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ABSTBACT A Termiticide that is applied to the soil treatment method, one of the methods for preventing termites in
Korea's wooden cultural properties, will be subjected to the leaching of the effective ingredient in treated soil by the
moisture behavior of rain. As a result, termiticide is deteriorated and needs to be reprocessed, but the standards and
evaluation methods are nonexistent in korea. Accordingly, a basic indoor evaluation measure was proposed for the
evaluation of the effectiveness of the termiticide chamber and the calculation of the reprocessing period. First, avoidance
and contact toxicity were assessed at two concentrations of the same termiticide as a method for assessing termiticide
suitability. The evaluation of mortality revealed that the soil termiticide used in this experiment was non-repellent, and
that death from contact was confirmed. Afterwards, artificial rainfall and soil penetration tests were conducted to
determine efficacy of termiticide in soil and the approximate reprocessing period was calculated by comparing the weather
data. Persistence evaluation revealed perforation by termites after continuous water exposure of more than about 160
to 170mm of water injection condition. Based on the results, compared with weather data for the last five years, the
termiticide of concentration used in this experiment is expected to remain effective for about one year if treated after
September. The purpose of this study was to provide basic data for the establishment of a manual for the selection of
termiticide for soil treatment by calculating the efficacy for termite mortality and the duration of the leaching effectiveness
by water behavior in soil.
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22 F2AzE W Do) SE7t S7tske F4d

Qoml Ay ] AN YA 24, AT LU A
A% 7159 45, Y P4 WG 5 TS+ 9

(Son et al., 1997; Lee et al., 2001). @A ZW o= A= &
7Hu]el X3S ] oFE(Reticulitermes speratus kyushuensis
Morimoto)(Park and Bae, 1997)3} 72317 u|(Reticulitermes
kanmonesis Takematsu) 25| A4o] 1= THLee et
al., 2015). o]2|§t X|F SAw]o) ot Hef= IR AE
Y F E2EIANE e R AAE 20169 H2E
A 7kl BEF 24 AT, AA 1167 5 1147014 §
£ 52 AAAQ gaf7t AR w5 A4 25 2
ZAulel &3t E273kA o wa)7h 2s] N E L Qlrke
A& E151H tH(Cultulal Heritage Administration, 2016).

olo] weh H2E3HA 9| 2An] HaiE vtr] fJste] =
Wollxe 548, HFTEA, <A AA, EFAE &
o] AL QIthLee et al., 2001). °o]F ESXEHS
1930 dth o] ARE 2A7fn] AS fJof ALEE FHe
Z(Kofoid and Termite investigations committee, 1934), 7
= FH EY] A5=2E 4T 84E AYst AF
oA BFsh= X5 AAN7F B A2 A £
StEE H3Sdl= 98-S 43Y3tck(Su and Scheffrahn,
1990; Bliske ef al., 2003; Su, 2005).

SR sl HAIE sl B A He oFAl= At
o] ZAuglol wheh o] ot Haff W 8, FEef, A=
3, 7] 5 olF= oA AHA19 &7 A THOh
et al., 2000; Kang, 2001; Im et al., 2004). o]o] w}2} 58 A
29 &2 L AETH 43} 59 0|2 st 4 7|17
uith QA7 aFEH o] A3 AtelA A5 S|
S o2 A A7 24 A 717, FA, s=E
Helag] wsk ool ohgt A7} 2= IrH(Su and Scheffrahn,
1990; Su et al., 1993, 1995; Gahlhoff and Koehler, 2001; Saran
and Kamble, 2008; Acda, 2009; Gautam and Henderson,
2011; Thorne et al., 2015). T3t SF2] ALl = 37]n]
FAE AT A 2o B7 et @ A 7]Eo] 2E5HE
o] 9] ©m(Standards Australia, 2000; 2014; 2014), LE9]
Aol Snl duEA e =P WOl
S0 4% 71% 9 T AIE WE-TWPAS TS(1y o] w} &
A2 ool ol metg Al@ahar ek

