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ABSTRACT

The effect of seawater and air pollutants on the three-story stone pagodas on Gameunsa Temple Site have been studied
in order to establish conservation basic plan. Also, an experimental study has been conducted to evaluate the effect of
seawater salt and air pollutants on the weathering of granite. The results could be summarized as follows. Because the
three-story stone pagodas on Gameunsa Temple Site are located outdoors, the external appearance has been largely dete-
riorated due to natural and artificial factors such as typhoon, wind, microorganisms, moisture, €xtreme change in tem-
perature, air pollutants, and seawater, etc. When G.J fresh granite was dipped into the seawater, dissolution rate of three
minerals (Mg, Ca, and K) are increased linearly until about 40 days and then increased abruptly. After seawater dipping
experiments, the mineral compositions of the granite surface were lower then that of the G.J fresh granite but Poisson’s
ratio and absorption ratio were slightly increased. Therefore, from these results we can say that stone cultural properties
could be weathered by seawater and air pollutants and it's considered being a meaningful experiment to study the con-
servation method of stone cultural properties from seawater.

Keywords : Gameunsa Temple Site, three-story stone pagodas, seawater, weathering, salt content, granite, absorp-
tion ratio, stone cultural property
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Fig. 1. Eastern and western three-story stone pagodas in Gameunsa Temple Site in Gyeongju.
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Fig. 2. Western three-story stone pagodas in Gameunsa Temple Site

Table 1. The air pollutants concentrations in Gameunsa Temple Site and boundary

in Gyeongju.

329

Pollutant TSP PM,o SO, O, NO, CO Pb
Sampling site (ug/m’) (ug/m’) (ppm) (ppm) (ppm) (ppm) (ug/m’)

GI A 2006 108.1 67.0 0.009 0.011 0.039 1.1 -
2003 80.1 37.5 0.003 0.019 0.015 1.03 0.025

GJB 2006'" - 150.0 0.005 0.016 0.024 0.5 -

GIC 2006 - 67.0 0.004 0.026 0.018 0.5 -
2001 73.6 433 0.011 0.010 0.013 1.1 0.012
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Table 2. Analysis of three-story pagodas on Gameunsa Temple Site, Gyeongju (wt.%)

Si0, ALO, Fe,0, MnO TiO, CaO MgO PO, Na,O K,0 LOL Total

A 5105 274 432 011 089 48 091 - 502 442 - 990l

Western B 6649 1568 334 0.1 036 332 087 034 389 281 269 999

three-story pagodain  « g793 1571 351 008 036 280 078 016 409 303 205 1003
Gameunsa Temple

Sitemeunsa Temple 66.66 1566 381 008 039 300 094 015 401 278 237 99.85

Site B® 6510 1704 352 011 046 329 123 017 449 238 237 100.16

B9 6658 1587 324 006 035 300 067 017 393 274 245 99.06

Eastern three-story pagoda in 6213 1507 355 054 082 310 125 081 423 340 122 949

Gameunsa Temple Site®?® 6732 1585 376 005 036 275 046 021 398 284 - 9758

D 6886 1623 241 006 033 245 075 009 48 276 086 996

o E 7246 1431 176 005 032 197 090 008 375 327 076 99.63

F 7278 1444 155 005 027 202 076 007 428 28 - 99.02

G 7132 1509 177 005 025 207 067 007 438 306 087 996
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Fig. 5. Biodegradation characteristics and physicochemical reactions of eastern three-story pagodas on Gameunsa Temple Site in
Gyeongju.
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Table 3. Properties of seawater used in this study
. . . Conductivity
pH Cation, (unit : mg//, except that of the Na is %) (mS/em)
Al Ca Fe K Mg Mn Na Si
742 451
<0.1 321 <0.02 410 939 <0.01 0.96 0.54

Table 4. Chemical compositions of G.J fresh granite after
dipping into the seawater

G.] Granite
G.J Fresh After After
Granite 4 Weeks 8 Weeks
Al 6.84+1.64 6.32+1.48 5.78+1.50
Ca 1.27+0.44 1.06+0.51 0.90+0.36
Fe 1.08+0.99 2.39+1.62 2.13+1.08
K 2.50+0.70 2.08+0.52 1.93+0.54
Mg 0.37+0.40 0.49+0.37 0.44+0.29
Na 3.35+1.02 3.23+0.93 2.80+1.04
Si 28.43+2.37 31.04+2.07 29.79+1.78
Ti 0.22+0.29 0.29+0.38 0.26+031
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Fig. 6. Cation concentrations of released from G.J fresh granite-
seawaler interaction with dipping time.
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Table 5. Physical properties for granite from forced weathered sample
Dipping time
Physical properties - ppite Normal Granite®*!
G.J Fresh Granite After 4 Weeks After 8 Weeks
Density (g/cm’) 2.58~2.59 2.35~2.74 2.50~2.81
Poisson's ratio 0.28 0.33 0.35 0.20~0.30

Absomtian ratio of the fresh granite : 3.485

08|

0.6 |

04+

Absorption Ratic (%)

0.2

0.0

56

Time(days)

Fig. 7. Absorption ratio of the G.J fresh granite with dipping
time to seawater.

