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Insecticidal Effect of Cockroach Baits and their Persistent Efficacy Against
the German Cockroach, Blattella germanica

KyungHwan Moon', Namijin Kim'" and Young Ho Kim*

Department of Ecological Science, Kyungpook National University, Sangju 37224, Korea
"Division of Research & Development, Henkel Home Care Korea Ltd., Ansan 15608, Korea

ABSTRACT: Cockroaches are a not only nuisance insects but also have medical importance as they mechanically propagate various
pathogens. To date, baits have been widely suggested for use in cockroach control. In this study, we investigated the insecticidal effects
of three Korean baits-Korea Combat Ultra Slim (K-CUS), Korea Combat Power (K-CP), and Korea Zaps Dual Bait (K-ZDB)-and three
US baits-US Combat Source Kill Max (US-CSKM), US Hot Shot MaxAttrax Roach Bait (US-HSM), and US Raid Double Control
Small Roach Bait (US-RDC)-on the German cockroach (Blattella germanica). Among the six baits, three (K-CUS, K-CP, and
US-CSKM), the main active ingredients of fipronil, showed rapid and strong insecticidal efficacy. In addition, we compared the
persistence of the insecticidal effects of K-CUS and K-CP 6 months and 12 months after initial opening. Insecticidal effects of both baits
decreased over time, but the mortality rates of cockroaches exposed to 6-month- and 12-month-aged baits were over 90%, suggesting that
these baits can maintain their insecticidal effect for at least one year after indoor installation.
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7ol gl
of MFsh= 59 S 7L )
3 AR i 7iA| = 283 7}
5/d°] EtH(Donkor, 2019). AA| = Folze]7}, ty, ofgh 5
=30} Q1 0] B A} 8GR o A AR A5 Aol ofsh,
2004 A =Lnk 7HAIE 2] 90% o] dollA HH/d mAg
0] H=5313L, Nasirian @] AR &2 o23] F 63%2] 714
o] Zdut oA We/g nAEo] HEE 9t (Nasirian, 2019).
TS Z|Tofl= =AA 9] AokE Abolof 7HE AR w4l =
53 Q= Al (asthma) O] Q1.0 & W7} 2|5 a1 glo
o, thefet 72 Ll 27 (allergy) 9] Rl Fdo] BiFo A
ZA %37 )t Arruda et al., 2001; Cohn et al., 2006; Gustchina
et al., 2005).

olafat ulle] ofshd Fa4S Teje ), 71T el 5
HoflAl ] v} HAlz ol ulle] T, Holut w2
2, Je)3 opAlo) mo] ofel g PAEe) B Ajo|2 o5l
E4doz Qs WAlol ofgfze] wAskaL lrkBae and
Kim, 2005; Yang et al., 2008). U} 2] A& ¢Jaf SHoA|,
oflolmEA), £, A5 A 0 EIA) 5o vhoret ol
ub] Aol AlGH L glok whHlo) Agt 48 1o u)
S ool bait) 7} 4 §o] 91, 874 097 915 1 THs A
o] 14 We AHoR I JF B ol gET Utk
(Bennett and Owens, 1986; Mallis, 1982).
=ujo]42 o] 43 H1] WA 1860 (phosphorus),
S XKboric acid), AP} EF(sodium sulfate) 7} -2 F7] 5}
TEe o] 8T AT ML= AZFE Lo W (Mallis, 1969), 714
of| A AR QL Aol oFAIE Ebsto] ARESIGI7 ol L A
o] HA}rT A8 tHRust et al., 1995). ©]%& 37| 21 4|(Orga-
nophosphate) @ 74| 0] E(Carbamate) 7|HFO 2 7ltE =
HolAl= Hrf P Alo|al w2 WA Ak Bl o, v 9]
V5 A AR WEE s Aol AR ol
(Buczkowski et al., 2001). 1980t} o] hydramethylnono]
TN AL, =EolA| o] A= wigH, ofAl JEH Bl ofA] vy
AR 5] 7l ez Q18| Q1S BIEEt Bl A] AEA of Kok
QPSR T B/ o] 2 mHA Q1 B = o)A ARg-o] 7}
53 =%t Appel and Benson, 1995; Buczkowski et al.,
2001; Kaakeh et al., 1997; Koehler et al., 1996; Milio et al.,
1986). ZLoJl+= hydramethylnon ¥7} o} 2} avermectin(or

abamectin), fipronil, boric acid, chlorpyrifos 52] A==A)7} g}
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S SulolA7} A 8 AlgkElo] uls] Ao o] §1w glr}
(Buczkowski et al., 2001; Nasirian, 2008).

