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Indoor air quality is an important environmental issue especially for multi-use buildings because many peo-
ple can be readily exposed to air pollutants. In this study, we collected air samples at eight indoor sites in a
new library completed in 2009. Our target compounds were hazardous air pollutants (HAPs) such as form-
aldehyde (HCHO), 48 volatile organic compounds (VOCs), and 16 US-EPA priority polycyclic aromatic
hydrocarbons (PAHs). Their concentrations were 17~124 pg/m? (mean: 37 pg/m?), 41~90 pg/m® (mean: 59 pg/
m?), and 19.5~94.7 ng/m® (mean: 37.4 ng/m?), respectively. The highest concentrations of HCHO and VOCs
were measured at an auditorium, while the highest concentration of PAHs was measured at a supercomputer
room. The main source of HCHO and VOCs in the auditorium seemed to be new furniture, and that of PAHs
in the supercomputer room might be circuit boards and chips in computers. The spatial distribution of HAPs
in this library suggested that ventilation was a key factor affecting the levels of HAPs in the building.
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Table 1. Target compounds in this study
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Types Compounds
Acetone, 2-Propanol, Methylene chloride, 1-Propanol, 2-Butanone, Ethyl acetate, Hexane, Chloroform, 2,4-
Dimethylpentane, 1,1,1-Trichloroethane, n-Butanol, Benzene, Carbon tetrachloride, 1,2-Dichloropropane, Bro-
VOCs modichloromethane, Isooctane, Trichloroethylene, n-Heptane, 4-Methyl-2-Pentanone, Toluene, Dibromo-
48) chloromethane, n-Butyl acetate, n-Octane, Tetrachloroethene, Ethylbenzene, mp-Xylene, Styrene, o-Xylene,
n-Nonane, Alpha-pinene, mp-Ethyltoluene, Decanal, 1,3,5-Trimethylbenzene, 2-Ethyltoluene, B-Pinene, 1,2,4-
Trimethylbenzene, n-Decane, 1,4-Dichlorobenzene, 1,2,3-Trimethylbenzene, (R)-(+)-Limonene, Nonanal, n-
Undecane, 1,2,4,5-Etramethylbenzene, n-Dodecane, n-Tridecane, n-Tetradecane, n-Pentadecane, n-Hexadecane
HCHO Formaldehyde
PAHs Naphtalene, Acenaphtalene, Acenaphthene, Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene, Benz
(16) [a]anthracene, Chrysene, Benzo[b]fluoranthene, Benzo[k]fluoranthene, Benzo[alpyrene, Dibenz[a,h]anthracene,

Indenol[1,2,3-cd]pyrene, Benzo[g,h,i]perylene

n-: normal-
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Fig. 1. Locations of sampling sites in a new library (a) and sampling photos (b).

Table 2. Description of the sampling sites

Sites Utilization Ventilation Furniture and Equipment Bottom material

F1-1 Auditorium Irregularly  Table, Chair, Rostrum Concrete, Carpet, Plywood

F1-2  Supercomputer room Irregularly  Supercomputer, Thermo-hygrostat Concrete

F2-1 Learning commons 2 times/day Table, Chair Concrete, Carpet

F2-2 Learning commons 2 times/day Table, Chair, Computer Concrete, Carpet

F3-1 Learning commons 2 times/day Table, Chair, Computer Concrete, Carpet

F3-2 Learning commons 2 times/day Table, Chair, Computer Concrete, Carpet

F4-1 Monograph and multimedia 2 times/day Table, Chair Concrete, Carpet
collection room

F4-2 Monograph and multimedia 2 times/day Table, Chair, Computer, Bookshelf, Concrete, Carpet

collection room

Books
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Table 3. Concentrations of VOCs and HCHO at each sampling site (ug/m®)