SERIRE @A Foll A= oFAl A Al, DR chet

et o AR B4 mesh gk Al Ao

2 Qs A% a3 9 4FA o8, F8 UE &F e
EAZE oF7|E o] B7lm] WA off gt AHA A o] A
FoITHPark, 1985). ©]¢} BlEo] E3A] | EEAY
(Cultural Heritage Administration, 2014), 2 AZE &3
A 8] EZFAHA(Cultural Heritage Administration, 2010)
9 B3lx)4~8] FF EX4(Cultural Heritage Administration,
2019)9] Loz AAAN T4 © AHAF 717 AR Wt
ol BAIHo A ot I B2 2] HAE
A A2 7]eo] Y= AA ol

olof] & AtellAlE 7in WA Wt F EFA T
AR A& A, 7194, AE=4 715 Sl ESAE oF
A A8E A A o=@ A 59) 37k A
Yyt £ oFA A F FE Fo IE BEFY W
o] 58 YA 4SS ool Y LAY W EG
T A AASHAT sl Aot 2 3037 714 Ak s
£ Hlawsto] oFA|Y) A 77k AP o & FSl
TS B2 G0 FAE Hste] EFA P o 285
=AY @ A8 A, AW 2wy 9 A 7|7 A

# A S sk} G

R

2. M= 3 4y

ot

21, A8 XM=

2.1.1. E2AE

2 Aol AR Swls GEBHR] of(Reticulitermes
speratus kyushuensis) 22 @A U] A |G| 24 12
A B2k Q= Bf] F& AR S Rolw 4
o oRitollAl B m] T ES st AFH FE W 2
8710 BstE e, sig B shAlste] 38 o4t
o] 45 LAml(worker)E AR AT

2.1.2. E

B7m] ZhelhE AR Al T BEFE RSt SA E
Foz ANESHET A 2 B 7Y Ad=olA 4
Al7] 9, 40 mesh B2 A2 A 1 B77](MaXterile™,
Daihan Scientific, Korea)ol|A] 121°C, 10 min A0 2 W
%5 G3E AZ7|(ThermoStable™, Daihan Scientific, Korea)

o 60C A0 = 3A7F AZA T

2.1.3. ELXZ|X|(Soil treatment termiticide)
A S EFHAR AJBEHIL = FAAR~6%



dinotefuran, 0.5~5% IPBC, 0.5~4% propiconazole)S 5A]
oFA|2 AFEBLGT) Ao] ASE SR oFAo] 53 4
H(E&Y 3T 1020120057978)¢f 71A1H o] 68 H= 5
ERQ A ZT 1:50(viv) XA} ol B Azl o= &
£ 522 1:30(viy) SRS A|z3te] Ao AT

22, HTHH

2.2.1. giol Myt

2211 7|0 U HE =4

Aol et FAIS2 719 (repellency) f-7+& T&st
7] $J5to] AIAI5}%. 0.0, JWPA Standard 11(1)-19812 &
st} o= ZA-(F 7 80 mm, E°] 60 mm)2] BFE
S X A 31(Yellow Stone, Yosino, Japan)Z THE0]
RO GQlo] YABI=E 31Tt Filter paperfHYUNDALI
MICRO, Korea (%7 90 mm, No.53)] £ o}=2d Ado Y
73 2710l BHA Adste] Aute 2 vse F, oA =, 7
EX FHoR Yipdl =X FQoft OAE Ayt
(Figure 1A).

