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ABSTBACT To evaluate the biological pollution class, Chl-a concentration and color were examined in 8 stone cultural
heritages of Korea from April to June 2007. In the case of Chl-g, it had the range of 16.2 to 136.6:g ~g'l, and for the range
of the colors, it came out from green to black. As the result of the evaluation, the Three storied stone pagoda in Mulgeol-ri
and the Three storied stone pagoda in Suta Temple both showed class 3 and the other 6 stone cultural heritages showed
the classes above 4, proving severe biological pollution. The total of 32 aerial algae taxa were found in 8 stone cultural
heritages. Out of the 32 taxa, 16 taxa were found in Cyanophyceae, 13 taxa in Chlorophyceae, and 3 taxa in
Bacillariophyceae. The correlation coefficient showed 0.43, as a result of the correlation analysis between Chl-a and
the biological pollution class. Two among all the aerial algae taxa, Trebouxia sp, and Chroococcus bituminosus, showed
high correlation coefficients of 0.89 and 0.65 with Chl-q, in the correlation analysis. High correlation coefficients from
0.54 to 0.65 were shown in a correlation analysis between the biological pollution class and the aerial algae taxa, which
are Chroococcus bituminosus, Aphanocapsa grevillei, Xenococcus acervatus, Chlorella vulgaris, and Synechocystis
pevalekii.

Key Words: Aerial algae, Biodeterioration, Biological pollution class, Stone cultural heritages

2= 10. 06, 23 / 1A} 10. 08. 06 / 491 10. 08. 19



260 | 2Z1tEtsE|X] Vol. 26, No.3, 2010

71%ZF(aerial algae)s SHIFEEAA =27E A
AA o] wzt BERPS o, ol obd ofd, B8, oA, B
9 SAAE SOl A4)ete 275 Uk, EFRRE 7]
F250) ZFA77= k' HzEAe] 7152577}
Ao 24 Ao oJ3te] n]H7}R] o] TS TP e T,
27Y 22 FE B 5YOE sty 19| s 5
Aol HHEF o 2 Ao £l hEgo] ZleliA] A E
HO| 220 WIS Zsto] H] FEZQ TS
Z2QAAZIH EdE 7| F 277} Bulshs tapbE] st
3R]l FaFa o] o7 H e, ThE BEEHY A2 AE
ol 9J8) F3}E 7|3, o]t FEAE-L YRR 2
FHRYE, B, ssh o= wAys)!

ol o|{&E 7|5 2Tl et A2 E3HA ] BETH
Z3to] B3t A7 XY Foloh =99 A2, 7| d &
olAR= AETFS Aol tiFt A7 7% HEFaerial
cyanobacteria) 39 AHEA o Be AL 5 71E2F
o] et 243 A" A7 ok B ARk AE
2ol gt A9} thel ol HAlshs 525721 Coccompra

E T SEF i A7, BAH 71 M S 0187 71
27 B0 g A7 5 g A7t S A

Wl A9 35 FEgeol et A ek SUnSA
AEYAT] et AT, Ak mS AR A" T A
T, 7710 2408 Az R REsH: 71527}
AESH 53 Bat A7 Fo] Yk T HxE
Sl Halshe 2Rl B AT vjA How, 7
715270 AEd B0, BB IS T 2RFA A
o] et A7 A AR Aol

E3 M2 EoA9) PEEIo] B3 ATE EF4 g
She AR Q] B4 gy o] dubb o Abg
o, ghA o] Mak 4] AIE S AR ot A

o

Lo Hl

p

2 =
)
a7

Ha

%
Q)

AP Sl Ao WHR vk ek 514
4 af] 23 S B AR AT E AV
SIS AB A AR A0 WA Eaka
AR TYEAL B3 Bobo] Basith uea]
SEERELEREREL LR ESOEL:
7] Slste] WAXNS AT 9 7719) H2BotHS

