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Summary of Field Trials in 196469 in Rangoon,
Burma, of Organophosphorus Larvicides and Oils

against Culex pipiens fatigans Larvae in Polluted Water
L. S. SELF I & M. M. TUN 2

In tests in Rangoon, Burma, of the larvicidal activity of various organophosphorus
compounds against C. p. fatigans, it was found that the activity usually lasted much
longer in septic tanks and pit latrines than in open drains. Dursban, Abate, fenthion and
several other emulsifiable concentrates caused high larval mortality at a concentration of
0.05ppm but 0.5 ppm was normally required to obtain a minimum of 1-2 weeks ofcomplete
larval control. For the desired residual activity, dosages about 40-400 times the laboratory
LC95 values were normally required, depending on the compound used.

The most effective formulation was Dursban emulsifiable concentrate, which, at a con-
centration of 0.5 ppm, was effective for 3, 7 and 12 weeks in concrete drains, pit latrines
and septic tanks, respectively. Petroleum oils applied at rates of25-40 US gal/ac (approx.
2371/ha-380 I/ha) and a pyrethrum derivative at a concentration of 1.0 ppm were toxic
to larvae but not highly residual. Some emulsifiable-concentrate/oil mixtures appeared
to be outstandingly effective, although inconsistent results also occurred. Granular formu-
lations were normally less effective than the emulsifiable concentrates.

Applying residual larvicides to polluted water is
a logical method for reducing adult densities of
Culex pipiens fatigans, particularly in populated
centres of South-east Asia where the ratio of indoor
wall surface to breeding area is high. In many endemic
filariasis areas, this vector is either resistant to
chlorinated hydrocarbons or it is suspected that
resistance would rapidly develop if such larvicides
were used. Certain other materials such as malathion
and locally produced oils may not be entirely satis-
factory for large-scale control programmes because
reapplications may be required throughout the year
at short intervals. Brown (1962, 1967) has reviewed
the methods by which larvicides and other chemicals
may be used to control vectors of filariasis.
As part of the WHO programme to develop

suitable larvicides and control procedures against
C. p. fatigans, 17 organophosphorus larvicides and
1 pyrethrum derivative were evaluated at the WHO

1 Entomologist, WHO Filariasis Research Unit, Rangoon,
Burma. Present address: WHO Japanese Encephalitis Vector
Research Unit, Seoul, Korea.

' Entomologist, WHO Filariasis Research Unit, Rangoon,
Burma, seconded from the Directorate of Health, Burma.

Filariasis Research Unit from 1964 to 1969 under
natural field conditions. Five larvicidal oils,3 gas
oil (high-speed diesel fuel) and Malariol produced
in Burma were also tested. Treatments were applied
in several areas of the city, except in Kemmendine
where fenthion is used for larvae control. The
primary objectives of these tests were to determine
the following:

(1) dosages that kill at least 99% of the larvae
breeding in natural sites;

(2) dosages that remain toxic for 7 days or more;
(3) whether residual toxicity varied in different

larval habitats;
(4) the best formulations.

Studies on degradation by bacteria, toxicity to
mammals and laboratory selection for vector
resistance are carried out at WHO collaborative
laboratories elsewhere. Hence, information from
several sources may be used in making recommen-

' Obtained from the Esso Research and Engineering Co.,
Baytown Research and Development Division, Baytown,
Tex., USA.

2605 841



842 L. S. SELF & M. M. TUN

dations, or in drawing conclusions, on larvicides
offering the best prospects for controlling C. p.
fatigans.

It should be noted that WHO (OMS) code
numbers are used in this report for compounds
without proprietary or non-proprietary names.

METHODS

Laboratory tests
To determine susceptibility of mosquito larvae

to insecticides, the WHO standard procedure
(WHO Expert Committee on Insecticides, 1970)
was used throughout the trial. Standard solutions
were either sent by air to Rangoon or were prepared
locally. Larvae from a Rangoon laboratory colony
of C. p. fatigans were exposed for 24 hours to
several concentrations to obtain 3-5 mortality counts
of between 10% and 90%. For each concentration,
25 fourth-instar larvae were exposed in each of 4
disposable plastic cups containing 250 ml of de-
mineralized water. Tests were replicated 2-4 times.
The temperature in the laboratory was usually
in the range 77°F-81°F (25°C-270C) and the relative
humidity varied from 70%-80 %.
The WHO toxicity test for larvicidal oils (Speci-

fications for pesticides, 1967, p. 294, method WHO/
M/18) also was used, oil being gently pipetted on
to the surface of the water in each of five 400-ml
beakers containing 25 fourth-instar colony larvae
in 250 ml of demineralized water. Mortality was
determined after 24 hours, and tests were replicated
4 times. Tests were also carried out with larvae
collected in the field.

