JEA TR AT e R A B e (BRI ZE S 3E)
gy 8 OBF g2 R E
TNTET7 T 0y FRAE LT v T ORG35HT  OE DI AMFIZBT 0L

ANLET I vy FRILF Yy G EN 5 BEEERILEM O ST

W W Rk ENZERG R EANTERT AR AR =R
WHIE s BIRRRR T ESLEREG R E AR TR AL AEEhF

MRES

KIBIZRBNTE, XAV LEHATLOMBIZOWTARIN AR LHDN, N LZES
TR AT T O AT BT A I Ch D, EZTARMITIE, ATLZS
T RHAE AT T DR EATNICE T AR P T AT AR EEL, AL
ST TR RAIE ATy T RN OIS DR A LAY (VOCs) (22T, PLAME:
FEMED B WA T IEEHE L, T ATa~ T T 7 E 8T (GC-MS) & W2 E &5y
WraATole, TLTF 7R 46 BT OWTHD T EAT TR R . FERETFWEEL TRV
SF T =)V (BTZ) . AF AV T F )Lk (MIBK) 2358 Siu7-, 7| EER2s AURTZe R
E0, BN TR NANE (BIIE &R OV E) IZOW TR T AR+ 7 2y S
LB ATONTEL, WTNORILIZE W THER TR ChoTo, JEXMRELIZT LT
v 7 46 BT, AARENICHEGRESNA N T E7IU L RIEDNAIEEAETRT(E N L E
TEZOREICILEENT =7 D 95%LL 1) OFEEHOT LF v 72 AFLTEY, Ak
TETHNLET T RAT LT T AL, TNOICE N OERENHE T
XekEBEZ2oNS, NTERT LT AIZEEND VOCs OEFEZEAZTHNT57-H121%, 5
BN E BT T 570 ORI ERENNAELRD, sEMNE LV E SN DR E L 24
BTHEOIC, BABEICBWTH 74— LRl ZEfi T 5 ENBETHD,

A. BFREEM

KETIE 2014 b, ANLZEZ TR
THET L2y D —BFERMBEEON A%
FIETDHEVIHEN SN TV, INE%Z
17,2016 4 2 HIKEREERERT(EPA) &
HEERLZ2ZBS (CPSC) RKEEIF
TEiEHE Y #— (CDC) % L LT, 2
AWFIEDIRIK L BN TWHANTLET T T
Y ROBMEFEA L UCHEHSNDHES A
Yo U A7 v LTF v FITON
T, TORENHELZRIBET D ERE LT,
PREIZBNWTS, FLF v T2 LA

TET7 I RPIERLTEY, oy h—5
LOFHGICT T il HEARIHT S
FROT T T FRARFICHEH ST
WD, UL, MEEERERHLIC L2 R 2 LT
v T ORI S DO FMEICE T D HIX
RELTRY, EROMEFEEZSFD T2
KGR D HiLDH, AWFETIL, ANLET T
v R AF 7 OGRS
THEOOERNEL LT, TLAF T M
BB ST AT 5 [ REMED & 25
HA L. EREGERIEAY (Volatile Organic
Compounds, VOCs), 7§72 H il S O Fia DY 50
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~100C2 5 240~260CIZdH 2L F=W'HE
(WHO’s official classification, 1989) % %5 &
L7 3T 247 - 7,

B. MEF#E
ANLZ7 Ty FHILATF v 7RG LU
3

ANLEZ T Uy RHI AT v 78RR
PESEE DWW 1 2R T, HEBONTEA =T =N
SEBAT Lz, sBRICHt L72851T 10 4o
NLZA == AF LT, ST LT v
TRYESHO RN D 46 Wi ExRE Lz (1
mh DFERNI P HEFZEREE TN TZH AT LT >
THROEBBEHDOINT) 2B, NLEA—T
—MciE L F T v FRES O RGN
bHoTh, NLEA—I—TLIZHIOFRELE L
-7,

