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Assessment of VOCs Emission Characteristics from Building
Materials such as Wall Paper, Paints, and Adhesives
Using Small Chamber Method
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Abstract

Building and furnishing materials and consumer products are important sources of volatile organic compounds
(VOCs) and other aldehydes in the indoor environment. Some available evidence indicates that VOCs can cause
adverse health effects to the building occupants and contribute to some of the symptoms of what we call, ‘Sick
House Syndrome’ in Korea. The aims of this study were to evaluate the efficiency of emission system and to
investigate comparison of the emission characteristics of different building materials such as wall~-papers, paints,
and adhesives. The emission of VOCs from building materials were determined in the small chambers defining the
temperature, relative humidity, and ventilation rate in this study. VOCs were sampled for 20 minutes using Tenax -
TA tubes and analysed by GC-MS with thermal desorption. The stability of conditions for temperature and
relative humidity in this small chamber system showed that the fluctuation of temperature was between 25.4+0.3°C
and that of relative humidity was 50.2+0.6% under the airflow rate of 167 mL/min. The emission tests from
building materials resulted in TVOC emission rates of 0.011~3.108 mg/m’h after 7 days. The general wall-papers
emitted toluene abundantly and the natural wall-papers mainly emitted n—butanol and a minor amount of alkanes
compound such as n-tetradecane. The remainder consisted of toluene, m,p—xylene, and styrene. The paints mainly
emitted toluene and the.adhesives mainly emitted chloroform as well as toluene. As a result, this study is expected
to suggest meaningful data for future studies in exposure control through selecting healthy building materials and
for the establishment of guidelines for various building materials in Korea.
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Fig. 1. Schematic diagram of smail chambers in this study.
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Table 1. Summary on characteristics of emission cham-
ber in this study.

Item Contents

Oilless type air compressor &
flow controller

2 stage (6 filters)
Thermostat chamber (PID control)

Air compressor

Air cleaning system
TEMP control system

TEMP accuracy 25+ 1.0°C
Humidity control .
system Water air bubble type (Temp. control)

50+2%

Mix reaction coil installed
(patent application) -

SUS 304, EP processed

0~29psi

Teflon packing, volts, included holder
167 mm X 167 mm

Mixing coil, 1/8” & 1/4” teflon tube
PC software monitoring & memory

MFC installed pump : option direct
sampling

220V, single phase, 7kW
Basic standard installed

Humidity accuracy

Dry air & wet air
mixture

20 L chamber

Chamber pressure

Sample holder

Test specimen size

Tubing system

Data process system

Sampling pump
system

Power

Filter life timer

Indicator for filter 2 stage installed

exchange

2.16 m¥m? (solid materials),
0.4 m%m?® (liquid materials)

0.5+0.05h™"

Product loading factor

Air exchange rate

Note) TEMP: temperature, PID: proportional, integral, differential, EP:
electropolishing, MFC: mass -flow controller.

oot AZAA A 2] FuA 47 e v R w
& RAHEIES YESAL px g fud 9%

Wol e 4 ez WIAY A & x 7
7 25+1°C, 50£5% 2 YA -,rZ]EJEi 6]-930
o, ASAA AN e Agd 2dEde v
FE HAs] A A o e %—7]794 %
= 3 iAsert =S ot webd 2
TFAME & - = 248 A8 AT ) A4
€ AA Aoz ZUEF| rhestes 3
o, AME 7] A 9718 gAY = o
AR E v= 9ee A4 A 4999
7) At AN el AAR 371dE vl
o= 4% 3717 flE A gl

5
mh'- l

2 o

2.2 AR =] 2 xH
HEAHE A7) A A wArss 24
3l7] f8l AEE WA o4 AlElelA 24417 A3}

g7l R 21 W A2 5

F ARE AR e 9 2d
& 77 e Ame dolop s}i, 25845715}
TE(TVOO)] w752t 20pgm’ o|5h8 %ag

2 s dAAA 2 A4 Azs)abe A F
Wbl Agatel] o) Alz=Em x4 32 I3 7}9_
2 shen, & A AES 29 2m 459 3
FHeE AlgHe] gFe] Alno 7] vk 7
3HA Sk, HEE FAER: Alo] el ew
AHRE AF AT B3R A7 o, = e
#7) ol ks WA AxF HFd e} slme
d2ulg A ZANZ H3 HEE W (teflon
bag)ell do] g3 RS YAz sy A=
R ARE %‘% Fol BTl AFY 5 Az
U Azws 5 7)AE e =3 F AH A
7HA] A § = %‘3—-12‘} 2 - FEAA BIsE AL 4
oz duct A4 AE F wdE © HAFAL v}
Baoz ALHE 2% Sl 300 gm’ (+£5%)
x2A =xde, §4 A= A 19 (2447
Az F 448905 29 Az o AAsIgT =
T AFA S A AelA 6087 ARAIZ] Fol
A el dAjstsdc.

