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ABSTRACT  After occurrence of Cyanobacteria in 1997, Songsan-ri tombs located in Gonju have been investigated to
monitor for biological damage. The room temperature of Tomb No.6 was 18.6~19.8C and the relative humidity was
94.3~99.9%. The temperature of Royal Tomb of King Muryeong was 17.3~18.53°C and the relative humidity was
73.2~96.45%. The variation of relative humidity increased after setting up air vents. If the outside temperature increases,
dew condensation occurs on the floor and the north side. When conditioning equipment operates, the maximum
temperature differences between walls is 2.8°C. Bacteria from the air of the tomb and on the surface of the walls
outnumbered fungi. 20 species of fungi including Alternaria sp., Aspergillus sp., Penicillium sp., and 19 species of bacteria
including Pseudomonas sp., Arthrobacter sp., are identified. Microbes in the tombs may damage cultural heritage. The
growth possibility of microbes should be estimated because the microbes in the tombs may damage mural painting. The
interrelation between microenvironmental condition and biological damage of mural painting should be researched to
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come up with an long-term conservation method.

Key Words: Tomb, Temperature & Relative humidity, Surface temperature, Dew condensation, Microorganisms

1.ME
TEL T o] A4S sl $l8) whE REo R 9|
B 349} 2jehE x1£1¢4 HAzAL §AST) B
7 9 zAHo) ’%’J 94—‘%&-‘% Z717F Sql=w

£ 93l $2AS ‘Q*M%’J_ + 212 % TEH3}
o] 727 o 2 BETIHE DYAY
W 2-g351A "t 53] 12 9SS ZH%} EH AEEE A
FAYG F7IdE 52 vAEY FUddel E 4 9ot
(Hwang, 2001). Zgo]e} o] Bulshe NZo]a4 2}
L (Rélleke et al., 1998) 2.2 Ql3] W3lo] MAS 2AFA| 7]
At(Jang, 2002) FZ2 Q] £ATIA| = oF7| & 4= Qi)

AT BEZL MAA Y nEFoR RS o ——%
& 7719} Aol St MPﬂl 22| Aule A
7|RE AEH R o]Foj7] A O 2 uotE=h| 143 4

AR AL T =29t 27 ’\léﬂol o] FolZtt. ol F &
A argto] theh AgH] 82 FAIF L2 HolglA| &
©1} 197149 B394S0] vk o|3 p B2 5l ZhH3st
BHoE o S g el Ha Rl o33
H7h 247 o|RolAgiT) FHYBL W2 olF Yubo)
A Be] 25k 1995 o1 3Rl iR 4 45
Ao Qlato] 55 Hol g raaao] wHe] wet
HE g0 487 =2 ASE R Q] HAl HAd 4
A Lyngbya spp.2} Gloeocapsa spp. ‘Z2F7F 2= 1t
FHESA A FHORE 199695 H SHEE 19973
49717 1“3_]2_]' BEXE AAst 2E ol AAlsk=
2R AA L 1E W 57 L A2JqF AAS 9 F
71 Z3A 59 ALE AYsHETHSuh et al., 1998). &
AR R 23 SR U AL A= 19999 HapgAb A
FO] IE o R A | B4, AR ol i, RS
TZAS 9 A AE, 1R FH 34 AR EYE
g, L& W g7 AASTY AeA W} Fofl #e A+
£ AABFHTHSuh et al., 2000).
u B ko 2 Qg 1B Ei= F& wsho] i3t T
dfl= S2uheHEdt ofu gt Q2T oA IS

.l

on 53] TR FATHB o M= 200137 H AL
A &3olo o s s FTFQd AXT A M2
ABEAE A8t #3801 AASH = A&7t o] Fo]
A2 QIthi(Bastian, F. et al., 2010). 1& E= F=3 742
| =7 shollA] v A2 HAR FAlO Al
ojeh F2|of g2 ol Fo] glon 11 HE wete| up
A& At mEhA 2 Aol A i IH ﬂVEg
< ZAskaL Ao 2Ashs nld=E 3 &
R 7Fs7d0l Sle BEVSE @lqo}u} Z&E}. EKJ aE
W 25E 9 EHLE Wst 2AE 58 327 7Feel 1
= U HESA) nX= 9= B8k - BEvH)
TS Aofshr] A% RERE dHE A% 7I=ARE
A| AlSFLA} 3tk

m]I

20109 59 12°1 5 E] sig_ 16017/]-?(] oF 37}1@7}&

A A|(Testo 177-H1, Testo 175-H2, Germany)& 14|17+ ‘ﬂ'
A A5 A0 E APt 638 2 FPGS dAe
A& o] A8t

