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Introduction

The establishment of Culex tritaeniorhynchus
Giles as an important vector in the transmission
of Japanese encephalitis in Korea and neigh-
bouring countries re-emphasized the need for
control measures against this mosquito.

The organophosphorus insecticides have been
used successfully for 25 years in routine

control of the vector mosquitoes and other
arthropods of medical importance. '
The development of insecticide resistance
among mosquitoes in Korea was first reported
by Whang et al.(1965) in reference to the
adults of C. tritaeniorhynchus against dieldrin
in the vicinity of Pusan city and Namweon
county of Cheonpook Province. Subsequently,
Lee(1969) found that C.
collected from Gobu Myun, Cheonpook Province

tritaeniorhynchus
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was highly resistant to both DDT and-dieldrin,
but Anopheles sinensis Wiedemann caught in
the same area was susceptible to DDT and
resistant to dieldrin.

In a recent survey on control effects of
pesticide applications against the vector mosquito
larvae in rice fields in Korea (Ree et al., 1981)
organophosphate resistance has been discovered
in C. tritaeniorhynchus.

In spite of the fact that this species is the
major Japanese encephalitis vector in Korea,
very little information is available on the
resistance level of insecticide on this species.

The present paper is an attempt to survey
various populations of C. fréitaeniorhynchus in
Korea for resistance to organophosphorus ins-
ecticides and to obtain information concerning
the resistance levels of the insecticides against
the larvae and adults of C. frétaeniorhynchus.

Materials and Methods

1. Test insects and the methods of rearing:
All the wild mosquitoes which had taken full
blood meals were collected from human and
animal shelters with an insect net or with a
sucking tube, and transferred into the cages.

The mosquitoes, collected in cages, were
brought to the Parasitology insectarium and
reared by standard methods at 27+1°C and 70
—80 per cent relative humidity with 16 hour
of illumination per day.

Egg rafts were deposited by females about 4
days later in the container of water.

The approximately 300 first instar hatched
were reared in enamel pans measuring 5040 cm
filled to 1 cm depth of water and fed on crushed
powders of laboratory mouse pellets and ebiose,
and the adults were fed on 5 per cent sugar
solution.

The origin and the dates of collection of the
laboratory colonjes used in this study are listed
in Table 1 and illustrated in Figure 1.

Third or early fourth instar larvae and two

to five day old female mosquitoes were used in

the tests.

2, Insecticides used: Ethanol solutions of
insecticides were prepared as the sample for
testing the resistance levels of larvae, and
acetone solutions were prepared for adult mos-
quitoes.

3. Test methods for resistance levels: Follo-
wing standard WHO procedures, batches of 25
early fourth instar larvae of C. f¢ritaeniorhy-
nchus were exposed to several concentrations
of insecticides.

The air temperature during testing was 25+
1°C. The mortality rates of the larvae were
scored as the proportion dead or moribond after
expo)sure for 24 hours. If the mortality of
untreated mosquitoes or the pupation rate during
a test exceeded 4/25, the results were discounted.

In order to measure the resistance level of
adults; adult test papers were prepared by
impregnating rectangles(12 by 15 cm) of Wha-
tman No. 1 filter paper with 0.7ml of known
percentage solution of insecticides in acetone.

Groups of up to 25 adults were exposed to
the impregnated papers continuously for a

period of 24 hours.
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Mortality was recorded at different intervals.
Controls exposed to acetone or ethanol impreg-
nated papers showed no mortality.

From these data the regression of the probit
mortality on log of dosage was computed and
the Lcs, and Lds, were obtained.

Table 1. Details of the C. iritaeniorhynchus
colonies used in the experiment(1987)

Location of collection

Collection date

Province County
Cheonnam  Kwangju 87. 8.16—17
Cheonpook  Cheonju 87. 8.30—31
Chungnam  Taecheon 87. 8.21—22
Chungpook  Chungju 87. 8.24—25
Kyungnam  Kimhae 87. 8.12—13
Kyungpook  Kyungsan 87, 7.28—30
 Yeongcheon 87. 8.05—06
Results

The organophosphate resistance levels of
larval - C. tritaeniorhynchus reared for one
generation in the laboratory from collections
in seven localities are compared with that of
susceptible laboratory strain and listed in Table
2 and in Table 3.