2> o
m&-lim

o]gA FHIE A&E TAEC] AX T x|
U3 AL 7Y Feoll, Ak 3 Fol A
28 AFsigen, A A2 te Pgue g

717 43 AN 72 Yo 7 (v%*t 167
mL/min)Z Tenax TA & &3 (60/80 mesh, 200
mg, Supelco) & AH&-3te] 20+ F<t AFHsc =
T =9 7l1Est wmgst FAlol "17}'737Jr°ﬂ o
Wae galshr] Hste] Aaisr) o R F579
Wzl dsiA] FUdT AHE 27t A 711—4 el
A 1,3, 79 14 A} F9 WEEE 243}
Rt

2.3 RYUSE 24
HUY 71 GEe) £ 918 BEPRL( ppm,
EPA TO-14 39 compounds mixture gas, Supelco)S-
AYste} AN R SRl 2HD S UES 0.1~1
ppm Atele] 37 o)4te] EFBAE Axslel AP
Mg Agstenh 249 P8 VOCe) A4S
Ase A3 nE 249 HYASE 0997 ol4e.
2 $ARUG (R AN 258, of
el A & 18] Sls 19




2L o) 48 A&AA F A, HAdE W FAA ] VOCs EEA 7k 195
TIC
30000000 T30°500,000 3 § R ; %
25000000 , $he 2 &, : ok
5 = 5 o8 3 I *
: ' FH 8 : i
> 20000000 : HILE i oz
§ 15000000 i s S L3
= iy g EOE 3
10000000 5 A ¢ : oz .
s & L ]
3 5 & A s
5000000 . i 1 :
58 Nl& H
0+ : : . ;
1.0 10.0 20.0 30.0 40.0 45.0
min
TIC
70000000755 600,000 H 2
60000000 =
2 50000000
£ 40000000 |
= *
30000000 P
20000000 % % 3
g g
10000000 B E %i b
MR IR
1.0 10.0

Fig. 2. Comparison of VOCs of total ion chromatograms

Table 2. TD-GC/MS operating conditions for the analy-
sis of VOCs.

Instrument Specifications

Cold trap type Alir monitoring trap

Tube 250°C (15 min), 50 mL/min
Cold trap —10/250°C (2 min)
TD | TEMP Transfer line  200°C
Valve temp.  200°C
Split | Inlet/Outlet  Splitless
Carrie gas & flow He (99.999%), 2.0 mL/min
Injection volume 2uL
Split ratio 10:1
Ge Column VB-1(60m X 0.25mm X 1.0 um)
40°C (6 min) — 4°C/min —
Oven TEMP program 180 C/:mn (0] rpln) — 29 C/mln
— 250°C (8 min) — 40°C/min
— 320°C (6 min)
Mode EI (Electron ionization)
MS | Electron energy 70eV

Detection mode TIC (Scan), m/z : 35~ 350

Note) TD: thermal desorber, GC: gas chromatograph, MS: mass spect-
rometer, TEMP: temperature.
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Fig. 3. Variations of temperature (A) and relative humidity (B) of this chamber system for 7 days.
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Table 3. Comparison of supplied air quality and back-
ground TVOC concentration.

Sampling status TVOC (ug/m®)
Before the filter system (outdoor air) 217.44
After the filter system 19.85
Chamber system 18.94

Table 4. Performance evaluation of thermal desorber(TD)

system.
TVOC (ng)
£ Difference Recovery
™ DI ratio (TD/DI)
Primary 2220.90  2151.50 69.4 1.03
Secondary  2164.09  2293.64 129.55 0.94

Note) TD: Thermal desorption, DI: Direct injection

Aexi 21744 png/m’Ge). 28} o) & 6%k HE]
33 ¥ TVOC F=x F43] Ztasl]
Fx 71Fe A3 2 (TVOC : 20 ug/m’)el] 2
Aslolm, Awe] 279 = =i 7his)gict
aetA FHFF7IAL WA s ws Yol 2 As) A
WAl ago] M3 Aoz wdhE g

