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##4470393621 : MAJOR INDUSTRIAL ENGINEERING

KEY WORD : FACTORIAL DESIGN / MOSQUITO /
PRATANPORN SAMPAONGOEN : THE EFFECTS OF SOUND FREQUENCY AND
INTENSITY ON THE BITING OF AEDES AEGYPTI LINNAEUS USING
EXPERIMENTAL DESIGN TECHNIQUE. THESIS ADVISOR: ASST. PROF.

SOMCHAI PUAJINDANETR, Ph.D., 175 pp. ISBN 974-17-3586-3.

The objective of this research is to examine the effect of sound frequency and intensity
on the biting of Aedes Aegypti on the host. The research was begun by conducting questionnaires
concerning mosquito repellents in Thailand as well as making informative research about sound
frequency used to repel mosquitoes. White rats were used as the host to observe Aedes aegypti’s
and Culex quinquefasciatus’ biting in every 15-minute experiments, under laboratory conditions
of 27-30°C, 25-55% RH and light intensity 140-170 Lux with sound simulation equipment at 6
stipulated sound frequency levels which were 35, 100, 500, 16,000 and 50,000 Hz at intensities of
60, 75 and 110 dB_ while testing on Aedes aegypti and at intensity of 75 dB_ while testing on
Culex quinquefasciatus. Next, the statistical analysis of experimental result was done. After that,
mosquito-repelling device emitting sound frequency 35 at the intensity of 80 dB. and frequencies
16,000 and 21,000 at the intensity of 73 dB,. was tested to determine the repellency of sound to
both mosquito species.

The result of this research showed that (1) The mean numbers of biting in normal
environment, having no simulated sound, of Aedes aegypti and Culex quinquefasciatus were
320%70 and 71323 respectively. (2) The sound frequency and intensity generated by sound
simulator equipment did not have-any significant effect on the biting of Aedes aegypti and Culex
quinquefasciatus at OL. = 0.05. The mean numbers of biting of Aedes aegypti and Culex
quinquefasciatus were 322174 and 76129 respectively. (3)/The mosquito-repelling device did
not have any effect on biting of Aedes aegypti and Culex quinquefasciatus at Ol = 0.05; the mean
numbers of biting of Aedes aegypti and Culex quinquefasciatus were 343174 and 73126

respectively. Finally, sound frequency and intensity were not remarkably effect on the biting of

Aedes aegypti.
Department _____INDUSTRIAL Student’s
Concentration_ INDUSTRIAL Advisor’s

Academic year 2003 . Co-advisor’s
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1. 1)100-300 Hz The biology of mosquitoes Vol.2,
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The Physiology of mosquitoes,
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Encyclopedia. New York: Macmillan,
1992: 698.
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Kerdpibule,V., Thonggrungkiat S. and Leemingsawat S.(1989)
Feasibility of wing beat sound trap for the control of mosquito vectors
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Gopfert,Martin C., Briegel, H. and Robert,D. (1999)
Mosquito Hearing ; Sound-Induced Antennae vibrations in Male and Female Aedes Aegypti
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Posey, K.H., Barnard, D.R. and Schreck,C.E.(1998)
Triple cage olfactometer for evaluating mosquito (Diptera: Culicidae) attraction responses.
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Rueda,L.M.,Harrison,B.A.,Brown,]J.S., Whitt,P.B.,Harrison,R.L. and Gardner,R.C.(2001)
Evaluation of 1-octen-3-ol, carbon dioxide, and light as attractants for mosquitoes
associated with two distinct habitats in North Carolina.
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Burkett,D.A. Butler,J.F.and Kline,D.L. (1998)
Field evaluation of colored light-emitting diodes as attractants for woodland mosquitoes and
other diptera in north central Florida.
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Reisen,W.K.,Meyer,R.P.,Cummings,R.F., and Delgado O. (2000)
Effects of trap design and CO2 presentation on the measurement of adult mosquito
abundance using Centers for Disease Control-style miniature light traps.
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Mankin,R.W.(1994.)
Acoustical Detection of Aedes Taeniorhynchus swarms and emergence exoduses in remote
salt marshes
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Evaluations of an electronic mosquito repelling device.
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13 Antennae VDEIAYUIH (Aedes aegypti) AN VSNVNTAU 3 5EAUND
3) aanzdnd s bilinmsdlannuddeslan
4) 100 Hz
5) 200 Hz
HANINAADIVIANANMITNIT AT 1FeUAeUBVUNM IHIAANST  Resonance 11

