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Abstract

Radioisotopes and their related techniques have recently been applied for
scientific conservation works of cultural property and resulted many excellent
findings or conservation data which could never be achieved by means of other
techniques. Radiocarbon dating have widely been applied for dating the antique
of organic origin, whereas the determination of radioactive contents in metal,
ceramics, environmental soil, and classical objects could be able to afford many
useful informations on the age, genuiness, and archeological significances as it
had been produced. Trace quantity of contents of each antique have successfully
been analyzed by means of radioactivation analysis or radio active tracer
techniques, which could afford important technical data and results for the
conservation of each object. Radiography have also been applied for detecting
the internal defects of metal objects and furthermore p-and 7-ray radiography
were proved to be effective for such thin material as textile, painting, and
fibres. In this article the detailed principle and procedures of each technique
were presented so that the society could be able to make efforts to familiarize
all concerns with these modern trends of the conservation techniques of cultural

property.
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Description

Yan Meegeren, “Washing of Feet,” Vermeer
style

Van Meegeren, “Woman Reading Music, ”
Vermeer style

Van Meegeren, “Woman Playing Mandolin, ”

Vermeer style, pigment sample

“Woman Playing Mandolin,” ground and
pigment sample

Van Meegeren, “Woman Dinking,” Hals
style

Van Meegeren, “Disciples at Emmaus,”
Vermeer style

Unknown, “BoySmoking,” Hals style
Vermeer, “Lace-maker”
Vermeer, “Laughing Girl”

0Pg concentration | ?**Ra concentration

(dpm/g of Pb) (dpm/g of Pb) (1—(Ra)/(Po)]
12.640.7 0. 261-0. 07 0. 981-0. 01
10.3+1.2 0. 300. 08 0.97+0. 01
8.240.9 0.17+0.10 0. 98+0. 02
7.441.5 0.5524-0. 17 0.934-0. 03
8.3+1.2 0.1+0.1 0. 994-0. 01
8.5+1.4 0.8+0.3 0.9140.04
4.8+0.6 0.31+0.14 0. 944-0. 02
1.540.3 1.440.2 0. 0740. 23
5.240.8 6.01+0.9 —0.154£0.25
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Fe BHE Rebo RS LESHBRE AAA &
g stedof slglod BiTole SHEmEnEEYS
st ZrBEgregle] MEA S5 5 QA =Ho o
S o EREZ AA L Yot BHRez e hETFHR
WORTH), kT m#Egs, Van der Graaf huifsg, Cycl-
otron %e] R 2 Yot BRAAE BE FFEy
o] FiMmAEsITE &5 2% 319 BEE HHG
7t #wREA grh o] EelA RAFXe] EH EE
ERAz Esd S8 RS A—-#E s gz
% Group fHE M HFH At RIEFE £R 9L
ot web4 o] £E RHMOR Hiele] Jbd RS
Fwimie BES ANY T+ Y= ohEA g1 BR
Bl EBAE HHE 4 Ut
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fTE]o] 7ok & Aoz ¥ty HEHL HE =& m:ﬁiﬂ
Hiimo 24 olAE MAMbsbd £ 3&d o FE o
2 RS ERIF BEHER AL o1 EY] BEMNSES
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MeE B 34EE HHE Fl(Results of the analysis of 34 silver coins)
Group |Number of coins,Weight in grams| %Ag %Cu %Pb %Au
1 5 12.1+0.1 93.6+1.2 4.8+1.3 1.5+0.4 0. 0910. 03
I 8 2.70+0. 04 90.030.6 7.940.3 0.210.3 0.2+0.1
] 7 2.27+0.02 85.4%1.4 13.2+1.4 1.240.3 0. 28-+0. 02
v 4 1. 90-£0. 06 86.1+2.4 12.1+2.8 1.530.6 0. 2940. 03
y 5 0.81+0. 04 92.641.2 5.710.7 1.54-0.7 0. 234-0. 06
Y 5 0. 38+0. 03 95.611.1 2.01+0.9 2.14+1.2 0. 264-0. 09
H3E FRSEIIN FBE= ZRM(Principal nuclear reactions for the analysis
of objects with a copper matrix)
; . Half-life of nuclide Energy of gamma ray used
Target element Nuclear reaction produced for analysis (KeV)
Cu %Cu(n, 2n)*Cu 12.8 h 511 (annihilation radiation)
“Cu(n, a)**Co 5.3y 1173 (1332
Zn ¢7Zn(n, p)*¥Cu 61.1h 186
Zn(n, 2n)%Zn 245 d 1119
Sn 188n(n, 2n)'1"Sn™ 144d 159
178n(n, n')7Sn™ " 14d 159
1285(n, 2n)‘“Sné——6“‘In 2.84d not used
Pb 204Ph(n, 2n)**Pb 52 h 280
As % As(n, 2n)"As 18d 596
Sb 1218h(n, 2n)'2°Sb 5.8d not used
1238h(n, 2n)'*2Sb 2.84d 566
Ni %Ni(n, p)**Co 71d 810
Fe $Fe(n, p)**Mn 2.6 h 850 (1870, 2120

