2005 57

oo boouboboogoon
ooguoooobood

b gobdgdo gdobod -

goooono

doddoooooooooooooooobooooooboooooboooooobooon
0000000000000 000000000000000000000000DONational
Gallery of Art, Washington O O “Artists’ Pigments — A Handbook of their History and
Characteristics”0 Edited by Ashok Roy Oxford Univ. Press0 (1993)0 0 0000000000
godoooooobooooobooboooboooooboooobooboobooooo
dooooodoRJODO0OO0OOOG.LODOOOOUOOOOOOODDOOOO@99Y)YUD O OO
godoooooobooooobooboooboooooboooobooboobooooo
0d00oD00dooDo0o0oooDooooooooooo@eYy7)oooooooooaoao
goddbooooobooboooboobooboobO0ooboooobooboobooOoooo
goddbooooobooboooboobooboobO0ooboooobooboobooOoooo
goooooooa

oo uob oL UooboOooo
0000000000000 00ooo0™mMooooo00o0o0o0o0oooooonon
0000000000 0000®Y000000000000000000D0O0O0D000000
godobooooobodboooboobobobob0oobooooboobooboobo
godbdoomooooooooboboboob0obbobooboobDobUuOooDo o
googobooooboobooobobuoboboobooobUoobooboobo
gooobobooboobooboboobob bbb oobobooo

gobogon

gobobooooobobboooobobboooobobbooooobbooooobobooooobo
goboboooooboboooobobooooboboooooboooooboooooboo
gooooo

gooooooobobooooobobbooooobbooooobboooobobboooooDo
gooobooooooboooooobooooobooooobooooobboooooDboo
gooobooooooboooooobooooobooooobooooobboooooDboo
goooboooooobooooooboooobobbooooobooooobboooooDbOoo
goooboooooobooooooboooobobbooooobooooobboooooDbOoo
goboboooooobooooboboooobobooooobooooobboooooDboo
ogno

gobobbbooooobobboooooobboooooeemb0ooooobbOOOoooDOO
goboboooooobooooboboooobobooooobooooobboooooDboo
goboboooooobooooboboooobobooooobooooobboooooDboo

‘00000000000000000000000



58 00 0O0O0oo oboooo O o000 No.44

gooobooooooboooooobooooobooooobooooobboooooDboo
gooboooooobbooooobobooooon
goboooooobobooooobobooooobobbooooobboooooboboooooDn
gobobooooooboooobobooooboboooooboooooboboooooDboo
gobobooooooboooobobooooboboooooboooooboboooooDboo
goboboooooobbooooobooooobbooooobboboooooobooo
gobooooooboboboooobobbooooobobbooooobboboooooboboooooDn
0000000000000 oo0oUOooUooUoodmoel/e DODODODOUODOOOOO
gooboooooboboooobbooobbooobobooobbooobbooobbooo
0000000000 00o0oOO0OUO0OOmel/e DOODUOODODOOOUODODOOOUUOOODO
goobooooooboooobobooooboboooooboboooooboboooooDboo
gooboooooboboooon
gobobooooobobooooobobooooobbooooobbooooobobooooobo
gobooooooooooooboooboobooobooobnooooboboboboDOobOOD
goobooooobooooobooobobooobbooobobooobooobobooobbOoo
goobobooooooboooooboboooooboboooooboooooboooooboboo
000o000ooooooooooodyoooooooooooooog
obOopo0ogdosg00D1me ODOODDODOODOOODOOOSI0O0O0ODO0O0OOO0O0ODOODO
0000000000 00DO000O00000O00D0O0oDO0OO0O00O0O0O0oDOooODOOo.eme
goooooooboobobbobobobooooooooooooobobobbbboboooooos
gooobooooooboboooooobooooobobooooobooooobboooooDboo
gobooOOooOoopoo3bOobOO0OoOobOOOUObOO0OOoDOO0ODODOOODObOODODObOOD
oo
O0O0DOOOoOoDOOoocOoOoDOgPpc-3101PC OOOOOODOOODODOOODOOODODOO
ooboboooobobooooobboooon

