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Effects of Pollution on the Susceptibility to Larvicides of
Culex pipiens fatigans *

by W. R. BRANSBY-WILLIAMS, Entomologist, Tropical Pesticides Research Institute, Arusha, Tanzania

Larval sites of Culex pipiens fatigans are well
known to be frequently heavily polluted, and it is
important to know whether a larvicide which is
efficient in clear water would be satisfactory in
polluted water. Six organophosphorus insecticides,
which had been found effective against C.p. fatigans
larvae in laboratory tests, were supplied to the Tro-
pical Pesticides Research Institute, Arusha, Tanzania,
for field testing to find out whether pollution of the
water would cause any change in the efficiency of
these larvicides. The tests were carried out at
Taveta, Kenya. Prior to the field tests, laboratory
tests on susceptibility were carried out at Arusha.
The results of all these are described below.

Materials and methods

The insecticides were fenthion, trichlorfon, 0-me-
thyl 0-(2,4,5-trichlorophenyl) isopropylphosphora-
midothionate (OMS-122), 0,0-dimethyl 1-(p-chlo-
rophenylthio) vinyl phosphate (OMS-349), O,O-di-
ethyl 0-3,5-dichloro-4-methylthiophenyl phosporo-
thionate (OMS-44) and 0,0-dimethyl 0-4-nitro-m-
tolyl phosphorothionate (Sumithion). The pure or
technical form of the insecticide was dissolved in
ethanol and used for laboratory tests with larvae of
C.p. fatigans. The test method described by the
WHO Expert Committee on Insecticides a was used
and the results were evaluated by the method of
Litchfield & Wilcoxon.b Emulsion concentrates
were used for tests in the field. The concentrate was
diluted so that amounts between 0.25 ml and 3 ml

* This investigation was supported in part by the World
Health Organization and in part by United States Public
Health Service Research Grant (No. EF-00194.03) to the
World Health Organization. An expanded version of this
note is available as document WHO/Vector Control/182.65
on request to Vector Control, World Health Organization,
Geneva, Switzerland.

a WHO Expert Committee on Insecticides (1963) Wld
Hlth Org. techn. Rep. Ser., 265, 51.

b Litchfield, J. T. & Wilcoxon, F. (1949) J. Pharmacol.
exp. Ther., 96, 99.

were added to give a suitable series of concentrations
of the insecticide in parts per million.
The pits used for the tests were rectangular holes

18 in3 (46 cm3). The sides were reinforced by a
galvanized iron framework 2 feet (60 cm) deep,
so that 6 inches (15 cm) projected above ground level
and prevented surface water from running in. The
interior was lined with a double layer of polyethylene
sheeting of 500 gauge. There was a galvanized iron
cover for each pit which left a gap of about 4 inches
(10 cm) round three sides at the top of the frame-
work.
The unpolluted water was from an irrigation

canal. The polluted water was effluent from a sisal
factory. This effluent was kept at least 14 days
before use. Sixty litres of water or undiluted waste
were put in each pit.
The C.p. fatigans larvae used were from a colony

maintained at the Tropical Pesticides Research In-
stitute. Two hundred larvae (50 of each instar) were
added to each pit.

After the larvae had been put in, the insecticide
was added and the mixture stirred immediately.
One pit with water and one with waste was left each
time without insecticide as a control.

Results were checked at 24, 48 and 72 hours by
visual inspection followed by a standard searching
method of 11 dips with a ladle 4 inches (10 cm) in
diameter. Mortality was recorded as complete if no
larvae could be found and as incomplete if one or
more were seen.
The level of the waste or water was maintained

at 60 litres by addition of canal water if necessary.
After the 72-hour search samples of waste were

taken and the pH and conductivity measured in the
field; then the samples were transported to the che-
mical laboratory where they were examined for total
solids, suspended solids and oxidizable matter.c

c Webley, D. J. (1965) The determination of sisal waste
pollution, Miscellaneous report No. 494, Tropical Pesticides
Research Unit (unpublished).
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TABLE I
RESULTS OF LABORATORY SUSCEPTIBILITY TESTS, IN DISTILLED WATER,
WITH C.P. FATIGANS LARVAE AND SIX ORGANOPHOSPHORUS INSECTICIDES

alues~ ~ 95
LCgg values Slope functionInsecticide oLCsDvalues confidence limits (by extrapolation) (S)

OMS-44 0.00027 0.00021-0.00033 0.00048 1.27

OMS-349 0.011 0.0085-0.015 0.023 1.34

Fenthion 0.00215 0.00206-0.00225 0.0048 1.39

Sumithion 0.0045 0.0043-0.0048 0.011 1.47

Trichlorfon 0.10 0.22-0.045 0.14 1.16

OMS-122 0.032 0.030-0.035 0.11 1.69

Occasionally samples of the canal water were also
tested.

