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(ABSTRACT)

The goal of this study was to provide basic data for arrangement of management in museum
environment. We investigated characteristics of distribution on indoor air pollutants at exhibition halls
and storages in museums between July and August, 2007. The monitoring carried out at three cultura
sites, Pusan, Dagjeon and Kyungjoo which is possessed their own exhibition hall and storage in
Museums. We adopt the several pollutants for this survey such as PMw, PM2s CO., Formaldehyde,
TBC, CO, NO:, Rn, VOCs, O: and followed the standard method of Ministry of Environment, Korea
for sampling and analysis, respectively. The results of this survey reveded that average concentration
of PMw and PMzs in storages were 117.3ug/m* and 92.6ug/ ne’, respectively. The average concentration
in storages of gases pollutants and microorganism such as CO:, Formaldehyde, NO:, Rn, TVOC, Os,
and TBC showed as: 788.8ppm, 30.7 ug/ m, 0.4ppm, 6.4ppb, 1.3pCi/¢ , 1,374.9ug/n, 2.4ppb, and
119.4cfu/ ny?, respectively. In addition, average concentration of PMio and PM:s in exhibition halls were
49.5 ug/ m* and 56.1ug/ e, respectively. The average concentration in exhibition halls of gases
pollutants and microorganism such as CO:, Formaldehyde, NO:, Rn, TVOC, Os, and TBC showed as:
475.2ppm, 94.1 ug/ m?, 0.3ppm, 12.4ppb, 0.3pCi/¢ , 1,179.1ug/m’, 5.2ppb, 2.4ppb, and 24.8cfu/ny’,
respectively.

Key words : Museum, Indoor air quality, Indoor air pollutants, Conservation environment
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F4-Alet, CO, NO., Rn, VOCs, O:2 PM,;9]

]

A
=2

1

IH
oK
KO
KIr

Sampling method
Mini volume air sampling method
Non—dispersive infrared method
2,4-DNPH, HPLC
Impaction method
Non—dispersive infrared method
Chemiluminescent method
Continuous monitoring
Tenax tube, TD-GC/MS
U.V. photometric method

Pollutants
CO.
Formaldehyde
TBC
CcO
NO,

Rn
VOCs
O

PMm,

Table 1. Target pollutants and sampling method for each pollutant
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PMo@} PM, ;= & ¢l Mini volume air sampler (PAS201, Airmetrics, USA)E ©]
83ho] 24412 54 R0, 0,9 ¢+ vlEata 2l A4 ¥(Testod 45, USA)
= ol&sto] RAME AAISHY. Formaldehydew= 7i%1371Z7](Gilian, USA)E o]-&3to] = A
YR 2,4-DNPH FEAY o2 243 & HPLC(Younglin, Korea)s o]&-3te] 243190
o, TBCL FEHE 0|43 Oxoid air sampler MAQSI , USA)ol BAP {A](blood agar plate)&
daksto] S skl on i & Yk Albste] ARk A or Hrtskqlty, CO9 5742 vl A 9] A
ol A&¥ CO analyzer (API300, USA)E ©]&35to] S4 st n, NO,9 34 & SFshigi & o
43t NOx analyzer(API200, USA)E o]-&3to] dA S48t VOCsS 1A & &2 Tenax
BB (Supeco, USA)E o]&3lo] 7§ F7]|3E37] (Gilian, USA)E ARE3to] EF s on EHAL
Turbomatrix ATD(Perkinelmer, UK) @€2}7]¢} 7tAF 2ot E D89 (GC-MSD, HP-6890,
Agilent 5973 inert, USA)E o|-&3}o] AU 09 248 #Q) A FEHS o83t Ozone
analyzer(API1450, USA)E o|-8&3to] AA| koLt
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ZAFA UE T PM, 3 PM, 2] % A 232 Table 20 AAISHATE PM, 2 49 A HHE