H J3Lo)| A= chlorpyrifos, avermectin, hydramtheylnon,
fipronile] 24 oAl 2 H7HE it Al {85 Al 35+
(US Combat Source Kill Max (US-CSKM), US Hot Shot
MaxAttrax Roach Bait (US-HSM), US Raid Double Control
Small Roach Bait (US-RDC))2} oA §-55= A= 32
FH(Korea Combat Ultra Slim (K-CUS), Korea Combat Power
(K-CP), Korea Zaps Dual Bait (K-ZDB))2] Z=u}|(B.
germanica)o) 3 A% Eako] Aol vl HES ).
EHOA| ARGAF S| 2] o] & 7] A 02 weks 5HA] oF
IS uf, ZYolAl= AL leE o] % dFARHEST
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& Ao A AREE A 25 HIH(B. germanica)+ A
 EEERIGE PERIEE S EL DS R IR EE
A RS AR A SR8k gl Ae) A Aol &
AlA e} &, Ho|(AF-8 mouse food)7} Al 55 46 cm x 30 cm
x 23 cm (L x W x H) 9] 51 A 9] Z2|7}HUY|0| E A7) 1 AR
B0l 2= 25+ 1C, Ath5E 50+ 5%, ¥57] 12L: 12D
2704 ARS8,

i

Aol AR ATA Al = g Hol A Als -8
AL A3 dsto] Sustgic. Fjol Al Bhagt K-CUS
(Henkel Home Care Korea Ltd. Ansan, Korea)2} K-CP (Henkel
Home Care Korea Ltd.)= 0.05% fipronil-& $H3-5}31 91O,
T AFLE Abol= K-CP= 52 95 7ML 2ler |15k
A =HolAI7kA o 3t F27F AR el Wi, K-CUS=
K-CPol H3f @& A7-eF SHolAI7HA] @& AAdE 25
7FA 2L QJeKFig. 1). =3 K-CP7}K-CUS .t} 17}#] $-01 A&
(Peanut oil)©] 7} & 0{Q)+= A|Zo|t} K-ZDB (Pharmcle Co.,
Ltd., Ansan, Korea)+=2%2] hydramethylnon-& 4% FAE S

2 319511 Qi) nl=tof| A &= 3HUS-CSKM (Henkel Consumer



Korea Combat Power | Korea Combat Korea Zaps Dual US Combat Source US HotShot US Raid Double
Bait (K-CUS) Power Plus (K-CP) Bait (K-ZDB) Kill Max (US-CSKM) | MaxAttrax Roach Control Small Roach
Bait (US-HSM) Bait (US-RDC)
Structure |
g ® O ~ ®
-
Station Size | 55 x 35 x 10mm 53 x 53 x 9mm 86mm(W), 53 x 53 x 9mm 78 x 48 x 15mm 66 x 57 x 10mm
(WxLxH) (WxLxH), (650mm) L: 940mm, S: 32mm | (WxLxH), (650mm) (WxLxH) (WxLxH)
Hole Size 8 x 30mm (2 holes) 5 x 7.5mm (4 holes) L: 20 x 7mm (1 hole), | 5 x 7.5mm (4 holes) 12 x 9mm (4 holes) 7 x 4mm (6 holes)
(Number) S: 17 x 7Tmm (1 hole)

Fig. 1. The structure of the six cockroach baits used in this study. The arrows indicate the direction of passage for access to the baits and
the boxes show the shape of the entrance.