FE R T N 22550 AR YR 5L SUPELCO +E:
il H48 Component Indoor Air Standard 35 J OVl
WA TR SAE AR ) F 7 — L (Rt
—ik) A L7, EEEREOM R L UHE
Dy B ORI E A MIEE T3k A A
2 ) —) 5000 (FRREEEE - PCB kBl 2 v
7

VOCs Dtk

ALF v IO RBEN LG A HET
%L LT, MonoTrap (v F A~ — X
/MMSE, GL Sciences) #fiH L7z, 40 mL /3o
TN EEIZ U ARMOT ¢ A 7 B A
EETEL, KSgDITLF v T ML END
b& % 24 FERIWRE SH, A&/ —/1 200 uL
IZ R EE A 5 it L7,

VOCs D43 Ht

WHKIIT A7 a~ 27T 7/F &5
(GC/MS, GCMS-QP2010 (Shimadzu)) 12k L. #
—77> N3HT (Selected Ton Monitoring, SIM H
E) BEOY/ 2 =0y Ro#r (Scan JIE) %

86

1T > 72, GC/MS JIE SN % Table 1 12777, SIM
HIE O E & TIRIE (0.04 ng/g) &V S
Z 0.04-4 png/g & U, #2882 72955135 EE
PEH L, £72, ScanHIEIC LV L-E
— 71X GC/MS (GCMSsolution) N7 A 77 U —
DT VT 4 HmFE (NIST11.lib 35 X OV FFNSC
1.2.lib) M, {bEWmzEFEE LT,

C. HEBRBLUOEBLE
VOCs it H1EDEE

LD S D VOCs T 29 0
U U ZIEICHARTLERS O HE (IS B 5
N, THIIZEOREE LB L UEME TR
IO D T, RN LG IZR#ETH 5,
Fo, BINETF v o N—FHW Ty T
EIEL JIS A 1901 O/NBETF v o 3—Z -3
VIV BT S L, BB I OER
B2 3l AR N A A L—F > N THRETH S =
D SRR B BT 2 G D
2R~ DA & MFENICEHT T2 ECHAT
Ho, LnL., TREOMB NS, AHFFE T
B LT DT NTF v TIOR3 G
ENTWDHTEDH, NEET ABEK TIZBNTY
IV T ERAT O BNET ¥ 3 — DO I
RETHDLEZEZADNTE, TNHDZ LD,
BN S SN D VOCs O 7 v 7 5k
T~ N A~X—ZX/MMSE (Monolithic Material
Sorptive Extraction) % W THEGL L 7=,

MMSE (I EFI ORI IZHW BTN S v
U B NDNER L (AV—RT) BRo7-v )
TERGNHIL (A VRT) 2HTHZ LT, %
MDY — 72 =Wt H s (B /U AHIE,
150m?%g) L72->THED, I HIZT U AREIZA
BTNV Y NEERTFRAE LTS, Lo
T, REMENAKE S, BRMER X ONEIRME? &
<7e 0, MWL EZHFET 5, KAFEEZH
WT, FAF v T D ORISR & it Lz,

VOCs % & 1E D frEt




BN S i S D VOCs DFfifESEE LT,

AUBHE, WEA, IR, fiERRH O 4 THE
\ZOW TR L7z,

AUBHE 1 g THIEE L7IRER, e — 2 VE
BFREMITE o722 & s, Bt OHEN
METH-Te, £z, b 10 g TS IRTE
T INNHEAR TE R D o T2, THHDRERMND
AREHRIL S g MY THDH LB LN, B
BSgICRETH L. Fig. 1T Xric, &
BHARE DE T L0 K OIRFE & B A E T
DHEER K E < B 23808 H - 7203, ARAFJE
TIES gl — LT LT o7, KI5 g &k
BICE LT-RFO 2 46 BL5L O KA IAFE O ik
% Fig. 2 \TRT,

