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Uhr 271 9] 7FA R A 7] ¥ o] A NO,0.01,0.1, 1, 10, 100, 1000 ppm § =2 242} 1Y = &8 F F38H3], 534,
28 24 0R SAES BohsHATh o] A3, AEAEL NO: | ppm/dayel A A% 7h AE A F A3
Urehd 1, 10 ppmidayoll 4 4o £(NOs) 5 57h pH %2, 7k 2 B9 7] 9 CNO» 2-87] 37H7h bkt 0w, 100
ppmidayel A QIA7E A7k ekt Eo R @A A Bol 4 A, AP o] M7} 37 A9 NOs 571 9 A E
BA7H2A GEE T, QAL B AL AN, FANE) A7 F7h, B A 29| NOy S7h, AP, A9 AHAE
Fazh 27 ekt ol & Ba NOwol o8 AEN S e Heka, 35ta, Beld £A5EE 27 | ppmiday, 10
ppm/day, 100 ppm/day ¥ & =23} ¢ o}

F4of: NOw HEHE, E4EY, Y3, Ao 252, A1FFE

ABSTRACT The gas acceleration test was conducted to identify the deterioration of Korean traditional textiles caused
by NO.. Total 20 specimens were prepared using 4 different materials (silk, cotton, ramie, hemp) after dyeing with 5
colors (undyed, red, yellow, blue, black). The specimens were exposed to 0.01, 0.1, 1, 10, 100, and 1000 ppm NO, gas
in the test chamber at 20°C, 50% RH for 1 day. Optical, chemical, and physical evaluation was carried out after the exposure.
In the case of Korean traditional textile, color difference increased at 1 ppm/day, NO3 concentration, carbonyl and C-NO,
functional group increased while pH decreased at 10 ppm/day and tensile strength weakened at 100 ppm/day. when it
comes to undyed textile, alteration of color difference on silk and hemp cloth, NO3™ concentration and tensile strength
on hemp cloth was remarkable. In addition, color difference on blue and yellow textile, NOs concentration increase
of yellow textile and tensile strength decrease of hemp cloth & ramie cloth were significant. The results suggest that
critical NO; concentration of optical, chemical, and physical damage on Korean traditional textiles are 1ppm/day, 10
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ppm/day, 100 ppm/day respectively.

Key Words: NO,, Korean traditional textiles, Damage characteristics, Color difference, NOs concentration, Tensile strength
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NOx= t7] 2 A3t L F9E2 2 AE= &3
Zpolc}. B3} AgFste] HNO,, HNO; FE|2 W= o]
S2 3710l Ysto] ABIEUA T W2 HNO:E AT
o} HNOs= HoSOsREE ZH4to| ™, 733t AtetA| ol e}, what
A, NO2= 80,7} WA= &4 dflofl Bt F4:9] 54,
AE2 020 7133, 43)4, B3l olIAE HE, W, &
259 Ag, ¢YA, AHE By, e, E
T, ULEAL ol 5 okt Aol Ay B= AAE
FHZ FrE o] &4 F3FS U]t Ministry of Culture &
Sports, 1996; Brimblecombe ef al., 2001; Garry, 2005; Lee
and Roh, 2006; Industry-University Cooperation Foundation
of Hanyang University, 2007).

22 9 2futet th7]] NO, A S 23 57151]
) 25 ppbolel, 4= X]of} 7} R EA] 9 gk o]
250 ppb7IA] o]2&= A o2 K &t National Institute of
Environmental Research, 2011). Z7} Q21-& ¢17F&-5of 2]
3 35 WA, W] Bt 25T Aol 2
2 2gloln] HEAle ER oA Sl AE o &
o ol2IE NOL= 7], BUE 1 B 59 S0 A=e
oly|2iE Bol) BEAA R GuAt Rap) nE
AV U s o 2 E el o] SEet Ak
AL A31817) = gHch(Hatchfield, 2002). ¥HH, BEA]A U]
NO, S5 7|52 2.65 ppb ©3HNBS, Dutch Government),
5.3 ppb ©]3H Thomson, =54 8HE3 0] 2 2 (Hatchfield,
2002; Lee and Roh, 2006), 27| A| A8 F1Z(Hatchfield,
2002), 371 ASIA | AH] 24 (Havermans, 2010), 5= =Y
ER 2 H712 Q) 23 el 2At 2 adt Aol

