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ABSTRACT Wooden cultural heritage are exposed to the external environment as they and there are
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many difficulties in conservation due to their location and size. Among them, biological damage caused
by termites or mold consumes a lot of money and time. Select and use wood preservatives to prevent
biological damage: Wood preservatives were selected and the worst environmental conditions,
temperature 60+3°C, humidity 55+5%, and light intensity of 0.35 W/m” were subjected to aging
treatment to analyze chemical changes. Through the deterioration process, it was confirmed that the
change in color difference decreased in the wood preservative treatment compared to the Control group.
As a result of measuring the content of the active ingredient contained in the deterioration process
of the wood preservative, it was confirmed that the active ingredient content of Gori22 and Bondex

Preserve II was higher than that of the comparative Wood Keeper A. Through experiments, the shelf
life and treatment period can be predicted by measuring the extent to which wood preservatives affect
the change of wood specimens during the deterioration process and the content of active ingredients.
In conclusion, various wood preservatives were prepared, and the possibility of selectively selecting
wood preservatives according to the environment, topography and period was presented as a major

evaluation factor.
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olzfat Eetael wshe) Fu el
s 9 W] glon) 1% oEd
Aol st A o2 u|FE Suksli= Ao] ol EoF
ol B A%E FXE £ ofe] A2 olEeluA
S S7H71aL th(Lee et al., 2001). Sl7in]o] 23k
e FellE dgstr] Sl o2l 7k weto] Aas
i glen % B¢ WAIHAIE Aelshe ESA A
Aejel 23 AA o 52 BEA AStAY EF
Z83lal ITtH(Choi and Kang, 2015).
A AS5E AHEEo] oW FA BEA|= W,
AHE 7HA AL 9}0‘11 Aol 3H7F §l= *é—‘?'—o
2 F/Eo] AR = AR BRIl e =
7HA Rl #A4E Fel 817k AlEe] g E <] °“:’r(Y00n
et al.,, 2021). Z3HH 0] E444 oFF 2 3het &S A7
Ste 45 e Aol tigt g B7HE Fel Mkt
S-S Felslojof sitt(Jang et al., 2014).

ojg] 7kA Ao AE 15 oAUt A=
WA A EA HEA= SFetAlE QR ol wheh A
HEA 9 AFA Y B Alarste] ol Aot AL
| 4 oy EGFAYAY 5= w2 A
wokpla] o & Fhe)aki 9lthChae, 2019). 20124 2 E]
2019\ Ato] F2ZoA oA AREE AL Q= AFLEE
A HEA 15, EFALA 5%, A AA AL" 2%,
S3A 2%0] Sk AEFEHR EA REA = 3-lodo-2-
propynyl butyl carbamate(IPBC)2} Etofenprox©] &4
o7 FE qlen, EGAA %Fol= Dinotefuran,
Propiconazole, Alkyl benzene sulfonate(ABS), Bifenthrin,
Fipronil 2! Thiamethoxam ©. 2 LA E|o] Qlt}. w4 A|A Al
2B A ARR-E = G E8AIE O 2= Fipronil, Hexaflumuron
o] EZlE|o] 9lom, 3?—% AE9] 7 Q-0f = Methyl bromide
2} Ethylene oxide7} AF&-%F] 11 Q1thChung et al., 2015; Im
et al., 2019).

A BrRoE gako 2 ARET Qi B BE
A9 F-aAE-2 IPBC, Chlorpyrifos, Etofenprox7}
of 9105, AR =R AZTo AHFEE 2| BE
A2} 7% IPBC, Propiconazole, Cypermethrin, Tebuconazole
o] fEAEOR THE| et BxEsel A
A AFE| AMEE A BEAY Fa44ES IPBC
= HRIE 9 28, X HEA, sPFEAel o] 851
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(Boukouvala and Kavallieratos, 2022; Huang et al., 2020;
Lee and Lee, 2014).

dubr oz B AFEo] AREE T4 HEAY #
84821 Propiconazole™} Tebuconazole=- Triazole A& AF
HAZ T2 FUE AtAlR o851, Cypermethrin®]

Aol AdE Y 58§ &obll AHEE AsAR
Pyrethroid 4] A&A| 2 0]-&%| 17 QJtKCui ef al., 2018; Hua
et al., 2015; Schultz and Nicholas, 2002).

