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WEETH Y, HROMHEEIZ S, HilZ2I VY a VHICHDET S 2 LKL,
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A %hg 3 2 5 5
B ¥v/—Zifl 2 1 4 6
C_CHAIN LUB 3 2 3 7
D kYvyil 0 0 2 8
1 9

3—4. FILZRWSBEDMERSE

WEATRIHRO L*a™b™ % 5B ashcllE s %,

BHIEAR O F125 cm MAICHEWT L7212 gL —3 VilE2E S, 20 RIZ7 v %1.00
g DEHIZIET 2, ZORICHH ML —T vz HEA L,
TFNEFERLEIHZVEHIIL—F VRTEFD R, WMzEA4 L7723 cm [0 RIZHE S
5o

HELZWEI I EDSEW Y — M 28, IMKET S (K4, Zorokmsitx
%5127 T

L—3 VT e D BIF T,

T —3 Ul LTRSS Lea, fon7eii el E N5,

F LY ANT, oK MRS 2 WIS o

MK TTVORKREY 7)==V 7T 5,

IHWZB S5,

WERERR, B OVSRIEENC LY a0 R WET S

@~ % 2[4 o

PO ® ® GO0

3—5. EZRAVIGADUESE

O MBARHEO L*a™ 0™ 250605 TlET %,

@ HEE (BrE) CHRBELIVY, HERAKIC0.10 g®BAiT5 (X6),
B FTHLETFLAYFNT, WEGTZRVILS,

@ 1HWMRSE5,

B HEEtE, WO RIEET L e b R E T S

® @~®%2[1T),

R4 7k 5L K6 ik 2ALE



2019 HEEIE A G AR VO ~O@ R 2 Hig e L7227 ) — = v 7o 123

\

E5 #ick s wmE

BRE—t
=22t
B DS
L=z

OGS

3—6. HABRRBERRVUER

BI7ICHEIl X o THRONZZNERDA L*ZR$ TSRS I, BIRL2MCED
RE RIS PNTZe AL %RDE, ERNCHEEZZRELLIVIEE, KDL
ZRELRZLIIICHZITIONED, ARCOIHIZ, WMOMHEIZX - TIZ, PEOBETR
BEPEONEIDLH LD nhole T, HABEAEERE ST ANIE W TULE L2254 &k
SEHIIZEWTUE LS aE2 s &, FUVEIHESEEHIICEL ST, KETHs ) —=
YITDOFRE VRN TH 720 TIUTFFICETIRE LT AR, TEECIRE TR I 7
RYAAFELILLTH, ORELTWAHEAENICHLIC THo7zZl, QLT
KA T =T 4 ¥ 7 SNBEBI AN EFIC XV EEADIRE, (EESREEICR > Tz
CENEHETIEZWAEEROND, TR, EBOEETIARID 2 ) —= 2 7H%Tn
W vk e—F¥2, Z2OHZHETIZ, BOALMIEHT AL, ERMZOIHEE S
DT ONL T IVORENER LIS 2%, LML, BOX) il AMEmL BT TR
FELRTL, ADXHIZREICFEIL L d o lz7z0h, EEMICHREREZIIICRATY,
7)==y 7 LB A%, MO RRE LEITIcBE) LERmICBN . EBROMEICBNT
b, MOMBIZL > TlE, LEZRD IO L) RFEIEHRINL 20, BEMAROMKE A
bRV EIITHBELLRYS, BRIB) &ETHRET ST TRELT) ZLHFEFT L, /2
mt;ofB%cwiv IANVTELBERRL LD, ADXHIZEF) TELEVLD, DOX
HNRBIZE > TERIZTHORE RSB Db H o 72720, EBROMEEBYE T, R & LE
%umnéﬁﬁ BT, EEFLVEHCGITEHERBNES S,

4. (FRRIEAERER

—1. B®
3-1~3-40 2 ) —= ¥ FRBR E AR O T THBRE B2 N L2BRIS, MEERBICED &
BEACHEC BT OWT, FAMIE ZMH L, 225 IR L 22 o e 2 e LETF
filiL7zo 72720, WERg & LR BRI LA TOEED R E L7z,

4—-2. HBEETI

B OET VL, 3-3RU3-4ITRk Lz [7VIC X 2LE K (9~0®)] & 4%
WX BETE: (@~®) ] LFBRICEE Lz, E2MHT 54, 12 X0.10 &AL,
ANFH Y - TR b II3EEA L7, ﬁ7W%ﬁm?%in,7W@90gK7kF7it