A FESSITET FPUSHES MRS 5 AT
e A a8RE0 11~ 12%S ZRekaL, 25 4, H, 2A,
A= AR Ad-8-5-2] 50 ~83%9]) o]2tKNational Museum
of Korea, 2012; The National Folk Musuem of Korea,
2012). NO,, HNO;9f| &5t A&, d&E &4 d+4=4, ¥,
ZolE HAIR ot HA F719E, A F719E 42 A
Ag R 50| tokst HE| X =4 Whitemore and Cass, 1989;
Salmon and Cass, 1993; Saito et al., 1996)2} AFAE(A,

H, 2], Aol ti$t 4 A7H(Lee and Han, 1996)7F H.31
= HE Sl ZRu At el JlelAe feust A8 AE
A FAEo] e HEdT} 28 BRAA Y A Ao
o, A7l AoME tart § =EFH(E YT
SAh e &4l Ao NO, s=of w2 4
A &A™ ol nl&E Aot} wEhA NO2, HNOs
of WAE WEAE 23 AAAQ BEEE A-S
ukdsl7] $leiA = NO: w20l e A5 e &473
I &= 5 B ZARRTE FEE olof Stk

= vt WSS dEshe AE
3, G A S gACZ NO, =0 e & =E 3
o4, 51514, £94 SAPH R B7Fste] NO, 5=

=

d

(o]
ENO| 5 AFAES] &4 4 5]
Ao AUZ 4, 318 = 9 sfo|=atel AL 93t 7]
222 g4E Ao VdEch

ook

21, A8 X2

HEAE ABE A, W, 54| Ao RN Az
MG, ), A, S 28 B R THH 205
Folu}, AT7]oh AT S0x150m(7FR A R), £5E
2uf) 122 FH[5kgItH(Table 1). AR AlH2 28-S
71Este] AN (&R), BRI, (), SAU(LERH
Aoz AAGAE 53] Arjstgon, midals A,
3o Aluminium Potasium Sulfate (KAl (SO4), -12H,0,
AR EA(3), A0 Sodium Hydrosulfite (Naz S04, 4F
ok A(F), SA0] Iron(1l) sulfate heptahydrate (FeSO
THO, AHEEAENE Agelsic. AAEa 2g
o ol Y HEAABUATL AR Jeic

fl

22 &8 =4

A1 7RAFAAIA71(GS-UVY, Suga, Japan)E AME-
SHITE APz HH A4 2171, 8 ) 2:=20C, 5=



Table 1. Specimens of Korean traditional textile.

Fabric count

. .Fabric Weave Thickness (threads/5cm) Dy_e - Specimen size
(Initial-Symbol) (mm) (color-materials-Initial) (mmxmm)
Warp Weft
Silk (S, A) Plain 0.182 254.9 125.0  Undyed- X: (u)
Cotton (C,[J)  Plain 0533 1033 1004 Red-Sappan wood: (r)

5 - Yellow- Gardenia: (y) 50x150
Ramie cloth (R, O) Plain 0.316 109.3 116.1 Blue- Polygonum indigo: (b)
Hemp cloth (H, <)  Plain 0.734 61.0 49.2  Black- Gallnut+acer ginnala: (bk)

Table 2. Conditions of gas acceleration test.

Parameters Conditions
NO; (ppm) 0.01, 0.1, 1, 10, 100, 1000
Temperature (C) 20
Relative Humidity (%) 50
Air exchange rate (hr'l) 1
Exposure time (day) 1

50%, 37)3g= B BEAE HAA 9 2g3e] 37
S-S Htgste] 1/hr2 A3 tH(Industry-University
Cooperation Foundation of Hanyang University, 2007,
Ministry of Land, Transport and Maritime Affairs, 2012). 9
H Y22 NO, T U9 374 Rle= As= H
HeMiE = =55 93 5= WA 001, 0.1,
1, 10, 100, 1000 ppm2] 1084~ &= 7HZH 02 A3
o, 7t FEER JEARS 197 22T F e A
59| Yo, Sfebal, el H WSS ZASFETHTable 2)
A3 o] AREE NO, FZ7}A(N; balance, Air korea)=
20, 200, 20000, 100000 ppm-< ARESFF oM, FFHF2 3.6
L/min® 2 3148}, 2782 3.2~3.6 L/min, 7}25%F
2 20~400 ml/min Y] YollA 277 22 7|(MODEL
3655, Kofloc, Japan)2} W= 9| 7tA-(3F 24 7|(SEC-E40,
Horiba stec, Japan)E o]-83te] &3t A ) 7k~
5= BUE L 001, 0.1 ppm FEHSINAE 71a47]
(200A, API, USA)E, 1~1000 ppm =Y A= HA]
4] 71314 71(GV-1008S, Gastec, Japan)S AR&-31A T