WERL, FERIRE, FERFIZOW T, E
B 22 225 D VOCs % b &2k L
2o 7T A4 A7 BOWAEANIER 10 mm, ES 1
mm T, ¥ U IERNBIZEEREEZHETDD
DEGH LR O 2 FEEA e U, iR
J£1X US EPA Federal Research Action Plan |Z
FIRZME L7z 25C LB To B X
HIRE ERHZME L2 60°C & L, LRI 1,
2,5,8,16, 24 e & thig L 72, #6417z TIC 7
=5 A VNI igﬁﬁmmA%?%ot
RV FT )L (BTZ, {RFFER 24.5 59) |
DT, BHRMFHREL kwfﬁ%éht&&%
g Uiz, ZOREFE, YUV BTNT 4 A7 %
Wz 60 COERMETOMENRP b &
DS BT~ 7= (Fig. 3), £7-. ERITE
W ERERERE WV E THRIND B, ZRIK
DAI V== T %T5HT AR L, MRy
i3 24 il & L7z,

PLEORE LD | 3R 5 g, WA ANTIE MK
EEA LW BTNT 4 A T, flHERE
60°C., AR 24 R 2 & D B S
& VT, 46 B O ER 21T > 72,

TG 44 AL B D TE
EICIFENZERIREG M E A T

{icu
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%G T D 43 FED VOCs (ZBEHR THIS (5D
2\NBTZ &Nz, 44 Fiz b4 & L= (Fig
4), 7oL AOEETE m-Fr L L p-F
VUATGBER TE i, AEMEE LTE
B, o, BB —TIEhWnZ ERTHE
INDZ e DHEBEEERIT 1 Y720 3 [EE
1T U7z, Z DFER TR T % 44FED VOCs
Do B, 28 FEAWT OB S,
BESR CRIHEE DL > 72 BTZ, AF A VT
FNr by MIBK), n-~NV Ty n-7 TT
T T O & T HNENIERACAKTE DS m s
IR STz, 46 BLE O 3 [BIRRITN TORM A
JE% Table 2 1273, KETIXI LT v 7 Al
HENTWAHANLETF D RTTLAT5
o B —RENMIBEED N A ZRIET D & #H
BEEINTWAED, NP oot @bz
N, R ATNT ORI S G ER FIRAR
fii (ND; <0.04 ng/g) &7e->7z,

Sz 28 FEOEEME RS ND &L 7eo
7T — X EERE, VOCs ZNENDMHIRED
OB, e/ ME, IuiE, CFEAE, 46 BTkt
T2 MR A I K ORI =R, 46 BLEL oD 3 [EIRAAT
F720H 138 AATICR 3 2 M HEAE A d K OV
F% Table 3 |Z/~rF, BTZ 3L OV MIBK (% 138
RAITO 93% B LTV 84% & Wb 80% (110 &
17) LETHR Sz, BisRo &y BTZ &
MIBK (ZOW T T — & OFfiX % Fig.
5 (a) \Z/”T, BTZ (IR HERSCHR L1 15l
ELTIAIZIRMENTE Y, MIBK (3R
AICHBELCEA A ORN Y & LTS T
% (%4 Fig. 5 (b)), BTZ B LU MIBK &

IR EIRE TR S - B IEBEX A Y
KD No. 31 To o7z (Table 4),

46 W2 HRIN D, BEX A 7 24 Bl T2
M4 10 85 EHEAR T A (EPDM) 5 S5,
HHAB M T Z 2 h~— (TPE) 4 # 5L 125038
L. HROEWNZ L2 MR EDOE 1T 7
(Fig. 6), BTZ |Z TPE DA THR S N/- T o F
Yy IMBIRITEA RSN RS T20, E



PISMTIHRIC L 2R E O ZITRB O b vk
73> 7=, MIBK (% EPDM % L < (% TPE DA T
RSN ITLF v 7 BIXIRIERE ST,
BEX A Y& THEMHITLATIIIHBESY 1 i
S OF BB ENEWE W B A AR LR
77

Wiz, 46 WS ZRMmMOATER, i ~—Y=
IZIZPH L, OEWNT X 5 MR E O %
1To72 (Fig. 7)o HRTFRRON— 2 /548 & il
% &R EVME S AL S AL, FEIZ MIBK
WZOWTHERNBEE TH - 7=, ZHIRY ¥
LE RO —T 4 IR FARENS
® VOCs EENBL LTWnDEEZ BN,

RS S AL EH D ENH:

AL S R S - R R L A
(TVOC) DHERESICHOWT, 2T VT 1
RICKDEMIWT 2T T2, E— 7 HBDOKE
WIEIZ S 2 7 U7 A BB ZITVD ., KRN
Unknown & [F]7E S v B — 7 14k L, EAZ 20
DE—7 FTHRREEM LU=, ZOREE., 46
i R b @A ISR S 701X MIBK T,
MIBK & BTZ 1% 46 B5L D 72%3 LTV 70% & v
TIH 70%LL LB TRt 4172 (Table 5).
Z DAt B EEACWEAY SO DTS AL A D
fb&whit s niz,

st A ETE OB FERR & D g
NLETLF v 7T ORENMEIET 27
DUNT, EPA 732016 412 H 30 HIZAFR LT
status report D (21X T A F v T OH LT 53T
DRFFERERITE TN TV RD > 7228, EPA O
1 kL ToOMTRISR E LTV D VOCs DLEY)
U A R LN status report THAIT STV D RE
WD IZEBIT D BTZ OE R FICAIEE O
KEREWVIIR SN -7 (Table 6), F£7-,
T v HENLNRAEFRBR BT ZEAT (RIVM) @
WMEEO BT DT 0 —/v FEHREE, F
B2 2.7 mg/kg (WilgE &), 90 N—& L F AL
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73 5.7 mg/kg (Wl E &), HAEDY 6.3 mg/ke (F2
BREE) ThY ., AR LIZZRFEOHIEE
LT,

MIBK (22T, Nilsson & ® 7 /L—7|Z K&
D NLZHEPEFREANS S £ DR 0.5-
12 pg/g TH2DEWME VI, KL DRKE
RIEVITR SN o T,

RIVM &, T 2F v 7HIZEHEENDHBNAME
(FRICAIMIF R VY >N fE) & OB & 5 1L
HEMEL TRV AF LU 13- TEIT
EHIRL, ENONIALT v I TR
HENhoTz b HELTWHDENR, ZNHDOE
&2 FERAEIC DWW TR Z TR0 19,

[E B3 A ZEREEE (TARC)IE, B Mxd 2
FENAME (AR OY 73 E) ([2oWnWT, =
v v ARy (sufficient) 2B L. BT
¥ AP RE B (limited) 7298 ) & 2 KB L TR
LTWa 17,

NP UNE T EF U AR5 WE ] (25
HINDMN, RFFEICEB O TEW T o RLE )
5 EE FIRAN (ND; <0.04 ng/g) &7e-o7z,
ALFy AEHEL [T AR+ E )
21T AV LT ILTE R, 1,3-7 2 P 3438
ENnb, ZRPOT7T AT e FEOBE, @k
#24Y=ha7z=Lb RIDUERV D
TN EFEUREF IS L, B KTV U5
AL UCHME - L, 7 h=hU L THI
t L72%%. HPLC {E&2 HWTHIES 5 H1EN—
X CTH D, ABFZECIXLFHAOW R Z AT 5
VOC O—H & HrvE L, GC-MS iEx4 Hn
T2 enn, FEMAR{L L THPLC THIET S Z
ENMEL ENDHRNLLT VT B RE2SH S
HLLTH- TR, £/, 13-7F T
(i 5-4.4°C) 122\ TiX, WHO 23777 VOC
DEFKE B LI\, REFIETILHrt 5
& LTH- Ty,

AKAFFEIZ BT ZF L 13 0.051~0.082 pg/g
DOULPEFH, 5.1% DB (7/138 344T) THi
EN7z (Table3), AF L L T F v ZAN[R



ERZRWE | TS, b MIHT RN A
PF — 2 IXBREEN AWML 2 oMo mE
EOBEAWIRRET D AREMEN R E TE R
B, IARC [ZAF L Db M 530 Atk
Z [ RiEY)(inadequate)] & AT T\ b, £
7z, TZETF U ANRRERNRWE] 12X, v7
m A% (HhiR40°C) RSN DA, WHO
MR VOC DEFKE —H LR\ oD, AR5
TR G & LTl Ty,
ANLERITLF v FITEEND VOCs DFEE
A A 720 I12iE, RRRENRIRE RS
HeET DO DKTIREREN VAL 10D, 7
SAE XK VA SR ORI E & BET DI,
EAEICEWTH 7 4 — L FilEE FERT 5
ZEDBMETH D,