9lo) U4-g ujgro R Brmso] AL T gl
A BEAS R Aol B A B
22 REAE ’d%om FaEAES —Er“
g3t Ao T Fradae dEg
A Wsks Bl %4’5‘}“\ SEaHA ol *Pﬂol 7?—‘*
A& 7Hsde Eelstsich webA] 5 BEA] 719
HIIL - 242 B3 & 2o o] Aol 7hsd FA) B
A9 BrdAe Felskar o] A HEA AlES uig
o8 B2 Al gHA A & e tgE
28571 918 2w aclo s EAsh= WS A

ataa} shsct.

1«1
qu r2

2, Mg U W
21, gz

& Aol ARERE A AlE-E KS 14 A o] AlA
Z]4(KS F 1519:2020)0]] W20} 24> 14 cm x 6.8 om x
1 em 7] 2 82 13% n|gke] go|7} glom Awko]
HISgE v 559 HA REe ARSI oAkE
Zastslr] Sfef HA HEA 2] Holl dujES stol
QA A7ro] HAdHA dtgon B3t MARS MEns)
o] B4 Aoz ARSIt B4 HEA fFaAE =
29l IPBC, Chlorpyrifos, Propiconazole, Tebuconazole,
Permethrin, Cypermethrin, Etofenprox+= SIGMA-Aldrichoj|
A] Standard =1=9] oFF 0 2 sttt HA HEAS
A1) 98] 7120 BRESAo] AMLEE A& A
Fol WolEs Qubel 2R A% gL 27 2
EAE s on S8T £EAL vws] 93
77t 254 & 450 BA REAE AEsiec

Aol AHEgE =4 HEA] A2 Wood Keeper A(ZH

7, Korea), Gori22(Dyrup, Denmark), Bondex Preserve III
(Denmark), Zaps(BZ, Korea)E Lufjslo] MSDSE &3
BEO| FAHEI GOMSE Fo) BAE ARg vla
BAstgon 1 9 thE BE AJoF 3l gufjof 9 95%
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2.2, Ay

221, 2 BEXIQ 2 Al A2 2]

B2 BEAE SA AlHe] AHEfshs YO KS

A A9 AW SZ(KS F 2201:2016) H =2 HEA]
(KS M 1701:2018)Z ufgfo g AA3Ic}. 2A) HEA|
A= gt ARG 3719 HA AlHe] Akl o] F 33]
uhEato] 97 ] EA Aol Aejatglet. BA) BEA A
2)5h= W o R FolA] EEAA ) A Ao whet 1
oL 7|E0g 4N Aoz A Az AbEoA] 3
3] =5 T 57 A Aol A ARAIA ARk

222 28 Z2AIE X2|

57 BEA] AT 57 Al‘* 2 QlE ZaAd Wy
3
g

o

Geof w9 Il Sl F Al o A2
Ao} T HPHKS M 1SO 16474-2:2013) vjero 2
AAIZ AAe Y] B B fEE Sl ot
+ HEFBer B4 Yo 9 = 2415 AE
&17] S1%t e AIFA Y 7)7tof| ool EASHE A
Efoll A ARE-E| Tk AR 7]7] 2= Hl=r ATLASAOA]
Az % Model Ci4000°.% Xenon Wearher-OmeterE ©]-&
SIS S B4 AHe] £9) LEE 63T, FEE
55+5%, ek 035 Wimte] 3H4 2 Astol| A AAstL
o 12088 17712 1028 ke B Ak glo] AH9lAl
TG 340 nmo| WpFo g AJHS EASHITh

Eo& ARE AL Q¥ F2E B3 197 157
gz A8t F 109 F
AA5FE 0.1 Control T 2T} BA HEA 2222 1}
%01 Control-13} Wood Keeper A9} Gori22& §H7] & 2|3}

5™ Control-22} Bondex Preserves Ill, ZapsE $H7| *| 2]
o}i’iﬁ}.