M=

2.3.

rk
08l

7 e

NO, 50| e HEAHO| &4 EAE wefsir] 9

=
s oA, shetal, Beld AR ARkl $4we
=

(Table 3). F3H2] &A= B3k MRLA|(Spectro - guide,
BYK - Gardner, Germany)E ©]-83}o] M-S SA35}aL

NE ZHo R AEMS TS AEHGOY TUBES
AT 38 &= NO, s=o i A AlH
Y 257 NOs =8 w7 §3f oA =2ut=1ey|
(ICS-3000, Dionex, U.S.A)E o|-&3}o] o] 1A AlA|
stk ol 93] A2 AU WA W FHS 2R 5
50ml & TEFH| AQlstar gol2<4 50ml & Fst
At o] T 2STAIHE olg3ke] 6087 SEFA L.
o £29d 3 10nZ 0.45m WE| 2 A3 & ojmhof 5ml
of thsto] ol BAE At e o] §EAS
pH &% 7](Oriondstar, Thermo scientific institute, USA)
olg3te] 4ol 2HES S TR W o
529 4SS B151] 98] AR (VertexT0,
Bruker, Germany)E- 083} 0. HWIAISGHH O 2 32
270, Bals 4o o] 2704 BAstolrh. B2ld SAE
= QA=A E 7](3365, Instron, U.S.A)E o] 83152

of

i

agjEo s TS ZAsyT
3. Z ot
31, ety &4k
3.1.1. Mg}

NO, 0] W B 2] MAHAE* )= 0.10—>
212302 Z7}5t4th 0.01 ~ 10 ppm EEJAE= 1.0 1]
o= WE7} YR ggkott 100 ppm BEOA L
1508 J3jstel A7 343 Sk AYERs
Z1(0.14—21.23)>21(0.13—7.83)>T(0.10—1.80)>2A]
(0.30—1.05) =22 Z71514th NO, 5ol i QNZE
o] MR 0.0549.642 Z7k3k%T} 0.01~0.1 ppm =
ZoA= 1.0 v|Tre 2 W37t UehtA] ¢gtot 1 ppm
FEOAAE= 1.0& 3]sty Mz} F71s7] A&
G A= FA(0.16—34.10)>3H4(0.59—27.01)>5
A(0.1123.25)>Z4(0.21—21.04)>F & (0.26—7.98)
+=0 2 Z7sketh G HFHRk= 1 ppm s A=
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BRY(1.58)>H (110> 58(0.54)> 4 (0.27)> H 4]
(0.19) 0.2, 10 ppm SES A= FA(4.36)> K 2(3.52)>
BU(2.10)>H24(0.48)> 2 A M(0.26) 2202, 100 ppm =
TOJAIE BH(24.07)>B2(17.58)>HAY(14.08)>FA(11.52)>
TAI(5.22) 0.2, 1000 ppm FEAE FA(34.10)>
ZA(27.01)>544(23.25)> 2 2(21.04)>F HA(7.98) =L
2 Z7)8lH H(Figure 1).
3.1.2. HE[MSZ

==

NO, o] T2 PR WEAEFE S5
15O Utk 0.01-10 ppm FEojAls ik
5455302 WEA ¥sbh Ui ggkot 100
ppm SEAAE 15F02 F45) Astelgleh AR
£ AG IS BGOSR RG4S R RAG
4557 ¢o= WHNSFl AstHUTt NO; Suo
2 GUAEY HENSFE SEEISFOR ekt

t}. 0.01~0.1 ppm FEoA= & 5~455F0=2 A
S H3F ERA] ¢Rgk ot | ppm o A= 5~3.5
=3 10 ppm BEo AL 5~25F, 100 ppm FEN A=
4.5~154, 1000 ppm FEANA = FHAE AA7} 15
HOo 2 AstE gk GAE MENSEL 1 ppm FE=OAA
£ BHAE5)=HH(4.5)=FH4.5)>FAHG)=HAS) =
22,10 ppm FEAAE FH(3)>HM(3.5)=34(3.5)>
A (4.5>RAM(5) £O2, 100 ppm FEAE A
(D=FA(D)=2HA(1)>H(1.5)>FAM(2.5) =22, 1000
ppm FEOAE FA(D=ZA (D)= (D=2 A (1)>F4
A(2) &= 2 HEAGHo] A5t th(Figure 2, 3).

