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)~UUU)~ff1'Ylff1'Uf1m~ ~U u,,~ i~ U1-!1'lfU~11l'Uff1Hitl111'lfi~lI~I~-!I ff1'UH"m~'YlU'Yl1~t1'tlll 

ntl1 11' lfi~ U 5 fi~ fJ11 ~ 1 ~I fl iJ ri" tl tl f1c]fU~ 'U.n1 'U u)) fJ 1tllff illl ~ iT 'U ilty'l11l1" Vi'll 'Yl1~ fl1 tllfftJ 'U 

Icltl~lJ11l1f1ff1) i 1 fl~1~m~ .... 1~ 1 'U1'U~lijfl-!lU"~ I 'U~ fl~ff1'11 m) II f11 "-!I 111 'U ilUJ'l11~'Uf.J1fJ1~f1~1~ 
q u 

iU'Ylf1ml~ [mllfl1Uflllll'OVi'll, 2544] 
q q 

, I 'JI " 

fll'O (kPa) litlW'I1fiiJU'O~fl11l1~'UlJ1~)il1'U (li 293 oK u'O~ 101 kPa) l1-!1Uilh1l1nl91 
q .., .. 

d. Q I!!t .od.' 'jI 

fl1llll tl fl f1911 1l'U '11) tlfl" tl) 'U) 1l1~ 1fJ 

tllmu-!li1tl~~ll1"f1'llW~'Utl~ 1l1mfJ"ff1lJ1) (lUU-!llll'U 2 f1~lI1my '1 ~fl 
<!I i'JI . . i "i' .-1) Non-chlorinated VOCs 'I1)tl Non-halogenated hydrocarbons ~Uf1 f1'lll ~ !~)fl1)Utl'U 

)~!'I1fJ~hJijli1~fl"tl~'U1'U1l1l'OfJ" U)~f1tlU~1fJ fl~~~l~f1 i~1~)fll{Utl'U (Aliphatic 
.. .. 

hydrocarbons) 
10Q.l .q OCLId. 

1'lf'U 'U1l1'U1U'U91'U 'U1l1'U~I91'O 

(Aromatic hydrocarbons)I'lf'U ffn~1 ... h,,~mfJ 1'Yl'Ofl'U IU'Uc]f'U Itlnmu'Uc]f'U i91~'U ffi~~'U u'O~ .., 

~'Ufl" 11l'U~'U ff1)i1fl~f1cilliffl11lIfi~1l1f1f1nIH1'mj'f1tl~'UfJ~ .... mff~f11ff~ ff1)~TVh'O~mfJ 
q q .. 

iY'Yl1lff~ 11l'U~'U ijH"liYfJ~tlff'UfI1"" ~~ij .... irm1'U~UI .... ~~ fl 'U~l'Ulm'UfJ~ fl'UIH1ci1'U lJf1ihfJ 
q q 
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" 
l<Mfll'Viil.:J i'U'j'lhltH 1U'U91'U i'YHlij'U 11'UvJ'YI1~'U i'Vi'j1'Vi'U 1,3 iil~~'~ij'\.J ff'~1'U 11{;1~alkyl-

~ ~ 

.,j 
substituted benzene compounds V'U"l xylenes, I-butene/2-methylpropene, propane, 

." i .1'" & 'JJ 
2-methylbutane, ethylbenzene, naphthalene, isopropyl benzene 'jllJfl'U 'UlJ'jlJ1~HJ.:JfNHltlJ;!~ 

" 0 

76.8 'tIv.:J1ivCH'Yi.:Jl1lJ~~i~'~ ml')'U'vJ [Hester 11{;1~ Harrison, 1995] 

2) Chlorinated VOCs l11V halogenated hydrocarbons i~11ri fl~lJi~i~'jfl1{uv'U 

'j~m tI~ii1i1~flJ;!V1'U i 'U ilJl{;lfl{;l '~11ri ff1'j 1flii~iY .:J1m1~,.fi ~i 'U V~ff1l1m 'jlJff1'j chlorinated •• • 
" 0 

VOCs ijijfll1lJ11l'UYl'hllJ1flW.i111J;! ~1 ff() tI'j ~ 1 i 'U iY.:J 11 1~ ~ VlJlJ1 flfl'hff1'j fl ~lJ11 'j fl (non-

chlorinated VOCs) 1'Vi'j1~iiim.:Jff~1.:J~ih~''\.J1i~'j~l111.:Jfl1{UV'U11J;!~1i1~flrilJ~1 im'il'U~'YI'\.J'YI1'U • • 
lJ1fl tl1fl~Vfll'jffmtl~li'U1inlJ'lf1~ 'YI1.:J~ihfll'Vi 'YI1.:Jflltlfll'Vi l11V i~tI'YI1.:J11ilflii~li'tJ iifll1lJ 

Q.I 111" Q.I.Q~'" 0 Q.I ~ 
fl.:J~lff.:J11J;!~ff~fflJ t~'U1'U ffmtl~l'Y11.:J'lflfll'Vi t~tl1fl 'jUfll'Ufll'j'Yl1.:J1'U'tIV.:Jff1'j'Vi'U1im'jlJ l1'jV 

~ . 
Q.I ~ .q~ d d tI d d , d oII!I " .q d .q " 

tlUtI.:J'tJUmtl1'lfl1fllJ i '\.JlC}f{;l{;l 11J;!~lJq'YI1i i'Ufll'jflVlJ~lH l1'jVm~~'Ufll'j lf1~lJ~l H fll'jl1m l~l1 

" " " 
th'tJ'j ~'tJ1 'ViU11 i '\.J'\.h'tJ'j ~ 'tJ1lJfliiflU 'tJ'Ul iJ V'U 'tI V.:J ffU flrilJ chlorinated VOCs i~uv tI • 
~, ~ ~ , ~ 

'l'h'tJ'j~'tJ1fJ.:Ji~fl{;lV1'Ui'UfllHJ11<MVlJlm'h'il~fJ.:Jiiff1':i halogenated hydrocarbons lJlfl~'U 1'lf'U 

" 0 " 

'ViU Trihalomethanes '~uvtli '\.J'\11~lJ'il1fl'YiV'tJ'j~'tJ1 11~'ViUtJ'VtllJlfl i 'UtJ1UV1i'j'jlJ'lf1~mV.:JlJl 

'il1fli~~'U i'Uun~lff1'jfl~lJ halogenated VOCs if trichloroethylene (TCE) ~.:J11l'Uffl':i~TYh 
~ ~ ~ 1 

{;I~ J;!1t1 i 'U tJ1 tl1ifl11 11.:J tJ1t11J;! ~ {;I1t1fl 'j 1U tJ1lJ'U l11 tim 1U i'tl lJ 'U ll{;l ~ 1':i 91'U ~1.:J "1 ~ i ~i 'U 

" tI~ ff1l1 m ':i lJ 'ViU 'tJ'U 1 iJ tI'U i ~ Uti till J;!~ i ~ i' U fll'j \1fl'hl1 fl'U fll11>U tllJ1'U 1'U fl 11 30 11 i 'U ~ 1'U • 

.q Q.I ~ ClJ i 
carcinogen (probably carcinogenic to humans) mlJ'Utl1lJ11J;!~fll':itlVlJ'jU'tItI.:JtI.:Jflfll':iV'U1lJtI {;Ifl 

(International Agency for Research on Cancer, IARC 11{;1~ World Health Organization, 

WHO)[Hester 11J;!~ Harrison, 1995] 

" 
1 i VCH\1 fl'tJri VtI~u'j 'j tl1fllffi ~'Yi.:J 'il1flm ~ U l'U fll 'j ~N "1 ~ llJ1i ':i ':i lJ 'lf1~ 11 J;! ~ flU m ~Yi1't1 V.:J 

lJ'4'hlv1~tIlmri.:Jti1ll1~ 'il1fl1inlJ'lf1~~'ViU i~llri fJ1't11 ivJ':i ~lii~ll{;l~' vJill VV1.:J hnmlJ11 tlCH 

-ffl'U i l1f.lhO~ ~'U 'il1fl1i ':i 'j lJ'lf1~11~ 'il1fl fll':i m ~Yi1't1V.:JlJ'U 'hlVtr'U11l 'U ~.:J~ y'h i 111 O~ ~m m ~ 'YIUt1U 
u • 

~ .:J111~~VlJ 11J;!~riV i 1110~iJqjl11~'tIfll'Vit1UlJ'4'hlv1~tI~'j.:J 'il1flO'ilm 'jlJ'tIV.:JlJ'4'hlV 1mri.:JtilllJ~ 

'tIv.:J1ivCH ff1lJlnU1U.:Jtlvmll'U 
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. . 
1 0 ~ 4...r:::S 

2.3.111'11Cl'ltll1'Ufl11lJlJ1flCltJ'U'YI 
I I I" 

11 t1~li 1 n fl111fH1 '11 ri 'I ill 114 flL1lJ lJ 1 fI ii tI 'U li iT 'U ff1'U 1 '11 Wll 1111 fl fl1 '.i U Clfl U ri tltJ 111 fl 
" 

tJ1'U~1'11 'U:: 11Cl::il'llnlJJ1~'U14't11~~'1~'11nfll 'U~'U ~llitl'lmfl~~fl 1 ~ t1'1111fll 'U~'U~llitl'llj 
tll'.i 11'.i 111'.i~TllJ~'1fl 'h 1 'U1'IJ~'lf'UlJ'YI 

I 0 ~ 'Q.I od 

2.3.211 '11 Cl'l tll1'U fl t1QfllJ'YI 

. . " 
11 t1~li1nfl111fll1 '11 ri'l ih1 ij fl mjt1lJli iT 'U ff1'U I'll Wll 1111fltll'.i U Cl flU ri tI tJ 111 fl fl '.i:: lJ 1'U fll'.i 

~ " . ". "" ~ ~... ""'I ~... 0 "" "i 'I ~ "" 
tI \91 ff1 '11 fl'.i '.i II 'YI'IJ (J 1 tJllJ 'U 1 'I fl1 1'1 'J 111 'YI 'I fl'.i:: lJ 1'U fl1 '.i 'YI I 'lf~ 1 'YI1 Cl:: Cl1 (J ff '11 'J tI fl1 'J I 'lfffl'.i 1 fill • 
"" " 

'U tI fl111 flU m:: lJ 1'U fl1 '.i nn L 'I1,j'l:Jftll ~ ~ 'I 'IJ tI '11 H'I1 'U tI \91 ff1'11 m 'J II 1 'If'U ri 1 'U 111 fl '11 ~ m.il ~ 'U • . . 
~1 "" 0 'I ~ .,.... ~ ~ ""1 ""'I & 0 'I ~ "".... 0 """" 

u ~'J1CltJll 'YI11'11l~1l'J::fllJfl11111'IJ1l'IJ'U1 t191I'UlJ'J'JtJ1tllffl1'l'YI1I'11lJ'.ildW111tl'll1Cl::11'11Cl'l'YI1l 

1'J ,N1'U t1~ff1'11m'Jlllj'.i ::f1lJfl11111,j'1l,j''U11 t1~mflfll1lJ~ nw 'If'UlJ'YI • 
~.... 'I 

2.3.31J1'U1'JtI'U11Cl::fll(J I 'UtIlfll'J 

" " " 
11'11 ri'l f111 ijfl11 t1~fl1tJ 1 'U i11'U1~ t1'U 1nl9l111fl fl1 '.i 1~1' 'I1,j'1 ~t11~ ~ '1fl1tJ 1 'U i11'U 1~ t1'U l'l~U 

" ~ 'U tI ~t1lJU'.i:: ff'YIi fll~fl1'J 1~1' '11 ,j'l1Cl:: 'J:: lJlJfl1 'J fl1lJ f]ll tll'.i U Clfl U ri t1rJ ~1'11-r lJ lJ ~ nWfll tJ 1 'U 
I " I I 

t11f1l'.i tll'.i"lUll'l1 ~ flwVhtll'l1l'.i 'J 111l'l'l1f1 ~ t1'1'Vi1f11111~ t1'U 1111l1'l'Yillfl11111,j'1l,j''U 'IJtI~ 11 t1~ 1 'U 

tIlfll'.i'~ 1 'U ~ ~U1flfttlllflltJ 1 'U~~fltllfftJ 11 t1~l1::mm'.i OUClflUri t1tJm 111 fll1'l1 ri'lf111ij fl111flfll'.i 

" 1~~~~fiWttlfi1'1'l1'lf'U ~~~fiWttl~Cl1ff~fl fll1 ~1111Cl::ClltJ m::iltl'lmu'Jv lff~Yim~' illh~'U 

'iifl1'11 ~~'1 ~~~fiWttl111f11111ff::tI1fl ff1'J~11~t1 hfl1f1~t1'1~htll'l J1~'U'I1ritl~'U l~tIl~~~ ~'1 
~ ~ ""1 "" 'I 1':' ''LI "" ~ ~ • fl1111 1 'IJll 'IJ 'U 'IJ t1'11 t191 fl1 tJ I'U t11f1l'.i fl tJ'YI1 I U 11:: II fl1111 1'IJ II 'IJ 'U ff'l fl11 fl1 tJ'U tI fltll fI1 'J 1 ~ '.i 1:: 

~ 

11 '11 ri'l f111 ij flflltJ 1 'U tIlfll '.i l1::m 111 fl~~\9Ifi W ttl ~ 1 ~1 'U n 11 m 'J ll'IJtI'Ill'4 fj V 
2.3.4 fffll'U~f11ifl'IJtJ::llCl~t1tJ .. 

l'U fffll'U ~f11 i fl 'IJ tJ::ll Cl ~t1tJ11lJlJ1iJ fl ~ 1 fl ft t1lJ'lfll'lf'U l1::~lJ 11 t1~~ '11 ~ 'U ff11 '11 ~ '11 "fl~ 111 .. . . . " 'I ~_I 'I "I 0... ~ "i "" C>I .,. & 
I'll u'J:: 'lf1'lf'U I'U 'l111'lf'U IlltJtlm lJ tll'J flCllJ H'I 11 Cl:: fll'.i 1~1 1'U t1'1111 flllfll911flfl 'IJ'U 111fl fll'J 1~1'IJ t1'1 

'I1Cllfl'l1ClltJ'lfijfl [Kungskulniti 11Cl:: Sylvia, 1990] 

" " d~ OQ,.l~.Q 

2.3.5 fffll'UlJ'J tll'J'U111'U1'lftll~M 

.Q dtl Q,I d I 0 , : Q.I ~ .Q.d: Q.I 

ffl'.i t1'U 'YI 'J tJ'J::1'I1 tJm 111 m::lJ lJ fl fllfllJ 11Cl:: 11 '11 Cl'l111'11 'U 1 (J'U 111 'U 1 'lftll ~ Cl 'I 91'1 'U 111 'U 
JI, " 

l:Jftll~~~ i1t1l~'U ff11'11~li~lTl()J'lJtI'Iihtl'l1111ClYifj'Y11'1t1ltllffl'l11CJfl 1 fltll'il ~l::mh'l V'll 'U1'IJ~llitl'l . " " 

" " " ,,, 
lh~'U 1 'U fffllUlJ~ tll'Jlh~'U1:Jftl1~~'1 ~l'11-rlJflrill~iT fl~1'Uli111'11'U 'IJml nh~'U 11 Cl::~iT fl'll'U 1 'U • 

" " J 
fffllU lJ~ flln11~'U1~tIl~~ '1lj 1 t1fllff"l '11 'U fll'.i -r 11t1'W:j'ffffl'.i fiH '1 "l'l 'IJ'U lj fll 'Jffflfj 11itJ 1 'U 

" " " ~iTm1'UfffllUlJ~fll'.ilh~'U1~t11~~'1~1'U1'U 323 fI'U l'l'l'l111fl 51 ll'I1~ l'U1'IJ\9Im'll'Yl~1l'l11'UfI'j . 
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" "" ... ~W1~~mW]J'I111'Y1tmHJ, 2548] 

\I1fl fln ffflfm u~ tlU t Yi tlU fl~) 1fll)) ~ U 1tlffn]J ~YilJ i tH '\J~ fl) ~ t 'YI'YUJ'I11'U fl) tW ~ . 
U~]J W C)'1 ~ '\J fl~ m ]Jfl1Ufl]J]J ~YilJiJ 2544 ~u ';i1 ffwd1'U fll 'j'j ~111tlff1) i)'U 'YI ~ 6) ~ t'I1 tlflflfl ri . ~ 

, , " 11 

u)) tl1fllff\llfltl1'U~ I'll 'U ~ ffm'U Yin1~~'\Jtl~]J~~fl tl Yi~flfl1fftl ffmi111 ~ fll':ithlJ'Ut ~m~ il ~ 
~ 

h~~1'Ufl~ff1'11m)]J U~~mfllfftl1'U ~~~1)1~~ 2.1 • 
• y 

g}l'lVln 2.1 11 fl;\I1fltm ci~n11iJ~~1~"l ff1]J1) tlU U~flflflt~'U ff~ri1'U i~~~i1 

, 
0 "" U'I1~~ml'U~ 

tl1'U~1'11'U~ 

'" ... ... 
'YI~flmfftl 

h~~1'U~~ff1'11m)]J 

ffm'U~n1~~'\Jtl~]J~~fltl 
~ 

y y 

'" "" o ... ... "" ffm'U11)m)'U1]J'Ul')j'Vl~~~ 

mmfftl1'U 

Benzene 

Toluene, Xylene, Ethylbenzene, 

Trimethylbenzene (Aromatic hydrocarbons), 

aliphatic hydrocarbons 

Limonene, alpha-pinene (Terpenes) 

1, 4-Dichlorobenzene 

Styrene 

"'1 '" " ff1)1 flttf ()fltl~~) 

52.2 

5.22 

0.45 

39.75 

2.21 

0.16 

.c1 : Q,I ~.Q .or:::. QI It'd 
ff fll1 'U1]J'Ul')j'm~~~ l1~~H~~.flWC)'1'Y1 

ln~\I1flfl1)lH1 i'l1,j' 

d Q,I ~ fJI 
~flt'l1lJ'U tJl~l1fl~'U'I1fl~ ... 

y 
, ~ .c1 .Q 

tl1~11')j'V ff l1~~~mff~fl 
y 

o ... " 'U 1tl1ttfflU '11 ~ 

lim: fi~UUrl.:jlJl1Jln Namiesnik UrI::flW::, 1992 Olson Uri:: Fellin, 1992 Uri:: U.S. EPA, 1990 



Tetrachloroethylene 

Chloroform 

1, 1 , I-Trichloroethane 

Ketone 

Ethers 

Esters 

" o ., " 
'hntJ191fU1'I1.:J 

.£::l d tI: Q,I , 

t'.i9l'U ff UiHHfH)'.i 'UHJ1'U~H.:Jl ff\j 

'" ., - I 
'YllJl: 'flfHtlJ(l.:Jm'illfl Namiesnik tt(l~f1W~, 1992 Otson U(l~ Fellin, 1992 U(l~ U.S. EPA, 1990 

I. fl1'.ill1v1'i1 1~i'U'Yl1.:J11fJ'fl 

2 . fl1'.ifl'U-~lJ'YlN111fl 

3 . fl1'.iiYm:rff'YlN~b'l1l!.:j 

8 

'11 ".:j 'ill flfl1'.i t ;hri~ Nfl1V1 'fl vill fl1'.i ~1.:jG1 ffl '.i i 1 fJ9f'il ~ ~1'U! .,j'lrilPi U 91.:j 'iI ~ iilfJ'U 1 9I,JU(l ~ ~ I ~ 

~ 'rI" d1 " 'IV ';JJ '.Q d d. I lit" Q 

glutathione 'If'U'flIfJ'U 19I1J P450 'Yl 'If'il~U'flfl'flHfl'UU(l 'HI'fl'lf'U'fl'UfJ.:jl 1fJ9II'lf'U tfJ'U 19I1J'lf'U'fl 

'" I "'~ & c:lt CTP2El lJU'YlUl'Ylmfl'flfJIlJ'fllUfJ(l9llJ'UfJ.:j trichloroethylene 9I.:j'il~fl(l1mu'U chloral hydrate 

U(l~~fJlJl\1fUfJ'U 191,J'lfi.i'fl CYP2B I~ .:j11fifl~ tI1l11~v'Utll'U trichloroethanol 91.:j 1 'U ~~'fl'il~\1fl,j'U 
" Yi.:J'YlH11ffffl1~1'U~11'UfJ.:j trichloroacetic acid; 19I(l~IPiU'iI~'th1M' toluene fl(l1mll'U benzyl 

" alcohol U(l~ benzoic acid (l~(l1V1'U\Jli~~lV m)'Xlfl,j'UfJfJfl'Yll.:j11fffflJ~ 
~ 

. " 
11 'iI ~ vvhh1 M' ffl'.i i 1 fJ9flfl'fl tl'U 'fl '.i 1 Viifll1lJ'.l 'U U '.i .:jU(l~ fllfl1'.i thVlJ lfl'l1 ~ m! fJ viilPi.:j ij . 

& "'''' "'1 "'1 .oj ., "'1 "'1 .oj 1. f1H'lfl'fl (Half-life) 'UfJ.:jffl'.il fJ9I 'U1(lfJ'fl'illflfl1'.i'fl'.il'i11'flffl'.i'.i~I'I1Vl fJ9I 'U1(lfJ'fl 

ffllJ1H)UfJfl11'.i~1~fl1'.i i~i'u 'I1~fJ fl1'.iiYlJ~ffi1fJ9f1'U11'.i~'lflfl'j i~ 

2. ~'U fJ~nUffml~mv1 'U ~ l.:j fl1V U(l~11 fifl~ vl,hlflii'Yl N IlJ'fllU fJ i19flJ 1 'U IPiUU(l~ 
,J ..; 1"c:lt '" .1.oj" "I" .1 I., '" " .oj 

I 'U fJW fJ U 11 '.i ff mYl '111 U'U Ylllm fl'U'U '11 '.i fJ'U fJ V(l.:j l'fl U (l ~ 'U 'U fJ ~fl U 11'.i mw U fJ (l fl fJ ~fJ(l'l1 '.i fJ 
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" . '" .Q Ci Q Q.I ,.a Q.I ~ "Q.J 
1l~I'YnJfll';j~~9!'lJU"~I'YnJ':i~~U'\IU~ 2-butanone lm~ acetone 'U1m)~'\IU~'Ufl~lJn'ml'Yl~'I1mtl .. 

" 
3. fll';j.,jm"l';i'YhrYi~ rr1';j11u9ftlfl.,ju l~tI~H~·h'U '~UUfllJl'Yl1~11"Hn1~ 'Yl1~"lJ'I11t1i 11 .. 