223, 2 HEH M2 Al W QPN T A
B2 BEA] Aeist Aol e AL PgA B
Sl3) 9 wstol ML 2L UASATE WA BA B
2A) Helg Aol digt ErolAe] wskE Selst] §)
7} g R 20 ANk WA, 379 B4 A
o AER AAske] Al B2 7|7be] whet wsks
=

% 10
slo15}93 2.1 ControlS 7|& 2.
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9] Biske} B4 HEA ] F
£ Uro] ERISHSIT B BEA AP Al HE A &
2 3 A3 HIE 7|7hE XpolE Fa1 3 ‘?lf"l'cﬁﬁ}. )
2742 3709 A AHAA FUT A E At &
Aatalen, B4 HEA A A 5, ‘d%%i—?—&i
A Wsks E4sh7] fl8) AR 7171 2= Minolta(JPN)
AFS] CM-2600dE o] 8-3te] =43}t

ok A2 A 7o) Mt

2.2.4. SN HERQ| X4 HIt A

B BEA| 45 o A% B7HE AP 919
27 BEA A2 AR AT B2 F FAYE 75
OREKS A R BAY HEA WEE W W4
27 PHKS F 215520183 ekt ARL 919 =
A HEAS Aeld S AR AT WS A5

e Fo 05~1.0 mm A= Adste] A AR AL
sholck. #4] Almo] Egtulo] g B BEAY fE
AR 3E57) 99 AR FA A 05 g 10 mio)

: 3 55C 7l 280} =

F St 250 25715 6 5 & Ao Waska
045 um E|ZE2 ZJE|E F3f ofztst oh& GC-MS 4%

AAIBHSIEE GC-MS A1 A7 FA417](Mass Spectrometer
5973 inert, Agilent Technologies, USA), 7}~ 2 0tE 1)
Z(Gas Chromatography, 6890N, Agilent Technologies,
USA), A&-Al 25 7] (Autosampler 7683b Serise, Agilent
Technologies, USA)E AF&-5}%ch GC-MS B4 Ao R
L Tk Table 17} o] Aste] AlXshir,

Table 1. Condition of GC-MS analysis

Column HP-5MS, 30 m x 250 um x 0.25 um

Gas flow 1 ml/min (He)
Rate Hold Time
Temp. (C)  /min) (min)
GC oven 40 20 0
200 10 0
310 0 6

MS Scan mode 50~550 amu
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3. 2 1 o At Hel T WSS AWAOR HmEASEL,

AT Z2 7712 28 Yieo] HAJ519) o 7} Control

3.1, 22X BEEF MMEHHA Tt M 3} Wood Keeper A ZL8] 3 Gori22Z 74 AA|5H%0m,
Control-12} Bondex Preserve Il Z12]31 Zaps® Uiro] Al

31 ST HER A2 Al 203 B2 2 A Zah Asigik. S4) REAS A A A 57
A BEAE AR A tete] QT FREF nzae HYd Fo A0 9 0~10d ZHow 9

Table 2. Wood preservative treatment scanned photo changes (Control, Wood Keeper A, Gori22).

Control ‘Wood keeper A Gori22
Days Before Aging Before After Aging Before After Aging
treatment treatment treatment treatment treatment treatment treatment treatment
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Table 3. Wood preservative treatment scanned photo changes (Control-1, Bondex Preserve II, Zaps).

Control-1 Bondex preserve II Zaps
Days Before Aging Before After Aging Before After Aging
treatment treatment treatment treatment treatment treatment treatment treatment
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T ZZ 59| AHALAE HG 5 TH(Tables 2, 3).
HA], Controld} Control-12] ¢ B AJHO AZHA}
2 WP} A3 2 7|7l0] Z/RMEE Musht E3ist
A Holnf Aotz sl ZA AlHE] Alo] ] A=
e Fstoiny 54 REAE A2g Aol 54
HEA O Moz Qlsto] Al & Ao Hart Al A
sRlstglon] 4% A HEA FolA= Bondex
Preserve 19} Zaps A 2]l A A4 o] W3}7} mjn|atgict. 1
2Lt Wood Keeper A2} Gori222] 7ol = 2] A] FH
o] ol FHA|= W3S EelstilTt 1097t Jls Z22
ek @3t A7 2o A= Control ZLFof B3 =4 B
EAE Aelgt 2FolA A thigt dstaby o] ezt