2.1.2. HHRE =X

Hotare] A2ddS ASs] Hsi Hed 2=
Al(testo, 830-T2)E A5l 63 EI REYg= Ao 7
H2ES ST & - A - F - 589w A
RS okF 9] FEoR o] ST 2AL 7IZE
T LT W ARIES, A7) SAF SOl AYHA aE
o] A28 F2719) 7H5 2 3AE A9t o, &
Bk 540 Fe A g2 FFe e
27|19 &3 7S F3 I K(Table 1).

Zgomg



Table 1. Service condition of conditioning equipments.
Date

Site 1st (May 28) 2nd (Jul 13) 3rd (Aug 16)
Tomb No.6 removing duct operation not working
Royal Tomb of operation operation not working

King Muryeong

Table 2. Sampling sites of wall surface microbes.

No. Sampling site Color Method
) West (clay) White swab
@ Tomb No.6 South (brick) Orange swab
©) East (brick) White swab
@ West (brick) White swab
® West (brick) White swab
® Royal tomb of King South (clay) White swab
@ Muryeong South (brick) Gray swab
South (brick) White swab
©) North (brick) White swab
(o) North (brick) White NC membrane

Figure 1. Sampling sites of wall surface microbes (top : Tomb No.6, bottom : Royal Tomb of King Muryeong).
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Table 3. PCR conditions.

Step Temperature Time Cycles
Pre-denaturation 94°C 10 min 1
Denaturation 94C 45 sec 30
Annealing 55C 45 sec 30
Extension 72C 1 min 30
Final extension 72°C 10 min 1
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Table 4. Results of dew point temperature.
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Date

Site st (May 28) 2nd (Jul 13) 3rd (Aug 16)
Temp.[TC] 19.0 19.6 20.6
Relative Humidity[%] 99.7 95.0 99.7
Tomb No.6 —
Dew point[ C] 19.0 18.8 20.6
Surface Temp.[T] 19.0 16.7 21.0
Temp.[C] 17.8 18.0 19.6
Royal Tomb of King Relative Humidity[%] 80.4 84.3 95.7
Muryeong Dew point[C] 14.4 15.3 18.9
Surface Temp.[TC] 16.5 16.4 18.5
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Figure 2. Relative humidity and temperature of burial room, and daily rainfall and relative humidity in Daejeon

city(May-August 2010).
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Table 5. Surface temperature and prediction of surface condensation - Tomb No.6.

Date Ist (May 28) 2nd (Jul 13) 3rd (Aug 16)
Measuring point Left Center  Right  Left Center Right  Left Center  Right
Top 18.5 19.5 19.0 17.5 18.0 18.0 21.0 21.5 21.5
East Middle 18.5 19.5 19.5 17.5 18.5 18.0 21.0 21.5 21.5
Bottom 18.5 19.0 19.0 17.5 18.5 17.5 21.0 21.0 20.5
Top 19.0 19.0 19.0 18.0 16.0 17.5 21.5 21.5 21.0
West Middle 19.5 19.5 18.5 18.0 16.0 17.5 21.0 21.0 21.0
Bottom 19.0 19.0 18.5 18.0 16.0 17.5 21.0 20.5 20.5
Top 19.0 19.0 19.0 16.0 16.0 16.0 21.5 21.5 21.5
South Middle 19.5 19.5 19.5 15.5 17.0 15.5 21.0 21.5 21.0
Bottom 19.0  Entrance 19.5 16.0  Entrance 15.5 20.0  Entrance  20.0
Top 18.5 19.0 19.0 14.5 14.5 15.0 21.0 21.0 21.0
North Middle 18.5 19.0 19.0 14.5 14.5 14.5 21.0 20.5 20.5

Bottom 18.5 18.5 18.5 16.0 16.0 16.0 20.5 20.5 20.0

Top 18.0 16.5 18.0 20.5 21.5 21.0
Ceiling Middle - - - 17.5 17.5 17.0 21.0 21.5 21.5
Bottom - - - 17.5 17.5 17.5 21.5 22.0 21.5
Ground - 21.0 19.5
Note Conditioning ) 175 .
equipment
Burial room 19.5 20.9 19.0

[]: Predicted point of dew condensation

Table 6. Surface temperature and prediction of surface condensation - Royal Tomb of King Muryeong.