" " " lm~ l~tI'YlNV'umh'U~u lm~'l.h~ ~lrrnt!'Utlfl.,jUUUflYi~ i~~lt1 fl11lJlil'UYiflll~.w UtI"~fl':h .. . " 
rr1';j lf1ijl1\lfl.,jUUUflYi~ i~tJlfl 

~.mm~'Ylu~ml'\lfllv.'\Iu~rr1';j11u9f ~UlJ'4fl6 UU~UUfl1il'U 2 r;lflflW~ i~Url 

1) YiflUUU1~tlUV.r;l'U fiu Ulfll';j~iJfl1n~~'Uvl'Ul1 '~Url fll';j';j~fIltJ1fiU~~U~l lttl1J 

'Yl1~1~'U 'I11t1 111 u,,~ l~mh'U 1 mY~1f111lJl~lJ~'U'\Iu~rr1';j11 tl9f1 'U mfllff~lfl'".h 50 .yjihglJ ll~ii 

UlflUH'U'I111'U ~11~~ ~'U1If1''U U,,~iju1flulrrijtl'U11J1rr';j1 i~Urllh~ff';jfl~ ij'U~~ fI~'U'tr • 
d 1 -=i .... 1 QI i'~"" 'jJ'JJ 'ddd 

mllltl'U UU'U1V."tI lJ';j~rr1'Yl'tmU'U UIl~fl1UfllJ~11U~ lJ!~ tIlfl111J1'\1lJ'\I'UlJlflfl11 50 V.V.1UlJ 1l~ • 

" " 
rrmu u ~ fll HAl iJ 'U1 <jfm v. il ~ 1 '\I ~ 11 'Yllr! 'U V.U 'h ii tl 1 fll ';j 11 1~ ff';j fl ~ 11 tI'U ff';j fl ~ V tl 'U tv. ~ tI • 

2) YiflUUUlfu1' ~ fitl tl1fll';j~ln~~'Ulrltl~ Nflltl '~1'u rrn11 U9f~l~<"] 11~1J1w.w tltJ1il'U 

nm'U1'U 1l~lh1Mln~v.tJlirrfllv.tiuU1t11~lihI11J1t1 li'U rrlJU~ ~U ,~ ii~mh1Mu1t11dhnu 
" , 

~~11fl~i 111l'U il~l'll~l'U i~'~ 'U tlfl1l1flU rr1';j lU'U 9fWJ~1 il'U rrn rltllJ~1 ~ ~ Viu 1t11~ 1 il1'111J1t1~ 1~<"] 
d d... IIJ y "> 

lm~lJ~IHllJ~mU~'\I11 !~ [m';j'lf~, 2544] 

~Ilm~'YlU'\IU~rr1';j11u9f~u';j~UU~1~ <"] '\IU~~l~flltl 

1) ';j~UU11';j~rr1'Yl 

fll';j '~1' U rrn 11 U9f1l~l'l11 Mln~mfln fl~11 ';j ~ 1.'1'1 'Yl '11 mtlmh~ 1i'U 
. 

fllH1~'Utl'U 

fll';ji~1'u 1,1,1-trichloroethane(TRl) 5000 .yj.yj1glJ 'Yl1~IllJ'I11t111l'U1'U 40 'U111l'l11Mfll';jri~ 

m~Urr11';j~rr1'Yl~~11';jfl~i~ 'I1'Uiifll';j 1~ tI'U ~~~1~11 'U ~ ~1n~~UlJIl~"~ fl" i flfiu TRl l'l11 M rr1';j .. .. 
.Ii?! 0 yd?!", , y " 0 .::"" '" 

cyclic GMP 91 ~1U 'U rrn 'Yl1'11 'U 1 'Yl1U 'U ~ 1fl II N m 91"" 11 ';j ~ rr1'Yl'Yl1~ 1 'U 'U 'U lJ ';j ~ ~U" ~,,~ U" ~ 
~ 'CijJ Q.I 

medulla oblongata flUIl~Il~1l1flfl'llJfl1U~lJ tI~'WtlIl~ 55-58 1m~';j~~1J cyclic GMP 1l~"~1J1fl 

"j IIJ y", .1 ?! "" 1 .. 0 y.li IIJ y", ""1 "" 
1lJU !~';jUrr1';j';j~1'I1t1'U1'UlJ1fl'\l'U1U'U 100 'U1'Yl 'UflIllJ'lf1~'YlnU~1'Yl1 9!'~ !~';jU1 tl9!'1l1flfll';j • 

" 1 Q.I 0 .do ~ 0 0 'jI 

'I11t1 llrr1';j~1'Yl1"~mtlrr'l1';jU'U1t11'Yl1';jU~1'Yl1 dichloromethane, n-hexane, plastic compounds 

?! _I 0 '" "" _I ... _I "" (isocyanates ml~ polyvinyl chloride) 1U'UlJ';j~1l1 lJflll~lJmfll';j'Yl1~lJ';j~rr1'YlflU lJ1~ff';jfl~ 

y "> 1 '" y y~ '" d y Y d Y 1 
(';jUtlIl~ 65), 1l~ llm1Il(';iUtlIl~ 53), ';jrrflfl'U'Yl'\llUIl~1'Yl1(';jUtI"~ 46), 11l1Jm(';jUtlIl~ 43), 'I11t1 11 .. 

" il11Jlfl1m~iimfll';j';j1lJ'I1mtltl~1~ (~UtlIl~ 1.1-3.5) fll';jffflfl11 'Umu~~~fI';j';j fi~l'U 1'U 14,000 fI'U 
" 

1'U Bristol, U.K. ~1~ff111';j6111'uUlfllff (aerosols) 1il'U11';j~~1V.1J':hi'U1ilu~iirr1';jv.1fl11U9f 
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" (Xylene, ketone ml~ aldehydes) ritJU'u\:.I~~ 11Cl~th~')flfl'H'I1ril'w'il~iimf11'j'l1mvmi1~ L'lf'U 

2) 'j~'U'U'I11V1'il 

.... 
3) 'j~'U'ULCltJ~ 

'illflf11'jffml1f11'j1''UfflJ~ffffl'j L'U'U~'U.yh i 'I1'Ln~f11'j111mV' "'m~~f1Lil'U ~m111 i 'I1'Ln~ 

1 m111'ill~11'U'U Apastic anemia ~1'U 1'UL~~Li1tJ~"'1111Cl~tf1~~Li1 fl~~lCl~ 'U flfl'illflrl' v-:.ILil'U ff1'j Ofl 

d 0 i" "'" d d .... "" "'" i t1"'" lJ~LH'YIl mfl~lJ~LHLlJ~LClfl~"'11 'I11fllJf11'jff~fflJ fl'j~L'I1V"'fl-:.lL'U'U9$'U 'U 'jlJ1W~-:.Ifll'il 

Ofl i'l1'Ln~lJ~L~ -:.Itlfl~'~ 'U flfl'illflrl'iifll'.iffmHY~'U11L'U'U~'U i 'U'j~~'U~liiHCl~mnllJH~t1fl~"'fl-:.l 
.... i I d 
LClfl~ 'UflCllJL~fl • 

.... '" 0' 
4) 'j~'U'Uff'U'Yi'U1! 

ffl'.i 11 fl~t1 'j ~ Lfl'YI ~111 lCl~ m V'il ~ ii HCl~ fl f11'jCl ~ ~ 1 'U 1'U f11'j 11 fl , 'ti ~ l'U 1'U tJ"l~ 11 Cl ~ 
. " 

Ln~ f11'j LfffllJfflJ'J 'j tlfll'Yi'YI1-:.lL'Yiff 'U flfl 'illflii v-:.Iii HCl~fl~ 1flfl'U i'U m 'j fiiiHCl111 i 'I1'Ln~ f11'j H~t1fl~ 

l1~nlLiJ~ fllm.y{-:.I11Cl~f11'j1l1VOfl'UflClfl~'~ 

5) ~h'l1'l1-:.1LLCl~1Il 

Lrl fl , ~1' 'U fflJ ~ff'il~ ii m fll'.i 'j ~ fl1 t1Ltl fl-:.l11Cl~ 11 1 i 'I1'Ln~ ~m ff'U~ H1'11 'l1-:.1 ~'U11~ ~ 'Yi'Yi fl~ . 
dt" Q.f 

LLCl ~ Wfl'l1lJ 111 tJ f1L ff'U 

6) ~'U11Cl~ 111 

ffl'.i 11 fl~Lfifl'U 'YI fl'll'iJ ~ 'il~ fI f1L t1~ V'ULL tI Cl-:.l~~'U 11 Cl ~ tlfl'll'U flfl fl'YI1-:.l 111 ffl'l1 l' 'U 1 'YICl 
q cu cu cu 

" 
ij'U iiHCl111mv~'U11Cl~~'U11V1~ 'Uflfl'illfliiV-:.I'Yi'Ufll1~ Renal tubular acidosis m1V'1I~flL{nJ 

11Cl~'1I11V'~ 

""'" '" 7) 'j~'U'U1JlJ~lJfl'U 

ffl'j 11 fl~'I1 mV')fiJ~111 i '11' 'j ~'U'UfliMlJfl'U flm 'Ufl1'U'I1 ~ fl111mV ffflVfll'Yi'YI1~f11'j ... .. 
" 

ilfl-:.ltl'U hflf11'j~~L~fl'il~Cl~LLCl~'Yi-:ifl-:.lCl-:.l'illm~lJ L'lf'U i'Uf11'jffmJ1i'U1.h~'lI'lm 302 fl'U (fl1~ 

40-59 i1) ~ Aberdeen, North Carolina 11Cl~'U~nwifl~L~V-:.I l~Vfll'j 1I'j1'ilLi1fl~ m1'ilH1'11'l1-:.1LLCl~ 
. . " 

fflJfllflW 'Yi'U11iiffl'j Dichloroethylene (DCE) i'ULi1tJ~ i'Ufl'UVifl~ifl~ViYi-:.l"'V~ffl'jLfliiYifl 

(pesticide dump sites) i'U'j~~'Um~tJ 4.05 ViViti LViv'Utl'U'j~~'Um~v 2.95 ViViti (p=O.Ol) "'fl-:.l 
I , , ." 

fl~lJfl1'U~lJ fl'UVifl~ifl~lJlflfl11V-:.lii'j~~'U DCE ~-:.Ifl11 v~flQi'U'U~nW'Ul'U '1 V-:.l1~1''UlJlfl~'U 



II 

" U~ n~h'l nlJ 8 V 1'1 oM~ 1 'illJ lJ 8 n 'ill nih~ f'I 1i1 8f'1 'lJ 1 1'lJ 8'11h::: 'In m ~ 'I n ri ldi1 fltU 'fflJ,j9l 'Yll'1f))j ti'lJ n lJ . ~ . 
~ ,d ~ ill d "l"CLI 

(mitoger-induced Iymphoproliferativity) mn11IlJf'lL(l8f'1'lJld 'U n'llJfl1UfJlJ8V1'1Ll1lJ Af'I'lff'l 

2.5 flluuihfrh,J'UM1189f 

?t ' d 2.5.1 f)1'HlJlJ'ffl~n8lJ:::L'H (Carcinogenicity) 

i 1 8CHtymV'b'-Uf'll~lJ 'ffl Hi 8lJ::: 11 'I f)1~ '~?UfI'j'U i 1 8CH'illnf)1~ 'f;!U'4ty~ Vi·l i ,rlJt~1:J 6 
?t d _I .1 ?t d "'l~'" ...... "'1 ",.1 ,... ~ ... ... ... 

IlJ lJ lJ:::I HlJ8f'1lJ In'lJ lJ f)1~ IlJlJ lJ:::I H 'ill n f)1 ~ A f'I~ U fflJ H'ff1 8C)f'lJlJ 8 vnu l'fflJ 'Yll'1 nn ~ U 'fflJ H'ff 
~ 

l'lflJ 'illnf)1~tylVi'ilty18'Y11'1~hm:r'l 

2.5.2 f)1~ l~lJ 'ffnntJInf'lf)1~ nellV~lJlr (Mutagenicity) 

~.c:rrr. I".c:rrr. 
2.5.3 f)1~I'ff~lJ'V'I1:J /nn~tl~l'U'V'I1:J (Potentiation/antagonism) 

. " ... l' "'1 4d ~ do .d ""1 YQ.I d1 '" 8'U ~ ~ lVLLCl::: 'Yl1:J~ tl'ff'lJfll'V'l'lJ 8'1 'ffn 1 tlC)f'il::: V'llJ Helm::: 'YlUlJ1n'lJ 'U m A f'I ~ U 'ffl~ 1 tlC)f • 
" 

H'fflJ n'U ty m V'b'-U f'I i 'U ~::: V:::I~ V1nlJ 81 'il 'il::: ri'l 1 'ff~ lJ fI 11lJ ~ lJ U H~ tl 'ff'lJfll'V'l lJ1 n ~ lJ lJ1 n wh . . 
Helm:::'YlU ~ 1lJnlJ ~Inf'l 'illn'ffl~ I~V1" U~el:::'b'-Uf'l i~ 'ffl~ i 1 tlCHH'fflJnlJ ty mv'b'-Uf'l 'il:::lnf'lUlJ ~ ~ lV 

1f'1vf)1~VilmVLC)fel"'lJtl'l1m 1lJ 1C)flJ 'lJtl'l~:::UUtllV1:::~1'I ., 1'lf'U 1~f'lIi1tlf'lUf'I'IIPlU i~ tJ~:::'ffl'Yl 

~'ILLfff'l'lilJ~l~l'1~ 2.3 LLel::: 2.4 l~lJ~lJ 
, , " I 

~TlHn 2.3 IPl 1tl Vl'1 'ffl~ i 1 tlCH1J1 'I 'b'-U f'I yji1 Hel m::: 'YlU ~ m:::u UL'W tJlVtJllel::: UlJ ~ ~ 1 V~ tl 'ff'lJ fll'V'l 

.. . . 
iITl VOCs 

... ... ~ 0 'i" 
lU8l£l8'Y1~flm"l£lIVl£l 

VOCs 

Benzene Hemopoietic system, Red 

blood cell, Nerve 

Carbon tetrachloride(CCI,J Liver, eNS 

Chloroform (trichloromethane Liver, Kidney, Heart 

,CHCI3) muscle, Eyes, Skin 

d _I .. , d 

'Vlln: u'j:::ff.:Jf1 u,,::: lJm, 2544 

• 

u~n hfl1m1~'ill'1 LLm:mf)1~ 

ty 1tl1 ~f1'Y11'1tJ~:::'ffl'Yl 

ri1lJ nell'1 

IPlUl~tllJ IPlULL~'I '~I~tllJ 
,,1'1 i 'ill~lJ~f'ltJn~ f)1~U'ffU 
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, I " , 

~nn~n 2.3 ~1mhrCY1'l11flCH1J1.:!'lfiJ~-¥iiif-lClm~'Y1'lJ~fl'l~'lJ'lJti1fltf'jflUCl~ti''U~'lltJ~~Hl'\Jfl1'W (~'El) 
q 

.. . . 
(,1'11 VOCs 

... ... q • 1 
l'UOlt10'fl\lfl'fll"U.I VIti 

VOCs 

Dichlorobenzene (methylene Liver, Kidney, blood, 

chloride, DCM) Skin, Eyes, Upper 

respiratory tract 

Ethyl alcohol (methylene) Liver, CNS Nerve, 

Placenta 

Ethyl benzene (ethylbenzol) Eyes, CNS Nerve, Nasal 

n-Hexane cavity Nerve 

Methyl alcohol (methanol) Liver, CNS Nerve 

Toluene (methylbenzene , CNS Nerve 

toluol) 

Trichlorobenzene Liver, Kidney 

1,1, I-Trichloroethane Liver, Nerve, Kidney 

(methy Ichloroform) 

Xylene (dimethylbenzene) Skin, Nerve 

, 

Vim: l1'l~'CY.:!rl tm~il!~~, 2544 

q'VIiu'CY'lJ 'l~fl1m~fl.:! hfl~'lJ 

fl~lh~'CY1'V1ri1'Uflell':! 81\llf:U~ 

'CY~hm~~l1tJ'~ 

d Q.I d. ... 1 
:U~t'j ':!~'lJ :U81fllm~lJ'l~'CY1'V1 

'vh 1 ,r'Vl1 'l muw ~ Vi fln 

lh1,r'l~fl1m~fl.:! U'CY'lJ~l 

U'CY'lJ\ll!fl fl~11'l~'CY1'V1ri1'U flell.:! .. 

~'lJt~fll! 81fll'lfl~l1'l~'C11'V1 

.yh1,rm'lJfl~ 

'l~fl1m~fl.:! hfl~blf'w.:! UCl~ 

81fll'l tti~ \l lflfll'l fl~l1 'l ~ 'CYl'Y1 

ri1'U flell.:! 



l3 

"" " 
g}l'll-:Jn 2.4 '1.1l':i VOCs .yitillH1'l':intllJ~a1'l (carcinogen) 'ff1':iff'l1'ff~lJfll':iln~1{jtl'ltlfl 

'" d (tumor promoter) l1"~'lf\.J~'\JtI'llJ~lH 

.. " .. " 'IIUfli;T'1 VOCs 1IUfI'II6.:1)J:::11.:1 1IUfli;T'1 VOCs 'IIUfI'II6.:1)J:::1"H 

Benzene Acute myeloblastic leukemia Vinyl Chloride Lung cancer 

Carbon Tetrachloride Hepatoma Hexachlorobenzene Lung cancer 

Dichloropropane Lung cancer Dibromochloropropane Lung cancer 

Ethylbenzene Lung cancer Ethylene Dibromide Lung cancer 

Dichloroethane Lung cancer Trihalomethanes Lung cancer 

Pentachloropheno Lung cancer Trichloroacetylene Lung cancer 

Toluene Lung cancer Haloacetic Acid Lung cancer 

Trichloroethylene Lung cancer 

Dichloromethane Lung cancer 

fll':i n ll1lJ ~fi llJ 1~ ':i !llJ fJW 1) 1Yl tl1fl1fl''\J tI 'l i 1 tl9f llJll~ ,,~11 ':i ~1 'Yl fl'ij ~ 11 11 U U~11~ fl~ 1'l tllJ 

11':i ~1'Ylfl'~~lJ i~ nl'l1lJ ~lJ1~':i j1lJfJwmYltll fllfl'llJU':i ':i V1fllfl''\JtI'llUlJelflJ 1~ vijfim:} ~ V':i 1ViJ 

l'VhtlU 3 ilJ lmf)~lJI~flU1fl'nllJ~':i ffllJllJ~ h11nl'l1lJ~ H~ 5 ilJ lmfl~lJ/~fl'lJlfl'nllJm ffllJ 

i 1 tl9f mv llJ tl1flU i~11 n 1 'Yl~ UlJ "" ~ i9li'ilJ fl':i ~ 'Yl'n'l 'ff11i 1 ':i W ~'\J'\J tI'l~~lJ i~ n ll1lJ ~ 
11) Yd '" 11) 1 '" " lJlIPI':iil1lJ 11'Yl':i~flU 260 llJ mmlJl"flU1fl'fl1lJIPI':i 11"~ - ~ 

1PI1lJih~u [Amagai l"'~flW~, 2002] 

fll':i n1l1lJ ~ fi llJ 11P1 ':i! llJ'\J tI'l'ff1':i i 1 tl9f llJ 'fftlllJ11':i ~ fltlUfll':i 1l1vUtlufi1lJlIPI ':i !llJ ~ n1l1lJ fI 

"" , i ~ lillJ11lJ 1'Yll'lUlJ~lJ !llJ'\JtI'lfll1lJl i1V'l~tlfln ntll M'ln~lJ~ 1~ 'l 1 ~ vfi llJlIPI ':i j1lJ .yjtl'4 ty11P1l M'ij 

" , 
'ff1 ':i ~lJ 'Yl16':i~ll1 V llJ 'ff() llJ 11':i ~ fltlU fll':i '\JtI'l11~" ~'I1'111V'lllJ 11~1 illJ i 1 tl9f'lJl'l'lfiJ~l -n1tJlJ .yjijfi 1 

lJlIPI':i!llJ i~':ilU':illJHllJIPl1':i1'l~ 2.5 
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tlTnh::m)'u 
, m " " m " " 't'IUlf.1'11U "un WfllUJl'U1J'UU ~1J1Wfll11J1'U1J'UU 

3 
(J,1g/m) 

Benzene ACGIH 0.5 ppm (TW Al8 'lflJ .) 1.5 x 10
3 

2.5 ppm (STEL) 7.9 x 10
3 

NIOSH 0.1 ppm (TW AI 10 'lflJ .) 3.1 x 10
2 

1 ppm (STELl I 5 '\.J1Yi) 3.1 x 10
3 

NIOSH 500 ppm(IDLH) 1.5 x 10
6 

OSHA I ppm (TW Al8 'lflJ .) 3.1 x 10
3 

5 ppm (STELl I 5 '\.nYi) 1.5 x 10
4 

CHLOROFORM ACGIH 10 ppm (TWA) 1.8 x 105 

NIOSH 2 ppm (STELl60 '\.nYi) 9.78x 10
3 

NIOSH 500 ppm(IDLH) 2.4 x 10
6 

OSHA 50 ppm 2.4 x 10
5 

TRICHLOROETHYLENE ACGIH 50 ppm (TWA) 2.68 x 105 

200 ppm (STEL) 1.07 x 10
6 

NIOSH 25 ppm 1.34 x 105 

2 ppm (I 'lflJ.) 1.07 x 10
4 

OSHA 100 ppm (3 'lflJ .) 5.37 x 105 

200 ppm (15 lnYi) 1.07 x 10
6 

600 ppm (5 '\.nYi) 3.22 x 10
6 

STYRENE ACGIH 20 ppm (TWA) 8.52 x 10
4 

40 ppm (STEL) 1.7 x 105 

NIOSH 50 ppm (TWA) 2.15 x 105 

100 ppm (STEL) 4.25 x 10
5 

NIOSH 700 ppm (IDLH) 2.98 x 10
6 

OSHA 100 ppm (3 'lflJ .) 4.25 x 105 

200 ppm (15 'U1Yi) 8.52 x 105 

600 ppm (5 'U1Yi) 2.55 x 10
6 

TETRACHLOROETHYLENE ACGIH 50 ppm (TWA) 2.87 x 10
5 

200 ppm (STEL) I 1.46 x 105 

NIOSH 150 ppm (IDLH) 17.22 x 10
5 

OSHA 100 ppm (8 'lflJ.) 11.46 x 105 

200 ppm(l5 'U1Yi) 22.96 x 10
5 

TWA = Time Weight Average STEL = Short Term Exposure Limit 
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, m v v m v v 3 tJl'l 't1tflfHl'U 'un WfllUU'U1.J'U'U 'l1.J1Wfll11.J''U1.J'U'U (Jiglm ) 

TOLUENE ACGIH 20 ppm (TWN8 'lflJ.) 7.68 x 10
4 

NIOSH 100 ppm (TWA) 3.84 x 105 

150 ppm (STEL) 5.76 x lOs 

NIOSH 500 ppm (IDLH) 1.92 x 10
6 

OSHA 200 ppm (8 'lflJ .) 7.68 x 105 

300 ppm (15 \J1Yi) l.l5 x 10
6 

500 ppm (10 \J lYi) 1.92 x 10
6 

EUOEL 50 ppm (TWA) 1.92 x 105 

100 ppm(STEL) 3.84 x 105 

p-XYLENE ACGIH 100 ppm (TWA) 4.35 x lOS 

150 ppm (STEL) 6.55 x 105 

NIOSH 100 ppm (TWA) 4.35 x 105 

150 ppm (STEL) 6.52 x lOS 

NIOSH 900 ppm (IDLH) 3.91 x 10
6 

OSHA 100 ppm (TWA) 4.35 x lOS 

EUOEL 50 ppm (TWA) 2.17 x lOS 

100 ppm (STEL) 4.35 x 105 

o-XYLENE ACGIH 100 ppm (TWA) 
'. 