Table 1. Information of cockroach baits and their active ingredients used in this study

Name of roach bait products

Abbreviation Active Ingredient

Concentration (%)

Manufacturer

Korea Combat Ultra Slim K-CUS Fipronil 0.05
Korea Combat Power* K-CP Fipronil 0.05
Korea Zaps Dual Bait K-ZDB Hydramethylnon 2.00
US Combat Source Kill Max US-CSKM Fipronil 0.03
US Hot Shot MaxAttrax Roach Bait US-HSM Chlorpyrifos 0.05
US Raid Double Control Small Roach Bait ~ US-RDC Avermectin 0.05

Henkel Home Care Korea Ltd.
Henkel Home Care Korea Ltd.
Pharmcle Co., LTD.

Henkel Consumer Goods

Spectrum Brands, Inc.

Jonhson & Son, Inc.

*Combat Power is a product with peanut oil added to Combat Ultra Slim.

Goods, AR, US)2} US-HSM (Spectrum Brands, Inc., Madison,
W1, US), 71831 US-RDC (S.C. Johnson & Son Inc., WI. US)
= 247} 0.03% fipronil @} 0.05% chlorpyrifos, 121 0.05%
avermecting A% FAEO R $hRslal Q= AEESO|T)
(Table 1). o} Bulo||S2 2 25 ABAG] 0] 8513
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AEE 50 £ 5%)°] leEAIZ] ol Ao Msks 7t
Hogz Azaleict

flo oot
i)
o
fi
)
e
é
o
)
©
et
1o
i:‘
>
N
H
o
gl
ot
o J-‘I*;i
e
N
Fo
fin)
=2

o
op
_?L
pach
v
>
ot
u)
ox
By
12
o,
é
o
=,
)
it
e
i
>
N
o
N
>
ot

o] AgBo] 100%0] 2k 8 w7bA] 24 364174 2
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o ghe5] S2 HFI AASHgTh BE Age suEo R 4

A

EAEN

7k ZHolA| Aol JE3t Hx v 5 7|E02 3 e
= A AR HE Y] &, SHOlA| lmEAILE SOl A S
o] ‘Probit’ 3] BEAAHS o] &3}o] X|AFA|7HLethal time
(LT); LTag, LTs02} LTop)& AFE3F T, 5 671 AH AL =

Ho|A|E9] LT, LTso 2} LTo 41 one-way ANOVA R EA
S He A9, 7 671 9 1270 K-CUS2} K-CP 9]
LTa, LT502} LTog ZHE = one-way ANOVA 2 E-AJ5}3 T} 2}
SHolA] =& & ARINE v ARES ®sE S
Repeated-measures ANOVA 2 EA35}ItE E3F ZF ANOVA
E.9 A Tukey’s multiple rage test & Z-3f ARZEA]-2 A A5}
Sujo]| 7ko] BAH 4914 AEIch HE 5 BAL

SPSS for Windows version 25.0 (IBM, Armond, NY, USA)E
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JHS E= HEE| SHOIMIe| A== Tt
=l BH S3o]A] 37}F(K-CP, K-CUS2} K-ZDB)} 1]
=+ A& 371%(US-CSKM, US-HSM£} US-RDC) (Table 1)2]
7N& 2|5 vk o KH?* A5 1S vlal ASs] A8 4 =
HolAE HAIAZ AR Aol £ vl S FERT 3 5240
A& A OﬁTe sk Ick(Fig. 2). Fipronil& 45 5
4 Eactive ingredient) & 2 ARE-8l= U] 2711 2] Combat A=
(K-CUS 2} K-CP)¥} 1]=+ Combat A|Z{US-CSKM)o]| =2H
HH 2] ARS-E -2 U A 371 =30 #|(K-ZDB, US-HSM
©}FUS-RDC)9]| B 3)| H] 2] w2 G 7HE Holi= 21 0 &2 Ty
(P <0.05), 3Y 5=(0.05%) 2] fipronil-& $H7-3l1L Y+ 9|
= 27 oFAlE ZHolli= K-CUS7HK-CPofl Bl EA 4 22 &2

120

-~
L —s— K-CUS
”n 400 —o— K-CP

+ —— K-ZDB

c —a— US-CSKM
S 80 —=— US-HSM
E —o— US-RDC
~ 604 —a— Control
g

X

o 40+

e

S

> 20 + P<0.05

£ O]

)

=

3 24 48 72 96 120 144 168 192 216 240
Time after exposure to roach bait (hours)

Fig. 2. Mean cumulative mortality of Blattella germanica adults
exposed to the six cockroach baits directly after opening. The
mortality rates of cockroaches exposed to different baits were
compared using repeated measures ANOVA with Tukey's tests for
multiple comparisons. Different letters indicate significant
differences (P < 0.05). The data points are shown as the mean +
SE.