124 [ S e N R S T NI PRAFFHE Nob8

A %8

5.00
4.50
4.00 4.27

__3.50

R 3.00

2 250

¥ 2.00
150 1.88

1.00 136 156
0.50 E
T v

0.00 v v : e
T s =5:5 T BiE=6:4 I s =7:3 TV B =8:2 TV EE=9:1 £ Bo.1g2E

B:¥+v/—3iH
7.00 p—
6.77

ni

T EE=5:5 TV B =6:4 TV EE=7:3 TV EE=8:2 IV EE=9:1 F Ao1gm

6.06

]

«

o

5}
@
W
kS

%37
[ R

AL*(D65,SCI)
o koM w o~
S o o o a ¢
8 8 8 8 8
-
S

C: CHAIN LUB-;235 1 [ § 8 55 -

5.00
. 4.4 4.37
] 366
00 4 239

TV EE=5:5 TV AR =6:4 TV EE=7:3 FILEE=8:2 TV EE=9:1 F Rif0.1gx2[E

>
=)
=)

AL*(D65,5C1)

Now
o o
s o
w
IS
sy

-
o
5]

o
o
5]

D:EVY i

4 B

7L EE =100 £ AR01gE

w
=)
5}

&
1)
5}

w
o
S}

~
=}
S}

AL*(D65,5CI)

g
=3
S

o
=)
5]

8457 IARE (KF) a7 IVALE (RE)
FNE (KF) DEWEEE)

R7 ot X a2 KuEORERHA LT (A~D)

EANFH 2010 g@BML7210 wt% 7 V2 HEL, LiEZ1T-72 (X8, 9). S RIORER T,
17 =V DA - W WY ESED P ERFHI3#I590 CTd % (5 VI X B AE TAEDIEER ).



2019 HEEIE A G AR VO ~O@ R 2 Hig e L7227 ) — = v 7o 125

4—-3. AEHE

#RBEREO~BL LIMT O Z T o 720 BAFICRENZNGRR) AAT v 78 72+
YR (No.151L), [ U ~F 4 A (No.102L), WENIIETFEIR v 7 XA RH L7,
WE IOV TIE, & F ARAE ORI FEPIEICHELT, 74 b U A 1328200 ml
FHAGE, ~NFH UBAAEIZ 1100 ml, 1.5 %2 ki E Uz, BREILHEMHEIZAFY > 1150 ppm,
Tt h¥ 750 ppm Th b, BEFEIL#EAIZ STEL (150 B OBEHERFE) 2355 DIixZF0
%, VB EEP ISR, TLV-TWA GEPSRERRE) 038 E Lz, SIEfE
WA EML, HLEICFx ) E—RIFFPEA2E (Nederman # N original) % #%i& L 720
T2, WEREEZDORD S5 cm OHEETIT- 720 WE L2 RS, 1FEROHEE L
WU & o THIIE L 72 E M (ppm), BESEIEMEMIIN T 2 BEH G (%) 2H/ML, 3
MR & o TRUHEN Y A 7% AT 5 720

X8 HEALE  HE & LT RO %AithOARR LoWE

T4 ) AZHIEIZ X D& HERE S DR
95R BRFRLL Bl pSES
1A 0~3% BHTREF HICEL
1B 3~10% +HICRIF L
1C 10~30% RiF B EBERDOITHLEHE
2A 30~50% | BAEDOENUEREE. SoLLBRERICEHS | RIEBEOREOERN EMRIRIEAEHE
2B 50~100% YRAYERIEEZEMT S REIEBEEDOTS, NEREE AR
3 100%~ YRAVEFIEBER O KT D REIFEBENHREHE, NEREEEFHADCLE

