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X E B AdFAA= (L, 1570-1630)H N 2 EH FEZHE HHEH = 8959 A7 E L YN ELS
Qg7 AT entE R g -AFgEA 7 2N 54 L AFEA s¢lth. £ 254 2 & alpha-pinene 4,113ppbv,
beta-pinene 2,510ppbv, limonene 2,424ppbvE WU EF O 1, 11 9] tran-p-menth-2-ene, acetone, isolongifolene, iso-
borneol £ 2.2 AEEHUth 7 52 5= 9 3FHE -2 terpenes 60.5%, Th2 S 2 &= alcohols?] 25.8%5 A} A 3} 1L
A Ak A H A= A terpenes) 35.1%2 7H =4 e S W, tf2 0 2 aldehydes 33.4%, alcohols 8.8% =
Uhehsboh e 0 W3 97 Aok gl A0 2 2ol A terpeness O 2 AL A% (Pinus densiflora) @ 2 5]
H] 28 Z o], aldehydes®} alcohols= 3 Y| o QHA]H AJ AT H &} B A HRE = A2 FrhE . B9
W T2 RSB A A= 7tA Y B2 I3 REAE B of Foldst= A YAE A7t ARRE BREt=
AR AL Yo, JFH YR |2ty RAFE HEAT 1 @ ARl HEA D Uetego] e 7154
A7 2AERE AANE 5 9.

FYof: JUYRIIBVE, O}, AE, T, IFLA]

ABSTRACT In this study, the 89 components of the gases emitted from grave goods at Sim Seol(1570-1630) tomb identified
and quantitatively analyzed using a thermal desorption system integrated with gas chromatography-mass spectrometer.
The concentration of major components show the levels of alpha-pinene 4,113ppbv, beta-pinene 2,510ppbv and limonene
2,424ppbyv, that of the others orderly show p-menth-2-ene, acetone, isolongifolene and isoborneol. The functional groups
of high concentration level cover 65% of terpenes and 25.8% of alcohols. The expected odor intensity orderly show
35.1% of'terpenes, 33.4% of aldehydes and 8.8% of alcohols. Terpenes have generally effect of a perfume, antifungal
and antimicrobial activity, and could come out of the pine(Pinus densiflora) coftin, aldehydes and alcohols could be
come out of both the Sim Seol mirra and Pinus densiflora for a long time. The analyses of gases emitted from a excavated
properties or a tomb are assessed that it can pc001 provide a scientific basis on a counterplan against harmful gases,
amethod of conservation treatments and a evaluation of effectiveness in conservation of cultural properties in a tomb.
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Figure 1. Pictures of the samples in this study.
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Table 1. Operating conditions of automatic thermal de-
sorber and GC-MS.

Parameters Conditions
Primary tube type Triple-bed’
Cold trap type Tenax-TA 20 mg
Ist Desorption 350 C-4min
é’Telr)lﬁgglmer 2nd Cryo temp. . -30C
UK) > 2nd Desorption 350 C-1min
Desorb flow 50.2 mL/min
Inlet split No
Outlet split 11.5 mL/min
35C-10min
Oven tem. 8 C/min-120C-10min
P- 12°C/min 80C- 7min
15C/min-230C-10min
GC-MS Column AT1-60mx
(Shimadzu, 0.32mmx1.0um
Japan) Interface temp. 230C
Mass range 20~350 m/z
Column pressure 15.9psi
MS Det. temp. 250C
Carrier gas He (99.9999%)
Mass filter type Quadrupole
Y inch(OD) SS Tube Tenax-TA Carbopack B Carbosieve SlII
40mm 13mm 7mm
15mm (150mg) (100mg)  (70mg) 15mm

Adsorb flow
—_—

1 . ] (‘iz

Staninless steel
retaining spring

Desorb flow

Glass

Staninless steel
wool

gauze(-100mesh)

Figure 3. Triple-bed adsorbents tube’ used in this experiments.
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Table 2. Standard material used in this study.

Standard(item) Conc. level Maker
Sulfur(4) 10 ppmv Rigas
Amines(1) 5000ppmv Rigas
TO14(41) 1 ppmv Restek
Aldehyde(6) 10 ppmv Rigas
Carbonyl(5) 2-5 ppmv Entech
Liquid std.(9) alcohols, etc. Merck
Sidehole dilution
Micro syringe Silicon septum syringe .
| . | ity v
« Screw type cap
;_‘_ A" S tubing l

T Dilution battle

[0

Liquid std.

il

High pressure cylinder

%" Nut and ¢ i

10mm septum ~—

[E] ]« Canister valve

water trap

High vacuum
containing dry standard gas standby

Figure 4. Configuration of materials filling with dry cali-
bration gas into the 15L canister.
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Figure 5. Total ion chromatograph of the gases emitted from three difference samples.
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Table 3. The qualitative results of gas by ATD with GC-MS.