Antennae ¥99g3a10111U (Aedes aegypti) AtHo 151NAINIT199 4.6

v P
A15199 4.6 uaaaiiuiulumsasna (A59) veamsnaasdlurrananmsmsasudeuden

{ o Y a Y
HUUNIIAINANS Resonance 11 Antennae 199¢9818T1U (Acdes aegypti) #2150

v
ol

mm?ﬁ?rmﬁ ﬂﬁﬂﬂﬁlﬂ\‘iﬂiﬂ‘ﬁ
1 2 3 4
annzilng 357 271 476 220
100 540 455 282 313
200 612 435 189 367
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3. wamsmaseuilesdunnndnmImsanudsdsumunidasfinaanmsnszite

Unvesgameinu (Aedes aegypti) aeTiaau 7 szduio

1) annzina c‘f;a"lajﬁmﬁﬁmﬂmm?ﬁ?mﬂm

2) 300 Hz

3) 400 Hz

4) 500 Hz

5) 600 Hz

6) 700 Hz

7) 800 Hz
HANIINABBIINUANMTNIS AT ouReunmEsiifiaainnisnsyiteilnves

g9a19T11 (Aedes aegypti) YSINHAIAIT1IN 4.7

v b
A13199 4.7 uaaasulumsadna (A59) veansnaasdlurrananmsmsaiudeuden

A Aa A~ 9 .
lL‘U‘]JlﬁfN1/]Lﬂﬂ%']ﬂﬂ']iﬂigv\l@ﬂﬂsl]ﬂﬂqqa']ﬂﬂ']u (Aedes aegyptl)

2
[

AnwREed m3nAaensai
1 2 3 4
anzilna 289 369 335 399
300 310 396 386 314
400 514 430 335 293
500 186 397 306 259
600 274 474 333 231
700 235 358 483 479
800 379 365 529 302

U

4. mamsnadeaitoidunnvdnmaniinanandisvesdnaniuihuidusvesyeiar
aeiiiadu 4 szduie
) @nnzilng c‘f}q'lajﬁﬂmﬂﬂmm?ﬁ?mﬂm
2) 5000 Hz
3) 6000 Hz
4) 7000 Hz
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@ A ' Y Y a 1 = v 9 Y
wamﬂmammﬂwaﬂmsmjmiﬂanmwmQwamuﬂumﬂwmqqm@ ﬂiWﬂ{]ﬂQ
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M1719N 4.8

v 4 1
A13197 4.8 uaaa U IuNITaIna (AS9) YoINMINAad luFIManMSNUMINA

@

Y 9 a 1 = Y
BN"U@QQNQG]'NL’IJHL?(EN"UENQWYJEJ

ﬂ?]ﬂélﬁ’ﬂﬁ"?'l ﬂ]‘iﬂﬂﬁi’)ﬁﬂ%ﬂ‘ﬁ
1 2 3 4
annzilng 383 381 302 374
5000 251 329 302 359
6000 371 244 329 319
7000 330 305 295 347

Ay o Yy A A o q ¥ A VYo
5. ﬂ]ﬁﬂﬂﬁﬂﬂ!uaﬂﬂu@]ﬂﬁaﬂﬂ‘lﬁn‘lﬁﬁi1\1!ﬁﬂﬁ‘n‘ﬁz‘ﬂ‘ﬂﬂqQa]u]ﬁﬂuu‘iﬂa‘lu‘]ﬂu‘lﬂ

v
a

2 a o 2 W
HIVU VL UNIAY 4 5EAUAD
D annzdnd a9 lidnsdlaanudideslan
2) 16,000 Hz
3) 17,000 Hz
4) 20,000 Hz
[ 9 = d‘ o Y a 9 o A zg
HAN1INABDININUANIITES 1INz Digsaunsaduldduinuingsdiu Using
Aa915199 4.9
~ 5 o = ' o 9 a ~
A13199 4.9 uaaed 1IN IuNITaINa (ASY) YoIMsnaasdlusIanMsas 1 deIn

o Y a Yo a é’
%8%11ﬂq3ﬁ1ll1iﬂﬂullﬂﬂTlﬂﬂﬁﬂﬂEN‘Uu

ﬂ?"lilé!ﬁﬂﬁﬁ ﬂﬁﬂﬂaﬁ)x‘iﬂ%\‘i‘ﬁ
1 2 3 4
anzilng 375 345 297 474
16,000 357 293 313 387
17,000 352 344 475 384
20,000 447 430 323 378
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6. MINAABIVLIAUINHANMIM AT HMTHIDIMTVDINIAI VL TTITU
v A
455910
D annzdnd s lifimsdleannuddeslan
2) Msnaasdi 30,000 Hz
3) MINAABIN 40,000 Hz

