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ABSTRACT

It is well-known method to use Ethylene Oxide (ETO) as a fumigant to preserve cultural heritage from the attack of
some bacteria and insects. In this article, we investigated color change of some cultural material upon treating ETO. The
cultural matenial was selected from Korean paper (hanji), ancient books, blue prints, pigments (DA, DB, DC, DD, DE
and DF). hemp cloths, and colored pictures (DG, DH, DI, DJ, DK). The AE value in chromaticity coordinates for each
item was obtained upon treatment with ETO at concentration of 200, 250, 380, 500, 710 g/m’ respectively. The AE value
was derived from the equation of L*ab with the data checked 24 hr, 48 hr, and 72 hrs respectively. The Korean
papers(hanji) showed slightly change in color by AE 0.8. In the case of ancient books, it showed AE 2.91 which was
easily distinguishable with the naked eyes. For the almost 73% of blue prints, the value of AE was as much as more
than 4.0 that it is recommended not to use. In the case of pigments, the value of AE was ranged from 0.15 up to 4.0
so that it should be very careful before use. The hemp cloth dyed with natural indigo showed less than 1.00 in AE, while
various colored hemp cloth showed wide range of AE from 1.00 to 4.00. Finally, from the fact that the color change
was as small as less than 1.00 for the colored pictures, it is thought that treatment with ETO is one of method to be
used to this purpose.
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Table 1. Color change of Korean paper (hanji, PA) upon treating ETO

SER R L

Site number studied (Color changed Site number)

PA Color Change
Fume Amount AL Aa Ab AC AH
(g/m’) 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr
200 +=) 72y 5(4) 36) 90) 18) 6(0) 09 09 09 09 069 069 N 27) 3(6)
250 +=) 8D %0y T2 9O) 90 A®Yy B 0% 08 1B 09 08 62 43 9O
NC - - - - - - - 1 - - 1 1 2 -
380 +H=) 2 2A6) 260 09) 0% 0% A 34 34 26) S53) 53) TO) 6(3) 81
NC - 1 1 - - 2 2 1 1 1 2 - -
500 +=) 72y 2y 8y KT T0) 0@ 2y 09 54) 72y 09y 54) 81 6(2) 9O
NC - - - 1 2 1 - - - - - - 1 -
710 +=) (1) 6(3) 7)) %) 90 %O ¥ I1B®) 09 1B 1@ 09 7@ 36 T2
NC - - - - - - - - -

AE=color change; AC=chroma difference; AH=hue difference; AL(+)=change to light, AL.(—)=change to dark; Aa(+)=change to
redder, Aa(—)=change to greener; Ab(+)=change to yellower, Ab(—)=change to bluer; AC(+)=change to bright, AC(—)=change to

dull.

Table 2. Color change of Korean paper (hanji, PB) upon treating ETO

Site number studied (Color changed Site number)

PA Color Change
Fume Amount AL Aa Ab AC AH
(g/m’) 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr
200 +=) 17 1] 1B 1B’ 09 09 63) 0% 1B W) 1® 27 N0 44) 72
NC 1 - - - - - - - - 1 - - - 1 -
250 +=) 6(3) 6(3) 6(3) A0 T2 A7) 45) 3(6) 54 45 36) 5@ 63) 35 9%0)
NC - - - - - - - - - - - - - 1 -
380 =) 18 28) 54 09 0@ 09 %) %0 A 9O A® KO T@) ) AS)
00 +H=) 43) ) 63) B8O) 9O T2 KTy 09 18 18 09 18 9% 15 9%
NC 2 - - 1 - - 1 - - - 3
710 +H=) T2y 81y T2) 44 T0) 3(5) 08 09 35 0B 09 35 80) 6(1) 90
NC - - - 1 2 1 1 - 1 1 - 1 1 2 -

AE=color change; AC=chroma difference; AH=hue difference; AL(+)=change to light, AL(—)=change to dark; Aa(+)=change to
redder, Aa(—)=change to greener; Ab(+)=change to yellower, Ab(—)=change to bluer; AC(+)=change to bright, AC(-)=change to

7 A A
U= BRI it
A1 Mg e *MD% 227} Bl 2
=7 g A ATF ARYAY 2 HRolThs o
2 TRAL A7 ARG vlgo] FLFE MR
£ El B, Qures 4EHdeRE

22y

Korean Journal of Enviromental Health, Vol. 28(5)

2. IMH

XS ETO &5 oA sl A2 o o}

&% 7

7re Az} Wy} Wasle 742& T

2, 7AH] 7 EASh A EZ Al ste]
oFel Wl We Hoz U wsjelAth. TH, T4



8 ol - uhHl - 719

Table 3. Color change of Korean paper (hanji, PC) upon treating ETO
Site number studied (Color changed Site number)
PA Color Change
Fume Amount AL Aa Ab AC AH
(g/m’) 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr
+H=) 36 18 1) 9%0) 0% 09 26) 09 09® 1B 54) 45 90 3H6) 5(4)

200
NC - - - - - . 1 y y . . . - . -
250 +H=) 8(1) %0 6(2) 90) 8 T2 b 2D 54 25 2A6) 54) 80O 60) 8(1)
NC - - 1 - - - . - - 2 1 . 1 3 -
o T 8D 50 7@ 09 00) 09) 8 8D 81D 8D 90 90) 2 54 8(1)
NC - 1 . . - - - - . y . . - - -
o HO T 8D BD 90 90 90) 0O 09 1B 1®) 18 13) 62) 16)  9(0)
NC - . - - - . - - - . - . 1 2 y
Lo HOOS K A9 16) 5B 30 30 36 30 39 36 30 80 T2) 60)
NC - - - 3 1 1 - - - 1 - . 1 - -

AE=color change; AC=chroma difference; AH=hue difference; AL(+)=change to light, AL(—)=change to dark; Aa(+)=change to
redder. Aa(—)=change to greener; Ab(+)=change to yellower, Ab(—)=change to bluer; AC(+)=change to bright, AC(—)=change to
dull.