Compounds F1-1 F1-2 F2-1 F2-2 F3-1 F3-2 F4-1 F4-2
Acetone 9.14 7.12 5.40 7.36 4.10 5.10 5.08 5.48
2-Propanol 2.01 N.D N.D 0.81 N.D N.D N.D N.D
2-Butanone N.D 1.30 335 243 2.14 1.14 0.90 1.98
Ethyl acetate N.D N.D N.D 0.81 N.D N.D N.D N.D
Hexane 4.58 1.05 1.10 1.57 1.58 0.82 0.82 1.69
n-Butanol N.D 8.66 N.D N.D N.D N.D N.D N.D
Benzene 3.17 2.13 2.26 1.77 1.82 1.90 1.86 1.62
4-Methyl-2-Pentanone N.D N.D 1.62 N.D N.D N.D N.D N.D
Toluene 10.8 174 153 9.36 31.8 24.1 173 26.9
Ethylbenzene 2.87 12.7 1.46 115 1.43 135 1.57 2.54
mp-Xylene 3.24 15.0 243 1.80 2.03 1.97 1.68 2.52
Styrene 1.26 1.97 2.15 0.59 133 0.55 0.75 1.64
0-Xylene 0.91 6.13 0.99 0.76 0.93 0.85 0.67 1.04
mp-Ethyltoluene N.D 1.49 0.25 N.D N.D 0.64 N.D 0.27
1,3,5-Trimethylbenzene N.D 0.69 N.D N.D N.D N.D N.D N.D
2-Ethyltoluene N.D 0.26 N.D N.D N.D N.D N.D N.D
1,2,4-Trimethylbenzene N.D 1.84 0.48 N.D 0.75 0.77 0.28 0.77
1,2,3-Trimethylbenzene N.D 0.29 N.D N.D N.D N.D N.D N.D
Nonanal 40.9 N.D N.D N.D N.D N.D N.D N.D
n-Undecane 4.23 N.D N.D N.D N.D N.D N.D N.D
Decanal 4.14 3.29 6.17 105 6.93 5.41 3.10 5.15
n-Dodecane N.D N.D N.D N.D N.D 0.71 2.16 N.D
n-Tridecane N.D N.D N.D N.D N.D N.D N.D N.D
n-Tetradecane N.D 1.07 2.24 2.13 2.64 2.36 1.91 2.61
n-Pentadecane 2.40 N.D N.D N.D N.D N.D N.D N.D
n-Hexadecane N.D 3.80 N.D 1.33 1.65 2.27 3.13 437
Total VOCs (245 VOCs) 89.6 86.2 45.2 42.4 59.1 49.9 41.2 53.5
HCHO 124 21 30 17 23 31 19 34

“Twenty two compounds are not reported in this table because they were not detected at all the sampling sites.
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Table 4. Total (gas + particle) concentrations of PAHs at each sampling site (ng/m®)

Compounds F1-1 F1-2 F2-1 F2-2° F3-1 F3-2 F4-1 F4-2
Naphthalene 11.1 26.3 9.96 - 4.04 12.6 5.12 5.90
Acenaphtalene 0.54 1.53 0.31 - 0.22 0.30 0.26 0.19
Acenaphthene 4.53 6.49 493 - 2.55 2.54 2.09 2.36
Fluorene 9.48 234 6.23 - 4.78 4.45 391 4.04
Phenanthrene 11.0 284 6.77 - 5.24 6.55 3.87 5.01
Anthracene 0.57 2.69 0.43 - 0.44 0.64 0.44 0.59
Fluoranthene 2.61 3.78 1.51 - 1.90 1.72 1.60 1.41
Pyrene 1.84 2.20 1.08 - 1.62 1.35 1.35 1.32
Benz[a]anthracene 0.10 0.03 0.05 - 0.06 0.05 0.07 0.04
Chrysene 0.18 N.D 0.14 - 0.10 0.11 0.22 0.08
Benzo[b]fluoranthene 0.30 N.D 0.18 - 0.11 0.15 0.27 0.10
Benzo[k]fluoranthene 0.09 N.D 0.06 - N.D N.D 0.08 N.D
Benzo[a]pyrene 0.12 N.D 0.06 - 0.04 0.06 0.09 0.03
Indeno[1,2,3-cd]pyrene 0.14 N.D 0.04 - N.D 0.06 N.D N.D
Dibenz[a,h]anthracene N.D N.D N.D - N.D N.D N.D N.D
Benzo[g,h,i]perylene 0.17 0.02 0.10 - 0.05 0.07 0.10 0.05
Total PAHs (X,; PAHs) 42.8 94.7 31.8 - 21.1 30.7 19.5 21.1