Date 1st (May 28) 2nd (Jul 13) 3rd (Aug 16)
Measuring point Left Center Right Left Center Right Left Center Right
Top 15.5 16.5 16.5 16.0 16.5 16.5 18.0 18.5 18.5
East Middle 15.5 16.5 16.5 16.0 16.0 16.0 18.0 18.5 18.5
Bottom 15.5 15.5 16.0 16.0 16.0 16.0 18.0 18.5 18.5
Top 17.0 17.0 17.0 16.5 16.5 16.0 18.5 18.5 18.0
West Middle 17.0 16.0 17.0 16.0 16.0 16.0 18.5 18.5 18.5
Bottom 15.5 15.5 16.5 16.0 16.0 15.5 18.5 18.5 18.0
Top 17.0 16.0 16.0 17.5 17.5 17.5 18.5 19.0 19.0

South Middle 16.5 16.5 16.5 17.0 17.0 17.0 18.5 19.0 18.5
Bottom 16.0  Entrance 15.0 15.5  Entrance 16.0 18.0  Entrance 18.5

Top 16.5 17.0 16.5 15.5 16.0 16.5 18.5 18.5 18.0

North Middle 16.5 17.0 17.0 15.5 16.0 16.5 18.5 18.5 18.0
Bottom 16.0 16.5 17.0 15.5 15.5 16.5 18.0 18.5 18.0

Top 17.0 17.5 17.0 16.5 17.5 16.5 18.5 19.0 18.5

Ceiling Middle 17.0 18.0 17.5 16.5 17.5 16.5 18.5 19.0 18.5
Bottom 17.5 17.5 17.0 17.5 17.5 17.0 19.0 19.5 19.0

Ground - 15.5 18.5
Con_dltlonlng ) 19.0 19.8
equipment 1

Note Condition
onditioning ) 18.9 19.8
equipment 2
Burial room 16.4 17.2 20.9

[]: Predicted point of dew condensation



Table 7. Distribution of air borne microorganisms.

Collection sites .Colony count§ (CFUs) Morph910g1ca1 clasmf?catlon (Species)
Fungi Bacteria Total Fungi Bacteria Total
Outdoor 113 18 121 5 4 9
Tomb No.6 7 47 54 7 6 13
Royal Tomb of
King Muryeong 9 30 39 3 8 11

Table 8. Distribution of wall surface microorganisms.

Morphological classification (Species)

No. Sampling site Fungi Bacteria Total
D West (clay) 0 0 0
%) Tomb No.6 South (brick) 1 1 2
©) East (brick) 1 2 3
@ West (brick) 0 3 3
® West (brick) 0 0 0
® Royal tomb of King South (clay) 1 3 4
@ Muryeong South (brick) 1 4 5
South (brick) 1 1 2
North (brick) 0 0 0
() North (brick) 1 4 5
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Table 9. Identification of isolated fungi.

Strain No. Description Identities Accession Phylum
ST-F-1 Acremonium sp. 547/547 (100%) AY 633563 Ascomycota
ST-F-2 Alternaria brassicae 565/569 (99%) JF439435 Ascomycota
ST-F-3 Arthrinium phaeospermum 590/594 (99%) KF144908 Ascomycota
ST-F-4 Aspergillus carneus 562/565 (99%) HQ889708 Ascomycota
ST-F-5 Aspergillus sydowii 556/558 (99%) AY373868 Ascomycota
ST-F-6 Aspergillus versicolor 558/558 (100%) IN689347 Ascomycota
ST-F-7 Cladosporium sp. 540/541 (99%) HQ846579 Ascomycota
ST-F-8 Cladosporium cladosporioides 548/551 (99%) HQ607983 Ascomycota
ST-F-9 Epicoccum sp. 538/539 (99%) JF694747 Ascomycota
ST-F-10 Epicoccum nigrum 545/548 (99%) JQ619839 Ascomycota
ST-F-11 Engyodontium album 595/600 (99%) KC466550 Ascomycota

