W28 Ann. Rep. Tokyo Metr. Inst. Pub. Health, 70, 189-196, 2019

ZIRBEIZ & D IREERE RGBT D HTSE — BRI K S BB R OB BB OV T —

KE e, W

AL, /N

fhze, SFe HAP

ZEBYED —>TH 5 ZIRMIEORKIZ, 4°DR, T7obLLIER, IS, FRHBMR ORISR SNDHEE L

DI ETHD. ZHITMAT, For idgEfl

TEOBEEWVWOMWEEFRFOEE R, TOERELRAT D720 DM E

¢
Braiiole. Hbt T, FEBICOWT, EIFERE%D D ORMEGRIC X 2 B E O ECIRIEI X 5 K
WE~OREBZRAE Uiz, Bl X 2B 2 L, BIVEEAZ WA S 7oA & RSO 2 S $etk, R
WEDOHIZBITH=aF U RO IR RN= a7 I (TSNA) OWERE ZRIFIICHE Lz, FAicB
T 5 FEBIE, BIVEE A2 W AE S 7oA R OMER 2, AR E DI E IR IR I SRR N » 712 A, 20°CE 7
IZ40°CTHAMB SN DML FWEIREZHIE Lz, JAEORER, #HAIZ K 2BEICOVWTIE, =aF 3105 M
5, TSNAD—DTHDH4-(AF/N=ba VT I /)-1-3-B Y P =))-1-7 &/ T IR % 0 St S, il
MR RWVIE EIRESEIN L. BREIC OV, fRERAEER DS OFEEIRE R OB L\ &, ik
BEDIRFE R B W E DN RE R OB NN BRIz, U EORER»L, ZRBEIZ4>ORDIED, #Efillz X

WBET L LW OMEEAT D AREME R STz,

F—U—F: ZREE, BE), B, =aFr, REIRRN=teY T Iy

X C ® I

ZIKMYE  (Thirdhand Smoke, LA TFTHS &BET) & i
20094F (248D THIREZ Ity STz, B LWL 052 B
ThsD., ZEEYE L L CHbILD IREE (Second Hand
Smoke) & 722 MDIE, THSH [4-DR) & EZHEI DM
BEROZ L ThD™. bbb, 72X BEEWE M
JE% L ENEICE-> TS Z & (Remain) , KRS
ERIGT 2 Z & (React) , TR T WECRUGCARME D
ENICHET 52 L (Re-emit) LK OEFIET 5 Z &
(Resuspension) TH 5.

FREE L WO PEEIC OV TIE, 20094FLARITAN S, BREEZIE
ZJ% (Environmental Tobacco Smoke, LA FETS M) (1
WREE ST BUESE ONEEIZ X Z B E RN ET D &
DA STV, 2Rz, FolOWs L, B
FITEAE L \WEER, Bl x0E, BIEOE{EE M IERERT,
ANEES DSBS & W S EEBENS, FEREE NERT 5
LA N—OEENLS, =aF U ERREEND Z N
B LT o7209. DFE 0, THSIZB 57213 Z BEWE
DIREIL, BEEPFA L L0 LEE, 74 A
v, ENTRD LN, EMBICASTREERDHD &) 2
EThHD.

FIRIZOWTE, FRCIEZfR=tr YT I
(Tobacco Specific Nitrosamine, LA FTSNA & #597) DAL
DHLNTWD., ERRIGEfEE LT, BEL=aF
ERKFDOILFWE, B2 IXHEBT A EE RIS L, 4-
(AFAL=RB VT I)l-B-EY V=175 ) (B
TFNNKEBET) ON-=hr Y/ Lb=aF (LLFNNN&