L 259ug/m’, BHMETL 78 6ug/m O B RAMEIQICEH 18U C R o)
SHE Fhof| H]8ho] 28 2 9] 184 Tug/m'E RAFE|QITH o] ¢ WHETe] AL 70y
Ao A5 AER vfgro] i upF 2 o]Fo|A glon =FH upF uict it npe SAfREE w4k
A5 FFOE £ PMy9| sk £EE Hol1l 9l Ao & whEofxty, E3t, C ¥

bl
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s Jlo@ Hushn k& Ao A% PM, T PM,,9) S BEE 245t o] £9] Ante} s
E RS uRE 5 glo B AT AT oA wgo] Zvte] i YAt BA 9 SR S
Hol Wi f AAAW 37] § WA = W2 50 S L Qe Aoz AlR
Table 2. The concentrations measured of particle matters in each museum
Pollutant Museum N Mean S.D. Min. Max. I/O p—-value
A 4 259 15.0 7.2 431 0.5 0.08
PMio
B 4 73.6 7.9 575 97.1 1.0
(ug/nmf)
C 4 184.7 | 149.0 44.3 361.4 0.6
ny A 4 339 8.7 258 44.4 0.5 0.15
B 4 87.3 61.2 22.1 169.9 0.6
(ug/m°)
C 3 129.3 86.3 78.2 228.9 0.6

N : Number of data, S.D. : Standard deviation, Min, : Minimum value, Max. : Maximum value, |/O : Indoor
concentration/Outdoor concentration ratio
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Table 3°A HME0] AU37] & 7I24 L EHY v 225 AASHIY dU371ed9
AZELQ CO9 Hit 5E9 ¢ A vFEHo|A 612.0ppm, B ¥ oA 825.6ppm, C 8=
oA 548 1ppm = 242t £AFE QI Formaldehyde o) ¥ AW 57] § Bt 5=« A vHE 2o
A 70, Tug /nf, C BFZ o)A 76.0ug/m’ e & B3 52 35 B W B ¥ oA = 25.7ug/
'O 2 Thh Yo p BEXE Holl Qe o AT Formaldehyded] AU g ¢oz =
FASAY 9 ARAFE g2 A vk, e AW 7] F Formaldehyded] & %%

AP Aol L5 S(2005)9 Al=HETY Formaldehyde? ZAF Aif AWE7] 5 5%
0.03ppmollAl 0.05ppme = & A-LAT}o| vlgf 2 AC R Hilstal glo o]= AlEut
iAoz 3t A2 A2 A=A 2 FE Formaldehyde®] W&o 7o) 7|01 A2
CO9| ¢ A BF=ollA 0.3ppm, B ¥l 0.5ppm, C HEHoA 0.2ppm & 7}
ZAFEQICE NO, 9| B2 A o4 Q] Hit skt C dHEHollA] 14.0ppbE A BHE2] 2.2ppb,
B O] 7. 0ppbRth ¥ T £ES Hol1 Stk f8 HEHY AU 3] 59 NO, % #F
A-oF &Y 772l o 5-5Qt B7EeE A3 ¢4t (Dario Camuffo et al., 2001) 279} H| AL 55
olgrg]ote] Correr Museum©lA 9.9ppbollA 11.5ppb 2 2 Aot vl T 5 E& HAoH
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S Pl Y5729 80 BE BY Yo 2}

2 AEF o} Kunsthistorisches Museum @ AW37] 5 NO,9 X $£F2 21.0ppbolAl
44 8ppb = 2 Aol vlgte] 2 EEE Ho|1 Q%lth Rn9 ¢ A ¥rE oA 0.3pCi/¢, B B
E3oA 2.3pC1/0, C BFETo)A 0.3pCi/t & RAE YL B BFE o)A Rno] &A RALE o]¢-
£ E%¥ 719 E421 Rnol Agte]l §A]8kaL Q= 4L SOl A A ZAE o] 2 wehE o] Xt
TVOCY] 749 A HHEo] Al oflA] 1,891, 4ug/m'E 71 & S S Hol1 9lon B B Tof A
1,442 Tug/mi, C ¥ oA 794 6ug/m’C 2 B 2 39 TVOC EX & Ho|1l Q= Ao &2 %

