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Measurement of Aldehydes and Volatile Organic Compounds (VOCs)
Emitted from Wall Covering Materials

Yukio AOKTI*

Consumer Science Research Center, Hyogo Prefectural Institute of Public Health and
Consumer Sciences, 4-2, Minatojima Nakamachi, Chuo-ku, Kobe 650-0046, Japan

The purpose of this research is to investigate the influence of emitted chemical compounds from wall covering
materials to indoor air quality. Thus we analyzed chemical compounds emitted from seven kinds of
adhesive-backed wallpaper by a small chamber method. Concentration increment effect of emitted chemical
compounds by wallpapering in the room were calculated by similar method to Denmark model, with a six-mat
room of 24m3 and air exchange rate of 0.5/h.

Samples employing polyvinyl chloride resin surface layer and starch adhesives showed higher TVOC emission
rate than others after 1day. But, differences of TVOC emission rate based on wallpaper materials were smaller as
the time proceeds, and TVOC emission rate of all samples was under 250ug/(m2-h) after 7days. Impact to TVOC
provisional target value of 400pg/m3 would be 21.46% ~ 1239% after lday, 4.90% ~ 176.9% after 7days,
respectively.

Alkanes such as decane showed higher emission rate in case of samples using polyvinyl chloride resin surface
layer. To TVOC provisional target value, concentration increment of quantified alkanes would be 29.33%~
106.5% after 1day.

2-ethyl-1-hexanol(2E1H) was detected in case of all samples applying polyvinyl chloride resin surface layer.
Furthermore, two samples employing acrylic adhesives exhibited higher emission rate of 42.68ug toluene-equivalent/
(m2-h), 45.70ng toluene-equivalent/(m2-h) after 1day, respectively. Hydrolysis of 2-ethyl-1-hexyl group in acrylic

adhesives would contribute to 2E1H production mechanism.
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Table 1 Details of tested wallpaper

Table 3 Operation conditions of HPLC and TD-GCMS

Ingredient label

HPLC

Polyvinyl chloride resin, Paper, Synthetic resin starch adhesive
Polyvinyl chloride resin, Paper, Synthetic resin starch adhesive
Polyvinyl chloride resin, Paper, Starch adhesive

Polyvinyl chloride resin, Paper, Starch, Acryl resin adhesive
Polyvinyl chloride resin, Acryl resin adhesive

Polyvinyl chloride resin, Flame-resistant paper

Olefin resin, Ethylene vinyl acetate resin, Polyvinyl alcohol adhesive
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Table 2 Operation conditions of ADPAC system
ADPAC

Temperature 28°C

Humidity 50%RH

Details of Samples 147mmx147mm>2set  (with seal box)
Loading factor 2.2me/m?

Air exchange rate 0.5/h

Sampling rate CC: 167m/min, VOC:100ml/min
Sampling volume CC:10L, VOC:1L, 3L

Analytical method DNPH-Active, TD-GCMS
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Table 1 IZHIEXSR & LT BER A~ T.

HIERENT, R Stz o — VIROBERO FLE)
5, 165mm X 165mm DMEDKE 200 KL, Rk
DIEX 12.5mm OAER— RIZHEY SbotaiRik s L.
FBR— RA~OEEEHIECONWTIE, S A RO BT
B A o 7o, BRI ERIA L, B HICHE 2 BRAA L 7=,
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JIS A1901 TEEESPEIOERMEAK LAY (V0C), 7R
VLTIV B REOMOD 77 VR = A A sl e —
INEF e w8 —E), JISA6921 TEERR) (CHEL T, Bk
% FEfii L= 99,

T v 73— (ADPAC) O &EIT 20L T, 3%t
LOBERZREX, 1 H, 3 H, 7 BR%EOINLAR=L
{EEWE OV VOC OFSHGRE A RIE LTz, Fv 73—
IR, 28 °C, 50%RH, #5m¥3 0.5 [A/h & L7z
Table2 |Z5RERZM %7~
TAT b REOEENEEL, DNPH-Active {EIZ X 01T
VN, SRGE A RV AT VT RBXOTE R TV
TeRELE. EERBELT, TATE FE
-2,4-DNPH {BAEERE BIR(E) Z W COER LT,

P TR ﬁ/7)/7f/7mmﬁ%
T A, SP208-1000Dual) ZffifH L7-. BRI
0.167 L/min, % &I1£10L TH%. DNPH »— h J
v ¥[Wako, Presep-C DNPH (short) JIZHfifE L7-7 /L
Tt FEIL, 7% b= kUL 5mL %AW CaEHEE

