AND
TESTED AT THE LOWER TEMPERATURE, AFTER 24 HOURS' EXPOSURE

TO INSECTICIDES
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Dieldrin and DDT were tested at the lower temperature with larvae
reared at the higher temperature, and vice versa. The results of these
trials are given in Table X, the LC50, confidence limits, and slope functions
in Table II, and the slopes in Fig. 6. The LC50 for DDT for larvae reared
at the higher temperature and tested at the lower temperature is 0.0029
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TABLE X. AVERAGE PERCENT MORTALITY, RANGE AND STANDARD ERROR FOR
8 REPLICATES OF 25 FOURTH-INSTAR LARVAE EACH, REARED AND TESTED AT
DIFFERENT TEMPERATURES, AFTER EXPOSURE FOR 24 HOURS IN WATER TO

ACETONE SOLUTIONS OF INSECTICIDES

Dieldrin DDT

Dosage larvae HL larvae LH larvae HL larvae LH

A.P.M.1 range S.E. A.P.M.1 range SE. A.P.M.1 range SE. A.P.M.1 range S.E.

0.002 13 10-16 2.6

0.004 38 32-40 3.6

0.005 69 64-72 3.3 20 18-22 2.8

0.006 78 72-84 4.8 42 40-44 2.8

0.007 68 64-72 5.6

0.008 77 68-88 10

0.01 84 72-96 17

0.02 16 10-20 5.4

0.03 53 40-60 7.7 6 4-8 2.8

0.04 79 70-84 5.3 20 16-28 5.6

0.05 96 92-100 4.0 41 30-48 7.7

0.06 74 56-84 10.7

0.08 93 88-96 3.2

HL = reared at higher and tested at lower temperature
LH = reared at lower and tested at higher temperature

p.p.m., which is about half the LC50 for those reared and tested at the higher
temperature and about one and a half times that with larvae reared and
tested at the lower temperature. When the larvae reared at the lower
temperature were tested at the higher temperature, the LC50 was 0.052
p.p.m., which is less than that for those reared and tested at the higher
temperature (0.062), and about twice that reached under the other two
conditions. When tested at the higher temperature, the slope function,
however, was greater than when tested at the lower temperature.

The LC50 for dieldrin with larvae reared at the higher temperature and
tested at the lower temperature is 0.0042 p.p.m.-about four times less than
the LC50 for those reared and tested at the higher temperature. When
larvae reared at the lower temperature were tested at the higher temperature
the LC50 was 0.0064, which is about one and a half times that for those
reared at the higher temperature and tested at the lower temperature, but
is nevertheless lower than the LC50 for larvae reared and tested at the
lower temperature. The slope function is 0.813 for the trials at the lower
temperature with larvae reared at the same temperature.
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FIG. 6. DOSAGE MORTALITY LINES FOR FOURTH-INSTAR LARVAE, REARED AND
TESTED AT DIFFERENT TEMPERATURES, AFTER 24 HOURS' EXPOSURE

TO INSECTICIDES
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A = Reared at higher temperature and tested at lower
B = Reared at lower temperature and tested at higher

Discussion and Conclusions

Toxicity to fourth-instar larvae

Of the insecticides tested, parathion is the most toxic to larvae, being
about 50 times as toxic as Systox, which is the least toxic of the group.
Endrin and dieldrin are about equally toxic, but dieldrin gives a slope
function of 0.643 which is much higher than 0.454 of endrin. Systox gives
the highest slope function, which is rather difficult to explain. Keller
& Chapman 10 reported that parathion was more toxic to larvae of A. qua-
drimaculatus than DDT and malathion. The same results are found in the
present study with C. fatigans larvae. Mitchener 16 reports that dieldrin
and endrin gave a 100% kill at 1 p.p.m. with Aides dorsalis larvae, as
compared to an 87% kill with DDT. He also found that at 0.2-0.5 p.p.m.
DDT, dieldrin and endrin gave a 100% kill of Aides vexans and Aides
dorsalis larvae, and at 0.1 p.p.m. the kill was 84 %-98 %. With C. fatigans,
however, the present study has shown that while endrin and dieldrin are
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about equally toxic, they are both significantly more toxic than DDT, their
LC50 being four times less than that of DDT.

Toxicity to third-instar larvae
In the trials with parathion and endrin it was found, as expected, that

the third instar is much more susceptible to these insecticides than the
fourth. Parathion is about three and a half times as toxic, and endrin about
twice as toxic, to third-instar as to fourth-instar larvae. The slope functions
are also naturally higher.