Field tests
Only larval habitats with living C. p. fatigans

larvae were treated, most field applications being
made in concrete drains, which are the most impor-
tant larval habitat for C. p. fatigans in Rangoon.
Other important breeding sites treated were pit
latrines, septic tanks, soakage pits and earthen
drains. Although standardized assessment tech-
niques were used, it should be remembered that
all materials were not evaluated at the same time
under identical field conditions. To minimize the
effect of uncontrollable events in the field, materials
normally were applied during peak periods of
larval density and habitat stability. For each treat-
ment, 5 or more sites were selected, and the tests
sometimes repeated on 2 or 3 occasions. Except
for oils, dosages were based on the amount of
active toxicant in the estimated total volume of

treated water. Larval counts were made before
treatment and again 24 hours after treatment, and
the percentage mortality was recorded.

Emulsifiable concentrates were mixed with 2 US
gallons (approx. 7.6 1) of water in Hudson X-pert
compression sprayers to produce solutions with con-
centrations ranging from 0.1 % to 1.0%. The pressure
in the sprayer was 40 lbf/in2 (2.8 kgf/cm2) and the
cone nozzle 1 was adjusted to deliver the finest mist
possible. Under these conditions, about 0.5 1/min
was discharged. For concrete and earthen drains
spraymen covered about 21.5 m/min, holding the
nozzle about 15 cm above the surface of the water
to ensure that most of the spray fell on the target.
The purpose of the slow walking speed was to obtain
accurate field dosages. Spray was discharged into
pit latrines and septic tanks for about 15 sec-45 sec
depending on the volume of water and the dosage
desired. Sprays of emulsifiable concentrates in oil
were applied in the same manner as emulsifiable
concentrates in water. The oil output into concrete
drains and septic tanks was equivalent to 80 US
gallons and 175 US gallons per acre (approx.
760 1/ha and 1660 1/ha), respectively.

Oil alone at dosages of 40 US gallons and 25 US
gallons per acre (approx. 380 1/ha and 237 1/ha)
was applied to concrete drains by increasing the
walking speed of the spraymen. With the equipment
used, application of low dosages such as 5 US
gallons per acre (approx. 47 1/ha) to concrete drains
(normally 15 m-122 m by 0.23 m wide) was not
practicable because the spraymen had to move too
quickly, sacrificing accuracy in avoiding obstacles
along the length of the drain. Substituting the
common 8002 fan nozzle for the cone nozzle failed
to result in lesser quantities of spray being discharged
but lower dosages are possible if suitable nozzles
can be obtained. It should be noted that wide
spray swaths of oil and emulsifiable concentrates
are not suitable for general ground use in Rangoon
because the most important breeding sites of
C. p. fatigans are normally located in confined or
narrow bodies of water near domestic water con-
tainers in areas of dense human population. No
attempts were made to apply low dosages of oil to
septic tanks and pit latrines.
With granular formulations of larvicides, the

required quantity of material was weighed in a
beaker and then distributed evenly over the water
surface, the material being tipped directly from

1 No. 5500 cone jet produced by the Spraying System Co.,
Bellwood, Ill., USA.
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the beaker or handled with disposable plastic
gloves. Dichlorvos resin strips were placed on the
water and sank; some strips were attached to
bamboo strips and floated on the surface.

Residual toxicity was assessed by determining
the approximate day after treatment on which
sufficient quantities of toxicant to cause high larval
mortality were no longer present in the water.
The absence of breeding was not considered suffi-
cient evidence of residual toxicity. Unpublished
data from a WHO Filariasis Research Unit survey
show that many untreated larval habitats do not
always have a population of larvae. Moreover, un-
controllable events may occur after the treatment
has been applied, washing away both insecticide and
debris, and these sites can remain totally unattractive
to gravid females for several weeks or more.