D. fi
DREIZBWTIE, 24P LEHTLOER
BLZOHMBRIZOWNWTIEAREI N TV HELE
LHEM, NLET T RAILT v T DR
ONTIRET 2B H e, AT, 24
F o TPOHMINTHRAT L REMEDH D
{EEIZOUWT, MonoTrap % HV 7= Z MR AL
BES AIREZR AR T IE AL U IR R (1
KIET DT O DIERINEZAT > 72, 46 D =
LTy T ORI ZAT o TS, RO 23
WERIETHEHRBESNTND I EnbED
NI B AT SR 477, BTZ, MIBK
DEICKHRH Sz, WERRELIZT LT VT 46
L, AARENICEERENDOANLE TR
I DONDIZEAET X T(ENT =T 95%LL 1)
DO LT v 7% AFLTEY, b3 [E T
HENTWAIANTLET T I LT v
DIFEALEEMREL, TNOICEENDHTD
FREPHIETE LB I HND, VOCs DFER
B 70 Wk iR i A HEE 92 7o I3 IR B
ENMVAETHY, 74—V NiEEZE/T 5 Z
EMRETH D,

89

E.

1)

2)

3)

4)

5)

6)

BE IR

United States
Agency. (2016). Federal Research Action
Plan on Recycled Tire Crumb Used on Play-

Environmental Protection

ing Fields and Playgrounds. Status Report
https://www.epa.gov/sites/produc-
tion/files/2016-12/documents/federal re-
search_action_plan_on_recy-

cled tire crumb used on_play-
ing_fields and playgrounds_status_re-
port.pdf

California Office of Environmental Health
Hazard Assessment. (2007). Evaluation of
Health Effects of Recycled Waste Tires in
Playground and Track Products. (EPA ref. 7)
http://www.calrecycle.ca.gov/publica-
tions/Detail.aspx?PublicationID=1206.
Cheng, H; Hu, Y; Reinhard, M. (2014). En-
vironmental and Health Impacts of Artificial
Turf: A Review. Environ Sci Technol.
48(4):2114-29. (EPA ref. 12)

Connecticut Department of Public Health
(CDPH). (2010). Human Health Risk Assess-
ment of Artificial Turf Fields Based Upon
Results from Five Fields in Connecticut.
(EPA ref. 15)
http://www.ct.gov/deep/lib/deep/artificial-
turf/dph_artificial turf report.pdf.
Connecticut: University of Connecticut
Health Center (UCHC). (2010) Artificial
Turf Field Investigation in Connecticut Final
Report. (EPA ref. 16)
http://www.ct.gov/deep/lib/deep/artificial-
turf/uchc_artificial turf report.pdf.
Connecticut Agricultural Experiment Station
(CAES). (2010) 2009 Study of Crumb Rub-
ber Derived from Recycled Tires, final report.
(EPA ref. 17)



7)

8)

9)

10)

11)

12)

http://www.ct.gov/deep/lib/deep/artificial-
turf/caes_artificial turf report.pdf.

Incorvia Mattina, MJ; Isleyen, M; Berger, W;
Ozdemir, S. (2007). Examination of Crumb
Rubber Produced from Recycled Tires. De-
partment of Analytical Chemistry. The Con-
necticut Agricultural Research Station, New
Haven, CT. (EPA ref. 34)
http://www.ct.gov/caes/lib/caes/docu-
ments/publications/fact sheets/examination-
ofcrumbrubberac005.pdf.