Toxicity to pupae
The pupae were much more difficult to kill with the insecticide than

were the larvae, as can be seen from the results presented earlier. Brown 1
feels that in the holometabolous insects it is generally found that, leaving
aside the egg stage, the larva is the stage most susceptible to the toxic
effects of insecticides, and the pupa the stage most resistant. The LC50
for the pupae is much higher than that for the larvae. Parathion is about
ten times as toxic to fourth-instar larvae as it is to pupae, and endrin about
two and a half times as toxic. The performance of these two insecticides
is about equal with respect to pupae, although parathion is about five times
as toxic as endrin to larvae. Endrin also gives a much higher slope function
with pupae than with larvae. The performance of these two insecticides
with pupae may be considered good.

Dieldrin and Systox behaved differently and therefore have been treated
differently. A comparison of these two with the others is not possible.
The performance of dieldrin could be considered only fair, although the
LC50 at the end of 48 hours was 0.16 p.p.m. The results with Systox are poor.

P4 and malathion also gave very poor results, the LC50 being respectively
about 20 and 30 times as great for pupae as for larvae. DDT, however,
showed very little toxicity to pupae, and it is extremely unlikely that DDT
will have any effect on the pupae of C. fatigans in a field application.
Mitchener,18 working with Aedes dorsalis, found that at 1 p.p.m. dieldrin
and endrin gave a 79% and a 95% kill respectively, whereas DDT gave
only a 6% kill. The present results also gave a similar picture with C. fati-
gans, endrin being more toxic than dieldrin and DDT showing extremely
low toxicity.

As the pupae do not take in any food the toxicity of the insecticide must
be entirely due to a contact action. The pupa has the equivalent of two
cuticles and it is very likely that this condition gives it greater protection
from the penetration of toxic materials.

Relationship of toxicity to temperature
For discussing this section the following abbreviations will be used:
HH-Reared and tested at the higher temperature
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HL-Reared at the higher temperature and tested at the lower tempera-
ture

LH-Reared at the lower temperature and tested at the higher tempera-
ture

LL-Reared and tested at the lower temperature.
Larvae are found to be more susceptible to parathion, endrin, dieldrin

and DDT at LL than at HH. The increased toxicity ranges from one and
a half times with parathion to about three times with DDT. Endrin gives
a much higher slope function at LL, almost twice as high as at HH, the
toxicity also being twice as high. Dieldrin also gives a higher slope function,
but DDT produces a lower slope function at LL, although it is about
three times as toxic under these conditions.

At HL, DDT was about twice as toxic as at HH or at LH. When
larvae were reared at the lower temperature, they were more susceptible
than when they were reared at the higher temperature. But at LH the
toxicity was not significantly higher than at HH. Therefore, the temperature
at which the larvae are maintained from the time of exposure alters the
toxicity of DDT much more than the temperature at which they were held
before treatment.

With dieldrin, however, the toxicity, although higher at LL than at
HH, was still higher at LH and highest at HL. These results are difficult
to explain.

Brown 1 thinks that when considering the topic of temperature/toxicity
relationship it should be borne in mind that two factors are involved in
the toxic action of an insecticide. The first factor represents the speed and
degree to which the poison is taken up by the insect and acts upon its
tissue; and the second involves the speed and degree to which the poison
is eliminated by excretion, breakdown and detoxification. With decisive
doses of a quick-acting poison, he feels that the mortality may be expected
to be greater and to occur more rapidly at a high temperature than at a
low temperature of application. With marginal doses of slow-acting
poisons the expectation is that the recovery will be less at the lower tempera-
ture than at the higher temperature, and that the mortality will be greater
although it develops at a slower rate. The assumption made here is that
the insecticide is absorbed faster into the body at a higher temperature
than at a lower temperature, but the rate of metabolism by the insect may
increase even more rapidly. According to the above view endrin, dieldrin
and DDT which act slowly should give a higher toxicity at the lower
temperature, and this is also the finding in the experiment. Parathion is a
quick-acting insecticide and therefore should behave differently. In the
parathion experiments, however, mortality rates were greater at the lower
temperature and the compound gave increased mortality after the 24-hour
period, which seems to indicate a slower action of this insecticide under
the conditions of the experiment. The temperature coefficient also is similar
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to that for the other three insecticides. Although it is very likely that the
insecticide is absorbed faster at the higher temperature, according to the
hypothesis of Brown,' the rate of penetration probably would not have been
a significant factor under the conditions of the present experiment in which
larvae were exposed to insecticide for 24 hours.

Fan, Cheng & Richards 6 reported a negative coefficient for toxicity of
DDT, in the range of 15°-20°C, when larvae of Aides aegypti were dipped
in DDT suspensions. This was not true when the insecticide was injected
into the body of the insect. They therefore believed that this was due to
a greater absorption of DDT through the cuticle at the lower temperature.
They also obtained a positive temperature coefficient in the range of 20°-
30°C, which is the opposite of the findings of the present study with DDT,
where a negative coefficient was obtained with C. fatigans under a similar
temperature range.

