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Abstract

Project Code: RSA5580006

Project Title : The impacts of water vapor and gas mixture on the sorption of basic (alkaline)

organic pollutants onto indoor surfaces
Investigator : Assoc. Prof. Maneerat Ongwandee, Ph.D.

Faculty of Engineering, Mahasarakham University
Email : maneerat.o@msu.ac.th

Project Period : 36 months, From 16 July 2012 to 15 July 2015

Sorption of organic airborne pollutants onto indoor materials is considered to be an important
mechanism controlling a pattern of occupant exposure to pollutants. Many factors control indoor
sorption including properties of organic pollutants and materials as well as indoor environment e.g.
relative humidity and present of other airborne contaminants. These environmental factors can alter
physical and chemical properties of material surfaces. This study aimed to measure the effects of
relative humidity (RH) and surface soiling on the sorption of polymeric materials, i.e., polypropylene
and polyvinylchloride. Tested organic compounds were toluene, tetrachloroethylene, decane, nicotine
and phenol. Sorption experiments were conducted in a 25-liter stainless steel chamber at 0, 50 and
90% RH. All experiments were controlled at 25°C and 1 atm. Kinetic parameters of sorption and
desorption were determined by fitting measured time-dependent concentrations to the surface and
embedded sink model using a MATLAB® genetic algorithm toolbox. Results show that equilibrium
partition coefficients for the tested organic compounds ranged from 100 to 104. Adsorption of the
organic molecules to the polymeric surfaces can be explained by intermolecular interactions composed
of van der Waals and Lewis acid base components. Increasing RH from 0 to 50% and 90% decreased
the partition coefficients between the polypropylene and all tested organic compounds, except for
nicotine. A similar trend was also observed for the polyvinylchloride sorption. Adsorbed water
molecules on the surface may hinder the direct adsorption of the organic molecules to the bare
surface, which in turn, deters permeation of the adsorbed organic molecules into the polymeric
substrate. Regarding surface soiling, the tested polypropylene that has been exposed to an office
room air exhibited a decrease of the partition coefficient for toluene by 64%, comparing to the sorption
of the cleaned surface. Airborne contaminants in the room air e.g. particles or semi organic
compounds could change the sorption pattern of organic pollutants. Future studies are needed to
investigate morphological surfaces in terms of molecular interactions between organic sorbates and
bare and soiled surfaces.

Keywords: Polymers; Volatile organic compounds; Sorption; Relative humidity; Surface soiling
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luLﬁaoﬁug"ﬁﬁ'ﬂ"l@Tﬁ@Lﬁanmiﬁu‘ﬂ%ﬁ 7 59%@ leuA Toluene, Tetrachloroethylene (PERC),
Decane, Nicotine, Phenol, Pyridine L8z Acetic acid %\‘lﬁnﬂwamiﬂ@aauLﬁaoﬁumuﬁﬁ'ﬂmi
Usziugumunuidszasmaiuaedmausenaieeinmanil sunnaaianansdunid
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Phenol  G3838un3ens 5 riefiauddnndiaeiusanszysznhalaanaussauifnmaniias
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Sorbate Vapor Khexadecane/air ) Effective Effective
pressure* (m3/m3) hydrogen- hydrogen-

bond acidity ~ bond basicity

Toluene 3466 (25°C)  3.325 0.00 0.14
Tetrachloroethylene 2533 (25°C) 3.584 0.00 0.00
n-Decane 122 (25°C) 4.686 0.00 0.00
Nicotine 5.3 (25°C) 5.870 0.00 06
Phenol 47 (20°C) 3.766 0.60 0.31

"Bloch (1999)
N Abraham et al. (1994)
" szanmanann Pyridine
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Class Sorbate structure Formula  Molecular Density Boiling  Melting
weight (g/ml) point point
(g/mol) (C) (0
Toluene LL C/Hsq 92.14 0.8669 1106  -93
Phenol A CHO  94.11 1.079 1817 405
Aromatic L
n-Decane S O o S 142.28 0.730 174 -30 - -29
Amine Nicotine o CioHuN, 162.26 1.01 247 -79
Chlorinated Tetrachloethylene E',_E C,Cl, 165.38 1.622 121.1 -19

"Bloch (1999)

a AA] o a a e )
13179 3 9N Uﬂ:l,aU@mQGQWSLﬂNﬂI%Lﬂuaf]iauﬂ H| ﬂ@‘ﬁ‘]_lluﬂ']'iqﬂ@aa@

Chemical CAS. No % Purity Company

Toluene 108-88-3 99.5 Panreac Quimica, S.A.U.
PERC 127-18-4 99 Merck Chemicals, Ltd.
n-Decane 124-18-5 99 Sigma-Aldrich, Co.
Nicotine 54-11-5 99 Sigma-Aldrich, Co.
Phenol 108-95-2 99 Sigma-Aldrich, Co.
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Urmianwedweiiwnziduizgiugiu danuduiiaideaii (Homogeneity) uaziilassasnasoy
' I J a [ o Y o @ A o o A Y &
o ligudan wenaninediwasgnianlaviiagiaiasldluniansiwinannuazdiinslaidu
dindsznavlu Anie1ans nn esUseaw asiedeud Wudw (Yu and Crump, 1998) lu
a v gl' YV o =3 = = 1 a 6 a = al Aad al a 6
NwIdsilavinmsansudeuifsuserninwefiwes 2 a9a Aa nadlwIRR war wal hianaalsa
4 a 3 a 1 1 Q =) ¥ a o L o lé
iasannwafiwaivisrasriialianuuandsvesdnainulaAuiisniunmigatubiuaadly
vdwW I 6 6 [ a & a
AT 3 RNNELNAG Yoy A8 WTIIKIADTININVINAIUBITZNUEY  (van  der  Waals
9



component of the surface free energy), EA, Aawindieasuaasanusnnsnlwnyld
A& nﬂw a A a 6 I
AlanaTanTaINUEINIaNI AN aIuRaInNNLTuILE (Electron acceptor parameter) waz ED,
AN TN TLEAIAMNURINITD LWNIITLBLANATAUTAINBAINTANI T TLADTUFAIANLTUNTA
L =Y o ? é { v
(Electron donor parameter) @134 3 HILRAINITIALABILIINTEV 29N T Iz N TRINT
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@1319 3 Mndlieeiusinszizesiagiugunlfiduiaggeaduluaans

Surface Vet EAL: ED,,
Polypropylene 33 0 0
Polyvinylchloride 43 0.04 3.5
Water 21.8 25.5 25.5

"Goss (1997)

WHUNBRLBST LT IANNTNARDS bALA LHNUWEAININAY ANNAUY 0.05 UN. (Cole-Palmer
Co., USA) uazueiunad fianaa 136 anunun 0.07 uy. (OPPC Public CO. Ltd., Thailand)
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(1) gamuguianmMInazasiolszneudis Siaasquaasnniying 2 1ATD9 UAZLASDS
AIuay 1 Lﬂéa\‘] (Mass flow meters and controller, MKS Instruments, USA)

(2) AasnasauInanna l3afiy (Stainless steel 304) U@ 25 AaT HNAULUGBRLTER
wannal$sfi (Fitings) 2w % ia (Swagelok, USA) idandanusaimnnas (Teflon”) S50
imodnean HEaNLAIEIR28 C-clamp W 8 61 TURINIBITTRINGINBINLENTINAN
619 Viton® tiatlasrfoduanntomasay
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(3) qﬂﬂitﬁa%”nvlaizmﬂaﬁﬁuw%'ﬁ (Evaporator) ¥hannviawannan lSafinauwia % #a
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M9 (Tee fiting) & nsuldlunsdavasnaransdunidnasimsvinlimidulaszine (Chemical
injection)

4) adnntadeanuulinuie (Humidifier) lasruiolulasaussluluieudida

A A :’ [y A v & o o & iAo
afinfiussgsianan (DI water) ialilaanududunniaudnivue
v o a a A v @ e o % a a o

(5) tamelulanauuigng 99.999% Geldiduiadmivnaylaasdunidlildnuaia
Wt wue wazdumonluszuunasay

() wawiudmatfeiunid dsznaudronaaaiiudiatuazduiiudiagng (Sorbent

tubes and sampling pump, SKC, USA) 3ntaztdsauaadlunids 2.4
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(7) aTasingungiiuazanuanuTuuEntluisnsluienasey (Hanna
‘é ] 1 Y Qs Q e (273 { v
Instruments, USA) Tasanagluiaanaunuma 250 wa. laalddudanufiiannasananainias

NAFaU
Mass flow controller chemical injection
— Evaporator Valve 1 Valve 2
Syminge Sorbent tube
1
Mass flow controller =
-
Huraidifier Pump Relative humidity/ Temperatire probe
Stainlegs steel chamber

4' Qs
zﬂ‘YI 3 szuumswmadmsgmmu

2. NITUIBNITNARDY
21 IHAARNINARDS
duaaumInasadsulasmiaaesununaiuafHuIINA Nz e anTarin i anTn
V[T 1'15”@Quﬁfuﬁwaaﬁaamaauw&wm mmﬂuﬁuﬁﬁami@@eﬁl 048  @3.4. MINUUF
anusnuRnsvesmoneluiainaseulilanudifiniwue Galdiiadszanm 1-2 T,
TuAauMINaaaIuladn 2 519 do ﬁaqﬂﬂ‘sgwﬁ'u me@”ojgﬂﬁ 4 (Sorption stage) WLRLTIINITANE
LLameﬁgﬂﬁ 5 (Desorption stage) L’%IWTWTJum:ﬁ:mﬂmimﬁmﬁﬂumwaﬁﬂumigwﬁﬂ@ﬂ
msﬁmaommmsmﬁﬁqﬂﬁ%mﬁuﬁ@m (Micro-syringe, SGE, Australia) U3u1@5 0.08 4@.a.