Results
The results of the laboratory tests are listed

in Table 1.
The lowest LC100 values obtained at the 72-hour

search in the field are shown in Table 2. These
results allowed for delayed mortalities, but were not
sufficiently late for confusion due to larvae hatching
from eggs laid by wild culicines, and not many of
the fourth-instar larvae pupated during this time.
In all cases a higher concentration of insecticide was
required to obtain complete mortality in polluted
water. With OMS44 the concentration required

TABLE 2
EFFECTS OF POLLUTION WITH SISAL WASTE

ON THE SUSCEPTIBILITY OF C.P. FATIGANS LARVAE
TO SIX ORGANOPHOSPHORUS INSECTICIDES

Lowest concentration (ppm),
for 100 % mortality at 72 hours

Insecticide
In canal water In sisal waste Ratio polluted
(unpolluted) (polluted) to unpolluted

OMS-44 0.0006 0.02 33

OMS-349 0.00825 0.015 1.8

Fenthion 0.01 0.02 2

Sumithion 0.008 0.04 5

Trichlorfon 0.0375 0.3 8

OMS-122 0.1 0.45 4.5

for polluted water was 33 times as great as for
unpolluted water. The ratio was about 2 for OMS-
349 and fenthion, 4 for OMS-122, 5 for Sumithion,
and 8 for trichlorfon.
Table 3 gives the maximum and minimum values

obtained for measurements of pollution c carried
out on canal water and 100% sisal waste.

Discussion

In a separate paper d it is concluded from labora-
tory tests that the polyethylene sheeting might, when
more persistent insecticides are used, reduce the
difference in concentration of insecticide required
for 100% mortality in sisal waste compared with
clear water. However, earth was found to have a
similar effect. It would be impracticable to standar-
dize the earth in field tests and difficult to maintain
the volume of water or waste at a standard amount.
Therefore it was considered necessary to line the
pits and so far no suitable alternative to poly-
ethylene has been found. The results when using
this lining do, however, give an indication of which
insecticides might be effective against C.p. fatigans
in polluted water.
OMS-44, which appeared to be the most effective

insecticide in clear water, was no better than OMS-
349, fenthion or Sumithion in polluted water, though
any of these four would seem to be reasonably
satisfactory for use. The concentration of trichlorfon
and OMS-122 required for polluted water is rather
high and, unless there was some other reason for
using them, they would not seem to be suitable.

dSee the note on page 737 of this issue.
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TABLE 3
MAXIMUM AND MINIMUM VALUES OBTAINED FOR MEASUREMENT OF POLLUTION

OF CANAL WATER AND 100% SISAL WASTE

Conductivity Total solids Suspended Dissolved Oxidizable matter
pH (reciprocal Mg o (ppm) solids solids % (approx. ppm

Water per ml) (ppm) (ppm) (ppm) w 02 used)

Max. Min. Max. Min. Max. Min. Max. Min. Max. Min. Max. Min.

Canal water 7.1 6.8 350 200 420 270 140 13 407 170 less than 200

Sisal waste j 7.3 5.3 4500 1 700 12500 4300 6150 1 940 6350 2060 11 500 2800

Some Effects of Polyethylene on the Efficacy of Larvicides Tested
against Culex pipiens fatigans *

by W. R. BRANSBY-WILLIAMS, Entomologist, Tropical Pesticides Research Institute, Arusha, Tanzania

During field tests of some insecticides using Culex
pipiens fatigans larvae in polluted and unpolluted
water,a it was suggested that the use of polyethylene
sheeting for the lining of the pits might make the
results invalid, due to sorption by the polyethylene
of the insecticides themselves or some of the sub-
stances used in the preparation of their emulsion
concentrates. The laboratory tests described below
were carried out to try to decide whether this sup-
position was correct.

Materials
The polyethylene sheeting used was 500 gauge.

It was scrubbed and re-used many times.
Third- or fourth-instar C.p. fatigans larvae from

the colony maintained at Arusha, Tanzania, were
used for all the tests.
The insecticides, tested as emulsions, were fenthion,

trichlorfon, O,O-dimethyl l-(p-chlorophenylthio)
vinyl phosphate (OMS-349) and O,O-diethyl 0-3,5-
dichloro-4-methylthiophenyl phosphorothionate)
(OMS44), all of which are organophosphorus
insecticides.

* This investigation was supported in part by the World
Health Organization and in part by United States Public
Health Service Research Grant (No. EF-00194.03) to the
World Health Organization. An expanded version of this
note is available as document WHO/Vector Control/183.65
on request to Vector Control, World Health Organization,
Geneva, Switzerland.

a See the note on page 735 of this issue.

Glass beakers of 500-ml capacity, shallow enamel
pans of 25-cm diameter and deep enamel basins
of 44-cm diameter were used in different tests as
described below.
The earth was forest loam of high organic content

from the slopes of Mount Meru, Tanzania.
The tap water was from a borehole and was

slightly alkaline (pH about 7.5). The polluted water
was the effluent from a sisal factory and had been
kept at least 14 days before use.

Methods and results

In all cases 1 ml of insecticide emulsion was added
to the medium concerned for the required concentra-
tion in parts per million. The mixture was then
stirred vigorously.

First tests were with 8 litres of tap water in the
basins of 44-cm diameter. One basin was lined with
polyethylene sheeting and the other was unlined.
The insecticide was added and 250 ml of water were
taken out at intervals and put in 500-ml beakers.
Fourth-instar C.p. fatigans larvae were added to the
beakers and the mortalities recorded after 24 hours.
These mortalities are shown in Table 1. With the
more persistent insecticide fenthion the efficacy
decreased much more rapidly in the lined basins
than in the unlined. With the less persistent insecti-
cides OMS-349 and trichlorfon there was no notice-
able difference.
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