After the treatment was applied, a thin-meshed
nylon cage supported on a metal frame, 6 in by
4 in by 4 in (approx. 15 cm by 10 cm by 10 cm),
was placed at each site. Between 100 and 200
field-collected fourth-instar larvae of C. p. fatigans
were introduced into each cage, and the 24-hour
percentage mortality was determined. The cage
was normally replaced about twice a week, at which
time observations also were made on the recurrence
of breeding. Treatments were considered ineffective
when the bioassay showed that the mortality rate
had fallen below 70%. The control mortality rate
was normally below 10% although some tests
in the treated sites were immediately repeated when
the cage was disturbed. Treatments also were
considered ineffective if living second-instar or
older larvae were present in 40% of the sites,
irrespective of the bioassay mortality rate de-
scribed above. Egg rafts were sometimes seen on
treated waters shortly after treatment, but the
young larvae usually died. Ramakrishnan et al.
(1960) made similar observations with fenthion and
other organophosphorus compounds in India, and
also found no evidence of ovicidal activity.
A few tests were carried out to confirm the loss

of toxicant by exposing larvae from colonies to
treated field water in the laboratory. The concen-
tration of toxicant on the day after treatment was
estimated by comparing the larval mortality with
pre-established dosage-mortality curves.

RESULTS

Laboratory tests

The susceptibility results given in Table 1 show that
Dursban, parathion and OMS-44 (0-3,5-dichloro-

TABLE 1
SUSCEPTIBILITY OF FOURTH-INSTAR COLONY LARVAE
OF C. P. FATIGANS AFTER 24 HOURS' EXPOSURE

TO VARIOUS LARVICIDES

Organophosphorus LCso (ppm) LC95 (ppm)

Dursban 0.00071 0.0013

OMS - 44 0.0010 0.0024

Parathion 0.0017 0.0026

Abate 0.0016 0.0029

OMS - 1211 a 0.0023 0.0048

Fenthion 0.0028 0.0051

Bromophos 0.0058 0.0083

OMS - 1210 0.0042 0.0084

OMS - 437 0.0057 0.011

OMS - 1290 0.0078 0.025

Fenitrothion 0.014 0.028

Bromophos-ethyl 0.018 0.045

Dichlorvos 0.044 0.063

OMS - 1287 0.053 0.072

OMS - 711 0.042 0.085

Malathion 0.064 0.098

Tetramethrin b 0.043 0.120

OMS - 236 >0.10

a 0-(2,5-dichloro-4-iodophenyl) 0,0-dimethyl phosphorothioate.
b A pyrethrum derivative.

4-methylthiophenyl O,O-diethyl phosphorothioate)
were the most toxic compounds to larvae from
colonies; the least toxic substances were malathion,
tetramethrin and OMS-711 [2-chloro-1-1(2,5-dichlo-
rophenyl)vinyl dimethyl phosphate]. The other
materials tested showed good toxicity except for
OMS-236 (O,O-dimethyl 04-methylthio-3,5-xylyl
phosphorothioate), which caused less than 50%
mortality at 0.1 ppm. Rosen (1967) previously
showed that larval populations of C. p. fatigans
in Rangoon were susceptible to organophosphorus
insecticides.
The oil toxicity results given in Table 2 agree

with the laboratory findings of Micks et al. (1968)
and show that Flit MLO 1 was easily the most toxic
oil against colony and field larvae.

1 Produced by the Humble Oil and Refining Co., Houston,
Tex., USA.
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TABLE 2
24-HOUR PERCENTAGE MORTALITIES OF FOURTH-INSTAR LARVAE OF C. P. FATIGANS

WHEN EXPOSED TO LARVICIDAL OILS

Percentage mortality of colony larvae Percentage mortality of field larvae
Oil at the following dosages: a at the following dosages: a

0.01 ml 0.02 ml 0.04 ml 0.01 ml 0.02 ml 0.04 ml

Flit MLO b,c 100 100 100 100 100 100

38558 b 100 100 100 70 72 100

38551 b 90 100 100 35 41 100

Gas oil 47 78 80 5 19 70

Malariol 42 67 75 0 12 60

38131 b 69 72 94 20 24 44

38130 b | 49 62 64 5 11 19

a Applied to 250 ml of water
b The numbered oils and Flit MLO were obtained from the Esso Research and Engineering Co.
c At a dosage of 0.005 ml there was 100% and 97% mortality to colony and field larvae, respectively.