A8 ARG Kol 7] 0 & TR QI thP < 0.05) (Fig. 2). ©]
L K-CP&} K-CUS Q] o] ¥ (bait station) 2] LZ2AFe] 2}o)
off &Jal] 27] A5 o] Zo|7h i AYsh= A = Azt AA|
AEAA M) A] T2 vl o5l K-CUSS] =
K-CPoJ| H]3f W& g £225 7FA|aL Qlo] Zdf 10m}e] o)
ub17} 5 Aol Sejo]Alo] 1 B 414]o] 715tk v, K-CP
o] - Yo 27} Fol Bt 2 4=9] upF|ut 4=§-o0] 7}
A T BT 27] A B Aol el Ao A7t
HrhFig. 1). K-CP+=K-CUS] peanut o0ilo] -3 H 02 3=

go| o]

Nl

7hejo] glout, 27] A elol i 2 A GaES FA Fa
O Hof, folARETH: Eujo]4|o] 727 Xjol7} A5
A A

EdolAo] x4 7\}°17F HH] A5 ol nixl= Gl o
7891 41527 A EIO|oLK-CPIFC-CUS S| 27] 4152
Aol thia 4 98 Ao A7)

HE 48 A7 7]7H.0 8 ZU) Combat A E(K-CUS, K-CP)
2 100% AEE-S Hol=Hbd n]=k Al&(US-CSKM)2 o] A
3] 85% AREEC| HE= A2 fipronil?] H%=7} K-CUS2}F
K-CPoJ| A= 0.05%2] ¥HH US-CSKM-2 0.03%2] Zlo] 71 ¢
olel Ao 7 A EtHFig. 2 and Table 1).
Combat A& 3% t}2-2 2= chlorpyrifos& Ak
(active ingredient) .2 AR3}= US-HSMo] 1 F

E!% hydramethylnom-} avermectine 212} A% A B (active

lo ot &ogE N

% 7585 Uehy9ich US-HSM-2 Combat A &S0
Az o2 o AFES HYOLHP < 0.05), ARHA Q) A&
/32 Combat Al FTt -FARH J 8-S B Glrt ¥, K-ZDBL}
US-RDC+= o 53H= A8 thE A& FAdol TaE S,
A% OF48A|7F B0 AlSE 0] 742} 5.6%%) 1%0] HE= 422
o]tk L ] 47) OFAl= 12 240 4] 7kol] OF 100%2] A5
< 715%k B, K-ZDBEE US-RDC= 90% ARgEof 0|24
S5FAFig. 2).

AFEE LT values (hour)of] A g 7Hg- 25 7} oFA|H AHg:

Table 2. Comparison of lethal time for Blattella germanica adults exposed to six cockroach baits directly after opening

Lethal time

(hour) K-CUS K-CP

K-ZDB

US-CSKM US-HSM US-RDC P-value

7.453 £ 0.554
13.235 + 1.830°
31.732 +9.025°

3.374+0.187

LTy 4.073 +0.214"

LTso 5.472+0.121°

LTy 8.582 + 0.465°
Slop+SE  6.559+0.614

60.855 + 7.799°
109.740 + 17.099°
269.332 + 54.261°

3.287+0.185

4.996 + 0.370%
13.667 £ 0.656"
63.274 £ 1.456°

1.926 + 0.099

68.771 £2.153*  0.000
110312+ 1.926°  0.000
226.527 +20.521°  0.000

4.101 £0.191

10.390 + 0.837°
23.796 + 1.009°
84.039 + 1.963"
2.339+0.122

*Different letters indicate statistically different analyzed by one-way ANOVA with Tukey’s multiple rage test (P<0.05).
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AL vk A3}, fipronilS A% F4E active ingredient)
0.2 0]£8H= Combat AJZS(K-CUS, K-CP, US-CSKM)o]
—,]' 4.073 £0.214, 7.453 £ 0.554, 4.996 + 0.3702] LTy 42