OFA| A2 T, FEO|A 244]7F B3t
5 3EAFT o
Z dHEeE 15EQl 1:30 FMRE A3
stk dAm] 100012]E ol Ay YR FA7 +
o] £AstR ™ 2, 4, 6, 84 o] of2H Y YRS T
Zstget A7 Aol w2 APE 2 oA AL AEE st
Fom ofxJALY] 7122 A AA 5 540l gl Al
=2 Moz AEd 5x oY BEel, v 52 =30l
£ Aoz dAste] AT, I 0|3 7R F2 Yol
= A= APER ASSIGTE A2 33 jhEstgon

S 2 3 AR
Aol A AREH 1:30, 1:50 3] H
A= AME

(A)

Non-Treat

area

ESHo| ELME(H &ot "ot 2 Ao Tt/ R, FHs|, HEX | 179

QFHH Eu} o] ofgt oFAlS] ¥ =/d(dermal
toxicity)& ¥&s}7] Jsto] AE =4 Ae Ak
719174 B7ret TR otaE A1 ZHS AlFste A
SHATE T S S0 A7t AME e s A
5t 1:30, 1:50 34} 2712] =5 Ao M BT
7|9)/d B7F 207 FLsHA A filter paper A T
aofl 2208 oFA| 3] & =323} th(Figure 1B). L7Hv]
FE otad Aol st AR 27 24X77HA] 24]
Zh olFolls 4AZE AR *P%UJ ]9 5 715
SHATE A2 3 A E e 2 v R 2225
Hlja=2 AA|SHAT.

222. X2 -y}

opA| Ae) mopel 42 Eejapol wh e 2] 914
A stetsly] giste] A48 B7HE AAlskch 44 5
o 24 §2E Aol EFS U] §5to] B 45 A
2 ANk ol 428 FY 24 AHE EFos o
CEREES R L R e R R o ]
AR HPE-IWPAS TS(1)'S] WEE Fastel EFREA

EERREE
Qe 71Ae) AT 519(20129~20161)7H
Wit Aagol 7V B 89 AT Ao Fo 5 4

219) 3 4410 mm) & A3t}

(Table 3). Y B3t F5FL 71E0E 0E 9| ]
9 B4 B 18] 8 FUTFS 20 miz 4Rstect
Hel mpe] B9 WA B AN P RS 1]
o B Egstel Xiliﬁ}‘ﬂ u, X Eoke] 9ol
FR4US FY WISE Bl A2t

o T

J
-1rn

®)

Treat area

Figure 1. Evaluation of avoidance and contact toxicity. (A): Repellency test column, dividing the circular filter paper
in half, applying the termiticide on the left, and not on the right. (B): Contact toxicity test column. Application of the

termiticide to the entire filter paper area.
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O 29| g2 43

9EF 2 FH(H7 50 mm, ¥°] 500 mm, 0|5} £
Aol AuEAES AAsH] 27 FY F, F&o] 7H3
L o] Foj A= &S QST sfF A=
1:30 3 A kS A7) oFA| = AR3te] BT Estsle
o] FAE] B¢ B¢ SRFUE AT EFH FUT G
ghE BT % o2 B SE oAl 8RS
BAI317] 913te] 2 HiEHE 7|20 2 50 mm ol
F FAE EgE AR 1 1ol 100 mm EolHHE9
oA A2 EFE AT B EF T A9 ofF
E42 ket A8 A1E F18ted(An er al., 2000; Lee
et al., 2009), 71 $}o]l T3 2] B 300 mmE 2 A3}

%10, 13, 16, 19, 22, 253]9] -8 £9] 315 272 A
skl £ RS B A A 7 oF Y
THE 54k FlE 2ol o FE YRR /44
T BE YEEEA Glskich. Ad 74 23 34
4 A

871(°]
ot AR, QHI Xiﬂl EFE ‘%‘-% %’—_ %71(010} N
), o7t He EAE FUshs 93 871015 Hold)
2 FE0 Az FA2 B SRS 10:1(ww) 9]
HlEE E3 F ARG BYstia =48 of A A B

oful 2222 4:(w/w)2] H|E&E S35l GARE A9
o HolAof &

£ HE $121 4205k Qe 10055

anel 73_% P 357 Bl A
202 A5 gick(Figure 2).