TABLE 3
PERCENTAGE MORTALITIES OF FOURTH-INSTAR C. P. FATIGANS LARVAE AFTER

APPLICATIONS OF LARVICIDE TO POLLUTED CONCRETE DRAINS

Percentage Dosage Percentage
Treatment Dosage mortality(ppm) m4ortait afe Tramn1Ua/hac; after 2424 hours a I/ha) ~~~~~hours b

Emulsifiable concentrates Oils

Dursban 0.05 100 Flit MLO c 80; 760 d 100

Abate 0.10 100 Flit MLO c 40; 380 98

Abate 0.025 98 Flit MLW c 25; 237 92

Parathion 0.04 100 Malariol 80; 760 99

Fenthion 0.10 100 Malariol 40; 380 92

Fenthion 0.05 99 Malariol 25; 237 81

Bromophos 0.10 100 Gas oil 80; 760 100

Fenitrothion 0.4 100 Gas oil 40; 380 94

Tetramethrin 1.0 99 Gas oil 25; 237 56

OMS - 1287 1.0 99 38130 c 80; 760 99

38131 c 80; 760 100

38551 c 80; 760 100

38558 C 80; 760 99

a Average number of fourth-instar larvae per dip before spraying was 128.
b Average number of fourth-instar larvae per dip before spraying was 477.
c Obtained from the Esso Research and Engineering Co.
d Applied at the rate of 0.19 US gallons per 100 ft2 of water surface.
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Field tests
The 24-hour percentage larval mortalities caused

by certain emulsifiable concentrates and oils in
concrete drains are shown in Table 3. Dursban,
Abate, fenthion and parathion in concentrations
of 0.05 ppm or less caused a mortality of 98%
or more. Flit MLO appliejd at a rate of 25 US
gallons per acre (approx. 237 1/ha) caused a 92%
mortality, whereas the two Rangoon oils applied
at a rate of 40 US gallons per acre (approx. 380 1/ha)
caused a 92 %6-94% mortality.
The residual toxicity of numerous formulations

applied to concrete drains at various dosage levels
are shown in Table 4. These dosages caused a
97%-100% mortality in natural larval populations
present at the time of treatment. The dosages
shown in Tables 5-9 caused similar mortalities.
It should be noted that the data on residual toxicity
in concrete drains and all other habitats treated were
based primarily on field bioassays. About 4 days
or more had to elapse before most treated sites
could have produced fourth-instar larvae. On a few
occasions established breeding recurred before the
bioassay mortality rate dropped below 70%, in
which case the treatments were immediately recorded
as being ineffective.
The results in Table 4 show that the most effective

emulsifiable concentrates in concrete drains were
Dursban, Abate, fenthion, OMS-44 and OMS-1290
[O-(2,5-dichloro-4-iodophenyl) 0-methyl ethylphos-
phoramidothioate]. All oils applied at a rate of
80 US gallons per acre (approx. 760 1/ha) were
effective for 6-8 days, which contrasts to 25, 14 and
11 days for Dursban, Abate, and fenthion emulsi-
fiable concentrate, respectively, at dosages of 1.0ppm.
A clear indication that emulsifiable-concentrate/oil
mixtures were superior to emulsifiable concentrates
alone was not evident. A sudden water flow,
extremely stable habitats or poor mixtures may have
accounted for wide variations in the persistence
of different emulsifiable-concentrate/oil treatments.
It has been clearly demonstrated that water flow
and drain cleaning can result in the rapid loss of
larvicide activity (WHO Filariasis Research Unit,
unpublished data). A few tests with granules
indicated that emulsifiable concentrates provided
better control of mosquito larvae. For example,
sinking granular formulations of Abate at 2.0 ppm
and fenthion at 1.0 ppm were effective for 11 and
8 days, respectively.
The residual toxicities of emulsifiable concentrates

and granules in earthen drains are shown in Table 5;

persistence was slightly greater in these sites than
in concrete drains. Except for OMS-437 [toluene-
a,a-dithiol-bis(O,O-dimethyl phosphorodithioate)],
granules were inferior to emulsifiable concentrates,
the best being OMS44, Abate and bromophos;
OMS-711, OMS-1287 (2,5-dichloro-4-iodophenyl
methyl isopropylphosphoramidate) and tetramethrin
were the least effective. It should be noted that
OMS-44 was eventually withdrawn from the testing
programme because of its high toxicity to mammals.

It was observed that applications of tetramethrin
emulsifiable concentrate at a rate of 1.0 ppm to
earthen drains caused mortality among fishes amoun-
ting to about 95% for Ophicephalus spp. and Colisa
spp., whereas fenthion, OMS-1287 and OMS-1290
emulsifiable concentrate caused negligible mortality.
Limited laboratory tests against guppies (Lebistes
reticulatus) showed that tetramethrin was also more
toxic than Abate and OMS-1210 [0-(2,5-dichloro-
4-iodophenyl) O,O-diethyl phosphorothioate] but
less toxic than malathion and Dursban. The LCQ0
and LC,6 values of tetramethrin to guppies were
0.86 ppm and 1.75 ppm, respectively. (See also
Rongsriyam et al. (1968) who have given LCQ0
values for several larvicides against guppies in
Thailand).
The residual toxicities of certain emulsifiable

