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A study on the chemical emission of furnitures
using the large chamber method

Jae Hyoung Park*, Yoon-Kyung Knag, Yun Gyu Lee

Building & Urban Environment Research Dvision

Korea Institute of Construction Technology, Gyeonggi 411-712, Korea

ABSTRACT: Formaldehyde(HCHO) and total volatile organic compounds(VOCs) can cause

adverse health effects to the building occupants and may contribute to symptoms of ’'Sick

Building Syndrome’. These chemical contaminants are emitted from furnishings and electronic

equipments as well as building materials. The purpose of this study is to measure and

analyze VOCs and HCHO emission concentration from furnitures composed of wood materials

including various chemicals by the large chamber method. This paper presents experiment

results on the emission concentration of TVOCs and HCHO released from furnitures, such as

bed, kitchen, sofa and table by a large chamber(24m’). The temperature and air humidity in
the chamber are controlled to 25+1Cand 50+5% for this experiment. When the air change rate

is 05hr ', the background concentrations within the large chamber are below 50ug/m' for

TVOC, 5ug/m' for HCHO and individual VOCs.

The study is investigated the chracterization of the chemical emission TVOC and HCHO
concentrations and unknown VOCs from 6 furnitures.
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Table 1 Outline of Large chamber

Description

Volume 24m’

Temp, Humidity 25+1°C, 50£5%

Flow rate 200L/min

22 MeH Z=H| & AldH
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Table 2 Information of the Furnitures

List Image Volume Lf(; i%g;g
Double bed 2.68m’ 0.51m'/m’
Sofa - 0.33m’/m’
Kitchen furniture " 1380 210t/

(acupboard)

Kitchen furnit
itchen furniture 100 L.09nt /i

(a sink)

0.48m’/m'

0.64m’/m'
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Table 3 Operation condition of GC/MS

GC/MS GC/MS-QP2010plus(shimadzu)

Column DB-1(0.25mmx1.0pm>60m)
He(99.999%) 1.0mL/min

35C (5min)-5C/min-200C (20min)

Carrier gas

Oven temp. ~10°C/min)-250°C (20min)
Injection temp. 270C
Ton source temp. 200C
Electron energy EI type(70eV)
Mass range 35-300m/z

Turbo matrix

™ 400(PerkinElmer)
Valve temp. 195C
Desorption temp. 290C
Desorption 10min, 30mL/min
Cold trap temp. -307300C
Transfer line temp. 240°C
Split ratio 10:1

HCHO+= Al57F29] dAZFS AFA A5 F
o] 7t2RJd3gES 24-DNPHE # =433
% 5mL Acetonitrile®Z £%73%F 3 1A S AA
I = vlE 18 2 (High performance liquid

chromatograph, HPLC: Waters, USA)°] %<3}
o] ALAEFAE712 360nmolA HAEFHE =

S Acetonitrile £
A Ade] das iF
£dS HPLCE &3otel HEFdsS 2t
HPLC #4271 Table 49} %t}

Table 4 Operation condition of HPLC

HPLC Waters 1525/717 Plus
Column Aceb C-18(150mmx4.6mm)
Eluent Acetonitrile(ACS grade)/Dewater
Flow rate 1.0mL/min

. . ACN/Water(40/60—70/30(28min)—40/6
Gradient elution

0(35min))
Injection volume 20uL
Detector UV@360nm, Waters 2487
3. Mgz Y 1
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7152 TVOC 50pg/m', 7B VOC 5ug/m’,
HCHO 5ug/m'olst2 HEF A gzt & 23
S A3y

Table 5 TVOC Concentration of Furnitures

day
TVOC(mg/m')
1 3 5 7
Double bed 0437 0330 0.231 0.205
Sofa 1.653 0565 0367 0.347
Kitchen furniture
(a cupboard) 2463 3126 2098 2111
Kitchen furniture
(a sink) 5290 3425 3414 2943

Table(workstaion) 0.853 0856 0.233 0.145
Table(student) 0372 0577 0195 0.179

Table 5% Fig. 194 HdolA WEHE=
TVOC 5w AgAEFS AAMEZ S 2%
skal 1do] ZAygt $9 FX7F 0.437mg/m' = 7F