Instrument Hitachi, L-2000Series
Column GLS, Ls. ODS3,5um, 4.6x150mm
Oven temp. 40°C

Wavelemgth 360nm

Mobile Phase Acetonitrile : water 60 : 40
Flow rate 1.0ml/min

Injection volume 20l

D

Instrument PE,TM650ATD

Primary desorption temp. 300C

Primary desorption time 15min

Secondary desorptiontemp. ~ -20°C /300°C

Secondary desorption time 30min

Trap heating rate 40°C/sec

Injection rate 5%

GCMS

Instrument Shimadzu, QP-2010plus

Column Supelco,  Equity-1, 60m>0.25mm ID, 1.0pm

Oven temp. 35°C(4min)-5"C/min-100"C-10"C/min-280°C(10min)
Ton source temp. 230°C

IF temp. 250°C

Carrier gas Helium 16.0psi

Scan range 33400m/z

1 mL/min TGEHSYE, T0O%TE = I L TRES
mL (ZFREE L oA Rl L, HPLC 20#r&17-7z.
VOC JREHEL, BEERE-IEE-GCMS EIZ LD
1T, BEUERCEL & LT, BNRKU T I E VOC50
%57 (Supelco) ZHAWTER L.

h—=%/1VOC &E, ~FH o - ~FH7h /Mo b
—HNAFrruav 7T (TIC) ©— 7 mFEDFF
Ze MV AL TR,

PN TIKREY T TR T (GL YA
T A, SP208-100Dualll) ZfiH L7z, BR&UmEHIE
0.1 L/min, 5 &IZ 1L, 3L Th 5.

EE 1L, WAL LT TenaxTA (Analytical
Columns, 60/80mesh) 33 . O* Carboxen 1000 (Supelco,
0/60mesh) # vy, ~/LFy ML L7z

Table 3 {Z HPLC O TD-GCMS HIESRH:Z2 7.
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ZT, Co: Fr o —RE (ng/m?d) (ROERHH t 12
Téﬁ% VOC, F/LATILFE REMMMO LR =
G, X TVOC DIRED), Cut : RABFFH t 123
F5 N7V T 7 IR (ng/md), Q: HSE (m3/h),
n: HKEE (h), V:Fv o =56 (m3), A:# 5k
FifE (m2), L: sl (m2m3) Tho.
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AC:EFaXA (2)
OxV

ZZT, AC: ENKTIRERME (ng/m3)
EF. : BALEAE Y 72 0 O#oHE [pg/ (m2-h)], n:
BEANERET LVOHKEE (h) , V. BNZERE
FTOOEFE (m2) , A: {BRAEE m2) TH5H.

EHIT, BEMRIC KoK BER L, SBHAR
£ 2.2m2/ms, HaKEE% 0.5 /M & LT, XBIX
0, BHTHENTESS,

AC,=2.8EF, (3)
I #HEBSIVER
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Table 4 |[ZHBEKDOFBNL LT LT E RBEXOT 2 b7
VT ROREORE ORI A 7R

WINOBERY, VAT LTE R, 72 ST ATE R
3L t%IR T D VOC IZ A TR AR ViR &7~
L7z, 7 BRSE#IZI 32 2 1 g/lim? - WL R L, 3¢
k1) ~3) LIARIRERE o7,

SRk 1) ~3) ([2OWTCIE, BEREKRCORBT VT b
REOWEFERTH Y, T b & R SHGHRE &7~ d
LD, W EEEROBEER N O ORI T VT e R
DR HITHOWTIRER 2 b D LB X HILD.

WIZ, DIV RHGERE )G, HEREHEL 0.5 [Bl/h, 5.
BHAMPE 2.2m2m3Zefl] [(H121E, 6 B2 (KU : £24
m3, BEmEE : 4933 m2, K« KHmEE : 4910 m2) fH
W OLBEEIEERA I L L= ORIV LT LT E R
KT & T TFE ROEERSEIZOWNT, & (3)
Ik D EH L7554 Table 5, Table 6 (127~9. Iz T,

Table 4 Characteristics of emission rate of aldehydes

Formaldehyde [ug/(nm?+h)] Acetaldehyde [pg/(n?+h)]
at lday at 3day at 7day at lday at 3day at 7day