Liﬁ"lﬂﬁgﬂﬂiﬂiaé‘”nvlai:l,m wiaunstaaumalulasane8aasInsiva 50 ua./wN 1w luias

=

1 4 = { { A 1 g =) =3 =)
nagaulduiiaidalites 20 wifl warllandan 2 UM 4) dalusrdtaziianigaduasduniy

a4 A

LLNufaqﬂ@aaumnﬂdﬂmimﬂﬂﬁugﬁmsmmﬂluﬁaa vié’amnﬁfuﬁoquﬁﬁsnvluIWSLauu%qﬂﬁﬂu
AMNTUFUAN TN A AR DINAROLAILDAIINIT IR 500 Na./ W17 WIaunadadaan 2
(3U1 5) waziIuiuaasemslurasnareulasldduifvaregssiauuunnwidainnuvasa
VU889 g@ﬁ"ﬂsm”wé'@mmivlm 0.23 Aa3/w17  YinnsinuelatnI AT lwAaInaraLang
\ A = ° [ ' A4« <& o . o . = 2

Gdathadtduiian 18 TU. SIWIUAIDLINNLALNIEY 12 A288719 A1820819 2 Waaa (LNUS)
JHURLALAVDINITIALADENILFAIAIANITG 4 WAL AaRINNIINARBILFARZATIZYINAINY

R2aNARDINARAUAIEMethanol MAEIAI81NA ezt IRILR
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chemical injection

Valve 1
_S2

RAILNLAIBEIRITOUNIT U macﬂLﬁmﬁasmazgmﬁu%'nmﬁqmﬁgﬁ 45, aun3n9z¥in
nsEnakaziaTERaI8819 aranututussusfnluiemasaufiiaadng g aldmsu
ﬁwmmmmmmﬁmafﬂwsgﬂsﬁ'miavlﬂ\ WUIBLAG i:uumsmaaagn@mzﬂuﬁg@m”u LAY
qm%gﬁﬁam@aauﬁ' 25°7. NNNIINARDY anuduTwluiasinage U a s uaduIAIa NN
FWIIINNAIRILHUTEIF TR VSunmanTiiaadnszuy waslSunaswesnasey laasi
Toluene 2752 4a.n./au.4., PERC 5135 1a.n./au.4., Decane 2312 4a.N./aU.4., Nicotine 3200
UA.N./AL.4. Uaz Phenol 3390 NA.N./A1.4. TIANNTNTWSNEUAINE1 A1 0.9% VoI
TRt wANGITaIR1TBUNISudaz e @Tﬂif%?iﬁ]”@vlﬁdwLﬂumwLiwﬁumaoﬁﬂmﬁamosﬁaaglu

mauLﬂJmJamqwﬁmsg@éﬁ”waaﬁwm%‘amﬂﬁ (Roth et al., 2002)
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A998 4 IPazLBgaMINUaIatN M auNnISlurainasay

WRaAL  SzpzMTiY 8AINT AR ﬂ%mmmmﬂﬁ"lmmuma@@@éﬁ'u

LR (W11) (Ra3/u11) (8619)
1 10 0.23 2.3
2 10 0.23 2.3
3 10 0.23 2.3
4 20 0.23 4.6
5 20 0.23 4.6
6 40 0.23 9.2
7 60 0.23 13.8
8 80 0.23 18.4
9 120 0.23 27.6
10 180 0.23 414
11 240 0.23 55.2
12 300 0.23 69

2.2 msm%wu&iu"ﬁ'ﬂqﬂmaau

o

= | @ A . & ad = g
ﬂ’]iL@]ﬁﬂlﬂJLLN%Qﬁ@lﬂlﬁluﬂ’]Tﬂ@ﬁaU wdvaantdn 2 33N1ILOI8N A

1) MILAILULHWIRATZENA
q

v
@ A

I@m‘inLLN'u‘waama{mﬁwﬁﬁmwazam 3 A3 AN 1 ANAUFINZAUNEN Methanol :

v '
Qs

Ethylacetate : inaw lusaan 1:1:100 ufrastndsingss 2 A% ﬁ]’]ﬂﬁ%ﬁ’]LLNu’JvﬁT@lN’lLﬂ’l
Twuksluwasazana (Clean room) Agssannmanna ¥afiudanunmw 9 wu. n1s 0.5 w. §90.5
4. LAz 817 1 4. LL&@N@T@EUﬁI 6 W%”amﬁtachuﬁ”ﬁm"luimiL%%U%qﬂﬁiﬂﬂluﬁm Yarwaglet
Soudesiald 30 wifl antuieiudunedwafazanaunfaasluiesmasauiiariininasss
da'l
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Side view
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31 6 aaazm@E%W%’U‘l‘fﬁwm’]uaxmmi’a@;maam

(2) MAABULHWIFEQANUNIRURFO I AN
lagshununadiwasnyianuazanauainndandluisinazey annvuinldaslilunan
fmua fAa #asrhau heseid uazhueSuais (1 ganImesasde 1 waa) iwnadaliies 3 1y
{ va v 1 a e a a a v e 1 & 1 a e AI
walAmhuduwafimeidudanueinaaTiniolunasdinann Junuisgazgadufaniodu
' ) = a A ek & v o A
@199 lupssomald iu eumamaidn ssdunidnaszne udu usasdizln 7

A o o

3N 7 NS UULNWIRANHIWNNIFURNRDINIENN S I aIANTNN A%
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ANBHSYDINDINNIN WIATT LAZIWLRSNRIY DTl Inaaadtduwa st
(M) ®o991191% LI uRaI¥191UIINV0IAUIANTTAMEIAINITNAIFAT UWIANLIRE
VANF1IANN anHeRadTuuuuTaNnulaasIn1TLantUaswaInaaaus 96N 0.7 ¢io
. ANNTHIFNNNS Lo anielunasdantlszinm 61-65% nialunasdsznaudas
o o ) v & @ & I ) Aa A P ') ')
T@evinawlatlsznay 1/Manis nszauivivase @”’Luﬂmma LA3a9UsUaINE Waaw
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Room balcony Toilet

Door m
[l [l

IQOIpPIE AL

@
0/

d. o ¥ L a @ o et ¥ Y a4 a
31]71 1 ﬂﬂﬂmz%a\‘]Wﬂﬁg}@ﬂ:ﬂ‘ﬂa\ﬂ‘lﬁaWﬂﬁW‘Vi‘S‘Ul"D’ﬁT‘I\‘]ﬂ'J’]ﬂJﬁﬂl]iﬂYl‘W%N’J']EW]‘YI(?’IEWLI

2) sanisuaniaguenniayaswaswn muquﬁ@iﬂmﬂizmm 0.7, 2 uaz 10 o Tw.
@i”aﬂw‘”@amzmﬂmmﬂuuuﬁmNﬁfdsﬁaﬁﬂLﬂ"mﬁuﬁnmﬂizgiuﬁm

(3) unwimgnazay Aa waRlwIRA®

(4) s138un3SAnasey fo PERC uas Nicotine Midudaunuaassnifidianizuseia

LABEIIWEADIINIA BRZLIIHALABIINILIREADIIMIBLAZLITINTALLF QNSO

ﬁaaw‘”ﬂazgnﬂ%’ué’@mmmaﬂLﬂﬁﬂuaﬁﬂﬂﬂmwuﬁﬁwwu@LLa:ﬂéa:ﬂ"L’J”Lﬂunm 12 1%
wolwszuy (Baswn) LNEENNIERUGA mmfuﬁaﬁmciui’aqwaﬁma?a:awﬁﬁmfﬂuﬁammau
wi lasluaswnieldsuianuanmeaneluiasduna 5 Judatiies

wanniimInnvianafimanmaluwasinisasimsuanilaswaimansnuald 3 6

v [} 0/ A Y a 6 6 v A a :3’ a A o v 1
AAULTUNU L‘Wﬂl"ﬁﬂi:ﬁﬂ@ﬂﬂﬁi’]Lﬂi’]t%ﬂi’mgﬂﬂimﬂﬂi@@sﬁﬂ‘ﬂLﬂ@"ll% AN BRINIANNIINIG VL@LLﬂ

o IBUNIIIUNG UAZATAWNSITIRININNA (TVOC) tiusiasnsanmeluioann
\Jwa 5 7. d1unaaagaty Carbo trap lﬁﬁu@@mmﬂﬁmﬁmﬂm 0.1 8@/
TU. 3Lmﬁ$ﬁﬁmm§ao Thermal Desorption (Markes, UK) W8z Gas
chromatography Mass spectrometer (Agilent, USA) A7727alasuSEN ALS
Testing Services (Thailand) Co., Ltd

® aumarmAlannd1 2.5 luATan (PM,s) SadpLa3a9 DustTrak 1l (TSI, USA)
N9 5 wiiiduiia 5 ou.
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2.4 NIAUAIBLIUAZNITIATITAANTDWNTE
2.4.1 TNsIAUMBENIMINAAQATULAZ N IANANAL

(1) Toluene, PERC L8z Decane

mMsifiudetemTBunidrnenisuTiauaznyitaziusunald3sn1suas National
Institute for Occupational Safety and Health Uszinagnsgaiuina (NIOSH, 2003) aaldsmsuans
lunga Aromatic hydrocarbons Taeldifufudaeounuwnwa (Aircheck2000, SKC, USA) Q@
ﬁ"ﬂmﬁuw%‘ﬁlﬁmaamﬁuﬁaamas‘fiamﬂlumsﬁ;mﬂﬂa (Charcoal) (SKC,  USA) 81401380 a
msﬁuw’%ﬁﬁgwﬁhuumﬂﬂaﬁﬂ@m"’nmamﬁuﬁ"aaﬂwLLﬁaﬁﬂmwﬂﬂammﬁ 2 % (FIunhuas
daunad) upnldvaaums (Vial) 2ma 4 a. 881982990 NUwANaNsazans Carbon disulfide
(CS,) 31 1 WA, adbulaazala IR LA 9N (Shaker) tT%781 30 W1 Wa?
Soupnonanzdnasazasldluriae 2 wa. sseraneflalyiinneiaisinies Gas
chromatography / Mass spectrometer (GC/MS)

(2) Nicotine

mMIAuaIaE1IuaMIATEARYUIN B TITN13v9 NIOSH (1998) & 1%5Ua1T Nicotine
I@Ul*’ﬁﬁfw,ﬁuéi‘;azhumuwnwng@ﬁ”’lsﬁ Nicotine Liﬁma@Lﬁuﬁaamas‘f?amﬂlumsyi%u XAD-4
(SKC, USA) Ee'(mmiaﬁ‘@nﬁ'umiﬁuﬂ?ﬂrﬁg@%‘umzﬁﬂ@yﬁ‘ﬂma@Lﬁué‘aasml,l,ﬁaﬂ%s%uﬁnﬂw%
2 #I% (FIAruazdIwnad) suenlawiaund (Vial) wu1a 4 U8, 28198114 MNTuLE
81382aN8 Ethyl acetate WX Triethylamine 0.1% $1%7% 1 V8. R9LULARZVIA W VIANNVENGIE
\A3a9FUIELEDY (Ultrasonic bath) 1waan 30 Wit udrssusnienanzdinasazaslaluig
2 w8, wi3ahlUSinndaanedas GCMS