4—4. AEBRROER

20 CHitzDENTRIEZ T 7286 %, X10, 11, &K5~101R . BAED SHH Sk
Pol2ao&aE Ind BZL) ] & L7z, K10, 1HSKRBREZEL 7L TEhehil
L 7oA OBBERIMOTHE R $72K5, 61 KMERKE S CLE L 726 Ok 72
WEBRSEE R, RT~1010 CHRBRIAZ 2L 7L TERZNALE L2255 ORI S & O EE
ERHMLYAZHERT >R E R MRELT, ~FF Y- TR, BEEIE
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BB ZER L TW22 LT, ZHLICCWIREBIZR>TwiezntEz b, it
T, 7, 9D X H\ZHETUE L7253 MM T L CRAUSIRE LIRS 7275, B
EICET &, WENKREERLBICEMICEALTWE 2 EDKI0, 11A5mARND, Wi
BEOVEBARGEAM, SMIRAT L 72 Wi CIER M A MR 722 LS, FETRE LZBETIE
JIFHFAEEZRE L TW A2 5T, BRTHLEICIRE 12 % STV 2 B O PR 3
T, ZAROFRNHEALEIC X 2BHEREZIWHEIHR 2w 2 L2555 h 572 S REERAZ LIS
W LAKFIZ LTI o725, 3-5THLM LN o72X 912, RBAYFEEORETIT) &, 1k
EOMAT B R 2, WA X0 BOOERE S 2 5 720, SRR LAY 5
M END, Tz, WEBEHZORK LE2WET L E, ANFH VL ZUEOABI S
ZDIK L, T b I3E - SV SN, ) DTSRI X AEOMEIE, FVICE S
WiEDB X Z3RmOMEA M. K11, K9, 102 AERD, ZNTHETUE LI T I
THLE L 725 OSSR DI, Vi BMKTEbAL XV ORREEZRE L7
POETR VI LEEREINS,
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450
400
350
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5 250 %
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200 7
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7 7 7
50
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800 f’/
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600 ;; /?j
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g 500 ég /2 ;
400 7
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7 7
200 g // // |
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100 757 7 n% / y y m
0 7 7 7, . n n .,
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HREEEE GAZ T VOt ~OEHZ HiE Lz2 ) —= ¥ ) EORE

K5 T LA ORERSIND S O) A7 HE (NFF )

B (o #Mm3EE (3[EH (ppm) | BT | =, o
SHERAD 17.9 150
HER A 19.6 400 267 178 3
HER AR 22.3 250

FO6 ETWELLGGOBRENEMENSDOY ZA7HE (T V)

N Z#3E B (3E B (ppm) | BEL®) | =0 @
HERAD 22.1 818
HERAQ 22.1 750 803 107 3
SHERAR 215 840
KT VAZHE FEEMEHLLZLE (NFHF )
nEEY ﬁ“i(‘fp*f)mﬁ BELL(%)| BECO) | 552
1@ B 20 13 17.9 1C
2[E B * 80 53 179] 2B
HEBRAED 3[E B * 50 33 17.9 2A
WEER 100 67 24.1 2B
1@ B 50 33 19.6] 2A
2[m] B * 130 87 19.6] 2B
AR 3[E B * 220 147 19.6 3
WEER 200 133 24.1 3
1EB 80 53 223 2B
2[a] B * 70 47 224  2A
HERIAQ 3[E B * 100 67 22.3 2B
WEER 80 53 23.9 2B

« L EIOBAEEROWNELY /BT 1.56~2 4T, 3EIEE T 1 KOMEE T3 Lz

&8 VAZHE FURMALILE (NFHY)
MEE "E"ngp*f;—“& BB (%) BECC) | 432
o Yivhan nd 0 23.6 1A
HERAD |EYstLep nd 0 23.8 1A
NEEE nd 0 23.8 1A
il nd 0 234 1A
HERAQ |HYstLe nd 0 227 1A
NEEZ nd 0 20.9 1A
ik nd 0 22.3 1A
HERIAQ |ERYsLe nd 0 23.2 1A
NEEE nd 0 23.8 1A
nd- - - ML
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RO UAZHE HFEFHLLLE (TRFY)
BIEEHIER

A& [E] 3% (ppm) BRELL(%) RECC) | 73X
1E B 141 19 22.1 1C
2[8] B ** 140 19 22.1 1C
ABRAED 3[@ B *x* 537 72 22.1 2B
NEEZ 295 39 20.6 2A
1EE 56 8 22.1 1B
. 2[E B %k 225 30 22.1 2A
HBRAQ 3[@ B *x* 415 55 22.1 2B
NEEZ 1931 257 21.6 3
1| E 202 27 21.3 1C
2[0] B ** 230 31 214  2A
RS 3[E] B ** 425 57 215 2B
NEBEE R 808 108 22.3 3

dkook oo o 1 EIOBAMEERLORWED /E¥IT 1.5 4T, 3[EIH £ T 1 AROKRME TRI L7

F10 YRZHE FUERMHLZWLE (74 2)