4) M3NAABIN 50,000 Hz

HanINAaoINnaNMasudse lumMs o115 v99A 191 UsIngAIA13190 4.10

v 9
A15197 4.10 taadd 1 LIuluMsTana (A59) veen1snaasd lurIaHanmsaeuIa e

1uﬂ1iﬂ1®1ﬁ1§ﬂjﬂﬂﬁjNﬂT}

2
%

mmézﬁmﬁ ﬂﬁﬂﬂaﬁx‘lﬂ‘jﬂ‘ﬁ
1 2 3 4
annzilng 230 448 385 320
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50,000 239 399 264 384

. : .
4.3.1.2 wamsnmamuazmﬁmswﬁlumwﬂam!ﬁaﬁnmwammmmﬁuaz

Y A
ANNIVNLETEN
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~ @

Y v
lumsnaassdruiazimanaasunuludn 2 seauveInNUTUFsIRoNTZAY 75

dB, uaz 110 dB. Fanahn ldninminanssdauaaslumsein 4.11



85
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Tagl¥3smInaaougauanaisea 2 Jade
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annzind 35 100 500 5,000 16,000 50,000
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385 369 224 294 392 360 307
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327 256 389 224 309 226 415
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§1Insegdmmtiinde flufivesd Tnalumsidesdoaiivinalszina 3x3
MIUBUANAT

T¥mvna ¢ 2 Aowduunaindeau

[

5IMN0YN 18.54 Avaa1T Ay
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d’ k4 v d’d Y A o
4.3.2 Ni‘lﬂ15‘¥lﬂa®\‘lﬂ“lﬂ°‘l]1ﬂf’niﬂﬂﬁﬁ)ﬂﬂ1‘Hﬂ313»1EI!i;TElQ!!i‘l%ﬂ'ﬂﬂ!‘lﬂl!ﬁﬂ\‘lﬁ“ﬂ\‘iq\ﬁ1ﬂ1t1lu

(Culex quinquefasciatus)

lumsneassduanudidoaazanududoauo9gas1a1 (Culex quinquefasciatus) 9%
Y 1 F Y
1FuruMINAA0 U AN UNMITNAABUD IR Fa5IudaTuasuluMTRsaznT e
Pz 2 Ay ¥ o ~
gilnsai lumsnaaes Fawan lAnnminaasalsingawmsan 4.14
4 a (Y] o d
4.3.2.1 wamINAavIvINMINAaeIWeAnEINgAnssulumsasialuaewugy
o d' =S d' =S d' U \
SIManNUDIAHINIZANIY
HaYBININAaDIIZiI M uinswaulumsasiavesgesimaiolaszau

A < Y = o <
ANNDTYINT] NANUVUFEN 75 dB, G]Nwﬂﬂﬂﬂaﬂﬂﬂ']ﬂﬂﬂ 4.15

A15199 4.14 naaadiau lumsasdavesgessiaah lannmsanyanina

d' a d‘d 1 U o
UVDIANUDLFTIINUADNITAINAVDIYITIATRY

2
(%4

mméaﬁmﬁ ﬂ1§ﬂﬂﬁ®ﬂﬂ§ﬂﬁ

1 2 3 4
anzilna 95 67 82 41
35 76 102 53 39
100 78 122 46 57
500 115 86 81 53
5000 42 77 98 51
16000 32 91 59 85
50000 129 57 79 51

= a a a‘ \ o U
4.32.2 wamsnaasamsanptsz@nsmmveuniodlaganumsasnavesys
gy
HaveIMsAny sz @nTmwazthinanmstiuindwaulumsasiaveges i

