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Abstract

The insecticide temephos, commonly known as Abate sand, is widely used to control
Aedes aegypti larvae in Thailand. However, long-term and continuous use of insecticides
for mosquito control can lead to the development of insecticide resistance. This research
aimed to determine the resistance status of Ae. aegypti larvae to temephos in dengue-risk
areas across Thailand. Ae. aegypti larvae were collected indoors from 21.2% to 64.0% of
households, corresponding to 207 to 164 households in each study area. The mosquito
larvae were tested for susceptibility to temephos at concentrations ranging from 0.0015 to
0.048 mg/L using WHO protocols. The 50% lethal concentration (LCSO) was determined, and
resistance ratios (RR) were calculated. The results showed that temephos produced mean
mortality rates ranging from 15.00+£3.83% to 100% in laboratory-reared Ae. aegypti larvae,
with an LC,, value of 0.005 mg/L. Field-collected Ae. aegypti larvae from nine provinces
exhibited mean mortality rates of 0-100% and LC,, values ranging from 0.016 to 0.038 mg/L.
The mean mortality rates of mosquito larvae demonstrated significant differences among the
studied provinces (p < 0.05). The Ae. aegypti larvae from nine studied provinces, including
Lamphun, Nakhon Ratchasima, Kanchanaburi, Maha Sarakham, Phitsanulok, Nakhon Pathom,
Chanthaburi, Trat, and Chumphon, had temephos resistance ratios ranging from 3.20 to 7.60.
Among these, larvae from Nakhon Ratchasima, Kanchanaburi, Nakhon Pathom, and Chumphon
had resistance ratios (RR) less than 5, indicating susceptibility, while those from Chanthaburi,
Maha Sarakham, Phitsanulok, Trat, and Lamphun had RR values between 5 and 10, indicating
moderate resistance. In conclusion, Ae. aegypti larvae from four provinces were susceptible
to temephos (RR < 5), while those from five provinces exhibited moderate resistance (RR
5-10). To prevent further development of resistance, the use of temephos for mosquito
larval control should be reduced, and insecticide rotation strategies should be implemented.
Alternatives such as Bacillus thuringiensis israelensis (Bti) and insect growth regulators (IGRs)
are recommended for effective Aedes mosquito control to prevent dengue outbreaks.

Keywords: Temephos, Aedes aegypti Larvae, Dengue Risk Areas, Resistance Ratio
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A 0° 0° 6.00£4.00™ 18.00+9.52° 2800+1633° 93.00+6.83*
UATTIVEU 0° 5.00£2.00° 11.005.03° 18.00+2.31° 8200+£10.58"  100°
NRYAUYI 0° 4.00+3.27° 14.00+5.16° 19.00+6.00° 77.00+17.40°  100°
UNENIAY 0° 1.00£2.00° 3.00+£2.00° 8.00+3.27° 13.00+2.00° 85.00+10.00"
Wwadlan 0° 2.00£2.31° 6.00+2.31°° 21.00+£5.03° 38.00+8.33°  100°
uAsUFY 0° 1.00£2.00° 6.00+£5.16° 2200+1007° 8500+1000°  100°
UNY3 0° 3.00+2.00° 8.00+3.27°° 15.00+3.83° 74.00+5.16°  100°
n3A 0° 0° 4.00+3.27°° 16.00+5.66" 29.00+8.87° 89.00+7.57*"
YUNT 0° 1.00£2.00° 6.00+£2.31° 16.00+8.64° 82.00+12.00° 99.00+2.00°

*maﬂm a, b gz c LLﬁ@Qﬂ’]EJG]iWH‘t’JLaaE’JSUENaﬂ‘UW‘c’J\‘16’1‘t’J‘U']'LJGIEJ&’]3Lﬂ1JV13JWEJﬁSLuLLGIauSW®UWJ’DJL“UEJSUUQJF]THJWNEJ‘EJ’NQJUEJ%TW]EU

V9adAT p < 0.05

NANANTAATIEI Probit "UE]\‘I@ﬂ‘LJ’]ENmEJ
thuiinaaeutiteven LC50 wuiy geaneUuvieg
ﬂgummﬁ fiA1 LC50 Wiy 0.005 mg/L muaﬂm
&quamumﬂwumﬂm 9 Yanda fe1 LC50