223, K& 717 A

7145 7k A=l 2016 714 A7 @ 7|14 BAR
25 RO R A 3093t S F8 =AM 3ol 30
mm ©]d, 2¢ o4 30 mm¢l Sl=E AT Xlw‘é
B7hE Sl Al EFAAL g a8 A vt
o 7R g AAste] oA B A&
717 s

3.1, 2oy @it

3.1.1. 7|08 2 M= =4

71978 W7t A, BE FAFEC] A A7 A9
g 719 5 glo] A Y W A oo n=2A Ex
she Aol FRl= et B3 2UAEEH FAFo| ofX|AL
Aol WA= Aol WAE I 6YA} o]F BE T
Al oA 9 AFE AHAI7E ERlE Gl on, 8Pl BE
AFTO A7} 100% APEEh= Zlo] TRHE| itk Figure 3).
kAol that A& B4 Bt At 1:30(v/v) 349 524]
7 1:50(v/v) AN 567t 0.2 BE Z A oA 48~56A]7F
ol FAIZFol A ®3| &2 G Hu EHo=

Figure 3. Observation of repellency behavior. (A): 2
days, (B): 4 days, (C): 6 days, (D): 8 days.



100% AFgEske Aol W AH(Figure 4). 222 3¢ 32, X5Y &I}
ol AF 717k 53t oF 20% FE o] Abggo] TAE Ik
webA 1:30(v/v) B4 22N 43 2Y A TS T 3.2.1. 28| J2 48
A&o] FusiA olF sk Ro] WaHol wat ol A7 TE R 2AEAY A, F o2 HH ST FH A
o ALEE OFAIY 1:30 BHRL w7y okl Roz  Th R T 2UER FE o] ylne] 23 Ui
bRk E3 130, 150(vv) BlA9 b= 24 mr 2o QAW R 8= AL B dAF Rt oA whA vhet
o) BE FA|Fo] AlERte] met & oAl gsfu] wu  FEHESHEC] BAT Ao Amdnh ST o HH
= 29 Ay E4o] i Ao FAHYT. A vk URE FUE $20) WA FFe) 12% FES) AT
11744 Bk 2RI Ao 2 1A 7F okl A&at 4] 7HAIH H7EE el AAEA] &3 A7 BEgE A5t
7+ ATt W2 7|u] 95 W A opAre] Amkel 9apst T2 HESHA 2 Ao FRIE ITHTable 1).
ZA3FS X $ItH(Su and Scheffrahn, 1990).
322. EY BE AY
133](260 m)ZA7IR = BE A oA 27| kA A

Table 1. Ratio of weight changes before and after testing

Number of times Before (g) After (g) Rate of change (%)
4 1645.0+8.7 1628.0+16.3 1.0+£0.4
7 1668.3£13.5 1636.3£17.0 1.9+0.2
10 1667.3+22.8 1643.0+£13.0 1.44+0.5
13 1663.0£15.5 1630.3£20.5 1.9+0.3
16 1691.6+8.7 1687.6+20.2 1.1+0.7
19 1684.6+2.8 1661.0+28.1 1.5+1.2
22 1678.0+£22.5 1679.3+1.1 1.0£0.5
25 1687.6+18.4 1666.0+10.5 1.2+0.8
100
90
80
= 70
£ 60
o>
= 50
£
5 40
= 30
20
10 -

Ooh 1h 2h 4h 6h 8h 10h 12h 14h 16h 18h 20h 24h 36h 48h 50h 52h 56h

Exposure Time (h)

®1:30 =1:50 = Control

Figure 4. Mortality untreated and insecticide filter paper treated at different concentrations.
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Table 2. Soil penetration according to water ingress volume

Nurpber Penetration tendency Nurpber Penetration tendency
of times of times

10 13 P
(200 ml) (260 ml) ||

16 19
(320 ml) (380 ml)

22 : 25
(440 ml) |’ (500 ml)

[

Table 3. Monthly average precipitation over the last five years

Month

Year
2012 177 104 89 1313 362 747 2874 4085 2514 564 678 604 1491.2

2013 285 504 597 755 129 1012 302 164 1208 529 574 21 11624
2014 10 287 741 856 562 77.6 1527 369 119.6 118 56.8 262 11745
2015 25.1 255 405 126 565 955 1803 1112 551 643 1282 402 9484
2016 25.1 438 562 1581 984 674 2998 762 201.7 1453 346 63.1 1269.7