Kanematsu, M; Hayashi, A; Denison, MS;
Young, TM. (2009). Characterization and
Potential Environmental Risks of Leachate
from Shredded Rubber Mulches. Chemo-
sphere 76:952-958. (EPA ref. 36)

Llompart, M; Sanchez-Pardo, L; Lamas, J;
Garcia-Jares, C; Roca, E. (2013). Hazardous
Organic Chemicals in Rubber Recycled Tire
Playgrounds and Pavers.
90(2):423-31. (EPA ref. 46)

Milone and MacBroom, Inc. Evaluation of

Chemosphere

the Environmental Effects of Synthetic Turf
Athletic.  (2008).
sports.com/media/Milone MacBroom.pdf.
(EPA ref. 51)

Nilsson, NH; Malmgren-Hansen, B; Thom-
sen, US. (2008). Mapping Emissions and En-
vironmental and Health Assessment of

Chemical Substances in Artificial Turf. Dan-

http://www.actglobal-

ish Ministry of the Environment, Environ-
mental Protection Agency. (EPA ref. 54)
http://www2.mst.dk/udgiv/publica-
tions/2008/978-87-7052-866-5/pdf/978-87-
7052-867-2.pdf.

Norwegian Institute of Public Health and the
Radium Hospital. (2006). Artificial Turf
Pitches: An Assessment of the Health Risks

for Football Players. Norwegian Institute of

90

13)

14)

15)

16)

17)

Public Health and the Radium Hospital, Oslo,
Norway.

New York Department of Environmental
Conservation (NYDEC). (2009). An Assess-
ment of Chemical Leaching, Releases to Air
and Temperature at Crumb-rubber Infilled
Synthetic Turf Fields. (EPA ref. 57)
http://www.dec.ny.gov/docs/materials min-
erals_pdf/crumbrubfr.pdf.

Sullivan, JP. (2006). An Assessment of Envi-
ronmental Toxicity and Potential Contamina-
tion from Artificial Turf using Shredded or
Crumb Rubber. Ardea Consulting: Wood-
land, CA. p. 1-43. (EPA ref. 71)

Celeiro, M. et al. (2014). Investigation of
PAH and Other Hazardous Contaminant Oc-
currence in Recycled Tyre Rubber Surfaces:
Case Study: Restaurant Playground in an In-
door Shopping Centre. International Jour-
nal of Environmental Analytical Chemistry.
94(12): 1264-1271. (EPA ref. 82)

The National Institute of Public Health and
the (RIVM), Netherlands
(2016). Evaluation of health risks of playing

Environment

sports on synthetic turf fields with rubber
granulate.

http://www.rivm.nl/mwg-inter-
nal/de5fs23hu73ds/progress?id=ENwrau-
sUCt9JdWp7XuOVIL2vktVT8LRsT6iNJ08]

-1Cc.&dl
IARC Monographs Programme on the Eval-

uation of Carcinogenic Risks to Humans. List
of Classifications by cancer sites with suffi-
cient or limited evidence in humans.
http://monographs.iarc.fr/ENG/Classifica-
tion/Table4.pdf



[VOC »iEFE 2. FERE

WHO (1989) Indoor air quality: organic pol- 7L
lutants. EURO Reports and Studies, Vol. 111,
Copenhagen, WHO. H. ZAHEHED HEE - BREIRD
1. HFErEUS
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Table 1 GC/MS JHIE 54
(a)

Instrument Shimadzu GC/MS-QP2010

Column Rtx-1 (0.32 mm i.d.x60 m, 1.00 mm)

Column temperature 40°C-5°C/min—250°C (3 min)

Carrier gas Helium

Inlet mode Split (ratio 20)

Ionization mode EI

Ionization voltage 70 eV

Ion source temperature  200°C

Interface temperature 250°C

Scan range (m/z) 35-450

(b)
VOC SIM monitor ion VOC SIM monitor ion
(m/z) (m/z)