3¥1313 0.016-0.038 me/L laeiiArszaunng
o3 95% Cl 58I 3.14-9.97 ANADR Z 331iN
4.22-7.92 uazA p<0.001 AN 3
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nd' 1 % 4 4 a wva 4 dy dld L2 %
19190 3 A1 LC50 "UENEjJﬂ‘lﬂEgﬂaﬂEJ‘U’TL!‘ME]QUQ‘UG]ﬂ’lﬁLLﬁ%QQa’IEJ‘U’m‘\]WﬂWUVIFTﬂ‘H’] 9 RNIA

antgeanetiy f LC50 95% Cl z p-value
vipaUfuAnTg 0.005 3.14-5.83 6.53 <0.001
é"rw“u 0.031 5.73-9.96 7.83 <0.001
UATIIYEN 0.018 5.02-8.81 .17 <0.001
mﬁgwuﬁ‘ 0.019 4.19-8.18 6.08 <0.001
ddIAU 0.036 6.02-9.97 7.92 <0.001
fwaylan 0.032 1.22-3.36 4.22 <0.001
UATUFY 0.016 4.29-7.74 6.82 <0.001
Juny3 0.038 4.35-7.97 6.68 <0.001
730 0.032 4.34-8.21 6.35 <0.001
YUNT 0.018 4.99-8.27 791 <0.001
NMTUATIE mamfmﬁﬂamamimm naulninseidunsizs®” dugninguans i
fifioaresgningsmethuaniiuiifng 9 Jmin wuirdisenumsieseasinifdivealuvans
I%Lﬂiaumamvmwm LC50 suaqaﬂmmms Jainvesusenalng®> 91nnsfnwidanand

HruanusasfuiFnewazed LC50 ﬁuaqaﬂm
‘EN@’]EJ‘U’]UWENUQUG]M% WU aﬂmmawmu
PNNUNANET 5 TR A au‘vmi P URGUERE
wwmiaﬂ AN LATATIY mvmmmamaamﬂm
mvxlaamuﬂmq Imammamwmma (RR) M1AY
7.69, 7.20, 6.40, 6.40 Way 6.20 AINAINU AU
anigaangunuanadn 4 Janin Ae mmu‘u‘%
UATINVEUN YUNT wazuATUIY mvmmmama
mmmmvxlaam I%mmamwmiﬂa (RR) wrmu
3.80, 3.60, 3.60 Uaz 3.20 AIUANU Fann51971 4

d5Uduazanusnena
ﬂﬂﬁmumwmmmmamammmwammaq

GuaammamﬂwmswummﬂivLwﬁlwa Tagnuy

'mamwmwamammmmLLaJammmmeﬂu

WU aﬂﬁwamaﬁmmﬂ 5 3mdn An JUNY3
UEN5AN wwmlaﬂ A31A LazE U dszaunis
@amamammuwgaﬂmﬂa’m (mamwmima 5-10)
dugnysaneinuangn 4 Jwin fie uATsITELN
NEYAUYI UATUFH Wazguns AseAunNIsAeneEs
mmmxlaam (mamwmima < 5) MN3LNauaions
mmaﬁumaﬂmmmamumamimmumamaq
aqmmiaumdaﬂ (WHQO, 2016) mﬂmamwmi
mamaaaﬂmaqmwmmammmmﬂaawmm’m
uansnafuendumaglunsas Wuwmﬂwm
m'ﬁmmiLﬂmmmam‘kmmmmuwﬂugﬁLLUU
YDINANTU STELLIALALIONTS Y danmasanu
nMsANYIveT Uy dlnmau’’ ﬁﬁi’]amuwui’]
mamamiwmaaummhmamwmﬂaamaqaﬂm
mmsmuivm’]w WA, 2551-2561 Aigudunis
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a 1 1 qu ¥ dy A= = ) a (% %:I v
19197 4 A1 LC50 wagmn RR "UEN@Jﬂ‘IJ’]Eg\‘ia'WEJU’W“LJ‘\]’]ﬂW“LWIﬁﬂ‘U’WLZLIE]L‘Uﬁ‘EJULV]EJUﬂUQﬂUWENa’WEJU’m