concentrates and granules in soakage pits are
shown in Table 6. Persistence of larvicides was
greater in these sites than in concrete and earthen
drains. Fenthion, bromophos and OMS-44 emul-
sifiable concentrate provided good residual effec-
tiveness at low dosages, whereas malathion granules
and dichlorvos resin strips had fairly good residual
toxicity at high dosages. Residual toxicities of
numerous formulations applied to pit latrines are
shown in Table 7. Despite heavy pollution, longer
persistence occurred in these sites than in drains
and soaking pits. The emulsifiable concentrates
appeared better than granules and far superior to
gas oil. The emulsifiable concentrates giving the
best results were Dursban, Abate, fenthion and
OMS-1210; granules showing promise were Abate
and Dursban. Gas oil applied at the rate of 120 US
gallons per acre (approx. 1140 1/ha) was effective for
7 days, and Burton (1967) found in Guyana that
dosages about 6 times higher than that controlled
C. p. fatigans larvae for 28-42 days, and sometimes
for as long as 56 days.
The results in Table 8 show the loss in concen-

tration of several organophosphorus emulsifiable
concentrates in polluted field water as determined

6
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TABLE 4
RESIDUAL TOXICITIES OF LARVICIDES AGAINST C. P. FATIGANS

IN POLLUTED CONCRETE DRAINS

Treatment Dosage No. of days Treatment Dosage (US No. of days(ppm) effective gal/ac; I/ha) jeffective

Emulsifiable concentrates Emulsifial

Dursban + 38130 c

Dursban + 38131 c

Dursban + 38551 c

Dursban + gas oil

Dursban + 38558 c

Abate + 38130 c

Abate + 38551 c

Abate + gas oil

Abate + 38558 c

Abate + 38131 c

Fenthion + 38130 c

Fenthion + 38131 c

Fenthion + gas oil

Fenthion + 38551 c

Fenthion + 38558 c

Flit MLO c

Flit MLO c

Flit MLO c

38130 c

38131 c

Malariol

Malariol

Malariol

Gas oil

Gas oil

Gas oil

38551 c

38558 c

ble concentrates a + oil b

1

80; 760

32

32

14

10

6

32

14

10

6

6

10

10

10

6

6

Oil alone

80; 760

40; 380

25; 237

80; 760

80; 760

80; 760

40; 380

25; 237

80; 760

40; 380

25; 237

80; 760

80; 760

8

3

1

8

8

6

2

6

2

0

6

6

a Applied at a rate of 1.0 ppm.
b Applied at a rate 0.19 US gallons per 100 ft2 of water surface.
c Obtained from the Esso Research and Engineering Co.
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Dursban