TTAUITEIA1 Youn30d lags Fawalsingaemsnei 4.15
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M3 4.15 naaad i lumsasiavesgesimglumsnaaeanlseaniamues

in3eq laganumsanauesgesinigy

srauaIutaeely MINAALINTIN
A o
1n309 lag
1 2 3 4

anzilna 95 67 82 41
FTAUANUFIN 1 86 71 48 101
FTAUANUDIAEN 2 123 57 59 68
FTAUANNIAEN 73 101 37 47
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a q d’ 4 k4 d‘ S Y =)
5.1 MTIAATITHNANTNABDIN IADINNTNABDINIHANNDTEATANNVINTE VD

y .
ga0181U1U (Aedes aegypti)
a ¢ A SV 2 Aaa
5.1.1  MYAATIZHNANIINAaRdluMsNAa ulesnMBRMaaNMANNBIdIIATIgA
nnluunaznaunaNs
a d (v v = = =S ci a
5.1.1.1 NISAATIZHAANTNATDIVINHANNITMTAI @B UL UUVUITEININA
A A
1NMsnszelnvedunadile
a d
1) ﬂ15’3!.?15Wﬁﬂﬁwgﬂﬁ@ﬁlmgﬂlmﬂ (Model adequacy checking)

a 9 Yo =
1.1) ﬂﬁ‘l/lﬂﬁ’é]ijﬂ”liﬂi%mmmﬂﬂﬂﬂ"'UENGU’é]Ea ﬁ”liJ”Iii]LLﬁﬂxﬂﬂﬂﬁiJ‘V] 5.1

U

Normal Probability Plot
999 4
.99 H
.95 + i L.
>
= .80 +
% 50
g ]
& 20
.05 +
.01 -
.001 —
-100 -50 0 50
RESI1
Average: 0 Anderson-Darling Normality Test
StDev: 62.2326 A-Squared: 0.295
N 16 P-Value: 0.552

31/ 5.1 Normal Probability Plot ¥8IHANINAADININHANMIMI A3 1FsUBOUILY

=) d‘ a A A
WeannAINNITNIENod nueuadile

£ o v 1 A YA 1 £ o v
F90nMIAIuIm Program WU A1 P-Value ‘I/I"lﬂllﬂ”liﬂﬂﬂ’ﬂ 04 (“Nﬂ?‘ﬁuﬂhhﬂ 0.05)

£ "9 ~ I a
FanuganuNveyauaNuiuilna
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1.2) mynagouanuiludaszvestoya aunsoudaslaaegili 5.2

Residuals Versus the Order of the Data
(response is No. of B)

100 —

Residual
L]

-100 —|

6 8 10 12 14
Observation Order
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§ 1 . v o W ] a
51/ 5.2 nsluaaant Residual fuddy lumsinudoyauansnnumiludaszvesdoyananis

[ 9 = =\ A a A A
NAABININHANN TN IA T IATULUVITIINNAINMITNTEWoUNVoILNadLo

= Y < 19 = @ Aa 1w
“]Nﬁ]']ﬂﬂi'W‘Ii]gﬁ’lll'15flLLﬁﬂ\ﬂﬁLWN?WT@H@Nﬂ?WNLﬂM@ﬁi%@]@ﬂu

= Yo A
1.3) MIATIVTOUANMADYIVOIANULY 51571 mmsmmm'lﬂmgﬂﬂ 53

Residuals Versus the Ftted Values
(response is No. of B)

100
T

Residual

-100 —

\ \
280 330 380
Fitted Value

3U7 5.3 n319321I1981 Residual fumduanlumsasiasaannuadesveannuulslsiu
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J l 9 P [ o A d%l
%Tﬂﬂiﬁ/\lﬂ%WU’J12‘]J3N"UfNfﬂiﬂig%1EJ“UTZN‘Uf)llu'm/l’E')f]ﬂiﬂvliJLﬂuaﬂHﬂwmfNﬂWiLWiJ"Uu

A "9 =) =
vseanatvesnuulsdsiu (Megaphone) Ll,ﬁﬂﬂ'ﬂsllﬁlll”aﬂﬂ'ﬂillﬁﬂUﬁﬂ]@\?ﬂ'ﬂlllll]il]iﬂu

(Variance Stability)