oogoooon

0000000000000 0000000001l0 000000 0OUO0OOOoL*a*b*
oObo0OO0oO0O0OeEOO0ODOODOCOODOOOOOOODODOOOOEDODOCOOODODOOD
goboobooooobobooooobobooooobobooooobooooobboooooDboo
goboobooooobobooooobobooooobobooooobooooobboooooDboo
goobooooobobooooboboooobobooooobooooobboooooDboo
goboboooobobooooobooooobboooobobbboooon

gobooooooboboooon

gobobooooobobboooobobooooobbooooobbooooobobooooobo
gooboboooooobooooobobooooboboooooboooooboboooooDboo
gooobooo
gobobooooobobboooobobooooobbooooobbooooobobooooobo
gooboooooboboooo
gobobooooobobboooobobobooooobbooooobbooooobobobooooobo
gobobooooboboooooboooooboboooooboboooon
gobobooooobobooooobooooobobooooobbboooooboboa



2005 goooooOooOooooO0oOoOoO0OoOoOO0OOOOOObOOOOOoOoo 59

o0 OoOo0ooobOooobooboboboobobooboo

ooo NaOH KOH CaOH)2 0O0O0O0O HCOOH CH3COOH 00000
oooo 0oo 0oo
oooo o000 0oo 0oo 00 cubb cubb oo
oooo ooo ooo
, ooo 0oo 0oo 0oo 0o b b cubb oo
0 ooooo 00000 00000
0 0o 0o 0o 0o omoo  ooooo 90
oo oo 00000 ESEJDD 0ooooo 000 oo oo
00000 00000 00000
oo oo oo oo 0o ooooo ooooo B0
oo ooooao
oo oo oo oo oo SUooo ooo oo
o 00O ESS%DD ESS%DD oo oo oo oo oo
0 -
0oooo 00 oo oo oo oo oo oo
0ooo SDDC”D SDDC”D 0o cuoD 0o 0o cuoo
0oooo
Dggy 900 0oo 0oo oo oo oo oo
oooo 00 oo oo oooo oo oo oooo
00000 00000 200000 200000
D000 gpppoo nooooo oooooo ooooon OO 0o 0o
O 00000 00000 00000 00000
g D000 gppooo oooooo oooooo oooooog OO oo 0o
0000 000000 000000 000000 000000 000 ooo R
O 00000 00000 00000 00000 0000 0ooo
0ooog  0oooo
0000 gggoog oooog 00 oo oo oo oo
0 EDD U nooo oooo oooo oo oo oo oooo
A -
O 0000
Donog DO oo oo oo oo oo oo

0000000000000 0O0000DD0000000DD00O00000DonooooOoo
0000000000000 DD0O0MO0000D0DO00000oNonoDOoo0Ooonononon
0000000000000 0000D0D00OO000D0D0DO000O0DoOoOoOo0onononon
0000000000000 0000D0D00OO000D0D0DO000O0DoOoOoOo0onononon
0000000000000 00000D00O00000D0D0O000000DO0OOoOO0onononon
000000000O0O00ooooOo

0000000000000 0000000000000000000000000000
000000®00000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000000000000000000000000000000000
000000000000 00000000000000000000000000000
00
00000000000000000000000000000000000000000
0000 L*00000000000000000000000000000000000000
000000000000000000000000000000000Y00000000
000000000000000000000000000000000000000000
000000000000 00000000000