HYom, LTs 3F2 242 5472 + 0.121, 13.235 + 1.830,
13.667 £ 0.656 0]} 3L, LToy 35S 212} 8.582 + 0.465, 31.732
+9.025, 63.274 + 1.456 8 AF=%| Q1K Table 2). YF hydra-
methylnon} avermectin2- A% A E(active ingredient)S.
2 0|-83}H=K-ZDB2} US-RDC 2] LTy02 212} 60.855 = 7.799
7}68.771 +£2.153 ©])37, LTs502109.740 + 17.0992} 110.312
+1.926 2 A& E] G 01, LTop>296.332 + 54.2612}226.527
+20.521 24] Combat A|ZE0]| H|3]| FA5}A =2 LT 4L5°]
AFZE|YTHP < 0.05) (Table 2). 3+H, ChlorpyrifosE ARE-5}
= US-HSM 9] LTy, LTso2} LToo 7 ZH2F 10.390 + 0.837,
23.796 + 1.0097} 84.039 = 1.963 0.7 LFERITK Table 2).

AV 25 2 AP 67) B S o] 4] LT, LTsy LToo 2
o] A 24 A7} fipronil-& AME-5H= 371 A #(K-CP, K-CPP,
US-CSKM)1} chlorpyrifos& ARE-5H= US-HSMo| t#]| % o
2 238 4]0]%131, hydramethylnoni} avermecting ©]-8-3h=2
7N AlFS(K-ZDB2} US-RDC)o] 7H A A de HATHP <
0.05) (Table 2). v} LAIS QI8 ©|-8%*= fipronilZ} chlor-
pyrifos+= hydramethylnon} avermectino]] H|3]| 7}5F 484
A2 A A ) o m(Bang et al., 1993; Buczkowski et al.,
2001; Han and Kim, 2004), £3] & A7) ] 713 7h2jat Ak
A2 22l fipronil& o]u] 1990 d tff S-HHLE Fute] e} vl

22 S s WAl E%Z—‘ ATAIR A 0] 3L, A
A dieol= w2 AFES Hole o= Uehht

(Buczkowski and Schal, 2001; Scott and Wen, 1997; Tomlin,

2003). E3F -2 uhatol] AT 291 61F A=A 2] EYHlH
G A5l WL AP ol ol el
fipronilo] 7} 92231 FILE Hol= Ao FlE|g] o

(Han and Kim, 2004), 1]=o|A] AJ#E] 31 Q)= avermectin,
hydramethylon, fipronil, boric acid, chlorpyrifosE 3}-8-3}11
U= vHH FH oA 9] A2 BlaL A5tol A & fipronilo] 7H
We LTy @2 2ol 1 A} Hold e ek
(Buczkowski et al., 2001). 1B 2 v} o]z 2 AX]
o) ol WkA] w2S 7]ehal7] SJEAIE hydramethylnon
T} avermectin 3-8 A|%& H th= fipronil 2} chlorpyrifos & $H-5-
S Al o &sh= Aol AvtAd A og wetkEth

he 6748, 12748 $ iR SoiojIo| A5 T

WA e ASAle sl

& Pl w2t A4 &

ol
ol

1

Y WA 25F WA O R ks 4 g, 59 A
B sl A A% AR A BEAA ALFE A
TS BAOR S, AY BT, EF, EAYL 5 45
A2 ol gtk ALpAle] A W3 Ao A, sl A
ol 71 OpE Y| X|40] RILEA] gkt Q1% Hhat P L
Tejet o) g go] wolo gk SAT ukIE felste] 4%
B2 4% DA Slo] 452 YA IE A B
02 5H= 453 ARl SelolAe] A9 A tnef 2
A B Lol S S A ) A R ow

sk glom, Suf M%) o] Fo] 47 F9F X E Hulol S

ﬂiﬂs}Xl oromz 1 Az o] GAIZF A4
Bme B AToNE % A% 4 A% meo] Holdd
fipronil bait & U} A|Z A|Z<] K-CUS2} K-CP 2] AA|7F oF
& A4S 2ARE] 918 % T 6718 12709 S0k e
o 1 A7) F % Bulo|AlS Ao vlo] et e
ZAFsHSTh
e A% HolA| o] AFele Hludle o K-CUS7}