e uRng
anthgeaetu 1 LC50 A1 RR szRunshareansadiidines

VRNIBNTeh 0.005 - -
A 0.031 6.20 Uruna
UATIIVEU 0.018 3.60 i
NQYIUYS 0.019 3.80 i
UMEANTANY 0.036 7.20 Uunang
fwadlan 0.032 6.40 Urunand
uATUU 0.016 3.20 i1
TUNYS 0.038 7.60 Urunana
n310 0.032 6.40 Urunang
YN 0.018 3.60 fin

IuwuwﬂﬂﬂmuamaumwaqﬂiymﬂwEJ A Wydlan
ansAne gluvie tusysal wuaznn Filuammaua
WealkaruanuAMAUIaLEDd AN1SHAUINIT
Auynusieansitwoslusziugs uavillinns
Wmmmwmmummwuwgameu
I@EJLmﬂmmulﬂimmauwumamm mﬂwaﬂm
mmamummﬁ‘wmmmsmamamiLﬂwm\laa
WANAINAU szmﬂuﬁismmeummmmm Aol
ammmimiﬂiumummimaamuiumamm
D TBALAYAMTUNITUGUB LD mﬂmmaauwu
maﬂmmmamumﬂ 5 Sawin Aifszdunnsie
muﬂaﬂmamsmwmwgamLLquamaa vi5eAU
ﬂﬁmamﬁuumamiﬂwmwga mﬂiuwwmﬂan
EJamisum3mwm/\laaiumsmmaﬂmmmamu
aenweLiied iammaﬂmmmsmumﬂaﬂ 4 39%30
°v1mmmmhmamimeumam%vwmmwm
5°mmwmaqqmamamwmﬂaaluamm

‘mﬂwmimwamaamwmwaqaﬂm
mmamumawumﬂmm 9 I ‘vﬂ,mmﬂmi
Uszilunang93InL57 (Rapid assessment) fien
ANTY 0.012 me/L W,Uum Discriminating
concentration Ta3aswAdifidnea" Imaamms
aumsf[aﬂimmmmimmﬂmaﬁumaﬂmmms
tufisnindesay 90 Airnemudidi 10.012 mg/L
Guaqammmmma "wanalean aﬂmmmamu
mamamamwmﬂaa f\]’]ﬂwaﬂ’ﬁﬁﬂ‘l‘fﬂWU’J’]ﬁﬂu’]
mawmumﬂwumﬂmm 9 JINIA mammw
wAsfiSenay 8.00 (+3.27)-22.00 (£10.07) fianu
LGUfl,JGZJ‘u 0.012 mg/L Guaamim:umwga R TRLoe
mammﬁaaay 90 muﬂammmamamimm
mmxlaa Frnsenunsreseaseiiitivedues
aﬂ‘mmmstumﬂ‘wmEmmmmﬂivmrﬂm
WUMﬁﬁﬂM&J@@@@ﬁﬁme:w\Iaawmmlfuzwuu
Aananl o muaﬂmmmamuvfmﬂgummi
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Faimnulseasniifidveaiinnududu 0.012
me/L nedidnsianeindsdesay 99.00 (+2.00)
asnaidnduetesnsewsislan™ andeya
5@57@]’18@%8%@@@ﬂ‘lj’lﬂﬂmﬁﬁ’luﬁ]’lﬂ 4995%3n D)
AU UMETAIN A0 LTINS wmmmmu
0.048 mg/L vosansafifidvloa Wumawsaaav
85.00+£10.00-99.00+2.00 LLanamaﬂm
geanethulliamhdeasiaiifisivlos Lmamasﬂ,m
wmmmmaawmwmmmmu 0.096 mg/L U89
a15.adfidea WU aﬂmmmamumﬂm q
Jandn uamwmsmasﬁaaau 100 9INHANSANW
LLammLLquamawwummiw&ummﬁmamami
mmm\laaﬁuaaaﬂmmmamumﬂwuwmﬂm
oehilafinny Snsuuslssssuivnaedo
answniiifieatisysuaadidu 1 me/L (1 ppm)
U5y a‘msm‘wmewamamimmumwaﬂm
gaaeUu" ) updienadudy 1 mg/L 48ImNTNY
levansieiiifivea vliidndumiues
aswafififineadsersilisdldiduiivensues
ﬂswwuwmuﬁaﬂ%’mwLﬂﬁaumﬁmﬁﬁﬁma
Fenudududingtn GLumimamaﬂmmmsmu
Tutuisou mma}Lﬂua'mmm’[mrmﬂ’mmaﬂm
EJQﬁ'lEJU’]“LJLLﬁwﬂ’ﬁ{jENﬂumiﬁuUWﬂ"U@ﬂIﬁﬂiﬁULaE]ﬂE]@ﬂ
HilaifseAvEnmuihiias