In general, high resistance to organophosphate
larvicides in seven colonies of C. tritaeniorhyn-
chus was observed.

The larval C. tritaeniorhynchus was found
to have high resistance against diazinon and
malathion with Lcs, values of 17.0—29.8ppm
and 10.8—34, Ippm, respectively.

The Lcs, values of the Kwangju and Yeong-
cheon colonies to diazinon were about 2,000
times as high as that of susceptible strain.

Tests with malathion showed that the resis-
tance ratio of the Cheonju colonies, relative to
were the highest,
followed by

susceptible strain, being
present in nearly 8,000 times,
Taecheon colonies with the ratios of 7,000 times
and Kwangju colonies with 5,000 times.

Kimhae and Yeongcheon colonies were the

least resistant,

The more increased resistance of larval C.
tritaeniorhynchus to fenitrothion, fenthion and
temephos were discovered in three localities,
the Lcsgo
values being 11.3—18.7ppm for fenitrothion,
16.0—27. 3ppm for fenthion, and 96.2—121.0ppm

Cheonju, Kwangju, and Taecheon,

for temephos.

Table 2. Resistance levels and resistance ratio
of larval C. tritaeniorhynchus exposed
to Diazinon and Malathion for 24

hours(1987)
Diazinon ‘Malathion
Locality —

Leso R.R* Lecsy R.R*
Cheonju 22.0 1,467 34.1 8,119
Chungju 21.0 1,400 19.2 4,571
Kimhae 17.5 1,167 11.6 2,762
Kwangju 29.8 1,987 22.0 5,239
Kyungsan 17.0 1,133 20.8 4,952
Taecheon 26.0 1,733 29.0 6, 905
Yeongcheon  29.8 1,987 10.8 2,571
Susceptible 0,015 — 0.0042 —
strain**

* R.R: resistance ratio
** Data reported by Department of Medical
Entomology, NIH, Japan

These larvae also became about 2-3 times
more resistant to malathion than other colonies
collected from the Kimhae and Yeongcheon
areas.

Table 4. shows the median lethal concentr-
ations of larval C. tritaeniorhynchus exposed
to DDVP and synthetic pyrethroides.

Among them, phenothrin was highly active
against the larvae collected from seven localities.
The Les for larvae ranged from 0.0032(most
susceptible colonies) to 0.0117ppm(most tolerant
colonies), a 4-fold range of concentration.

In the allethrin, the Lcs, concentration ranged
from 0.0280 to 0.1050ppm for various colonies.
In these instances, allethrin was somewhat less
active than phenothrin.

The data shown in Table 5 present the mor-
tality rates of adult C. #réitaeniorhynchus of 5
colonies after 1, 6 and 24 hour exposure to
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Table 3. Les, values in ppm and resistance ratio of larval C.
Fenitrothion, Fenthion and Temephos (1987)

IR S04 B 24 1987

iritaeniorhynchus against

Fenthion

Fenitrothion Temephos
Locality '
Leso R.R* Leso R.R* Leso R.R*
Cheonju 13,3 17,273 21.8 15, 352 121.0 155, 128
Chungju 7.5 9,740 7.8 5,493 47.5 60, 897
Kimhae 7.8 10, 130 10.3 7,254 © 50,0 64, 103
Kwangju 18.7 24, 286 27.3 19,225 96,2 123,333
Kyungsan 9.5 12,338 3.3 2,324 61.8 79,231
Taecheon 11.3 14,675 16.0 11,268 100.0 128, 205
Yeongcheon 6.8 8,831 3.5 2,465 22,5 28, 846
Susceptible strain** 0.00077 — 0.00142 — 0.00078 —

* R.R: resistance ratio

** Data reported by Department of Medical Entomology, NIH, Japan

Table 4. Median lethal cocentrations of larval
C. tritaeniorhynchus exposed to DDVP

and synthetic pyrethroides (1987)

Lecso values in ppm of larvae

Locality
DDVP Allethrin Phenothrin

Cheonju 80.0 0, 0575 0. 0053
Chungju 47.5 0. 0625 0. 0036
Kimhae 95.0  0.0463  0,0040
Kwangju 45.8 0. 0280 0.0117
Kyungsan 97.5  0,0633  0.0065
Taecheon . 87.5 0.1050 0. 0088
Yeongcheon 97.5 0. 0280 0.0032

egnated papers.