ZYAGE 2=

of 3l s Wdel A% & AFE A
Hog IR}, B, Table S ZAKD Hlo} 72
°1 JIFHeoz 4" AFEF9 Poissond]= G2
o 7ko L}E}q]gj\ouq o]#lst Qole 0157_240]
—’Fi st zpREe] AAAF o] kA
77t golxy] mEgl ZAeR wgE
Fig. 714E dadoz A 374 M) Esh
A5 Z7 W G AL U*°«1 HalE &
Aste] el it AR 358
Qg% 547%]7} AE Aog FEM, ﬁl
Kol sl
Edo & OEw‘LOiW ZAbE
0.607~0.665%FA 7AFAE SFIRHETE 0.465%) ¥
el 457 L & B sl Hedt ol Y
Asl Fgol AeAos F7idle] ol oisted
S73eh AR Wgel 2AT  Yge FAHoR
Solsigon, B sl % Bl A
o @ P el Yoz mﬂw deg

=AU

1

OVAY
j=

i = s

12

2ol 3

=1

AZAF7] sk 2o} H=52%0 e T%f‘s}cﬂl%
3 AlF oz Aekdn)
v.z B
2 apolMe AFAg Axrse uo ZvEe

2 BE3] AP 71xATe) YBoR FEAA 4%
;m% EH QAo AdlEE= B - 3E - AESE

AL 5 O BAN Do, Harst
Sl Eajel WAL 7S] BFE Sohs] sieh o)
ol 4 sarel Be) - 8e

A e AEe
2 548 2o, oy
Aeg 9 5 Utk

L ReAR ASHYE BEs) e
2, HE, AR, $71, ), sjesl,
4 58 A7) 918 FALL ek
Aoz AR, sheel o3 9
AR AT wElN e
2 7hsye

o] A7=RE e 2

12

¢

HiShE,
7]
]

H

g
lo >
2 !

N,

ilr

2

iy
o7
7F 71&3tEo] Aol AjHo] doks|
o, 22518k E3} 2 27 - 4F - AdF - T
Soll ogt AEI FsEkol ol A2AR A
Aere) o] AAEHA AAHT e AR E1H

AT N

oft

1=
iy

B off

(o]
[T T

r
- 4

fresh granite)ys FH4d
’_'é‘%-‘% ) HE B3R 3
25t ofF o] AR
%i° vehilom, 53] shdee) 4%
qAre Q-E")“ﬂ ol a7t sk
UP‘]L‘ Aoz AR
o] FeiE A - 3o Y
=, 73%—*]' 37 H(GT fresh
gg/cm3o]o4—r o1F-A o
1o AlEEe BT B
J 371G fresh granite)
2 VERiSITE ol g gl
St sl siie 2909
F3b deh dest] Wizl o AdEY, &
4 8 ol o5l Saetel el A
RS FAF T FlsiTt

4 A5AYE $UF AT AFHos PFE AR

0

235274 g/c
=} Hwate] o}

0 0] _:_Xq 0

k71

gud

) OI-J

b

E9] Poisson®|E AUiRoE 2o kS Jehie
o o]# 3t $%1L <lFAQl AL 25k ZO]-JJE_,]

[ 25}

A9 et dobsly] hE
228 g}ﬂoL 2

=

AEBEEEE

UxtA o] kiR
Aoz AP}, w3 qlFHosm
Aol Fald<re] Frlel wE sy

Korean Journal of Environmental Health, Vol. 33(4)



WEE 2ARE A3, sl

sjel 7| LG e el HEEsAel v

A5 ol SY AR

o g0l AUHLE S7Ieke] sl Slsie] 37

oF Xzo) WTAel AAT & 31EE

Qs T FAA

FAHoz o
3 BB Sl 9

@ Q¥ 5o Fgozve HzEsilel Aeg A7
A7V} fisted wek ASER UlHE Sysioler ¢ A
Ao o,

HAle| 2

o] =L 20059 AREEAHAATE] APeE
2l AEATe] A Qo) 2jak] ATFHULH (KRF-
2005-042-C00174), ©)ol ZAR=F T},

10.

11.

12.

13.

 AEY, o2, £4d, AEH, AN, o1AF 1 2

WY, AFE Jdq, EE, 0¥ 3

. AFA

. o1, 0|23, o/

Az, £9E o2, 34, 1744, A4+, A%

c A BB CEAEY HEEY % BE
51517 28ts] FA|gedTeRs =75, 834-837,
2006.