4.35 x 105 

150 ppm (STEL) 6.55 x lOS 

NIOSH 100 ppm (TWA) 4.35 x 10
5 

150 ppm (STEL) 6.52 x 10
5 

NIOSH 900 ppm (IDLH) 3.91 x 106 

OSHA 100 ppm (TWA) 4.35 x 105 

EUOEL 50 ppm (TWA) 2.17 x 105 

100 ppm(STEL) 4.35 x lOS 

m-XYLENE ACGIH 100 ppm (TWA) 4.35 x lOS 

150 ppm (STEL) 6.55 x 105 

NIOSH 100 ppm (TWA) 4.35 x 105 

150 ppm (STEL) 6.52 x lOS 

NIOSH 900 ppm (IDLH) 3.91 x 106 

OSHA 100 ppm (TWA) 4.35 x 105 

EUOEL 50 ppm (TWA) 2.17 x lOS 

TWA = Time Weight Average STEL = Short Term Exposure Limit 



16 

, "," , I 

umJVi"l~ 1~tlijl'11'ffl'Hflihn~f11·nhHth)'uh.Jff~1l1~~mJ hnh tnf11ff ~'U fll'l11'J lnl~lfl~fl~~1.1 

1~flfl111JUClfl~fitl~fl~~1J~lflfl 
Of 

f11'JVi1Clltli1fl~'Yll~lflii 1~iif11'j'\.hff1'J oxidizers 'I1Clltl'lf-W~ 1'li'U rl1911fll91'U 1~ l~'Jl\)'U 

lUfl{flflf) 191~ llCl~ 1 U'\ffl~tllJltlfl{lJ~f111'Ufl lJll ~1~flVi1Clltlff1'Ji1fl~1~tlufin~ tl1flflf)cil~i'U 

Vi11 m 1 fl~'I1 Clltlf)~lJffClltl'\111Cl~ 'I11J~ ffm~fl111JltJ'Ufill 1 ~ f11'J Vi N1'U 'Yll ~:)hm~ ii f11'J i~ tI 

co-metabolism method ~ \)~ 1 ~~ Cli~ '11 Clltl'lf-W ~ 'J 11.1 tl'U ~ ff11J1'J ()Vi1Ufifl~ tll'YIl~i11fliitl1J ff1'J i 
d1'J1 ... 1 rI do d ~ ..:::to 0 jI ~ 

1fl91 ~ l~tltnfftJlfl'U 911J~fl~1l1JfI'YI1'JtI'YI~'lf'U~ anaerobic llCl~ aerobic \)~'YI11'11lf)~ oxidation, 

reduction, dehalogenation ltJ'U~'U llCl~ff1'Ji1fl~ (TeE, peE, DeM, benzene, toluene ) \)~tJf) 

Vi 1Cll till Cl ~ 'I1lJ~fI 111JltJ'U fill 1 ~ 

1 'U'YI1~f11'J ll~'YIVl~iif11'J f f)lll~{htl~ 1~f1Jffl'Ji 1 fl~1.,j1 1 ul 'U ~ l~f11t111Cl~ lfl~iitnf11'J {htl 
Of 

" ~fl~ 1 ~illm'J ~Hflflf) f11'J .;J1Jflflf) 1 'U 'YI f)'JUll1J1J 11~'YI1~f11t1m~ 'YI1~lfliillCl~'YI1~i1m~ 1'11' 
• Of 

. " " 
11'U 'Yh~ Vi nfl'U Vi ff1'J lflii'IT 'U \)~ ff~ fflJ llCl~ lfl~fI 111.1 ltJ'U fill ill f)n f mil 'IT 'U f)'J ~ Vi 1 1 ~ tl1f)llCl~ 
" ff'U1U~fl~f11'J ff)lll 

ff1 'J i 1 fl~ii fl'U fl 'J 1t1~ fl ff~m~'I1 Clltl~l'U 1 ~ tlf11'J ln~f11 'J ltJ 'U fill 1.1 1f)'I1 ~ flU fltJll~ 111~'lf-W fl • 
llCl~fl111Jl.,j1J.,j'U~fl~ff1'Jlflii U~lJlw~'~f1J ffm1~'Yll~i1m~~fl~~1~f11t1 llCl~t1\)~tlg'U "1 'I11f) 

1~f1Jff1'J i1 fl~1J1~'lf-wfll 'UU~1J1WlJlf) 1l~Vi11 'I1'lflflf11'J Vi1Clltl'J~1J1J'l.h~ ff1mh'U f)Cll~ lnl~ii 

fl1f)1'J f)~U 'J ~ ff1'Y1 lflflfl1f)1'J 11 'U Vi '11 ~ fl'l1lJfl ff~1 ~ i'U f) 1'J , ~f 1JU~ 1J1W U fltlllCl ~ 'U 1'U 1l~iitlty'l11 

e:cv 01" ~ d ~ ~~ Q.I 1"'" ...::).<lll!::it.d. 

1'J fl'J ~ tn\)'YI1 'I1lf)fllJ~l Hll Cl~ fI 11 1.1 lfffl 1.1 ffm~~fl~l'U flWfl fl1t11~ mtl 1 'U flfl 1t1 f11'J If)fl~lllJ 

f)Cl 1 f)1J 1 \) 1f)flW fflJ ,j'~'YI1~lflii ~ fl~ ff1 'J i 1 fl~~'YI 'U 'YI1'U ~ flf)l'J ffCl1t1'\ 1'Y11~i1fl1~ ll~ ff11J 1'J () . 
'J11J'\1tl1Jff1'Ji1 11JnlfJCl ~l~'Ulfl 1 u'J ~'U , ~lJ'U'~ Vi11 'I1'Ufifl~ tl1i11fliil 'U191Cl~tJf)'J1Jf)1'UllCl~ 

" 
'11 tlfl'lf~~f) f11'Jlltil ~t1tu'l11~fl~ff1'J i 1 fl~'IT 'U tn\)Vi1Cl1t1ff1'J i 1 fl~'YI1~lflii 1 fltlf11'J 1 ~ 01911 fll91'U • u 

,~ 1fl'J 11l'U1Ufl{ flflf) i91~ llCl~ff1'Jflflf)ci1flcJf'g'U 'I1~fl'YI1~;hm~ 1 ~1li1'U'YI~ V~iiu'J~ff'YI~m~ 1 'U • 
" f11 'J Vfl tlffCl1 tI ffn i 1 fl~ 1 ~ f)n f f)ll 1 ~{htl'IT 'U iifl 1 11.1 ~ 11J 1 f) V~ tl1f)lJlf) f11 'J fI 11J fllJ 1 fl tlf11'J 

Of • • 

il fl~tl'UllCl ~ f)1 'J Clfl fl111Jl ~tI~~ flff1 'J i 1 fl~ 1 'U 'J ~il1J~ 1~ "1 ll~ltJ'U ill f)1 'J ~~ llCl~ iiu'J ~ ff'YI~ fl1~ 

1J1f)Vi"l~ 
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d Q..I , q~ .cI 

2.8 fll'lIfl1.Jg)'lt)UH'l &t)CJf 

m'j!n1J~lmhHn'j,;ntl;1'U1J'j'HJlmffii11"fl111m'j!fhH)V 2111 i~wi .. 
2.8.1 Active Sampling . ... 

Active Sampling 11lJ1tJ~.:l fll'j ln1J~ltlVl.:lt11fllff-n~tl.:ltllf1tJihJ 1 'U fll'j~fl~ltlVl.:l 

. ~ 

" lIJ.1 d .., d.., 1 ~ ~" lIJ.1 
l. mWU1IuU'Yl'U'Ylt11mff (Air displacement) 11Clflm'j'Ufl1tltJ1.:lmC)f\lfl~flC)flH'UlIU 

l'UfI1'1f'U~an1J (Collector) !'If'U 'U1fl~qJqJlmff Q.:l tl.:lmiAmfltl{ !1I'U~'U 
~ 

2. m~fl11Ju'Il'U (Condensation) 11"flm'jU~ltlVl.:lnlC)f'il~flflflflHl'U!.u'litll'U 11~tl .. .. 
tltlmw~111lJl~fflJ cl1.:lU'lftlVl 'UfI1'1f'U~~1J'j 'j 'il ffl~ 'Vilf111lJIV'U!'~m11111'~ltlVl.:l t11 mff!V'U ~lCl.:l . ... 

IV'UUCl~~1JfilC)f ~~1J1Jfl11JU'Il'U~tl.:l ''*tlfl'j lm'j hlC\~lfl':h 1 0 ~fl~ / 'Ul-n i.:l'il~iitl~ ~ff'YlTifl1~ff.:l .. 
~ . 

111fll ~6fl 'j lflU i 11 Cl ff .:l~'U 11C\1-n fflJ Hffn1Jfl11lJIV'U 'il ~ Cl fl Cl.:l UCl~ t11'ilU lCl~ tl tl.:l' tl 'illflflU .. 
fl11Jllll'U tltlfl i tl ~ 1tlVl.:lnlC)fffllJU flU 1lJ11! m 1~ "i1 ~vi''U Vi UW111J;Ylfi wl 'U flU fl11J1I 'Il 'U!flfl 

u u 

t" " t 
'illflmm,,'U ~1'U tl.:l i tlU 11 'U~ltlVl.:l n lC)fU~Cl~'lfiAfl ~.:l'l1 'U t11 'il i ,*!fI~ tl.:lfl11JII 'Il 'U 11 C\1tJtl'U ~ tln'U 

!fI~tl.:lm fliifl11lJIV'U~tl~'il~fl~'U im11 UCl~lfI~tl.:l~tl'1 i tl'il~IV'U ~'UflllJih~1JflU fl~'U ~l'Utl.:l 
nlC)fll~ Cl ~ 'lfiA fl 11" fl m 'j fl11J1I 'Il 'U 111 lJ1~~ 'il ~ 1 ,*n1J~ 1 tl Vl.:l ~ii" flll W ~ ~ 'j ~ 111 tJ i ~~1 tJu 'U ~lfl fl .. 
.., 

C)fU 
~ 

3. flU~flClflJ ( Absorption ) 11"flflUU~ltlVHnlC)fCl~ClltJi'U'Utl.:l111Cl111~tl'Vil 

tl B fl~ tJl n U'U tl.:l 111 Cl 1~ 1J 'j 'j ~ i 'U 'U 1fl ~ flClflJ 11 ~ tl Impinger 1 fl tJ fll 'j 'Vi 1 ~ 1tl Vl.:l n lC)f i 11'1 11 'U 

vJtl.:lt11mffl~ fl'1 !~tl'lf1tJ 1 'U m'j ~flClflJ 'il~iitl'j ~ ff'Yl Ti fI1~~I!c\~! 1I'U ~iA tJlJ i '*n'U lJ1fl~~fl 1I~~tl.:l 
~ . 

iltl.:l n'U flU ~fl ~ hi 'ill fl ~'U Cl ~ tl tl.:l 'U tl fl 'ill flU 'U 1fl ~ flClflJ Vi ii ~ ~ ~ 'U 'U 'U lfll~ fllJ1 fl '1 t11 'il 'Vi 1 i 11' I flfl 

~ 9J Q.I _I rI Q.I did Q.I t "0 .& .:9 Q.I 

m'j~flC)flJ fl tl.:l~ ~ 1.:l ~U m WUfl fl11 fll fftJ111 tJ 'U 'UW~lflUfl1tl tJl.:l IICl ~fl tl.:l fll'U .:lfl.:jfffl tJ.fl1~ 'U tl.:l 
~ 

Impinger 11I'U~hI ~.:l'l1 'U ri1'U i 11 tYi.:l 'I1h1 i tll ~1'YlfliAflfll'j~flci'U (Adsorption) 1 fltJflU i '*11 Cl tlfl 

flflci'U U~tlVl.:l' 'j nflllJl'YlfliAflfll'j flflClflJt11'il i ~i 'Umw ~~lflflci'UU1.:l~1 '1l111lJ1~ffl'l-d' 1Jlnu .. .. .. . ~ 

~1tlVl.:l i 'U ffflll~Viiifl11lJtM'U ~.:l'1 
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,.. . 
4. m1~~eMU (Adsorption) f)n~~eM'U'tIij.:jnl':1I~1ijV1 ':Hll'Um11n~~'UYi~11~tJYi 

1 C'I Q,I " & 11 'jI ~ ell d Q.I 

lHCl f)Cl'tlij.:j m9HI:: 1 1lJ~ 1 11Cl:: ~~~ 1tJ11 1.:j~.:j ~~ 1 ::111N lJ 1 Clf) Cl 1 'tI1111 ~1't1 ij.:J1TIWYl~~ ~U 
It "O:U q q cu . ,. 

~1mh.:j W flwl1.fliil~rJ1fl'U U~lJlWnl9fYi()f)~~~::11lmY~"11'Ufl'Ufl11lJ,)'UnlCli 'Uflf)~lf)ijf)n 
, q cu cu cu 

fl11lJff1lJ11 () i'U m1 'j::111 tJ ffn~ff1lJl1()~~eM'U fl::~fllJl1~ fl1lJ1Clf)Cl 'tIfl.:jff11 ~'U 1~ tlf1'h ff11 ~~ 
~ . ~ 

" , I " , 

eM'U (Adsorbent) 1~tl111' U11t\'1'1ff~Yii ~11l'U~1~~eM'U~::lJt1m":IW::lll'U 1 ~1'U1Yifl1~lJYi'UYi ~1 
q cu cu q 

'tI'U 1~'tIfl.:j1 ~ 1 'U (Pore size) lm::'tI'U 1~'tI fl.:jij'U.fllfl ~::11l 'U t1 f)ll W:: "hr)w9i ijm1 ~~eM'U ij::~ ijlJ cu q q u cu 

l1~fl1lJmfJCl~\lf)~~eM'U 1~ tJf1':hff11 \If)~~eM'U (Adsorbate) ri1'Um::'U1'Uf)n~.yh i 11'ff11 \If)~~ 
eMUl1'l~flflf)~1f)~1't1ij.:j~1~~eM'Ul~tlf)'".h ~9fij~4'U (Desorption) 

2.8.2 Passive Sampling 

Passive Sampling l1lJ1tJ~.:j m11~'U~1ijV1.:j 1~tlmfftJm11fl~ij'U~'tIij.:j 1lJ1ClfJClnl9f 

Y Y ,_1 I Y Y ~ 1 "l d ~ 
~1f)fl11lJl't1lJ'tI'U~.:j 1J~fl11lJ!'tIlJ'tI'U~1 W ff.fll1:: Steady state ~tlm1~~9flJ'Yll.:jlfllJ 111ij m'j 

GJ" Q,I ~ ..c::.<d J'''1 I 'jI d i Y'" i c$." I 

~~9fU'YlN~1'UmtJ.fll~'U'U~1f)Cll.:j (Medium) 9f.:J1Ti'U !lJ~ij.:jlJf)l1 'lfUlJ 'Uf)nlf)U~1ijtJl.:j .. 
11t1f)m1't1fl.:jm11~'UU'U'U Passive mh'~lll'U 211'U'U ,).:jif 

1. Passive Sampling ~fllfftlm1uw:i'tlij.:j 1lJ1C\fJClnl9f 

C'I .d d "1 'jI 0 Q,I 1 'jI I tI cv 
lJ1Cl'tl ij.:j m9f'Yllf)'U !~ ~::()f) ~ If)~ ~tlfl11lJtl11 11 Cl:: 1 ff'U ~1'U ft''U tlf)Cl N'ti ij.:j ~ 1 .. .. 

Passive tube UCl:: t1f)1l W:: 'Yll.:jlfllJ mtJ.fll~'tIfl.:j nl9f119iCl:: 'lfU ~ fl11lJ! ~ 1 i 'U f)11 1~'U ~1 ijVl.:j 'il:: 
J 'ClI , Q,.I d' r:I dd ~ d 'jI IV Q.I 

'tI'U ij~f)'Ufl1 ~'lf'U'tIij.:j m1 U~ 1 (Diffusion coefficient) 'tIij.:jm9f'Yl1f)'U11Cl::~'U 'Yl11 'U 1~~'tIfl.:j~1 

Passive Sampling ~1 Passive Sampling ~mfftlm'jU~1 ri1'Uil1t1iUtllJi~11l'U~111Clij~~lJ~1~~ 

eM'U ~ lJ ~lfl 1 fl'U 111 'U 'lffl.:j ~ ::um .:jilfl.:j fl'U ~Cl m ::'Yl'U'tI ij.:jf) 1:: U ffCl lJ i 'U 'tI W::l~'U~ 1ijV l.:j fl11lJ 

Sampling ~.:jff11~~eM'U t1~11m11~'U~1ijV1.:jUCl::U1::iY'Yl1i.fll~'tIij-:Jm1 Desorption ~1ijVl.:jnl9f 

~i~11t1f)m1U~1 '~uri ffl'ju'U'Yl~61::111tJ~1f)'~1~1fl1{'Ufl'U 1'lf'U l'U'U9f'U 1'Yl~fl'U '9f~'U 11l'U 
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, d IV I 1 $I 'j/ a .0£::1 cv 

Passive tube )::v::nm 'Uf11)!f)'U1Pl1tJV1.:j 'lf1WI11:lJ1'\J:lJ'\J'U'\JtJ.:jf119f f111:lJ1fff:lVHl1'V'l'\JtJ.:j1Pl1nm.:j 

fi1f111:lJf:ln,;'tJ.:ju(I ::UU 'U ih~,;' tJ.:j nn 1li nl) 111'1) 1:: M~' ~ tJW'l1 flii UIPl) 1f111:lJ1 ~ 1~ ~h'l1'u 1 ... . ... 
" . . 

f111:lJ';'U f111:lJ1ff~V)'\JtJ.:jfll9f''U'fi1nm.:j iY.:j1imJ'U-Yh'Um'U f111:lJ~'U'Un V1nlfl' lh::iYl111fll'V'l 

'\JtJ.:jf11) 1n'Ufi1mh.:j f111:lJ1ff~V) fIl'V'l' 'Uf11) 1n'Ui' nll1fi1tJV1.:j U(I::tJ~ :lJ11Pl) '\JtJ.:jfi1tJV1.:j 

QJ ~ r!q~ q 

2.9 11ilflfll'illfl"n::11118CU 

111f1'11 1'1 i 'U n n 11Pl ~ V:lJfi 1UVH 'I1~tJn1) ffflllfi 1tJ VHntJ'U ~ 'iI:: 111'1) l::M ~1mfl ~tJ.:jfll9f 

1 m:lJ1llPlnHY~ iJ'I1mv1li 

I . Headspace 
" .. 

1lium:lJ1:: ri1'l1i''Uf11) 11m 1:: Mfll9fU (I:: ff1))::m v-yh::1 '11 rJ i ~~ 1rJ '11 ~ tJiJ '1I1~ tJlIlPl1"l 

Ill) I cv ~.d d'.cid ~ 4 d d'..e9 "l 'j/ ~ d , 

UIPl l:lJff1:lJnf:l111ff1)tJ'U11)Vl1:lJ'1I111tJlI~.:j"l U(I::ff1)tJ'U11)rJn.:j)::mrJ l111'UtJ.:j'il1n:lJ Partition 'U 

~ 4 d I cv d.d d 
Gas headspace volume 1Pl1 U(I:: Sensitivity '\JtJ.:j1l1f1'UfI'UU~)::1I'U'V'l'V'l1tJ:lJ 

2. Purge and Trap Thermal Desorption 
4d d <Clt. d'.Q..:::l d' .=k It) 'j) IV I 

115'Uff1:lJ1)f:l11m1::'I1ff1)tJ'U11)V)::l'tWU(I::ff1)fi.:j)::mV 111 11IVf11) Purge 1Pl1tJV1.:j 
, • tI JI 

Yi~w '11 t.Jii~.:j vh h1' ff1:lJ1)f:l1Pl)1'i1lllff1)tJ) ::ntJ'UYiiJ'l.JTI-'nj'n 1:lJ1(1fJ(I~.:j i~ 1l1f1\JflU Sensitivity 

I & I 0 cv .Q dd' & 1 d 

~.:jn11 Headspace f:l.:j 1,000 1111 ff1'11)'Uff1)tJ'U11)rJ)::1'11rJU(I::ffnn.:j)::1'11rJ lIrJ:lJ Detection 
)I , . I 

limit tJvi 'U<Jf1.:jYlYlli tJV1.:j ~hnIPl1:lJ1liu iUm:lJ1::rl1'11i''UlPln'illllff1)~'U11~ vYiiJ'il1I!~tJlIIPl1G1 'I1~tJ ... • I 

)::1'11 V '~~lrJ 1li U.:j 'il1nff1) ~.:jn~11 i-J~1I'U'Ufi11111i''U ... 