A 2128 31.76 63.9 1153 7526 83.28 244.44 22578 149.72 87.38 68.96 42.18
VOTage 1665 +14.1 +16.4 2305 +33.6 +12.8 +64.4 +136.5 +68.9 +373 £31.5 =+17.1

2 3 4 5 6 7 8 9 10 11 12 Total

(unit: mm)

Table 4. Average number of precipitation in the last four years

Month

Year
2013 6.1 8.1 7.4 10.3 7.8 102 163 106 10.1 5.6 10.8 7 110.3

2014 34 6.5 9.1 7.7 76 104 153 182 7.1 6.5 83 10.7 110.8
2015 9.4 6 5.1 142 6.6 9.6 142 10 7 5.8 15.1 99 1129
2016 5.6 7.3 53 11.1 8.7 94 138 82 125 107 8.6 82 1094

Average 6.12 697 672 10.82 7.67 990 1490 11.75 9.17 7.15 10.7 895
8¢ 4214 2079 +1.64 +231 =074 +0.41 +0.97 +3.82 4228 +2.07 +2.71 =1.44

2 3 4 5 6 7 8 9 10 11 12 Total

(unit: mm)
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g AEF o A3 2 Hold o]Fo] THEITKTable 2).
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33. A& 7|z MY

717 TAA = wEt Ad 3097H(1981'3~2010) o
4 Ap7Izte] A= gt ol 356.1 mmo2h= 3
(Korea Meteorological Administration, 2016)3} 2012~
201639 59zF Furlgie] BE F Aol 20159
(291.5 mm) & A I3 Lol 2] QoA B 350 mm o],
2013E8~2016W71A] Bt 7 A 471 144 olyiglo] &
Q15| ek Table 3, 4). webd Fmpr|zte] el 7]
oF 50% HER oF] Ae] Eo R F4 9 gTH T
oFA| A2 2] W] Zdo] A F& Aadtoe] Dojv]

6 | |

Seoul Chuncheon  Chungju Busan
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Figure 5. Number of days about daily precipitation more than 30 mm over the last five years(2013-2017).
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Figure 6. Number of days about daily precipitation more than 30 mm for two days over the last five years(2013-2017).
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o 3 EoF Aol 5T A0 BErET
EG HT SHQ0139-20174) F U
mm o} ASE U4 o BE 34304 Hoj 673, 2
o ol @402 30 mm o|49] Z4are] ASH Ut
B 0~13], 2} 2812 Sel=girkFigure 5, 6). o= &
% 7%o] 1,000 mm o] 4ol Hutr17H74, 8%)
Wt o] 356.1 mmel H 7K w, 67k
uk717ke] obdl Al7]efE % 650 mm o)4$e) o] 30
mm ol3ke] 4o Urle] Yels Aoz Bekg
(Table 3, 4). wtebd] Auk717k o]919] FRk)= 8 £
o SJat epA|Y] §o] T3] WP Ao A=W,
T} mofe] QA AT BT 4 Gl B
233k A9 Sbo] B YHE FYHA Rokn Awo]

A ERUiEle AR Al o] 1Y F, FH 2k

7o) 30

1o o
ol Ex

34. ESXNEM "Il At DA

EFA A A H7 E QA 717 g dap
W 7128 AReaA W7 BBl T Wk 9 2
©2 Uy mAmg LYskAcHFigue 7). 2 A4 B
tl= 252 By Pste] F223 9 5ERAZ Hdsh=
A S48 A 9lek. ololl EFHL b A
= Eogo) Fste] AZAIe] WU v o mat
Z|9] "lA| WHo|t(Su and Scheffrahn, 1990). oo whe}
Eaofoll A2sh oFAlo] 73§ U W% 54 sjofo] o
o] a8 3| Fa% 71F0| E A& AlgHr}. oj¢}
Sl Kool Ashe oRAle Alzko] Fafso] w4
2o 93 BEE, F8 JEo| %, 2 F o2 SHilE