Dursban

Abate

Abate

Abate

OMS - 44

OMS - 44

Fenthion

Fenthion

Fenthion

Fenthion

OMS - 1290

OMS - 1290

OMS - 437

OMS - 437

Bromophos-ethyl

Bromophos-ethyl

OMS - 1210

OMS - 1210

OMS - 1211

OMS - 1211

Bromophos

Bromophos

Tetramethrin

Tetramethrin

OMS - 1287

OMS - 1287

Parathion

Parathion

OMS - 236

Fenitrothion

Fenitrothion

OMS - 711

1.0

0.1

2.0

1.0

0.1

2.0

0.4

2.5

1.0

0.5

0.1

2.5

1.0

4.0

0.8

0.5

0.25

5.0

1.0

5.0

1.0

5.0

0.1

5.0

1.0

5.0

1.0

7.5

0.04

12.5

15.0

0.4

18.0

25

10

15

13

6

17

11

15

11

7

5

16

11

14

11

6

4

10

7

8

7

7

2

6

3

5

3

10

1

9

10

2

18
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TABLE 5
RESIDUAL TOXICITIES OF LARVICIDES AGAINST

C. P. FATIGANS IN POLLUTED EARTHEN DRAINS

Treatment Dosage (ppm) No. of dayseffective

Emulsifiable concentrates

OMS - 44

OMS - 44

OMS - 44

Abate

Abate

Bromophos

Bromophos

Bromophos

Fenthion

Fenthion

OMS - 1290

OMS - 437

Fenitrothion

Parathion

Parathion

OMS - 236

OMS - 711

OMS - 1287

Tetramethrin

OMS - 437

OMS - 437

Fenitrothion

Fenitrothion

Abate

5.0

0.5

0.1

0.5

0.1

3.75

0.75

0.50

5.0

1.0

1.0

1.0

0.25

3.0

2.0

5.0

2.5

1.0

1.0

Sinking granules

5.0

1.5

5.0

1.0

2.0

20

14

9

12

9

21

10

9

21

11

11

11

7

9

8

14

10

3

3

18

15

6

7

by bioassays using the laboratory colony of larvae.
More than 99% of the original field dosage applied
to concrete and earthen drains disappeared within
1-3 weeks. In pit latrines, loss was not as rapid and
toxic dosages remained in the water for 1-2 weeks
longer. It should be noted that, on account of
intermittent water flows, the disappearance of toxi-
cant from drains may not have been primarily due
to its inactivation by bacteria.
The residual toxicities of different formulations

in septic tanks are shown in Table 9. The larvicidal

TABLE 6
RESIDUAL TOXICITIES OF LARVICIDES AGAINST

C. P. FATIGANS IN SOAKAGE PITS

Treatment Dosage (ppm) No. of days

Emulsifiable concentrates

OMS - 44 0.5 20

Bromophos 0.75 15

Fenthion 0.5 10

OMS - 437 1.0 20

OMS - 711 2.5 8

Parathion 2.0 6

OMS - 236 5.0 9

Floating granules

Malathion 5.0 7

Dichlorvosa 30.0 21

a Resin strip.

activity of certain organophosphorus compounds
lasted much longer in septic tanks than in any other
larval habitat studied. The emulsifiable-concentrate/
oil sprays appeared to be superior to the concen-
trates alone although there were marked variations in
effectiveness. The material with the best residual
toxicity was Dursban/gas-oil, although gas oil alone
was not superior to any of the proprietary oils.
All oils applied at a rate of 175 US gallons per
acre (approx. 1660 1/ha) were effective for 12-18 days,
whereas certain emulsifiable concentrates at 0.5 ppm
were effective for 15-90 days. For Abate, the
emulsifiable concentrate was much superior to
floating granules. In one series of tests, fenthion
emulsifiable concentrate at a dosage of 1.0 ppm
apparently controlled larvae for 12 weeks; it was
subsequently discovered, however, that local re%i-
dents routinely flushed disinfectant, and sometimes
kerosine, down their indoor toilets, which connected
to outdoor septic tanks.

DISCUSSION

The best over-all performance was given by
emulsifiable concentrates. They provided longer
residual activity at lower dosages than either oils
or granule formulations, in which case the routine
use of the two latter formulations would also
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TABLE 7
RESIDUAL TOXICITIES OF LARVICIDES AGAINST C. P. FATIGANS

IN POLLUTED PIT LATRINES

Treatment Dosage No. of days | Treatment Dosage No. of days(ppm) effective I(ppm) effective

Emulsifiable concentrates

77

31

63

35

24

21

10

25

20

25

18

27

15

6

49

10

35

21

11

12

10

20

7

8

6

10

10

7

4

2

Emulsifiable concentrates + gas oila

Dursban 1.0 56

Dursban 0.5 53

Dursban 0.1 30

Abate 1.0 42

Abate 0.1 12

Fenthion 1.0 21

Bromophos-ethyl 0.5 13

Gas oil alone -a 7

Sinking granules

Abate

Abate

Abate

Fenthion

Fenthion

Fenthion

OMS - 437

OMS - 437

Parathion

Parathion

Parathion

Fenitrothion

Fenitrothion

Fenitrothion

5.0

2.5

1.0

10.0

2.5

1.0

10.0

1.0

10.0

5.0

1.0

10.0

5.0

2.0

49

28

35

21

14

14

31

11

15

14

6

21

9

10

Floating granules

Dursban

Abate

Fenthion

Malathion

Malathion

1.0

1.0

1.0

10.0

5.0

42

42

14

14

9

a Applied at a rate of 120 US gal/ac, i.e., 0.03 US gal per 11 ft2 of water surface (approx. 1140 I/ha).
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Dursban