4. Thermal Desorption 

1n'U111f1\J fI~i ~i 'U nn ffflllfi 1tJV1.:j ffn ~'U 11~ Vtll'il1t1'U ffU ~)::1 '11 V~lrJU (I::ff1)~.:j 
,J~ ... OJ"'; 1 ~'iI,31 

)::mrJ111'U'U Trace organic 'il1n Solid sorbent 'I1)U Sample matrix 1Pl1tJ'U lIrJ 1:lJlPltJ.:j 'If 
. ". 

ffU (I::mmn'U1li YitJ)::'I1 fJlI fi l' ~~ 1VU (I::iJ Sensitivity ~.:j 1l1f1\J f1ih n'U nl) ffflllfi 1UV1.:jYiiJ 

.1 "" "" ,J 31 "" <'lq.1 OJ ...; ...,J"" "'~ 31 
u)::ffl115f1l'V'lff1:lJUf:l Transfer sensitivity ffU 1'lIPltJ.:jf11) 11m 1::'11 tuV.:j1f1)tJ.:j:lJtJ1111m1::'I1 111 

, d 
tJ fJ1.:j) 111 1) 1 

f11) 11m 1:: M'lf\JlI U (1::1'1 11:lJ1.,j'mj''U '\J tJ.:j ff1) 11 tJ9fJ'U -ff1'U' '11 tlj,;' tJ.:j tllf1ml1f1\J f1111.:j 

GC nnd~tJnfltJ":lJlr i1mtl'U111''iI'\JtJ.:jf11)1wnff1)~1ml1f1\Jfll11.:j GC 1rlm·lff:lJfll9f 'I1~tJitJ'\JtJ.:j 
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I , I " 

~1'j l111'W fl'W flti1 'W ~1'ji1 1flti1~ ~1'W fl flcllJ.ul1'Vl1l1.u ll1t 1I'Wi11tWnf1 191 l1 ~ fli fl ~~lJtl1 ci1t1'W flfln .. 
'l1nfl'Wt1l'Wri1'W"l ~~J'W i mm i~umlJ~ ifi''il~~l1~fli~~~~'W fl~fllJ'lI'Ufl·\Jfl~flflcllJ.u 11'j~tfi'Yl 

• • y 

'\Jfl~flflcllJ.u l11~fl'W ifltJ111i111'W GC t1'Wii 2 11'j~tfi'Yl ~fl 
d. I .c:..oI!t 0 ClI 

(1) Pack columns lJfl~ 2 'If'Wfl flfl Partition column u-n~ Adsorption column ~ll1'jlJ 

.::. d. tI ~.d d. I d. ..c::. .J?t Q.I tid 'j) 

~1'j fl'W 'Yl 'j tJ1J1~'If'W fl'Ylt 'j tJn11 Liquid phase fln'lf'W fll1'W ~t lJ'W fl fl -nlJ'W 'YllJ'j 'j ~fl1tJfl'4filfl'\Jfl~ ~1'j 

~fl~lJ t'lf'W Alumina, Activated charcoal, Silica gell1~fl Molecular sieves t1l'W~'W 
y • 

(2) Capillary columns fl flcllJ.u 'lfU fl ij i fl tJ 111 i 11 t 11 'W l1 -n flfl n -n 1.:J '\J 'W 1fl t ~ n 'Vl1fi'1 tJ 

d 'JI ... d ~'JI '" 'Y d ... d 1 '" '" 1 m-nnnm l1'jflm-nnl'j~'WlJ Un1quartz (Fused silica) lJHl'lJfiltJ 'W 0.3 - 0.6 lJ-n-ntlJ~'j filtJ 'W 

"" 'Y ~ ~'" d .ok d ... '" 
11llJ~1fl1tJ Liquid phase tlJ'W11-nlJlJ1~"l~-nflfllmn"l9l~m'illJfl11lJtJ1d 25 - 100 tlJm mmlJ'W 

Y • 

'lfU fliiu~i1'il~ii11'j ~ ff'Yl ij fil'Yi '\J fl~ fl flcllJ.u ~fll1 'Il 1tJfl 11lJ tJ11Ti fl'W ,j'1~1i1 U~ ~llJ 1'j tl 1 ~fl flcllJ.u 

tJ1 1lJ1n i~ t'Yi 'j l~ii Pressure drop t~ tJ~t~ n.u fl tJ ~ ~J 'W trlfl 1 -Mfl fl cllJ.u tJ1dmn"l ~~'Vl1 1 l1' 

_I "" '" 1 d , .,j 1 'JI1 '" 'JI d 
lJ'j~~'Yl1ifil'Yi 'Wf11'jtwnlJfl1~~ U-n~tlJfl 'If 'W~fil1~'YlmlJ1~~lJu-n1 Capillary column 'il~lJ 

11 'j ~il'Ylij fil'Yi 1 'Wf11'j tWn~~~~fl • 
Y 

1'W f11'j itfl'j 1~"r ~n 1 i fl~t1'W mu l1 filJ '\J fl~fl flcllJ.uii ri1'W ~hflUJfl ti1~ lJ 1n~flf11'j twn . .. " 
•• Y 

~1'j~1fltiN l1~flTi1 Partition coefficient t1'W~fl ti'1!'VilJflWl1filJ'\Jfl~flflcllJ.u~'W 'il~'Vl11l1' . .. 
"'_ I d.,j '" d .1 '0 1 'JI '" '" d .1 i .;, ~ 'JI fl~fllJ'j~ nfllJ'\Jfl~~nlJf11'j tfl -n fl'W'Ylt'j1'\J'W u-n~ 'lf1tJ'Yl1 l1 f11'j 1tm 1~l1 t'j 1'\J'W fl tJ'Yl1 111u-n1f11'j 

'Vl1 1 l1' ~ W l11JlJ '\J fl~fl fl cllJ.u -n fl -n ~ 'il ~'lf1tJ'Vl1 1 l1' f11 'j utJn fl~fl11 'j ~ nfllJ~ N "1 ~ ~'W ~ ~J 'W ~ ~ fl 1'j 

... 1 'JI '" ... "'1 'JI ... 1 'JI"l 'JI '" d "l ' tmln 'lfflWl1filJ'\Jfl~flfl-nlJ'W l1mlJ1~~lJ flfl l1 1flf11'jtWn'Ylfl tt-n~ Retention time 1lJ'W1'W . .. 
• • Y 

tfl'U 111 flW l1 fllJl1ti1 fln 1 ~lJ n 'il ~ t 1I'W flW l1 fi lJ '\J fl~ 'il fl t~flfl i fl tJm ~ tJ'\J fl~ ~n 1Pi'1t1 'U l1 ~ mi1 fl n 1-M 
~ ~ q ~ q 

I I ,,, 

"'d 0 d... ~ t:I _.1 'JI "l '1'J1 '" ... '" 
~W l11JlJ'Yl~l"lflU-n~~~"lfl'Yl ~1'j'W'W 'il~nmmlJ'W f119Hl1~ U-n~'il~~fl~ 1lJ 'lf~Wl11JlJ'\Jfl~flfl-nlJ'W 

• Y 

~.:Jni1~Wl11JlJ~~"lfl'\Jfl~ Liquid phase l1fi1l1'Wfli~ lJll~t1'W Liquid phase m'il'il~~mtJi11u'tl'1 
"l_101'J1_I"'d'" _I'" "l-11'" ... '" d"l'JI 

'j~mtJflfln 1lJm l1tlJtnt9l'W~ Liquid phase tlJ-ntJ'W 1lJ 'W'Yl"lflflfl-nlJ'Wm'il'il~t~tJ 1fl 

. , 
.c:::.QJ .:::I Q V 

2.10 .:Jl'Ul;)tI'YIlfUJ1'UtH 

n n flmll il~ fl 1 1m,j'lJ,j' 'W '\J fl ~ 1 i fl~ 1 'W 11 'j ~ t'Yl ffi 'Yl tJJ'W ri1 'W 1 l1 t1i 'Vl1 n1 'j fln1l1 1 'W! '\J ~ 
m ~t 'Yl'YilJl11'Wm !11fl~ 'iJ1m1l'Wt'\J~~ii11'j~'lf1nHl1fftJfl timh~l1 'W 1U 'Il 'W ~~t~tJ~~flf11'j tflfl hfl . .. 
~1~"l ~lJ1'il1nlJ-n'Villm~mf11ffifi'~ltJ 'il1f1nn fln1l1'\J fl~ ~li~ 1 (2548) t~tJ1fllJ f11'j i' mlmi~~n 
1 i fl~'il1n~ ~u 1fl'tl'fllJ'\Jfl~ H'~nmfftl 1 'Wt '\J~m ~t'Yl'YilJl11'Wm i fl mnlJlPi'1flti1~ ~1'j 1 i fl~lJ ~!dW ~ lJ .. . 

" " " , 
tl'W'Wtm~.w'Wl1111'111'W 9 .w'Wl1 ifi'ut1 t'\J~'Yi'j~ i'\J'W~ tJ1'W'W111 'il~~m 'j1'lf!'YlllJ1~n~il1J1~nfln • 
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.umJ 1J1'1Ufl 'lh ::nff UC1::fi'l..J'\.J1V11 l~vf11'l 1 oMl'lC1U~ Passive gas tube 1'U f11'l t~1J~ludl'lt~'U 

'l::v::nm 24 i'l 11..1'1 UC1::1'Uu~C1::'il~iif)Ut~1J~lUd1'1 3 ~f)llW:: ~U fIlV'UUf){llflU .tl1V1'U • 
{llfl U UC1:: 'l.JflflC1~ 1;;:r 1J fflJ Hff ~lU d1'l~';; J'U tJ llJl'vilf)U ltm 1::,1l11 'lflJ ~UC1:: fll1lJt ~lJ~ 'U 

I " I " 

~U'Illu~1~mfl1u'I GCIMS 1'U'YJf)"lYl'UVif11'lfff)lll'11'U'il::~1Jllu~ 6 'lfiJ~l1~f)"l 1;;Utl t1J'U~'U 

f)Ufff)lll~U'I Muttamara UC1::flW:: (1999) t~'Uf)Ulh::tiJ'Ufll1lJt~lJ~'U ~U'I ffU t1J'U~'U 
, ~ 

UC1:: hmfl'U Viu~~ m:: 'il1VUUf)lJ1'il1f) 1 UtiYV'l flv'U~1 'U m '1t'Vl~ 'il1f)f11'l 10MtJ llJ'Ut1J'U ~'U 1 ~m~Uf) 
~ . 

'il1f)U 1J1J~ 1C1 U'I'l flV'U fi'~u~f)~1'In'U UUf) hI 12 ~lUd1'1 ~'1~ml ~Vfll1lJt ~lJ ~ 'U~ U'I'tJ~lJ1W 
~ 

t1J'U9f'U UC1:: 1'Ymfl'U 'il1f)f11'lU~~m::'il1VUUf)lJ1'il1f)'Yitl 1tHiYV'lflv'Ufi''I1'Uud1 'U 'lh'l 4.4 - 22.2 
~ ~ 

UC1:: 12.24 - 44.75 1lJ lmf):rlJ/C1f)1J1ffntlJ~'l ~llJih~1J~U'IU1J1J~1C1tl'l'lflV'U~1'U~'U1J 1990 -
~ . 

, ~ 

1992 ril'U1'UU1J1J~1C1U'I~tl'l'lflV'U~1'U1J 1994 - 1995 .yjtJ1lJ1'Yl~ffU1J'I1'U~1'il::C1~C1'1tld1'U'lh'l 
~ 

, , ~ 

'il1f)f) 1'l fff)ll 1~'1fll1lJ'\..j 1'il:: t ~'U ~U'I U l1 ~'1 n 1t iJ~ Vi'tJ ~tlVff1'l11 U~Vitfi ~ ~'Ufl1 V 1 'U U 1lJ'Irl • , ~ ~ 

'illf)f11'l~1J~V1'U~1l1'U::~1'1"l~tl'l Na (2005) 1'Uf11'lfff)lllij'il::i~~lfll1lJt~lJ~'U ff1'l11 U~ ~'1U~ 

~ C 2 - C 9 1J~nwf)~'11C)fC1 'tJ'l::t'Vlfftf11l1~hi' iif)Ut~1J~lUd1'1~1J~nW'Yl1WU1 ttC1::~Hf)C11'1 

.tl1V 1 'U U llJ'Irl UC1:: V'Iiif)U t~1J~lud1'1 'il1f)fIlV'U Uf)tlllJ'Irll~tft~1J 'il1f)m f11ff 1 ~V'l U1J1J~ nw • • , ~ , 

U llJ'I rlU't\'ltJ l~lVi 1;;n'll1lJ~'il1f)'il~t~1J~lUd1'1Viu~f)~1'1n'UtlUf) 1 'tJlJ1vhf)U t'tJ1 V1Jtnvun'U • • 
ffu~iifll1lJt,j'mj''UlJ1f)~ff~ ~U 1 ~'l m'U fl~'llril'U ~U'Ifll1lJt,j'lJ,j''U~U'I 1 ~'l t~'U n1J~1f111lJ . 

~ ~ , 
t,j'lJ,j''U~u'Ill tl~n'll1lJ~'I1'U~lnUtlf)lJ1'il1f)'Yl1'1t,j'lU llJ'Irlii~ lUUf)lJ llJ1f)f)'",h~ 1~ 'l 'I f)C11'1.tl1V 1 'U . 

~ , 

~ llJ'1rl ttC1::mf11ffl~v'lu1Ju'U~iiHC1~U~l~l'1"l .yj~'l1'ili~';;.tl1v1'U~ 1lJ'Irl 

f11'lfff)lJ1~U'I Kerbachi (2006) i;;Yi1f11'lfff)lll~'1lJC1~ll 1 'Umf11ff~tfi~'il1f)ff1'lU:: hlJ1~f) 

h 1~'lfl1{1Jtl'U ''U'tJ'l::t'Vlff tWC1'\1t1V ~f)~'1UtlC1t'\1V{ ltm1::,1~li'lu~ C 6 - C J6 1'Uf)~lJ 
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1 d "" '" ~!II' ~ '" Semi-volatile organic compounds ~tJfll'Hf)1J~lfltJN~lf)'jlJfI'U'U l')j'm Background ~1f) l'U~l 

~ ~ .d Q.I d ~ Q I" " 
llJfl..:jUC1~""'U'VlmlJ'lf'U1J'YI ~lf)fll'jm l~l~f) .... mn'j BTEX 1J'j nw 'j lJfI'U 'U ~~ .... ml1f111lJ1'\1lJ'\I'U 

'\Ifl..:j11J'Uc)f'U1m~ 1 'YIC1fl'U 27 UC1~ 39 ilJ 1 m f)flJ/C1f)1J1fff)llJ~'j mlJih~1J 1~tJfi11 'U~llijfl..:j 1 'U 
~ ~ 

lh~l'Y1ffUflC1~l~ tJ ~~tll'l1'U~ 1 M'fi111J'Uc)f'U i~ln'U 10 ilJ 1mf)f lJ/C1f)1J1fff)llJ~'j ~h'UfiwiN"l ~ 
~ .. . 

~'j 1~""1J'\:r'Uijfi1mi1'U1f)wcn ijfi1 i~~N~lf)fi 11 'U1J':i':i tJ1fllff'\lfl..:j1ij~..:j~1..:j"l'Vil iC1f) UC1~ 1 'U'lfl..:j 
~ 

nC11tl~~ fl'Ufi1~1..:j"l~flflf)m~~C1~C1..:j u~mjl..:j i 'j~mmn':i1h~ f)fl1J~l..:j"l ~mf)~'Ulf'U,j 1~~1J1 
~ 1f)f)1'j u .... ~ f)'j ~ ~ 1 tJlJ C1V1lJ ~ flflf)m ~ 1 f)"'; fl i m if tJ'\I fl..:j 'j fI tJ'U IP1 ~ 1 f) f)1 'j ~ 'j 1 ~ 'j 1J 'U fI 'U 'U ~ ij ~ ~ 'j 1 f)1 'j 

~ !II .. ,d d. .1 
l 'If'j fltJ'U ~'Vl1""lJ1J1f)'\I'U 

1'11f)1'j~~~llJml~bI'U1Jfll1lJ1.,j'lJ.,j''U'\Ifl..:j 11J'Uc)f'U , 1'VlC1fl'U 1m~i9l~'U 1~tJl-M1'Vlfn1f1 Passive ... 

sampling l'U'lil..:j'j~l1i1..:ji'U~ 28 f)'jf)t)lf1lJ i'j..:j 12 U..:j111f1lJ 25461~tJC1'n~~~1J')j'iJ~ Tenax TA 

• ~!IIl d "" ~ "'u .. .k '\I'U1~ 60/80 mesh flf)'U1lJ1l'lf 'Ufll'j1f)1J~lfltJl..:jmf)1ff11J'U'j~tJ~nmC1'u..:jbl' ~111 91..:j .... 1JfllllJ ... 
!II !II '" 1 '" i ",,d '" i!ll '1 ' l'\1lJ'\I'U 11J'U9I'U 'YIC1fl'U UC1~ 91C1'U 'Vl~'jl~l~ ~fltJ 'U'lfl..:j 3.2 - 5.4 38.0 - 80.3 UC1~ 29.7 - 66.7 

~ ~ 

a cv ~ ~ ~ J ~ ,,~J Q ~ ~ dd 
C1~C1..:j1lJ fl'j ~ ~1JfllllJtl..:j ~1f)""'U ~'U1""lJ mf) '\I'U UC1~lJU 'U 11 'U lJ l .... lJ '\I'U ~llJ 'YIff'YI1..:j C1lJ llJU .... 'U 'YI'YI 

~ . .. . 
1~1J~ lmh..:j iJ ~ f)lJ W~ 11J'U fI'U 'UU fl1J Vi mi 'j ~ 11 i1..:j~f) C1'..:j .... 1J i1iJfll1lJ l.,j'lJ.,j' 'U '\I fl..:j bl'1 'j 'Vi..:j bl'llJ ')j'iJ ~ Vi 

... ~ 

"l..:jq~ fifl 23 .5 725 . 1 UC1~ 267.9 ilJ 1 mf)flJ/~f)1J1ffn1lJm ~llJ~l~1J ~..:jiJfi1"l..:jf)il1J1m)p'U 1 'U ... 
1J'j'jtJ1f)1ffVi~..:j i 11~tJfl..:jfi'f)1'ju'U 111tJ 1 C1f) fiu 16.3 UC1~ 260.0 ilJ 1 mf)flJ/C1f)1J1ffnUJ~'jrl111f1J ... 

, , " I 

f)1 'jfff)lJ 11ntJln1J f)1'j f mYlJ HbI'C1'n 11 fl~'\Ifl..:j'lJfIfI C1'Vil i ut! 'U ~~ij f)1'j l-MU 1J1JbI'fl1JflllJ1~fl 
Q.I .:S Q .d d cv , ~ 0 Q "'<jI " .d 

1J'U 'YIf111C11UC1 ~ f)~f)'j 'j lJ'\IU..:j1JfIfI C1'Vl1f)1J~ lfltJ1..:j l .... fl'U llJ1U'j ~ f)fl1J fll'j 11m 1~11 '\IfllJ C1 '\I fllJC1 'YI . ~ ... 

1J'UYif)~~ l~rn.,j' U..:j n1J'j ~tJ~nC11~1 ~l 'UU~ C1~ C1'fIl'U ~ 1GJf'U .f11tJ 1 'U ~~ml1fftJuC1~~1'11..:j1'UUC1~ ... . 
flltJ'Uuf)Vi~f)mfftJ .... ~ulJ'Vi..:jn~f)'j'jlJl'Uu~C1~C1'm'UVi (Freeman UC1~flW~, 1999) Edwards UC1~ 

flW~ (2001) i ~ 1'11f)1'j ~'j l~ i~u! lJ 1W fll'j f mYlJ HC1'C1'n 11 fl~'\Ifl..:j1J fIfI C1..tl i ul 'U 1J! nWflltJ 1 'U • 
llC1~flltJ'Uflf)~~f)fl1fftJUC1~C1'fIl'U~Yl1..:j1'U l'U EXPOLIS-Helsinki U'j~l'Y1ff Finland 1~tJ1-M 

ll1J1J C1'U1J fIllJ~m fl1J fI'J m 1tJC1 ~lfltJ~ '\I U..:j n ~f)'j 'jlJ..t 1 i u UC1~"" tl~ f)'j 'jlJfll'j 1~'U 'Vll..:j'\l fl..:j ~~1.,j' 1 

t d Q.I' Q.I ..dQ./ Q.I do.& iJ 
'j llJ1f)1J~ lU tJ1..:j UC1~ C1 f)lJ W~ '\I fl..:j'Vl .... f)fl1fftJUC1~ bl'fIl'U 'YI'YI N 1'U 91..:jU 'j ~ f)U1J ~ltJ U 'j ~ 1f1'Y1'\1 U..:j 

~..:jnUC1'~l..:j f)n"l1J'lJl1~ H~~fiwcn~1~1'U;1~u'j~~1')'U flln~1J1tJmfllff U!1J1WfllH'jl~'j 
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~'U~;~U~::tJ1nw ~1m\)1~rJ~ ~~,j'tJlJ~~ i~m~liftJ1lJ111fl'j1::"'ff~ri1'Unm~1 ~i U~1 ~'l l~tJ .. 
," , 

1 ~lll'UU 'U1'n1~ 1 'U f11';jm~fI::l'Uu1lJ1W f)U i'tJ fflJ H~H"U i1 tl91'tltJ~'4f1f1 ~ 1 'U ~Hl1'Ulit1 'U '1 djtl 

'n';j1tJm1lJl,j'lJ,j''U'tltJ~i 1 tJ911 'U tJ';j ';j mf11fl'tJ1 nW.f11rJ 1 'Ulm::.f11rJ'U tJf) 

1 ~tJlJfitJ ~ 1f)U 11 ~ ~ ti 11 iJ ~i 1 tJ 911rl tJ tJ 1lJ1 Vi 1 f) U l1f1 ';j 1::", ~ 1 mJ N~ tJ ltJ 'U c)f'U 

m,o,p-i9l~'U (BTX) fl~~mtJ'Uc)f'U (i~uri Ethybenzene 1,3,5-Trimethybenzene 

~ Q Y Y 
1,2,4-Trimethybenzene ) n-Hexane U~:: n-Heptane 91~~tJToluene lJfl11lJl'tllJ'tl'U 27.8 

ilJ 1f1';jf)i'lJ/'Jf)tJ1fl'nllJ~';j u~::~~f)'hff1';j'lliJ~v'U'ltJci1~ijt1mhl'ity ( Muezzinoglu U~::flW::, 

2000 ) 

~1f)f11';jffmnfl11lJl,j'lJ,j''U BTEX ~ i~1l1f)f)Ui'tJfflJHff1 'U1'tll'llijtl~ 4 lijtl~'tl tJ~u';j ::mfl' 

tltJm~';jl~rJ fitJ Sydney Melbourne Perth U~:: Adelaide 1~Vf)';j::'n';j1~~~U1~~tllJ'tltJ~''nV 

(2004) Vi1f11';jlntJ~1tJci1~ hw1~ Passive sampler 11l'U';j::V::nm 24 -i'11m 11l'Unm 5 1'U ij~ 
" , , 

i1lJlntJ~1m.h~11~l1lJ~ 207 fI'U liil.Ji~~tJ'4111 ~tJfl11lJl,j'lJ,j''Uf11';ji'tJfflJHffff1';j ltJ'Uc)f'U ,1'n'J 

ij'U , mYi~ltJ'Uc)f'U U~::'91~'U m~rJ 23.8, 2120, 119 U~:: 697 ~~1j mlJ"l~tJ ~~~lf)f11';jffmJ1J~ 
4 lijtl~~tJ';hHi1lJlntJ~1tJci1~~~f)tJ1ffrJtlcitJ1nwlijtJ~ Sydney 1l::i~i'tJfflJHffff1';j BTEX ff~ .... .. 
'I I 1 

I ~ ~ .:::lev 0 QI.ct Q ~ d d ".o::!t.ct 
f)111lJtJ~tJ'U'l tJrJ1~lJ'UrJff1f1ty l'U tl~ ~lf)tJ';j nWllJtl~ Sydney lJf11';j ~';j 11l';j'n11'U1U'U 'U f)111lJtl~tJ'U '1 

~~11l'Ulm~~ti11iJ~'tltJ~ff1';j BTEX ~1f)V1'U~111'U:: ~~Vi11'11''n';j1tJ-;i1ffU BTEX ij~lJ1~lf) 

';j tltJ'U ~11l'U ri1'U 1 my 

& & Q.cl .cl Y Q ~ i- I "1 Y , 
Wan-kuen Jo U~:: Ki-Berm Song (2001) fl'f)1ol1tl~m'll~'n1f1rJ1'tlB~11~::lJfl11lJllJ'U u !~11 

~:: i~i'tJff1';ji1tJ91 ~l1~if)';j:: 1l1rJtJtJf)lJ1~1f) imilrJ';jmJ'U~l1~tJ itJ';j::m V~lf) 1 'UJ1lJ'U nl91191~'U 
i~Vi1f)nfff)1ol1~n1l1~ 1'U'ti1~n~1~ViN1'U~ij~·mfitlf11';j i~i' tJffui1 tJ91~lf) 5 ff1'tl1m;~ fitl 

, , " 
~1';j1~~';j1~';jliu';j::~1{jtJlJ~~ntJtl'U'U ~t1 f)~1'U 1 'Uli~tJ~';jtl ~t1m1'U~1'Ufi'lff::~1f)c)$tl 1 'UtJ1nw 

" , t , 

~'U li1 mi'l~ rJ~ fftll'U tJ1 f)U lilY) rJ1,j' tl~ U ~:: ~t1 f)~ 1'U'tll rJ'tl tl~ m 'U 11 tJ~ ';j tl 1~~ 'U 1 ~ Vl1 1 f11';j 

~';j 1~1~m1lJl,j'lJ,j''U'tltl~i1tJ911 'U mf11fl'tJ1 nw 1 ~m tJtJ ffm'U ~Vi1~1'U ~lf)~ 1'4f1f1~ 11~:: 1~ ~1f) 
" " fl~';j1f11';j111rJ 1 ~ 1'U f11';j lntJ~1tlci1~ ~1f)'4f1f1~ 1 'Ullfi~::ffl'tllm;~t1 'U ~::u U~tltlf11ll'U ~li~tJ'4111 

u~::~~'l.J~tJ'4l1~ Vi1f11';j~';j1~1~1l1f)fl11lJl,j'lJ,j''U'tltJ~i1tlCH 6 'lIiJ~ fitlltJ'Uc)f'U , 1'n'J~'U , mYi~ 
I " " 

ltJ'Uc)f'U U~:: m,o,p-i9l~'U fillitJtJf)lJ1 1 'U~1'4f1f1~li~tJ'4111t1'U 1l1f)f11';j~';j11l1~ijfl11lJlll'U i u'~ 
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, " I '" I 