O A4 N|FERY BRE W3, HEEoY

3 484 0 2L B ABOGSTL A
o ER AR @S EO BE AR ARFL BTG
PRELLE DR T ERS e R
WL AN S shch

o
N

% o 2

e
2 x
N

-+ ol Ag et

49T R

o iz
o

A

E
o5

ooh
3

>
30 |
fr

2. WE U

2 AFE 20079 404 6G71A] AP 3T 4
HARHSAHEE A2RD), Fde AFA A
Sl W ol A63 Tk FHAAF AT
£ Ad643), ZHAE AT P HAPRSAREE
A5405), BB EAT(Z A5455), FEARLE AT
(Fd= ZIAAE A11Z) B FEARE IR A=
AR A5E), F71E ASAYLSHRAE=
AR A42F) § F 8719 AXEIAE ez
24 sheich. A A7l Z70] Ao 71 Se B
of st om, 9ot T2 71 S s, A
ZH(10A~15X1& TEf5te] AYsHsc

HE 8 F 72 B 2=AE ANl e, 21
2= testo 830-T1(Testo, Germany)S ARSI ==
testo 625(Testo, Germany)S ARE-S}H 1L, =+ LX-1108
(Lutron, Taiwan)Z o]-&3lo] 243}Hch A5 YH&
FAEE WY g oY AH 2R H AlRE A
stglom, Alzel A2t REue dolt Bas R
2 olgatglch™ AT ARE 4C Aeje] ofolxutio

Table 1. The Chl-a concentrations in visual 6-step color scale”.

Class  Color Chl-a (ug - g)

0 valid for surfaces without visible algae 1

1 light discoloration to be .Visually.recognised by brighter regular spots from plastered 5

wall plugs or other specific details

2 light green 7-20

3 green 10-70

4 dark green, red and/or brown 29-153

5 black with some dark green areas 37-74
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Table 2. The physico-chemical factors of sampling points of 8 stone cultural heritages of Korea in 2007.

cultural heritages

Surface temp. Humidity

Intensity of

(Sampling date) Sampling point (C) (%) I(lll;;mnllnf tsl(l) ;1
E/lower foundation 42.0 49.0 938
W/lower foundation 20.5 52.0 28
) S/lower foundation 35.5 46.0 69
Three stofied stone pagoda N/lower foundation 23.0 54.0 62
° E)Juerlllg, t26(r)r(l)};)e site E/upper foundation 455 48.0 789
W/upper foundation 20.0 50.0 40
S/upper foundation 32.0 46.0 68
N/upper foundation 27.0 50.0 87
E/turtle base of a stone monument 24.0 70.9 23
W/turtle base of a stone monument 20.3 71.6 21
S/turtle base of a stone monument 23.5 70.9 19
CaiﬂStl?niiZIslSJli)r?SZr?f(is;?szto N/turtle base of a stone monument 22.5 71.0 17
& p( Toms, 210%07;‘3 E/capstone 22.0 70.6 19
W/capstone 22.5 71.3 18
S/capstone 22.5 69.3 15
N/capstone 22.0 70.8 14
E/lower foundation 23.0 65.2 84
W/lower foundation 22.0 64.2 98
) S/lower foundation 24.0 67.3 58
Three storled stone pagoda of N/lower foundation 225 67.0 127
eun(gJuentlp’) E%r(r)l%e site E/upper foundation 21.5 64.8 99
W/upper foundation 23.0 63.8 115
S/upper foundation 22.5 65.5 81
N/upper foundation 23.0 64.7 130
E/lower foundation 20.0 64.0 5
W/lower foundation 21.0 67.3 19
Four-lion three storied stone S/lower foundation 21.0 63.2 17
pagoda of Gwaeseok-ri, N/lower foundation 20.0 65.9 14
Hongcheon E/1 story roof stone 21.1 65.3 38
(June, 2007) W/1 story roof stone 23.0 65.5 56
S/1 story roof stone 21.5 63.8 41
N/1 story roof stone 23.0 65.4 53
E/lower foundation 19.0 72.4 22
W/lower foundation 18.5 72.2 20
S/lower foundation 18.0 72.2 17
Three storied. stone pagoda in N/lower foundation 20.5 69.8 84
Mulg?ﬂ;lré” gl(;)(;l%cheon E/upper foundation 19.0 75.1 25
W/upper foundation 18.5 73.2 12
S/upper foundation 18.5 76.2 16
N/upper foundation 19.5 73.6 29
E/lower foundation 21.0 56.5 166
Three storied stone pagoda in W/lower foundation 20.0 57.7 139
Suta temple S/lower foundation 19.5 64.2 81
(June, 2007) N/lower foundation 20.0 60.7 97
E/upper foundation 20.0 58.0 186