Iﬁik Compounds RT  Areax10* I;Sik Compounds RT Areax10*
Alchols (23) 43 2-Nonene, 3-methyl 24.80 807
47 Cyclotetrasiloxane,octamethyl ~ 26.08 10,286
é gﬁgﬁlg gh ol i?; ig:gg 55 alpha-Pineneoxide 31.70 2,463
4 Isopropylalcohol 480 33,970 70 trans Sabinene hydrate 35.77 2,813
5  Prooanol 6.28 4,496 | 71 Thymol methyl ether 36.42 14,248
8 sec-Butanol 7.88 6,694 | 76 Trimethyl-1,5-heptadiene 43.00 708
11 Isobutylalcohol 9.37 4,523
17 n-Butanol 1155 10,992 Ketones (6)
23 2-Pentanol 13.52 1,610 | 3 Acetone 458 66,818
26 Isopentanol 15.48 2,935 | 7 Methyl ethyl ketone 7.30 13,540
30 Triethyleneglycol 18.20 193 | 20 Methyl n-propyl ketone 12.47 246
56 Z-thujenol 32.05 1,059 | 25 Methyl Isobutyl Ketone 15.32 2,876
57 Fenchylalcohol 3242 46,227 | 27 Methyl amyl ketone 15.62 657
58 p-menth-2-en-1-ol 32.73 13,630 | 14 Methylisophylketone 10.92 1,513
59 3-Caranol 32.90 2,557 Tervenes (33)
60 4-Isopropylcyclohexanol 33.22 1,824 -
63 Verbenol 33.65 1,164 38 Tr1cyclene 23.23 3,645
64 beta-Terpincol 33.98 10,928 | 39 alpha-Pinene 23.78 94,614
66 Isoborneol 34.53 49,705 40 Cyclofenchene 23.93 28,906
67 4-Terp1neol 34.92 34’955 41 alpha-Fenchene 24.15 9,425
68 alpha-Terpincol 3525 66,726 | 42 Camphene 24.27 43,456
69 Piperitol 35.50 1,617 44 beta-Pinene 25.43 93,080
89 2,4-Diphenylphenol 4995 493 | 45 beta-Myrcene 25.57 9,694
87 longiborneol 48.90 450 | 46 trans-p-Menth-2-ene 25.85 107,343
48 alpha-Fellandrene 26.50 24,840
Aldehydes (5) 49 alpha-Terpinene 27.10 23,564
6 Butyraldehyde 7.15 934 | 2V p-Cimene 27.22 51,507
13 3-Methylbutanal 1053 1,748 | 31 p-Menth-l-ene 27.57 3,372
15 2-Methylbutanal 11.18 170 | 22 Limonene 27.80 94,312
22 n-Valeraldehyde 1200 4,078 | 33 Fenchone 3080 8871
y >
29 n-Hexanaldehyde 17.77 8,909 54 alpha-terpinolene 31.23 7,979
- - : 61 gamma-Terpinene 33.40 7,628
Hydrocarbons + Aromatics (22) 62 Camphor 33.52 8,436
10 Unknown 8.60 302 | 65 Isocamphopinone 34.13 1,369
12 Cyclopentane, methyl 9.95 486 | 72 alpha-Longipinene 41.83 5,286
9 Hexane, 2,4-dimethyl 8.40 1,068 | 73 Cycloisosativene 42.50 2,268
16 Benzene 11.40 1,140 | 74 alpha-Copaene 42.65 3,436
18 Cyclohexane 11.93 93 | 75 Longicyclene 42.85 6,193
19 2-Propanol, 1-methoxy 12.23 415 | 77 Sative 43.38 4,449
21 2-Butanol, 3-methyl 12.57 822 | 78 Isolongifolene 44,08 75,731
24 Heptane 14.25 329 | 79 alpha-Caryophyllene 4428 15,404
28 Toluene 16.80 8,220 | 80 beta-Farnesene 44.55 14,636
31 Aceticacid,butylester 18.55 3,391 | 81 alpha-Humulene 4522 2,340
32 Cyclotrisiloxane,hexamethyl 19.50 4,204 | 82 gamma-Cadinene 45.55 1,433
33 Isopropylpropylether 20.30 1,622 | 83 alpha-amorphene 46.13 1,675
34 Ethylbenzene 20.48 5,430 | 84 beta-Caryophyllene 46.60 4,176
35 m,p-Xylene 20.78 3,699 | 85 Epizonarene 46.75 1,077
36 Styrene 21.40 29,286 | 86 gamma-Elemene 48.15 48
37 o-Xylene 21.60 563 | 88 alpha-Copaene 49.3 59
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Table 4. Top 20 components in concentrations of VOCs
emitted gas from Hyun.