(3) Phenol

miiudagwszmIlienzdilTinondunisdszyndlditnnivad NIOSH (1994) &3l
813 Phenol I@]UlfﬁwLﬁ‘lJ@]v’JE]Ei’NLLiJ‘lJWﬂWW@@]ﬁv’]‘Ii Phenol Lﬁmaamﬁuéﬁasiw%omﬂumsqn
1 XAD-7 (SKC, USA) d’mmmﬁ'@ﬂé’umsﬁuw%ﬁﬁga%um:ﬁﬂww"'ﬂmamﬁuﬁaaﬂwuﬁa
WIsEUNTI 2 § (FIWATLAZEINARS) NenlduIauma (Vial) 2u1a 4 U8, 881982179
MNIWAY Methanol $199% 1 18, asluudazuaa e windse3ssaudis Faduna
30 Wil udFsusnenamzdmssazasldluein 2 va. udrsuhluSersidniaias GCMS

NIUSUBUUSI e s lagnIss 9L §unIWNIaIg W (Standard — curve) @9
sIazanpfinTMuanuTuTuiuiuan wLINTIWN I EU 2 TrsaNT T Frafinits Aasn
ANUTUTH 0, 3, 5, 7 Az 10 WA.NJ/UA. TINFEI AadIANNENTY 0, 30, 50, 70 uaz 100

VA.NJUR.
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2.4.2 NMIAIRNNIZNINNUDBILATEI GC/MS

NNIAIRNNIZNNITNNBVBILATDI GC/MS Lﬂ%vl,ﬂ@]’]&l’?%ﬂ’]iﬂlad NIOSH uWRZHNA’INNIT

a 6 & v A A P o o ac & A
‘ﬂ@mammﬁ:muammwamama:ﬂmm:aqu@mmummwu N1 VRILAIBY GC/MS

(Shimadzu, Japan) fWIUMIAATNAUTNMaNIDUN3I TN 5 shauaadluarsnd 5

A1319 5 §N122NINRTBILATEY GC/MS E%’]%%bl‘lﬁmiﬂzﬁﬁﬂiauﬂ%g 5 e

Toluene e Decane Nicotine Phenol
PERC
Column Type Rtx®-5MS (Crossbond®5% diphenyl 95% Rtx®-wax
(Crossbond®
Carbowax®
polyethylene
glycol)
Colum Oven 40°C 60 C 60 C 160 C
Temp.
Injection Temp. 250 C 250 C 200 C 250 C
Injection Mode Spit Spit Spit Spit

Flow Control Mode

Linear Velocity

Linear Velocity

Linear Velocity

Linear Velocity

Pressure 63.1 kPa 69.7 kPa 144.6 kPa 91.3 kPa

Total Flow 16.1 mL/ min 15.8 mL/ min 29.4 mL/ min 13.5 mL/ min

Column Flow 1.19 mL/min 1.16 mL/min 2.4 mL/min 0.95 mL/min

Spit Ratio 10 10 10 10

Oven Temp. 40°C 60 C 60 C 160 C

Program Ramp 1 OC/ min Ramp 2 OC/ Ramp 20 OC/ Ramp 10 DC/
to 50 C mnto80 C  minto200 C  minto 225 C

hold 1 min

lon Source Temp. 200 C 200 C 200 C 200 C

Interface Temp. 250 C 250 C 300 C 250 C

Solvent Cut Time 2.5 min 2.5 min 2.0 min 2.0 min

ACQ Mode SIM SIM SIM SIM
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o a 6
2.5 LULINADINNABAAIEAT
a o gl’ U e v A o a {ai a 1 . .

Twnwispiiianldifenuuudraasmindiamaainiianit Sorption model with surface

4 L4 1 e a AF [l 1 s .
and embedded sinks LN TR IANFUUTEANTNNITULIFIU T §NNITRUQA %38 Equilibrium

iy . . £ s . o ¥, [ )

partitioning coefficient (Kpart ) TINaw Lag Singer et al. (2005) LLUU%’laadﬁﬂﬂﬁu@IWJaQLﬂu
uwnsgaFuaTNaRS (Sink) uazn1sgaduidunszurumsfideunau’le (Reversible sorption) lag
mei”]aaommw@@sﬁ‘ﬂwLaqamaaawﬁuw%‘ﬁuuﬁmﬁ’ﬁa@ Ao TUNRNRENLNMALABATI LAz

a a6 v & dv [ . A | ' . .
miuninvasluanamsdunididngiuvediiiaing (Permeation) G9tdunNaaInnIIUNT (Diffusion)

. aia‘lp A a A 6 v 1 dql/ a 6 ai
uLATNIaEANY (Solution)  lufift fa nsunInvasluanassdunididngiitanadiues Jun 12

o a { a J v
LaaInIwINauuuiInaInIgaduiiiaiunieluiesnasey wazaun1y (4) - (6) LAAINIT
A A A A . &

Wasuudasuiamsuansnaslaluveuwalavaviwanis o alag udseanidu 3 vaulwa
(Boundary) fa luamavaswasnasaufaginilaudaizg (Buk air), NAwmiIzenasaun
sudanuamaluias uaz lwitadagnagauanfdminiagnasey lasluniigunisaugauia
AIUANBBHUUNUIINIT KoInazeuldmInauna 1ot 9 (Completely mixed flow reactor,

CMFR) "l&iﬁmﬁ"’;éﬁmaammﬂuanmﬂmiwmaﬁmi’]aaﬂmu"ﬁaoﬁﬂfmquvlfmhﬁu

Surface :M(t) [ug m”]

Embedded :E(t)[ugm”]

{ ot { a J v v o { L
s 12 mmmma@@]éﬁuﬁmmumﬂlu%ao‘n@aaummmmnaaaqmmwmmﬂﬁiwmig@mu

u
I

dl =] a dq’ %]
ANwRILAZ wLTha 7 %)

dC

E:—(ﬂ,+ﬂ,a)c+/’th (4)
dMm

T:ﬂac_(ﬂd +k1)M +k2E (5)
g€ _ —k,E +k,M

dt (6)
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fla ANNLTNTU TN THANHURBINAREL (VA.N/AL.4.)

=Sp

lag

O O

A8 ANNTUTUVBIRITUANBUENKBINAREL (NA.N./AL.N.)

out

Ao anuNTwIaIaINANENgafaUBAININIRg (WA.N./AL.Y.)

fo mmLﬁuiumaomsuaﬁﬂmﬁafa@ (NR.N./a1.4.)

%

A A |
)] @SWﬂ’]‘SLLaﬂLﬂﬂﬁua’m’lﬂ (@]ﬂ °ﬁ&|.)

R LN

Q

Qs a AF { v a 1A v 1
3] mawﬂizammimﬁaumﬂmmawmmmmﬂgmwmaa@; (A8 Ty.)

jmo) !

©

o

o a n{ { 4 a A v o 1 '
ﬂﬂﬁ&lﬂitﬁﬂ'ﬁﬂ’]ﬂﬂaauﬂﬁﬂﬁ'ﬁllﬂ‘W‘Hﬁ]'mN')ﬁ%’]')ﬁ@lﬂﬂﬂfﬁﬂ’]ﬂﬁﬂ (A8 1y.)
fl

Rt Aa AF d 4 A A ¥ o 1 =g o '
3] ﬂawﬂizawﬁmimﬁaumﬂmsmwmmm%u’na@mlﬁalma@; (8 TU.)

x

b ®Dr Db

1 e

a Q€ { v a ¥ Qo R 1A v Qs 1
M AR ﬂsmwmﬁmﬁaummmmawmmLﬁalma@;ﬂaugm%mm@; (90

=

N

7Y.)

mymdmniiaesmigadu A, A, k, uaz k, sansaildlagldmawennnidae
Genetic algorithm (GA) ¥ins e lisunsy MATLAB® version 7.6.0.324 (R2008) lavlddaya
anugutnasuansluanalutesnasauiieldarusidinly wazuuusiaaimig
ATAMEATU89INI 3 FUNIITIRY I@ﬂﬁl,‘ilauvl,mmsﬁwmaﬁwwwvﬁmai{ﬁﬁﬁq@ Ao AANNLKL

a . A (Y I o { ' [
afind (Good-of-fit, GF) Taazdiaddrdfiga a1 GF awnInuaadldatannis (7)

Sy -y 1)

N

GF =

tﬂl = 1 tﬂl v [
lasn y, fia @ laannniia
y, fia il laannmarimsaisuuuiigns

I o < Ao
N @8 3MWINAIINIG

' a 6 a A o Yo '
dwndweinigadu A, A, k, waz k, Mld mansnldiwimmdinnusuiinuas

Taqlun1sgadumnaie wia Kygyp Ma1uaums (8)
q a

K MAE_(krk )2 ®)
P C kK, M4

YA DUNIITAIFINITINLADTNIFAIY GA Yinauaraldsunsy MATLAB A31882108auRad

ﬁdLLN%NﬂI\‘iEﬂﬁ 13 RUULAG Iﬁ(ﬂiﬂﬂm‘i&] MATLAB #1, #2 1Las #3 LEAILBAIANYIN N.
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%

(1) dedayamanuituiuasduns 170 laa3InTum

amwnfieas A, 4, k, k, usz GF daaldalisunsy #1

A 4

2) laalusunsy #1

A 4

3) leamawrnfiwes A, A, k, k, Wsaue GF @199
q

A 4

(4) MABATELLLANITNLADIIUNNTIH GA lagiRanaindl GF
dganTa (3) tNaNazTumen GF Nidfiga dpldaluuniy 42

A 4

(5) 1aalusunsy #2

A 4

6) laenwindmasnia A, A, k, k, usz GF

(7) WasutreauwauasitnINdiaas li3as g aunin GF ag

ai A -3
wRsuwagluhn 10

(8) \Ranzatanad, A, k, uaz k, MW GF dfigauniumdn

AN NTWRITNAN e Me aaalaalisuny #3

A 4

9) laalusunsn #3

y

(10) ladranutnguannmM i e dsuuuaes

gﬂﬁ 13 LLNuwvam”u@]aumiﬁﬂmﬂwwswﬁma‘§migmsﬁ'uﬁwﬁaﬁ°ﬁ'u GA lagltlisuniy MATLAB
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2.6 m‘sﬁnmﬁ%ﬁﬁ'ﬁqﬂmaan

2.6.1 msi’mquﬁuﬁawaaﬁ”uﬁaﬁqﬂmaau
nMyiayuFuAETzAINA IR WeRINaTIUNATRILAAY Aa i Ids9aaiad Inonss