Vi'il:: i~i'Utl1'jl1tl~lJ'UfhVitltlfllJ1 hju\?Ifl~i1.:j i,j 'il1fl'4flfl"Vi ilii~1:!u'4l1~ U~'4flfl"Vi1:!U'4l1~ 

i~i' Utl1'j lu'Uci'U 1 'U ,j~1J1U1 ~lJ1flfl',i1 ~~ ili i~ 1:!'4l1i 1'U 'li 'Nl',m 1fll'j 'VlH1'U ~1~ i~ 'il1flflU 

" . 
\?I'j l'ill\?lU\?I'j1fll'j 111t1 1 'ill;; 1 i ,jlJ'U 'il::ii~llJ1flfl',i1~lVi i~'il1flfll'j \?I 'j 1 'ill~ 'il1flU~ l1U1 m'U 'iltl~'j 1:1 

" . 
1~~'Ulm::lJlflfl'hu~ nUl m'U 'iltlf)'j(l 1 'UU~ nUl ~'UVi1fl~1~tI~ 

'il1fl ,n'Ui~tI'lJtl.:j Takeshi 1m:: flUl:: (2006) 'Vl1flllfffllmfltlltlUtl1'j VOCs ~iitl~1'U 

U'j'jtl1fllff ~1'IJ\?I Shimizu ljjtl.:j Shizuoka ,j'j::1'YIff~~'U fll'jl~m'ltld1.:jUU~tltlfl11:l'Utltl.:jq~fll" 

1'Uq~~tl'Ul~m'ltld1.:j1'U'lil~1'U~ 22-23 iY.:j111fllJ 2000 lm::1'Uq~11'U111~U~ltld1.:j1'U'lfl~1'U~ 

21-22 -6'Ul1fllJ 1~U~ltld1~11:l'U'j::tI::nm 24 i'11lJ.:j 1~tl1,*11"tl~ passive gas tube fll'jtltl~ 

~ltld1~~1~UlJ1i~,f'U ''*tlU''::''lt1 CH2 lm::1~ TOLUENE-d8 11:l'Utl1'j internal standard 

U l' ,jl;;11fl~tl.:jl'IJd1~tlUll1fliJ..rtl.:j11:l'Unm 10 'U1Vi U"::U1 i,jl'IJd1~lt11fl~tl~~1 ,*11H1l1~tI~l1ii . .. 
~ t::t d. ~ 0 ~ fiji ~ 0' 

tl'Utlflm.:j 10 'U1'Y1 'YI~Ull'IlJlJ 10 tl.:jff111"::'YI1fll'j11m1::11~lt11mtl.:j GC/MS fll'jfl1'U1U1fl1'il1fl 

fll'jl~U~ltld1~~1t1i1i passive t1i1'U1U1 1~tlU1~'m'il1flfll'j111~lfll1mYlJ~'U£~1t1i1i active 'il1fl 

" " flU'YI~tltlUi1ifll'jtltl~ i~~ltld1 'U'lil.:j~.:j11~ 93-98 % fll'jl~U~ltld1.:j'IJtl.:jtl1'j VOCs lJ'U l~U .. 
" ,,, I 

~ltld1.:j11.:jl1lJ~ 34 'il~ djtlU1~111.:jl1lJ~lJ1ilm1::,1111~lm1lJliYtI.:j~tlfll'j ln~ hfllJ :: l~ .:j'il1flfll'j • 
~i~i'U,j~lJlUltl1'j VOCs -v.u 'h 1'U'lil.:jq~11'U11ii~lfll1lJl~tI~lJlflfl ':h 1 'U'lil~q~~tl'U 9i~tl1'j~1 

Q.I d. a & , 
l1"fl"l 'YI-v.u fltl benzene, carbon tetrachloride, fonnaldehyde 1m:: acetaldehyde 9f.:jr-l"'il1flfl1 

v v .d ~ v ~ ~ v:.....J "" .k, 1 V_I"" 
fll1lJl 'lJlJ'IJ 'U'YI t~'U 'U 1J1'il1flfll 'Hr-I11l1lJ'U llJ 'Ul'lftll -v. ".:j 'il1fl tl1'U-v.111 'U :: 9f.:j tl.:j r-I" l1lJ 'jlJ lUI tl1'j . . 

d d , d I 

VOCs 'YItltlfllJ1lJfl1fl1-1lJltltl.:j\?ltl~'lJm-v.lJlfl 

"" .... 1 <j}.c:::t.d d Q.I I <j} dt 
'il1m1'Ul'iltl'IJtl.:j Olansandan lm::flUl:: (1999) 'lfllifll'jlflU\?Iltltl1.:j~1t111"tl~ passive l-v.tl 

" . 
111tlU VOHCs ~l'Ul'U 18 'lfij~ 11.:jmtJ1'U11"::flltl'Utlfltl1fl1'jViritl1..rln~lJ"Yi~1'Uljjtl.:j 

. " " 
Shizuoka 1.h:: 1 'YIffi1j~ 'U 'Ii'U \?I tl'U fll 'j 'YI ~"tl.:j 1 'U 'Ii'U 11 'j fl'Vl1 fll'j 'YI ~ tltlU i1i flU tltl~~ 1 tlfll'j U 1 

" l1"tl~ passive ~l'Ul'U 10 l1"tlf) lJl'Vl1fll'j spiked tl1'j VOHCs 1'U'lil~'lJtl~fll1lJl;;lJ;;'U~~11~ 
. " 

1.27 -8.35 ilJ lmfli'lJ ~lVii~'il1flfll'j'YI~tltlui1itltl~ i~~l~~U~ 90.8 - 104 % -v.Ui1 tlll 14 
" . 

'lfij~ 'il1fll1~l1lJf) 18 'lfij~ ii~l % fll'j'YI~tltlUtl.:jfli1 95 % 'Vl11..rtl1lJU(l~'U1'ili~i1i1iflUtltl~ .. 
.:::t_1 Q Q' Q.I Q,I tI '..:::...r::::l d OJ , 1 
lJlJ'j::tl'YIlifll-v. \?ItllJ1111fll1lJtllJ-v.'Uli'j::1111.:jllifll'jlflU\?IltltlTmUU active 1m:: passive ~tJ 

fll'jU1~,jfl'jWJ.:jtltl.:j'lfijf)ifi,jl1.:ji~ UI tlm'U~l~tlltl'U 9i~1'Ui1ifll'jl~U~ltld1.:j11UU active ii 

fll'j~tll;;ltlU pump 'il1flfi1fll1lJfflJ~'U£~i~'il1flJ~tltl.:ji1i -v.U~l R2 tl~1'U 'lh~ 0.799-0.991 9i.:j 

~ 1 R2 U.:jU tl fl~.:jfll1lJti l1'iitli)tl tl1lJU (lU 1~1 'ill flfll1lJfflJ~ 'U £ ~ i~ 'il:: U llJl'Vl1flllt1i 1'U l UI 111 

"<JJ .c:::t..c:t d Q.I , d Q.I 1 1 v .... 
fll1lJ1'IJlJ'IJ'U'lJtlnlifll'j lflU\?Iltltl1~11UU passive 'il1flfll'j lflU\?Iltltl1.:j11UU Active 'lftl\?l'j1fll'j 
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q "9 0 d Q.I , " Qd 

ActivelJl !'If !'Uf1l'Hn'U1Wf1l'Hn'U~lUtll'l~1t11li passive 

o ~ d' , 

Yamada 11(1::: flW::: (2004) 'Yllf1l':il1ml:::'11 VOCs 1'lf'U benzene, toluene, m,p-xylene 11(1::: 

1 ~ """'" d ~ "'i '" 1 & .d ~ ,,~ d." o-xylene ~tI !'lfllif)l':i1n'U11'U'U passive !'U1lJU'I1ntll ~ C)f ,n:::tI:::nm'Yl!'lf !'Uf)l':i1n'U~lUtll'l . , 
Q.I d~ d 1 ., '" 

7-14 l'U 'Yl1lJU'I1f1t11 ~ 1m::: 30 l'U 'Yl1,J1'\Jl Hiei 11(1:::1,J1'\Jl Daimonji Shibata gas-tube samplers 
,.. ~ 0 Q fI 1 Q.I Q.I 

tln'U':i':i1l~lt1 Activated carbon mU'Yllf1l':il1ml:::'I1f)l VOCs f1l':i~~C)f'U'\JU'I VOCs 1I:::tlnffn~ 
cu ct cu <u 

l~tI CS2 11(1:::~'hml:::l11~tI FID-GC 1~~1 VOCs i~l'YIli1'U 0.3 llg/m3 11(1:::~11~tI'I1'U'UlJWI':i!1'U 
tI 

l'YIli1'U 3% Samplers tln~~~'1 5 ~111'11ti'li'U1~U'Uii'UlfllJ 2001 11(1::: 13 ~111'11ti'l 'U'Ufll'\Jl Hiei 
~ ~ 

i'U1~U'U'Y'lqff~f1ltl'U 2002 fll1lJ1~lJ~'Um~tI'\JU'I1'U'Uc)f'Uii~1'l:!'1n111f1WCY]lJl~':i!1'U (3.0 llg/m3 ) 

,., ~ ~ 14 d .c:9 ~ Q.I tI ~ d 

tlnn'U'Yl1,J1'\Jl Daimonji ~'111~l~U'UlJ'UlfllJ 2001 tl'll~U'UfJlJ.fll'Y'l'Uli 2002 1m:::1~U'UlJ'UlfllJ 2002 

t1'1 fJlJ.fll-W'U £ 2003 (I~(I'I~ln11 3.0 llg/m3 f)l':i(l~(I'I'\JU'I1'U'Uc)f'UUl1l1~U'IlJl1l1nf)l':i(l~ 

U'Irl'll':i:::nU'U'\JU'I1'U'Uc)f'U i 'UWiff 1 C)f~'U1rlmJmtl1J 1999 

" " Truc 11(1:::flW::: (2007) 'Yl~(lU'I'I11fll1lJ1'\J'U'\J'U'\JU'I benzene, toluene, ethybenzene, 
tI , 

m,p-xylenes 1m::: o-xylene(BTEX) ':illJl1'1 CO, NOx, S02 Yi~lJtl'U'Ui'U'lfl'1q~11~'11J 2004 i'U 

"'i _I '" 1 "'i "'i & '" 
llJU'I~1'UUtllJ':i:::1'Ylffntl~'UllJ ~tI1(1untl'U'U 3 ffltl flU Truong Chinh (TC) C)f'llJf)l':i1l':il1l':i 

, & '" & '" 'I1'U111'U'U Dien Bien Phu(DBP) C)f'llJf1lHJ':i 1 1I':i 1'Ul'U 1'1 1m::: Nguyen Trai(NT) C)f'llJf1l':i1l':il1l':i 

'I1'Ul11ti'U l~tI~'1f,h'UijfllJU~ffl'l1m':ilJ BTEX tln1~ l~tI SKC Charcoal tubes 11(1:::11ml:::l11~tI . ~ 

GC-FID 'Y'l'U11~tl'U'U TC ~lm~tI'¥Jn'l~11lJ'1'\JU'I benzene, toluene, ethybenzene, m,p-xylenes 
d 1 I Q,J 3 0 Q.I 

1m::: o-xylene lJfll1'Ylln'U 65, 62, 15, 4311(1::: 22 Ilg/m ~llJm~'U 11(1::: 30,38, 9,26 1m::: 11 

3 3 ' .,j & '" 
Ilg/m 'U'Utl'U'U DBP 11(1::: 123, 87, 24, 56 11(1::: 30 Ilg/m 'U'Utl'U'U NT ffl'UlJ(I.flll:::U'U'l C)f'llJ 

~n'hlW:::11l'U11nff l1':i:::nu'Uil1~lt1 CO, NOx 11(1::: S02 ~\ln1~ l~tlfJl1mwfl~ l'UlJ~ 'Y'l'U11 ii~l 

~ 11m::: ill1n'U ~ llJ l~ ':i! l'U f)W.fll'Y'l Ul n lff'\JU'Il1 ':i::: 1 'Yl ffiitl~'U llJ 

tI 

ij(l'U(I 1m:::flW::: ( 2007) -WWJ'Ullnnl':il1ml:::l11'1l11~lJlW1'U'Uc)f'U11(1::: l'Yl(l~'Ui'U\hlJ'U . ~ 

.<I!:I. "Qd .d I q " ! q Q d' q,...a ~ Q.I Q.I 

1'U'UC)f'U~1t11lif1l':i'Yl'lltl11(1::: !'lfnmff'U !'Uf)l':il1ml:::'I11~tI !'lf1mu'I11nfflmlJll'Ylml~ 'I111~ 

", " " 
'U~f1l'.i~hlJ'U 3 'V'I1'u ~l'Ul'Ul1'1'11lJ~ 46 ffm-w ffl':i1'U'Uc)f'U 1m::: 1'Yl~~'U i'Ul.lllJ'U1'U'Uc)f'U l1':iln!) 

• tI • 

~flYil1m 4.87 1m::: 8.60 'U1Yi ~llJth~'U lnl1fl':il:::l1-WffllJl':itll1fl'.il:::l11'U'Uc)f'U11(1::: l'Yl~~'Ui~Yi 

fll1lJ1~lJ~'U~UtI(I::: 0.012 1m::: 0.049 l~tll1~lJlm ~llJth~'U f)l':il1ml:::l11'U'Uc)f'U~fll1lJ 
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106.0 1 1~tl1jfi1rl'1JU,) :;ff'Yl ifl111JIIU,)U,) 1'1-J1!mJf) ' .. hr mHl:; 9 f11') ilf1,) 1:;..11 'Yl ClihJ~fl111J 
'II 

" 'j) 'j) 'j) 1 -I'" 1 0 '" 1 'j) • 'j) 'j) 1'IJ1J'IJ'UHltICl:; 5.95 1m:; 9 .92 ~tllJ,)1J1m 'U'Ul11J'U9f'U l1mfl111J\lml~.:JHltICl:; 103.36 1m:; 

93.65 1~tl1jf11rl'1JU,):; ff'Ylifl111JII U')U,)1'U.u ~ Vf1-)lr ~VCl:; 4 f11m ~ V'll ~.:Jl1J'U 9I'U 1 'U Jl~'U 
~~m'Yl'U 91 IICl:; 95 1~'Ur~tlCl:; 1.69 ± 0.49 UCl:; 1.55 ± 0.41 1~tlU~1J1~,) m1J~l~1J ri1'U 

. " 
f11m~tI'IJ~.:J 1'YlClU'U1'U'l11~'U~~f1I'Yl'U 91 1m:; 95 1~'Ur~tlCl:; 7.23 ± 2.47 IICl:; 7.01 ± 1.78 hw 

'II 

" d".d.dl d I 

U~ 1J 1~ ') ~ l1Jih~1J fl111J!,j' mi''U 'IJ~.:J! 1J 'U 9I'U II Cl:; 1'Yl 'Ju'U 1 'U 'l11~ 'U! 1J'U 9I'U 3 Vl1 ~ 'Ylfff1'hll1Jm 



1. 

2. 

Passive gas tube 

Charcoal glass tube 

Micro syringe 

· ..:t 
Ul1l1 3 

3. 

4. 

5. 

6. 

Gas Chromatography -Flame Ionization Detector (GC-FID) 

Personal air sampler (Personal pump) 

7. 

8. 

9. 

Capillary column DB-5MS 'tI'Wl~ 60 m x 0.32 mm 1.0 ~m film thickness 

'tId~ Vial 'tI'Wl~ 2 ml 

10. Insert vial 'tI'W 1~ 200 J..ll 

11. f-hil~ Screw cap vial U(l~ UH'W septa 'l$iJ~ PTFE 

12. 1lJ lmill1J\01 'tI'Wl~ 1000 J..ll 

l3. 1lJ lmilltJ\01 'tI'Wl~ 200 J..ll 

"" 3.1.2 ffl'HfllJ 

1. ;119f Helium (U~~'Ylt > 99.995%) 

2. fll9f Nitrogen (U~~'Ylt> 99.995%) 

3. fll9f Hydrogen (U~~'Ylt > 99.995%) 
r:J ~ c! 

4. f)19f Air Zero (U'j~'Yl1i > 99.995%) 

5. CS2 (Carbon disulfide) 

6. Toluene-d8 (Internal standard) 

7. Japanese 50 Component indoor air (standard) 

8. MTBE (standard) 

9. Methanol (HPLC Grade) 

10. Acetone (AR Grade) 
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.. 
Q.I o.c::...Q Q.J 

3.2 'UltVl6ltflTlVllmlHlltl;)U 

.. . .. 
tll'~ 1~ tJ'W fftlllli1·nJ1lJlW f)l 'j i''IJ a'lJ ~rrrrl'j ~'U 'YI ~ rh:: 111 vYiYnj tl.:) l'U 1 'U rrtllij 'IJ 1f)l'jtJ ll1'U 

.. 
l~eH~~.:J' ~i''IJ i~Vlhf-HHlltltlnl1lrilfl1llJa'lJi'U n'j ::l11l.:J11l tln l~'IJ~ ':H1th.:J 11 'IJ'IJ Active 

~ ... , 'I "'I '" .. _1'" ... 
Sampling llCl::tln1tl'IJ~16Vl.:J11'IJ'IJ Passive Sampling lJl t'b' t'Uf)l'j11ml::l1l1lu'jlJlWf)l'j'j'IJ 

, I ' " , 
a'lJ~rr 'j1lJi1.:J1~U h1''YI'jl'IJi1.:J'b'lJ~'\JU.:Jrrl'j VOCs Yi~'IJ 1 'Uf)l'j1~'IJ~lmh.:J'illtl~'UYifftllll 1 'U1'\J~ . .. . 
tl~ .:J1'YI~lJl1l'U m llCl::tJlri loU'm.! Cl~ l.:J"lYi' ~lJlU'U' 'thllf)l'j 11fl 'j 1::..rril'YI1.:JCl'il~1~ u1ili V'lJ1Yi V'IJ 

, ", " " I 

U1lJlW'\J u.:Jrrn Yi~'IJ 'illtl~'U Yi tln fftlllll'l .:Jl1lJ~ 'illtlU'U tJ 1 ri loU' UlJClYi'~' U fll'U 1W l1lri lfl1llJ 
'" . .. .. 

dYv.:J~ U tln 1ii~ hfllJ:: 1 ~.:J '\Ju.:J~U tl.:J l'U 1'U rrm ij 'lJ1 tln tJ ll1'U1tJfum~.:J '~i' 'IJ a'lJ ~rr 11Cl:: 

fll1lJ'U f)l'j 1~V~,r u.:Juilu~tln fIlfl1ff1m'jlJ~ ':)ln~~UlJ flW::1ff1m 'jlJfflrr~{ ~W1Cl.:Jm W 
.. 

lJl1l1'Y1Vl~V i~Vllti.:)f)l'j'YI~ClU.:Juum~'U 6 ')'U~U'U 
" I I " • 

o "I "'''''I "'I Ci i "I 'I 'I "<!I '" Ci I) f)ll1'U~~'U'YI'YI t'lf t'Uf)l'j fftlll 1 ~mClUtl'illtl t'U1'\J~tlH1'Y1~lJl1l'Ufl'j m~'U'YIf)l'jfftl1ll . 

- Cl'~N Calibration curve 

- l1lril Limit of detection (LOD) 

- 'YI~rrU'lJ11lf)l'jrrti~ i~v1i' Recovery Test 
lVGld' I~d d 

3) l1lfl1llJrrlJ~'UTi'j::l11l.:J1Tif)l'j1f)'lJ11'IJ'IJ Passive sampling 1m:: Active sampling .... . 
4) l~'IJ~lmh.:J'illtl~U tl':)l'U 1'U rrmij 'lJ1f)l'jtJ ll1'U1tJfU1~~.:J l~Ul1l'lflJ ~l1Cl::U1lJlW f)l'j i' 'IJ 

a'lJ~rr'\Ju.:Jrrn VOCs 
Ct. til .at,Ct. 

5) 11ml::l1m'Yll.:Jrrtl~ 

6) U'j::dJ'Ufl1llJ1#V':)'illtlf)l'j'~i''lJa'lJ~rrrrl'j VOCs 

.. . 
"I .qCi 

3.3 'Yflt'YIfHl'lll 

"1 , " 'J/ 

~'U YifftllllYii i'ln'IJ~ lmh.:Jfi U'IJ 111W rrmij 'IJ 1 f)l'j tJ ll1'Ul ~U1~ ~.:J i 'U1 '\J~ m.:J l'YI~lJl1l'U m . 
~1'U1'U 11 rrmij 'illtl 7 1'\J~ ci1.:J~llll1tl':)~;.:J'\JU.:J'iI~l~'IJ~lmh.:J 11rr~.:J1'UfIl~~ 3.1 'jlVCl::1~V~ . . .. . 
o l.:::t Q.I Q.I do 

~11ll1'U.:J'YI~':) ~.:Jfll~'Y1 3.2 (tl) - 3.2 ('b') 
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, JI, " " 

fll'Vfl13.2 ~'\.A'l1lUm·H~'U~1mhrU1m.u1:lmi1'U1f11';jl.h~'Wl~m""~~''Wm~lV1'VnJ'''1'Wm • 
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" . ..:!I <d ~ .ct 

('IJ) 'YfWVlf11'.ifff1'l:l1 l'IJ~1J1'1'IJtJlVltJtJ 

(fl) 'YltJ~f11'.iffmn l'IJ~'Yltyl '1Vl 
I '" ", ,., 

fll'YlVi 3.2 ~tJVii tJ f11'.i lnml":lfld1\l'U~ nw 'fffl1ihJ~f11'.i-U l~tJl;fll'Yl~'I i tJ f1~ 'IlVl'Yl1l111tJ m (~fl) 



thinRnet 
~ 
iI 
j' 
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, '" " " 
f11'Vll1 3.2 ~'Ul1h"!f)1:i!fhJ~1fl~1~U~ nUH,.miju~fl1'nl1iJ'Ul.:jfm'Vlil~ 1 'Ufl'j ~l'Yl'VllJ'l11'UfI'j (~fl) • 
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" 0 .a d.:2 ") 
('1) 'VrU'Ylfl1'jflf)£jl1'U1I~'j~ t'U'U~ 

" 0 "'i d ~ 

('1) ~'U'Ylf)1'jflf)£J11'U~~~~1'U,,!~ 
, )1', " )I' 

il1~Yi 3.2 ~'UYi''Ufl1'jlnmi'1mh~'U~nw~mihJ~ fl1'jtJliJ'Ul:j$m~il~ i'Um ~1'Yl~lJ111'Um (~t1) • 



.. 
.q 4C:\ 0 QJ 

U01U1J1fll1Ul1JU 

UiU~fll~"hUf1HW 

,j"lIm:::'Vl~1-!1f1Cl1 hnJ 

(UHW1'\11fJfJf1) 

f111'VhfJ1fllfftl1'W 2 

U'W 11.1 tih 

.. . 
~ .ct 
nun 

RO 

BN 

BT 

J 

NI 

SP 

. , 
fJt)~Hn'l1UlfJ .. .. 
ocv.4 Q. 