o] Hro] g o] A3}ETHOh et al., 2000; Kang, 2001; Im

et al., 2004). Wb B A8 A DA NN 41 F
A== ol ok 124220 oAl o] o] &8 YA AbEe] F8
olel 2L ofe] 1 RIS FF B ), s opy A BHARL Ao e

o] uro] 52 AAHL 160~170 mmo|A|gk A7F B & TR 2 549(20139~20179) 9] 7)dAt = 2o vlnE
ZF2s2Fo] 1,000 mm 0|4l §HLo] 7|5 EXAY gk okx] ol HEFA QL oFAl A2 EF o] & & 7|7ke 4t
2] Eoko] ulo] 53 2|4 7|7k 1W oy Hez g A5 AAIIE A sor T AR ArmE.

etk kA gubr |27, 89)o] Bt 356.1 mm] H]
ZhiEls o= njRo] & o, sig oAl 1:30 3|4 A
A2 AR AT Aol upIzE o] % ajd A A2

w2t SAEE 2T B SE8] L EolofE AL

4. 4 B

Soil
enetration
Reprocessing Weather data
period surve

Figure 7. Evaluation diagram of soil liquid treatment method to preventing termites in Korea.
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Termiticidal —) Determination of termiticidal
effect Dermal efficacy on termites
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— | Artificial rainfall
Termiticidal — Checking the threshold of
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ol oA EFA A
Ag 7Fs/d 4 8 ol gt ko] a8 JAEE A
sto] BEFA G A9 AW F7t wehE Al¢tetaat st
Ao, o]et FAlof 7)1 A= ete] vl FEE oFA 9] A
AE7|7E A2 kS A s AT

T 74 WA AR o2 4 EHo] WFH, 0] 7]
7 FolME Ak S R F4la 1R 3 sh
olck. oF 309 Fbe] A|45717k8 73 ) 9 B4kl
oF 40%E A} A $cH(Park et al., 2008), o] gt =] 7| & =
7.2 Huto] ojgt of| §eo] ojet Ao Beer.
webd Aol @) = g opE o= e,
A4 W52 W A Aol AAIsh Sy AukE v
Hoz 2§ 7154 @ A 71K Agetelor & Ao
2 PO E oIS 59 28 A % okle) 55
off T X449) B} A7} ool Ao} & Ao AlR
Hrt

AR = 2ol A= 20004 o], o] Hof AREEHYE f77]<1
4t (organophosphates) & 7194 AR g o
Z o|=A|(pyrethroids)(Su and Scheffrahn, 1990). 2FA| X ch
EG U vE717 ddid e s ga o] A4S vley
FE]| 0] =A|(neonicotinoids)2] A|ofH]|AA(thiamethoxam),
oln|thE 2 28] E(imidacloprid) ¥ #'d w2k (phenyl
pyrazoles)2] 7L Y (fipronil) 5 TRkt A% Ade) oF
AEo] &7n] A e EFA 2ol A= $Irk(Saran
and Kamble, 2008). 3HA|%F Sifolli= 2t oFA] Al9E S
XA Eug dide 2 gk A 7t e 2 7o) glof
EZ2ES) S/H] A A% 8ol ool Ut

wgha] & A5 Tl W Sole] BA et F s
¢ EdAE Y 5 A5 9 QA 71 A Rt
2ARE FHsIoH T EFA TS 27 oA A
A% oF A AGE W] 5 Frprh paEojor & Aom
e ojejo= B¢ W oAl 7, §E, B
7], &3 59 o2 &2 8Rle= oFA Al Azt
=]7] gl &of|(Oh et al., 2000; Kang, 2001; Im et al., 2004),
T AE 7 £UF, pH T2 B 20t ez oA
A2 Egol e a8 HE At dad Aoz AlmHrh

o, o

o N
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