60 00 0O0O0oo oboooo O o000 No.44

o0 bOo0ooooobood

000000000000000
0 00oO0oOoO0O0x0 0 00000000000 0 0000000000
0 00000000000 0O 000000 0O 00 0O 00 0 000000
FDDDD L* a* b* OE%ab 0000 FDDDD L* a* b* OE%ab 0000
0 446 -1695 6.01 048G 43/33 0 7438 -002 023 0 N73
1 3385 -082 -138 2074 7.6B 3.3/04 o 1 4978 045 407 249 14Y 48/06
0 2 2892 123 076 2457 85R 2.8/0.2 O 2 4959 -043 418 25147Y 48/06
O 3 3333 -253 158 188314G 3.3/06 O 3 7303 015 -016 14155P 7.2/01
O 4 4364 -1118 239 68880G 4.2/22 0O 4 7138 -042 318 42247Y 7.0/04
O 5 3062 -273 024 2076 038G 3.0/0.7 D5 6152 -035 391 133842Y 60/05
6 5032 -1498 334 66279G 49/28 6 7094 -004 131  3624Y 69/0.2
7 4186 -1551 498  3.26 55G  4.1/3.0 7 4732 -018 213 2712 18Y 46/03
0 2044 491 -2276 0 5.8PB 2.9/5.0 0 2831 883 -19.03 0 8.4PB 2.8/4.2
1 3761 -217 -2 234 41B 37/07 1 3033 -003-1629 949 35PB 3.0/35
2 3081 023 -069 226 80PB 3.0/0.1 0 2 3525 024 -245 1233 3.6PB 3.4/5.6
D3 2872 176-1185 1137 54PB 28/24 O 3 2718 1483 -2934 1199 82PB 2.7/69
O 4 3045 -259 -017 2383 27BG 3.0/0.6 O 4 2784 669 -2255 415 65PB 2.7/50
5 3041 -127 -6 17.89 1.2PB 3.0/13 U 5 2507 1017 -2349 522 7.7PB 25/5.3
6 3207 032-11.68 12.27 40PB 3.1/24 6 2693 1012 -22.18 3.67 8.1PB 2.6/5.0
7 311 412 -2261 184 56PB 3.0/4.9 7 3663 478 -10.13  9.92 8.8PB 26/2.1
0 3037 775 -227 0 7.1PB 3.0/5.0 0 638 611 602 021Y 6.2/89
1 3907 07 -875 17.89 48PB 3.8/20 1 4525 2803 3398 3892 1.8YR 4.4/80
O 2 315 112 -527 1869 6.3PB 3.1/10 0 2 4916 3012 3509 37.72 L2YR 4.8/85
O 3 3715 733-2529 7.27 6.7PB 3.6/59 O 3 5923 122 5398 9.86 9.7YR 5.8/86
0 4 3288 858 -236 279 73PB 32/53 O 4 4347 2992 3096 4287 06YR 4.2/80
H 5 4095 045 433 2994 18Y 40/06 U 5 6147 553 5567 50321Y 6.0/82
6 4782 -079 267 319689Y 46/04 6 6477 376 5795 3.3728Y 63/84
7 3279 843 -245 309 7.1PB 32/55 7 5969 514 5106 10.09 22Y 58/7.5
0 2741 034 008 0 N2.7 0 5848 1376 2471 0 47YR 5.7/50
1 291 -012 088 19259Y 28/0.1 1 6629 -348 1481 2136 80Y 65/19
2 2084 064 -032 247 0.6RP 29/0.1 o 2 6716 102 707 234303Y 6.6/1.0
O 3 3192 -071 166 489 14GY 3.1/03 O 3 479 1166 1991 118 49YR 4.6/39
O 4 3564 0 208 84837Y 35/03 0O 4 5416 1621 3005 7.29 50YR 5.3/58
5 2805 098 00l 091 7.8RP 27/0.2 O 5 4586 2463 29 172 L7YR 4.4/6.9
6 2793 058 062 078 32YR 27/0.1 6 4347 2263 2423 1753 12YR 42/6.1
7 2926 023 07 195 9.3YR 28/0.1 7 4886 2154 311 13.93 33YR 47/6.7
0 4125 2862 2589 099R 4.0/72 0 2844 305 -214 083P 28/06
1 4799 365 3546 1411 97R 4.7/96 1 6081 683 522 334183R 59/19
2 4361 2617 228 46 95R 42/65 O 2 538 2126 -919 3205 08RP 5.2/55
O 3 4355 2729 258 266 0.1YR 4.2/7.0 53 33 1542 -1262 1685 65P 3.2/38
O 4 4803 3803 3711 1613 97R 4.7/10.0 O 4 3593 1719-1175 1866 81P 35/42
5 432 26 2377 39 99R 42/66 O 5 2083 468 -255 219 02RP 2.9/09
6 2952 506 257 3517 66R 29/10 6 2852 827 -642 6.7572P 28/18
7 398 758 888 271 28YR 39/20 7 3154 1337 -1224 1477 55P 31/33
0 4065 2537 2071 092R 4.0/62 0 327 1898 756 042R 32/38
1 3519 706 717 2341 21YR 34/17 1 3653 1693 931 469 64R 3.5/36
2 3275 551 404 27.1196R 32/11 0 2 3372 177 862 19555R 3.3/37
D3 3481 1028 1351 1L09B6R 34/43 O 3 338 2506 111 7.1248R 33/53
O 4 3253 462 33 2827 94R 3.2/10 0O 4 3325 2031 923 2250R 32/42
5 3333 1448 866 17.81 75R 33/30 O 5 3206 2533 1137 7.4149R 3.2/54
6 3976 2692 1896  2581R 39/63 6 3543 2821 1203 1062 44R 35/6.1
7 3982 2416 198 172 93R 39/59 7 3363 2094 806 222 39R 33/43
0 3688 -2018 3.92 078G 36/39 0 2711 138 -058 0 17RP 2.7/03
1 4255 -1078 573 1113 22G 4.1/22 1 2389 289 -189 379 9.1P 23/06
0 2 4923 -1162 573 1513 34G 4.8/23 O 2 2874 125 -164 19529P 28/04
O 3 5035 -2711 313 1517 98G 4.9/53 D 3 2406 250 -178  3587P 23/05
0O 4 5657 -1914 858 20.27 36G 55/36 O 4 2341 237 -193 406 71P 23/05
U 5 2078 13 -042 23.04 2.8RP 2.9/0.2 O 5 2559 207 -071 168 2.9RP 2.5/0.4
6 443 -2623 662 9.9566G 43/50 6 2555 12 -059 158 1LORP 25/0.2
7 4416 -3307 6.1 14.96 7.8G  43/6.2 7 4012 029 163 1324 0.7Y 39/0.2