He) B EAS £Xk BE 5 el slel B8 o M3 sk 201744 Wslshe o2 BA,
£ow Walh dohir, oisle] 2 BAE B4 Eo Me) Aol T FRT & e DA W
29} s, A= 34 Eozo) WSl 247 Bab (30 oAbz opAR, o] The R AT & s
Aoz Waso] Ushith A, INHe £3 Mgl wile M9E 7E RoE B,

o elste] £17k eelsl MBS F EAE LA T9HE ETOR As9e o o B 717 5
o ERol wWeh Agalrl wet Zom walwnh. o Foluwel Mo ol vkt 7 Uslew
sAso oleiat WMol B3 Hel® g 4% & AT FEEo) G AR 5% ¢ sizt

Table 4. Color change of blue print (BP) upon treating ETO
Site number studied (Color changed Site number)
PA Color Change
Fume Amount AL Aa Ab AC AH
(g/m’) 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr
+=) 90)  90) X0) 09 09 09 9% 90) 09 09 069 0O 09 09 o9

200 NC - R - - - - - - - - - - - - -
250 +=) 90 %0y 90 09 09 0O 9%0) 9O 0O 0% 0% 069 09 09 09
180 +=) %0 A0 %) 09 0O 0O 90 9% 72y 0% 0®» 09 09 09 069
NC - - - - - - - - - - - - - - -
500 Ho) 90 90) %O)- 09 OO 0@ 90) 09 0O 03 09 09 69 O 0%
710 +H=) %) %G 9O 09 09 009 90 %M 0O 09 09 09 6% 09 09

AE=color change; AC=chroma difference; AH=hue difference; AL(+)=change to light, AL(-)=change to dark; Aa(+)=change to
redder, Aa(—)=change to greener; Ab(+)=change to yellower, Ab(—)=change to bluer; AC(+)=change to bright, AC(-)=change to
dull.
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2 o

7} 2.19~2.62% A9] x}o]
E o Hx 7EE F e AT Az Wshyt o
Epdr}.

Y CIRE £ &5 Aol 2si AAte) W}
7V AskA Jehdbe 218 DA FHTedth, DB A
7HE, DC %422 I AE= 400 oo Jehdo
o, I 202 AE’F & ZAES DE &3 DF A9

o] 1.00014 3.00mwko & vehgtt 2w 5 A

Table 5. Color change of hemp cloths (CA) upon treating ETO

of o3t AEF MY He ¢EEE DD 9o, 1
AE= 025 vvie 2 faEdet, o3 AR s g
ETOE o|&3 &5 Al o A5 a3s B
ook & o2 AlEEHW, FF o B ¢asel g

A2}e) g A77k AaEolel ¢ Aee e,

5 2F

{2 CASt CBY &% Aol oigh Mz el
ZAEATE ZE £ 4l CA Z47}el Az Z
ZolA 7)) 29 AHE F AL, Aa, Ab, AC%} AH7}
2 7 A 2z g o] wEke ' wWglsh=A
£ Table 59 AElstc}.

5 Al gE B2 £ Al Mz Wsks o
I 7k ATYE TR AeE FEE AA,
<1 bl 5 A sl 5 A2 oA
2] AJZhel BAIgle] HukHoR Alol
2 o=z WIStk A,
Aoz F okxo] Uzt 3z
5 Aol eolsle] A4 2o zo] Wt
ot} Hg 200 gm’e] EFAE T2} FU F
AYE s19e A% 500 gm’E 5 A s
A9 A Eo] Wyt dojuAIT TR A 9elle
2 3 Zof W} viepdot AR, £5 o
dl= £ A o9 gt S5 Ay Alztel] BAG]
o] Mutdozg AWt wiko g W} nmix|dow

5=
RUNINGY

22 2 e T3 HE HUS 3% £3 A

AR 5 obAle] el wet 100 lgke] AE WIE
TR R BaEo) Alge] Setew o wslg ¢

Site number studied (Color changed Site number)

PA Color Change
Fume Amount AL Aa Ab AC AH

(g/m") 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr 24 hr 48 hr 72 hr

200 +H=) 72 44 A5) %0 9%0) KH0) 6(3) 63 OO K 9N U K/ 35 T2
NC - | ; ; ; ; - ; ; ; ; ; ; 1 ;

250 +H=)  8(1) B(1) 9(0) &) TO) 9%0) 90) %) 9O 9%0) 90 KO 1B 0B8) 09
NC - - . o2 Lo

180 +=) M2y M) T2) 9%(0) %0y %O 9%0) %O KO 9%0) 90 KO 1T 09 36)
NC - 1 ; ; ; ; ; ; ; ; ; ; I ; ;

500 +H=) 3(6) 90) S5(4) T2) 90y 90) 09 81) 0O 53) %A 90) 45 09 405
NC - ; ; ; ; ; ; ; ; 1 ; ; ; ; ;

AE=color change; AC=chroma difference; AH=hue difference; AL(+)=change to light, AL(—)=change to dark; Aa(+)=change to
redder, Aa(—)=change to greener; Ab(+)=change to yellower, Ab(—)=change to bluer; AC(+)=change to bright, AC(—)=change to

dull.
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