Foausuuzlunisanedsensad
. 1. msannsiansaiififinealunisaium
gnihgeanediunazmsiinisiidise ’Nmimama
msmwm\lamaaaﬂmmmamaﬂ,uwwmmm
m‘“WUﬂ’]iﬂﬁmﬁla’]iLmJVlaJWE)EImLﬂUi“EJ DY
fowled
2. aﬂmsmmamuiuwumﬂwmmvm
mamaﬂwuﬂmamamamamuﬂaa SN SV UREY
ﬂqmymiquﬂmqamamu WU LUATIISINNAA
andrgsaeuiu ¥l Bacillus thuringiensis
israelensis (Bti) aluluuwn (Spinosad) waza1s
AIUANNSATALAUL (Insect Growth Regulators,

¥
o

IGRs) temuANmIngnigsmetiuneasial

Piviealaagnaiiuszansan

[y

°uaLauaLLuWIunﬂsﬂnwﬂfaaﬂﬂiamalﬂ

1. mmmauaamwmwaqaﬂm&Nmstum
ALt 0.015-0.096 me/L maqmammuﬂaa
sufudselovdreituiidne Wosmnluudasiui
aunsnitayaninailulseneunsdndulaly
ﬂ’lﬂ%ﬁ'ﬁLleiJWE]a‘Vliuﬂ‘Uﬂ’J’laJLGUNGUH‘VILWJ%?{N
mlwamwmmaqaﬂmmmstuiasJa.v 100

2. mammuﬂaammummLsumu 0.096
mg/L mmaslmaﬂmmmamumﬂm 9 Fanin 7
Anw Homsmne Seuay 100 mmmsamﬁuama
lﬂﬂiuﬂaum3Wﬁmmﬂ%a’ﬁmwaammumm
Fududimanzan Tnglaivihlhdnaumiiunay
Uszauanisasausula

3 mndieusiiusesldasiniififinead
amandntuievas 1 mslifuguilivtedlelad
Afeuansiaiiffvleadiaududusngn dalae

UnAuiinisliuguiliviedlelasi lunsvidn
didemioudy Luaqmﬂmﬂwmvmuswau o
mmmaaumsmimeummwm%ﬂaummu
‘1/1'ﬂmamwmmuwlmmuummawﬂumamvmﬂfm
endouaediea

) 4. mﬁamﬂﬁ’[,%’amﬂﬁd“leaauaméhwi’q
mﬁmamamimummaaéumqﬂﬁﬂmmamu Tu
Nunsanauduszezedesiaiilas mmﬂ%mamm
mf\]mmaqLUuLwmmmmwmmmumﬁumuqu
NM55¥UnYedlsaldldenoen SalluInsn1AILDU
Sniannsathuldsmiuiietesiuniuaylsn
9aeneanld Wy NSIEIBNITININ NIINILATN
uaE IS MU @ninensufudasunningsy
VBIUTLVIVU
AnAnIsuUTZNA

MuITellasunisaduayuainiiu
JuUsEanUeanuITEINgAansasSaY
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ASUANYIAIAASAITUNNY Usea1U 2565
AR IILVBVBUANANSITUATE NS HO1IUNNT
TﬁawmmamLaﬁmasum‘wmwuaLLava’mﬂmummwa
FsuRaveUlufuidne 9 Smie mwmiau‘uauu
Tunsanduanideaudnsogarslusies
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