Duston 5 applied DDT emulsion as a contact spray to larvae of the
diamondback moth, Plutella maculipennis (Curt) and found that at 4 ounces
of DDT per 100 gallons (approximately 25 g per 100 litres), 100% were
killed when kept at 60°-70°F (15.5°-21.1°C), whereas only 10% were killed
when kept at 85°-100°F (29.5°-37.8°C). Guthrie,7 working with female
cockroaches, reported a positive temperature coefficient with lindane,
chlordane, aldrin, dieldrin, heptachlor, toxaphene and parathion, and a
negative coefficient with DDT, pyrethrum, and methoxychlor. He kept the
cockroaches for 24 hours at the temperature to be tested and then returned
them to the same temperature chamber after exposure by contact to the
insecticide. He found that DDT was 20 times more toxic at 14.5°C than
at 32°C, and that dieldrin was five times more toxic at 32°C than at 14.5°C.

Munson 18 stored large nymphs of the American cockroach at a known
pre-treatment temperature, treated them with DDT externally and by
injection, and then kept them at 230 ± 2°C. He found, contrary to the
experience of Guthrie,7 that cockroaches stored before treatment at 340C
were less resistant than those stored at 17°C. Vinson and Kearns 21 found
that DDT gave a negative temperature coefficient with the female American
cockroach both by topical application and as an injection. They also found
that the unchanged amounts of DDT found in cockroaches at 35°C was
greater than that found at 15°C. They therefore attribute the negative
temperature coefficient to the effect of temperature on some intrinsic sus-
ceptibility of some physiological system to DDT.

Hoffman & Lindquist8 reported that with houseflies, DDT gave a
faster knock-down at 70°F (21.1 °C) than at 90°F (32.2°C) and also a greater
mortality at the lower temperature. They found that the reverse was true
with heptachlor, parathion, chlordane, dieldrin and toxaphene. Lindquist
and his fellow-workers 11, 12 exposed A. quadrimaculatus adults to surfaces
treated with 200 mg per square foot (2.015 g per square metre) of DDT-
kerosene solution. The insects were not preconditioned. They found that
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at 100°F (37.70C) the mosquitos were knocked down in 28 minutes, as com-
pared with 140 minutes at 70°F (21.1°C). In this case they found a positive
temperature coefficient with DDT.

Woodruff,23 working with the milkweed bug Oncopeltus fasciatus,
found that DDT gave a positive temperature coefficient between 100 and
22°C and a negative coefficient between 220 and 290C. Potter & Gillham,19
working with Tribolium castaneum, showed that difference in the environ-
ment before treatment did not affect toxicity, but that cooler conditions
after spraying did increase the toxicity of DDT, pyrethrins and lauryl
thiocyanate. It was their opinion that this increase in toxicity at lower
temperature was due to the physiological condition of the insects themselves,
since this effect occurred regardless of the nature of the chemical or the
carrier used.

It will be clear from the above reports that the evidence for toxicity
temperature coefficient is conflicting. DDT has been reported to give a
positive coefficient with some insects and a negative coefficient with others,
and the opposite results with the same insect at two different ranges of
temperature. With the American cockroach both a positive and a negative
coefficient has been obtained by two different workers. The reasons for
the difference in performance of an insecticide at different temperatures are
also not understood. In the present experiment all the insecticides tested
gave a negative temperature coefficient. In the reports cited above, there is
only one instance where the insecticide was used in water. Dieldrin and
parathion have been reported to give a positive coefficient by Hoffman
& Lindquist 8 and by Guthrie 7with houseflies and cockroaches respectively.
In both instances the adult was exposed to insecticide-treated surfaces only
for a few minutes, in which case the rate of penetration was probably a
significant factor. In the present experiment where the larvae were exposed
to insecticide for 24 hours, dieldrin and parathion gave negative coefficients.
With DDT the post-treatment temperature altered toxicity much more than
did the pre-treatment temperature.

In discussing the toxicity/temperature coefficient it is well to remember
that in the present study the age of the larvae used under the different con-
ditions was a variable. Those reared at the higher temperature were 4-6
days old when tested, whereas those reared at the lower temperature were
8-12 days old when tested. Under both conditions, however, the larvae
were about the same size and at about the same stage of development.
Whether these factors would have had any effect on the results is difficult
to decide.
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Annex

GLOSSARY OF COMMON AND TECHNICAL* NAMES OF INSECTICIDES MENTIONED

aldrin
1 ,2,3,4,10,10-Hexachloro-1 ,4,4',5,8'-hexahydro-1 :4,5 :8-dimethano naph-
thalene (USA)

chlordane
Octachlorodihydrodicyclopentadiene

DDT
1:1:1-Trichloro-2 :2-di(p-chlorophenyl) ethane

diazinon
o,2-Isopropyl-4-methylpyrimidyl-o,o-dimethyl phosphorothioate

dieldrin
1,2,3,4, 10,10-Hexachloro-6,7-epoxy-1,4,4',5,6,7,8,8 '-octahydro-1 ,4,5,8-
dimethano-naphthalene (USA)

endrin
1,2,3,4,10,10-Hexachloro-6,7-epoxy-1,4,4',5,6,7,8,8 '-octohydro-1 ,4,5,8-
endo-endo-dimethanonaphthalene

