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The biodeterioration and conservation of stone historical monuments

ERALE - PRI - FEM - ERERT

Y ong Jae Chung, Min Seok Seo, Kyu Shik Lee and Sung Hee Han*

ABSTRACT

Stone has been one of the most intensely studied materials in
conservation. Understanding the deterioration of stone needs various
knowledge in different mineralogical and physical characteristics and
its weathering response under different climate and environment.

The alteration and weathering of stone is affected by natural or
artificial elements whether they are physical, chemical or biological
damaging factors. It can be said that the biodeterioration of stone is
coupled with every environmental factors, which induce decomposition
of stone structure, either directly or indirectly as a form of catalysis.
Many elements contribute to the deterioration of stone monuments and
other objects of cultural value such as pagoda, stature of Buddha, etc.
This report concentrates on the action of biodeteriorative factors
including bacteria, algae and higher plants. Preventive and remedial
methods and a selection of chemical treatments are also described.
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€. 592 16~19T, 10¥-2 11~19¢C, 7

F& 29l 192 6~7Co|th. ARFFE THAWS 1100~1400mm, FHH-A1%
2 1000~1800mm= EA9-e 1000~1200mmeolv, 7dafor A=l
1800mmA %=, AFE=A- 1450~1850mmeolth. Ald 4 o 2= A7=ake] 50~
60%7F oI5l WAL, FE& 797 890 FolAa] HuA o= 80% g Eolar, 9¢
7 1022 70% Wl olt (71743 BARE, 2003). o]¢F o] f-2vpehs o 5He
- vk 7520 AR oA mAEY 27 B ol7]F o A&
F& 7P sk, 53] A5E =S Ao R giiat ofelol| 91Xk A xTshA|

= ARe] gl Wad SRS FE8 TF w5 vk

r

ox

3) AzFakA 39 sl
TP sl AT Aol A 20024 AAlgE BE A 6105 dU-sAEAH 5 30719

1ﬂ

Ao MBS BEFUEAE AN A3t F A%, N 5 AR 2

1=
‘:I-T
A EFEA ) @ oA vstels theat 2

(1) Mgt - B2 ® 6105 U SASAE
ENEE!

- 5 AAlel AR L GAA IR el




9|

423509 PFRY £ 2 3P}

- & vhehEe)
A B sle] Sh5ARe] §9e TRACE W slelor T A9,

- = 71

gH] 48,

(2) ME- EE X 189% SRAILEAE

ESEE

B9 O AILFE) o] A AL

- 7ol A4 st




2ENFIF 2473 110

aE, shEe] F9loll whE 22k S WHIE] fleiA AlzAlE A7)

35 S0 225 A4

(3) A2 - HE x| 680F AUF Alotz|ojofptEAlg

.« AR}

- Zko] AYFAE A7) A= A SPHEE 40ecm A=A Bl
WA57) 1A 2 E Bute] TR Ax|shal A%

=
= =
Skl &2 ol At} Al ek =& Bof viEs)




IREEEEBRERE:

(4) 24 - 22 A 2215 IF 71=2[olojaES4

« AT
- AFEECGe] T Fefell Aol F R ] o) Fo] A ge] k.
- XA EHe A o= St te] dAEo] 9lar, T Ao 2EFIE
drgahar A&
« HERRE
- SlellA Akl s AR R mEE dEAT)a glonw K
e & 9 UFZAS o) AxAH o g A7 Badt
- el Agetar A= X eFE AL FIEE AHHoR S
71m R g9 AlF B AR E S Alo] F& A oR AlREM, i T3
ol sl = 2EFE AZXAE o83k AAT
2. MESHE &MRI01 U MEE BN
1) &3P 491

Photo 3.
AFAltz|ojofaEAE

Y=Z3 el




F243 113

™

e LR

o Azl Bl

RSEINES

3|

M
B
o
By

.

= A7)

P
T

o] A1

O
=

/}31—

PN
A &

o] 7} =W A A A Aol 2

=
=

= zlo] var

[e)
o]—’é‘

ExVS
L

)

o)
~

2+ (assimilatory

| 53t

23
8- (dissimilatory processes)

u)
=

w2}

A e
=

A 71 A

=
=

23
processes)

= A2
SEER!

15h4)

o

O
.

A}
A

4

o

SO TAE &4

ks

w}e)

E!

=3 A

3

\=]
n

Aol whe 44) o]

4 7

3

<

a-

It

+
i

o
~~

4

(salt)#} Z# o] E(chelate) 3FHE= W3IA 7] AL o] 9} 2+ HA] AIAJE-o] Al U

Photo 4.