32 Bty &4k

3.21.NOs s
NO, 50| T2 LAMAE 0] NOy SEE 542494

Table 3. Damage evaluation items of Korean traditional textile.

Damage classification Evaluation items

Test standard

Color difference

KS K 0205, KS K 0063

Optical -
Grey scale rating KS K ISO 105-A05
NOs’ concentration KS 13206
Chemical pH KS K ISO 3071
FT-IR KSK 0210-1
Physical Tensile strength KS K 0520
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Figure 1. Color difference of textiles according to NO, concentration. (A) Undyed textile, (B) Natural dyed textile.



O|AF=HRIAN(ND,) &

1g/100cm/day 2 =715tk 0.01 ~1 ppm 2o A= 5~
33 pg/100cn/day 2 F-x2] A|H(Not Treated, N.T.)2] NO5~
= §~20 1g/100cr/daye} B3k NOy = Wsl7}
UERGA] egkot 10 ppmo|AE 177~774 pg/100ct
/day, 100 ppmo A= 6944 ~28099 1g/100cr/day, 1000
ppmOl A 10598 ~42494 sg/100ct/day® NOy B=7}
B8] S/ T2 ALY W NOY FE
£ AR RARA $02 etttk 10 ppm ol
AH(774)>T(305)>2A(227)>A(177) 2.2 UeRd T, 100

Al

0.01 ppm 0.1 ppm 1 ppm V1Oppm

“1000ppm N.T.

E 160ppm

Tof| e MEXZo| &AFEM /2T

ppm FZOA] AH(28099)>LA|(11464)>TH(9793)>7A6944)
oz Uehgten, 1000 ppm FEZoA AR|(42494)>H
(16918) >EX|(13840)>7A(10598) +=0 2 LyehgdTh(Figure 4A).
NO; sk=f mE A=) NOy &= 733176 18
/100cm/day 2 Z7}sF3th 0.01~1 ppm HEoA= 7~
37 1g/100ci/day 2 N.T.9] NOs 5= 9 ~24 g/100ci/day
o} vjarste] NOs F&= HSp7h ehA] ¢89kert 10 ppm
BLo)HE 263~577 1g/100ct/day, 100 ppmojAl=
4602~20733 1g/100cr/day, 1000 ppmo A 7075~

ﬂ

Figure 2. Surface observation of textiles according to NO, concentration. (A) Silk-undyed, (B) Cotton-blue.
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Figure 3. Grey scale rating (colorfastness) of textiles according to NO, concentration. (A) Undyed textile, (B) Natural

dyed textile.
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33176 1g/100cr/day2 NOy =7} 2235 Z71515ct.
QAR EO] QA Ht NOy L A
A>T 50 2 LEFETE 10 ppm T4 A A(470)>
ZL0(405)> 38 (398)> L AM(371)>2A(355) 0.2 ekt
31, 100 ppm EEOA A (14075)>3H44(11628)>2 4

3.2.2. pH

NO; ko] W2 FHNAE2] pHi= 8.88~7.462.49
~1.942 72319t} 0.01 ~ 10 ppm EEof|A=9.30~8.06
©2 N.T.9| pH 8.88 ~7.463} v|@s}o] pH7}0.5 2715+
©1} 100 ppm S E0] A= 2.82~2.27, 1000 ppm FE0) 4]

(10507)>3M(10498)>544(10143)0.2  UEhgon,
1000 ppm EEolA  FLEAN(20963)>3F(17763)>HM
(16446)>332(14386) >ZA(13615) 208 Uepdct

2491942 pHr} 23] Stobsic TEMZEY A
W ApHE H 6.63(8.882.25), 7 6.39(8.80—2.41), 2A]
6.09(8.58—2.49), AHH| 5.52(7.46—1.94) <=2 2 el

(Figure 4B). (Figure 5A). NO, SE o] 02 GMzE9] pHE= 8.27~5.20
A B
100000 — A) ‘ 100000 — ® ‘
E | E |
a1 | | |
s | FR |
© | © |
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5 o W ! = 5 ! —A— S bk
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Figure 4. NO;’ concentration of textiles according to NO, concentration. (A) Undyed textile, (B) Natural dyed.