A 427 1.67 ND 251 0.99 ND
B 229 2.65 ND 2.79 1.17 ND
C 7.85 333 1.26 4.57 1.04 ND
D ND ND ND 8.99 ND ND
E ND ND ND ND ND ND
F ND 1.41 ND ND ND ND
G ND 1.61 ND 4.45 1.88 1.17

ND : Formaldehyde 1.14 pg/(m?+h), Acetaldehyde 0.85 pg/(n?+h)

Table 5 Increment of formaldehyde concentration in a
six-mat room and impact to guideline value

Increment (ug/m’) Impact (%)

at lday at 7day at lday at 7day
A 11.95 <3.18 11.95 <3.18
B 641 <3.18 641 <3.18
C 21.98 352 21.98 352
D <3.18 <3.18 <3.18 <3.18
E <3.18 <3.18 <3.18 <3.18
F <3.18 <3.18 <3.18 <3.18
G <3.18 <3.18 <3.18 <3.18

Table 6 Increment of acetaldehyde concentration in a
six-mat room and impact to guideline value
Increment (ug/m’) Impact (%)

at lday at 7day at lday at 7day
A 7.03 <239 14.65 <497
B 7.82 <239 1628 <497
C 1278 <239 26.63 <497
D 25.18 <239 5246 <497
E <239 <239 <497 <497
F <239 <239 <497 <497
G 1245 327 2594 6.82
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Table 5 £V, VAT LT b ROTRNEEHME T
ARG TERHE 100pg/m3D<3.18%~21.98% (1 HH),
<3.18%~3.52% (7T HH) &7e-o7-.

Table 6 LV, 7 h 7 /LT b RO TR ME TE
G TERHE 48ug/m3i<4.97%~52.46% (1 HH),
<4.97%~6.82% (7T HH) &7e-o7=. 1 HBICHWTHE
#C, D, G DAMIT 25%% it L7z
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Table 7 Increment of TVOC concentration in a six-mat
room and impact to the provisional target value

Increment (ug/m’) Impact (%)
at 1day at 7day at 1day at 7day
A 2233 3788 5582 94.70
B 3817 707.6 9543 176.9
C 1352 91.89 338.0 2297
D 4956 229.6 1239 5741
E 1099 2553 274.8 63.82
F 1240 2159 310.1 5397
G 85.83 19.60 21.46 4.90

Table 8 General guide to TVOC emissions and health effects

TVOC concentration level Sensory irritation responses
<02 mg/m’ No irritation or discomfort expected
0.2~3.0 mg/m? Irritation and discomfort may be possible
3.0~25.0 mg/m’ Discomfort expected and headache possible
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Fig. 3 Characteristics of emission rate of total alkanes.
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Table 9 |77

Table 9 LV, THIREEGSMEIE TVOC BIE HAEE 400
ng/m3®d 1.66%~106.5% (1 HH), 1.04%~14.06% (7
HE) THY, BEAENCRT 2 nb0T7 Vvl v DE
PEREEI T D88 N &S <720

Table 9 Increment of total alkanes concentration in a
six-mat room and impact to TVOC provisional

target value
Increment (ug/m’) Impact (%)
at 1day at 7day at 1day at 7day
A 1819 26.36 4548 6.59
B 4259 56.25 106.5 14.06
C 268.0 742 66.99 1.86
D 419.6 27.16 1049 6.79
E 1173 1748 2933 437
F 1193 17.58 29.82 440
G 6.65 4.14 1.66 1.04
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Table 10 Inhaled toxicity of detected aldehydes and VOCs

Health problems

Aldehydes

Critical eye irritation, Respiratory tract irritation, Headache,

Formaldehyde Nausea, etc. MHLW guideline value : 100pg/m?
Critical irritation of eye, skin and respiratory tract, etc.
Acetaldehyde MHLW guideline value: 48yg/m’
VOCs
Nonane Trritation of eye, skin and respiratory tract, Nausea, etc.
Decane Dizziness, Nausea, etc.
Undecane Trritation of eye, skin and t respiratory tract, Dizziness, Nausea, etc.
Dodecane Trritation of eye, skin and respiratory tract, Dizziness, Headache,
Nausea, efc.
Tridecane Trritation of eye, skin and respiratory tract, Headache, Nausea, etc.
4 Irritation of eye, skin and mucosa, Headache, Nausea, etc.
Tetradecane MHLW guideline value : 330pg/m’
Pentadecane Trritation of eye, skin and respiratory tract, Headache, Nausea, etc.
Hexadecane Irritation of eye, skin and mucosa, Headache, Nausea, etc.
2-Ethyl-1-hexanol Trritation of eye, skin and respiratory tract, Dizziness, Headache, etc.
Naphthalene Headache, Nausea, Vomiting, etc.