BE9) SRR SID Z &R STV A0, BT
FREZBIT DT AFL A FHOTSNARIIZ L D3V
A7 ISWHOHERHE (1x10°) M2 2 algetEbRA S
THY, THSIZBITDEEO—2 Lo TSI,
FICDWTIE, IR LI AL B Rk
B9 52 ERHESNTWD2D, Fox b LU, FIEZ
W& SEZIEEOMRMND, RV LAT AT B OBy
%, ZLOFEWENBHET D2 L, AOESEIIC
X VBT 2WEORBESCENEDL L Z LS EaWE Lz
W E T, ERIGEVWFREN EENITBIT D FAHEER S
ThinTkh, =aF 5, HEENMRVEIZE, E¥
KOEBEN R LN Z ER@EINTNDY.
FEFICOWTCIE, ETSORI TR OFE Mk EZ 2 5N
L. EPNICHERE L2k 11%, M7 5, ke 5, K
BEEEZBLHEONOIEENC X - THFREL, F0OMAE
MFRNE EENEINT 51510, FERilEd 5 ETSH KMk 7
DOREZ1F015umT, THUFTEREL D /&<, BA
L7235 B ITIIRER A~ DN G S 5 1719,
ZnkoiT, RAEET L, AFEWE~ENT D, Bt
BEOFRET 2L WHIMHEE AT HTHSTH D03, Fix
S B TEfllc X BIT 5] EWHIMHEERFSEEX
7=. ©F Y, ETSIZIRE I AW, IROIEBREZER
WCZ Z BEEYE 2B SE L0 TH D, OB HEH
TE LR E LT, BEE TH LB LA R
EORE—Ry FRRFABL=aF AR SN D
Northrup 5 OENH 519, KEO=aF REIZONT
30HMBICRBEINENE—_y RED BFEOFREL 72

¢ BRI L et 7 — SRR B BB A R TR R

169-0073 B AUHRHT1E X ANT3-24-1
b R RUEME R TS L F — R BR R E



190 Ann. Rep. Tokyo Metr. Inst. Pub. Health, 70,2019

STBBEO—2E LT, FEDLIL, WUEEOLKENTHSD
e B FEEICE LR A RB LT D, Z o
Lo TWENBENT D LW I MEEETHSAA T 554,
THSIZ L 2 E OWEEEIL, B BIR 2 WG NI K 5
FREMER DD Z L BRI L TS,

& ZCARIZETTIE, THSIC X 5765590y THEfkic X 0 B
TAHFREMEZRET 52700, mMEZzHBEE L, D
IR S 2 EEWE O, HORBRIE~DOBE IS
WCEEBR R EBR AT o 7=, AWML, Northrup 5 237
HLIm=aF 2z, NNKKONNNZ G TeTSNA b %45
& L7z E£z, DETEGE Lo ERESERICOWT, AW
BER 2R R & UC, RTINS B D b ORFHFEIC &
% BRI E O ZALSO T BOBIRE O IR L1 X 2 B i '~
DEBEBLZREL-OT, e THETS.

E B F &
1. ABK
REBRIAI, AOHAE U AR 2RE & N T b B BERTL
AR L. MoMBAIET =4 (H100%, Bf)
EOT77— (B 77 VL10%, 77 KYTAT
L100%, M), BERRIEE S E, B, MR, bk
BRex A L e BIERS (Bf) Tho.

2. PIEXIE

Btz X 2 BB 5 5281%, == F 0 K UTTSNA4
WY & BIERE L L=, TSNAIX, NNK, NNN, N-=h
oy 72 ey (LLFNATEST) RUN-= e Y7+
Ny v (LUFNABEIST) THD.

TR RE T 5 28R, ERMERELAY (BLTFVOC
EWET) , TAT B REMOTSNA, AFSIHEEHIE L
72. VOCK U7 /L7 & R¥EIX, Indoor Air Standard (5055%
47, Sigma-Aldrich) % U*Aldehyde/ketone-DNPH Mix
(Sigma-Aldrich) IZH ENDH36MEE, =aF L, 3-=7
ATy, FuELVYy, T7Vu=kUL, Fabet
=kUN, I-AFAEE—)L, r—L, Y, T
TT—=)b, HEEEOA T ThD.