Ul1JU1'Vt)lntl-!l 

55,524.34 

49,778.19 

17,023.79 

44,379.10 

16,408.50 

22,395.49 

" . 
'\I 'W 111 h,t1i Yl'W.yjl~-!I ~11 
fl'W'W'Vll-!l~1'W 6 lCl'W 

..r ~ d I "" 

.... 'W 'Vl'\l'W 111lCl f1 fJ~'t'l'W 11.lfJ-!I 

i~~lInUfl'W'WU1t1l1"f1 
d c::. .Q d 

'\I'W111lClf1 IVlllfl'W'W1m111 

i'-!li11Vl 4 lCl'W ~lInu 

U'W 11.1 iJ 'WIn tI 1 'W,j ~:::!'Vl ff 

.... 
Cll'W 'il fJlI ~ fl'\l fJ-!I .... 'W f1-!11'W 

fll ~ iJ 'W fl1 tI 1 'W ,j ~ ::: !'Vl ff 

1l1~ 6 lCl'W 

. 
dd I 

lCl'W 'Vll.lfll~'il~1'il~l1'W1U'W'W 

~lInUfffl1U~fl'~ClfJtI~1 

ff'W 11.1 tih 
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1,851 

1,659 

568 

1,479 

547 

747 



. " . q ~ 4 ~~ , 

~nn:J'YI 3.1 ~ f1lHU ~ 'YfW 'Yl fffllll (~fl) 

.. 
c:t ~ 0 QJ 

trfll'U1J 'Hll1'U 1'lJ'U 

fl1'j'Vll.:l~lffll 

(~1'1H111f1~'Ufl.:l) 

" 1 .... " .... fl.:l fI fl1 'j 'Yl 'j ff'Y'l 'Yl '11 ~ fl 

YrWl'Ulfl1'j 

cS IV , 

3.4 fll-:iUl1Jfl18tJH 

.. . .,. q 

't't'U'YI 

DKN 

PH 

TOT 

P 

TL 

_I rI d Q.I , 

3.4.1 ~lJf)'jUJ.fl1'jlflU~1fltll.:1 

o , 

tJ8~Hn't'i'UltJ 

34,945.04 

22,993.32 

14,454.72 

30,560.83 

34,218.57 

. 
odod I 

1 ~ 'U 'Yl1J fl1 'J'i1'n'i1 'j '11 'U 1 11 'U 'U 

'J/ 'J/.... od " 

CW1J'j flU ~1'U '11 ".:I1J 'j tltl'U ~ 

~lC)f"'\J'Ul~ 'm1i'ilfl~fl~d~I'U 

~1'U1'U1J1fl 

.....,. <=> 

'Uflfl~111Jfl.:l ~~tl'U'U 

"''\Jl.filJ1~ 3 6 m'U • 
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m'lJ1W 

1,165 

767 

482 

1,019 

1,140 

~11f)'jWfll'jl~U,y1flciN UU.:Iflflfllll'U 2 l1'j~lfl'Yl;ifl 'l!~1~U,y1flcil.:1UUU Passive 
Q .... I 

(Passive Sampler) U~~'l!~lflU~1fltll.:1UUU Active (Active Sampler) 

1. Passive Sampler 

Passive sampler 11l'U'I1~fl~'lfiJ~ PTFE Passive gas tube ~~~ l~tlu~1r'Yl Shibata 

• • ~ d 

SCientific Technology 'YlU'j'j~ Granular activated charcoal 'I1~fl~1Jfl111Jtl11 30.30 ± 0 .37 mm 

u~djl1~1J1UJ.'\Jfl.:l Granular activated charcoal 194.4 ± 3.8 mg ,y.:lm'Y'l~ 3.3 



35 

2. Active Sampler 

~ ~ d ~ 
Active Sampler llJ'U 'm'lfJ~Uf)TY1'U'l'l~ Activated charcoal 'U'Ul~ 20 - 40 mesh '11'lfJ 

1~Vf)11 Charcoal glass tube ~mHl!:;'1HlfJ~UVf)fJfJm~'U 2 ri1'U ;jfJri1'U'U'U'U'l'j~ Activated 
1 , cv..::s 

charcoal 'U'Ul~ 20-40 mesh 400 mg U"':;ff1'Um~'Un~ 200 mg ~~fll'VfVl 3.4 
d QI , "0 d Q,J 1 , ,., Q,I Q,J do 

f)1'jlf)'U~1fJV1~~fJ~'U111"'fJ~lf)'U~1fJVN~m'Ulf)'U Personal pump ~~flll'l'V1 3.5 U"':; 

. " 
YJlf)1'j 1m v'Ul'¥iVm)~'llf11'l 1 11 "'~~fll'ViYi 3.6 'UfJ~nl9f'Ylf)f1i' ~ . 

.d 1 'j/ 
fll'Vi'Yl 3.3 f1Hff'lN'UfJ~ Passive sampler 

.d 1 'j/ 
fll'Vi'Yl 3.4 f1Hff'll~'UfJ~ Active sampler 
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.d 
fll'YfYl 3.5 Personal air sampler (Personal pump) 

d Q,.r I ~ 4:1~:cv': c. 0 dG.l 

1f1'U~ 1flUl.:J'U'H1UHHl1'U 'U'.ifll'.i 'U l1J'Ul'tffll'YH'l.:J ~1'U 1'U 11 ffm'U'Yl1fl'.i .:Jl'Yl'Y-l1Jlfl'U fl'.i • 
• II 

1l~"~fftl1'W 7 -1'U -1'U"~ 8 oM111J.:J 1~Uliiflfl'lf1.:Jnm'Yil.:Jl'U 1~U''Ull~''~fli'.:J~~l~'U~1flVl.:J~lfl 

'YfI:rml'U~1'U1'U 2 fl'U 1~U~1'U1'U~1flVl.:J~l~'Ull'U'U Active lm~ Passive 

II II 

1. fll'.i l~'U~1flVl.:Jmfllff' 'U'U~ nUl fftl1'W'U~ fll'.ilhiJ'Ul.jffll'Y-li1.:J 
II 

ili Active Sampling 11.:J-r.;pJfl'.iW~.:J~lfl~'U 1.5 l1J~'.i ~eJfl'U Personal pump ',*fl~'.il 
• II II 

fll'.iilf"Yl60 mllmin ffmij,,~ 2 ~1flVl.:J ~lfl'U~nUl~llflllUihiJ'Ul.jffll'Y-li1.:Jll"~'U~nUl'.i~'U'U 



37 

.. .. . 
flm~lJ'\.h,j''Wt<iffl1'Yi~.:J tll'W'J~tJ~nm 8 i11lJ.:J hWti1flf11J1 1 1'W ~lm~lJ'fi1flth~i'W'lf1.:J 

..r!1 OJ QI d Q,.I I Q,.I 

'J ~ tJ~nmt,W1f1'W f1lJ f11'J tf1lJfl1fl tJ1.:J ~ 1f1fl1'tJflfH\ 

d Qd Q d Q,I Q,.I d 
f11'Jtf1lJUlJlJ11i Passive Sampling lJ'JnWtfltJ1f1'Wf1lJf11'Jtf1lJUlJlJ Active Sampling 

I QI Q.I d 
'J~tJ~ncnm1f1'Wf1lJf11'JmlJUlJlJ Active Sampling 

d Q,I I Q Q.J d -: Q.I ~ .o::::t. ~ d Q,d 

~fl mlJfl1fltJ1.:JlJ'J nw 'J~lJlJf1mf1lJ'W llJ'Wt'll'flt'Yi".:J 'VI.:Jf11'J tf1lJUlJlJ11i Active Sampling 

tm~f11'Jt~lJUlJlJ11l Passive Sampling 'il~11.:Jl'i1.:J'il1f1i).:Jt~lJJ1,j''\.Jt4flt'Yi~.:J 1 UJfl'J 11.:J~UmW 
.. . 

-cr.:J'il1f1~'W I.S tlJIVI'J tll'W'j~tJ~ncn 8 i11m 
'U 

d Q,.I t .d Q.I 

2. f11'JmlJfl1fltJWYlIVI1lJflfI" . 
hwii''I1''flfl Passive gas tube t~lJ'fi1flV1.:Jfl1f11f\'~'fi1'tJflfI"~1'W1'W 2 fI'W lJ~nWt'I1i1fl 

'I1'I!lflf1 tf1lJ'fi1flV1.:Jtil'W'J~tJ~ncn 8 i11mi'Wi11lJ.:J .... h.:J1'Wtll'W'j~tJ~ncn 71'W 

d Q.I t _t-= do Q.I 

3. f11'JmlJfl1fltJ1.:JUlJlJ Active tm~UlJlJ Passive tlJ'JtJlJmtJlJf1lJUlJlJ Canister 

f11'J t~lJ'fi1flV1.:JU lJlJ Canister til'W 'J ~lJlJ~IVI'J .:J1Vl1lJ1J1IV1'J j 1'W -cr1f1"1VI1lJ,j'mll'l1 'W fl'Ufl.:J 

US.EPA TO-IS ~.:J~h11lf11'Jt~lJ'fi1flV1.:JUlJlJ Active Sampling U"~11l Passive Sampling ~i-Mi'W 

f1 1'J 'VI fl" fl.:J.n lJ 1Vi 1f11'J tU1 tJlJ t Vi tJlJfllJ f1 1 'J t ~ lJ 'fi1 fl V1.:JU lJ lJ Canister t ~ fl~ 'il ~ ill 'VI 'j llJ ~.:J 
... 1 Q Q d Q.I , 1 ' di 'j/ 
lJ'J~-cr'VI1ifll'Yi'Ufl.:Jf11'JmlJIVI1fltJ1.:JUlJlJ Active Sampling tm~ Passive Sampling lItJ~~lf1f11'V1 11 

ml'.:J ~1 f1 f11'J 1tm 1~'" 111tJtfl ~ fl.:J GC-FID uti' 1Vi1 f11'J fl1'W 1W U 'J ~ -ff'VIii fIl'Yi ~1f1f11 'J t~lJ 'fi 1fl V1.:J 

111f11'Jtf1lJ'fi1flV1.:JUlJlJ Active U"~UlJlJ Passive tmtJlJtViulJfllJUlJlJ Canister ll1tJ111 

Active Sampling ~flfllJ Personal pump i-MfllVl'J1f11'Ji'l1"~ 60 ml/min 11l'W'j~tJ~ncn 24 i11m 
.. 

u1iu'fi.:Ji~~fllJf11'Jt~lJ'fi1flV1.:J ll1tJ11l Passive Sampling tm~f11'Jlf1lJ'fi1flV1.:J ll1tJ11l Canister 

d ell Q.I I 

3.4.4 f11'JmlJ'Jf1lJ1fl1fltJ1.:J 

f11'J l~lJi' f1lJ1'fi1flV1.:J11 fltHVi 1 i IIll1tJ U I'll "fl1l1~lJ'fi1flV1.:Jl~lJ i 'W tl.:J fl"iJti'j tJlJuti' 11111 
• 'U 

i,r -crij 'VI 'Vi 'W Vi fIltJ'I1 "'.:J ~ 1f1f11 'j ~ l~lJ'fi1 flV1.:J m lJ 8 'lI'lJ .U"~ Vi 1f11 'J t~lJi' f1lJ 1'fi 1fl V1.:J ~ ~W '11 tJiJ 

U'J~1JlW 4 fl.:Jf\'WlmltHtJ-cr 
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..,.., , 
3.5 fll'UTfWIVl18t1H 

'" ~ 3.5.1 fff)~~lfJffl'Hl~mfJ 

'V11fll';iffn~ l~fJlh Activated charcoal i'U Passive gas tube l.I1'U';i';i~i'\.J'l1~U~Unl 

.'Vl~~U~HfflJn'U~1'V11~~~lfJ Carbon disulfide (CS2) tJ~lJWI';i 1 ml 'V11fll';i!'Uth~~W'I11Jih1'u~ 
" " , I ' 

5 'U111 uc\'1~~Vi~i1ili'!fl~tJiifl~fJ1tJ';i~lJ1W 1 il1lJ~ u~~lhitJ!'Urh 1~fJ!fl~u~!'UrhuH!'I1ifJ~ 

'I1tjffWJf)m~~UW'I1.fliJ 4 U~ff1!9f~!9ffJff ~fll1lJ!~1 3000 ';iU'U/ 'U111 !lI'Unm 10 'U111 lh 
.. q .. 

ffn ~~mfJffl'U i ff~ if1' 'il1f)fll';i !'UV1' tJl!fl';i 1~ Ml~fJ i oM' GC-FID (~~Uff~~ i 'U.fl1Vi~ 3.6) ~~ 
v v 

l1ifll';itj~~UtJ~~l.I1'il1f)11i'UU~ Olansandan U~~flW~(1999) ffl'U i 'Ufll';i'ffn~'il1f)~lUV1~U'U 'il~ 
d IV dQ.lI 31 Q.I ~~ 
'ij~'ffn~~mfJlJ1\P1';i!1'U Toluene-d8 (Internal standard) 'I1~~'il1fl!f)'U\PI1UfJ1~U~1'11~~'il1f)'U'U'Vl~ 

'1 30 'U 111 Uc\'1~~U1l.11'ffn~\PI1lJl1i.,j'1~~'U U~~U~'V11fll';i !f1'Ui' f)1I1'11~U~!f1'U~lUV1~ i li'm1'Vl 

!~UilU~n'Umfllff!.,j'lff'l1 ~U~!f1'U~lUV1~nU'U!iI~ i ,*!f1'U~lUV1~ 'il~ ~ ~~.fl1Vi~ 3.7 .. 
"''''' '" 3.5.2 fll';i'Vl~ffU'Ul1ifll';j fff)~ 

ff1l.11';itl'V11'f1'I~fJfll';iioM' Micro syringe ii~ff1';i~~mfJlJ1\P1';i!1'U~fll1lJ!.,j'lJ.,j''U 1000 

d", d ~ ~ ~ lIJ_1 
ngiml 'VllJff1';i~~mfJlJWI';i!1'U Toluene-d8 (Internal standard) 'Vlfll1lJ!'UlJ'U'U 2,376 ngiml !'U11U 

v v 

i'U Passive gas tube ~l'Ul'U 10 'I1~U~ Uc\'1'V11fll';iil~'I1~U~11'U11'11~~'il1f)U'UVi~'130 'U111 U1 

'I1~U~~'~'f1'ii~ffn~~mfJlJHI';j!l'U (Blank) ~l'Ul'U 2 'I1~U~ 'tJ'Vl~ffU'U l~fJl1i!~fJln'U 
v. • 

'il1f)U'U U1'11~U~~lUV1~l1ii ~ff1';i ~~ ~ 1 fJlJ 1 \PI ';i! 1'UU~~ Blank 11'~ i f1'ii ~ ff1';i ~~~ 1fJl.I1\P1';i! 1'U lJ 1 

ffn~!m~1!m1~M~U 'tJ 

o _I '" ~ '" 3.5.3fll';ifl1'U1W!um!9f'U\PI Recovery test 

o _I '" ~ '" ""1 "" '" '" "'1 i~ fll';ifl1'U1W!uU';i!9f'U\PI Recovery test 'UU~l U9f'l1~.:j'il1f)fll';il!m1~'11 ~fJ 'if GC-FID 

A 

B 

C 

% Recovery test VOCs (B - C) / A x 100 (3.1) 

tJ~lJ1wilu9f'UU~'ff1';j~~mfJl.I1\P1';i!1'U~fll1lJ!.,j'lJ.,j''U 1000 ngiml (flg) 

tJ~l.I1wilu9f~1!m1~M'il1f)'I1~U~~lUV1~~ii~'ff1';j~~mfJlJ1\P1';i!1'U (flg) 

tJ~lJ1wilu9f~1!m1~M'il1f)'I1~U~~lUV1.:j blank (flg) 



Spiked toluene-d8 (internal standard) ~fl11:JJ1'1i':JJ'Ii''W 2,376 nglml 

l'1i'lltJl'W Passive gas tube l1"::lhfl1':iil~"Hn)~l1'Wn 

Y • 

.yj-:Jl130 'Wln 1'W1l111wnii 

'111 Activated charcoal 1'W Passive gas tube :JJ1lln~1'W'I1"tl~uA'1 

'YI~"tl-:J~H":JJnll CS2 tJ1:JJ1~':i I ml 

• Y 

• Y Y 

l'\Jthn~w'I1fJiJ..rtl-:J 5 'Wln lm::9l'-:J.yj-:Jl11..r 

lfi~tJamtntJ':i:::JJ1W I 'ih 1:JJ-:J 

oQ .d d d 

fJW'I1fJ:JJ 4 0 C 'YIfl11:JJ1':i1 3,000 rpm 10 'Wl'YI 

'lll"'l':i,,::mtJ"Y1'W 1 "'~ l~~lf)fl1':i"'n~ 1 tJ 
11ml::..11~tJl,* GC-FID 

fIl'Wn 3.7 'Ii'W~tl'Wf)1':i1;Yn~1;Yl':il1tl9f~1f)'I1"tl~1~1l9l'1tlVNUllll Passive sampling 
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a a ~ t/QJ I 

3.6.1 tfl'H).:JlJtl1tml::::'I11Pl1fltn.:J 

tfl~tl.:Jjjtl~i-M'iufll';i1tml::::,1~1flUl.:Ji1fl;;ifl Gas Chromatography iu 6890N ~tlfi1J 

Detector ')f1111 Flame Ionization Detector (GC-FID) 111tJi-M'hhumlJ HP Chern Station ~.:JfI1'Y'l~ 
" 

3.8 UCl::::~lI~.:J Capillary column DB-SMS 'UU111 60 m x 32 mm 1.0 ~m film thickness 'Utl.:J 

",.d i" ?t i "'" .. '" I j & w lI.:JfI1WYl 3.9 tm:::: ')f N2 He H2 tm:::: Air Zero tuU Carrier gas Ufll';i1tml::::mYl';i1Pl1fltJl.:J 

i1fl; 

'" I '" fI1'Y'l'Yl 3.8 GC-FID IPlflf)1J Auto sampler 

. 
fI1'Y'lYi 3.9 Capillary column 
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~ G' .Q " " .d1 '" 3.6.2 mnlfl11::11'l1'lJ~1l"::fll1lJl'IJlJ'lJlJ'lJU 'Hn11 tJC)f 

d '1 Q ~ .Q, " 3J .c::I1 "''' "1 111~flll::'YImlJl::~lJ lJm111ml::11'l1'lJ~lm::fll1lJl'IJlJ'lJlJ'lJtJ':)~111 tJC)f 11ml::11 ~v 

'1~lfl~tJ.:) GC-FID 1~tJ'Yhf)1111ml::..1~1f)~11"::mVlJlmlllJ 2 'lI'iJ~;iu 'lI'iJ~ Japanese 50 

" '1 " "''' ., d '1 ". I" '1 component indoor air lm::'lI'lJ~ MTBE 'lI'~flll::m111ml::11~':)~111':)'Y1 3.1 'lI'u1lJl~1 lJm'j 

'" " ..t .c9 .J "'1" " ..t l!~l'IJllmtJ.:) GC-FID LO ~l C)f':)l1JtJ':)~lJ 'lI'l'YIfllJfI Scan mode 1'VW111 Retention time 'lJtJ.:) 

"'1 '" ~11"::"lVlJl~1l1lJl tJC)f 

Oven Ramp DC/min Next °C Hold min Run Time 

Initial 35 10.00 10.00 

Ramp 1 5.00 220 5.00 52.00 

3.6.3 m1~~1':) Calibration curve 

Yilm'j~~l':) Calibration curve 'lJtJ.:) Standard Japanese 50 component indoor air 1~v'1~ 
.. " 

~11"::mVlJl91'j!llJi1tJCHViijfll1lJl.,j'mj'lJVill91mil.:)nlJ 7 fll11J1.,j'lJ.,j'lJ 11.:)ij 500, 1000, 2000, 

.J. "" '" 4000, 6000, 8000, 10000 ng/ml C)f':)1l1Pl"::fll1lJl'IJlJ'lJlJ~::lJ~11" :: mVlJlm!llJ Toluene-d8 

d "" ''jI (Internal standard) 'YIf111lJl'UlJ'UlJ 2,376 ng/mI11lJU~~lV 

o " 1 '1" "'1 '" 'YI1m1~11':) Calibration curve 'lJtJ.:) Standard MTBE ~V 'lf~1';m::mVlJ1IPI'j!llJl tJC)f 
.. " 
dd ,.,,,.cs f Q.I "" Q,J.c:::l 

'YIlJfll1lJl'UlJ'lJlJ'YI1l1Plf)1PI1.:)f)lJ 7 fll1lJl'UlJ'lJlJ ~':)lJ 5000, 10000, 20000, 40000, 60000, 80000, 

.c9. "" '" 100000 ng/ml C)f':)1l1Pl"::fll1lJl'IJlJ'lJlJ~::lJ~1'j"::mVlJ11PI'j!llJ Toluene-d8 (Internal standard) 

d "" ." 'YIf111lJl'UlJ'lJlJ 2,376 ng/ml 11lJU~~lV 

3.6.4 Limit of detection (LOD) 

I ' I " 

Limit of detection l1lJlv(i.:) fll1lJl.,j'lJ.,j'lJ~·h~~Vilfl1tJ.:)iiu~llJl1tr1~~11,:rlJ i~1~v~fil . ~ 

fftytylW (Signal) nnv1J1Viv1Jn1J noise 1~VlJlf)~f)'1~ril Signal: noise = 3: 1 11llJm11P111~~tJ1J 

l~ tJ111fl 11lJl.,j'lJ.,j'lJ ~~l ~~~~:: vh m'j 1~ ll":: ~llJl1 tllhm111V.:) llJ~.m i ~1 ~ vri l~ il.J ~llJl1 tl • 
91 'n~l~ i~~::ll~~':)llllJril NO (Not detected) ~.:)ij~1PI1m1flllJ1W 11':)~lJm1 

~ 



LOD 3 X ftl11l1.u1l.u'U~lqYl.;thr (og/ml) X b 
x 

n _ 

L (~- X)2 / (0 - 1) 
;= 1 

. " . 
Xj Peak area 'Uv-:J11v~ target nlPl':i1,r1IPlfli'-:Jn i 
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(3.2) 

I ,,, I ", 

X Peak area m~v'Uv-:J11v~ target nlPl':i1'il'1IPlfli'-:Jn i G-:Jfli'-:Jn n 
" . o Q,I d Q,I 

n 1l1'Ul'UflH'YlIPl':i11l11Pl 

ell Q.I tI I~.ct d 
3.6.5 f11':il11fll1lJfflJ'Vi'U1i':i~l111n1if11':i!fl'Uu'U'U Passive U"~ Active 

" . 
l. ih'lt'fllOmllmh-:Jl1-:Ju'U'UnlO'U l'flV Passive ""~ Active Sampling lJllU1v'U1YiV'Uf)'U 

llPlvtll'ltIPlf2UmW~lO'U llPlVill Active ""~ Passive gas tube 'U1H~'U~nW ""~nml~[nf)'U 
L1~I'U':i~v~nm 24 il1lJ-:J 

2. ml-:J1l1fHO'U";1VVNm'U 24 il llJ-:Jll~l tlll1"VlPllO'U";lVV1-:JU'U'U Passive ""~ 

Active 'Ufff)lPllPlllJillf11':i.ul-:J~'U (111.uV 3.4.1) ffll1i''U'';1VV1-:J~lO'U llPlVill Active ,~ Carbon 

. " 
disulfide (CS2) U~lJ1lPl':i 2 ml ffll1i''U Activated charcoal nv~i''U'U'U ""~'~U~lJllPl':i 1 ml 