312 S BEEAM X2 Al 23 ZE2
=27 wEA Hels 24 AL o
318 aobiiy] Sla) AAAS olgelo] 2 7t

of Na 7o) B AlTE 3 AER 39 wksa)
oule] MxE ATk AAAE Fal AR
ZF L(=A), a (44, b (=)= 379 54 Al
Z7gsto] Hat S vEigler 1 A5 H|aske
A HEAL AP A & 2y e 5 MAHIE
=15k ¢lcH(Figure 1).
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B3 st Ae) § AAEkE BT Anoe YA
S Zhasta A e Z716Re H9jom 11 423

of H37} H= HE& glstort = 83 A 717t 2UtErE 1 ARt ek A
a4 108 G3t et 2 v o s glst < st &4 HEA Aot g3t Aeag o] A
ZAito| A= Wood Keeper A2} Gori22 “1Zo] H|3}o] 2} W3l golst Ao A= Wood Keeper A2} Gori222]
Bondex Preserve 19} Zapsol| A &3lof o]3t Hslof| L) A5 S HEA AP & A A4 x| geer M
AHE B35l AL Sol3koict AL adtes B A= STk S Helow,
(A)
100
%0 H Before u After m Aging
80
70
60
50
40
30
20
10
0
L* a* b* L* a* b* L a* L a* b* L a* b* L* a* b*
0 Days 10 Days 0 Days 10 Days 0 Days 10 Days
Control Wood Keeper A Gori22
(B)
20
0 m Before u After = Aging
70
60
50
40
30
20
10
0
e 2+ vle - elo - T T
0 Days 10 Days 0 Days 10 Days 0 Days 10 Days
Control-1 Bondex Preserve I Zaps

Figure 1. Changes in color difference according to the aging treatment period after wood preservative
treatment (A: Control, Wood Keeper A, Gori22, B: Control-1, Bondex Preserve II, Zaps).
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A8} ) 34 F A% 24EI GEASE Agko] B
P sk vh Al Aot gkl Z7Fa4
= Z7k5He A% deo.

Bondex Preserve lIi= 2] A] A4, AMAF 2
SA7} st AL Holv] Aok A2l 1Y F =
Aot gHSRE A A SRS F7HHs 2 B9
Stieh. Zapsel Aol WEASE 24k A A
7} F71eHe AL SASAT AoTo A W

A%S G c 25t A2 77k v A% wslol
A& 8|23t A3} Wood Keeper ALt Gori229] H]3}¢]
Bondex Preserve [} ZapsE A 2|5t SA] A|H| A H3}
o] sk AL AT 9] AR £AE olg
sfo] MAWSE T7hEe] Were R oobrt: MRS
RS hehfo] A1) whE Hxle) HES st
(Jeong et al., 2015). WA MA}R|4=9] AEZHS Vel &
Homi thgah Lo rFigwe 2), AEghS Hlawste] %t
Zte] WskE SRlskGItKTable 4).

AR = 1, = L) +(a—a) + (6, — )

Figure 2. Color difference index measurement. L, a", and
b, are the values of the color spectra before wood
preservative treatment and L,", &', and b, are the values
of the color spectra after wood preservative treatment or
deterioration treatment.

2
o

0
E

AAASE S0l 2ol Aaie A
Control, Control-12] 7% 7 2] 6~12 Alo]of A 4=
gtom PAOoRE 1298 Ao 7k G ‘/}E}LHS’i
t}. Wood Keeper A9} Gori22= B HEA| 2 2|a}4 o
Al 60l 717k MARR G 225 Rl o dE BE
of o3t dal A BA A BHEHO R 8~102] 432
Uetl= e gelsto] vl A w2 M| pE 2els)
S th(Figure 3A). t}-2-2 Bondex Preserve I} Zaps©] 7
S =2 HEA Aol o3 MAFS BHACR 4 0]
sto] A4S 2eL st Az I Aol
Hslol A HEAZ}F Bste AT Q) HluE 6~8
of 2712 QYA A HalskckFigure 3B). Z3HA
© & Wood Keeper A2} Gori22 2 th= Bondex Preserve III
o Zaps7} 245} A2lol ofgt Aol A H O
|8kl A3 ghlskichFigure 3).