Dandouuazlaniad gnainsniumineas Lflu;g@‘hLﬁumimaaﬂ@ﬂﬁﬂ%ad Contact angle

tester (DSA 10 MK2, Kriiss, Germany) wrunadlwsianuaznad hitanas lsdfiginasalarimu

m”u@aumsﬁwmﬁm:mmlué’nmm:Lﬁmﬁuﬁlﬂumimaaamsgw%’ummaﬁmﬁuﬂ%i

2.6.2 msﬁnmﬁ'mg'mmaﬁyuﬁﬁ'aqﬂﬂaau

miﬁﬂmé“ﬂﬂmzmamUmwmamw'uwaﬁma?ﬁ'lﬂumsmamﬁﬂ@sﬂﬁaaﬁgamiﬂﬁ
BLANATORULLUFDINTIA (SEM, Jeol, USA) Lﬁaé'om@ﬁammLmﬂ@msz%iwﬁvuﬁaLmui'a@;ﬁshu
MIANNRZD1A LLazLLNui'a@gﬁshuﬂﬁé'uw"’ammﬁluﬁmé’ﬂwmwm6] (w34 3 lagld
fasuey 100-5000 LY

2.7 a325n3dnm
ac & & o & = Y = o

nwltsiuimimenssadu 2 ansuzaadszasdnsfinm ldun nsdnsnsgady

a a A 6 =S dq( a [ [ ad ¥
aIuadBdunid usznsdnswuiiisgnasey ayddiundsuaziinimaseuldaians 6
o = = =Y U { ° & =) a 1} 1
fwniunmInaasInsgaguinisaiuquanngilin 25's. Grgunndlunimaassaisaglugos
24-26°1. RABAMVTUTUNNTINRUA TN 0% IWA1INARDIITIIA LG 0-5% AIMNTUFNANTIIRUE
199 50% 1un1INa80995970 b6 48-55% ANUTURNANTAIRUA LN 90% IN1INARaI95IIa be
90-96%

?139179 6 ﬁ?ﬂﬂ’]i‘ﬂ(ﬂaﬂ\‘l

SOMEERRT] TRQNaFay &NNTANS MIWARBYATY  JzuUMAFaU / N30
mIdnw ik NN NAFaU
mM3Anw1 PP, PVC  &2ana, ANMUTUFNNNS  Toluene, - #einasey CMFR
msg]msri"u gnUsnan 0%, 50% LA PERC, - TaR13duUNSTe
MIRNHNE 90% Decane, m%am GC/MS
el Nicotine, - WUUIRBIFNAANIA
Phenol UNUMIQATY

A a I
LABRINIITNLA DT

maaaﬁuamm]a

mMsfns PP, PVC  ®z@1@ ANMUTUFNANT  NA - Contact angle tester
d‘y a Qs v
WiH2I§ 50% Ty anaInasay

a ¥ <
A8 WINAL

PP, PVC  &z01, ANMUTUTNANT  NA - Scanning electron
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gndsnan 50% microscope
NITNKE

2InN¢

NA = Not applied

3. NsUsEABAMNINIIVE
31 mswmaanms%’l's%maaﬁaa‘nﬂaau (Chamber Leakage)
minagaulagldfasenuonnananled (CO) ilufavinses (Tracer gas) lagiSudu
@AUNITRINNAY CO ﬂ%mmwﬁamﬂmsq@gﬂluﬁaomaauﬁﬂ@aﬁﬂ meludiassniasia co
Testo 454 (Testo, Germany) aNTWIBANANIANNENTUS CO Aaanulasaunaiuy
é’miuﬁ'ﬁnﬂ 1w e 3 a. LLﬁﬁaﬁﬂ"quagamwuLﬁuiuﬁi'@"lﬁuﬁmﬁ:ﬁmé'@mms
SHTnvaswoInasoufidasinasaunis (9) aaelUsunsy NLREG® Tasmsiamsvininanay
AL Naﬂ’]ﬁmmzﬁmm@”\igﬂﬁ 14

C, =C, exp(-At) (©)

lasf  C, fa anuitutupasie Co Analag
C, Aa aNNTNTHVIMT CO NLIANINGAL

A @9 sammM I TusaIRaINasaL

* C luna
978

976
974

® C yipand
G CEDIND 0 0 @5E ©

972
970
968
966
964

anudua (va.n/eu)

962
960
958 T T T T T 1

0.000 0.500 1.000 _1.500 2.000 2.500 3.000
1 (falug)

gﬂﬁ 14 NIIAAINIIIITUVAIRBINAFAUGILAT CO
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' a o ' . A V@ ) A A
NANIINARDUAIMVULBURUINVBINDINAORBL WUIT A1 )\. Yatn1nu 0.00087 ¢ TU. TIU

fNGNIN 0.012 da TY. ®WIEINTN 1% Va1 A NinwaltluniImasad ag’lummsﬁﬁﬂauﬁ'ﬂﬁ
(ECA, 1991)

3.2 STAUNIIHANNEIUVDIAINIANY IR BINAFAY (Chamber mixing)
o o a [ < = % Y 6V | 23 o
ymsnarauluansmlagInunIIagaumIgurainaslagl e co wuinavinsay
= L o R o [ A A & o =
memiaamumfn"l,uimwmmgﬁaa‘n@aaumUa@m 500 ¥8./UN TITwaaIn1swantUasn
A:i o Aa v dq’ o K 1 % U d' d' a o
MEANTIRWa 1Tl I8 UunneaNuuTwIad CO °nLﬂasuuﬂammL’;mLLuuamiumnﬂ
1 w7 Lwan 3 Ty, LLé’ﬁaﬁT’gm‘Tagam’mLﬁuiuﬁi'mvlﬁm’imﬁzﬁmé’mwmuamﬂﬁwmmﬂ
=) v U ® a =Y U
A39UBIRBINAFAUANFNMT (9) elUunsu NLREG  lasmiiansinsnanasiditon Na

mﬁmsﬂ:ﬁua@d@ﬁgﬂﬁ 15

1000

900 * C luwa
800

® C yinand

700 A
600 A
500 A
400 A
300 A

anudidu (un.nsaua)

200 A
100 A

0 05 1 15 2 25 3 35 q
an (F2lw)

A o o [ [ o
3idn 15 ﬂ’]?’J(ﬂiZ@]‘UﬂﬁiNﬁ&lN'ﬁ’]u”ﬂE]Gﬂ’]ﬂ’lﬂﬂ’]ﬂi%ﬂﬂﬂﬂ@]ﬁﬂﬂ@’)F.lﬂ’]‘Ii (0{0)]

u
NANNINARIUTZAUANUNFNNRI WS NAM el uRaInagay wuin e A dawvindu 1.26
1 a | & 1 { Qs 1 { o
fa TN, nIAadn 1.2 +5% maglummﬁﬁﬁamu +10% 2831 A Nivualtlwn1Inasas

%

uaNUNENHRIUaIaMan s lurasdaduldatneringe (ECA, 1991)

3.3 Usr@ndamnisinauansdunideinaunsalainslaszine (Recovery efficiency of

organic sorbates from evaporator)
V‘hmsmaauﬂizﬁwﬁmwqﬂmtﬁa%ﬁa"lai:mmfm’]mmLﬂﬁﬂ%ﬁﬂﬂﬂﬁl%gﬂ%dmmlﬂu
Toszm leiswuaneldansituaniela izuumimaaULLa@\m‘”\igﬂﬁ 16 lasaasiuvad
Roinazavaan 'ty @iaaqﬂmnhﬁud’aasmﬁ"wmsﬁuw%‘ﬁnﬁﬁ'uqﬂﬂmiaﬁ*ﬁa"las:mﬂI@U@m
WA AUNNTNAROULS U Umsﬁ@msﬁuﬁﬁu‘%qmﬁfﬁam*’ﬁ’wﬁ@mﬂ%mm 0.08 we.a. 117'1UA
aqﬂmtﬁm?wvlaizmuﬁvlﬁ%'umwé”auﬁaqmﬂgﬁ 250", w%”awgalldaaﬁ"wﬂuimmuu?qw%%ﬂ
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80313 MAa 50 WA/ LLazL%'mﬁmﬁazmr‘hsﬁ@ﬁwaawgwﬁ‘uﬁuﬁlﬂunm@imﬁao 20 W ¥
MINATALTN 2 ATIEARTLUARL I TBUNSE TNnaaaL AU aRARIINTAZAE LAIUNLEN
arnziwaTazanlUiianeieenias GOMS dwduaasuazfaasdaldlunmmasonle
TNUNFITE RN TN EMIURNARI0E S1WI% 3 A9 E*T’]iata’lElﬁﬁ"ldLL‘@iazﬂ%QﬂLLﬂﬂaLﬂi’]zﬁ

PIUSUI N TDUNTENIARD NANINAFAULFAIAIAITI 7

HH

Mass flow meter

A a a o [ a A 6 6 v
El]‘YI 16 mi"n@1ﬁauﬂsmﬂﬁmwmsmﬂm_lmsaumumﬂqﬂmmmwﬂaszmsl

M58 7 dszEnTnwmsihnauvesgnsdunigan ﬂqﬂﬂstﬁa%”wvlas: ¥%H]

midunsd  YSanaild Uszansaw  essnsadn dSanm % UINHENT
RREFANT, MITNAL waeflafes  §9BWn3ET Bwnidfinaafiou
(}a.n.) (%) wae (wan)  nulSumils
Toluene 68.6 97.3 #1, #2, #3 nd -
PERC 128.4 95.5 #1 0.03 0.02
#2, #3 nd -
Decane 57.8 92.7 #1 0.24 0.42
#2, #3 nd
Nicotine 79.9 92.9 #1, #2, #3 nd -
Phenol 50.8 91.7 #1 0.06 0.07
#2, #3 nd -

RUBLAG nd= non detectable
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U ANTNIWNITINNALVAIRITBUNIENS 5 wﬁ@mnqﬂmnia%ﬁavlai:mﬂﬁ@hag’lu‘*ﬁ'ao 92
— 97% laglSuNmuadanIaunIannaanasaInnITs e A tesndn 0.5% ValSu1manINn e

v 6 v A a | o 1 dl v
Yl E;'].I NITHEIN a"la‘sz WMETIAAL BRARIUNWBENIN

uanmnﬁmm%ué‘ww”wﬁ‘qdmﬁlﬁwamzﬂmiamnﬁum”aasmmifﬁuﬂ’%'ﬁ@i”awaa@l,ﬁu
L= 1 a Qs A U 1 1 :/ 1
mamwu@migmumﬂﬂa #9'léun Toluene, PERC WAz Decane LT Imaqamaammmwa
& A 'Y o & 2 v o & o \ o a a A ea
wu'ﬂmi@muuumﬂﬂa AU LANININIINARAUNILALAI 8RN TLA8NITAARITAUNSEN
o o & o | A A A o A &
@1aamiﬂ@aauLmqﬂmmamﬂaizmmmuﬂu 2 N3t A (1) Luamsﬁvl,uimwuwmuaqﬂmm
a9 lesznadumouits (@NNTUFUANT 0%) waz (2) amalulasiaunruitn lufanudu
RUNNT 90%  laund 2 NIttkmianIzine lasIuazlAuaA2at19ms 10 w19 LAUET 2 ®aaa WA