WensananglN 5.1, 5.2 wag 5.3 WU JoyawansNAALININHANMIMIASI
= = = A a A A IS Y o o
@RI UIdeaiinanInmMsnse ot nvoaiuaie iJﬂ'J'liJE]ﬂGIENGUENEﬂLHJU TIWTUININ

a 4
MsIaszranualslsiuld
a Y AxAa o Yo A
2) miuaszideyalaedsamiizianunidsou naasldnsmsed 5.1

{ a ' @
@niNﬁ 5.1 LLﬁ'@NWaﬂ1§'Jmi1$W%ﬂyjﬁﬂaﬂﬁﬂﬂﬁ®\ﬁﬂﬂﬁﬁﬂfﬂifﬂiﬁ%ﬁ\nﬁﬂﬂlaEJ‘L!LL’U’]J

I A a A A
[@eaNNAINNIINIZ WOl nvaauasilo

Source DF Sum of Square Mean Square F Ratio P Value
Frequency 3 29267 9756 2.02 0.166
Error 12 58094 4841

Total 15 87360

ANANINAADULONITAUINAT P-Value WUNNAILINNI 0.05 Faaaaniadeaiu

Frequency lunanmsmsasiudeanastle lilinanediuaulunisasiavesgaatoiiu (Aedes

aegypti)

3) msfSeufeuna1sseay (Multiple Comparison Method) 181935015984 Tukey

TN TA 1A91INAT19N 5.2
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M1319% 5.2 naaam S euieounalesedy (Multiple Comparison Method) 91nH&AMIMI AT

Wea@eunuuIdsannanNMInseiiodnusanatle

Tukey's pairwise comparisons

Intervals for (column level mean) - (row level mean)

25  -53.9
238.4

35 -42.6  -134.9
249.6 157.4

40 -469  -139.1  -150.4

v

nag1na1s T eAunu N lueaazmsnlssuieugiiu hilinnuuandisiuszning
YDINITNAAD

A 1 d' [ d' 9 =y zﬂ
4) ﬂ"IiLﬁ’t’]ﬂﬂHﬂﬁﬂiuﬂ'ﬁﬁﬂﬂﬂ‘ﬂu@ﬂﬂqmw

I~ @ 1 [ a o
pilugumnunguranms lumsinszd lu
Y
Tuaouso i

' v [ Y
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AUNDIAINITIN 5.3

M13197 5.3 LAAIAINABYITIUIU IUMTAINANTLAVANNDAIY VRIHANMTMI AT 10T

= = d' a A A
@eutuu@esntnannMInsznolnveauasile

e (Hz) Aunagvosslumsaaia
25 290.50
35 279.25
40 283.50

v ) F
N3 1991981 39 1ARonTzauA1NDN 35 Hz win g lumanaaosluduasuse ll
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a d U H o a
51.1.2 MSIATIZHNANITNAAIDINHANMIMIa 1 uasuasuuuuimIving

13 resonance 14 Antennae ﬁumqamﬂﬁ’m (Aedes aegypti) Al

1) MIAATIZHANUYNABIUBITULDY (Model adequacy checking)

1.1) Mmsnageumsnszaeuuulndvesdoya amnsonansladegii 5.4

Normal Probability Plot

999 o #
.99 -
.95
>
£ 80+
% 50
% . i
& 20" —
.05 o+
o' AN B Y S
001 #5-18 -
-200 -100 0 100 200
RESI1
Average: 0 Anderson-Darling Normality Test
StDev: 125.587 A-Squared: 0.195
N 12 P-Value: 0.861

517 5.4 Normal Probability Plot ¥DIHANIINARBNIINHANMIMI A3 Wdsudunuuni 1

INANTS Resonance 1 -Antennae Gumqqmafﬁu (Aedes acgypti) A1y

F¥9910mM 381U 11 Program Wu31 A1 P-Value 71 1afiA1uinndn oL @esmua 13 0.05)
=& "9 = I a
FanueanuNveyauaNuulna

I A Y Vo A
1.2) mynadouauiludaszvestoya eunsnueaad ladegilin 5.5



Residuals Versus the Order of the Data
(response is No.of bi)
200 —| *
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NAADINANANMINT S 1T AU UNIN IHIAANT Resonance 11 Antennae Y94
gae1011U (Aedes aegypti) A1ile