HEsA WES - 9L A= Erdc

(2) MRiERe| EHAM

MRS =t 2% KoL 2 BN Bt Ko
st Aol sd BT IS goide M
HHS &L 4 e FBE TR 2 R S0 &
Faleul & Aelrl. NS HHoz FAHT REE
BHHAEAE BFMt 2 A& Ao #HEA
33l A Johnson G & hRFHE 107~10°n/
cm?/sec. 2E2 MEHS HEr deodt BEEA
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H4z BHASEEl A|2S2| WAL S(Isotopes measured following neutron activation)
Element Isotope measured Ecrifgsgg; o(sz:’13ay Half-life Tin;(; tgﬁ géi?::ggﬁent
Manganese Mn-56 845 2.58 hours 1 hour
Lanthanum La-140 1600 40. 2 hours 8 days
Thorium Pa-233 312 27 days 26 days
Chromium Cr-51 321 27.8 days 26 days
Cerium Ce-141 144 32.5 days 26 days
Iron Fe-59 1290 46 days 35 days
Scandium Sc-46 890 84 days 8 days
Cobalt Co-60 1172 5.26 years 35 days
Europium Eu-152 122 12.7 years 26 days

H5E MBERRE A2l Mg #taf S (Percent magnanese found by instrumental neutron
activation analysis in potsherd chips from Cuicuilco and Teotihuacan)

Sample ‘ Per Cent Manganese

No. T L
Description l Individual ‘ Mean StgAl?)gor
1 Cuicuilco plain 0.075, 0.082, 0.075, 0.082 0.079 0. 002
2 Cuicuilco red 0.087, 0.089, 0.092 0.089, 0.091 0. 089 0. 001
3 Cuicuilco negative 0.070, 0.071, 0.074 0.072 0. 0015
4 Cuicuilco negative 0.079, 0.076, 0.082 0.079 0. 002
5 Tzacualli negative from Cuicuilco 0.054, 0.054, 0.055 0. 054 0. 0003
6 Tzacualli negative from Cuicuilco 0. 065, 0.066 0. 066 0. 001
7 Tzacualli negative from Cuicuilco 0.056, 0.057, 0.055 0. 056 0. 001
8 Tzacualli negative from Teotihuacan 0.042, 0.044, 0.043 0.043 0. 001
9 Tzacualli negative from Teotihuacan 0.059, 0.056, 0.005, 0.056, 0.057 0. 057 0. 0005
10 Tzacualli R/Y from Teotihuacan 0. 047, 0.046 0. 047 0. 001
11 Tzacualli plain from Teotihuacan 0.049, 0.049, 0.047 0. 048 0.001

H6E WFREN B FRE & Bigiel dojA REY BHE #HET 45 94 I+ A

(Isotopes measured following neutron

activation

Isotope o O o Eators| Half-life
Aluminum 28 1.78 2.3 min
Manganese 56 0.85 2. 58hrs
Sodium 24 1.37 15.0 hrs
Lanthanum 140 1. 60 40.2 hrs
Protoactinium 233 0.312 27. 4 days®
Chromium 51 0. 321 27. 8 days
Cerium 141 0. 144 32.5days
Hafnium 181 0.133 40. 6 days
Iron 59 1.290 45 days
Scandium 46 0. 890 84 days
Cobalt 60 1.172 5.27 yrs
Europium 152 0.122 13 yrs

*Because the half-life of the parent thorium 233,

22.1 minutes is short compared to that of the me-
asured daughter protoactinium 233, protoactinium
would be decaying with essentially its own half-life
at the time of measurement, fifty days after activation.

olet.

@ FEHGEE == HilkENL B o

o] BaHzA S BEede o8 MR
SBE Al FHHY dov Fafgd WA ERGo
2 Ho Q& BTk #EUF —Edslm 2 48]
AR ERA Sl o] e BUREEHM RN
2e mebed HEL HH-E 288 5 0 ey
ZALBRY Hifd £REAE 2 RoGEd £R
T 2 E4= Qe

HEE MEEA T SRS 558 Turkstra K%' 0] g
ol s v Bk ksl o w#Ee EHE
(BRIDE Hylshed HEES AHE: BHtg 4+ 0
= MaE A3 & BRG] BEESirel Bzeskat
Hel $E Aol 2 HRY —E 28 54 R F
I Jor HEEse Ag(), Cul(H), Hg(k$R S
A g8 £RFE A BEHE ¢ Aol 2¥E A
ol =}



[
(=]

238

T

I T i | | I f
v 2 v - > |
2 // / //
7
i ©
AT -
5
v
0= -
.
1 7 A
o N B | Ll A
1500 1550 1600 1650 1700 1750 1800 4850 1900 350
SRR R B ER
Silver content of white-lead pig from
240
200 -
£ 0 N
2
E 120 |- _
8
80 - -
40 —
0 1 | | } | j
1500 1550 600 1650 1700 750 1800 1850 €950
BEENDY HE A} FR
Capper conten o white-dead pigr from 88
2 [ R A R T T T
10 — 150 616 7
T e |
&
N / C]
Q
& /
T 41~ /c —
2 .
I 1 1 ] | | JAYH.FHoY,

[+]
1500 4550

1600 1650 1700 4750
Eﬂﬂﬁ*! *531:4 R

1800 1850 900 1950

Mercury coatent of white-lead pig from

a3 5 WE ANt &ML ARY FHRete

HERMGR

Hg
O |76 (Mev)

Mn
0.845(Mev)
\,{ Xumev) /\

VALY 57
L\f\w\\f \,\H/m

loga
N S S S S S S S S R
15 45 75 15
Channel { Mev)
Remarks : (1) Curve for up to-date pigments for use at

persent and (2) curve for ancient pigments,

28] 6. Etdet=2| y-spectrum(yellowish green)

(r-spectrum of classical pigments of yellowish green)
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CtyeotEo| r-spectrum(orange )

(y-ray spectrum of classical pigments of
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8. X-#& #/¥NH(X-Ray Fluorescence)
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