28903 ENTAINMIIINALUFAIAINT 8

1519 8 YzANTAIWNITINNA UV miﬁu‘n%ﬁmﬂqﬂmzﬁa%ﬂm:m LAl ANMNTUTUNNT

90% luszuu

riaa138unse tseansnwnmsiinay (%)

Toluene

N38 1 ANMUTUENWNE 0% 91.1+53

N8 2 ANNBBFUNNE 90% 105.7 + 10.1
PERC

N38 1 ANMUTUENRNE 0% 88.9 + 6.3

N8 2 ANNBBFUNNE 90% 933+ 1.7
Decane

N8 1 ANMUTUENRNE 0% 91.9

N8 2 ANNBBFUNNE 90% 103.3

a A [ [ a a € < o 1 . -
3.4 UszEnSAnnITENANaUE1TawNILINNUAaALALA8819 (Desorption efficiency)

ﬁ;@ﬂs:ao@TLWa@Taam‘m@aauﬂszﬁﬂ%mwmsaﬁ'@né'umsﬁuw%‘ﬁﬁga%’uuumsga%’u

= dl a a =l €n=i 1

nagaulagfasIneauNIaIPIWNNIULUIN IR IBUNIINUIUEUTEY Toluene, PERC  uaz
Decane THaA8Y 4 UA.N. Lha1382a18 Carbon disulfide L“lTﬂmﬂlumamﬁw"’aaﬂ'nmiﬁymﬂﬂa
nnudadnaaaliualat19ndg 2 a1 waa iU IIidwian 24 Ty, nwwIIinsEnaeNUna
&% Nicotine ¥NNINAFULULLALINUULA LTRRBALRLAI8E1Y XAD-4 wazedvinazanuilu Ethyl
acetate W3 Triethylamine 0.1% &1%3U Phenol l%aaaiiuaiatng XAD-7 uazadvinazaisfe

Methanol “Qﬂ“g@ﬂﬂi‘l’l@aaﬂﬁ’l‘ﬁ’l 3 A9 HAMINATOLUFAIAINITI 9
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A1919 9 UL ANTNIWNIIRNANAURNIAUNI T NvaaaLnLa a1

sRaa13auN3e seansnwnsananad (%)
Toluene 976 £5.0
PERC 97.3+21
Decane 96.1 £ 0.7
Nicotine 91.8 £ 5.7
Phenol 89.7+1.7

=Y a ¢ o { o . . .
3.5 Psamansdunidangaiiaansniala (Method Detection Limits, MDL)
BIANINNINBRILIARONRNIFOLNTNT  (USEPA, 2004) lalidisnaninuassdiuim
a A€o a R A o a &l A < A ' R
sIdunidigananannialdvasmifidesmalianziiianudadun 99% anudutuues
sIfidasmyiaddwinniigud lasd1Sanmasduniddgananansniald (MDL) aansam

9

l@anauns (10)

MDL = tn—l,a=0.016 (10)
a A o & o 3
lagfl n Ao Pruauadslumsrinisnaassdn
o Aa AndeauwNaITIUVBINITINMINaaasd

tn—1a=0.01 A0 MIAUANUTAIUN 99% uazmaszanaeideaiun

V1933 1mlasfid degree of freedom LYINNY n-1

3 a dl v v tﬂl 1 tdltdy v v v s

lagasoussazamannuenusvtuiuiuen lunilsanudutu 5 wilunsu/ws.
31U 8 VIA TAAIULATBY GC/MS 1Az dSUNBUUINIUAIBNIINNIATZIN RINITDEIUITUEAT
MDL ldausums (10) uaaslua1s 10 gamanudauduansdunidluameadiwineindsungs

mmﬂiumnﬁumﬁashaqaqa fa 69 A6y

®19179 10 USuauansdune °1a®ﬁmmmmni’aﬁﬂﬁ

9

f130uN3E USanauen q@ﬁ gD | ARt q@lummﬂﬁ
1ol w1 lunsv) RU1I030 L6 (3A.N../a1.4.)
Toluene 1.06 0.012
PERC 1.38 0.020
Decane 1.10 0.016
Nicotne 3.59 0.052
Phenol 0.67 0.010
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3.6 n13UAagHIwE1IDNAATY (Breakthrough)

wasaLiuareg el A sasswnislunsnesssldinnineinistsesrnuses
R130UNIY I@mwﬂmsgﬂfwﬁﬂmmﬁ fo 1131AR 13BU XAD-4 LAz XAD-7 &IURINLATEINARY
*ﬁmsqlwaaﬂmlum@ 2 270 FMIENATIURITRZALLAIATZRAIBLATEd GC/MS Taliny

msﬁuw%ﬁmnmsgw%’ﬂumu%é’am AINAAALALANAENT
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Namiﬂﬂaaauafammf

Hamnasadudsaanidu 2 @udrionu ldun MIneassgatunnaseudaibeiseg uaz

= dq' a >3 % ' = = % ] d‘y
miﬂﬂmwum’sa@;maauluanumzma 9 lasfinoaziduaaae Ui

1. WOANIINNIIAATUAIDWNIINUHRIFANDRINDS
syanwaitanimualiunuzaninasainisgatunminasauiaioeng g uasi
RHO% @@ msmaadmig}@%’uuuuﬂu’i’&qmm@ MuleFNIIZANMUTUINNANT 0%
RH50% @@ mimaaami@@%uuul,mu’i'a@gaza’m MuldRNILANMUTHRNANT 50%
RH90% A mimaaami@@%’uuuu&iui’&qazm@ Muldan12ANUTUTUANT 90%
PP fa Lwiui'aqmaauwaﬁiwsﬁﬁu
PVC @8 LLNu’S'a@;maauwaﬁvl,’aﬁaﬂaa"hﬁ
Office room A8 m‘mmadﬂm@@eﬁ'uuul,mm”aqﬁN'mmié'uN”armmﬂsl,uﬁaaﬁwmm
1 = 1 dl Q 1 o dl 1 d‘y Q > 6
AawtduIaNdaLitad 3 % AWV INARBUNANANVTUIFNNNT 50%
Kitchen @8 msmaaam‘sgmsﬁ'uuw,l,ciui'a@;ﬁmuﬂﬁﬁuN”aﬁ'ummﬂluﬁaaﬂ%"sm
0 | 1 dl Qs 1 o dl 1 dﬂl Qs Lrd 6
AoutdwIaNdaLad 3 % AWV INARBUNANANVTIFNANT 50%
Salon fa ms‘n@aadrm'gmsﬁ‘uuuumi‘a@;ﬁmumiﬁwN"'aﬁ'ummﬂlu%ma‘%w

' I oA o ' o A X v o e
FUNNULTULIAGADLDY 3 I NAUUIVINARDU NAMNTUWRINANT 50%

a [ a =1 {ai ] [ a a g

1.1 wqmnswm‘s@lmsﬁumiaumﬂﬂuwumqwaa‘[wswau
ai a v ai a R a =}

U 17 - 21 LLamaﬂwmzLLquumiLﬂaUum.laawqmmiumi@ﬂsnumiaumsﬂummﬁ

Iy dAa <& o A Aad = ' aeW ¥ .
mﬂlu‘ﬁaamaaum@mmea@;waaiwswamﬂm’sm 16 - 18 Ty. VAIENIDWNSE LAWA
Toluene, PERC, Decane, Nicotine Laz Phenol @NU&191 NENANNTUEFNANT 0%, 50% LAz 90%
VEQUIVE) mmvﬁufumﬂLLum‘haaa%‘fmnmsﬁwmmhwwmﬁma?mwauwamam%ﬁﬁﬁq@é’aU

LULINRIANNFNNIT (4) — (6)

10000 10000 16000

PP-Toluene RH0% : PP-Toluene RH50% 4 PP-Toluene RH90%

g

4 |
1k 1000 - i bl 54
% %
% K X

H

Caoncentration {ug.l‘msl
=
*®
=

01+ . . . . . y | 04 4 - = = 2 . 1 014 3 _ s 3 3
L] 2 4 6 L] 1w 17 14 ] 2 4 [} ] 10 12 " [ 2 4 6 ] 0 12 ®

Time (h) Time (h) Time (h)

n‘ n:i v v v dla 09: 1 o al ad
Eil‘Yl 17 MaUasnulaIn NN NYR Toluene luﬂ’]ﬂ’]ﬂlu‘ﬁﬂd‘ﬂ@]ﬁﬂ‘u“ﬂ(ﬂ@mdLLN%’]&@!WQQIW?W@%
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10000 10000 ] 10000 -
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_ * a..
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1 1 1 . .
T s w1 1w 1% 1. 02 4 & B W o2 W 6 1 ° 2z 4 8 8 19 12 u 16 1%
Time (h) Time (h) Time (h)
ﬂil dl v v ¥ nd' a 3 1 o al Aad
gﬂ‘n 18 LA nulasnnuLlNTs PERC 1%8’]ﬂ’1 ﬂl%‘ﬂ NNATDUNAAAJLLNTET KQWBQIW‘SWQR

PP-Decane RH90%

*

%

®
\
p 18
T
'2-\_“__\_ -
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o 2 4 1] ] 10 12 1" 16 19

PP-Nicotine RH30%

10060 10000 10000
PP-Decane RH0% PP-Decane RH50%
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= & R
% 100 I.\".f : 100 4 ‘\\x\ »
§ n - X ) 4 ——— 10
! H 14— — ; 1
L I B 02 4 & 8 0 7 W 1w
Tine (b} Time (n)
‘:I dl v v v dl a Qq// 1 Q a)l ada
5Un 19 matddsuLYasn N uY% Decane Iummﬂluﬂ NNARDUNAAGI LN a@;‘w E’JFRIWTW ah
10000 10000
PP-Nicotine RH0% PP-Nicotine RH50%
1000 1000
“E 1 | 100 |
%
% 10 "Q(_k 10 "k,,\
E 1 - \"\ 1 ¢ .\\\x
] & oo B
[ &} x 01 x
001 (L1 T

gﬂﬁ 20 NMILUAsuLUaInNNT UL W Nicotine Iummﬂluﬁaamaauﬁaﬂﬁmﬁui’a@;wa§stﬁ§u
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10000 ¥0000 ~ 10000