Dursban

Abate

Abate

Fenthion

Fenthion

Fenthion

OMS - 1210

OMS - 1210

OMS- 1211

OMS - 1211

OMS - 1290

OMS - 1290

OMS - 1290

OMS - 437

OMS - 437

Bromophos

Bromophos

Bromophos

Fenitrothion

Fenitrothion

Parathion

Parathion

OMS - 1287

OMS - 1287

Malathion

Dichlorvos

Dichlorvos

Tetramethrin

Tetramethrin

1.0

0.1

5.0

1.0

2.0

1.0

0.5

2.5

1.0

2.5

1.0

2.5

1.0

0.5

5.0

1.0

5.0

2.5

1.0

5.0

1.0

5.0

1.0

2.5

1.0

5.0

5.0

1.0

5.0

1.0



CONTROL OF CULEX PIPIElNS FATIGANS LARVAE IN POLLUTED WATER IN BURMA 849

TABLE 8
REDUCTION IN CONCENTRATION OF LARVICIDES

APPLIED TO POLLUTED BREEDING SITES
AS MEASURED BY LABORATORY BIOASSAYS

Emulsifiable Dosage (ppm) Residue (ppm) after
concentrates Do treatment (days)a

Concrete drains

Fenthion 5.0 0.0098, 20

Parathion 15.0 0.008, 7

OMS - 44 2.0 0.0045,15

OMS - 437 4.0 0.0088,15

Earthen drains

Fenthion 5.0 0.032, 20

Parathion 15.0 0.044, 3

OMS - 44 0.5 0.0075, 21

Bromophos 3.75 0.041,14

Pit latrines

Fenthion 0.5 0.015,10

Parathion 5.0 0.006, 14

OMS - 437 5.0 0.016, 35

Bromophos 5.0 0.035, 35

a Treated field water taken to laboratory for bioassays using
colony larvae of C. p. fatigans.

involve the transportation of more material into
the field.
The best emulsifiable concentrate formulations

caused larval mortalities of 98% or more with do-
sages of 0.05 ppm or less. A dosage of 0.5 ppm was
normally required, however (except for Dursban),
to obtain a residual toxicity of 1-2 weeks. Because
allowance should always be made for continually
changing field conditions and under-application
by labourers, a target dosage of 1.0 ppm should be
considered as the minimum for operational use.
Higher dosages did not always result in appreciable
improvements in larval control but with the use of
granules, higher dosages were normally required to
obtain residual toxicities equivalent to those given
by emulsifiable concentrates.
Using Dursban emulsifiable concentrate, a field

dosage of 0.5 ppm provided outstanding residual
toxicity being 385 times higher than the LC,5 value
to colony larvae in the laboratory. At a dosage
rate of 1.0 ppm, applications of Abate, fenthion,
OMS-1210 and OMS 1290 emulsifiable concentrates

were 344, 196, 119 and 40 times, respectively, the
LC,5 values. Parathion, fenitrothion, OMS-1287,
malathion and tetramethrin emulsifiable concen-
trates usually had to be applied at rates of 5.0 ppm
or higher to obtain persistences similar to those of
the first group of compounds, and these dosage rates
were 1923, 197, 69, 51 and 42 times the respective
LC95 values. Thus, data on the toxicity of an insecti-
cide in clean laboratory water, although impor-
tant, may not be useful in predicting accurately the
dosage required for the desired field performance.
For oils, dosages of 25-40 US gallons per acre

(approx. 237-380 I/ha) caused high larval mortality
but had little residual toxicity. All oils provided
about 1 week of control at dosage rates of 80 US
gallons per acre (approx. 760 1/ha). Whereas there
were extremely wide variations in the persistence
of the various organophosphorus compounds, no
differences of similar magnitude occurred in the
field performances of the oils that were tested. The
most effective oil, Flit MLO, as well as the organo-
phosphorus compounds, required much higher do-
sages in the field than the laboratory LC., values
indicated in order to obtain adequate activity for
1 week. The field effectiveness of Flit MLO oil
applied with equipment having a low rate of delivery
was not studied in Rangoon.

Despite the heavy pollution, certain emulsifiable
concentrates had better residual activity in septic
tanks and pit latrines than in open drains. For
example, Dursban applied at a rate of 0.5 ppm was
effective for about 3 weeks in concrete drains but
for 12 weeks in septic tanks. Hence, environmental
protection and the extent to which the water is
confined may be important factors in determining
the persistence of compounds not readily inactivated
by bacteria. It also should be noted that the vertical
distribution oftoxicant in the water was not measured
and dosages much higher than the target dosage
could have occurred in certain layers. Studies by
Hirakoso & Uchida (1966) indicate that inactivation
by bacteria adversely affected the larvicidal activity
of parathion, fenitrothion and certain other com-
pounds. However, Hirakoso1 recently reported
that bacteria did not greatly reduce the larvicidal
activity of Dursban.