Table 4. Evaluation criteria of overall color change AFE

No. Range of 4E Rate of color difference
1 0~0.5 Very slight difference
2 0.5~1.5 Slight difference
3 1.5~3.0 Discern in eyes
4 3.0~6.0 Significant difference
5 6.0~12.0  Very significant difference
6 = 12.0 Different colors

18
16 (A)
14
12
10
8
6
4
2
o
1 2 3 Average 1 2 3 Average| 1 2 3 Average 1 2 3 Average 1 2 3 Average|
Before treatment > Aging treatment | Before treatment > After treatment | After treatment > Aging treatment | Before treatment > After treatment | After treatment > Aging treatment
Control Wood keeper A Gori 22
18
16 (B)
14
12
10
8
6
4
z [ i
0
1 2 3 Average| 1 2 3 Average| 1 2 3 Average| 1 2 3 Average| 1 2 3 Average]
Before » Aging treatment Before treatment > After treatment | After treatment > Aging treatment | Before treatment > After treatment | After treatment > Aging treatment
Control-1 Bondex Preserve II Zaps

Figure 3. Measurement result of color difference (/E) change for deterioration treatment of wood
specimen treated with wood preservative (A: Control, Wood Keeper A, Gori22, B: Control-1, Bondex

Preserve 1II, Zaps).
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X 12 0|25t HZFM REA 247 = _ -
321 BESUS OIS 22 1Y 2 FEARE A B3 A7} Ao djete] 2HA4
FAH 7RO gRI 3] hv _ o e
=4 E—f—xﬂ FRAE 15E REEEE Ffisty] 7} 0.98~0.99 Afo|Z EHuato g A APo] HrA
= ololl i ~ oo BAF J H20 _ _ -
U T 01000 nghl 2.2 S5} GEMS £XS 4 mye) Holwrsl £ A shelatsirk(Table 5)
Fal AN AT 24 SR 8 1 uiE BT
12000000
0000000 | ) IPBC soo00000 | () Chlorpyrifos
8000000 | y = 11352x S 40000000 £y - 55570 el
6000000 F R® = 0.9896 et 30000000 F R = 09865 e
4000000 | 20000000 |
2000000 [ . 10000000 | >
. e . -
0 200 400 600 800 1000 0 200 400 600 800 1000
IPBC (ng) Chlorpyrifos (ng)
50000000
QO (D)
50000000 Propiconazole .4 40000000 [ Tebuconazole B
40000000 y = 48576x e 30000000 [ y = 40408x .
30000000 F : = : -
R = 0.9987 - 0000000 £ R = 09978 A
20000000 |
10000000 F e JLLLLLL ..
L w7
0 . 0 Ty
0 200 400 600 800 1000 0 200 400 600 200 1000
Propiconazole (ng) Tebuconazole (ng)

Figure 4. Calibration curve graph of wood preservative active ingredient (A: IPBC, B: Chlorpyrifos,

C: Propiconazole, D: Tebuconazole).

Z F
O ®
20000000 | ofenprox 16000000 | Cypermethrin e
F = ... E e
F ¥ = 49041x 12000000 [ ¥ = 16046x
20000000 [ R = 0.9943 F R
: 3000000 [ R® = 0.987 LA
E o ; .
10000000 . 4000000 | .
F - E I
F..e [...-¥
0 0
0 100 200 300 400 500 600 700 0 200 400 600 800 1000
Etofenprox (ng) Cypermethrin (ng)
5
40000000 | Permethrin
..
30000000 [ y = 47732x .
R® = 0.9926 RS
20000000 [
10000000 [ ot
v
0 ¢k
0 200 400 600 800 1000
Permethrin (ng)

Figure 5. Calibration curve graph of wood preservative active ingredient (A: Etofenprox, B: Cypermethrin,

C: Permethrin).
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Table 5. Calibration curve graph of wood preservative 1 Zaps®] %o+ IPBC7} A&FH UL

active ingredient

- 323, ZX E&A| x2|et =X AIHe| B3t X2 AlZto] mE
Calibration curve Coefficient of ot