[e2

a9 AzEsiel Azt 0S4, BeeiE
s3] A e FRES] =8, 2005,

Az, £98, A99 | 0B A 98 H2E
) ABEAND - et TEe) U712 9ED
WA APREANDVANES - AFAL

%98, 39T =EA, 1, 53-65, 2001.

[o}
% ol

ol vl AL A A D ChAERA
3]=], 27(1), 101-108, 2005.

A7 - FYESAATL  BEFHABA,
198, 2005.

o}l

0
&

. AZA - (GHLETFRENG : ZEPAAGE A

B S, 11-59, 2001

s AF BaAA R TS
= H7le) B2ty g dFEIA LS,
18, 19-32, 2006.

. Brown, E. T. : ISRM(International Society for Rock

Mechanics), Rock characterization testing and moni-
toring. ISRM Suggested Methods, Pergamon Press,
1981.

49y, AT, 9L, $EE  AFEYge
29 V)Y ER $UEFHH Hzeshd vAe
A, A=HARATE], 31(5), 349-359, 2005.
a4 AR (G - AEgAEEHAs 1257 A
AAVY B G E A 2k, 51-782, 2002.
FRPYAAEF) : T - AEH P8 AR
Al RA) SR GTFE A Z<E, 51-707, 2006.
A2, A, AT BAX Y sk APEA
ZA S §13 71BAY D s, W71 2 AEHE
A gh=gh7 9] A 53], 28(2), 23-39, 2002.

AZY, 49, 499, P, 189 : AV|En
29| f3 g Ed WE 54, dAAANT

&9

15.

16.

17.

18.

19.

20.

21.

22.
23.

24,

25.

26.

27.

28.

29.

30.

3L

32.

337

3], 29(5), 17-26, 2003.

. Correns, C. W. : Growth and dissolution of crystals

under linear pressure. Discussions of the Faraday
Soc., 5, 267-271, 1949.

Winkler, B. M. and Wilhelm, E. J. : Saltbrust by
hydration pressures in architectural stone in urban
atmosphere. Geology Society American Bulletin,
81(2), 567-572, 1970.

A2Y HYE A5, 2714, JA 8-S, &HE AF
Ao} gr]d AL 98 didsd eged WE
B4 BAL AFRR AT BRATEER, 2, 29-
55, 2007.

Zezza, F. and Macri, F. : Marine aerosol and stone
decay. The Science of the Total Environmental, 167,
123-143, 1995.

Chabas, A. and Lefevre, R. A. : Chemistry and
microscopy of atmospheric particulates at Delos.
Atmospheric Environment, 34, 225-238, 2000.
ol : A% BAA B LA AEe] AAEET
pERE &4 %7k ZrU s Be RER e
HpALSER) =, 42-46, 2007.

FYP A AL TRARNBAG A ®) 23
A A% AAA 2 AA DT, 6-8, 2006.

o] 3R : L 3FNFE I BRE 5T
oMz Zaldayel 4o tig A IAEIHARE
Z38kg], 5(1), 1996.

FYPBIAATA  AxE3A A VE =4, 2006.
Nagano, T. and Nakashima, S. : Study of colors and
degrees of weathering of granitic rocks by visible dif-
fuse reflectance spectroscopy. Geochemical Journal,
23, 75-83, 1989.

Sharma, A. and Rajamapi, V. : Weathering of
gneissic rocks in the upper reaches of Cauvery river,
South India -Implications to neotectonics of the
region-. Chemical Geology, 166, 203-223, 2000.
Kim, E. Y. : The change of natural environmental in
the Seoul area : environmental mineralogy of the
granite weathering. Journal of the Geological of Soci-
ety of Korea, 30, 284-296, 1994.

71eq ; g=e) nEIT) Ay A AE 3
H AFHIA, 6, 1-5, 2000.

2 AT BE Pl 3 4z #Ed
grale RENH. AHAFRAVLEANEZS - A
F37 59, FAAT=EH, 1, 5-28, 2001
Kim, S. J., Lee, M. S., Kim, W. S. and Lee, S. J. :
The change of natural environmental in the Seoul
area -environmental mineralogy of the granite weath-
ering-. Journal of the Geological of Society of Korea,
30, 284-296, 1994.

o] : i A XTI HEe glo] M AT BEA
g 24, A A AFRIA, 6, 46-50, 2000.
&Y AEE, A9, A8y, oBF YA
soll M= $H oG ER] T HIBZT A3 &
ARed s =R, AR, 1361-1363, 2004.
243, 43 FAY FukEE A9 24
wislol] A3 A7 FIAE, 30, 221-232, 1990.

Lee, S. G. : Weathering of granite. Journal of the
Geological Society of Korea, 29, 396-413, 1993.

Korean Journal of Environmental Health, Vol. 33(4)