" 
ffll1i''Ui''Uril-:J l1,,~Vilf11':iilml~M'lfiJlPll"'~U~lJ1W llPlv'~ GC-FID 

." . 
3. tll~lYiilml~l11~1l1fll1-:J 2 ill lJlffrl-:Jfll1lJfflJ~'U1r lIPlV~lYiilml~M";lVV1-:Jll'U'U 

Passive 1l~,,rml1m~'U ~g 1l1flf11':ir11'U1W lIPlVfflJf11':i 

VV <:1,\<:1)1,\ OJ 3 
ftl11l1'U1I'U'U'UMl lOG)( \ III Ift'Hl'lll/'tl'U.lI, Jig/m ) y = ax (3.3) 

y ... 1'::' "''' dl ddd 
u':ilJ1W fl11lJl'UlJ'U'U'UV-:Jffl':i1 V9I'Yl1fl'Ull'U'U Passive 

x = ... I~ " 9J .d 1 .ct.d d 
u':ilJ1Wfll1lJl'UlJ'U'U'UV-:Jffl':i1 V9I'Yl1fl'Ull'U'U Active 

a ~ lfl-:J ~ ~, ~ 1l1flfflJ f11 ':i fl11lJ fflJ~'U1r 
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lJ191'J!ltJ ilfl9$~ihn'JC'1~C'11t1lJ191'J!ltJ Toluene-d8 (Internal standard) ~f111lJl,j'lJ,j'tJ 2,376 

nglml ffl'J,jlmh~ilfl9$~ i~1l1nf11'Jilfl'J 1~...t 1l~ hi'fi1L1~ltJ llJ 1 fl'Jni'lJ (~g) ufff1~i1if11'JrlltJ1W 

111lJ1W ffl'J,j lfldl~,j ~fflJ f11'J 

Mass ofVOCs (flg) x C x V 
S 5 

')I ')I 

f111lJl't1lJ'tItJ'\m~ffl'JC'1~mtllJ191'J!ltJ 1000 nglml (~glml) 

" 

Peak area 'tIfl~ilfl9$itJ,jlfldl~ 

Peak area 'tIfl~ilfl9$ Blank 

Peak area 'tIfl~ilfl9$itJffl'JC'1~mtllJ191'J!ltJ 

111lJ191'J'tIfl~,jlfldN I ml 

Q,J .Q fJ'" 
3.6.7 'tItJ91fltJ f11'J l1fl'Jl~11't1fllJC'1 

'" 

"" . 
1J 1 f11 'J 'WllJ tJ 1 ~fll 'Vi ~~ UC'1~ Yi'4f1f1 C'1 , ~ i' mYlJ ~ff 

(3.4) 



~ 
llJfl 

3.6.8 m111m1:;,.ffi1f111lJl~V~"'lflm1 '~i'mYlJ~~Hn1 

Yi1m1iiTw1rutJ~lJlrum1i'mYlJ~(1' VOCs L'PIVm'j'l'l1v'hl ~~(1'lJm'j 

ADD (C x IR x EFx ET x ED x CF) / (BW x AT) 

ADD tJ~lJlrum1i'lHYlJ~(1' VOCs low 1 -11.,1 (mg/kg BW-day) 

C fl11lJl'li'lJ'Ii'1J'\Jfl~ VOCs ~1JflfI(I i~i'mYlJ~(1'i 1.,1 1 -11.,1 (~g/m3) 

IR im1mT.l1vi~ (0.875 m
3
/ hour) 

ET nmilJm1i'ufflJ~(1' VOCs (8 hour) 

EF fl11lJG'\Jfl 'mni'ufflJ~(1' VOCs (350 days/year) 

ED 
d1 ,",cv Q.I OJ 

1:;v:;nm'Yl ifI'jU(1'lJ~(1' VOCs (30 years) 

CF 
·3 

Conversion Factor (1 0 mg/~g) 
>I 

BW lJTH'Um11 (70 kg) 

AT 1 :; v:;nmm~v~l~i'ufflJ~(1' VOCs (70x365 = 25 ,550 days) 
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(3.5) 

, "'i '}Ii 0 '}I "" (m'Yl 'If lJm1m1J1rufl1~fl~~lfl http://rais.ornl.gov/homepage/tm/for_res_wa.shtml, (2005» 

• >I 

- m11h:;lijlJfl11lJlffV~~lflm1 l~i'ufflJ~(1'(I'n VOCs 11~~11l1J 2 ~fl£jru :; ~~ij 

1) (1'l'j~nfl i 'I11n'PIlJ:;1~ ~ 

ffl'l1i' U (1'11 ~ nfl i 'I11nifllJ:;1 ~ ~ (1'1 lJlHI Yi 1 m1 tJ 'j :; lijlJ fI 11lJl ~V~ l1(1 :; ii 11.,1 1ru i ~ '" 1fl 
>I 

(l'lJm1~~~fl I llij 

Risk CDI x SF (3.6) 

COl (C x IR x EF x ET x ED x CF) / (BW x AT) 

SF Slope Factor 

01 Risk iJfi1UflVfl':i11 x 10'6 (1'llJl1\WfllJi'ui~ ;jflilJln'PIfl11lJl~V~~fl~'\J.fll'Vl"'lflm'j 

l~i' UfflJ ~(I'(1'11 

2) (1'1'j~ ilJnfl i 'I11n'PIlJ:;1~ ~ 

ff1'}1i'U(1'n~ llJnfl i 'I11nifllJ:;1~ ~ (1'llJ1H1Yi1fln tJ1:; lijlJ fI 11lJl~V~ lW~ii11J 1ru l~ 
>I 

"'lfl(1'lJm1~fl I llij 
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HQ ADD/ ADI (3.7) 

ADD (C x IR x EFx ET x ED x CF) / (BW x AT) 

ADI Acceptable Daily Intake = RID 

ffl'td'lJ~l ADD l1~fl COl lihJtJ~lJ1Wtl1'ji'mhJ~~ VOCs 1~Vtl1'j111Vh ~~~ll.Jl'jtl 

'¥lltl1'jfil'\.J1WtJ~l.JlWtl1'ji'mYlJ~~ VOCs 1~Vtl1'j111V1 \J '~\Jlf)~lJtl1'j~ 3.3 

3.7 ~1U'l.hfl11~mn 

dQ.l' I c:., Q.I d~ :Q.I~ ~ 
1f1lJ 'fl1fl VN 'ill m '\J'fl'fll~"1 'YI1f)1 ~1 'YI'YilJ111lJ fI 'j rI f)1/ W~ '\J fl~ ~mlJ lJ'j tl1 'j lJ llJ lJ 1 'lffll 'Yirl~ 

3.7.2 ~111tJ'jnll1lJ~ 
• • v 

~111tJ'jnll1lJ~ fifl ~111tJ'jYi ijtl1'jfl1lJfllJ 1 'l-1'ij~lfl~Yi'flrlfl~~llJ ~'H'vij '~l1n • 
1. 'j~V~11r11~1i'1lJf)l'jlnlJ~1mh~ 71lJ 1~v1'\.J11IPirl~~1fl~N1i'l1m1lJf)l'jdi1J 

8 411lJ~lPiflllJ 
v v • 

o d.c:::t. 0 Q.I ~ ~ dQ.l 

2. 'illlJ1lJ~mlJ1J'jtl1'jlJllJlJl'lffl1'Yirl~ 11 ~mlJ'YI1m~1'YI'YilJ111lJfI'j • 
• v v 

3. '4f1f1r1Yi1 i'1 lJ f)l'j ln1J~1fl~1~ 1 lJlllPirl~~mij1J~ f)lnJ 111'\.J1~fll'Yi~~ 

3.7.3 ~111tJ'jmlJ 
• v 

~111tJ 'jmlJfifl~111tJ'j Yi~fl~ f)l'j l1f1 'jl~..11 lJ~llJ l~vij '~l1n f111lJl.,j'l,J.,j'lJ '\J fl~~l'j '11 fl; 



. 
"" 1Jnn 4 

.d 
4. 1.1 f1ll '111 tl flll:::: 'VI !l1 'lJl:::: tllJ 

~lf)f1ll'l11tlflll::::~!l1'lJl::::tllJ 111 tlf1l l 1 oMtl1HI::::mtllJllll!1'W VOCs '1$1411 Japanese 50 

.k "" "'") 
component indoor air, MTBE 11Cl:::: Toluene d-8 (internal standard) 91,:) 11m 1::::'11 !lltl GC-FID 

" '" '" "" 1 "i 'JI 1 'JI rHICllJ'W'lf'Wll DB-5MS, 60 m. x 0.32 mm., 1.0 /lm film thickness 'lJfl':) J&W 'W11Jfl':)1I'W 'If 

""..; .ki'JI .d 
l'V1fl'Wfl Scan mode 1'Vifl'l11 Retention time 'lJfl.:)tl1lCl::::mtllJllll!1'W VOCs 91,:) lltlfl11::::'VI 

'I ,,, ,." 

!l1lJ1:::: tllJ~ flflf.U '11 fliJ1~ lJ~'W -n 35°C 11Cl::::fl.:) i ~-n flf.U'I1 fliJij 10 'W l'Vi '11 cl':) ~1 f)U 'W ~':)l~lJflW '11 fliJ 
q ~ q ~ q ~ 

,. 1 " " " 

~'W()':) 220 °C .yhll1l1f1l·H~lJ 5°C/'W1-n 'W1'W 5 'W1-n 11Cl::::fl.:)i~-nflf.\mfliJij lllJ1T"1-n':)ff'W 52 . .. 
'W1-n Retention time ~i~~1f)f)n11m1::::,1~':)1I1l1':)~ 4.1 1dfl'VIll1J~1 Retention time'lJfl':) 

. " 
"ff1lCl::::mtllJllll!1'W11~11 'W f1ll 11m 1::::,1 "ffn ~1fl V1':)1~fl'l11'lfU ll11Cl::::tl~ 'lJlW 'lJ fl.:) "ff1l VOCs U 'W 

1'J1"; .klq'JI • "" ~ • .1 
'lf1mfl':) GC-FID 91,:) 111 Peak retention time 'lJfl.:)"ffll11l1Cl::::'lf'W1l11"ff1l':)11J'Wf1l1n Chromatograms 

~':)fll'Vi-n 4.1 
• '''.k 

~lf1fl1'Vin 4.1 Chromatograms 11"ff1l.:) Peak -n retention time 1V11.:)"l-n':)'I1lJll 41 Peak 91,:) 
. " "'i ~ Q.I ,'" & Peak 'VI ll'W'WlllJ Peak 'lJfl':) Toluene d-8 (internal standard) fltl1l1t1 ~1f)f1llfl'f1El1'lJfl':) Research .. 

Centre for Chemical Risk Management, National Institute of Advanced Industrial Science and 

?t "'I .d 'JI "'I '" .k 1'J1 "" '" Technology (AIST) 11J'W f11l fl'f1El1'VIfl mtlflCl':) f)'W9I':) 'If"fffl11:::: f11111m l::::'I111Cl::::"ffn Cl::::mtl 

'lJllll!1'W'lfU1l1~tlln'W'Vi1J Peak ~':)'I1lJll 41 'lfUll ~':)'lfull~mHh'W1'11tY1;j'W'lfU1l1~tlln'Wnmm 
Chromatograms ~i~1'Wfll'Vi~ 4.1 



pA 

eo 

-
40 

35: 

30 

2 .. 

:::10 

.. , 
1" 

I. MTBE 01.7) 

2. Methylene chloride 03.0) 

3. 2-butanone 03.8) 

4. Chloroform 04.6) 

5. 2,4-dimethylpentane (14.9) 

6. 1,2-dichloroethane 06.7) 

7. Benzene 07.0) 

8. Isooctane 08.3) 

8 9 10 

14 
13 

:::10 

17 

16 

15 

22. 23 

24 

20,21 

19 

18 

2" 
9. N- Haptane(19.0) 17. dibromochloromethane (24.6) 

10. trichloroethene 09.2) 18. tetrachloroethene (24.8) 

II. 1,2-dichloropropane 09.4) 19. ethyl benzene (27.2) 

12. bromodichloromethane (19.9) 20,21. m,p-xylene (27.6) 

13. 4-methyl-2-pentanone (21.3) 22,23. Styrene! o-xylene (28 .5) 

14. Toluene d-8* (22.6) 

15. Toluene (22.8) 

16. n-octane (24.2) 

24. Alpha-pinene (30.3) 

25. 3-ethyltoluene (31.3) 

26. 4-ethyltoluene (31.4) 

l1lJ1IJIMfj : 9i'1111'IJ1u 0 111J1V(i~ Retention Time (min) 'lJfl~fflSIl~l1::'b'ijll 1111:: • 'I11Jl(J(i~ Internal standard 

30 
35 37 

2 
1 33,34 

36 

32 

27. I ,3,5-trimethylbenzene (31.6) 

28. 2-ethyltoluene (32.0) 

29. Beta -pinene (32.2) 

30. decane (32.4) 

31 . I ,2,4-trimethylbenzene (32.6) 

32. 1 ,4-dichlorobenzene (33.5) 

33 . 1,2,3-trimethylbenzene (33.7) 

34. Limonene (33.9) 

38 
39 40 

35. n-undecane (35.8) 

36.1,2,4,5-tetramethylbenzene (36.9) 

37. dodecane (39.0) 

38. decanal (42.0) 

39. tridecane (44.7) 

40.tetradecane (47.4) 

41 .pentadecane (50.2) 

d ~ d jI iJ d 
'j,'!.l'Yl 4.1 Chromatogram 'Ufl 'Hn'H'~(llVlJl~:i~l'U VOCs 'If'U~ Japanese 50 component indoor air 'Ylfl11lJl'UlJ'U'U 10,000 ng/mlll(l~ Chromatogram 'Ufl;Jnn(l~(llVlJlm~l'U MTBE 'Ylfl11lJ 

loU'lJoU''U 100,000 ng/ml U(l~ Toluene d-8 (internal standard) 

41 

mOr 

"'" -.l 
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4.1.2 f)1'Hy1\:.J Calibration curve 

f)1'HY~l-:.J Calibration curve hHJii'ffl'HI:;mV VOCs 'lfUfI Japanese 50 component 

dd. "'jI I Q,I ,.. " 4 
indoor air 'VIlJfl11lJ1'UlJ'U'W~1-:.Jf1'W 7 fl11lJ1'UlJ'U'W fltJ 500, 1000, 2000, 4000, 6000, 8000 UCl:; 

dd. ",., I QI " " 4 10000 nglml UCl:; MTBE 'VIlJfl11lJ1'UlJ'U'Wm-:.Jf1'W 7 fl11lJ1'UlJ'U'W fltJ 5000, 10000,20000,40000, 

~ '" v v i I I • I"" ... 60000,80000 1m:; 100000 nglml C)f-:.J1'YIV'lJfl11lJ1'UlJ'U'W 'W'I1'W1VlJ1Cl~tJlJ':ilJl~'Hnf)1fffl-:.J~l'lN 

,J ~ tI" ~ ~ d ~ IV ~ ..:9 0 d 
'VI 4.2 1I1f1f)1':i11ml:;'I1f11V1f1HI-:.J GC-FID ~'lJ'lf'UfI'UtJ-:.J VOCs l~V-:.J 40 'If'WfI fI-:.J'W'WlI-:.J'Wl peak 'VI 

i~lJlUfffl-:.J11'J'W peak ratio UCl:;mlvJfl11lJfflJi'Wlh:;'I111-:.J peak ratio 'UtJ-:.Jffl':i~:;mVlJl~':ijl'W 

9itJ internal standard ~':i:;~'lJfl11lJ1,j'lJ,j''W9il-:.J''l ~-:.JUfffl-:.Ji'Wfl1f1H'W1f1 f1 fl11lJfflJYr'W,r'UtJ-:.JmlvJ 

lJl~':i!l'W Ufffl-:.J~1V~1 R2 ~-:.J~l R2 ·\H)-:.Ju9iCl:;ffnffllJlHlff~l1i~ ~-:.J~nl-:.J~ 4.3 ~-:.Jij~ltJ~ 

':i:;'1111-:.J 0.9344 - 0.9996 

.ci 
m~H't1 4.1 Retention time 'UtJ-:.Jffl':iCl:;mVlJlm!l'W VOCs 

~tJffl':il1':i:;f1tJ'lJ 
Retention 

~tJffl ':i 11':i:; f1tJ'lJ 
Retention 

time (min) time (min) 

MTBE 11.70 Styrene/o-Xylene 28.61 

Methylene chloride 13.03 Alpha-pinene 30.30 

2 - Butanone 13.60 3 - Ethytoluene 31.34 

Chlorofonn 14.64 4 - Ethytoluene 31.49 

2,4 - Dimethylpentane 14.84 1,3,5 - Trimethylbenzene 31.56 

1,2 - Dichloroethane 16.67 2- Ethyltoluene 32.07 

Benzene 17.00 Beta-pinene 32.24 

Isooctane 18.35 Docane 32.40 

n-Haptane 19.04 1,2,4 - Trimethylbenzene 32.66 

Trichloroethene 19.20 1,4 - Dichlorobenzene 33.50 

1,2 - Dichloropropane 19.46 1,2,3 - Trimethylbenzene 33.74 

Bromodichloromethane 19.90 Limonene 33.85 



49 

. 
.:t • • 1 

~l"n:J1l4.1 Retention tIme 'Ufl 'HnH'l~mtJlJllPl'j!l'U VOCs (lPlfl) 

~ml1nh~ flfl'lJ 
Retention 

~flffl'j 'lh ~ flfl'lJ 
Retention 

time (min) time (min) 

4 - Methyl - 2 - pentanone 21.46 n-Undecane 35.89 

Toluene 22.87 1,2,4,5 - Tetramethylbenzene 36.95 

n-Octane 24.22 Dodecane 39.07 

Dibromochloromethane 24.56 Decanal 41.99 

Tetrachloroethene 24.85 Tridecane 44.70 

Ethybenzene 27.20 Tetradecane 47.39 

m,p-Xylene 27.68 Pentadecane 50.27 

.c:t ,., .. 
~l'n:Jll 4.2 fl1'jff'jl~ CalibratIOn curve 

'j/ 'j/ 

f111lJt 'UlJ'U'U 'U fl~ffl'j ,,~mtJ 
'j/ 'j/ 

f111lJ t 'UlJ'U'U 'U fl~mfl1ff 
ffl'j Standard 

3 
(ng/ml) (~g/m ) 

500 17.36 

1,000 34.72 

2,000 69.44 
STD. Japanese 50 component 

4,000 l38.89 
indoor air 

6,000 208.33 

8,000 277.78 

10,000 347.22 

5,000 173.61 

10,000 347.22 

20,000 694.44 

STD.MTBE 40,000 1,388.89 

60,000 2,083.33 

80,000 2,777.78 

100,000 3,472.22 
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~ I 2 c. 'jI 

~T'jHTI 4.3 fI1 R '\JU\I VOCs 40 'If'U11 ~lf1fl1'H"'Jl\l Calibration curve 

~Ufflnh~f1u1J R2 ~Ufflnh~f1u1J R2 

MTBE R2 = 0.9996 Styrene/o-Xylene R2= 0.9962 

Methylene chloride R2 = 0.9789 Alpha-pinene R2 = 0.9966 

2 - Butanone R2 = 0.9913 3 - Ethytoluene R2 = 0.9953 

Chloroform R2 = 0.9835 4 - Ethytoluene R2 = 0.9952 

2,4 - Dimethylpentane R2 = 0.9817 1,3,5 - Trimethylbenzene R2 = 0.9966 

1,2 - Dichloroethane R2 = 0.9865 2- Ethyltoluene R2 = 0.9958 

Benzene R2 = 0.9949 Beta-pinene R2 = 0.9967 

Isooctane R2 = 0.9900 Docane R2 = 0.9961 

n-Haptane R2= 0.9909 1,2,4 - Trimethylbenzene R2 = 0.9958 

Trichloroethene R2 = 0.9875 1,4 - Dichlorobenzene R2 = 0.9946 

1,2 - Dichloropropane R2 = 0.9944 1,2,3 - Trimethylbenzene R2 = 0.9963 

Bromodichloromethane R2 = 0.9587 Limonene R2 = 0.9959 

4 - Methyl - 2 - pentanone R2 = 0.9882 n-Undecane R2 = 0.9959 

Toluene R2 = 0.9957 1,2,4,5 -Tetramethylbenzene R2 = 0.9957 

n-Octane R2 = 0.9954 Dodecane R2 = 0.9961 

Dibromochloromethane R2 = 0.9344 Decanal R2 = 0.9941 

Tetrachloroethene R2 = 0.9908 Tridecane R2 = 0.9957 

Ethybenzene R2 = 0.9963 Tetradecane R2 = 0.9960 

m,p-Xylene R2 = 0.9963 Pentadecane R2 = 0.9950 
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4.1.3 fl1 Limit of detection (LOD) 

, .J?i oQ d~ "y~ d 
~lf1f11'nl1f11 Limit of detection (LOD) 9$~!u'Uf11)1!m1~11t'YH)111f111lJ!'IIlJ'II'U~1"'l~11 

!fI~U~ GC-FID ~~ff1lJl)tll!m1~..rff1)lJl~)!1'U VOCs l~fl1 LOD ~1f1f1nfl1'U1W l~tlli' . ,. ,. 
fflJf1n (3.2) 'IIu~ffnVi~Uvl~ 40 'lfiJ~ ijfl1 LOD u~l'U'lh~~~u~ 0.019 t)~ 0.921 Jlglm

3 ~~ 
.d & L::I , ~ .::l , 

m)l~l1 4.3 91~ff1) 2,4- Dimethylpentane lJfI1 LOD m.'l~ U~~ff1) 1, 4-Dichlorobenzene lJfI1 

'" '" LOD l1ff~l1ff~ .. . 
.dl .c::i .c!i 

~1f1f11)fff1'hl1'11~fl11lJff1lJlH)'IIU~!fI)U~ GC-FID 'IIU~ Olansandan U~~flW~ (1999) 

1 ~ d oQ .do fI no I ~ I f .q !\rJ. Vel 
~tl1!m1~l1ff1)U'U11)tI)~mtlU)~!.f111 Organohalogen 18 'If'U~ ~Ul1f11 LOD 1!m1~111~tN 

... ""1 cv & .:::::. rI '1 " 1 
)~~U ~ fI)mlJ U~~~1f1f11)fff1'hl1'11U~ Schneider U~~flW~ (2001) 1!m1~l1ff1) BTX l~fI1 

,. 
LOD UUf1lJ11'U m..htl 1 lJ 1 fI) f1i' lJ ;; U~~U~ 0.34-2.23 1 lJ 1 m f1i' lJ lW ~ ~ 1f1f11) fff1'hl l'11U~ 

Edwards U~~flW~ (2001) l'Uu)~mffVJ'Uu~'U~ l~fh LOD 'IIU~ VOCs U)~l.f1l1 Alcohols 

Alkanals Alkanes Aromatics Ester Miscellaneous U~~ Halogenated ~Ul1fl1 LOD u~l'U'lh~ 

~~U~ 0.69-4.13 llJ lf1)f1i'lJ ~~~1f1f1nfll'W1W LOD 'IIU~ff1)~~ 40 'lfiJ~ ~lf1m)l~~ 4.3 ~'lJl1 
,. . . 

~~ ~ 1 f1f1n 111 fl 1 LOD if)' U 'U ~ f111f1 n fff1'hl 1fl'U"l Vi ti llJll U~ tI'lJ! Vi tI'lJ tint ~'U f1n fff1'hl I'll U~ 

4.1.4 f11)l1~ffU'lJl1if11)ffn~ l~tlli' Recovery Test 
,. 