(A) (B)

10

pH

1 T
N.T. 0.01

T HHIH‘ T \I\HH‘ T \HHH‘
0.1 1 10
NO, Concentration (ppm)

TT HHHi
100

T 1
1000

0.01

T \HHH' T \HHH' T \HHH‘
0.1 1 10 100
NQ, Concentration (ppm)

N.T. 1000

Figure 5. pH of textiles according to NO, concentration. (A) Undyed textile, (B) Natural dyed.



O|&EHEA(NO,) sEoll whe MEH = ot SM/ dYd,

—2.53~2.012 7743}t 0.01 ~1 ppm F=o|A+= 7.88
~45392 N.T.2| pH 8.27~5.20%} v|w3}te] pH7} 0.5
4371 100 ppm FE=0 A= 2.80~2.27, 1000 ppm 5
ZoA=2.53~2.012 pH7} F43] Zastint. &
o] QA B ApHE FEGM 6.16(8.43—2.27), M 5.65
(7.89—2.24), AA 4.98(7.27—2.29), 3+ 4.48(6.74—
2.26), 34 3.38(5.67—2.29) &2 2 L}eRgdtH(Figure SB).

32.3.FT-R

NO 100, 1000 ppm F-=0f| l=EH FHAAE A HS
AL 2 FTIRE 34519 Bl skgith. o] 23, blank AlH}
H|wsle] Aol IRY Y 1700~ 1775 cm™'ojl A NO,, NO5 o]
oJgt A=z ¢lgt 72 R d 1% C=0 stretch7} 275},
1310~ 1350 cm™'ojl A C-NO2Z-&7]7} Z7154th(Figure
6A). TR AEA ARe H, BA A IRP S 1700~1775
e A& NO,, NOsof o3t 4kstz Q1% 7l2RdIF
C=0 stretch®] =215+ Z7}9} 1310~ 1350 cn oA C-NO,
28719 5715 2Rl 4= Iitk(Figure 6B, 6C, 6D).

3.3.1. QMzE

NO; x| B2 FENAEY QAL == 63016 N
o7 Z4AFHATE 0.01~ 10 ppm =A== 630~173 N
°3 NT.9 QA= 630~213 NI} v|wste] wislr} L
EhLbA] 9RgFoL} 100 ppm EEO AL 82~23 N, 1000
ppm FEA= 45~ 16 N2 Yepyith FHAZZ9]
A Q=L 100 ppm FEOA N.T. tiu] A
38.5%(213—82), H 15.4%(247—38), 41| 10.2%(630—
64), TA] 9.9%(227—23)& LFERE, 1000 ppm EE0|
A N.T. thH] 7 20.9%(213—45), H 10.7%(247—27), &
A] 7.1%(227—16), AHH] 6.5%(630—41)2 T< ZFAEQ
th(Figure 7A).

NO; 5= o JAZAEY == GAE st
A% Boke AAE Wb Bach. dN2ES A4
H AU E=E 100 ppm H=oA N.T. tjH] A 37.5%
(307—115), A 16.3%(245—40), 4| 12.2%(409—50),

R_u- NO, 10005pm N
R_u - NO, 100 pgfn N
Ru-blank " N~

T T
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T
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Figure 6. FT-IR result. (A) Silk-undyed(blank/100ppm/1000ppm), (B) Cotton-undyed(blank/100ppm/1000ppm), (C)
Ramie cloth-undyed(blank/100ppm/1000ppm), (D) Hemp cloth-undyed(blank/100ppm/1000ppm).
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TA] 6.0%(311>19)2 Uehom, 1000 ppmoll A N.T.
tH] A 35.6%(307110), W 13.4%(245>33), AH]
10.1%(409—41), BA] 4.7%311—>15)2 ©< 2259
thFigure 7B).