“The sample at F2-2 was not collected because of complaint about the noise of high volume air sampling.



2). o] AAL Fih duloAE /A = 73
HFEEEA 2 %’“/\V o] AA|xle} 9lom, HulE
ZroA] X&) A s R Qs Z)A
519 0k B e A0 ARk, w0 4
AT A7 MEAY 7FsAo] Ak, AFE 4
Y Fepey 829 JAHwA tebiEs)
G271 MED 5 Q7] PRIk 3~4% A HolE
20~31 ng/m® 02 W&a] Uepkou), Fal A
Hold 7P aremel Akt FE@1ngm’yh A&
Hch F4-1 NEe gelE dakazx 2 wyke] A}

LE= 77, A &R, AFE So] o9dY
7FsAdel Atk B, AUl A-8E 7 A Eo]
A2 tEgEReeas EsheA T Pa
7F ot

B F BEI§AENN TEgEEss
odATE W vlFse, AT A1E
A QgkemR J)E FH ATES B AT FEs
& Ukl SRl B ol Ao
Gl TS 77t AR 02 o] ol

i

¢
|
g
i
s}

25
@ Particulate B Gaseous| 100

Gaseous concentration (ng/m?3)

Particulate concentration (ng/mq)

F11  F1-2  F21  F31 F32 F41 F4-2

Fig. 2. Concentrations of particulate and gaseous
PAHs at each sampling site.

[Nl
<

VOCS II50 pg/m3

RO SR o P A= e

HCHO I1 30 pug/m?

£ sjotap] ¢l
3]’°i‘:}(Flg 3). 1ol
olFolx)7] ek 152

2
il
i)
e
t“r
6
r—lm
Kl
il
i
ﬂlf o2
oZ:

AE3 upeh 2ol, 717t %
AlERH AHESIM ZE

FEo] =& F=E e
t}. 53] F1-13 F1-2 A2 o] &xlwr} we U
7ro2 F1-1 (th7de]d)els ZE2ddsi=rt e A
el vls] i oY T2 FEE YERIT XEU)
S == OEA, 3, T ;1(:1_—}' | ol ARSEH W&
o] AlZte| vt} hashke ZoR dEA] don

219 A7) F ek A7) A we) 7ad
Aoz . BeEssleL] 49, FlaG
SIREDOIN The Aol sl 2~ o ke
EE el olsh o), 7140 7)) of

oAt 243 T} T WA 13 0] B
Aol g AT

A, 2~4Foe Pe —%—omg =42 4o] we}
Tt O AeZ Ueth 2, 3F5olAe €84 9]

847} B Aol 3 *é% et et
gslra s 9otk o] Aike o] 8AEe] B
ol B)o] me sAEoE o 45 dR
Ao E o] JGH A R8s =
I TEGUF =T EERE AEEA=, ol A
olsh Bl AMEE TIFE AR WO WO,
n) = Wbk 28k3) (American society of heating,
refrigeration and air-conditioning engineers: ASHRAE)
©] TASHRAE Standard 62 1989, 299} %LH Fojgol
A So] A Igue, D WA, 2R
&, olilsleae] FEE HAIA| olstE ‘ITX]E]"C’ 3]
4ol itk & A7o] e e AHAE W B

Total PAHs II“ ngim?