2-Ethylhexyl acrylate
2-Ethylhexyl acetate

Trritation of eye, skin and respiratory tract, Coughing, Sore throat, etc.
Irritation of eye, skin and mucosa, etc.
Trritation of eye and respiratory tract, Coughing, Dizziness,

1-Butanol Headache, etc,
2-Ethylhexanoic acid Trritation of eye, skin and respiratory tract, Coughing, Sore throat, etc.
Isopentane Coughing, Dizziness, Headache, Sore throat, etc.
Acetic acid Trritation of eye, skin and respiratory tract , Dizziness,
Headache, Coughing, etc.
Trritation of eye, skin and respiratory tract , Dizziness,
1-Methoxy-2-propanol Headache, Nausea, etc.
Propylene glycol Irritation of eye and skin, Dizziness, Headache, Nausea, etc.

L FICABERIZ 51T 5 VOC bz rt
R S 7R VOC O A% Table 10 (2 % &
TR,

2.2.1 BEKA

TIC D% Fig. 512~

TN REIEGEE Y, Fig. 31OR9XL91g, 1H
H T 64.97pg/(m2-h), 7 H H T 9.42ng/(m2-h) TH -7z
MV U ARYE TR TVOC JBoREEC 56 2 EE1,
Fig. 4 \ZR3 X 910, BRI 11.41%~17.91% & s L
7. PRORE L & HIZ, TAD BB HEORE K T
560D, TVOC Ko S D HFIGS EA- LTz

72, B =R T S 2- =T -1
—/L 2E1H) bEERE SNz, 2E1H 1, b=
IRHIR O FIEEAIE LRI S QWb 7 H LRy -2-—
F~Fior (DEHP) 237V VKRS 5 Z &1
FOAERL, fEFgEbHREINTND W,

1 H B 2E1H OlBosEE, 11.08pg hL—m 404
B/(m2-h)ThHos23, 7HHIZIE26Tng MLz AN E
[m2 « WK L7z,

2.2.2 BEEB

TIC OB% Fig. 513, BEK A EJEPIO TIC /¥
— kot

T AFECHEL, Fig. 317X 91, 1H
H T 152.1pg/(m? - h), 7 HH T 20.09ng/(m? « h) T -
7. MV AR G R TVOC JHGERE L (5 5 EA
1%, Fig. 4 1ORT X1, FEIRFIC 16.50%~23.14% &
Wi U7z, BEREA L RIERIC, ROERFRHE & HiZ, Tl

CAREOEE MK N5 oo, TVOC R 5
DLEEN R LT

1 H H® 2E1H OigHoREE, 13.85ng FLrm 414
#/(m2-h)TH52%, 7HBIZIX 1.74pg MV AR &
f(m? -« WIZAK T L7,

2.2.3 EEHLC

TIC Ofl% Fig. 5 1nd. FKHMIIEEKA, B &FER
DL E =R TH DM, TIC /& — QT RKE S g
0, BERA KRN RHEIZ L ST,

TIVH AFEEGEREE, Fig 31T Lk9ig, 1 H
HC 95.70png/(m? - h), 7 HH T 2.65png/(m? - h) TH -
72, MV ARYSE TR TVOC BBGEEIC b B EE
1%, Fig 4 1RT XIS, BRI 27.63%~17.54% & i
JL7-. BEREA, B L13He0, ke & bic, 7
NVH o BTFHGRE K Y, TVOC o 56 HEE
I Lz,

T, PREFEREEC U LRI LA OGRS
BEK A, BICZHEARTUNSWZ &R0, 31.9min (ZEERE
SNDT T X L OFRGERE DIRBERN T VI AR
BOEE DIERER L VW=D TH S,

FTT7HE VL ATDNTL, BRI ERIE LT
BHENTOWD L0 EHEE S, 1 B HOKHGERES,
41.56pg hLm AR R/ (m2 - h), 7 HHIE8.36ug ~L
TR/ (m? - h) Th -7z