3. W HIE

Bz XA BENCET AR TIX, =25 R UTSNA
DORPAE~OW B WE LT,

FEE, ARBRIECHERZ 2 E & 5 #it# (240
pm, 3043MH) , HHERFO=aF 2 mERE 7 =< b
777 (LUFHPLCERET) T, TSNAZKIEK rm~ k2
77 —ERHEE (LLFLC-MS EBST) THOfr L7z, il
HEIRIE, 7= K07 7 —1330 mMEEE T > E=7 A
1710%7 & b=t U ALEIKE, BERIZ100 mMEFRET € =
7 BIKVEIR & Tz

=aF U OSIEMT, BT L Zorbax 300 SCX (150
mmx4.6 mm, RifESum, 7L kT mY—)
BT LR 40°C, BEFHA 1 50 mMERET U E =7 LK

R, BEMEB : 50 mM¥ET V=0 LA K ) —/VIRIK,
77Yx b (B%) :80% (2min) -16%/min-70% (2.4
min) , Wi : 1.0 mL/min, FEAR : 20 uL, HRHEEE :
260nmé& L7-.

TSNADZHTEAEE, 55 A Acquity UPLC BEH C18
(50 mmx2.1 mm, Kif1.7 um, Waters) , 77 LR :
40°C, BEFHA : SmMEERRT =17 L/10% A X J —/L
R, BEEB : SmMERET B = 1 L/90% A X ) —)v
Wik, 77> b (B%) :0.1% (1.5min) -27%/min-
99.9% (4.8 min) , K : 0.3 mL/min, VEAR :5uL, %%

WEDO T VI —Y—A A N Ta &y AT,
NNK75208.0>122.1, 79.1, NNN73177.9>148.0, 120.1,
NATA3190.0>160.1, 79.1, NAB#3192.0>162.1, 106.1,

NNK-d573210.9>122.0& L7~.

AT 2 EBRTIE, ZERFPOVoC, TT e R
$H M O'TSNAJR B 2 J1E L 7z

FEE, RO WE % ER OMER CHRILL
VOCIFMBEAE — Ay u~ 7T 7 —EE&ESHRE (L
TFTD-GC-MS & W537) 9, 7 /L7 & RIEEIZHPLCY, TSNA
IXAR OLC-MS % AW HYE TN Lz, SIEE I,
VOCIXTenaxTAFTY MBI AE R T 7 AF 2 —7

(Supelco) , 7 /v b R¥HIISep-Pak XPoSure (Waters) ,
TSNAIX T T Ai##t~ 4 V4% — (Whatman) %7z, 72
B, VOCOFDTNT Z—)L, Bk A Y T L ilo
WTCIE MLz U RIC L - TREZRH L.

FA3Hr 1L, HPLCIENexera X232 U — X (JitHlfE
AT) , LC-MSiZAcquity UPLC-Qtrap5500 (Waters-AB
Sciex) , TD!XTurboMatrix650 (Perkin-Elmer) , GC-MSiZ
GCMS-QP2010 Ultra (SEES8LIERT) % AV 7z,

B, WE=aF URE, WAETSNARE K OVZERH
TSNAJRERIEE IOV, ZEMTM 21T 72,

4. MR

1) WE=aF U BEOHIE

MERRT, =2 F RN E &R RIKT0.05~10.0 ppm
DOFPHIZAIR L TRD .

EE NIRMEE, == F U AEHER (0.05 ppm) AfRViK L
WEL, HEEFREEOIFELLEHBLE (n=5) .
WNEIMGRBRIE, RO LBV I Tolz. =aF v OfE%E
WE (10~20 pg) ZEN, 1055 R & B 7= 1% OB A
W AIR 2 5~ 10 mLAIN 2 #k & 5 fifithi#%, itk 2 HPLC
THM Lz (0=3) .

2) WoE R NZEK HTSNARR B Dl

MERRY, TSNAOFEHEYE & A % / —/LT0.01~10.0
ppbDHFEFIZAIR L Tskd 7z,
ERTRREIL, TSNAKEYER (0.01 ppb) %V ik LH|
EL, HEFEEOIfFNLEM L (0=5) .

W 25 T FE I 8 O 72 3D O R INBIGGRBR 1Tk D L B 0 12T »
7. TSNAOEHEW'E (£10ng) &AM, 1053 MR S
7ot ORI IR 2 5~10 mLil %2 TR & 5 i,



WOR B o7 B kv £ #, 70,2019 191

HHRICN SRR (NNK-ds) ZiRINL, LC-MST4
MLz (n=3) .