K.CPol Wl ol 1212 s, 1% 671l Tl

513 K-CPo] 125l u}910] A15-80] K-CUSO] J3) % o
A4S BT Fig. 3A). 22U 12709 S0l 5 opz %
AR A8 o] ok Fig. 3B). o £ A% A% 3
Ao 71700] e ApEle] Wsk 24 FE B0l
of 4] Ajo] 2 aHEIE). K-CUS®] 7% Eujole] 977}
a3 el Ahoz Fot 27] Ak A e AL
Ao QI8 g T A oA RN} 3
217} aAlElo] §1212lo] Al 4 0.2 el el E o] A
12, AR SR BU FER B
AEfo] vlsat A3 AT Mol Ao S HkFig. 3).

K-CUS®| 7% 2150 711 6714 1 1274 3 ] it
eS| et AT g ) o) BAK 0 71
of wrom, 4% 67193t 12709 Foll okaizh grashs Ao
2 W= SICFig. 4A). ZL2u 78 127 25-9] SHolA|7}
7NE 670 & ZHolAof vlsl FAH LR & A TS
THE A A A7 A A, sA15 1A Be
A A A 50 Qlo] ol FEL, ofofl thigt F7HA Q) A7k 2
a3 Zlo2 AYZHETE K-CP A 7i& 213-2] oFar 71
o 7lg- 6711 - Al 4 e 12711 5 AlFoll A HApA 2
2 °fart fashe Jae HAtKFig. 4B). K-CP A9 7}
B ARt WE A S A BAR A, e A2t 12
NEF] AlFolA SAA F4/d0] e A, e 6711
T AFE e A5 Aol e 1271 3 Al S
A froldol gl Ao = gRlE| ¢IKFig. 4B).
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—~ A (B)
w120 120
(2] —e— K-CUS —s— K-CUS
+ 1 == K-CP |
c 100 —v— Control 100
[}
Q 80 a 80
E
g 60 60 4
o
54
8 40 - 40
[ P <0.05
- 20 20 4
2 c
© 0 R v v 0 - R R v v
h =
(*] - : : : : : : . : : : : : :
= (] 6 12 18 24 30 36 42 0 6 12 18 24 30 36 42

Time after exposure to roach bait (hours)

Fig. 3. Mean cumulative mortality of Blattella germanica adults exposed to Korea Combat Ultra Slim (K-CUS) and Korea Combat Power
(K-CP) 6 months (A) and 12 months (B) after opening. The mortality rates of cockroaches exposed to different baits were compared using
repeated measures ANOVA with Tukey's tests for multiple comparisons. Different letters indicate significant differences (P < 0.05). The
data points are shown as the mean + SE.
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Fig. 4. Comparison of mortality rates of Blattella germanica adults exposed to Korea Combat Ultra Slim (K-CUS; A) and Korea Combat
Power (K-CP; B) 6 months and 12 months after opening. The mortality rates of the cockroaches exposed to 6 month-and 12 month-aged
baits were compared using repeated measures ANOVA with Tukey’s tests for multiple comparisons. Different letters indicate significant
differences (P < 0.05). The data points are shown as the mean =+ SE.

Table 3. Comparison of lethal time for Blattella germanica adults exposed to two Korea baits 6 months and 12 months after opening

Lethal time Korea Combat Ultra Slim Korea Combat Power
(hour) 0 Month 6 Months 12 Months 0 Month 6 Months 12 Months P-value
LTy  4.073£0.214% 13.828+0.585"  9.553=1.160°  7.453+0.554° 11.857+0.253% 12.128+0.812  0.000
LTso 5.472+0.121° 20304 £0.523°  16.626+0.922°  13.235+1.830° 18.725+0.437° 18.887 £0.746" 0.000
LTy 8.582+0.465"  36.439+0.428" 38.656+0.882°  31.732+£9.025° 32.148+0.754" 37.077 £ 1.065" 0.004
*Different letters indicate statistically different analyzed by one-way ANOVA with Tukey’s multiple rage test (P<0.05).

