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RBSTRACT  Black surface layers collected from stone pagodas were analyzed to study the effects of carbon com-
pounds on the blackening of stone surface layer. The total amounts of carbon was measured through elemental
analyser. Organic and elemental carbon were measured by combustion chromatographic CO:2 determination after
elimination of carbonates carbon with acid treatment. The elemental carbon concentration in the black surface layer
measured 0.52wt.%. This value is not sufficient to explain the complete blackening of stone surface. To trace the ori-
gin of carbon in black surface layer on the stone pagoda, aerosol samples for PM10 were collected at the near sites of
the pagoda. The major components of them were soluble ions(42.8wt.%), carbon(38.4 wt.%) and crustal
matter(16wt.%). From the high content(13wt.%) of elemental carbon in aerosol can be deduced that it may be a
prime origin for the elemental carbon in the black surface layer on the stone pagoda. The crustal matter in aerosol can

be also a origin of silicate mineral in black surface layer and plays a important role in the darkening of black surface
layer.
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Figure 1. Primary particle of soot.?
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Figure 2. Carbon in the black layer on the stone surface.
Total carbon(TC) =EC(elemental carbon)+OC(organic car-
bon) +TIC(carbonate carbon).
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Figure 3. The black layer on the surface of the Wongaksajisypchungsoektap (10-storied stone pagoda in Wongaksaji)(a,c) and the
Gyeongchunsasypchungsosktap (10-storied stone pagoda in Gyeongchunsa)(c,d).
(a),(c) Black layer is developed on the stone surface and in the beyond water’ s reach. (b),(d) Black layer exfoliate from the stone sur-

face and original stone is severe deteriorated.
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Figure 4. Site environment of Wongaksajisypchungseoktap
(arrow indicates protector of pagoda) shows typical urban envi-
ronment with severe air pollution.
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Figure 5. The equipment for ambient air sampling at Tapgol park in Seoul.

(@) PM-10 collectors for chemical component, ion, and carbon analysis. (b) view and location of sampling.
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Table 1. The chemical compositions(wt.%) measured by XRF in bulk samples of damage layers sampled on stone pagodas in urban
environments(Seoul)

Samplel AkOs SiO2 S0s Ca0 K20 Fe:0s L.O.l. Total
W 0.71 2.06 27.82 35.87 0.55 0.37 32.32 99.7
K 0.35 0.89 3353 28.47 0.36 0.56 35.64 99.8

W: Wongaksajisypchungseoktap, K: Gyeongchunsasypchungsoektap

Table 2. The elemental concentrations(wt.%) measured by elemental analyser in bulk samples of damage layers sampled on stone
pagodas in urban environments(Seoul)

Sample C S N H
W 1.761 11.34 0.243 2274
K 2.145 13.33 0.358 2.0M

Average 1.953 12.34 0.301 2142

W: Wongaksajisypchungseoktap, K: Gyeongchunsasypchungsoektap

Table 3. Total, noncarbonate, carbonate, elemental and organic carbon concentrations(wt %) measured in the black crusts on stone
pagodas in urban environments(Seoul)

Sample Total carbon® Noncarbonate carbon® Carbonate carbon® Elemental carbon® Organic carbon®
wW 1.76 1.50 0.26 0.45 1.05
K 215 1.74 0.41 0.59 1.15
Average 2.00 1.62 0.34 0.52 1.10

W: Wongaksaijisypchungseoktap, K: Gyeongchunsasypchungsoektap
a Measured on bulk samples by elemental analyzer
b Calculated values
Noncarbonate carbon=EC+0C,
Carbonate carbon=Total carbon-Noncarbonate carbon
¢ Measured on treated samples by carbon analyzer

Figure 6. Carbonaceous particles in a black layer on stone Figure 7. Color of gypsum(left, white) and mixture of 99.48%
pagoda in urban environments(Seoul). gypsum and 0.52% elemental carbon(right, grey).
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Figure 8. The air fine particle(PM-10) samples collected at Tapgol park in Seoul.
(a) Sample for chemical composition analysis, (b) Sample for water soluble ion analysis,
(c) Sample for carbon analysis(left) and blank (right).
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Table 4. Mean concentrations of components in PM-10 samples collected at Tapgol park in Seoul

component concentration (%)
unknown 2.2
mineral component 16.6
jon{total) 428
carbon(total) 384

Table 5. Total, elemental and organic carbon concentrations(ug/nf) in air sample collected from Tapgol park

TC(in total) {ug/nt) OC (ug/nt) EC (ug/nf)
C-1 29.1(76.9) 18.9 1.2
C2 43.6(112.4) 228 14.7
Average 36.4(94.7), 20.9(ug/nt) 13.0(ug/nt)
38.4(%) 22.07(%) 13.7(%)
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Table 6. Concentrations(ug/ni) of crustal elements in air sample collected from Tapgol park

TM (in total) ) )
, Si Al Fe Ca Mg Na K S Ti Mn
(ug/nt)
E-1 12.4(72.3) 33 13 1.7 1.6 03 05 1.4 21 0.1 0.1
E-2 17.5(108.7) 44 1.4 2.1 20 0.7 1.0 0.9 4.7 0.1 0.1
15.0(90.5)
Average 38 13 1.9 1.8 0.5 0.7 1.2 34 0.1 0.1

16.6(%)




Table 7. lon concentrations(us/nt) in air sample collected from Tapgol park

TI(in total
" O:a) cr NOs SO& Na* NHa* K* Mg** Ca*
(ug/ni)
-1 34.5(79.2) 34 14.0 8.5 05 5b 0.6 0.2 1.9
-2 46.8(110.5) 4.1 1856 118 0.6 8.8 1.0 0.2 1.9
40.6(94.9)
. .8 0.2 1.9
Average 428(%) 3.7 16.2 10.1 0.6 7.1 0
200 r
15.0
S
S 100
=
50
0.0

Cl NOs S0Os: Na NH4 K Mg Ca

lon

Table 8. Concentrations(wt.%) of the main ions detected in the black surface layer sampled on stone pagodas in urban
environments(Seoul)

Sample SO« NOs Cr Na® Ca* K* Mg*
W3 2950 0.02 0.08 0.10 18.63 0.07 0.04
K6 29.46 - 0.04 0.0b 12.96 0.02 0.02
K7 33.60 - 0.03 0.04 17.30 0.09 0.01
K8 34.59 - 0.03 0.02 18.46 0.02 0.01

W: Wongaksajisypchungseoktap, K: Gyeongchunsasypchungsoektap
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