EPN
o-Ethyl-o-p-nitrophenyl phenylphosphorothioate

heptachlor
1,4,5,6,7,8,8-Heptachloro-3 ',4,7,7 '-tetrahydro-4,7-endomethanoindene
(USA)

isodrin
1,2,3,4,10,10-Hexachloro-1 ,4,4',5,8,8'-hexahydro-1 :4,5 :8-endo-endo-di-
methanenaphthalene

lauryl thiocyanate
n-Dodecyl thiocyanate

lindane
y-l :2:3:4:5 :6-Hexachlorocyclohexane

malathion
S-(1 :2-Dicarbethoxyethyl)-o,o-dimethyl phosphorodithioate

methoxychlor
1:1:1-Trichloro-2 :2-bis(p-methoxyphenyl) ethane

P4 (R1303)
o,o-Diethyl s-p-chlorophenylmercaptomethyl phosphorodithioate

para-oxon
Diethyl p-nitrophenyl phosphate

parathion
o,o-Diethyl o-p-nitrophenyl phosphorothioate

* Technical names are taken from Martin,16 with the exception of that for P4, which was supplied by
the Stauffer Chemical Company, USA.
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sulfotepp
Tetraethyl dithionopyrophosphate

Systox
o,o-Diethyl o-2-ethylmercapto-ethyl phosphorothioate

toxaphene
Octachlorocamphene
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RItSUMJ2

Dans cette etude compar6e de la toxicite du DDT, de l'endrine, de la dieldrine, du
malathion, du parathion, du Systox et du P4, on a choisi Culex fatigans Weidemann
pour les essais. Cette etude a ainsi une port6e pratique car ce moustique represente
l'une des especes domestiques les plus r6pandues dans les pays chauds, d'une forte
aggressivit6 nocturne et qui transmet la filariose a W. bancrofti.

Pour les besoins de l'experience, on a prjs deux colonies de moustiques, l'une a et6
maintenue a une temperature de 880F±20F (31,10C±I,10C) et a un taux d'humidite
relative de 70%-80%, l'autre A une temperature de 720F±30F (22,20C±+1,70C) et
A un taux d'humidite relative de 45%-55%. La methode suivie consistait A placer
25 larves ou nymphes selon le cas dans des b&chers contenant 25 ml d'une solution
d'insecticide avec de l'ac6tone. Dans les experiences analogues faites precedemment,
on avait toujours utilise une plus grande quantite de solution. Au bout de 24 heures,
puis de 48 heures, on evaluait le nombre de larves ou de nymphes mortes. La concen-
tration necessaire pour en tuer 50% (CL5s) a ete ensuite determinee A l'aide d'un ajuste-
ment lineaire des points obtenus en portant sur un systeme de coordonnees rectilignes
le logarithme des doses en abscisse et, en ordonn6e, les mortalites correspondantes
transformees en probit. Les limites de confiance et la pente des droites ont ete obtenues
statistiquement.

De tous les insecticides soumis A l'epreuve, c'est le parathion qui s'est revele le plus
toxique pour les larves. Viennent ensuite, selon le degre de toxicite, l'endrine, la dieldrine,
le DDT, le malathion, le P4 et le Systox. La CL5o, apr6s 24 heures, variait de 0,003 partie
par million (p.p.m.) pour le parathion a 0,18 p.p.m. pour le Systox. Les larves au
IlIe stade etaient plus sensibles aux insecticides que les larves au IVe stade.

Les nymphes etaient plus resistantes que les larves. La CL50 etait de 0,034 p.p.m.
pour le parathion et de 0,04 p.p.m. pour l'endrine. Le P4 et le malathion n'ont guere
e efficaces. La dieldrine et le Systox agissaient tres lentement sur les nymphes, et la
mortalite etait alors evalu&e apres 48 heures. Quant au DDT, il s'est montr6 tres peu
toxique pour les nymphes.

Le DDT, la dieldrine, 1'endrine et le parathion etaient beaucoup plus toxiques pour
les larves elevees et soumises A I'epreuve A la plus basse temp6rature que pour celles
qui etaient 6lev6es et soumises i l'epreuve A la temp6rature la plus forte. Avec le DDT,
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c'est beaucoup plus la temperature avant 1'exposition que la temperature A laquelle les
larves ont ete' lev&es qui avait une influence sur le degr6 de toxicite.
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