Me 25 Me670E 21270 K-CUSSHK-CP AlE2) AF - a7l A5 9 7 67114 9 12704 K-CP AlZ9| LT
SELT gH58 W vlust 23 78 45 K-CUSS| LT, ot SAH R 22 gho] AREE QTP < 0.05) (Table 3).
LTk LTo #£0] 718 6709 2L 12714 E K-CUS AIF LT T ARFS] 7hs 7I3ke]l mh LTy gh& % vladt 23,
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K-CUS 2] 7§ 6712 A Z-2] LT, 3}(13.828 + 0.585)1} K-CP
o] 12714 7l AE(12.128 + 0.812) 2 FA1 4] o)/ o] ¥z
=913, K-CUS 2] 127112 7% A25(9.553 + 1.160)2 K-CP2)
THE 2% A 2(7.453 +0.554) L 742 671 B A =(11.857 +
0.253) 2] LT} A4 -9/ o] 2= JITHP < 0.05) (Table
3). AFE 2t LTs 312 vla tjz A3} 78 2% K-CUS
(5472 £ 0.121)7} FAAHSZ FY5HA 7P R LTso #h&
¥4, TS 0 & K-CP(13.235 + 1.830)0] 7L F& o] P <
0.05) (Table 3). Bt i < 6714 2 12719 K-CUSE}
K-CP A& TAX SR FARRE LTsgkE0] AFZE QTHP <
0.05) (Table 3). LTop 3 Ab& 1|3 A2, K-CUS 9] 7} %]
3 LToo ZH(8.582 % 0.465)0] LA 2749] AlZRc} 714 o
2 A7FAREE W, 7iE 6719, 1270E K-CUS A& 2 7|
B A5l A 5 6704, 127119 K-CP AIEE o= 5412
S 2121 thP=0.004) (Table 3). K-CP<}
=}

=
K-CUS A% 55 28k4 0.2 7% 2150 4%-2fo] 7% 6

o
o
4

L felAle] 19 she i fipronile] 445 7147} Aelel
7Rsgo] stk AZHEIk K-CPOFK-CUS®| Shyj| #5317} 2
gollAl 3 d7ke] F-az|zt 817k 918 fipronil & Fk=of Tt
YRS AAZA oS oW oA AldstR oM, Tis
F 10} fipronile] A320] S§AIER= Zo] 7% % rhdata
not shown). whebA] 2 AFol| 4] 78 6711 o] $-2] 252 7+
420 Q10 = fipronil A4 &] St Hith= 914 59 7
7} Ezlo] et 3ol 2 BeHEL). £ AE L AR ALl o}
2 4529) o7} el ] s, S i3] ZulolA|e) 4
A Al € vhE-S A 0 = ghehar e f, Aol 19 Fet
gl leEH F AHK-CUS, K-CP) B ¢F 404|171 oo
90% o) 3to] A TS 7]chat 4 & A0 ek,
Fipronil©] A|Zto] whE oFf A|<&A4lof sl 7] Hare A+
7} 719] BAgt Aol ) G, 3ol e sdato] efot
fipronil-S A48} APYSE vlF(Blatta orientalis) S THFSH
S 2oA o 757HA] B gt 3 T ARIE Al =
2l Ho] Q= vhal] A B3kl HATFEE L 1, 96% o]
AFe] A1 8-S B9131 o] 2] Fipronil gel bait 41412 i}
A=Y AsERE SAMLE Zol7t e Eolqitk(e
Patourel, 2000). €3] le Patourel (2000)2 fipronil-2 4] &
AAFE B3I A fipronile] AH2lo] 2|4 8o] ZEaRE),
40} & Ei= A0F I Fofl = fipronilo] A E 02 THT
3k Qe Ao & dAystgth 18y 7] BaiE fipronil 2] ¥k
7710l T3 A-toll 251, cotton seed  plants @} E Qo] ]
2] fipronilo] k27| BajElo] 1 Hl7b]7k o 591 A ol 4