1 Hirakoso, S. (1968) Inactivating effects of micro-orga-
nisms on insecticidal activity ofDursban, unpublished working
document WHO/VBC/58.63. A limited number of copies
of this document is available to persons officially or pro-
fessionally interested on request to Vector Biology and
Control, World Health Organization, 1211 Geneva, Switzer-
land.
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TABLE 9
RESIDUAL TOXICITIES OF LARVICIDES AGAINST C. P. FATIGANS

IN POLLUTED SEPTIC TANKS

Treatment Dosage (ppm) | efctiday Treatmente No. of daysNoeffdascTeaten effective

Emulsifiable concentrates

1.0

0.5

0.1

1.0

0.5

0.1

2.5

1.0

0.5

0.1

2.5

1.0

5.0

1.0

5.0

1.0

1.0

5.0

1.0

98

90

25

38

25

12

40

28

15

4

44

18

28

19

22

14

3

5

2

Floating granules

16

14

Emulsifiable concentratesa + oil b

Dursban + gas oil 107

Dursban + 38131 c 106

Dursban + 38130 c 94

Dursban + 38551 c 90

Dursban + 38558 c 80

Fenthion + gas oil 72

Fenthion + 38130 c 50

Fenthion + 38131 c 50

Fenthion + 38551 c 40

Fenthion + 38558 c 30

Abate + 38131 c 50

Abate + 38551 c 50

Abate + 38130 c 46

Abate + gas oil 40

Abate + 38558 c 40

Oil alone b

Flit MLO c

Gas oil

38130 c

38131 c

38551 c

38558 c

Malariol

18

15

15

15

15

15

14

a Applied at a rate of 1.0 ppm.
b Applied at a rate of 175 US gal/ac, i.e. 0.06 gal/15 ft2 of water surface (approx. 1660 I/ha).
c Obtained from the Esso Research and Engineering Co.
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Abate

Abate

Abate
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Fenthion
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OMS - 1210

OMS - 1210
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OMS - 1287

Tetramethrin
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RtiSUME
COMPTE RENDU SUCCINCT D'ESSAIS PRATIQUES DE LARVICIDES ORGANOPHOSPHORES

ET D'HUILES MINERALES POUR LA DESTRUCTION DES LARVES DE CULEX PIPIENS FATlGANS
DANS DES EAUX POLLUEES, EFFECTUES A RANGOON (BIRMANIE) DE 1964 A 1969

Dans le cadre du programme OMS d'essai et d'eva-
luation de nouveaux insecticides, on a recherche 1'effica-
cite contre les larves de Culex pipiens fatigans de 17
composes organophosphores, d'un pyr6throlde synthe-
tique et de 7 huiles minerales. Les experiences ont eu
lieu a Rangoon de 1964 a 1969. Les larvicides ont ete
appliques sous forme liquide ou sous forme de granules
dans des eaux naturelles contenant des larves vivantes.
L'activite r6manente des composes a ete appreciee par
des essais biologiques sur le terrain ou en mesurant
l'intervalle entre le traitement et la reapparition des
larves.

Les concentres pour emulsion ont fait preuve d'une
efficacit6 de loin superieure a celle des huiles et se sont
revel6s en general plus actifs que les granules. Sous cette
formulation, le Dursban, l'Abate, le fenthion et plusieurs
autres composes, a la concentration de 0,05 partie par
million, ont entraine une mortalite larvaire elevee. L'eli-
mination complete des larves pendant au moins 1 'a
2 semaines a cependant exige un dosage de 0,5 partie
par million. Les huiles minerales, k la concentration de

237 a 380 litres par hectare, et le compos6 pyrethroide,
appliqu6 a raison de 1 partie par million, se sont montres
tres toxiques pour les larves, mais d'activite remanente
faible. Certains melanges d'huiles et de concentres pour
emulsion ont fait preuve d'une toxicite notable, mais leur
effet a ete irregulier.
La formulation qui a donne les meilleurs resultats est

le Dursban en concentr6 pour emulsion. A la concentra-
tion de 0,5 partie par million, son action a persiste
pendant 3, 7 et 12 semaines respectivement dans des
canalisations en ciment, des latrines a fosse et des fosses
septiques. Des concentres pour emulsion d'Abate, de
fenthion, d'OMS-1290 et d'OMS-1210, a la concentra-
tion de 1 partie par million, ont assur6 la destruction
des larves de C. p. fatigans pendant 1 a 2 semaines dans
des canalisations en ciment et pendant 3 a 5 semaines
dans des latrines a fosse et des fosses septiques. L'emploi
de dosages plus 6lev6s n'a pas toujours eu pour resultat
d'accroitre la toxicite remanente. Des circonstances
imprevues peuvent d'autre part annihiler 'a tout moment
les effets du traitement.
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