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HOHH LHEDHEA TV B 1 IZI3 A 38 5 O BRI % 7R~
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(2) niEH%

PGB T & L Cid, i & REAOMEIZOWnT
110720 AT R AL E <, 11 X (A ~ K X)) 12X
G L7 DB W OV T T, W A A 12
W S 2 HEE L oo & X CRAT LI L 74K
VT AR S0, MK EILCHaIcREL. 2
DHAS 2.50g F ST TR MICAN, FRK (Bafmg BT &#AxUS v -0-—

) B YEROBEERDH
J :0.05 uS/cm. pH :6.9) 250ml % il 2 “CHT H ¥ HH % % =
POV T H S I E 72 (2007 4E 11 H %) o

— 77, BRERBE L, A S ORER AR L OMEEEZ B s ¢
BHETERL 720 AT, 2FEORER GUEFA BLOB) IIx T 22 L%
1oz KiBomEREIX, HAE A A1.30g. WK BA0.77g TH 5, BiELIESEEL L
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2007 4£ 12 A 21 H~12 A 28 HIZHEMi L 720

3. BEOMILE
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AERIZOWTITo 72 B & RELH OB RE R 1 BLUOER2 IR L2, DT,
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T OREB L ORER., $7284 4 OBEREOMESFIZONT, TNLOMHREB L
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(1) Ex{zEE (EC)

BEGEEIIEN LAV ORZRKBLZLDOTHY . ZOMEIE W LA+ o H°
ZLEENTVD I LR b, ik BT, XE A ~KO&KEREOE
SUZEEOMIZIXHIZ & o TELARE < (R 1), BEH (HGH7) OXE A OBSRI=
%Eﬁ%%%w(mmquﬂo%ﬂKﬂLT\EE%GﬁL®B@C DESILEED
EAR DA 72 (1200 £S/cm) o

Iy

[

=

K1 AEROEHLIRICL ZBHBEOAIER

A B 6] D E F G H I J K
EC (mS/cm) 1.97 1.83 12 1.32 1.38 1.28 1.35 1.53 1.48 1.29 1.86
Na" (ppm) 183.17 171.78 107.96 1252 130.93 12229 127.18 14435 133.91 11844 1805

K" 40.94 3566 2233 2727 2647 2529 278 3326 2871 2653 4215
Mg 1722 15.67 87 11.16 125 11.25 119 1515 13.39 11.7 2039
Ca®' 167.56 14295 7599 9287 100.04 9196 9811 12157 110.13 93.87 1587
F 09 053 0.16 0.47 0.46 0.37 0.47 0.56 044 042 084
cl 358.86 301.61 197.68 237.5 24145 21645 254.6 260.54 253.75 22542 359.32
Br~ 112 098 046 078  0.81 0.72 0.8 074 075 0.68 1.01
NO; 820.27 760.09 31588 576.81 617.36 548.86 420.01 508.44 567.61 567.17 749.63
S0 4.82 3.97 0.76 1.54 1.89 1.23 15 1.63 1.78 1.7 3.14
HCO;3 323 279 20.1 20.6 268  20.1 20.6 256 19.0 16.7 404

x2 REmOBER ORBLEIC L 2 EHBRDAMER

HABA 1 2 3 4 5 6 7 8 9
EC (us/em) 4200 104 46 25 34 31 28 45 42
Na* (mg/L) 36053 533 227 125 111 068 037 029 041

NH," 025 019 017 017 011 008 0.1 0.1
K 11201 3.78 15 08 069 044 025 038 037
Mg® 3381 033 021 012 015 014 015 034 057
Ca®* 41057 651 327 132 151 137 119 317 325
F 098 009 005 004 004 004 005 006 005
cr 59343 304 009 006 007 006 007 012 009
Br- 213 - - - - - - - -

NO;” 22024 1314 042 025 024 014 017 047 033
sor 1838 377 092 026 013 01_..008 018 002
EaEREf  1H 18 18 18 18 18 18 1#E 1HER
H#B 1 2 3 4 5 6 7 8 9