Also in adult mosquitoes as in larvae, Cheonju
and Kwangju colonies were highly resistant to
malathion.

To fenthion, the Cheonju and Kwangju col-

malathion-, fenitrothion-, and fenthion- impr-

onies were also highly resistant and the Kyun-

gsan colonies, not so resistant in the larval

stage, was extraordinarily resistant.

Discussion

The most important finding of this study was

Table 5. Motaiity rates of adult C. ¢ritaeniorhynchus after 1, 6 and 24 hour exposure to
Malathion~ Fenitrothion- and Fenthion- impregnated papers (1987)

Cheonju Chungju Kimhae Kwangju Kyungsan
Concentration
1 6 24% 1 6 24 1 24 1 6 24 1 6 24

% Malathion

0.05 5.0%* 10.0 25.0 5.025.0 50.0 5.0 40.0 60,0 0O 2,00 45,0 15,0 30.0 45.0

0.1 5.0 30.0 50.0 5.0 30.0 75.0 5.040.0 80.0 0 20.0 55.0 15.0 35.0 65.0

0.2 5.0 25.0 90.0 5,025.0 95,0 5.0 45.0 100.0 0 40.0 90.0 20.0 50.0 90.0
% Fenitrothion

0.05 5.0 25,0 70.0 O 20.0 9.0 O 20.0 80.0 O 10.0 40.0 5.0 45.0 80.0

0.1 5.0 35.0 90.0 0 40,0 100.0 O 40.0100.,0 0 25.0 85.0 5.0 55.0 95.0

0.2 5.0 40.0 100.0 0 45.0 100.0 5.0 40.0 100.0 0 35,01 00.0 10.0 55.0 100.0

% Fenthion

0.05 5.0 10,0 25,0 0 20.0 45.0 0 15.0 40.0 0O 5.0 20.0 5.0 25.0 45.0

0.1 5.0 15.0 75.0 5.0 35.0 85.0 0 30.0 8.0 O 25.0 75.0 10.0 50.0 95.0

0.2 5.0 25.0 90.0 5.045.0 100.0 0 45,0 100,0 0 35.0 850 10.0 50.0 100.0

* hour

** mortality rate (percent)
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the marked variation in resistance levels to a
particular insecticide between colonies of C.
tritaeniorhynchus larvae and adults collected
from seven different locations in Korea, and
generally provided certain evidence that the
resistance ratios of larval C. tritaeniorhynchus
against organophosphorus compounds were
extraordinarily high.

After the end of World Warll, chlorinated
hydrocarbon and organophosphorus compounds
were introduced and widely used for the control
of insects and other arthropods of medical and
agricultural importance in Korea.

Since Hurlbut et al. (1952) made a survey of
DDT resistance in Korean bhody lice and reported
for the first time that the body lice was DDT-
resistant, many investigations on the develop-
ment of resistance to insecticides have been
published. l

From these results, the Korean government
stopped the import of DDT in 1959 because of
the fact that Korean people complained that
insects and other arthropods of medical impor-
tance were not killed after DDT spraying
operations.

Thereafter, malathion was introduced into
Korea as a substitute for DDT, and other
organophosphorus compounds have also been
imported for agricultural pest control. _

In the studies on insecticide resistance of
vector mosquitoes in Korea, Hwang et al. (1965)
carried out a survey on insecticide susceptibility
of C. tritaeniorhynchus caught from cows
outdooré in the vicinity of Pusan in August,
1964, and reported for the first time that this
species was DDT-susceptible and dieldrin resis-
tant.

Lee(1969) reported that Anopheles sinensis
as a malaria vector species in Korea was found
to be susceptible to DDT and resistant to
dieldrin, but C.
from beu—myun, Jeongup county, Cheonpook
Province as one of the endemic areas of Japanese
encephalitis was highly resistant to both DDT
and dieldrin.

tritaeniorhynchus collected

Subsequently, Ree et al. (1979) conducted a
survey on the control effects of agricultural
pesticides against mosquito populations of rice
paddy breeding species in Korea, and reported
that the mortality rates of C. tritaeniorhynchus
on the first day after treatment were 33.2 per
cent to BPMC, 65.6 per cent to diazinon, 32.4
per ent to fenitrothion, 99.5 per cent to padan,
and 6.2 per cent to malathion.