Fig. 3. Spatial distribution of VOC, HCHO, and PAH concentrations.



oo
o)
&\_r‘l
do
o,
i
2
™
b
o
i

AT 317] offe) Hwol uet AUedEd F
TE 43 AolE YepER, F7)¥o|a TS &
7158 B3l AR AUede AR & dS A
o|t}.
4. 4 =

20099 FFE AlE TAFA FF71EIRHE,
EEHU 8| E, gehaseslrie] seaEa X4
W RIS AR 43, Ar1Ho= 3|7} o] Foix e
Frof vl |7F BT oM w& FEE HE
HJT} A& o] gade 7|E AR "o}
o FYAxHoR I Aoshs AS7) B

el g B} BoFse Ho] gome olgA A

e dEste] el Bale 7ok k. Se] A
THe] FeEdR dEiRl IEdHs|ETT USeld
A AWE7E 71Ee 2AsIleRE, ol g 4
A3 thFe] ey tehidStslead] AUy
of et A7 =l Bo] o] Fojx|A] edstor,

tol A AligrId TEE gleng, 5 A&
]_

el A7

o] A= 20119 AF@SFsrIEF)e Ao
2 g=ATAEe] XYe ol Y AEFYTNo.
2010-0003424, No. 2010-0026716).

s

{1

m
i

L &73%, 2002. izt dlie71ed 54 3 @2
W AT

2. Z7EATd, 2007, tsolgAd Auerd de
Hlo}

[e5

.

3. WHO, 2002. The world health report, Reducing risks
promoting healthy life.

4. AT, 2007. 3= =22 N 9 2FAA 75

5. wHF, olAlE, A, ffererEx, 2005, 21,
97-104.

6. 95, &H/RY, 2002, 31, 23-31.

10.

11.

12.

13.
14.

15.

16.

17.

18.

19.
20.
21.

22.

23.

24.

25.

26.

27.

28.

A - FAE
£2d w9, &85 §5R8 7 H A5RIX], 2006,
32, 140-148
ol A, Mz, AN, fgigAseE/=, 2005, 21,
175-182
L 3A, e, v, A7), FEFE A58,

=Rk, o]FY, A AR, AEs, 271
5, ASE, AR, MY 57, 2006, 16,
54-67.

FAH. thgolgAld e
Bkl gk A
2010.
AMEAINLAT, 2004, MEA] thEolgAEe] A
W71 deizal 5 ARl gk A

7T, 2008. tHsol8A1d T Al 1A,
o|FE, AU, TUst, FFY G 55787,
2008, 8, 249-254.

Asd, AT, FFYHSF A, 2009, 9,
35-40.

AN, AES, BFE, I8, FHEIY
2002, 20, 521-533.

olFE, 4B, AIY, ferH3resl<], 2010, 46-
52.

w2d, H5,
17, 628-633.
22, gjglA=sig], 2009, 25, 301-309.

A, F7, djerd8E]7], 2008, 24.

United Nations, 2004. Handbook for the 1979 con-
vention on long-range transhoundary air pollution and

“

'——L,—jé']y

NED, P75, 2010,

its protocols Geneva, Switzerland.

C. Li, J. Fu, G. Sheng, X. Bi, Y. Hao, X. Wang, B. Mai,
Building and Environment, 2005, 40, 329-341.

A. Bhargava, R. N. Khanna, S. K. Bhargava, S. Kumar,
Atmospheric Environment, 2004, 38, 4761-4767.

D. Castro, K. Slezakova, C. Delerue-Matos, M. d. C.
Alvim-Ferraz, S. Morais, M. d. C. Pereira, Atmospheric
Environment, 2011, 45, 1799-1808.

International agency for research on cancer, 2006.
Polynuclear aromatic compounds, part 4: Bitumens,
coal-tar and derived products, shale-oils and soots.
J. Guo, Y. Jiang, X. Hu, Z. Xu, Environmental Science
and Technology, 2012, 46, 1028-34.

Y. Ren, T. Cheng, J. Chen, Atmospheric Environment,
2006, 40, 6956-6965.

ASHRAE, 2001. ASHRAE Standard 62-2001.