nE 'E"E(ﬁ*f;—“f’“ BELL(%)| BECC) | 55

oYk nd 0 23.2 1A

HERAQD |ERYstL nd 0 22.6 1A
NEER 545 73 22.3 2B

il nd 0 22.8 1A

HERIAQ |HxYstLep nd 0 226 1A
NEEZ 280 37 22.3 2A

oYk nd 0 23.5 1A

HERAQ |ERYstL nd 0 23.3 1A
NEEZ 171 23 23.6 1C

nd - - - FEHZARL

AR DVEEBIENETIE, 155 MOEEDFEIHEERD SN L L SR TV SP )8, 4Hldl
BATLZ — VOBBEMICOVWTHE Lz L TCHHORIEIZE Y, 7V &M 5 0LE I,
B2 RARDOIRRED T FHCTEATT 5B I EREEFE R 2 RIEICBRE RS 2 2L 72,
PRI CIIALE S A2 L B L LTl 22 RO 5N 5 -0, ALERTTE
VL & DRI o TLEI T ENDH D, 9 LEBEDY AL /T H720120, 7
VI K DALELL, TEEROREEFLHEMTORELET WA EKS,

LAY o 7o BRI & F 472 TR-27 VL, BEEHICBW LS bR T
OV, ARERLTEEE TR-27VIE, HRAREICZ VY g YRICE->TWTDH, fER
L7BZOFETRVIEFHELTEE, BIICK > TV EBIRIZHEEL R TV D72
B, SEELRBOBRAERE I VL), ANTW AT HRAMD BEICEM L72IR
BCTEHT L2009 F Ly, SR, BERELZA UV IEEEDSHBA G
EHHT A LT, E0X ) IHEERE 2 AT, VEERS SRR TONEEZ MR 5 9% H)
Wi 2388 L R 2D TIRRVES D b

5. BbYIC
AT, PemulenTR-27FVEMFH L7227 ) —= 2 ZHEORFIZOVWTHEZ T & O
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oo TT2N =V ZRBICBWT, HHWHEICH XD, 7)) —= v 73 AP 1
mﬁbfwéﬁtfw%ﬁmﬁé’&f Fl R FEELBNROBREETZ DI LD
2o T ) —Z U 7%, WO E WE BT ~OBEMERIZ X 5 A7 OERAH E &
&%ﬁ65o%bf,ﬁ%kﬁﬂmﬁ%hkwf,%&Bkiﬁx&wﬁﬁbtﬁ%@ﬁ%ﬁ
AR TS LB L OBl b3 5 2 & T, BN EDNBETLIONHAWAL, 25
50T, 7V THLE L 72RO ppm 1, FECRE LR E ER1/2~1/3UT & %5720
CORRDS, ARBEOEKPORER, HRERELZ S VIGEELZETHZONL 2 28
Bholze DX, FERBEEFERO ) -V 7OMMP L, HEWREBREZSZAZTZ VO
A E MR TS k#m%to
%ﬁﬁ%fi,%ﬁgﬁ?ﬁﬁﬁﬂtlofﬁ%ﬁﬁtéiﬁﬁ%ﬁ%’ ) —= Y T RAT
DRIFNEI RO v, 26 A5, BEITH L Bk 2 LHEZ HW7272012, RRISERZES
ftiotﬁﬁ?,ﬁﬁﬁuﬁtﬂﬁéh,Cﬂ#%%bf%@%h&éi?&%ﬁ?%ﬁﬁ
CZE DR EMOBENETEITMRICL S, TI9hd L, ROFETIRINITELTE R
WIRTENZ S22 B W EEEDSIER ICH Ve BUS, ZRIET 2R8I EbE, BT 27D
HoWBTE - HEOMENANRER ST BEH s Z9) holzl, BHIZF VASEA X
NBTr—ANHOLWABHBETHTL 20b iy, ThzkTz, LRI DL FAE
BB F NV DMEEBRBEC G- 2 BB IS O W T H R DA LETH 5,

e

AL ICARRE B2 SAZZ T V2T AR D B I2H 721, SEINMBRATEAIL
EFINFH, HP R RE (RRBHHEZRRES MR CIHAHS I Lz, 72, K
G TEERBENE IS T 282479 I2H 720, BTt > ¥ —& GRRCUL st
AR EE > —) ICTHREZTHE T Lz, T2 L THMRE BRSO X D E#H L
EFE9,

BEXH

1) hgedr @ SEE PRS- ARERIEE TS 7% 2 by 13-2858 4 0l (2018455 H 7 H)

2) Marjan de Visser and Lucy Odlin : Pemulen emulsions for the removal of overpaint, discoloured
remains of lining adhesive, and remnants of older varnish layers on a 17®-century group portrait,
GELS in the Conservation of Art, 187-189 (2017)