2005 61

oOoobOOooOOoDOoOo0oDOowxoo00obOODbODbOO0obOOO0bOUObOO0oOoDOOoboOooo
000000000000 000000000000000000000®0000000A0
gobobooooooboboooooboboooobobooooobooooobboooooDboo
gobobooooooboboooooboboooobobooooobooooobboooooDboo
goobooooobobbooooobooooobmobobooooboboooobobboooon
gobobooooooboboooooboboooobobooooobooooobboooooDboo
gobobooooooboboooooboboooooboboooobobooooobooooo

gobooooooboboboooobobboooobobbooooobbooooobobooooobn
goobooooooboooobobooooboboooooboboooooboooooboDboo
goobooooooboooobobooooboboooooboboooooboooooboDboo
goboboooooboooooboooo

gobooooooboboooobobooooobbooooobbooooobobooooobo
gobobooooooboboooooboboooooboboooooboboooooboboooooDboo
gobooooooobooooboooooboooOoooooboOoDOo*xobboooDoDOobOOon
goboboooooobobooooobobooooboboooooboooooboooooboboo
goboboooooobobooooobobooooboboooooboooooboooooboboo
goboboooooobobooooobobooooboboooooboooooboooooboboo
0000000000000 00000000000000000™0

gobogon

gooooooobobooooobobbooooobbooooobboooobobboooooDo
gooobooooooboooooobooooobooooobooooobboooooDboo
gooobooooooboooooobooooobooooobooooobboooooDboo
gooobooooooboooooobooooobooooobooooobboooooDboo
goooboooooobooooooboooobobbooooobooooobboooooDbOoo
goooboooooobooooooboooobobbooooobooooobboooooDbOoo
gooo

gobooooooboboboooobobbooooobobbooooobboboooooboboooooDn
goboboooooobooooboboooobobooooobooooobboooooDboo
goboboooooobooooboboooobobooooobooooobboooooDboo
goboboooooobooooboboooobobooooobooooobboooooDboo
gooboooooboooooon

gobobooooobobooooobobooooobbooooobbooooobobooooobo
goobooooobobooooboboooobobooooobooooobboooon

oooo

0000000000000000000000000000 | 000000000000000
008, 17-21 (1954)

000000D00000000000000000000000000 I 00000000000

0000008, 9-12 (1955)
0000000000000000000000000000 . 000000000000000



62 00 0O0O0oo oboooo O o000 No.44

0 011, 21-28 (1955)
gooboo0o0o0o0oo0obObOoOoOo0oooooooooOood [MOooocoooooooooo [
000000000000 000000000020021000083-87 (1977)
joooo0ooodoo0ooU0oooooooo0 (MOO0) @UOoU0DoUODoDoOoOoOooOOoDoDOoOoodg
00000025, 103-107 (1980)

joooo0ooodoo0ooooooooooo0 (MOO0) @UOoU0DoUODoDoOoOoOooOOoooOoodg
00000031, 74-80 (1986)

gooooooO0o0o00d0o0oOoooOoObOObOOO00000000OD0D DoOOoOODODbOOOoOoOoOoOoOo
0000000 ooOos7,67-74 (1992)