Table 3. The concentrations measured of gaseous pollutants in each museum

Pollutant  Museum N Mean S.D. Min. Max. I/O p-value
co: A 6 612.0 270.7 426.0 1083.0 1.7 0.10
B 1 825.6 567.2 387.0 1710.0 2.4
(ppm)
C 9 5481 1075 397.0 695.0 1.6
A 6 707 319 39.6 106.8 - 0.00
HCHO
B 12 257 17.8 7.0 732 1.6
(ug/ m°)
C 10 76.0 35.5 36.1 130.3 -
o A 24 0.3 0.1 0.3 0.4 1.4 0.00
B 48 0.5 0.1 0.3 0.6 1.4
(ppm)
C 48 0.2 0.1 0.1 0.4 1.3
NO A 24 2.2 0.4 1.6 2.9 0.4 0.00
B 48 7.0 2.6 2.6 12.4 0.5
(ppb)
C 48 14.0 36 7.6 177 1.4
5 A 0.3 0.1 0.2 0.5 337 0.01
n
) B 2.3 1.3 1.1 3.6 23.3
(pCi/0)
C 0.3 0.1 0.2 0.5 1.3
A 1891.4 524.2 1357.0 | 2836.2 58 0.00
TVOC
B 1 1442 7 446.8 798.1 22161 7.8
(ug/ m°)
C 10 794.6 207.4 5066 | 1042.6 58
o A 24 0.9 0.7 0.1 1.8 0.0 0.00
B 48 2.4 2.1 1.2 97 0.0
(ppb)
C 48 58 3.6 1.8 12.6 0.2

N : Number of data, S.D. : Standard deviation, Min, : Minimum value, Max. : Maximum value, 1/0 : Indoor
concentration/Outdoor concentration ratio
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AFE| QUTE, A2 59 Aol A AATRE
A 4,000ug/m*e] REE Holil Q= 7

= Formaldehyde®} o] & ¢15-9] Afof Hlslo] £ Ao 2 AtrHrh 0,9 A9 A
BHE oA 0.9ppb, B BHETIA] 2 4ppb, C BHEOlA] 2.8ppb 9] FEE Ho|aL Qlolth ol C
HHE Y] A9 AU 0,9 F8 WYL Ests AR A0 S H A 5& Fdle] 9 37

9 001 A 2] felof 7|9 d A2 oA X,

=]
0z
1o

3. HiSEHE n| M=o X

Table 404 LWtAlte] 5= +E2 AAISHUT B HEolA 156, 3cfu/m’ e 2 £AFE|o] A H)
S0 AYE7] F Bt EEel 94, 8cfu/m'd} C HE ol A @] et 5EQl 12 .6cfu/m’E T & 5
WS Holal itk B Bl o] A Aol SRSkl QlE AL C HEtof vlsl ALzt KR
Alsto iAjstaL Qlglom mdE 4 G B Aol &sto] AAArE ol X8kl ld Ao
Ot FFo] U 7| Ao r Helr Iy nAEd LHE=EY B8 37 FY sEEue= A

Al Z3HA o] FFE & e Aol e SAS 7 mAEY F& EFcke Aol B et Ao =
& Aol o] FofX|7|E 7|t E3F ¥7] Fo nAAEEE ofy 2 Al Z3A o] F2FE|Sl=

F2A o] tigk F7E7} o] FojXof & o & Abm Er),
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re
5

-101
oZ

Table 4. The concentrations measured of microorganism in each museum

Pollutant  Museum N Mean S.D. Min. Max. I/0 p-value
. A 6 94.8 467 43.0 180.0 2.2 0.02
B 8 156.3 184.3 48.0 607.0 43
(cfu/m?)
C 12 12.6 9.1 2.0 30.0 1.6

N : Number of data, S.D. : Standard deviation, Min, : Minimum value, Max. : Maximum value, |/O : Indoor
concentration/Outdoor concentration ratio