2|0fol

FItE

Ooj




13 | 423509 9331 £33

)
-

=
=

)
[

)

A wRe] gedstl] me AlZF % vjake] @2 tha FE oAt Idd
5= Eekar v Fasitt Al AEwA 9] e Axzwsba o] oFe

2) fElviel Az=FshiellA] WhAlE ABEE A

Mz A &S = T e AES PAER] BHEE]ok(bacteria), H30]
(fungi) oA sHs21=<1 X7 (algae), A1¢]+F(lichen), ©17]5F B A Bl#F 12]aL
521%& (higher plants)oll o]=7] 74| theFaiet, ¢-2jvhet A zx=Zshaiel oA 2+
AEAE A vx= e 2 STt 2ARS ¥1(1985) Tl 9]sliA
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Table 1. SROISZIAIK] ME1 FH M0 22|12 & EM21H(2003H)
Z(Species) Z(Species)

Microcystis sp. Polytrichum alpimum
Oscillatoria sp. Brachymeniumnepalense

Algae Pinnate diatoms (2 species) Leucobryumglaucum

(7%) Bracteacoceus sp. Mosses Hyprumtindbergii
Pseudochlorella pyrenoidosa 8% Atrichumundulatum
Klebsormidium Klebsii Ulotacrispa
Crustose lichen (genus unidentified) Frullania ericoides
Foliose lichen (genus unidentified) Scapania stephanii
Arthrorhaphis sp. (photobiont lorococcoid) Yongia sondifolia
Caloplaca sp. (photobiont Trebowda) Justicia procumbens
Caloplaca holocarpa Commelinacommumnis
Caloplaca cremularia Cirsiumjaponicum
Pannariaconoplea (photobiont Nostoc) Ceraniummepalense
Candelaria sp. Artemisiaprinceps

Lichens Lecanoragangaleoides (photobiont Trebowxa) Artemisia annua

015) Fuscidea cyathoides (photobiont Trebowda) Artemisiasp.
Lepraria sp. (photobiont Stichococcus, Chlorella) Footed Oxalis corniculatai
Anaptychiaruncinata (syn, A, fisca) Pans | digoferakiniowi
Cladonia coniocraea (photobiont Trebowxia) (185) Erigeron annuus
Cladonia chlorophaea Calamagrostis arundinacea
Parmeliamexicana (photobiont Trebowda) Lepisorus thunbergiana
Parmeliacrinita Athyriumyokoscense
Parmelia caperata Ulmus davidiana
Parmelia sp. Erigeron anmus
Umbilicaria sp. Drerisdentata
Ramalinaspp. (2 species) (photobiont Trebowxa) Rubus phoenicolasius
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A zZAeE Ay A2 (silicone), ©F2 ¥ (acrylic), ollEA] (epoxy Zg]H]d o}bA
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23} 3 &2 AlFsks AeEe 27 (algae) 9F A& (spermatophyte)
2 A5 (pteridophyte) & A A el wi-¢- E3pA o}, Zejv} thF-2 ©]7](mose)
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of] A& A (biocide) M= sfAE 5= Ut}
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(2) d=H| X2
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Formaldehyde (5%) &4 o] A= x| & &3 &2 AlF sk AAjolA =] o7
g Fol=dl vlg- Aot e ol d Xl AAIA A2 AEA
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(3) =Ly BE&EXz] o
Aeys] WA S Qe ) AxEsAe] BEAE2E 1990 3 500 Jk
T} el |A]ofoll A AFRE Al Al AC3229FA0 A E-A|2] benzalkonium

chlorideE &33t X o7 AAUHS B3l o]F TS| AFA0lA 199213
A

Aol AAS I AE Rasel”. oju) ARgE AAYEARE
AC322 & T 7|50l AREE Y 2HBEA] benzalkonium chlorides 2131
E2l 3H2] (CuS04) 2+ NaOCIZ thAskar 2 x]A]¢] carboxymethyl cellulose
= AASE g3l A7 K201 2R ARSI tH(Table 2).

H ol AEIHE PAE] A3 712 AT AAIRE A3 7 5(2001)0e
M54 HEA ] F2 AFREH A3 9l ABEAQ] p—chloro-m-cresol,
benzalkonium chloride, ortho-phenyl-phenol®} p-chloro-m-cresol +phenyl
mercuric acetates AH&ste] At EIE H¥$ A benzalkonium chloride
7b &9l Flog rastglon, 4 5(2003)72 A4 AFAA FEoR A
23} 1 K201(&Fstw, 3=), Algikiller (AMPRO, 7]=F), Koretrel (;£7}0]
FaHE A, d3), PROTOALGEN (Spigel, Ul@#=) 18] benzalkonium

chloride(Sigma, V=) & kAl 5&Fol thgh At aa) 9 MARe] sjHo] R A3
< AAste] K201 Algikiller7h A= W A oA 391491 Ao= Wil
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I AC322(1000ml D.W.) K201(1000ml D.W.)
NSQOOS .................................... 60g NaQCOS .................................... 509
(NH4>2COQ ................................. SOg (NHA)QCOQ ................................. 80@
MIZH| EDTA ceoeererrmeeremremensmnmnenenienns 259 EDTA eeeeeereremremeerenenennsennineas 25g
(AC322)
Carboxymethyl
CeHUlOSe .................................... 60g
Benzolkonium
MMEX|
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