D
|
e

X
S|

o1
I
I

41, 1=

NO, 0]t HEHZe] Asio] 9olH NO; 10
ppm S04 FAB] WAo], | ppm HEoH
Age] Wao) 2z YelEgon, o] SEo g 2
Zsieick AR 7, 4hie) s} ov] Gy

= 9, PHR R sl 2 AL o 4 YAk Al
2O 1, 10 ppm FEANHE B, ARl 100,
1000 ppm SEALE B4, A= o] Arja 0= 2
Uttt £8) SO.of ot Wiabgol S BN
=9 Z-(Kim et al., 2012), NO, 100 ppm 5= ©]A}F9]
2SN ApES F A3 27kt

NO; o] W2 AFAEY] HEMGTol JlolAl A

a7, Ao) MEASF Akt Hon] Gz
£ A, A B MEAEF A 2 A L 4 9
Sleh. AIRH O 0.1-10 ppm FEolAE B4, 2
2o WEASF skt 27 VLA, 100 ppm B o]
Al AN, ZMABo) MEAST A3kt 343 U

B Ao2 SRlEgich B3], 1000 ppm HEAE

£ GAZE WA Fo] 15302 WeMo] A5
A et 22 & 4 99tk TIARE] B, A}
Aple] Awskt A9 2
FBA AR A4 Ha0 v Goof &4 3
of 7o) glol At M2 ol 3 e 2 A=A of
Ali=Ah o] Ak, AheEEE doA FNL BAL
EA)E7] thEo|m, Aol gloj A M2 o

o7 gre g gdstgnt Ale 2lad gl glof
24, wol Hlale] AfHoR B ARMISE AR
Aoz dHA Qrk(Garside and Wyeth, 2003; Shao et
al., 2005; Eric and Marl, 2006; Pietro ef al., 2010). M
g9 A, FEA, AA, FA, SHZZLE H& bglo]
Z7reta. o, FHREL bto] AT olF B9l
FHA, AN, A, SAZZS g ofgt Ao, g
=2 o] o3t Aoz AAFHIh 7|E AFAR
A, A B AEE oH=7|(-NH)E 71 QtEeH =
A G2(FEAE, FFAY, tg, 2hH7E N0 Fekst e
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Figure 7. Tensile strength of textiles according to NO, concentration. (A) Undyed textile, (B) Natural dyed textile.



Alo] 7pahel] S5 T B A2 AN M2} sty

B} A (Kim and Lee, 2003014 34, H4)2 20| A%

9] NOOA = Mg Ao] Ueh s A 0.2 Tehe| gy,
42, HEE aME

NO, 5= 2 HF2=2 NO; 5%+ NO; 10 ppm
oA FANAE, ENHES NOy 5=t §235] &
71 AS G 5 on AEEEE A, |, aNERE

S, PR BN g 2 S74E AL ISttt

=
53], FANZE, 9= NOs s A, gAd
2 H3PEFo] F3lo] FEH Yt ol tiA=
g0 A, G SEARFI LAk §3], A
o] B¢ -t A¥ET B & NOs 5= Aol
Uehd 2oz Bol FE4 Aol A4 ¥, BA|, AR
ok NO2, NO5 7o) yh-g-o] 2hihs] vehdt Aat= aestgl
thH(Figure 8).

NO; & & A5 &2 pH+ NO; 100 ppm 5=
oA FEMRAE, A Z9 pH7L FH 8] Holdl AL &
S oo, AAATE W, A, dAE2E F9, ZA
A EA 7 ZA Rolxe Aeg I Eat,
100, 1000 ppm ‘F=ol| A1 e] AAH, A4E pH F3F 3l
T oA A, GAENOy FZof vlehes A
2 Yelsitt

NO; =0 B2 A5 ES] FT-IREYE 53 NO,

100, 1000 ppm =54 NO,, NO5o| <]
ApeS] ALBHARES BHIT 5 Qe

NO, 5= T H53]
FEoA FEMAE, QAR EO IFAETL B At
2L & 4 gk ALERE mA| APl A Q=7 7}
& 3A g4 Aoz FIFHCH NO, 5= IHE g
29 QgL QAP MeF ke A st
ol Uehde). 29| 2ol z0 st oY
Ql 7R, Alshig-g o) AeEst Astele B
g3, et 4 ¥3E e Aes d#A SItkEric
and Marl, 2006; Conservation Science Division, 2011).
Z Y710 98D, nHE Ao] A WY JA4E
gE oz mes FAS, LS net 9 AHeIA 9
o= At ZiEalE Yoy, nTe W 3
ST AT LEA) 23}, 3TE $HE AA
shelA] A aA oluA ek, 1 Aak 247, 7144 7
T £&Ao] YeRdth(Eric and Marl, 2006). E3H MEZ 2
29| 287 EYE AWHeEfor AER e 2A15E B9
ARAE7E AstEle Aoz d2A UrH(Eric and Marl,

2006; Pietro et al., 2010; Conservation Science Division,

A

~4

2ap0

1o O

&

12000 (A)

10000

8000

6000

4000

2000 —

Concentration of NOs~ (ug/100cm:z/day)

Textiles

(B)

0.12

0.1

0.08

0.06

0.04 ——

Moisture Contents (g/75cm?)