] Y 19 a 2 a 1w
Gmi]1ﬂﬂﬁﬂi}$ﬁ1mimmﬂﬂwmmwagaumwmﬂuaaimaﬂu

= Yo =
1.3) MSATINFOUAMEDETVBIANNLTUTIN E‘ﬁlﬂimtﬁﬂﬁllﬂﬂﬂzﬂ‘ﬂ 5.6

Residuals Versus the Ftted Values
(response is No.of bi)
200 *
[ ] L ]
100 —
)
< . L
3 i i A FEREIAL A0 0 8 4
§ .
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L ]
=100 — . L
-200 —| N
I I I I I I I I
330 340 350 360 370 380 390 400
Ftted Value
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%Tﬂﬂiﬁ/\lﬂ%WU’J12‘]J5N"UfNfﬂiﬂig’fﬂEJ‘UTZN‘Uf)llu'm/l’E')f]ﬂiﬂvliJLﬂuaﬂHﬂwmfNﬂWiLWiJ‘Uu

A "9 =) =
vseanatvesnuulsdsiu (Megaphone) LLﬁﬂ\?'JT’]JE]lJ”ﬁiJﬂ'JnJLﬁﬂUﬁﬂ]@\?ﬂ'ﬂlllll]il]iﬂu

(Variance Stability)

Lﬁaﬁmmﬁnﬂgﬂﬁ 54, 55 Ua¥ 5.6 WNUN %)E)yjaNﬁﬂ15ﬂﬂﬁ@ﬂ%1ﬂﬂ5ﬂmimiﬁ%)N
= = A o Y a 9 . v A A
[@ouaeuuUUNM1inaAn1S Resonance 14 Antennae VDIV (Aedes aegypti) Ny U

Y o o a 4 4
ANNgNAeIvaegluuy aunsniwihmsiangianulsdsula
a Y ada e Yo =
2) msmaszideyalaedsanszianuslsou naaslaaemsei 5.4

{ a 7 @ { o
AT 5.4 HAAIHANMIAATIZHTOYANAMTNARDIINHANMIIM a1 udoudouuuuii g

a 9 |
INANT Resonance 11 Antennae VDIYIA1UIU (Aedes aegypti) ALY

Source DF Sum of Square Mean Square F Ratio P Value
Frequency 2 12397 6199 0.32 0.733
Error 9 173492 19277

Total 11 185889

NHANIITNAADAULDNIIIVINAT P-Value WUNUAIMWINNII0.05 Fauaaailadediu
Frequency Tunanmimsasiudenaonuyuiliinams resonance 11 Antennac 999810

MU (Aedes acgypti) Auile hifinaaeduaulumsainauegaaatiig (Aedes acgypti)

3) msfSeuieunaieseay (Maltiple Comparison Method) 181935015984 Tukey

AUTANITAN IADINENT N 5.5
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A15197 5.5 uaasmsilseueuraloszay (Multiple Comparison Method) §115UHANTNAADY

MNanmMImsai1adeei1finans resonance 1u Antennae ogaaBtiu Andie

Tukey's pairwise comparisons

Intervals for (column level mean) - (row level mean)
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5.1.1.3 N3 IATIZHRANINABINNHANMIMITS1NTeudeUsULIESINHAIN
MINszNoLNUDIgImEI U (Aedes aegypti)
1) mﬁmﬁzﬁmmgﬂé’fawmgﬂuuu (Model adequacy checking)

a Y Yo A
1.1) mynageumsnszneuuvlndvesdoya awnsoudaaldnagii 5.7

Normal Probability Plot
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Average: 0 Anderson-Darling Normality Test
StDev: 79.0791 A-Squared: 0.288
N 28 P-Value: 0.593
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Residuals Versus the Order of the Data

(response is No. of B)
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Observation Order
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Residuals Versus the Ftted Values
(response is No. of B)
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Residuals Versus the Order of the Data
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Residuals Versus the Order of the Data
(response is No. of B)
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Residuals Versus the Order of the Data

(response is No. of B)
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Residuals Versus the Order of the Data

(response is No. of b)
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Residuals Versus the Order of the Data

(response is No. of b)
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Boxplots of Numbers of biting by Intensity

(means are indicated by solid circles)
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Boxplots of Number of biting by Levels

(means are indicated by solid circles)
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Boxplots of Number of biting by Frequency
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Boxplots of Numbers of biting by Levels

(means are indicated by solid circles)
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