22 IE O 72 D OFSMENGRER TR D L B0 1217
72, TSNADOEEHEME (3ng) % EAL20 mmD Y 7 Af
M7 4N Z— LUTF 74 0Z—LWT) IZEL, 0.5
L/minDFE#H CTHI105 1, BRNZER A ER L. BEE,
7 4V Z —IZ100 mMEEEE 7 > = 7 LOKERIR3 mLE I Z
THEE S i, HhRICNEEEEm E 4 8mL, LC-
MSTH#T L7z (n=5) .

Fiz, BHEWEICSENDTIXIEENEICL D
TSNA~D B FERT 5720, HEEWEZIRM LT 4
JVH —ICRIF AR A L7 A ORI b FH L.
TSNADOTRMEY, RIFEEFDOTSNAEZ S E L T5~50ng
&L, RIPRMEZ0.5 L/minTHI104 fRTEA Lz, [EINERIT,
FENEME 2 RN, R A @R L 72356 OTSNAED b,
BIFRED A 2 @R LI A OTSNAR ZHHE L TR 7=
(n=3) .

5. Bz L 2B ENCEET A ERBE

T Z BESE ot X 2B ENC oW TIE, BIFTE S
g S RiE (Bahon) & RESEORBRIE (BEk)
% — Rl S 7%, RBRIR O IR E 2 JE
HZETHELE.

W, BEcoRBRE (77 —) 2e=18Fx N
— (®WI175L) ITANT=t%, Rk LTizids QF) &F ¥
UR—IZ AN, BIEAZ R0 RS S (Fig. 1) .
Wi, RBREETF v o= b|mY L, EHI20R
BIETBIHEORBRIE (T=24) 2L, ZN60 LI
TARBOEY R T, FolcEmEE (375
g/em?) . HEBRLAD 51057 ~2F M F 7o 132REH ~28 H
%z, BEEORBREEZREEY (HE @ 2 om™>480)
=aF 2 L OTSNADW B 2 JIE L7z,

Fiz, FEIVEERAEEZITRBRE» S O/ S LoD
e, I L 2BAEDREZ RN EBENC OV T B
H L. BEilcAWe T 7 —05E, BIERSEE?D
KR C, B E N 2L FWEOROBIR T S D &
HEFHENTEBOY, LER-T, Fy o A —NTRIFEA
Wh SEHRE (77 —) %, Fx /3 —DI Tl
BRSSO EBYTE Lz, Zhve B & REkICEE)
ORBIE (T=LKO7 7 —) ICHfilsE, 1~15A%

Fabrics and Wallpaper
) )

) o

SN

Fig. 1. Schematic of an Experimental Sidestream
Smoke Exposure to Fabrics and Wallpaper
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Table 1. Recovery Rate and Coefficient of Variation (%)

Method M aterial NNK NRN NAB NAT
ve. (0)% Ave. CcvV Ave. (6)% Ave. (6\Y%
Denim 94.2 6.4 98.4 4.7 92.8 10.1 94.4 9.8
Adsorpsion Fur 88.6 1.1 92.5 0.9 86.4 2.3 88.1 1.2
Wallpaper  98.3 1.2 101 0.6 98.0 2.6 99.0 2.0
Air Filter 1* 112 5.0 114 32 111 2.8 105 2.7
Filter 2* 98.6 5.9 89.1 44 99.1 6.8 100 8.6
* After the standard substance was added, room air was passed through Filter 1 and sidestream smoke
was passed through Filter 2.
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Fig. 2. Adsorption Amount of Nicotine in Denim

The denim was contact with fur immediately after
adsorption of sidestream smoke.
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Fig. 4. Adsorption Amount of Nicotine in Fabrics

The denim and fur were contact with fur one hour
later after adsorption of sidestream smoke.

Fig. 3. Adsorption Amount of TSNAs in Denim

The denim was contact with fur immediately after
adsorption of sidestream smoke.
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Fig. 5. Adsorption Amount of TSNAs in Fabrics

The denim and fur were contact with fur one hour
later after adsorption of sidestream smoke.
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Fig. 6. Adsorption Amount of Nicotine in Denim

The denim was contact with fur immediately or one
hour later after adsorption of sidestream smoke.
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Fig. 7. Adsorption Amount of NNK in Denim

The denim was contact with fur immediately or one
hour later after adsorption of sidestream smoke.
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Fig. 8. Concentration of the Chemicals Re-emitted from
Fabrics and Wallpaper

The sampling time and temperature of the re-emitted
chemicals are D : 0 to 1 hour after sidestream smoke
adsorption at 20°C. @ : 1 to 2 hours at 20°C.and @): 1 to
2 hours at 40°C.
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Fig. 9. Composition of the Chemicals Re-emitted from
Fabrics and Wallpaper

SS : Sidestream.