0.02 —

Textiles

Figure 8. NO;™ concentration, Moisture Contents of textiles. (A) NOs™ concentration, (B) Moisture Contents.



206 | 2Z1tsts|X| Vol.29, No.3, 2013

2011). AER QA L B18toREo] o7t &4 U4
s, 2 AeEd) e 97172l sttt &4
<= @Fﬂ“ﬂ Hi’r Hléﬁ’.ﬁ_ FHolA AzFEm Abae] Al
Rl A Jol o dojupm FEAQ
= °ﬂ IE féH ?‘*E}Oﬂ o|Eth. o] AMtE YAY fHE
pil IS 2 0 A7F AL B2 ARgo] HEA 7A|H o=
%}1 FARYAFA)0] APEct AEZeAE o]d F
o= WISk, {714, F71Ro|AME 54 Rt
© 2 A&HA UTHEric and Marl, 2006).
‘IJrEW, NO; 10 ppm =042 AHES NOsF=E
177~774 1g/100cti/day, pH 4.53~9.23 W]z Aol A] Q1A+
7= A7 A 24E BHE, NO, 100 ppm 5=
Ao AEL NOyEE 4602~28099 wg/100ci/day, pH
2.27~2.82 MO 2 A A FE3E QAR E LAYo] VERES
% 4600 1g/100cm/day ©]4}, pH

£ TGS N0
3.0 of3h 2AE WA BoYH 4 W7 E 0 A

1. NO; s=of W2 FHMZE, QA2 9] Jstd &
AL HENSF)-2 22 NO; 10 ppm, 1 ppm %EOH
A AFEE Aoz g} B3 NO, F=7t Z71%t
of wet FAMAEL 42} 21.23, HENGH 155, 8M
A& A} 49.64, HEMNGF 1559 &40] Uehte
wAAAEZE A, 4, W, BA| 02, QAERE A,
S, S A AN 08 FekE S FA W
Ao 2 eyt

2. NO; z=of W2 FHAZE, QN2 =9 35ty &
A2 10 ppm FE=o|A NO;' =9 F4% 37k} 100
ppm SO A pHEY| FAT A7} Uehts A= el
E9th NO;s s AEER A, |, BA|, 4 «2=8
YR R, N AN JN, B 032 ZI5HY
I, pHe AEEE |, 4, BAL 4 £ 2, gad=s 7
A, A, HA, A B oF AstE g $HE,
NO, 100, 1000 ppm =0 =&F FINIE A, W,
Al, A 9] FT-IRZ S E3 IRYY 1700~1775 cm 1o
Al NO,, NOsof 93t A3tE Qg 7l2RdIF C=0
stretch®] 712} IRE Y 1310~ 1350 cm'of| 4] C-NO22Z}+
7] 3718 BE FANZEol A E1E 4= At

3.NO; s=of W2 FHMZE, QN2 =9 5214 &

P74 E)S 55 NO; 100 ppm ol 4 F23] 744
©2 BT} B, NO, 527 27heo] et
SUUHES AREE NT. o] A 8%, B
8.5%, | 13.1%, A 29.7%= Yelga, GMZE2 N.T
tH] 2A] 5.4%, A9 11.2%, H 14.9%, A 36.6%= LE}
U A, ARl 7H 3A) st

4.NO| ©J3 REA B YoH4 £AHS 1ppmiday, 3
312 &4 10 ppm/day, B8 £4-2 100 ppm/day=
shlsgick. 53], BeA 4] Yold APHEE 7%
g o], NO;5=(4600¢8/100cn/day ©]AHe} pH(3.0 =|9h)
o 24< 30 Yast 9 Ao ok

AF Ab

o] AT 20128 % EoAY FYZBYATE B
FA S HIATHR&D) A 2| Y& Wol o] Fojz o n]

2 5 A A Aol Zo] AARtt).
REFERENCES

Brimblecombe, P., Raychaudhuri, M., and Bowden, D.,
2001, Surface reactions of deposited NO; in the museum
environment. Indoor air quality in museum and historic
properties, IAP 2001 Conference, 11-12.