2-Butanone 72 n-Nonane 43
n-Hexane 57 (1S)-(-)-o.-Pinene 93
Chloroform 83 3-Ethyltoluene 105
1,2-Dichloroethane 62 4-Ethyltoluene 105
2 4-Dimethylpentane 57 1,3,5-Trimethylbenzene 105
n -Butanol 56 2-Ethyltoluene 105
Benzene 78 (1S)-(-)-B-Pinene 93
1,2-Dichloropropane 63 1,2,4-Trimethylbenzene 105
Bromodichloromethane 83 n-Decane 43
Trichloroethylene 95 1.4-Dichlorobenzene 146
Isooctane 57 1,2,3-Trimethylbenzene 105
n -Heptane 43 (R)-(+)-Limonene 68
Methylisobutylketone 43 Nonanal 57
Toluene 91 n-Undecane 43
Dibromochloromethane 129 1,2,4,5-Tetramethylbenzene 119
n -Octane 43 Decanal 43
Tetrachloroethylene 166 n-Dodecane 43
Ethylbenzene 91 Benzothiazole 135
m-Xylene 91 n -Tridecane 57
p -Xylene 91 n-Tetradecane 57
Styrene 104 n -Pentadecane 57
o0 -Xylene 91 n-Hexadecane 57
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Table4 BTZ H L OMIBK OF RIS 5 3 3 TR R
No Concentration (Lg/g)
‘ BTZ MIBK

1 22 054 2.4 1.1 050 1.1
2 75 6.7 6.7 3.9 4.3
3 40 1.4 0.75 055 033  0.18
4 45 0.25 0.84 090 0.18  0.35
5 3.6 1.1 0.79 0.081

6 9.7 4.1 2.8 080 0.56  0.38
7 3.6 24 1.5 1.4 1.7 1.1

8 28 2.7 4.2 1.9 37 3.4
9 0.76  0.41 0.76 1.6 1.1 1.7
10 0.66 0.33 1.2 0.076

11 1.7 2.0 1.4 0.078

12 45 1.1 4.0 54 3.0 4.6
13 73 23 1.3 58 23 1.6
14 43 26 1.1 37 25 1.4
15 0.73 26 0.43 025  0.070
16 11 9.0 3.8 0.078

17 32 1.0 0.82 20 08  0.68
18 31 12 0.79 0.096 0.14  0.074
19 74 12 5.6 57 1.8 4.8
20 56 8.6 12 44 7.0 8.2
21 25 55 4.1 39 55 4.7
22 20 3.1 7.4 066 0.8 1.6
23 1.1 0.85 0.78 0.067 0.15  0.11
24 45 18 3.8 27 1.8 2.7
25

26

27

28 3.1 0.40 0.45 052 0.19 0.17
29 32 042 0.33 0.19 0.12  0.064
30 42 1.9 2.4 033 032 0.34
31 22 1.9 2.7 19 2.9 4.3
32 12 1.4 3.2 46 12 2.4
33 40 1.2 4.4 48 23 5.7
34 10 0.31 4.6 82 0.80 56
35 70 49 4.7 69 62 6.0
36 51 5.7 6.7 44 5.0 6.3
37 83  0.89 0.93 0.079

38 0.14 0.080 0.074

39 0.13 0.25 2.4 017 025 14
40 1.8 0.75 5.7 2.1 1.1 4.8
41 53 1.6 0.57 4.1 1.9 1.1
42 78 1.8 1.9 55 22 2.3
43 40 027 2.8 1.1 023 0.83
44 91 14 0.77 79 20 1.2
45 7.4 24 1.3 59 27 1.9
46 29 20 3.4 080 0.70  0.95