2E1H |22\, 1 HHOMHGEE Y, 7.07Tng hL
ARG E/(m2 - h)TH 52, 7 HAIZIX0.24pg T
Y E/(m2 - WIZIE T L7,

2.2.4 HERKD

TIC Of% Fig. 5 1~d. REMITEER A~C & [FEE
DAL E = URIETH 57, TIC /&7 —dk& < Big
o7, BEE A~C TIEERO bZeh o 7= 7 /L — VHER
B S,

TN AREOEEL, Fig. 3 1ORTLIIS, 1 H
HC 149.8pg/(m? - h), 7 HH T 9.70pg/(m? - h) TH -
72, MV ARYE TR TVOC ORI Hd 5 EIE
%, Fig. 4 1R T LT, FRIFIC 12.89%~17.49% &
W U7, POEIRR & & Bl Tk AR X
ETFT 5600, BEHLA, B &[RRI TVOC o c
O HEEN EH- L.

1 HH® 2E1H OFKHoREE, 42.68ng F/Lo 1Y
B/(m2-h), 7HHIZ1.93ng M= AR E/(m2 - h)T
bol=. 1 HHOD 2ETH O, BER A~C 12tk
L CTRENST.

2E1H ki & LC, DEHP ofth, $25KIHICE £
D7 7 VLEE 2-TF~Fi L QEHA) %0 2-=F )L
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TN E/(m2 - hThovz. F7-, 2EHA [FEEIC 2
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AF VLV EERE SN, 1 H HOBEoEENE, 40.85ng
ML A B/ (m2 - h), 7 HHIL3.81ng hLm 40
H/(m2 - ) Th-or-.

2.2.5 EHRKE

TIC Ofil% Fig. 51~d. FKEMITEER A~D & [FEE
DAL E =BT 573, TIC /8% — 37z,

TIVH AL, Fig. 31T Lo, 1H
HC 41.90pg/(m2-h), 7 H H T 6.24pg/m2-h) Th-7-.
L AR ECRTZ TVOC FHGHREEZ 5D DEAE
Fig. 4177 £ 512, #RIRFIIZ 9.86%~5.92% & Tl L 7-.
BERE C LIFIERIC, REREFAE & ble, Tk AR
B R, TVOC Ko S 25 TR L.

TN, EFT 1T HF =0 R E E R
65.50pg/(m?2 + h)~94.16pg/(m? - h) & FIRHAICRE N2
LITMAT, FOIRBERNT VT A BE0REE DI
I VRN THA.

1 B H® 2E1H ORLHBusEEE, 45.70pg MV 40
B/(m2-h), 7HAIX6.71lpg M ARYEE/ (m2 - h)T
Ho7-. 1 HHO 2E1H OREBoRES, BEK D & [FIERIC
BEHE A~C IZHl L TR E Do T2,

oy Fori BREERR E ITRERE D LRERICT 27 U UG
REEEREZRA LTS Z D, Fifig 2-mF L~F
IVOREH A B, 1 H B ORHGEENE, 5.43png hr—
UM E/(m2-h), 7 H BIE1.03pg M= AR B (m? -
hTho7-. BER D 2BV CRLIL 2EHA Ofdix

A CE 2oz,

2.2.6 BEKF

TIC Ofil% Fig. 5 12T
TIC /XF— L 7poT.

o ETlL, B BEE RO LA R TE e
D, KEHWCESE LA T 52 Linh, A — R
BRI EN T L0 EHEESILD. R—L R
ERNZOWTIE, STk D 12, ZOIREHE  RSHT
W5 Z LD, BERF @ Fig. 5 TROLNAALEMIZHOW
T, ECEARMEROLDOTHD EHEESND.

TNH AT EE, Fig. 31ORT X9, 1H
HC42.60pg/(m2-h), 7 HHT6.28ug/(m2-h)THY,

1 H B ORBOREY, Wk RHEE A OBER A~D (2

BERK A, B IZHHAGIT

LIRS, 77 UVBIIEREER DB E L R TH
ST MV ARYETTR 7 TVOC BRI S8 5|
A1, Fg. 4 17T XL 918, BT 14.31%~18.13%
LE L.

1 H B ® 2E1H ORI, 27.9Tng b= A0
B/(m2-hTH52%, 7HHIZIL0.56pg ML A4 E
[(m2 - I F L7=.

ZOfth, 29.6min (Z 2-TF/LFH UEEERE S
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	Fig. 1　 Characteristics of emission rate of TVOC.
	The details of A～G are as in Table1.
	Fig. 3  Characteristics of emission rate of total alkanes.