Compound equation (y) determination (R%) RadE o 58
IPBC v = 11352x 0.9896 A HEAE A3 A Al d3t A2 A7t
Chlorpyrifos  y = 55579x 0.9865 ZF:HO ij ;'] jf’_;&%u ]QE‘L:ZI jﬂﬁ KS (T*IZ ;l :1:
Propiconazole ~ y = 48576x 0.9987 20188 et E";ﬁ 5 GC-I\:)ISV‘;/;,% %‘jgﬁ qzme
Tebuconazole y = 40408x 0.9979 23t BAS E5) A% SAALY HEkS 7

. 1_§0]-93J’4—(Table 6)

Permethrin y = 47732x 0.9926 AeFHd O uleho 2 B wEAo] sk 245t 2
3} ojR Aoz Ast Hel Aztel ueh At RS B
322 =X EZEN fEME g2 &Y ollglon SEAEY 7hAS WEL S =3 Thols)

Aol AMget B HEA faE TS S0t 1 th(Figure 6). Wood Keeper A2] A-$ 213} 2] 29 o
7 SA3) el A REAS GOMS 24 F R guge gurie) ganRol /1E el vla) 50% ol
s gelstelon, Z7te] Ak £4E S AE 32 ZFAstg o Gori22= 7]29] deFo] B]3| 50% ©|
< Aot vkl WAl dEe AAlsHth Akl 312 743k o)2ss) IPBCE A5l i1s 3~59) Hre
2 Wood Keeper Ao]4]+= IPBC, Chlorpytifos, Etofenprox7} 925199t} thS Bondex Preserve M= tjEE0] &5 4]
HAEEHROH Gori229] 7 $-oll= IPBC, Propiconazole, Ho| A3} Aa] 7|7ko] T~10U7H4] A 2] 50% 245_4 3}
Tebuconazole, Cypermethrin®] 7<% %11 Bondex Preserve 28 0751900 Zapse] GaEAIEC] IPBCE A3} A7)
II= Propiconazole, Tebuconazole, Cypermethrin®] 7 717k 29 o]% FASIA 7FastATt

Table 6. Result of quantitative analysis of active ingredients in the process of deterioration treatment of wood preservatives

Wood Keeper A (ng)

Compound 0 Days 1 Days 2 Days 3 Days 5 Days 7 Days 10 Days
IPBC 165.10 143.53 101.71 69.29 73.35 73.19 72.75
Chlorpyrifos 420.67 395.48 345.06 144.85 142.62 122.24 158.04
Etofenprox 64.96 69.64 57.19 26.39 23.66 25.42 30.08
Gori22 (ng)
Compound 0 Days 1 Days 2 Days 3 Days 5 Days 7 Days 10 Days
IPBC 52.93 40.27 23.28 11.45 - - -
Propiconazole 246.58 154.20 164.65 177.15 145.93 126.31 107.71
Tebuconazole 48.71 35.02 27.64 25.50 17.73 18.79 23.11
Cypermethrin 198.26 190.86 137.21 91.21 74.62 90.03 56.15
Bondex Preserve I (ng)

Compound 0 Days 1 Days 2 Days 3 Days 5 Days 7 Days 10 Days
Propiconazole 129.73 110.60 93.12 81.97 90.54 75.35 65.97
Tebuconazole 47.78 39.14 40.50 30.07 31.34 28.13 21.26
Cypermethrin 81.20 68.06 60.91 48.42 58.32 49.88 42.79

Zaps (ng)
Compound 0 Days 1 Days 2 Days 3 Days 5 Days 7 Days 10 Days

IPBC 1121.89 632.56 653.87 442.88 345.48 255.50 211.70
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Figure 6. Results of the decrease in the amount of active ingredients according to the deterioration treatment period of

wood specimens treated with wood preservatives (using percentages) (A: Wood Keeper A, B: Gori22, C: Bondex Preserve
I, D: Zaps).
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Table 7. Color difference (A4E) change after 10 days of

aging treatment with wood preservatives

Wood preservative After treatment trI:a %linnegnt
Control - 11.87+£2.07

Wood Keeper A 6.54+1.06 10.74+2.11
Gori22 7.18+1.32 8.73+2.05
Bondex Preserve II 4.57+0.64 7.20+0.34
Zaps 3.92+0.79 6.82+1.64
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Figure 7. The result of quantitative analysis of changes in the total content of active ingredients according to the duration
of the deterioration process of wood samples treated with wood preservatives.
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