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Table 1. Characteristics of Tested Fabrics

Fabric M aterial Color Thickness (mm)  Name of Product
Cl cotton 100% ecru 0.20 broad
C2 cotton 100% sky blue 0.60 jersey
C3 cotton 100% ecru 0.85 sweat
C4 cotton 100% white 0.65 towel
Cs cotton 89%, polyester 10%, polyurethane 1% black 0.60 denim
A* acryl 85%, nyron 13%, polyurethane 2% white 0.90 boa
AP*  fiber : acryl 100%, ground : poryester 100% light beige 0.95 fake fur
H hemp 100% salmon pink 0.25 hemp
P polyester 100% beige 0.30 twill
S silk 100% ecru 0.10 silk
W wool 90%, nyron 10% moss green 0.70 flannel

* A and AP had fibers ( about 8.3 mm and 3-4 cm long).
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Table 2. Concentration of Chemicals re-emitted in the Air Bag from various Fabrics exposed to Sidestream Smoke

Chemicals

Concentration in the air bag (ug/m”)

Cl C2 C3 C4 C5 A AP H P S W
Nicotine 172 81.8 67.2 109 <14.0 162 40.1 97.2 146 45.4 256
3-Ethenylpyridine 30.4 80.7 138 38.2 102 463 367 <14.0 432 <14.0 68.8
Formaldehy de 297 329 412 267 196 270 426 229 163 59.1 167
Acetaldehyde 7.4 54.7 89.1 30.3 104 29.5 118 <54 35.1 <54 95.7
Acetone <1.3 <1.3 <1.3 <1.3 <1.3 <1.3 6.4 <1.3 <1.3 <1.3 7.6
Acrolein <5.3 <53 <5.3 <5.3 <53 <53 29.1 <5.3 8.6 <5.3 <5.3
Propionaldehy de <7.7 <7.7 10.4 <7.7 9.8 <7.7 <7.7 <7.7 <7.7 <7.7 <7.7
2-Furaldehy de 22.6 44.5 77.0 33.0 82.7 138 289 13.2 54.3 1.0 41.8
2-Butanone <1.0 <1.0 2.7 <1.0 3.0 4.4 34.6 <1.0 34 <1.0 6.1
Hexanal <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 12.1 <10.0 <10.0 <10.0 <10.0
Octanal <10.0 <10.0 <10.0 <10.0 <10.0 <10.0 24.6 <10.0 <10.0 <10.0 <10.0
Nonanal <12.0 46.3 17.3 52.5 <12.0 <12.0 108 <12.0 18.8 <12.0 <12.0
1,3-Butadiene <1.0 <1.0 <1.0 <1.0 32 <1.0 67.9 <1.0 12.0 <1.0 6.2
Acrylonitrile <1.0 <1.0 <1.0 <1.0 6.2 1.6 22.4 <1.0 11.2 <1.0 13.2
Propanenitrile 1.7 2.7 53 2.4 8.6 5.3 33.2 <1.0 9.0 <1.0 9.6
Isoprene <1.0 1.8 4.1 1.3 14.4 20.7 155 <1.0 9.5 <1.0 4.5
Benzene <1.0 <1.0 2.1 <1.0 6.8 16.6 52.8 <1.0 3.1 <1.0 2.1
Toluene <1.0 2.3 5.8 <1.0 20.7 54.9 136 <1.0 4.5 <1.0 32
Ethylbenzene <1.0 <1.0 1.1 <1.0 4.1 15.6 27.5 <1.0 <1.0 <1.0 <1.0
Xylene <1.0 1.7 3.7 <1.0 9.9 39.6 56.3 <1.0 <1.0 <1.0 1.1
1-Methylpyrrole 12.5 29.1 25.8 29.7 12.1 9.7 26.1 5.9 4.4 <1.0 43
Pyridine 11.2 223 40.5 15.9 53.8 38.8 137 4.1 13.9 <1.0 21.4
Pyrrole 12.0 279 51.4 21.1 55.6 131 195 7.2 31.5 <1.0 37.1
Sum of 23 Chemicals 567 725 954 600 693 1,400 2,360 357 571 106 746
Number of chemicals 13 17 1 17 16 2 6 17 3 17
detected
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Fig. 2. Structure of the Chemicals containing

Nitrogen

Thickness (mm)

Fig. 3. Correlation between Concentration of
23 Chemicals and Thickness of Fabrics



212 Ann. Rep. Tokyo Metr. Inst. Pub. Health, 65,2014

W E D B b0 > T2 DIZAP (22WE), b7
Mo T=DIES (3% %) Thol-.

WEIRE OB FHEN I KEZ 7~ L7z DIZAP (2,360
pg/m?), HWH s L7=DiES (106 pg/m?) T, APIISD
2B EEIRETH o, ZO3WEIEESFHE & Ao
JEE L ORE AR, b OMITITIEOHBEN A
b7z (Fig.3).