EC (uS/em) 2000 64 61 35 34 29 30 42 40
Na* mg) 13813 285 187 168 074 069 044 032 172
NH," 1.28 02 016 012 011 007 006 007 007
K 4741 179 093 043 031 020 016 021 0.18
Mg®* 176 021 030 013 011 008 009 022 028
ca? 1814 419 582 223 171 125 109 338 2.7
F 032 005 002 003 001 002 002 004 003
cr 23363 055 006 004 005 004 003 008 005
Br - - - - - - - - -

NO;” 82291 213 017 014 014 o011 006 027 017
so,” 1758 424 173 112 064 025 0.17 0.4 0.1

IEIEE#Fﬁ 1H 18 18 18 1H 18 18 1:EE 1:EE
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Ty B ORFH T OB O K E T #£3 BIBEOKIIHT 28RE

W A A S 501200 L. BEET 0°Cc 10°C 20°C 25°C 30°C

NaCl 263 26231 2638 2643 265

- O S ST = KCl 21.92 238 255 264 271

W EEERH KA 2R3 72012, KR MeCl, 346 349 353 355 3538

SNt )~ ST CaCl, 373 393 427 453 50.0

ST T L NERISAFAES & R Na,SO, 431 8.26 16.0 21.9 29.2

D/PNZWHTHIEFE AR LT b K;SO, 72 8.48 10.0 10.75 115

MeSO, 18.0 220 252 267 28.0

bDOEEZLEND, DI, B Caso, 0.176 0193 0205 0.208 0.209

NaHCO, 6.48 752 8.72 9.32 9.96

BRI T 2 B OL WEER T Na,Cos 6.54 10.8 18.1 227 312

K,CO, 51.25 51.9 525 52.85 532

FEVPHBMER LT 225D L NaNo, 422 446 4638 479 490

R . R KNO, 1.7 180 240 275 313

EEND, {LFMEEY 12X, NaCl  meNoy), 384 397 42.1 4256

i - Ca(NOy), 505 53.55 56.39 57.98 60.41
DIERE L 25°C T 26.43. KCl i 26.4, L@ (2004) o4 5

NaNOs; i 47.9.KNO5 1 27.5.Ca(NO;),

T3 57.98 (g/100g - H,O) T, $EALWIERWEE O BRI R E o —J7, HREME
DM IT—MzI2/h S <, 25T T CaS0,4 13 0.208, K,S0, Ti& 10.75. & L TR TIEAE
JE 5 A0 CT/NE W NSO, A721.9 (g/100g - Hy0) &> Twd (83)e L72h > T,
RAEABE LI B CH LIRS 125 U ORI S L oL, SEALIE. A
B B L& OBRERYE O B DO KA D ERIEDOE NS NIAERERD 2 ENTE D,

A5 COARESHOEA NP BT, FXEZBI BEMA + > OWE ST
Lo TRESELSTWDZ EIFEIZHRA, F72, KA GRER) 126Hs 5 % X
DA T OREILORBTIE (M3), KEIZL > TZDDIKE LR >T0D, FIZ,
X 3 Tld. Na' & Cl OZAbigiz/h S Wwas, Mg?'. S04 B L WWHCO; OZALIEIL A &\,
ZIUE. AEROBAREIZB VT, TR0 BERESKEIC L > TRECRE>TW
ToL\3E 2, AERNEOZEZROAHAN RS MAFIC LD . ZXETOILEEO =
IR I IIBEIC R e o Tz, &5 WITEE D S ER OIS R, {24 082 T
MBIXE A & DI OVEN - FEEYATE Z 1) | #0912 X T B (IR S A U7 2
LENFERTH S,

PR OBERGRE O R R O B R RN, R R R R Tl R
TR oOKGEESE L TRESEOL  OMEOWED R 5o TS BYDFHE S N/
%, SIS SN TR LBEAMR Y KT &, B SNVl oEE K &
ELICRBEABE) L CHEEANIT 2 21, BB T, BAHTAEF  OREY
FRICHEDE, GFNCOATHIEEAHEET 2 2 LW TH 205, B BRSO
BBORL LY T, THEEMR D KE R A2 345 Bl X, #7255
EHBFonsz [h o =7HaR] M3 2 BELE T, BHls L LTNa BLO
Cl "ETHY . ZOMOKTE LTS0S Mg” S0 EnTnizY 2B, oD
BB AR I IZIZEB L 2 D THh A Z Rt EnTwas Yy —F, FELo®
BCiE, 47 YT @mEORIERIICB T, B4 TIEK. Na's B4+ TEClh &
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U EREEG T, NaCl, KCl o3 bk & & 612 Na,SO,. K,S0, 5 Ohithki o
‘{m}\z‘ﬁéﬁméﬂf: Wo ks Y2 a2y 7 MRS Z RGBT, A4
Y Na's K'\ Ca®'. A 4 v 1d Cl. SO B X U'NO; T, NaCl % KCl » # ALk,
Na,S04. CaSO, DHilkiE S & WA B OMBRIE DI HE SN TWDH, Lo L, K%