Conservation Science Division, 2011, Research on damage
of cultural heritage by sulfur dioxide. National Research
Institute of Cultural Heritage, Daejeon, 47. (in Korean
with English abstract)

Eric, M., and Marl, J., 2006, Conservation Science: Heritage
Materials. RSC Publishing, Cambridge, 56, 81.

Garry, T., 2005, The Museum Environment (2nd Ed.).
Elsevier, Oxford, 151-153.

Garside, P. and Wyeth, P., 2003, Identification of cellulosic
fibres by FTIR spectroscopy-thread and single fibre
analysis by attenuated total relectance. Studies in
Conservation, 48, 269-275.

Hatchfield, P.B., 2002, Pollutants in the museum environment.
Archetype Publications, London, 20, 11-20, 32.

Havermans, J., 2010, The dutch archival act and harmonisation.
Indoor air quality in museums and achives, IAQ 2010

Conference, 37.



Industry-University Cooperation Foundation of Hanyang
University, 2007, Development of conservation system
for protection of movable cultural properties. National
Research Institute of Cultural Heritage, Dajeon, 146-151,
178-183. (in Korean with English abstract)

Johanna, N., Francisco, V., Sigbritt, K. and Jonny, B.,
Tommy, 1., 2010, The validation of artificial ageing
method for silk textiles using markers for chemical and
physical properties of seventeenth-century silk. Studies
in Conservation, 55, 55-65.

John, E., Yocom, P.E. and Alexander, R.S., 1980, A review
of air pollutant damage to materials. U.S. Environmental
Protection Agency, North carolina, 36-46.

Kim, J.P. and Lee, J.J., 2003, Natural dyes in Korea. Seoul
National University Press, Seoul, 58-59. (in Korean)
Kim, M.N., Lim B.A., Shin, E.J. and Lee, S.M., 2012,
Damage sharacteristics of Korean traditional textiles by
sulfur dioxide. Journal of Conservation Science, 28,

321-328. (in Korean with English abstract)

Lee, K.S. and Han, S.H., 1996, The effects of NO, and SO,
gas on the paper and the textile cultural properties.
Conservation Studies, 17, 87-126. (in Korean with English
abstract)

Lee, S.E. and Roh, H.S., 2006, Environmental measurements
of gallery and storage rooms of the New National Museum
of Korea. Conservation Science in Museum, 7, 75-87. (in
Korean with English abstract)

Ministry of Culture & Sports, 1996, A research on HVAC
guideline of museum exhibition & storage room. Ministry
of Culture & Sports, Seoul, 96-102. (in Korean)

Ministry of Land, Transport and Maritime Affairs, 2012,
Law No.458,
multi-unit dwelling & publicly used facilities. Ministry of

nentilation equipment standard of

Land, Transport and Maritime Affairs, Seoul, Article
11(3-4). (in Korean)

National Institute of Environmental Research, 2011, Annual
report of air quality in Korea 2010. National Institute of
Environmental Research, Incheon, 17-26. (in Korean)

National Museum of Korea, 2012, website (www.museum.
go.kr), Collection database. (in Korean)

Pietro, G.D., Bluher, A. and Grossenbacher, G., 2010,
Monitoring indoor air pollution in the stacks of the Swiss
National Library. Indoor Air Quality in Museums and
archives, IAQ 2010 Conference, 67.

Saito, M., Goto, S. and Kashiwagi, M., 1996, Effect of the
composition of NO, gas to the fading of plant dyes.
Scientific Papers on Japanese Antiques and Art Crafts, 38,
1-9.

Salmon, L.G. and Cass, G.R., 1993, The fading of artists'
colorants by exposure to atmospheric nitric acid. Studies
in Conservation, 38, 73-91.

Salvin, V.S., 1963, Effect of air pollutants on dyed fabrics.
Journal of the Air Pollution Control Association, 13,
416-422, 455.

Shao, J., Zheng, J., Liu, J. and Carr, C.M., 2005, Fourier
transform Raman and Fourier transform infrared
spectroscopy studies of silk fibroin. Journal of Applied
Polymer Science, 96, 1996-2004.

Sky Blue Natural Dye Institute, 2009, Comprehension of
natural dye. 34, 93, 108. (in Korean)

The National Folk Musuem of Korea, 2012, website
(www.nfm.go.kr), Data info. (in Korean)

Whitemore, P.M. and Cass, G.R., 1989, The fading of artist's
colorants by exposure to atmospheric nitrogen dioxide.
Studies in Conservation, 34, 85-97.




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