ST-F-12 Fusarium oxysporum 528/531 (99%) EU839377 Ascomycota
ST-F-13 Fusarium solani 556/557 (99%) JF912885 Ascomycota
ST-F-14 Paraconiothyrium brasiliense 554/554 (100%) JQ936270 Ascomycota
ST-F-15 Penicillium chrysogenum 572/574 (99%) KC009826 Ascomycota
ST-F-16 Penicillium meleagrinum 585/590 (99%) HM469412 Ascomycota
ST-F-17 Penicillium steckii 592/597 (99%) HM469415 Ascomycota
ST-F-18 Penicillium vinaceum 576/581 (99%) EU833227 Ascomycota
ST-F-19 Prosthecium sp. 534/536 (99%) KF367475 Ascomycota
ST-F-20 Stagonospora sp. 558/572 (98%) EU009968 Ascomycota
Table 10. Identification of isolated bacteria.

Strain No. Description Identities Accession Phylum
ST-B-1 Arthrobacter agilis 1427/1431 (99%) KC354457 Actinobacteria
ST-B-2 Arthrobacter oxydans 1420/1432 (99%) IN377644 Actinobacteria
ST-B-3 Bacillus sp. 1456/1459 (99%) HM104462 Firmicutes
ST-B-4 Bacillus sp. 1450/1458 (99%) KC236525 Firmicutes
ST-B-5 Bacillus sp. 1431/1433 (99%) JX134465 Firmicutes
ST-B-6 Bacillus sp. 1423/1425 (99%) GQ927164 Firmicutes
ST-B-7 Bacillus firmus 1450/1456 (99%) JN244990 Firmicutes
ST-B-8 Bacillus idrensis 1378/1435 (96%) JF411294 Firmicutes
ST-B-9 Bacillus megaterium 1453/1458 (99%) DQ105968 Firmicutes
ST-B-10 Bacillus simplex 1439/1440 (99%) IN540797 Firmicutes
ST-B-11 Deinococcus ficus 1395/1399 (99%) JN082273 Deinococcus-Thermus
ST-B-12 Leifsonia sp. 1418/1427 (99%) AB244292 Actinobacteria
ST-B-13 Lysinibacillus sphaericus 1445/1446 (99%) AB244482 Firmicutes
ST-B-14 Massilia sp. 1422/1428 (99%) FR865956 Proteobacteria
ST-B-15 Micrococcus luteus 1409/1413 (99%) EU379295 Actinobacteria
ST-B-16 Paenibacillus xylanilyticus 1444/1454 (99%) HQ285772 Firmicutes
ST-B-17 Sphingomonas aerolata 1380/1382 (99%) FR691420 Proteobacteria
ST-B-18 Staphylococcus petrasii 1441/1447 (99%) JX139856 Firmicutes
ST-B-19 Staphylococcus saprophyticus 1442/1446 (99%) AP008934 Firmicutes




Table 11. Fungal distribution according to the collecting sites.

Collection site

Species

Tomb No.6

Royal Tomb of King Muryeong

W S

E

W

S

Acremonium sp.

O

O

O|Zz

Alternaria brassicae

O|O)»

Arthrinium phaeospermum

Aspergillus carneus

Aspergillus sydowii

Aspergillus versicolor

O|0|O

Cladosporium sp.

Cladosporium cladosporioides

Epicoccum sp.

O|O|0|O

Epicoccum nigrum

Engyodontium album

0|0

Fusarium oxysporum

O

Fusarium solani

Paraconiothyrium brasiliense

Penicillium chrysogenum

Penicillium meleagrinum

Penicillium steckii

Penicillium vinaceum

Prosthecium sp.

Stagonospora sp.

O]0|0|0|O

Table 12. Bacterial distribution according to the collecting sites.

Collection site

Species

Tomb No.6

Royal Tomb of King Muryeong

W S

E

W

S

Arthrobacter agilis

Arthrobacter oxydans

Bacillus sp.

0|0

Bacillus sp.

Bacillus sp.

Bacillus sp.

Ol |0] |o|ol%

Bacillus firmus

O|O

Bacillus idrensis

Bacillus megaterium

Bacillus simplex

OO

0|00

Deinococcus ficus

Leifsonia sp.

Lysinibacillus sphaericus

Massilia sp.

Micrococcus luteus

Paenibacillus xylanilyticus

Sphingomonas aerolata

Staphylococcus petrasii

O] 0] |0 |00

Staphylococcus saprophyticus

O|o|0| O] O

*A: Air-borne collection, E: East wall, W: West wall, S: South wall, N: North wall
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