Tld. NaNO; S ORERIELAH IR L L TE K EEN TV 2 Mo ER L 135274 5
TWwb, AfmiZ&E TN T8 IZ, ELEF2ORIHTH L0, HEL TS
FHCHITRE R/ L CHEO RG0S AEMICRE L2 D LEZ b)Y, BN TIX
%EmﬁinéNOg@Eﬁmowfu%%#f&wo

BhYIC

ARIFZETIL, HAFY v - o—~BROAEG R E LA B L ORE
W 21T o 720 AREMICHTH L CWicEs e U<, IR, iRl 2 L CrEERIE DS

RO BTz, B R S O in TR LR L TRER IR AT — 1 T d 2 25,
NaNO; Z O EIEFE D% < & TN TV SR Col OB —>THh 5 &
WR Do TNHIEHEHOPTIL, MY & R XA LI BT OB T 525 &
ALV IZE o TIHBEN TV A L) 12, TRBHEE IR EADIELI A 2w EEH L
e Z & DHERR S 72 F 72, WA BRI IC B T F KBNS IR AT AT o 7228,
X ] D 7 R R 12K & e fHEATRRD S 172,

RIfFE % HED B 125720 B IHER RSB A B AR O /R — 2 121, s
(2RO H N7 IR OV T O XEHI g 2 L Tw/zivniz, 2 IR CE# 2L
EQENS
p=d

1) SART &, IEEECE, R #2009 [BEA ST BTSN [h 8= THg] Mo BidEae |,
FAZE NN - NEIE S T [SEoMA~ R AE L 51E~] B (7Y - INFTEEiies, 20094E5H 14H ~
THI12H) TRERIEE.
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Comparative Study of Desalting Treatment of Compress
and Immersion Method for a Old Greek and Roman Stone
Made of Limestone
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1) College of Life Science
2) College of the Arts
Kurashiki University of Science and the Arts,
2640 Nishinoura, Tsurajima-cho, Kurashiki-shi, Okayama 712-8505, Japan
(Received October 1, 2014)

The desalting treatments by compress and immersion method were carried
out on a old Greek and Roman stone made of limestone. The conductivity of the
leached solution was measured, and the ions present in it were analyzed by ion
chromatography and titration with sulfate solution for HCO;".

The conductivity of solution leached by compress method for stone, significantly,
vary from place to place (1970uS/cm —12001S/cm), which divided into eleven portions
for desalting. The conductivity of solution leached by immersion method decreased
rapidly after the broken fragments of stone were immersed in it for 24h.

The results of analysis for each ion showed that the leached solution contained
Na*, Ca*, K*, Mg*, CI-, HCO;", and SO,* ions. This result suggests that these ions
were extracted by nitrate, chloride, carbonate (hydrogencarbonate), sulfate, which had
precipitated in the stone. The analyses by X-ray diffractometer and SEM revealed the
both presence of NaNO; and NaCl as salts precipitated. It is noted that presence of
NaNOs; as a salt has been hardly reported from ancient culture assets.

As a result of desalting by compress method for stone, concentration of leached
solution of each portions divided were largely different in each other, in particular,
Mg*, SO, and HCO; ions. It may be possible that the amount of salt in each portion
of stone was already uneven at excavation, and/or salts migrated from other portion in
the process of desalting treatment.

The ratios of SO,*/CI™ in leached solution are much higher in immersion method
than compress method. It follows that sulfates such as CaSO, are not easy to dissolve
in the process of treatment by compress method. The immersion method, therefore, is

necessary for the complete extraction of salts precipitated.