6 2 3% vl Q1 31(Wuetal., 2017), EoFo]| 2] = fipronil 2]
Fieof| whef Aolet R 7F AFEE 7] sk, AR E(sandy
loam soil)o]| 100, 200 2 400 mg kg 4222 & 2] 2] 4 fipronil
O] HH17]+=30-33Y A= .ow, 2loFE(clay loam soil) o) A]
= 9F38UQl Ao & HE ¢ th(Mandal and Singh, 2013). ©]
= Aol A fipronil o] W71 S arefed wf, 67§ =
12711 /=&-0f| =& K-CUS}FK-CP o] A58 A|&42 7]
et = Lo, 2 Aol A AR LTop gholl ZASHA L4
o] & $F0=F A EHIL §J o H(Table 3), le Patourel
(2000)2] Aol Al wRFof ofsf A A El(E= 223}) fipronil
O] 77HA 9] 7t 452 fr A= fipronil ¥ Ado] ka o]
AAY 4= o, TEUE fipronil o] HiAF &3f Abeo] £/
G A T S AR ok AAR fipronil &
sfjof] ofsf thefet thAk AbEs B/dstal A7t 28l AdEo]
fipronil ZHA| Bt} S4do] 7Fsict= Ba7) Qlth(Hainzl and
Casida, 1996). Fipronil 2] thA}ol] st &1=Lo]| 2J3}H4, fipronil
o] A&EohA Alay gk S A A Sulfone (MB46136) E=
Sulfide (MB45950)2- AJ433}1A] =] 1(Bobe et al., 1998; Ramesh
and Balasubramanian, 1999), £3] o]& A &5 fipronil A}
At 54 BAREE] O 7t S4E Rtk g
(Gunasekara et al., 2007). S A o] Z o) oAl 1 o]AF
fipronil & 9+ 47} 5= AAIT, fipronil thA} 1z 1
=4 A9 23S e o orfld 12709 A2 s
K-CUS®}K-CP A2 733t 52 7417} 23 fipronil AFA]
of) ©JgF ETHIA], fipronil X1 tHAKEL Ha) AH2o] oJt
FAA o gt A== AF7F dEojop & Aoz Alm

o2
i

I}

=

E H3Lof| A fipronil, hydramethylon, chlorpyrifos®} aver-
mectin-g AF2 Z2A] Eactive ingredient) 0. & 0]8-3}11 Q)= =
o) Al uh) Selo|4) 35t w5 Al ul] Sejo]] 359]
W% 20| A5el v)a B%S SR, T AT} fipronil
o] 3+G% K-CUS, K-CP 12|11 US-CSKMo| t}2 = o]
of vl FHolt A5ee 7L Sl Aoz FRIEUT
(Table 2, Fig. 2). T=3F 5 o] 4| A %] 3 47l 52t wA|7} o]
ol A7 gF=the A refste] K-CUSH K-CP< 783t
671t 1270 ERt Aol leEAIX F o]F AlE2] BHY
of thet =4 FAEE 37 2ARISIHE 1 A, i A%
K-CP&}K-CUS E 7l-8 5 A[gto] Aol wha} 3% 27] A

o] ke AP 7AW, Jie o7 da 1271 A=
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ol SAIA frefAdol ol oF 40 AlZE ool 90% o]/<]
A 888 B Ft(Table 3, Fig. 3 and Fig. 4). ©]+= fipronil A}
A} 7 Aol ofRt A= R-AIQ1A], fipronil & Z3f ThAF
Aol ofgh 540 ik Q1Alo] o 37149 A7} Bash,
A A4l fipronil AlE2] S 2] o] % Aoj= 12714
ke v A B3 Sl 4 9 A2 Tk o)

Ak 3 A 2do] B AR A 204 e AT
© 2 chopst 374 st ofat %‘110]%1]9—] Agae st %
o] X480 2 Y E]ojo} o 510 2 Tekelrt
AL Ab

£ A AAEA ol oA A hdsh=2018'd “H}-]
Eujo|A] i ETR]W o] E 9] 15-2] viF|of gt Agart |
Joll T3 A7 (2018-KNU-CIK-001)0]] 2]al] Z1a§=| ek

B3 AR, AR AR
AL : W72 FAoj eIl APHR&D); AF43, A
Zjloéi: %]ETEH, —r )\161/\41“ o) L.:_,_;_q-/\é
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