3) Kristin DeGhetaldi, Brian Baade, Zachary Voras, and Emily Wroczynski : Resurrecting giant:
using solvent gels and aqueous systems to restore Villanova University’s Triumph of David, GELS
in the Conservation of Art, 157-164 (2017)

4) Kirsten Travers, Richard Wolbers, and Carolyn Tomkiewicz : Pemulen Case Study: Holy
Innocents Mural Project, WAAC Newsletter, Volume 32 Number 3, 13-14 (September 2010)

5) Donna Williams : A Midsummer-Night's Dream, WAAC Newsletter, Volume 32 Number 3, 14-15
(September 2010)

6) Lauren Paul Bradley : Dentzel Carousel Horse, Shelburne Museum, Department of Preservation
and Conservation Treatment Report, 1-13 (June3-4 2008)

™

7 ) Lubrizol: Lubrizol Personal Care, Pemulen™ TR-1 polymer, https: //www. lubrizol. com /



130 [ S e N R S T NI PRAFFHE Nob8

personal-care / products / product-finder / products-data/ 212productname = Pemulen%E2%84%
A2%20TR-1%20polymer (2018.12.4)

8) Lubrizol: Carbopol ® Polymers L 7 ¥ 3 ¥4 F ver. 08051345 (2008)

9) Nancie Ravene : Pemulen ® TR-2:An Emulsifying Agent with Promise, WAAC Newsletter,
Volume 32 Number 3, 10-12 ( September 2010)

10) B0 BT Vo)== ZHlE 7z y IR K O RAF LI B S 228, BRI
FEBRABI SRR, 4 (20094E 5 H20H)

11) BEHAMR. FINHT. AT T Pemulen ® TR-27V & FIA L 72 AR HHEAEWO 7 1) — =
YR EEE R O L T—, UL BRAF B R 40 RS E R R, UL BEY S, &M
WAL 7 ¥ 513— &, 282-283 (2018)

12) AP IITFHRATRNX AL - S 2 WAL WD) A7 T8 A XY M4 F7 v 7, http:
//anzeninfo.mhlw.go.jp/user/anzen/kag/pdf/kenchi-guidebook.pdf. 20. 29 (2017)

F—7—F : HHEE (organic solvent) ; TEELRBEN%E (working environment assessment) ; =545
F-#L1L Al (polymeric emulsifier) ; 4 J6#l {4 (spectrophotometry) ; # A MM (gas
detector tube)



2019 HEEIE A G AR VO ~O@ R 2 Hig e L7227 ) — = v 7o 131

Surface Cleaning for Artifacts Using Gel Containing
Organic Solvent

Yuka FUJIL Noriko HAYAKAWA and Noriko YAMAMOTO*

Various cleaning methods have been proposed in conservation treatments of cultural
properties so far. In particular, East Asian paintings and calligraphy is often cleaned with
water. On the other hand, in some cases it is not possible to deal with water alone depending
on the stain; in that case, organic solvents have been often used. In the current Japanese
cultural conservation, it has been reported that many kinds of pollutants which do not dissolve
with water, such as synthetic resins, chemical adhesives, felt tip pens, oils, ballpoint pens, and
adhesive tapes, are found. For cleaning such materials, conservators and workers use organic
solvents. In the case of applying organic solvents to remove a stain adhering to objects that
cannot be removed with water, there is a risk of a change in texture and impression on the
surface due to repeated contact.

In using organic solvents, not only influence on cultural properties but also risks on
workers’ health need to be paid attention to. For workers, it is important to consider not only
the work site but also the method of using the organic solvents in a liquid state in order to avoid
contacting the organic solvents directly as much as possible and to lower the concentration of
the organic solvents in the air. Currently, in other countries, cleaning using Pemulen TR-2 gel
which forms a gel containing organic solvents has been reported.

In the present report, the authors conducted a comparative test on the effect of removing
pollutants such as oils and the influence on the work environment when Pemulen TR-2 gel and
brush were used for cleaning. First, in the cleaning test, depending on the fouling substance,
it became clear that using gel reduced the risk due to the dripping of the solvent and the
number of contacts on the treatment site. In the working environment assessment test, the
authors visualized and quantified the volatilized organic solvent, with a gas detection tube, and
it was clarified how much the worker was exposed to the solvent. There was an
overwhelming difference in the amount of exposure between the case of treatment with gel
and the case of treatment with a brush. In this way, it was possible to confirm the
effectiveness of the gel containing organic solvent in the actual cleaning and the working
environment.

*The Association for Conservation of National Treasures