PP-Phenol RH0% | PP-Phenol RH50% PP-Phenol RH90% :
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31U 21 mIasuulasnnududyu Phenol Mmmﬁluﬁaamaauﬁa@mLLNWS‘&@;W@ﬁIWiﬁﬁu

(FUANEOE X ANUTUTUITNMINANDY, — AIAMUTUTUINLLLTIREY)

MR 890N T AT U I EITAUNSES 5 MNTIAN WK ATARITH BaINNT
Sassaunsditndainasauniia1 sy en anusuTuresssaunidanavegaaiilugig 2
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f8 BR9N 2 T8, Wwld anutNTuaIdwnIgluameaiuwaliuanadasein g tnszea
m‘sg@sﬁuﬁLmui’a@;a@adwé”am”ué'mﬂmsmUné'm'mﬁu,cim“a@;gjmsmmmﬁwgwgu LRZAN
LiuiumaomiﬁuﬁﬁmulmyjL’%'m'au%amﬁﬁamﬁ;ﬂeﬁﬁmﬁ 12 Tasanaduduluialusgarie

AARILARDFINIT 1% VAIANMUTNTUNLIANINGA U

v
A ¢ @

WaN s UI U UAN BN T U AU WBURIA NV UTWRITAUNTENI 5 &1T WU
Tug9 2 3. WIn ANNLTNTHVAY Nicotine AARILSININENITAROLNILAL LATALI @”o;sﬂﬁ 20 lag
' v ¥ A o < & . . IS a a e .
AARININNTN 99%  VAIANULTUTWINAYK  NIBLWIZ Nicotine L ws1IBUNILNIIZLAY (Semi
volatile) fienanuauladuriiny 53 Pa uazfiussdamntorrznivluanadiunmusinniaed
6 ' a Ae a A o & . . 2 A v '
MAUBZUTINTALUREININENIAUNTITHABU (@139 1) @9 Nicotine ﬁmmm’ﬂuwaglugﬂ
IuLaqaﬁ@@%uuﬁ’;&nﬂﬂ'jﬁayjlugﬂﬁlﬂuﬁwsﬂummﬂ I@mmmL?Tuiuluﬁ’;oq@ﬁﬂmmaaﬂﬁs
] % ni dl = A 6 1 U 1
NANDIAARIANAIBTINAINUIZANE  0.13  NA.N/AL.Y. InamenarydwnIdszivedng laun
2 ) o 3 ) v o
Toluene War PERC @sddnanuanlalszanm 100 Pa duwdldun1sanaduadnnattudisl
2INATININ (gﬂﬁ 17 ez 18) mwmiﬁﬁulumaq@ﬁmmaa PERC #enilyzunos 10 4a.n./au.4.
1 Qs v v U cl) 1 & [ 4
w6 Toluene ﬂauﬁmmwwuq@mﬂmmw 1 YA.N/AU.Y. BIa1TUNANIIINNA AW
uaﬂmﬁamnmig@@@ﬁaLLa:mims LU mmmiﬂ%maamiﬁuﬂ?ﬁn]”ﬂul,ﬁafa@;waﬁIWi‘ﬁﬁu
1A% &1L Phenol 1z Decane AAMUAWIAGINTT Toluene Way PERC laguwilituniy
wWasuwlasanuiutuiad Decane (3U7 19) Ad18ARIALVY Nicotine atn9lsnaA UL

o A @ 4 A0 o= = o | o !
2893 Phenol luﬂ’]ﬂ’]ﬂﬂaﬂuﬂqﬂaum’]da\‘] sﬁd?ﬂ'ﬁlfﬁ%?—] Phenol NLL%QI%N@%I%LW&Taﬂﬂ’]sﬁlnﬂﬂ']’]
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A13719 11 ﬂ'wmsﬁﬁmafﬂﬁsgWfﬁJmiﬁuﬂ%ﬁu@ia:mﬁ@ﬁl,mui'aqwa§stﬁ§mmua:m@LLamﬂﬂsﬂﬁmumié&JN”ammﬂluﬁaa@mGJ NNon

TANINARDI gaunadl A, A, K, k, GF K part
(G RIGHE) (18 TY.) (8 TY.) (f8 Ta.) (18 TY.)
PP-Toluene RHO0% (0.09%) 24.8+0.5 1.95 0.68 0.40 0.3 x 10-3 0.30 3813
RH50% (48+1.6) 25.0+0.9 1.73 0.40 0.33 1.8 x 10-3 0.22 791
RH90% (90+£3) 25.4+0.5 1.66 0.96 0.46 0.7 x 10-3 0.26 1139
Office
(RH %84 64%, RH naaay 51+0.5) 25.4+0.5 0.82 0.40 0.54 40x10° 0.10 279
Kitchen (RH naaad 51+3%) 25.240.3 1.39 0.28 0.37 3.0 x 10—3 0.10 614
Salon (RH naaay 45+0.9%) 24.7+0.7 1.97 0.37 0.41 3.9 x 'IO—3 0.12 565
PP-PERC RHO0% (0%) 22.240.2 1.20 0.23 0.16 5.0 x 'IO—3 0.14 173
RH50% (49+2.3) 22.510.6 1.10 0.26 0.23 6.0 x 'IO—3 0.17 167
RH90% (89+5.5) 22.210.4 1.16 0.42 0.17 14.7 x 10_3 0.13 34
Office
(RH %84 65%, RH Naaay 47+1.4) 23.3+0.4 1.11 0.41 0.20 1.8x10° 0.16 303
PP-Decane RHO0% (03.1%) 25.1+0.3 8.01 0.61 0.60 18.9x 10" 0.29 428
RH50% (48+1) 25.01£0.5 1.79 0.42 0.32 38.8 x 10_3 0.16 40
RH90% (90+1.7) 24.810.4 1.93 0.20 0.29 12.1 x 10_3 0.28 246
Office
(RH wad 71%, RH naasy 44+0.9) 25.11£0.3 1.54 0.27 0.22 13.1 x 10_3 0.21 102
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PP-Nicotine RH0% (09.9%) 25.1+0.3 13.28 0.10 0.78 50x 10" 0.34 20,632
RH50% (48+1.8) 24.610.4 16.39 0.15 1.13 7.9x10° 0.35 16,245
RH90% (85+2.8) 24.6+0.5 17.45 0.13 1.29 6.1x10° 0.36 27,740
Office
(RH %839 52%, RH naaay 44+0.9) 25.1+0.3 21.19 0.11 1.73 87x10° 0.38 38,901
PP-Phenol RH0% (03.0%) 25.0+0.4 2.15 0.30 0.24 12.8x 10" 0.20 140
RH50% (52+3.2) 25.1+0.4 2.40 0.52 0.25 376 x10° 0.18 35
RH90% (95+0.5) 25.4+0.2 2.50 0.62 0.30 36.2x 10" 0.19 37
Office
(RH %2977, RH naaad 52.+1.2) 25.0+0.4 2.54 0.30 0.20 33x10° 0.21 515

WANELWA TANINARaY Office, Kitchen Uaz Salon FNNINARBINANANNTUFUANT 50%
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M1379 12 ﬂ'wmsﬂﬁmas’msgmsﬁ'umiﬁuﬂ%’ﬂwiamﬁ@ﬁLLNui'aqwaﬁ"hﬁaﬂaa"lsﬁl,mm:m@LLamﬂﬂSﬂﬁmumsé'uw"’ammﬂluﬁawms] NNon

TANINARD DIIVREY A, A, K, k, GF K
(TaLTR) (s TY.) (sia TY.) (s TY.) (6o Ta.)
PVC-Toluene RHO0% (0.05%) 25.2+0.3 1.04 0.42 0.42 24.6 x 10_3 0.14 44
RH50% (51+3.4) 25.5+0.1 0.41 0.24 0.19 37.7 x 10_3 0.14 10
RH90% (85+0.1) 25101 0.72 0.97 0.26 265 x 10_3 0.25 1.6
Office
(RH #ad 76%, RH naaad 45+2.3) 25.61+0.1 0.43 0.03 0.30 7.4 x 10-3 0.12 643
Kitchen (RH n@88450+3.0%) 24.610.2 0.76 0.17 0.24 441 x 10-3 0.11 30
Salon (RH naaay 47+3.4%) 24.810.4 1.60 0.25 0.43 17.1 x ‘IO-3 0.15 166
PVC-PERC RHO0% (0.04%) 25.1+01 0.89 0.10 1.00 1.6 x 'IO_3 0.24 5,453
RH50% (55+2.5) 24.5+0.3 0.61 0.16 0.87 1.4x10° 0.13 2,357
RH90% (90+0.3) 24.8+0.3 1.11 0.14 1.03 22x10° 0.21 3,725
Office
(RH #a9 76%, RH naagy 49+1.3) 24.91+0.5 1.21 0.14 0.69 0.4 x ‘10_3 0.23 14,473
PVC-Decane RHO0% (4.4%) 24.4+0.6 0.49 0.02 0.62 9.2 x 10_3 0.13 1,549
RH50% (51+0.02) 24.7+0.3 0.43 0.01 0.59 1.2 x ‘10_3 0.16 1,732
RH90% (94+0.8) 24.9+0.5 0.44 0.01 0.43 9.0 x ‘IO_3 0.23 1,511
Office
(RH‘vTao 89%, RHN@aad 56+1.5) 24.7+0.3 0.46 0.01 0.57 10.5 x 10_3 0.16 2,153
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48x10°

PVC-Nicotine RHO0% (4.4) 25.1£0.3 6.53 0.24 0.62 0.25 2,011
RH50% (55+1.4) 25.20.2 10.00 0.41 0.97 9.0x 10" 0.29 2,657
RH90% (94+0.5) 24.8+0.3 7.77 0.11 0.52 17.7 x 10° 0.30 2,234
Office
(RH %839 69%, RH Naaay 52+1.7) 24204 8.59 0.36 0.72 155 x 10° 0.23 1,148
PVC-Phenol RH0% (3.1%) 25.2+0.3 1.05 0.15 0.42 16.6 x 10° 0.18 180
RH50% (53+1.7) 24904 0.56 0.19 0.31 17.7 x 10° 0.15 55
RH90% (94+1.1) 25.240.3 0.80 0.21 0.36 132x 10" 0.11 108
Office
(RH %839 69, RH Naaad 55+0.3) 25.0+0.3 0.58 0.13 0.28 152 x 10° 0.14 84
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Talsunss #1