Retention time Concentration

No Compounds (min) (ppbv)
1 alpha-Pinene 23.78 4,113
2 beta-Pinene 25.43 2,511
3 Limonene 27.80 2,424
4 p-Menth-2-ene 25.85 1,765
5 Acetone 4.58 1,702
6 Isolongifolene 44.08 1,522
7 Isoborneol 34.53 940
8 alpha-Terpineol 35.25 924
9 Isopropyl alcohol 4.80 894
10 Ethyl alcohol 4.18 871
11 Fenchyl alcohol 32.42 802
12 Methanol 3.57 733
13 p-Cimene 27.22 559
14 Methyl ethyl ketone ~ 7.30 492
15 Camphene 24.27 472
16 4-Terpineol 34.92 380
17 Styrene 21.40 318
18 Cyclofenchene 23.93 314
19 alpha-Fellandrene 26.50 270
20 alpha-Terpinene 27.10 256
Kelones HC+§"3’;EM
8.8% :
Aldefwaes
0.8%

(a) concentration

© 2 beta-pinene, limonene 22 ERIEQoH, F1=
Z¥Z} 4,113ppbyv, 2,510ppbyv, 2,424ppbvE LEFGTE 1 9]
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isoborneol, alpha-terpineol, isopropyl alcohol, ethyl alcohol
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(b) expected odor intensity

Figure 7. The distributions of concentration and expected odor intensity.
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Table 5. Major 10 components in odor-intensity on the emission gas from Hyun.

No Compounds Concentration TLV Expected Odor  Expected Odor

(ppbv) (ppbv) Intensity(-) Attribution(%)
1 n-Hexanaldehyde 96.7 0.28 345 21.49
2 3-Methylbutanal 33.8 0.1% 338 21.01
3 alpha-Pinene 4,113 18 229 14.21
4 n-Valeraldehyde 44.3 0.41 108 6.72
5 beta-Pinene 2,511 33 76.1 4.73
6 Limonene 2,424 38 63.8 3.97
7 Butyraldehyde 37.7 0.67 56.3 3.50
8 p-Menth-2-ene 1,765 33* 53.5 3.33
9 Isolongifolene 1,522 33% 46.1 2.87
10 Isoborneol 940 33% 28.5 1.77
sum 83.6

TLV : threshold limit value'®. * Presumed TLV from the same family or group, beta-Pinene

2 QRN SBE AL 9% 3718 Hestel 58
BEY ANE AT FEE GOtk A 2upRo]
SRR ELRETL S ELE CREER DR
Bl ofstel BEHo| B FobAt Ao BaHt.

3.3. HMEZof it "ot

oze) FaF UABAS FH] SIstel Mg
=1 ZH(TLV, threshold limit value)®& 0|23t Akl 7h
= 0 cela7lol &7 At delRgE 274
& 249 7 A2 FES 7 ATV AU
L ZH(TLV, threshold limit value) 2.2 U= ZH2 oAkt
HA== Rostgon, 539 FETo] IHE st
= 2 E2YS 7PEste] Bristden, 24 £49] ot
NHAEE BT e 7S T2 =R st A
oF3719& 4L 7 EEY ANIHAEE SZAHT
=2 U g HEE= sl

Table 5= Ao 2NE WHE 7kA F odorH7=r}
E2 1039 522 AEg Ao, 49] 1059 £409]
dPgerlols B2t A 83.6%% ARtk 24 Al
=44 9 HANEZZE n-hexanaldehyde?} 7H &2
WA S dehiis Aos WrlEgen, tgos:
3-methylbutanal, alpha-pinene, n-valeraldehyde, beta-pinene,
1231 limonene =] ${th. Table Sof Lehd ootz
Ee oAz WAL gl 3712 oY A HeT
F ZAstojol WARE AAT 4= Q= e Y T2t
2L 9ujgith

FRHANEZ R F2l% n-hexanaldehyde®] 3¢ 71&

O] A H 22 AR, B S s Aoz 4EA 7]
ol 2352 AAA HZE 4= Q= 7ol 9L
oul, AZE BELS 98ppbvoR HLPABEZ(TLY,
threshold limit value)©] 0.28ppbvZ o} njEFo] A= o
A7 = 3455 YeER i) alpha-pinene} beta-pinene
< aURRE AR e W Aoz dEA jlem,
limonene= 73t LA FS Y= EFE I=A lt
29321 alpha-pinene} beta-pinene 18] 3L limonene
n-hexanaldehydeo]] H|3}o] ‘=71 =4 vl 32 4,113ppbv,
2,511ppbv, 2,424ppbvo|L AR EZko] gdste|=
Sl wistel wnA W] uhRe] ogelagEs} 2zt
108, 761, 63.8 2 n-hexanaldehyde®]| |5} WA YeERT)
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52005, 2009)'"%0] A Fufo] o WPrLAo A=
A2d 29SS LHEE o 2HF Tl Al AlofA
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£ WA EEOT e WA SuE Ao s vty
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