0000000000000 o0oooo0ooo0oooooooooW) DoooooUooUoooood
goooooboobooObboO0o0o0oo0ooooooooooOobbOo00o00o0oooDoUoUoUoOo o
41, 46-53 (1997)

goooooboboOoobDbOO0oO0oooooooooDbODbbObOOoo0ooUooooOoDbDbODbbboooooUoo
000000000000 000D000000000000000000DA43,12-21 (1999)

oooooooooooobobobobobooooooobooobbbobooooooooobDbobooDbbog
O0000000ooasr, 23-33(1998)

1000000000000 000000D0O00O00D000DLO0ODO00LOUDOO0ODOODOODOD42,57-62
(2003)

2000000000 oboobobobobooooooboooDbbboooooooooobooooDb oo
00000D 043, 35-42 (2004)

BOooofdoOooOodo0oOobOO0oobDOoOoO0oOo0oOoDU0oOoDO0OOoDUOOoODOoODUOoCOOoODOoOoDO
000043, 22-30 (1999)

140 Jean Tetreault: “Airborne Pollutants in Museums, Galleries, and Archives: Risk Assessment, Control
Strategies, and Preservation Management,”Canadian Conservation Institute, (2003)

150 Ultramarine Blue, “Artists’ Pigments — A Handbook of their History and Characteristics” National
Gallery of Art, Washington, vol.2, pp.44, Edited by Ashok Roy, Oxford Univ. Press, (1993)

6000000000000 000D0000D0000D00000D0000ODO000ODO2600000000
(2004)

700000000000 00D0000D000DOOXOODODOOODODO0O0ODO0oODODO0OO0DOOOoOooDOO
000042, 63-78 (2004)

180 Vermillion, "Artists’ Pigments — A Handbook of their History and Characteristics” National Gallery of
Art, Washington, vol.2, pp.165, Edited by Ashok Roy, Oxford Univ. Press, (1993)

vooooooboooobobooooooooooooOooobboooooooooboDobooDboboog
O000000OXO0OoOOoOOoOOooo((2004)

OoooDoOooo (pigment)0 00O 0O OO (formalin)0 O O (discoloration)0 0 0 00 OO 0O
(alkalic reagent)d 0 O O O (acidic reagent)



2005 goooooOooOooooO0oOoOoO0OoOoOO0OOOOOObOOOOOoOoo 63

Effects of Acidic Solution, Alkalic Solution and Formalin
on Some Pigments Used in Japanese Paintings

Chie SANO, Yoko FUKUOKA and Misao OHNO"

Direct treatment of paintings by acidic/alkalic/oxidative/reducing agents is rarely executed.
However, paintings stored in specific high humid conditions, like mural paintings of
Takamatsuzuka Tumulus, are often attacked by fungi and are treated directly by reagents for
sterilization and sanitation. In this report, effects of chemical reagent solutions on some
pigments used in Japanese paintings are studied.

Sodium hydroxide and potassium hydroxide were selected because these two reagents are
often mixed with sanitation goods commercially available for household use. Calcium hydroxide
was also tested because it is a major component of the white plaster wall in Takamatsuzuka and
Kitora Tumuli. Ammonium solution was also tested. In the case of acidic solution, formic acid
and acetic acid were selected because these two reagents are always formed from formaldehyde
and detected in formalin. Formalin, which is a major reagent for sterilization in the tumuli
described above, was also selected.

Experiments were done as follows: each pigment powder after washing was dipped into a
reagent solution and the color change was observed. After one month, each tested pigment
powder was mixed with glue and was made into a sample piece. Color difference dE was
measured after one month by Color Analyzing System/UV-VIS-NIR Spectrophotometer 3101 —-PC,
Shimadzu Corporation.

The experiment made it clear that hydroxides decomposed many pigments and that
formalin itself rarely causes discoloration of pigments but that coexistent formic acid causes
decomposition of many pigments like malachite, azurite and ultramarine. It was also made clear
that some chemical reagents harmed some pigents. This is why chemical analysis of art objects
should be done bofore treatment. It is also important to keep an art object under good condition
to prevent biodeterioration.

“Musashino Art University
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