They also indicated that most of organophos-
phorus and carbamate insecticides tested were
available to control mosquito larvae in the rice

field, while they seriously affected the popul-
ation of other aquatic organisms.

In recent years, from their studies on control
effects of pesticide applications against the
vector mosquito larvae in rice fields in Korea,
Ree et al. (1981) reported that C. ¢ritaeniorhy-
nchus and A. simensis had developed high
resistance to most of the insecticides as comp-
ared with the results reported by Self et al.
(1974). Similar results in vector mosquitoes have
been obtained by Shim et al. (1979), Ree et al.
(1980), Shim and Kim(1980), and Shim and
Kim (1981).

In the present study, the larval C. #ritaen-
forhynchus showed high resistance to malathion
and fenitrothion with Lcse values of 10, 8—34. 1
ppm and 6.8—18. 7ppm, respectively.

The more increased resistance to temephos
and fenthion was discovered 1n C. tritaeniorh-
ynchus collected from three l_ocations, Cheonju,
being 96.2—121.0
ppm for temephos, and 16.0—27.3 ppm for

Kwangju, and Taecheon,
fenthion.

The results presented in Table 2 and Table 3
indicate that the resistance ratio to organop-
hosphorus compounds in seven colonies of C.
tritaeniorhynchus, relative to susceptible colo-
nies, were nearly 2, 000—150,000 times.

C. tritaeniorhynchus first appeared in mid-
June and trapped in large numbers during the
period from mid-August to early September,
showed a simple sharply pointed one-peak curve,
There was a gradual decrease from mid-Septe-
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mber, with a very small number of them
collected until early October. The main breeding
sites contributing to populations of C. tritmen-
iorhynchus in Korea were evidently rice fields.
The Korean have been striving for self-suffic-
iency in rice by increasing yields on existing
paddy acreage and they have relied on chemical
fertilizers and insecticides.

According to the Bureau of Agricultural
production, approximately 12.0kg of fungicides
and insecticides were applied to one hectare of
rice-field by farmers, 7—9 times during the
period from June to September in 1987, for the
control of agricultural pests.

The intensive use of fungicides and insecticides
for the control of agricutural pests and medical
insects, which transmit communicable diseases
during the summer season, by goverment offi-
cials and by farmers have greatly influenced
the populations of the mosquito larvae and their
predators.

As shown in Table 4, the relatively high
Leso values were obtained with all colonies
tested with phenothrin. Especially high resist-
ance levels were observed in collections from
Kwangju(0. 0117ppm) and Taecheon(0. 0088prm),
respectively. Because the tests were conducted
on larvae, against which this product is less
potent, these results may not fully reflect that
existing in adults.

Resistance being higher among colonies of C.
tritaeniorhynchus in the present survey suggests
that this is probably related to some difference
in the opportunity of contacting insecticides
and fungicides.

Summary

In order to determine the resistance levels
on Culex tritaeniorhynchus, vector mosquitoes
of Japanese encephalitis virus, collected from
the suburb of seven cities, a survey based on
seventeeth report of WHO Expert Committee
on insecticides carried out during the period
from June to October in 1987.

The larval Culex triteeniorhynchus showed
high resistance to malathion, diazinon, fenthion
and fenitrothion with the Lcs values of 3.3—
34. 1ppm.

Increased resistance to temephos and DDVP
was discovered in three colonies of Culex
tritaeniorhynchus, the Lcg, values being 96. 2—
121. Oppm for temephos and 87.5—97.5ppm for
DDVP.

Against larval Culex iritaeniorhynchus, both
allethrin and phenothrin proved susceptible, the
latter being somewhat more active.

Also in adult mosquitoes as in larvae, Cheonju
and Kwangju colonies were highly resistant to
malathion.

To fenthion,
colonies were also highly resistant and the

the Cheonju and Kwangju
Kyungsan colonies, not so resistant in the
larval stage, was extraordinarily resistant.

Summarizing the results, this study indic-
ated that the resistance levels of Culex iritae-
niorhynchus against organophosphorus compou-
nds are extraordinarily high.
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