W/upper foundation 19.0 57.4 125

S/upper foundation 19.0 61.4 108

N/upper foundation 19.5 59.6 125

] E/spire 17.5 64.8 7
Stupa to Honguiiang in Suta W/spire 17.0 63.1

(e, 5007) S/spire 18.5 640 11
N/spire 16.5 67.0

E/1 story roof stone 23.5 26.9 633

W/1 story roof stone 13.0 27.0 62

S/1 story roof stone 24.0 29.5 710

N/1 story roof stone 12.0 26.9 24

E/3 story roof stone 24.0 27.0 695

Five storied stone pagoda in W/3 story roof stone 12.0 33.6 62

Gongse-ri, Yongin S/3 story roof stone 21.0 31.7 572

(April, 2007)

N/3 story roof stone 12.5 31.8 24

E/5 story roof stone 26.0 26.3 783

W/5 story roof stone 16.5 31.8 456

S/5 story roof stone 25.5 323 799

N/5 story roof stone 18.5 30.1 445
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Figure 1. The aerial algae occurred on 8 stone cultural heritages of Korea in 2007. (a: Synechocystis aquatilis, b:
Chroococcus varius, c: Trebouxia sp., d: Protococcus viridis, e: Cosmarium decedens, f: Cylindrocystis gracilis, g:
Hantzschia amphioxys, h: Klebsormidium dissectum).

of Blgo] Bgrom, FEABAT A 75%0] Fo|  73%9] Fo| HxFoR FAE] gt Ao vehieh
gxgo s FAso) gtk AAISAT, QB Fage] FREEe e wokon, AANEA,
HIAR W o] ok TUAAIS AT A9 el gE  BUANAEHY L BA ST Stk
Auch okt o] FESAOH, FUAN BAFL  (Figure 2). BAFNLE FY FEI BT T|FEF
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Table 3. The list of aerial algae occurred on 8 stone cultural
heritages of Korea in 2007.

Site
abcde fgh

Species

Phylum CYANOPHYTA

Cl. CYANOPHYCEAE

Ord. CHROOCOCCALES

Fam. Chroococcaceae
Aphanocapsa grevillei + +
Aphanothece clathrata +
Chroococcus bituminosus + +
Chroococcus turgidus +
Chroococcus varius + + +
Microcystis marginata +
Microcystis protea + +
Synechococcus lividus +

+

Synechocystis aquatilis + + + + + +
Synechocystis pevalekii + + +
Ord. CHAMAESIPHONALES
Fam. Chamaesiphonaceae
Xenococcus acervatus + +
Ord. NOSTOCALES +
Subord. NOSTOCHINEAE
Fam. Nostocaceae
Anabaena fertilissima +
Nostoc microscopicum +
Fam.Scytonemataceae
Tolypothrix tenuis +
Subord. OSCILLATORIINEAE
Fam. Oscillatoriaceae
Lyngbya maior +
Phormidium fragile +
Phylum CHRYSOPHYTA
CL. BACILLARIOPHYCEAE
Ord. PENNALES
Subord. RAPHIDINEAE
Fam. Naviculaceae

Navicula crytocephala +
Hantzschia amphioxys +
Fam. Nitzschiaceae
Nitzschia brevissima + +
Phylum CHLOROPHYTA

Cl. CHLOROPHYCEAE
Ord. ULOTRICHALES
Fam. Ulotrichaceae

Klebsormidium crenulatum + +
Klebsormidium dissectum +
Klebsormidium flaccidium +
Stichococcus minutissima +

Ulothrix zonata + + + +
Ord. CHAETOPHORALES
Fam. Trentepohliaceae
Tretenpohlia aurea +
Fam. Protococcaceae
Protococcus viridis + + + + + +