ALAARNE Grlebr) Sla Aol H=de) =
F 1uLg A4 GC/MSel| F9d3te] BA3} o,
Ze nyle] mENe AT TN £ 99
GCMSE AA FdxA3l 23] £43 TVOC %
<+ vag 234g = 4o Jepide dHAAR S
ARE d2} AHFY P& 9] TVOC o] 3~6%
o] zpol7} vieh} B Aol A" deabgx)e)
AL 43 oz =g

o
_

o rulm

3.2 ANZHdte] mE 2HEH WEESM

2} 2%l 3] AzbHS| wE WEES A
T Az 27 49 o] Az at=t TVOCH
WEEE Gak sk Ade Jeblode 19 &
2} TVOC Hr&& 1.502 mg/m2h°] 38l Zo= oF
43%7} Zraslgon, 79 F= 57%, 149 Fel=
59%7} Zrastel, 74 olfoﬂ &g g o}
Y& st

]2 gt A|zbel] whE W}E7 e g a7
A2E3} 9xske= A2 A Clausen er al. (1991)2
43 H A= A 197k A7|zbel] AR AwA
& A3 A3 AL 5 AHEY VOC 3571 F

= 0
e

F =, e 8l AR 9] VOCs H.}%—E—“ 27y 197

o oy - -
% o [N} i
| ] h )

Emission rate (mg/m>h)

g
=
f

=
o
(=1
o
»
=N
o0
=
I~
=
>

Day

Fig. 4. Variation of long-term TVOC emission rate from
wall paper.

by - g
=3 o8 =3
N " 7

Emission rate (mg/m?h)

@
n

<
<
T

Urea/Melanin/Odor - free urea

General/Natural ~ Oil/Water—type

Wall paper Paint Adhesive

Fig. 5. Comparison of average TVOC emission rate from
building materials.

Z3l7t Ak Zashs A Jeligiche o
sledeh. =3k Nielsen et al. (1994)& o= #xz] ¥
QEMAN WEHE T 279 Iubdgr)sigrEe)
A Zb7d 2ol w2 E-8-& 2AFSE A 1,2-propan-
diol9] 7390l 14Ye] 145 pg/m*ho] Pl wrE8-o)
28%01]—5 30ug/m’hz FA3F) 72H4ade pusigo
], 2-butoxyethanol®] Ao % w}3r}x 2 140
= 33ug/m’hell A 28<el)= 4 pg/m*hz fAsA v
F&el e 2asiolr

J. KOSAE Vol. 21, No. 2(2005)



198 oMz - A7) - 284 - AAY) - V)5

Table 5. Summary of emission rates of building materials.

(Unit : mg/m’h)

Building materials

General Natural Oil-type  Water-type _I;I;z?n NF;}:::;I] E)rgir-_rgfi
wall paper  wall paper pamnt pamt adhesive adhesive: adhesive
N 4 7 1 1 1 1 1

TVOC 1.4210 0.3340 3.1080 0.0650 0.6230 0.0110 0.3090

Chloroform - - 0.0038 - 0.0088 0.0025 0.0063

1, 2-Dichloroethane - - - - - - -

1, 1, 1 -Trichloroethane - - 0.0063 - - - -

1, 1-Dichloroethylene - - - - - - -

Trichloroethene - - 0.0113 - - - -

n-Butanol - 0.0115 - - - - -

Benzene - - 0.0013 - - - -

Carbon tetrachloride - - - - - - -

t, 2-Dichloropropane - - - - - - -

Trichloroethylene - - - - - - -

Toluene 0.0032 0.0009 0.2425 0.0225 0.0175 0.0050 0.0075

Tetrachloroethylene - - - - - - -

Chlorobenzene - - - - - - -

Ethylbenzene 0.0001 - 0.0100 - - - -

m, p-Xylene 0.0001 0.0008 0.0075 - - - -

Styrene = 0.0005 - - - - -

1,1,2,2~Tetrachlorobenzene - - - - - - -

o-Xylene 0.0001 - - - - - -
1,2,4-Trimethylbenzene 0.0001 - - - 0.0125 - -

1,3, 5-Trimethylbenzene - - 0.0188 - - - -

Nonanal - 0.0010 - - - - -

n-Dodecane - 0.0005 - - - - ~

n-Tridecane - 0.0008 - - - - -
n-Tetradecane - 0.0023 - - - - -
n-Pentadecane - 0.0002 - - - - -

Unidentified 1.4173 0.3164 2.8313 0.0338 0.5538 0.0075 0.2788
Note) Dash is not detected.
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