SRR LR B o T, Cl, €2, C3KUC4ITFL#E
M O(§100%) Tho7r=23, ZiIVH ORHEYEEIZ~17%)
B, 23V IRE A FHMEIL567~954 ng/m3 & EN R b7,

2. R ZESEEOMERESS

—aFy, FVATATER, 3-EP, 7ATE K-k
YV O (RVAT AT REERLS) KOVOCHIZ DWW,
3 EIRIEAFHEIC KT T D& EIA ZFig. 47T, =aF
VROV AT VT b RO2WEIRE DA F BRI D50

%L Lz S0 a3 E A 1R PSEE D 72, 72T HAL,

H&Us 2R E DA FHREERDI0% LI & H T
#ﬁ,_hBﬂ% IR EDEIG D i bAKD > T2 DIZAP
T,;_uﬁHiVOCﬁ@%f%Wﬁ%mﬁVWL(ﬁB%@

MFEMOCL, C2, C3KRVCAHI DWW T LI-FEE, C2,

3R CADRERENFELL Tz, —F, Cli==F
YOEIGWEL, BAVLTATE RUSADT AT E R -7
NN DI T, ZhD L EER, MO EEREMTH
5C5 (#589%) Iz 2>\ TiE, 1IRBFTH—=aF D
BN ROl RILLT T E ROEEEIG M
W Z & R OVOCEHDEIE BN LLE @ (28%) 2 &
5, [ CHFEMORE LY HAPITEVVEA R b7,
AIZOWTIE, 113 TR H3-EPORERIGHE < (K
33%), OBEICOWTIE, APKOCSICUTV MBI /LD
nic.

H}& OSIZ DWW T,
RERGNEL,
MR e b, BB S DR, 23WEIREOAFHEN
WS, FEELL72Bm A Rd 2 &R 00o7: (Table2).
POFEMIL, CS&U“AP HMEH S TWER, £
R DOEIBIIWIU VMBI 278 LTz,

WIZOWTIE, =aFroEENRSIZkVTEL, 0
BEETIFREIF TR b Ed -7z (256 ug/m®, Table 2).
év;ééwmowfm Cl, C3RUSH&ERD (LR
D), CARTAMNEATHIEL TR, FEEIL - EmiE i
Y RAY Y

ZaF U ROFNLLT LT E RO

3. BB

F ¥ U N—NTAP KM O HIZ B 2 W 5%, APIX0, 5,

15 % 0553112, HIZ0, 15K UB04 1410 28 ERBUT /S »
7B L, %ﬂ%ﬂ%#@zﬂ#%ﬁ}iﬁz%@, N FINTER Y
Britz.
APIZOWT, =aF v, TA5k K47 hJE, VOC

AR O3B — RG> TR T 2 Z & 2397

2B CTHRAIRIE D90% LA E % Tz,

100% B T 1 B =
75% I
E 7
Z 50% Z
£ 7
g Z
S 7
© 7
25% I

0%

Cl C2 C3C4C A AP H P S W

W Nicotine OFormaldehyde
3-EP OAldehydes * Ketons
BVOCs

Fig. 4. Composition of the Chemicals re-emitted from
Fabrics
3-EP: 3-Ethenylpyridine.
Aldehydes * Ketons: The sum of the aldehydes and

ketons except formaldehyde.
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Table 3. Concentration of the Nicotine,

100 100
75 75

Sulfate Ion and Nicotine sulfate extracted

Z GE\ .
£ £ \ \\ from Fabrics
3 2
= 50 N = 50 N Nicotine
.2 2 Nicoti -
S ’s \\\ I 55 \ Fabric 0 S04 sulfate
5 ~ 3 N (nglem’) _(pglem’) (nglem’)
§ 0 § 0 ‘ ‘ Cl 162 2.1 286
0 10 20 30 0 10 20 30 C2 489 1.3 507
. . . . C3 698 1.3 634
Time (min) Time (min) c4 262 0.7 395
= Nicotine —VOCs C5 1,560 104 363
=== Aldhydes * Ketones =123 Chemicals A 24.0 0.4 3,810
AP 273 5.8 14
Fig. 5. Estimation of the Concentration of Chemicals re-emitted in the H 59.9 0.1 182
Air Bag P 288 0.3 777
X-axis: Start Time of sampling chemical substances re-emitted from S 8.1 03 7.1
W% 287 1.2 490

fabrics after sidestream smoke exposure

Y-axis: Concentration of the estimated chemical substance
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Chemicals Released from Clothing Fabrics Exposed to Sidestream Smoke

Aya ONUKI?, Tkue SAITO?, Mitsugu HOSAKA® and Dai NAKAE*

Third-hand smoke is recognized as a cause of indoor air contamination by chemicals re-emitted from the tobacco smoke that
adheres to an object or a smoker after smoking. In this study, we analyzed the chemicals re-emitted from clothing fabrics
previously exposed to tobacco smoke, in order to determine the compounds present in third-hand smoke. Various fabrics exposed
to sidestream smoke in a chamber were individually moved to a bag that did not contain any of the substances that made the object
of this analysis, and the bags were filled with dry air. After analyzing the air inside the bags containing 11 types of fabrics, we
detected 23 chemical substances, including nicotine, 3-ethenylpyridine, aldehydes, and volatile organic compounds. Formaldehyde
and 2-furaldehyde were detected on all the fabrics, and nicotine was detected on 10 of the fabrics. The concentrations of the 23
chemical substances were different for each fabric, and a positive correlation was found between the thickness of fabric, and the
concentration of the chemical. By examining the results obtained for fabrics that were left in the environment for different amounts
of time before being placed in bags, we noted that the many amounts of chemicals were re-emitted in the first 20 min after tobacco
smoke exposure. Therefore, to reduce the influence of third-hand smoke, the outerwear exposed to tobacco smoke should not be

carried into a non-smoking area.

Keywords: third-hand smoke, re-emission, clothing fabrics, nicotine, formaldehyde

2 Tokyo Metropolitan Institute of Public Health
3-24-1, Hyakunin-cho, Shinjuku-ku, Tokyo 169-0073, Japan
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