Ord. CHLOROCOCCALES

Fam.Chlorococcaceae

Chlorococcum infusionum + + + +
Fam. Hydrodictyaceae

Chlorella ellipsoidea + +

Chlorella vulgaris + +

Ord. ZYGNEMATALES
Fam. Mesotaeniaceae
Cylindrocystis gracilis +
Mesotaenium chlamydosporum +
Ord. Microthamniales
Fam. Trebouxiophyceae
Trebouxia sp. + +

a: Three storied stone pagoda of Wollam temple site, b:
Capstone and base of stele to high priest Jingongdaesa, c:
Three storied stone pagoda of Heungbeop temple site, d:
Four-lion three storied stone pagoda of Gwaeseok-ri, e: Three
storied stone pagoda in Mulgeol-ri, f: Three storied stone pa-
goda in Suta temple, g: Stupa to Hongudang in Suta temple
1, h: Five storied stone pagoda in Gongse-ri.

10i

0
80
60
40
20
a b € d e f g h

m Cyanophyceae

Composition of Class(%)

m Chlorophyceae Bacillariophyceae

Figure 2. The class composition of acerial algae in 8 stone
cultural heritages of Korea in 2007. (a: Three storied stone
pagoda of Wollam temple site, b: Capstone and base of
stele to high priest Jingongdaesa, c: Three storied stone pa-
goda of Heungbeop temple site, d: Four-lion three storied
stone pagoda of Gwaeseok-ri, e: Three storied stone pago-
da in Mulgeol-ri, f: Three storied stone pagoda in Suta tem-
ple, g: Stupa to Hongudang in Suta temple, h: Five storied
stone pagoda in Gongse-1i).
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Figure 3. The Chl-a concentrations of 8 stone cultural
heritages of Korea in 2007. (a: Three storied stone pagoda
of Wollam temple site, b: Capstone and base of stele to
high priest Jingongdaesa, c: Three storied stone pagoda

of Heungbeop temple site, d: Four-lion three storied stone
pagoda of Gwaeseok-ri, e: Three storied stone pagoda in
Mulgeol-ri, f: Three storied stone pagoda in Suta temple,
g: Stupa to Hongudang in Suta temple, h: Five storied
stone pagoda in Gongse-ri).
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Table 4. The biological pollution class of 8 stone cultural heritages of Korea in 2007.

Cultural Heritages Chl-a(ug -g'l) Color Class
Three storied stone pagoda of Wollam temple site 31.7 dark green 4
Capstone and base of stele to high priest Jingongdaesa 85.9 brown 4
Three storied stone pagoda of Heungbeop temple site 48.9 dark green 4
Four-lion three storied stone pagoda of Gwaeseok-ri, Hongcheon 136.6 black 5
Three storied stone pagoda in Mulgeol-ri, Hongcheon 35.8 green 3
Three storied stone pagoda in Suta temple 16.2 green 3
Stupa to Hongudang in Suta temple 20.1 black 5
Five storied stone pagoda in Gongse-ri, Yongin 50.3 black 5
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Figure 4. Principal component analysis plots of aerial al-
gae taxa, biological pollution class and chl-a at 8 stone cul-
tural heritages in 2007. (ANFE: Anabaena fertilissima,
APGR: Aphanocapsa grevillei, APCL: Aphanothece cla-
thrata, CHBI: Chroococcus bituminosus, CHTU: Chroococcus
turgidus, CHVA: Chroococcus varius, LYMA: Lyngbya
maior, MIMA: Microcystis marginata, MIPR: Microcystis
protea, NOMI: Nostoc microscopicum, PHFR: Phormidium
fragile, SYLI: Synechococcus lividus, SYAQ: Synechocystis
aquatilis, SYPE: Synechocystis pevalekii, TOTE: Tolythrix tenuis,
XEAC: Xenococcus acervatus, CHVU: Chlorella vulga-
ris, PRVI: Protococcus viridis, STMI: Stichococcus minu-
tissima, TRSP: Trebouxia sp.).
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