3-EP: 3-Ethenylpyridine.

VOCs : The Sum of the VOCs except Nicotine, 3-EP,
Toluene and Isoprene.

Aldehydes : The Sum of the Aldehydes and Acetone
except Formaldehyde and Acetaldehyde.

@ to @ refer to the explanation of Fig. 8.
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7=, Fig. 8 & UFig. SIZIX1EHAIEDORER 2R LT,

FHHEEWEIZOWT, VOCKOT /LT b REIZD~R32
PIEAIE & H, TSNAZE CER FIRERE CH - 72,
FRENOBRIEWERIY, 7F=20Q28WE, @23114)
B, @»21WHE, 77 —0OR29%E, QX 1BWE, @n
248, BEMRODON25WE, @ 1TWHE, @323E T,
WTFNORBEKIZBNTHOR R HE L, RWTO, @D
NETdH - 7-.

BFHREIZOWT O IE R L FER, 2 ToORERKIZ
BWTOREL, IR S 2% 5 OFEBIZ oW
TIE, BREREVG@DFNROLY H2~3FLL EEm b 2
Lbyinotz. ODFEFITHONT, HRBEE D &,
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N5 &, AEORMIZL > THBENREDLD Z L, FL
FMTH > THHHMDOEIFIT LY FTEYWEHSCWEIRE D
ENENELT B2 &, TSNAOFEBIIHR S NN &
SN T,

TR B IZIVOCK T VT b RED 3208 3 H

SN, ZTOHIHIBWHEIET AV D RMERNRPRT, -
WRZEICEEN A EEZIIBENGEYE (HPHCs)
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WCBENT 22 DN C ORI R ER AT o 72, T OREE,
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Fiz, FHEBIZOWT, EIFERE EE D D DR HRE
12 & D B E OB X D U~ 8
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WZ b, WEIFHE»D bEMER RO Z L, B
B OIRE 23 O 7 S TR BB R e O B I35 = &
BN, BRI, TAT b REO BRI ZE VT
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Exposure to Nicotine and Nitrosoamines from Thirdhand Smoke : Transfer by Contact and Re-emission

Aya ONUKI ¢, Ikue SAITO 2, Hiroyuki KONISHI ?, and Takako MORIYASU ?

Thirdhand smoke, a type of passive smoking, is characterized by four R’s: tobacco chemical remain, react, re-emit, and resuspension.
In addition to these characteristics, thirdhand smoke may be transferred by contact. Basic experiments were conducted to evaluate this
hypothesis. Thirdhand smoke re-emissions were also investigated through the analysis of the influence of time and temperature after
sidestream smoke adsorption. For transfer by contact experiments, we measured the adsorption amounts of nicotine and tobacco-
specific nitrosamine (TSNA) on clean fabrics after they were in contact with fabrics adsorbed with sidestream smoke. The re-emission
experiments were performed by exposing fabric and wallpaper samples to sidestream smoke for adsorption; the samples were placed in
an air collection bag for 1 hour, sealed and allowed to stand at either 20°C or 40°C. Next, the concentration of chemicals in the bag was
measured. As a result of measuring the amount of adsorption, nicotine was detected 10 min after contact, and 4-(methylnitrosamino)-1-
(3-pyridyl)-1-butanone, a type of TSNAs, was detected 1 h after contact from clean fabrics. The adsorption amount increased with the
contact time. As a result of measuring the re-emitted chemicals, it was confirmed that the chemical concentration and number of
chemicals were high when the temperature increased immediately after sidestream smoke adsorption and at the time of re-dissipation.

These results suggest that thirdhand smoke may have the property of transferred by contact in addition to the four Rs.

Keywords: thirdhand smoke, transfer, re-emit, nicotine, tobacco specific nitrosamine
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