%% Pap Model

% clear screen, close all pics, and clear all data

clc,close all,clear all;

% pap's data RH 0 date 19 July 2013

% use new data for polypropylene

% surface_sink with varying 'n' 3 ODE equation

% each step of lambdaa, lambdad, k1 and k2 is increased
% so that the speed of calculation should be faster than

% previous one.

data=[0.00 3199.6;

0.25 167.96;
0.42 83.03;
0.58  67.26;
0.83 53.11;
1.17  35.89;
1.67  30.58;
2.50  26.19;
3.67 17.28;
5.33  13.43;
7.83  8.20;
11.33  4.98;
15.83 4.54];

% use Runge-Kutta 4th order to fit the model
h=0.01;tspan=[0 16];c0=[3199.6 0 0];old=inf;w=cputime;
rec=[];temp=[];lec=[];i=1; %n=1;
for lambdaa=0.4:0.05:0.9
for lambdad=0.2:0.05:0.45
for k1=0.1:0.01:0.25

for k2=0.1:0.01:0.2
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%if k1>k2
[t c]=rk4sys(@f01_2012,tspan,c0,h,lambdaa,lambdad,k 1,k2);
[er,cal,Bias,Var,RMSPE]=ess_RH_o0rev01(data,c);
rec(i, 1)=lambdaa;rec(i,2)=lambdad;rec(i,3)=k1;
rec(i,4)=k2;rec(i,5)=er;rec(i,6)=Bias;rec(i,7)=Var;
rec(i,8)=RMSPE;lec(i,:)=cal;
i=i+1;

%end

end
end
end

end

dif=cputime-w;

% This line will plot "the observered data" against "calculated data"

% from best fit value

plot(data(:, 1),data(:,2),'r");hold on;

[mm nn]=min(rec);

lambdaa=rec(nn(5), 1);lambdad=rec(nn(5),2);k1=rec(nn(5),3);k2=rec(nn(5),4);min_err=rec(nn(5),5)

[t c]=rkasys(@f01_2012,tspan,c0,h,lambdaa,lambdad,k1,k2);

dif=cputime-w;

plot(t,c(:,1),'b");axis([ 0 16 0 3400]);

csvwrite('RH-0rev0 1.dat',rec);

csvwrite('vRH-0rev0 1.dat',lec);
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Tilsunss #2

%%

clear all,close all,clc;

ObjectiveFunction = @RHO0_fitness;

nvars = 4; % Number of variables

LB =[0.1 0.01 0.01 0.001]; % Lower bound LB=[lambdaa lambdad k1 k2]
UB =[10 10 5 0.1]; % Upper bound UB=[lambdaa lambdad k1 k2]

%LB =[00 00]; % Lower bound LB=[lambdaa lambdad k1 k2]
%UB = [inf inf inf inf]; % Upper bound UB=[lambdaa lambdad k1 k2]

options = gaoptimset('PlotFcns' {@gaplotbestf,@gaplotmaxconstr},'Display','iter");
options = gaoptimset('PopulationSize',100);

[x,fval] = ga(ObjectiveFunction,nvars,[],[1,[],[],LB,UB,[],options

76



Tilsunss #3

%% Pap Model

% clear screen, close all pics, and clear all data

clc,close all,clear all;

% pap's data Office date 19 July 2013

% use new data for polypropylene

% surface_sink with varying 'n' 3 ODE equation

% each step of lambdaa, lambdad, k1 and k2 is increased
% so that the speed of calculation should be faster than

% previous one.

%RH-0

data=[0.00 3199.6;

0.25 167.96;
0.42 83.03;
0.58 67.26;
0.83 53.11;
1.17  35.89;
1.67  30.58;
2.50  26.19;
3.67 17.28;
5.33  13.43;
7.83  8.20;
11.33  4.98;
15.83 4.54];

result=[11.8317 0.2893 0.3585 0.0313];

[n m]=size(result);
fprintf(GF\t\t\f\t Bias\t\t Var\t\t RMSPE \n');
fori=1:n

h=0.01;tspan=[0 16];c0=[3199.6 0 0];rec=[];
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lambdaa=result(i, 1);lambdad=result(i,2);
k1=result(i,3);k2=result(i,4);

[t c]=rk4sys(@f01_2012,tspan,c0,h,lambdaa,lambdad,k1,k2);
[er,cal,Bias,Var,RMSPE]=ess_RH_o0rev01(data,c);
fprintf('%2.10f\t, %4.41\t, %4.4\t, %4.4f\n',er,Bias,Var,RMSPE);

end

dec(i,:)=cal;
fprintf('Calculated C Value\n");
for i=1:n

fprintf('%4.2f,%4.2f,%4.2f,%4.2f, % 4. 2f, % 4. 2f, % 4. 2f, % 4. 2f,%4.2f, %4.2f,%4.2f,%4.2\n"...

,dec(i,1),dec(i,2),dec(i,3),dec(i,4),dec(i,5),dec(i,6),dec(i,7),dec(i,8),dec(i,9),dec(i,10),dec(i, 1 1),dec(i

,12),dec(i, 13));

end
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M13191 1 ANNTIUABINNIAUVDINTYATUVDINTOUNIINUNUITY PP

Sorbate RH A (1/h) A, (1) k, (1/h) k, (1/h) GF
Toluene 0% 1.95 0.68 0.39 0.3x10° 0.30
50% 1.72 0.40 032 1.8X10° 0.22
90% 1.76 0.96 0.46 0.7X10° 0.26
PERC 0% 1.20 0.23 0.15 5.0X10° 0.14
50% 1.10 0.26 0.23 6.0X10° 0.17
90% 1.16 0.42 0.16 14.7X10° 0.13
Decane 0% 8.01 0.61 0.60 18X10° 0.29
50% 1.79 0.42 0.32 38.8X10° 0.16
90% 1.93 0.20 0.29 12.1X10° 0.28
Nicotine 0% 13.28 0.10 0.77 5.0X10° 0.34
50% 16.39 0.15 1.12 7.9X10° 0.35
90% 17.44 0.13 1.29 6.1X10° 0.36
Phenol 0% 2.15 0.29 0.23 12.8X10° 0.20
50% 2.40 0.52 0.25 3.76X10° 0.18
90% 2.50 0.62 0.29 36.2X10° 0.19

a wa a A gd
M19519N 2 ﬂmﬁﬂﬂ@lﬂ]ﬂﬂﬁWi@u‘ﬂiﬂﬂi“fﬂuﬂ1iﬂﬂﬁﬂﬂ

nsounNsd Log K, ecancii anuaule usariuse laTasioy (my/m’)
(Pa) anuilunsa anuniluua
Toluene 3.33 3.55 0.00 0.14
PERC 3.58 3.38 0.00 0.00
n-decane 4.69 237 0.00 0.00
Nicotine 5.87 1.15 0.00 0.52
Phenol 3.77 1.92 0.60 0.31
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SUMMARY

We measured the partitioning coefficient (K, vesencew) for the sorption of gas-phase toluene,
tetrachloroethylene and n-decane on both clean and sotled surfaces of polypropylene sheets
under varying relative humidity (RH) using a small chamber. An mdividual 0.08-uL pure
bquid chemical was introduced into the chamber by flash evaporatng Kinetic sorption
parameters were determuned by fiting measured tme-dependent concentrations to the surface
and embedded sink models using a MATLAB® genetic algorithm toolbox. Results show that
the K. for toluene ranged from 107 to 10”, while for tetrachloroethylens and decane vanied
fom 10° to 10°. When the RH increased K, decreased for all sorbates. The toluene uptake
appeared to be most affected by surface sotling K, decreased by three times compared with
K, for the clean surface under the same 50% RH.

INTRODUCTION

Synthetic polymeric matenals are widely used as plastic film or sheets in a vanety of indoor
applications. Mwmm(egmmm).pthm
labeling, plastic containers, laboratory equipment automotve wims etc. Additionally,
swduucpolymmuseduacmemdvmmmsmhassohwbm
paints, adhesives, coatings, etc. Unswrpnsingly. indoor polymernic matenals are thought of as
emission sources of many organic pollutants (Yu and Crump, 1998). However, polymeric
matenial can also act as temporary sinks for airborne organic pollutants, which can then be re-
emitted Among several conmrolling factors on surface sorption of orgamic compounds,
adsorbed water can alter the indigenous surface propertes. Interactions between gas-phase
orgzanic poliutants and bare surfaces will shift to those with adsorbed water on the surfaces.
Dart oo mdoor surfaces could also modify the surface properties. Indoor surface soiling can
onginate from airborne contaminants such as biological particles, particulate marters, semi-
VOCs (SVOCs) etc. Weschler and Nazaroff (2008) estimated charactenistic times for SVOCs
partitioning between air and sorbing substrate, varying from 1 h to years. Unswrpnisingly, a
Layer of some SVOCs can develop rapidly on indoor surfaces such as some low molecular
weight plasticizers or personal care products. As a result, relative humidity, which vanes
widely m indoor environments, and surface soiling can affect the sorpaon behaviors of gas-
mua;mcponmmnmmdzﬁedmdoamfaces Considenng surface free energy,

partitioning of uncharged organic molecules to the surface depends on the molecular
interactions between the molecule 7 and the surface, 1.2, van der Waals and Lewis acid-base

interactions. The specific objective of this study is to quantfy the effects of various degrees of
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RH and dirt on the sorption of organic pollutants to a clean polypropylene sheet The test

METHODOLOGIES
Material and Experimental Setup

The polymeric material used in this test was a 1.8-mil thick polypropylene (PP) sheet (Cole-
Parmer, USA). The PP sheet was initially cleaned with 1% ethyl acetate and 1% methanol in
DI water then rinsed twice with DI water and finally dried with high punty pitrogen gasm a
MMMM&&OSRMNWmMmﬂdmI
sorption test chamber. Specific surface-to-volume ratio was 192 m’/m’, covering the entire
inner chamber surface. r«mmmammmmmmﬂumm
mchmbummwe:poudwhhcuhyoﬁce&rﬁtmmgdns.
Subsequently, the sorption test of target orgamic compounds for the
mw:m:.mmmmhsmunmmmofol-ﬁ%
The faculty office contains particle’MDF board desks, synthetic leather chairs, melamine
board wall partitions. sound absorption fabnc walls, typical office equipment. a refrigerator
etc. All chemicals used as organic sorbates were reagent grade and purchased from Sigma-
Aldrich.