4. o380 MAMS| YAy =22 5= 2X

i

519} HA Aol AR B 0] BES Table 50 A4 SHITh PM,] %
74 117, 3ug/nt, WA AGIA 49, 5ug/m'E 242 ZAFEIQITH, PM,, 9] A9 E3h
/o 2 A9 56 lug/mR T e 0 5ES Kol T k. dtHow WA o] &8
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LAA I AR BAY 0GETt 5 AR oJAAL & A7 A o
T e
71918k A0 2 Hoj itk E3 23] B44F 2ol ArtEolA & Aol oJste] WA AA B4 5
o] AN Ale] Hlako] % ol ojx|x] Eah gl AR OR uAF WA U4 A HHTt S 30

O] FET7F B 231 e AL 2 AA X,

Table 5. The concentrations measured of particle matters in storage and
exhibition halls

Pollutant Site N Mean S. D. Min. Max. p-value
PM Storage 8 173 124.0 7.2 361.4 0.3
(ug/ m) Exhibition hall 4 495 21.3 306 79.9
PMs Storage 7 92.6 78.2 221 228.9 0.40
(ug/ m) Exhibttion hall 4 56.1 27.4 278 80.8

N : Number of data, S.D. : Standard deviation, Min. : Minimum value, Max. : Maximum value

el AAJ el A7) 5 7AY QA EAS FE $£FE Table 69 AASHATH. CO.2 7
ZFarof| Al 788.8ppm, HA|AOIA 475 2ppm O E ZAFE T, Al HoA CO0 T o] FF

&5

59 AF Ao AAH 332.3ppmollA 497 5ppme] Hk& $FEI} Hl*iz i 545 Hola QL
ot 4704 9] CO,9 FlE+= 321.0ppmol| H|Eto] w2 £E-& Ho|aL Qi) o] At F A
HFE O] s AP RE HE O] 3 Al“ﬂ AR Eo] A Aok o %‘%J & Al Apgel W
= Qe T2 2 Hol = Ao 7|9l Ao & HehEojAth Formaldehyde ] 4-$-ole 4411
o Aol A 30, Tug/m’, A AdoA] 94.1ug/m'*£§ AN AN 22 5 58 Ho| L it} o] 2

e g5 59 AFtoa Al HHEHS A S ® 3 Formaldehyde® %% 42321 0.05ppmol

Hlgho] e g Hol 4 Qlo, U AAJ o] 73t vlste] & S He ol A
£ 9Isto] AREE= the ASsAA et v FezRE YQld Aoew B 5 Qi
Formaldehyde®] 7-¢- ZE54tC 2 ¥ Al £3H49] M 5 &4& & & Q= 7Fs ol &A1)
ool FFo] AFLE Foto] oo gt FeHeh WY AL o] atE o] Mk, CO9 A wEH
Aol Ao 5o WA o] EAskA] ¢har glof o F7] 9] felof o3t o r A 4 gl