Blank: below LOQ (< 0.04 ug/g%s



Table 5 TVOC sy D AL 5 LA O fs AR

VOC Detection frequency Detection rate (%)
MIBK 33 /46 72
BTZ 32 70
Dodecamethylcyclohexasiloxane 26 57
Cyclohexanone 25 54
N-(1,1-Dimethylethyl) formamide 18 39
Decamethylcyclopentasiloxane 14 30
Cyclohexanamine 12 26
Butylated hydroxytoluene 5 11
Morpholine 5 11
4-Methyl-2-pentanamine 4 8.7
Tetradecane 4 8.7
Tetramethylthiourea 4 8.7
N -Butyl-1-butanamine 3 6.5
Triethyl phosphate 3 6.5
2-Octanone 2 4.3
o,a-Dimethylbenzenemethanol 2 4.3
N-Cyclohexylcyclohexanamine 2 43
N-tert-Butylacetamide 2 43
1,5,9-Trimethyl-1,5,9-cyclododecatriene 1 2.2
2-Ethyl- 1-hexanol 1 22
1,3-Dimethylbutylamine 1 2.2
Octamethylcyclotetrasiloxane 1 2.2
Hexamethylcyclotrisiloxane 1 2.2
2,2-Dimethyldecane 1 2.2
Di-n -butylamine 1 2.2
N, N -Dimethylformamide 1 2.2
N-Cyclohexylformamide 1 2.2
5-Ethyl-2,2 3-trimethylheptane 1 2.2
n -Butyl methyl ketone 1 2.2
N -Formylmorpholine 1 2.2
3,7-Dimethylnonane 1 2.2
1,2-Dihydro-2,2 4-trimethylquinoline 1 2.2
Dimethoxydimethylsilane 1 2.2
Triethylamine 1 22
Tetramethylurea 1 22
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— Adsorbent

Fig. 1 AUBHMATEDEMT K 2 KUHOFE & WA Al % T O RRRED L
(f5: BPES 33, £:27, WFRHREHE 5 g)
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(b)

(c) (d)

(e) 6] (2

Fig.2 #BHE S g 1231 5 46 B O KK D ik
(a) M BEHEE S 1~8, (b) 9~16, (c) 17~23, (d) 24~30, (¢) 31~33, (f) 34~39, (g) 40~46
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Fig. 4 kIS 44 VOC D/ u~ 7T A

1; 2-Butanone, 2; n-Hexane, 3; Chloroform, 4; 1,2-Dichloroethane, 5; 2,4-Dimethylpentane, 6; n-Butanol,
7; Benzene, 8; 1,2-Dichloropropane, 9; Bromodichloromethane, 10; Trichloroethylene, 11; Isooctane,

12; n-Heptane, 13; MIBK, 14; Toluene, 15; Dibromochloromethane, 16; n-Octane, 17; Tetrachloroethylene,
18; Ethylbenzene, 19; m-Xylene, 20; p-Xylene, 21; Styrene, 22; o-Xylene, 23; n-Nonane,

24; (1S)-(-)-a-Pinene, 25; 3-Ethyltoluene, 26; 4-Ethyltoluene, 27; 1,3,5-Trimethylbenzene,

28; 2-Ethyltoluene, 29; (1S)-(-)-b-Pinene, 30; 1,2,4-Trimethylbenzene, 31; n-Decane,

32; 1,4-Dichlorobenzene, 33; 1,2,3-Trimethylbenzene, 34; R-(+)-Limonene, 35; Nonanal, 36; n-Undecane,
37;1,2,4,5-Tetramethylbenzene, 38; Decanal, 39; n-Dodecane, 40; BTZ, 41; n-Tridecane, 42; n-Tetradecane,

43; n-Pentadecane, 44; n-Hexadecane
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Chemical Formula: C;H5NS Chemical Formula: C¢H;,0
Molecular Weight: 135.18 Molecular Weight: 100.16
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102



(a)

25
— ®
%ﬁ 204
=
5 15
§ ‘.0 @
g 1094 ° >
S ooy? o ’
o
5_
@] .an:‘ E
0 Y V SN —
% Q Q
S R R
ISR
S
&
(b)
25
g'g 20-
2 °
§ 154
s
= 104
8 e ©
5
O 97
e o
0e®
0 W& . ——o—
) Q é\ <
<® & Q N
PSR
\'5\
Sl
&

Fig. 6 WSOk (FEX A ¥, 1M =2 A, EPDM, TPE) OiEWZ X5
RO E  (a) BTZ, (b) MIBK

103



(a)

25
e Y
% 20-
=
§ 154
§ ..0 )
§ 104 ° 4 % o
S| eoldty
(& [ ®
g .. Y 0q®
0
N~ > 4\0
e & 3
Q,\ I Sb&
e
(b)
25
;ﬁ 20
E! °
EE
s
% 104
O I
0 bt el -
N~ > 4\0
e & 3
Q,\ I Sb&
%2

Fig.7 S (B, i _—2 2/48) OEWIT K DR o g
(a) BTZ, (b) MIBK

104