Ol

2 =A Yebuta, 790 A#E Fo odEA
WEsks 02()5mg/mi L EFET
2T (FH A AN BEH = TVOC s=e Al

|
AFS AAsa 19 AHgd F9 %Eﬂ
1.653mg/m’ & & %74] ‘JrE‘r‘)'ﬁl, 790l A Al
el 2HEXR 0.347mg/m' 2 e
T oA WEE = TVOC
= APAES AXsta 3de] Ag 99
7} 3126mg/m'e. 2 7FE = ]/}‘Iil'%}\jl 7d
T FeEe 21llmg/me® yEeElyt FHbrE
steb(d g A 3ol A WEH = TVOC T=
ANEAFS AAsta 190 43s $9o T
7F HEHNA 5290mg/m &= 7 =A JER
i, 79el A A odEd WET
2.943mg/m’ ©. % LFEFEETE

APRE Agel H49 TVOC Tt AgAES
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Fig. 1 TVOC concentration variation of the
furnitures
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Table 6 Formaldehyde concentration of

furnitures
HCHO(mg/m*) day
& 1 3 5 7
Double bed 0.032 0.023 0.023 0.023
Sofa 0.030 0.029 0.032 0.030

Kitchen furniture
(a cupboard) 0.053 0.087 0.090 0.076

Kitchen furniture g5 0058 0053 0052
(a sink)

Table(workstaion) 0.017 0008 0014  0.006

Table(student) 0.054 0061 0058  0.058
0.200
@ Double bed

£ 0 Sofa
R B Acupboard
= B Asink
20120 - B Table(workstation) |
5 B Table(student)
(0]
2 0.080
o
(@]
2
& 0.040
T

0.000

Fig. 2 HCHO concentration variation of the
furnitures

7H 243 A Aol A tolueneo] 1.332mg/m,
2.065mg/m' &2 63.1%, 702%= 7§ VOCs <}
e 7bgET o, oy & FAUY T
vi‘jr FA R T ARFFERE T

2 A7tEd, w13, FHUb 7 dRE
TAEY e, FE wigr 2 A4ZHS W7
HJAE ARG J2AE AFEs7] WE<Q
S =
Unknown =3 7]l9&s AyuEw Ao
73.2%, A9k 63.1%, AHF&AA 52.4%9 sHAYE
A 67.1%% TVOCE 71 VOCs®| 7]ole X
b= unknown =#o] AA|SHAL = 7] Tt

we Aol

o X2 jo w
U U fo

i
)
S

Table 7 Concentration of individual VOCs
from the furnitures

ethyl
Compounds benzene toluene v

g xylene styrene
[mg/m'] benzene v Y

Double bed  0.001  0.018 0017 0011  0.008

Sofa 0.002 0077 0005 0034 0.010

Kitchen
furniture 0.002 1.332 0.002 0.017  0.001
(a cupboard)

Kitchen
furniture 0.002  2.065 0.011 0.032 N.D
(a sink)

Table(work
station) 0.001 0.060 0.001 0.006  0.001

Table(student) 0.002  0.039  0.006 0.009 0.004
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(a) Double bed (b) Sofa (c) Kitchen furniture(a cupboard)
Benzene  Toluene Benzene T;é“:;‘: Berzene
0.5%  g8g% Ethylbenzene 0.6% - 0.1%
8.3%
Xylene Ethylbenzene unknown
5.4% 1.4%
Toluene
63.1%
Styrene Xylene

3.9%

63.1%

unknown
73.2%

2.8% Xylene

Styrene 0.8%

2.9% Ethylbenzene

0.1%

(d) Kitchen furniture(a sink)

(e) Table(workstation)

(f) Table(student)

Benzene
0.1%

unknown
28.3%

Toluene
70.2%

Xylene

11% unknown

52.4%

Ethylbenzene
0.4%

Benzene
0.7%

|

Styrene
0.7%

Toluene
21.6%

Benzene
1.2%

Toluene

£.4% Ethylbenzene

3.1%

Xylene

5.0%

thylbenzene
0.7%

unknown

Xylene 67.1%

41%

2.0%

Fig. 3 Relative contribution of individual VOCs to TVOC
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The Ministry of Environment, 2006, The
Study of the present condition and manage
of the
electronic equipment and furnishings

2006, ISO 16000-9, 11 Determination of the

emission of volatile organic compounds from

plan chemical emission from

building products and furnishing part 9:
Emission test chamber method, part 11:
of

preparation of test specimens
2001, ASTM D-6670-01 Standard Practice
for Full-scale Chamber Determination of

Sampling, storage samples and

Volatile Organic Emissions from Indoor
Materials/Products

2006, JIS A 1911 Determination of the
emission of formaldehyde for building
materials and building related

products-Large chamber method