304 0.4ppm, A AA 0.3ppmeE RALEQICE, o] o] F 5o A4 A H %
I 0.77ppmt HA AL 0.48ppmollAl 0.7ppmEth OFF R F £33 Hoj il gtk Al
SHE o] 4 B3 Agslo] Aitog Il 3 2B 7o A S ASAAY dRE A= 5
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Tl g & e AR I9ER AWET] $9 NO.9 #E7t Fag guE e 3 4 9l
FA Y] AU F7] F NO.9 Hit g 6.4ppb, A AoA &) Bt Fle= 12.4ppb & HA| Aof|A]
ST BlE] & £EE Hol 1 Qi) o] 252 D. Camuffo 5(2001)0] oJ&f ojgtg|ote] ul-&
o A 243 NO,2| H= £%<1 9. TppbollAl 16.2ppbe] EEZ &} vt AF-S Ho| il gt} E3,
o|FF 5o AT A} AAAREHE o] HAJ A (16.16ppb~17.26ppb) T3 (10, Tlppb) Bt &
FEE HolAl 9l Ao RAEQ, ol £ 19 He AaASHE S 54 WA o] glom At
T o] AlFtE o] 3| ago| I3 W2 WA Z AAASET} 2 LAEES A =2
Helth Rno ¢ #430A 1.3pCi/¢, AAIANA 0.3pCi/ 02 ZHzF ZAME QL B9 7|1 23
?l Rn®l %% B #HE#9 49 BE 417 Agko] YAk ol om ¥ 1A § =5 9 AR g
&8 Ao o3t At g Ak Eoh, TVOCY] 749 JA] #3310 AW37] Foll Al 1,374, dug/m'= A
AR O] et w1l 1,179.1ug/m'E T & 5% Bo| 1L Qi) ol A ¥EHe] #4110 Ze ¥ i
o] FRJAE AE g7 2 7)Ao Y7 59 AME o]-g-3tal Ut E3 V| AA
o] gl ol I oE HEH ARV SEEC] w5 A2 gAY, B BHEH] 4119
Ae-ole FALAE ol FAHAE AR T2 AL e A FE2EE Axd Aol
U 5ol A4 Foto] olef Z& EAMA 9 A5A Fol o3t JFS HWrtejor & AR AR E
ot 285 5o ASEERS YO ® TVOCE AN A7 43S A By 3104 <F 3,000
ug/m’, HAAOA oF 4 000ug/m'e] 2 FE $E& Holil 9tk ol FUAR7IsE S AL
AEY ASA7IE R U Eox] = B o] thE& 9u|sty F5 9] 15 Foto] ofof tigt 3 o]
QoK 0,9 A o)A 2. 4ppb, AAAHA 5 2ppbE ZFZF ZAMEGITE 02 NO,9

399 mP A 2 YR QJRFT) Kol ofl o3t Ao g whdEn o] o] 3 Fo AFAuol A HA|
Ao Al 2 5pphollAl 3.46ppb, 4 LolA 0.77pph & ZAFE AR} o] vl & AJ7kol| wh2 QH4 A2l

T BEXE Ho|al Q)
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Table 6. The concentrations measured of gaseous pollutants in storage and
exhibition halls

Pollutant Site N Mean S. D. Min. Max. p-value
CO: Storage 17 788.8 4671 387.0 1710.0 0.06
(ppm) Exhibition hall 9 4752 541 3970 562.0
HCHO Storage 18 30.7 16.1 7.0 732 0.00
(ug/ m) Exhibition hall 10 94.1 25.4 46.1 130.3
CcO Storage 72 0.4 0.2 0.1 0.6 0.00
(opm) Exhibition hall 48 0.3 0.1 0.1 0.4
NO. Storage 72 6.4 29 1.7 2.4 0.00
(ppb) Exhibition hal 48 12.4 6.1 1.6 17.7
Rn Storage 6 1.3 1.4 0.2 36 0.19
(pCi/Q) Exhibition hall 4 0.3 0.1 0.2 0.5
TVOC Storage 17 1374.9 404.7 798.1 22161 0.4
(ug/ m) Exhibition hall 10 179.1 800.8 | 5066 | 28362
Os Storage 72 2.4 1.8 1.2 9.7 0.00
(opb) Exhibttion hall 48 52 43 0.1 12.6

N : Number of data, S.D. : Standard deviation, Min. : Minimum value, Max. : Maximum value

SrEe] gt AA A S AREAIE Y] #EE Table 70 AlAIskL ATk, 7 alo] A
119, dcfu/m’ S 2 HA Ao A 2ALE 52 24, 8cfu/m B ot &7 ZAEIL o
A A5 H AR o Ao A BEbo] A9 giglern] 53] £ o

E
A0S ol FFLE FA LA AR

4o
¢

%o FEO EREG Bo|W Yt A0 BHHELY, 4
A1 4G v RS A SROHE A G GFS F 4 e B Tete] 3T o) g 2]
W ol 59 A7 Foto] Y HoiAof 3 A0 2 AR He}

Table 7. The concentrations measured of microorganism in storage and
exhibition halls

Pollutant Site N Mean S. D. Min. Max. p-value
TBC Storage 14 119.4 148.2 12.0 607.0 0.04
(cfu/m’) Exhibition hall 12 248 274 2.0 87.0

N : Number of data, S.D. : Standard deviation, Min. : Minimum value, Max. : Maximum value
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