Figure 1 shows a schematic of the expermmental system consisting of a 25 | stainless steel
chamber with an inner diameter of 30 cm. The lid was attached to the chamber body with
eight C-clamps. A Viton® o-ring was used as an air tight seal A sorbate evaporator unit was
composed of 2 0.63 cm o.d.. 13 cm long stainless steel tube inserted through 2 7.5 am long
Cylindrical heating block that contained a temperature controller. A relative humidity probe
was inserted into a 250 ml flask to comtact the exhaust gas. Mass flow meters (MKS
Instruments, USA) were used to regulate the flows.

mass low  sorbate

meters evaporator g:msaghngmbesmd
N-.—)D— 4 L
T
X RH probe inserted
bumsdifier into a flask
251 s ® Teflon valve
steel chamber

Figure 1. Expenimental system

PP installed was achieved by bubbling either the full quantity or a portion of high purity N
through DI water. Subsequently, for each experiment, 0.08 ul of pure liquid chemical using a
0.5 ul synnge (SGE. Australia) was injected to the chamber via the heated evaporator at
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250°C with 50 ml'min of dry N for 20 min. The initial calculated concentrations were 2750
ug/m’ for toluene, 5130 ug'm’ for tetrachloroethylens, and 2310 ug'm’ for decane. During
this evaporation stage, the Teflon valve at the outflow was closed. After that either dry or
kumidified N; of 500 mlmin was introduced to the chamber for 16-18.3 k to obtain dynamic
Whmm:mmhmmmmew
system was installed mside a laboratory hood and the temperanwe was
cowonedn’S'Cnnngamm Uncontrolled air exchange due to leaks during
experimentation was Jess than 0.001% of the controlied air exchange (12 ™).

Gas sampling and Analysis and QC/QA

Charcoal sorbent tubes (SKC, USA) were used to collect gas samples consecutively using a
puwnﬂsanphngpmp(SKC.b’SA)ataﬂowmdo.B Umm Total volume collected was

between 2.3 and 69 1 The test organic compounds adsorbed on charcoal were desorbed with
carbon disulfide followmg NIOSH procedures (NIOSH(2) and (b). 2003) and then analyzed
with 2 gas chromatography-mass spectrometer (Shimadzu, Japan) operated in a selected-ion
monitoring (SIM) mode.

Duplicate samples for each sampling time were collected to assure the reliability of sampling
ard analyncal methods. ThenmhoddetecnonlmnsNDLs)&nutdLSEPAW)
ine procedures. The MDLs are 16 ng/'m’ for toluene, 20 ng/m’ for terachloroethylene,
§ ng/m’ for decane, based on air volume of 69 1 Sorbents in the back sections of
sampling tubes were analyzed and o breakthroughs were observed Sample recovery
the extraction process by spiking with target standards were found to be
07.6=5.0% for toluene, 98.6=24% for tetrachloroethylene, and 96.120.7% for decane. The
sorbate residues in the heating tube after 20-min flash evaporation were determined by rinsing
the tube three times with 1-mL extraction solution. No toluene residue was detected. while
1.2% tetrachloroethylene and 0.4% decane were detected in the first ninse solution. and they
were not detected in the final rinse soluton

Data Analysis
The mode! used in this study was adopted from the model developed by Singer et al (2005).

E

by a one-dimensional diffusion coefficient (K. Instead, the model by Singer et al (2005)
describes test matenal that compnises two-layver sinks, 12, surface (Sik 1) and embedded
(Sink 2) sinks. and the rates of mass wansport between the two sinks are distnct The mass
balance equations for changes of the sorbate in the chamber air in contact with the surface
(Equation 1), the sorbate accumulated on the surface (Equation 2), and the sorbate
accumulated in the surface matenal (Equation 3) are:

%--(ux“)cu“u, )

D e h Ok + RN, B, &
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where C is the time-dependent concentration of sorbate in the chamber air (ug/m”). Af; and
Af; are the amounts of sorbate mass accumulated on the surface and embedded sinks,
respectively (ug/m’). 2 is the air exchange rate (1'h); &,; and k,, are the rates of mass wansfer
from the chamber air to the surface sink and vice versa (1/h). and k,; and k. are the rates of
mass transfer from the surface sink to embedded sink and vice versa (1/h).

A MATLAB® genetic algonthm toolbox was used to optimize the kinetic parameters
according to Equations (1-3) based on the nunimum of 2 goodness-of-fit (GF) value. GF was
calculated as the square root of the variance of the measurement error divided by N measured
points.

A partitioning coefficient (K_.). the ratio of sorbed mass to gas-phase mass of the test sorbate
at equilibnium. is given by:

S M, +.V t ,-l-k,, Ik ) @

RESULTS AND DISCUSSION
Concentration Profiles and Kinetic Parameter Estimates

Time-dependent concentration profiles obtaimed fom sorption expermments and models for
toluene, tetrachloroethylene and decane are shown in Figures 1-3. The experiments were
conducted at 0%, 50% and 90% RH for the sorpticn of individual organic sorbates to clean PP
and to sotled PP only at 50°% RH. The profiles show a good fit between the measured and
modeled concentrations with the GF values of 0.1-0 3. High GFs were obtained mostly from
the toluene sorption expermnents because of fewer sampling pomnts (N). Changes of the
concentrations with respect to elapsad time for all organi compounds are similar The profile
shapes can be divided mto two intervals. Dunng the first 2-hour period, the concentrations
decreased more rapidly and the wend lines appear to be more semsinve to &, which is
parameterized by the rate of mass transfer from the chamber air to the surface sink. After two
hours, the concentrations decreased slowly: the profiles exhibit smaller slopes and appear o
be more sensitive 10 k.. which is governed by the rate of mass transfer from the surface sink
to embedded sink.

Table 1 presents the values of k... kg, X ko and GF obtained by fiting the measured
concentrations to Equations (1-3). For each of k. ,, and k., the values have the same order
ofm;umdgwhhkgﬂhesnmdﬁnmlo“tolo" The sorption of decane yvielded higher
k¢ than sorption of the other two compounds. The toluene sorption to clean PP at 0% RH had
the lowest & of 3«10, The toluene adsorbed on the bare PP surface appears to favorably
partition and reside in the material, possibly approaching a slow or ireversible sink.
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Figure 2. Measured and modeled concentration profiles of toluene sorption to clean PP at 0%,
50%. 90% RH and to sotled PP at 50% RH. (x Measured, - Modeled)
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Figure 3. Measured and modeled concentration profiles of tetrachloroethylens sorption to

clean PP at 0%, 50%, 90% RH and to soiled PP at 50% RH. (« Measured, - Modeled)

105



Coecarawa (jg'm’)

Coacatasoa (ug'm’)

0 12 4 ¥

8 10 12 14 61

Decase, 90% RH

il

af

Decase, Soiled PP

2 2 4 6

W 12 14 16

Elzpred time (2)

0

- T

6

£ 10 12 14 ¥ 18
Elxpred tmme ()
Figure 4. Measured and modeled concentration profiles of decane sorption to clean PP at 0%,

50%. 90% RH and to soiled PP at 50% RH. (x Measured, - Modeled)

Table 1. Kinetic parameter estimates”.

[Sorbate | RH k. X, . o GF

Toluene | 0% 1.95 0.68 0.39 0.3<10° |030
50% 1.73 0.40 033 1.8.107 023
00% 1.66 0.96 046 0.7.100 [027
Sotled PP’ | 0.82 040 054 40.0° [010

Tewrachioro

ethylene | 0% 1.20 023 0.16 50100 |015
50% 1.10 026 023 6.0.10° [017
0% 1.16 042 0.16 147.10° ]0.13

- Soled PP" [ TT1 LS [ 1807|018

Decane 0% 318 0.39 0.36 16310 | 028
50% 0.86 0.56 0.2 175<100 [0.11
0% 1.04 020 017 10.0<10° |0.18
Sotled PP’ | 0.72 033 0.10 $0.0.10° ]0.11

" Kinetic parameters are in unit of 1’h. ' Sorption to soiled PP at 50% RH.
Effects of RH and Surface Soiling on X,

Figure 4 shows the relanonmship
tecrachloroethylene and decane to clean PP and K, for the sorption to soded PP.

between

and RH for the sorption of tolueme,
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Figure 4. Effects of RH and surface sotling on the sorption capacity of organic compounds
The sorptive capacity of all organic sorbates was found to be highest at 0% RH, 1 e. when the

surface is dry and unsoiled At 0% RH the K, for toluene was found to be as high as 3.8.10".

The high sorptve uptake could be due to the significantly high permeability of toluene
through PP (Bloch, 1999). Increasing the RH from 0% to 50% and to 0% decreased K, by
80% and 70%, respectively. Amﬂum«mdmmedummumemg
the RH to 50% and to 90 decreased by 98% and 63%, respectively. No effect of RH on
the tetrachloroethylene sorption was 'edwhenincrusingtheRHfmmO'f.toSOS»’..
However, further increase to the humid condition decreased K., by 80%. Thus, the adsorbed
water on PP apparently reduced the sorpave capacity of the organic sorbates. Comparing the
sorptive uptakes at 90% RH shows that the K, for toluens was found to be two orders of
magnitude higher than the values of the two sorbates. At high humidity, toluene molecules
may increasingly dissolve mto the water film possibly developed on the PP surface since
toluene has a higher Ostward solubility coefficient (Abraham et al.. 1994). Furthermore, van
der Waals and hydrogen bonding interactions of toluene at the water-gzas interface were found
10 be stronger than those of tetrachloroethylene and decans (Roth et al |, 2002).

The K, values for the soiled PP and clean PP at 50% RH had the same order of magnimude
for all three sorbates. The toluene sorption exhibited the highest change in K, - almost three
tmes. Toluene molecules tend to form the weak surface mteractions with the soiled surface as
reflecting by k., The value of k,, for the sotled PP, which should become the mass wansfer
rate from the bulk gas phase to a layer of the dire, is less than half of that for the clean PP
under the same moderate humidity. The adsorbed contaminate flms could be thought as
impedance for toluens partitoning mto PP substrate.
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CONCLUSIONS

This study assessed the effects of humidity and surface soiling on the sorptive capacity of the
pon- and chlonnated hydrocarbons to a simple polymenic surface. The modified surface with
sorbed water or soiling exhibited smaller K, with respect o a bare surface. The relative
degree of these effects on the surface capacity depends on the intermolecular interactions
between sorbates and surfaces and the permeability of sorbates through sorbent substrates.
Among the tested sorbates, toluene was found to be most affected. Our next step is to evaluate
the sorpove uptake of an organic sorbate that has a high hexadecane air partition coefficient
or a Lewis acid sorbate that has high water solubility.
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