~lf1f11)l1~ffU'lJl1if11)ffn~ l~tlli' Recovery Test U'U i~l1~ffU'lJ 1~tlli'ff1)~~mtl 

lJl~)!l'U Japanese 50 component indoor air fl111J1,rlJ,r'U 1,000 ngimllW~ff1)~~~1t1lJl~):q1'U 
')I ')I di '" ')I lIJ. ''I cl '" I ')I 

MTBE fl11lH'IIlJ'II'U 2,500 nglml 9$~lJf11) Spike !'1111U l'U11~U~tf1'lJ~1Utl1~!!'lJ'lJ Active U~1 
,. . 

ti1lJlV\1f11)ffn~U'U~'lJff1) VOCs 40 'lfiJ~ ti1~~Vil~~1f1f11)11~ffU'lJlJ1fl1'U1W l~tlii'fflJf1n 

(3.1) fl1~fl1'U1W '~UUf1lJl!1:I'U!UU{!~'U~ Recovery ~~Uff~~~l)l~~ 4.4 . .,. 
~lf1~l)l~Vi 4.4 ~'lJfl1 %VOCs Recovery ± SD Vil~'IIU~ff1)vl~ 40 'lfiJ~ ijfl1U~1'U'lh~ 

& ..J dd.':::::' I 

83.41 ± 2.40% (2 - Butanone) m 159.83 ± 1.17% (Limonene) 9$~~1f1ffn VOCs l1lJ 51 'If'U~ U~ 
,. 

V\1f11)11~ffU'lJU~1~'lJff1)1-rltl~ 40 'lfiJ~ l'Uf11)l1~ffU'lJU'Uij %VOCs Recovery 'IIU~ff1)lJlf1f111 
~ "" I ~ ""di ""didi .d 

80 % tl~ 32 'If'W~ U~~lJlf1f111 90 % tl~ 21 'If'U~ 9$~~'lJtf1'UflHl1'U~'IIU~ff1)11~'lJ 

""'" "'1 '1')1 1 """,di. 1 '1')1 
~1f1f11)11~ffUU11if11)fff1~ ~tll'lf Recovery Test ~tI ff11~) 9$~111f11)11~ffU'lJ ~tll'lf 

ffn~~mtllJl~):q1'U Japanese 52 component indoor air fl11lJl,rlJ,r'U 1,000 nglml Spike !,r1'U . ,. 
1'W11~u~!n'lJ~1UV1~UU'lJ Passive U~1ti1lJ1V\1f11)ffn~ llm1~..r~lt11f1~U~ GC/MS U'U~'lJffn . ,. 
VOCs 34 'lfiJ~ ~'lJfl1 %VOCs Recovery ± SD Vil~'IIU~ff1)vl~ 34 'lfiJ~ ijfl1U~1'U'lh~ 68.98 ± 

~ 

0.12% (2-Ethyltoluene) tl~ 101.01 ± 0.39 % (Dibromochloromethane) U~~'IIU~ Olansandan 
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.9l1jY YlIj.I':;' 1Ij~ "" , 
m'l~f1w.~ 9f~ 1~ Spike 'ffl'j VOHCs !'\Jl1U\Pl~U\Pl 1.27·8.35 llJ lf1'H1llJ 111Jf11 % Recovery tlg 

'1 ' <i .9 
'\.J')j"'N 90.8 % (Carbon tetrachloride) ()~ 104% (Dichloromethane) 9f~'iJlf)f)ll'V1~'fftl1J'ffll 18 

, 
~ , ~ 

~l':iH't1 4.4 m LOD '\Jtl~'fflHl~"lt1lJl\Pll~l'\.J VOCs 40 ')j"'\.J~ 

~tl'ffllUl~fltl1J 3 
LOD (~g/m) ~tl'ffllUl~fltl1J 3 

LOD (~g/m) 

MTBE 0.49 S tyrene/ 0-Xylene 0.15 

Methylene chloride 0.80 Alpha-pinene 0.29 

2 - Butanone 0.73 3 - Ethytoluene 0.11 

Chloroform 0.18 4 - Ethytoluene 0.61 

2,4 - Dimethylpentane 0.01 1,3,5 - Trimethylbenzene 0.32 

1,2 - Dichloroethane 0.70 2- Ethyltoluene 0.22 

Benzene 0.23 Beta-pinene 0.25 

Isooctane 0.18 Docane 0.06 

n-Haptane 0.73 1,2,4 - Trimethylbenzene 0.70 

Trichloroethene 0.56 1,4 - Dichlorobenzene 0.92 

1,2 - Dichloropropane 0.03 1,2,3 - Trimethylbenzene 0.46 

Bromodichloromethane 0.61 Limonene 0.33 

4 - Methyl - 2 - pentanone 0.49 n-Undecane 0.16 

Toluene 0.50 1,2,4,5 -Tetramethylbenzene 0.25 

n-Octane 0.23 Dodecane 0.24 

Dibromochloromethane 0.23 Decanal 0.33 

Tetrachloroethene 0.61 Tridecane 0.23 

Ethybenzene 0.19 Tetradecane 0.22 

m,p-Xylene 0.12 Pentadecane 0.18 
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~ _I ~~ ~ 
Vll1H'YI 4.5 H"m'j'Yl""H)1JllJfl'H9f'W~ Recovery '\Jfl~ Volatile Organic Compounds 

VOCs VOCs 

~tltyl'l1.h::ml\J 
% VOCs Recovery ± SD 

(spiked) (Recovered) MAX MIN 

(A)Jlg (B)Jlg B/AxlOO 

MTBE 1 1.0008 1.0750 0.8624 100.08 ± 11 .28 

Methylene chloride 1 1.1674 1.6787 0.8513 116.74±0.99 

2 - Butanone 1 0.8341 1.5395 0.0627 83.41 ± 2.40 

Chloroform 1 0.9335 1.6761 0.1972 93.35 ±0.53 

2,4 - Dimethylpentane 1 1.1064 1.2804 0.8918 110.64 ± 0.59 

1,2 - Dichloroethane I 1.0583 1.2809 0.7593 105.83 ± 0.48 

Benzene 1 1.2037 2.0907 0.6664 120.37 ±4.30 

Isooctane 1 1.1235 1.4286 0.9048 112.35 ± 1.19 

n-Haptane 1 0.9320 1.0533 0.7370 93.20 ± 0.87 

Trichloroethene 1 1.0883 2.2556 0.1365 108.83 ± 3.86 

1,2 - Dichloropropane 1 0.9229 1.2582 0.7782 92.29 ± 0.37 

Bromodichloromethane 1 1.0276 4.3571 0.5306 102.76 ± 1.15 

4 - Methyl - 2 - pentanone 1 0.9789 1.3867 0.7352 97.89 ± 1.33 

Toluene 1 0.9599 1.2558 0.7431 95.99 ± 1.52 

n-Octane 1 1.0887 1.3673 0.8366 108.87 ± 1.22 

Dibromochloromethane 1 0.8852 1.1429 0.4286 88.52 ±0.15 

Tetrachloroethene 1 1.0227 2.0234 0.3458 102.27 ± 3.10 

Ethybenzene 1 0.9241 1.1566 0.6974 92.41 ± 1.34 

m-Xylene/p-Xylene 1 0.8954 1.1096 0.6755 89.54 ± 2.53 

Styrene/o-Xylene 1 0.8640 1.0759 0.6403 86.40 ± 3.45 

Alpha-pinene 1 0.8554 1.0280 0.6215 85.54 ± 1.31 

3 - Ethytoluene 1 0.9279 1.1268 0.6765 92.79 ± 1.37 

4 - Ethytoluene 1 1.1795 1.4006 0.8328 117.95 ± 1.09 

1,3,5 - Trimethylbenzene 1 1.2188 1.4101 0.8734 121.88 ± 1.18 
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..,. .1 .. d .. • 
g) 1'1 HYI 4.5 ~H'If11l'YI~"H)UllJtl'HC}f'U~ Recovery 'Utl..:.J Volatile Organic Compounds (~tl) 

VOCs VOCs 

~t)"'l'nh::m)1J 
% VOCs Recovery ± SD 

(spiked) (Recovered) MAX MIN 

(A)J1g (B)J1g B/AxlOO 

2- Ethyltoluene I 1.2625 1.5255 0.9207 126.25 ± 1.31 

Beta-pinene I 0.9485 1.1296 0.6865 94.85 ± 1.33 

Docane 1 0.9801 1.1914 0.7222 98.01 ± 1.34 

1,2,4 - Trimethylbenzene 1 0.8842 1.1295 0.6898 88.42 ± 1.43 

1,4 - Dichlorobenzene I 1.4295 1.8876 1.0426 142.95 ± 0.74 

1,2,3 - Trimethylbenzene 1 1.3063 1.5797 0.9370 130.63 ± 1.08 

Limonene I 1.5983 1.8456 1.1351 159.83 ± 1.17 

n-Undecane I 0.9631 1.1656 0.7160 96.31 ± 1.47 

1,2,4,5 - Tetramethylbenzene I 1.2497 1.4449 0.8601 124.97 ± 1.25 

Dodecane I 1.0559 1.2089 0.7134 105.59 ± 1.63 

Decanal I 1.2870 1.5689 0.8112 128.70 ± 1.91 

Tridecane I 1.3517 1.6443 0.8667 135.17 ± 2.20 

Tetradecane I 1.3193 1.6393 0.8045 131.93 ± 2.55 

Pentadecane I 1.0494 1.8622 0.8288 104.94 ± 4.82 

v cv J ,~q d 

4.2 m'l'H1fll1'J.Jtn.J'W'I.ni'l~'H1Hl!im'l1flUU'U'U Passive sampling Ut1~ Active sampling 
Q.I Q.I tI I ~4::S d .a 0 

f11l'l11fl11lJfflJV.'U1il~'I111..:.J11if11l1f1UUUU Passive sampling 11~~ Active samplingtV.mn 

~l~ '~'llnfflJf11l1ff'U~H 1 111 ~1 'Uf11l11l~lJlru 11~lJlflHnl VOCs ~v.ul 'Unn lnu~1mi1..:.J 'il1n 

" " .J " v.iJn..:.Jl'Ul'UffmUU~f11nJl~'Ut~tlmii..:.J C}f..:.Jl'Ui~f11ltnu~1fHi1..:.JUUU Active sampling iJu 1~'U 

i~f11ltnU~1mi1..:.J~llJi~lJl~lil'U ijf11l~flfJ11mwnu Personal air pump ~rfl~llf11l1'11~~ 
. " 

11'll'Ufl'U tm~ ffllJll fltJlfl~llnn ''I1~.yj i~iJ'UlJlfil'U 1W 'I1111~lJlrufl11lJl,j'lJ,j''U'Ufl..:.Jffll'~ U~ 
d QI • .c:t" 0 Q.I ..;. ~ d Q.I I Q.I ..:9 'I 

f11l1f1U~ 1fltll..:.JllUU Active sampling lJ'Ufl'illn~llJ fl~ fl..:.Jf11l1nU~ 1fltll..:.J 'il1n~ 11JflfI~1'I1lJfl'U ! 'U 
" , 

..:.Jl'UiivUl'Wlldl Personal air pump '1iff~~1mijfltJllJll~~~nU~11JflfI~ ~..:.Jijf11ltJli~f11l 
d ., • '1$1 '" 11)$1.. • '1$1 
1f1U~1flVl..:.JllUU Passive sampling lJl !'IH'Wll~lJfl11lJff~~1n 'Wn'Wl !~..:.Jlm'l1lJl~l1nnn'UllJl !')f 

1 'U mllnU~1flVl..:.J 'il1n~11JfIfi ~ l1~~ffllJn mhnn lnU~1flVl..:.J'Wr fllJn'U'~ '11 mV~1flVl..:.J 1 'U 

" " 
~'U.yj.yjll~n~l..:.Jn'Uflfln 111 i~f11l1nU~1flvl..:.JUUU Passive sampling ij,j'fl~ln~l'Wll~l~'UfJ11mw 

~'1i'~I~ Personal air pump v'hlM'1iffllJllfl'YIllU'~()..:.Jfl~llf11l11'W1Hl'U'Ufl..:.Jffn~1..:.J"l11~ 
$III) $I • ... 11)$1$1 '" ...$1 .d II) $11 • .. ~ 

ffllJllfilln !'U'Ufl'illnCfl !CfI~1Vnn11f1l1~'I1f11'UfllJ~'YI!~ ~Vnn'Ulfl11mru'YI..:.J 2 i~lJl'l11~1 
~ . 
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Q.I Q.I cI OJ ,,& 0 I 1 "1 0 "Cltod d Q.I I 
fl11lHYlJl'fU T:if1'UU"'J'iI.:j'U lflllJl 'If 'Uf11'jfll'U'JW~'JtJ1T:if11':i!f1'U~'JfltJl.:jU'U'U Passive sampling 

. 1 " -1 '-I"" .d 111 " & 1 ... ..." ''''' .. 'YIl '11ffllJl'j()u'j::lJlWfIl'\lfl.:ju'j lJ1W ffl'j'Y1m 'J'iI'V'I'U !~ 9f.:j 'U f11'j mfl'JllJfflJ'V'I'U T:i'j::'11 'Jl.:j'JT:i f11'j 

d Q.I 1 "Q.I.c:t.Q.I Q .do 

tf1lJ~'JfltJl.:jU'UlJ Passive sampling U,,:: Active sampling fffl~fI"fl.:jf1lJ.:jl'U'J'iltJ'\Ifl.:j ffl'J~'j 'V'I'J 
I , )I , 

lJl(2005) fiijf11'j !~mi'1flVl.:j~1tJlll f11'j'Yil'l1{ifl'Uf)'U U~! tl'U f11'j !~mi''JflVl.:j 1 'UYi'U fi~ lJ()'U 'U u,,:: 

ihfllfl11lJfflJ~'U tl~ '~lJl 1 i'1 'U f11'j l!m 1::-H'111U~lJlW ffl'j VOCs ~ i ~ 'illf1f11'j !~'U~'JflVl.:j~'JtJ 
Cltod .Q cv 1 'j/.c:.d d Q.I I " 
1T:i Passive sampling 'illf1.:jl'U1'i1tJ'\Ifl.:j Olansandan U"::flW::(l999) 'If'JT:if11'j!f1'U~1fltJN~'JtJ 

. " . 
'11"fl~ Passive !Yifl'111ffl'j VOHCs ~1'U'J'U 18 'ifiJ~ 11.:jflltJ1'U!m::flltJ'Uflf1fl1f1l'jfinfl1M!n~ 

lJ"Ylll 1 'U!{ifl.:j Shizuoka U'j::!'YIff~~'U ~'~'111fllfl'JllJ-fflJ~'U tl'j::wll.:jlll f11'j !~'U~'JflVl.:jUlJlJ 

" 11lf1l'jl'l1jjfl'Uf)'U1'U.:jl'Ul~tJU !m::'illf1.:jl'Ul~tJ'\Ifl.:j Takeshi u,,:: flW:: (2006) 
• <!i 

'YI1 f1 l'j ff f1 111 

!~tJ'Jf)'Uff1'j VOCs ~ijflv1'UlJ'j'jtJlf11ff ~!'\I~ Shimizu !{ifl.:j Shizuoka U'j::!'YIff~iJ'U Y11f11'jlfl'U 
... u • 

~'JflVl.:jUU.:jflflmtl'Ufffl.:jq~f11" 1'Uq~rfl'U!~'U~'JflVl.:j 1 'U'lf'J.:jl'U~ 22-23 iY .:j'111fllJ 2000 !m:: 1 'U 

q~'11'U11 !~'U~'JflvN1'U'lf'J.:jl'\..J~ 21-22 i'U'JlfllJ !~lJ~'JflVl.:j!tl'U'j::tJ::nm 24 i'J llJ.:j 1~tJ1i' 
o I Q.I Q,I 11' 'Q.d d Q.I I 

'11"fl~ passive gas tube U"::'Ulfllfl'JllJfflJ'V'I'UT:i'j::'11'Jl.:j'J1if11'j!f1'U~'JfltJl.:jU'U'U Passive sampling 

!m:: Active sampling 'illf1.:jl'Ul~tJ'\Ifl.:j Olansandan !m::flW::(I999)i~lJl1~i'Uf11'jfh'U'JWfll'illf1 
d Q.I 1 " " I d IV 

tf1'U~ 'JfltJl.:j~1tJ'11 r:tfl~ Passive ~'JtJ!'lf'U!~tJ'Jf1'U 

CLI Q.I cI 'Qd d Q.I I 

I'm 'illf1f11'j '111fl'JllJfflJ'V'I'U T:i 'j::'11 'JlnT:i f11'j !f1'U~ 'Jfl tJl.:jU lJ'U Passive sampling ur:t:: Active 

" 
sampling 1~tJf11'j'lh'l!~!~'U~1flVl.:j11.:j Passive U,,:: Active sampling lJl!mtJ'U!YitJ'Uf)'U f1l'j!f)'U 

U'U'U Active sampling 'iI::U'j::f1fl'U~'JtJ Charcoal glass tube ~flf)lJ Personal air pump U"::U'UlJ 

1" Q.I Q.I rI 0 tI~ lit ".Q 
Passive'il:: 'if Passive gas tube f11'j'11 lfl'JllJfflJ'V'I'UT:i l~tJ'\..Jl'l!~f2Uf)'jW'YI.:jfffl.:j !U11.:ji'J1'UlJ'jnw 

. " 
fiijff fll1:: ur:t::nm!~ tJ'Jf)'U 1 ~ tJY1 lf11'j ~ 'j 'J'ill~ 1 'U! '\I~ I'lr:t 'illf1f11'j '111fl'JllJ-fflJ~'U tl'\lfl.:jl1.:j 2 III 

1'Uf11'j!~'U~'JflVl.:j,f'U!tl'UfI'JllJfflJ~'Utl~flflf1lJl1'UtU'\Ifl.:jfflJf11'j!~'U\'IH Y = ax ~.:jfll y ~fl 
fll~1!ml::'111~'illf1f11'j!~'U~1flVl.:j l~tJlll Passive sampling (Ilg) U,,:: x ~flfll~1!ml::'111~'illf1 

f11'j !nlJ~'JflVl.:j hWlll Active sampling (Ilg) fI'JllJ-fflJ~'U tl~ i~lJllf 'iI::lJTlJl 1 i'1 'Uf11'jfll'U 'JW 

U~lJlW VOCs ~'~'illf1f11'j!~lJ~'JflVl.:j'il~.:j ~uff~.:ji'U'11lhtJ llg/m3 ~fl'U 1'Uf11'j!~lJ~'JflVl.:j 

!~mJllJl'111fllfl'JllJffm~''U tll~tJ1 i''j::tJ::nmf11'j !f)'U~'JflVl.:j!tl'U 'j::tJ::nm 8 i'J lm.Q Y11f11'j 

" " . !~'U~'JflVl.:j 1'U ffmu'U~f11'jihl1'U!tMfl!'V'I~.:j 1 'U'j::'1111.:jl'Ufi 29 ~mfllJ - 4 'V'Iqff~f11tJ'U 2551 
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QI Q.I fI '~d d 
4.2.1 fll1'111fl11lJ'fflJ'Yi'UTi1::'I111'11Tifll'Hn'lJU'lJ'lJ Passive sampling U,,:: Active sampling 

1::tI::nm 8 i11m 

fll1 'I11fl11lJfflJi'U -61~tltJ1'lf~u11nHU ,tf'1'ffU'1 i 1111'1 1 'U 'lJ~ nw ~ii 'fffll1:: u,,::nm • • 
1~tl1f)'U 1~tI'Yl1fllH111~1~ 1 0 ~~ 1 'Ul'tl~nHl'Yl'YilJ'I11'Um ~~lfhJ~1UV1'1~Umtl1 'U 'ffmij'lJ~ fll1 • • • 
" " " " tJll1W';Ul'Yi~'1 5 mnij ifi'un fff;l1ij'lJ~m1tJll1'Ul';Ul'Yi~'1'Yi'l1" 1t1n'U 'ff'UllJl'lh 'ff'tl1fl'Ul" 3 'Yll'1 . . 

" ~1'U~11f1::W)'1 U"::'Ul'1'tl'Ullitl'U 1~tlU~"::'ffmijtJ'U~::lnlJ~1UV1'1 2 ~~ ~fl ~1'1nm'1f)lJ~H . . 
" "" " ~~lnlJtJll1'Ul';Ul'Yi~'1mtl1'U'ffmijlJ~n11tJ'U'l1~tI'Yl1fll11nlJ1'U'If1'1nm 6.00 - 14.00 'U.~'1U~ 

QJ.d CII ,J .do d Q.I , ~ I , ..:::i QI 

1'U'Yl 1 - 4 'Yi()ff~mtl'U 2551 Clfn::tI::nm'Yl'Yl1m1lnlJ~1fltl1'1'Ufl~mtl1'U'lf1'1nml~tl1nlJm1 
" " . 

lnlJ~1fl V1'1 ~1 n'ffmij lJ~ fll1 tJ 1 l1W';fl1'Yi ~ '1l~ fl'l1111~ lJlW fll1 i'lJ fflJ ~'ff'tl fl'1'YitJ n'1 1'U 1'U 'ffmij 
J/" , , 

lJ~m1tJll1'Ul';Ul'Yi~'l lm::~mliifi'~'l~111'lli ~-21'UfnflH'U1n ~ 

. 
.c::l QlQ,lt! • Clod. d . 

VInnY! 4.6 'fflJm1f1'11lJ'fflJ'Yi'UTi1::'I111'l1Tim1lnlJUlJ'lJ Passive sampling u,,:t Active samplmg 

1::tI::nm 8 i11lJ'1 

UTl'l.h:: flO'll U'lJfll1 R2 

MTBE y = 1.8493x 0.8491 

Benzene y = 2.0159x 0.9134 

Isooctane y = 1.7137x 0.9681 

n-Haptane y = 1.8490x 0.8343 

Toluene y = 1.9583x 0.8424 

Ethybenzene y = 1.8783x 0.8200 

m,p-Xylene y = 1.7314x 0.8554 

Styrene/o-Xylene y = 1.6787x 0.7958 

3 - Ethytoluene y = 1.5019x 0.9062 

Decanal y = 38.219x 0.9051 

. " 
~lnm11nlJ~1flv1'1 1 'Ul'tl~m '1l'Y1'YilJ'I11'Um 1~fl'l11fl11lJfflJ~'U -6 tJ 'U 'ff1lJ11 m 1 tI'1 1'U fi 1 • 

QJQ,ltI Q.d ~.c::::t. QlQI,/ 

fl11lJ'fflJ'Yi'Uli'tlfl'1'ff11 VOCs 10 'If'U~~ln'ff11'Yl'YilJ'Yl'1'l1lJ~ 40 'If'U~ H"~ln'l11fl11lJ'fflJ'Yi'Uli'tlfl'1 

~ 'dQ ~ " d 1 Q,d ...:9 I d Q ct-l " 
Y flfl m'Yl11m1::'I11~~lnfll11n'lJ ~tl1li Passive sampling (Ilg) U,,:: x flfl m'Yl11m1 :: 'I11~~ln 

c:l 1 """" .k , 'JJ _ I ' 2 d Ii] 'JJ ... ... 0' 
fll1ln'lJ ~tl1li Active Sampling (Ilg) Clf'1 ~'ff11J'fflJfll1 u,,::m R 'Yll~~lnfll1'111fl11lJ'fflJ'Yi'Uli 
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1 'JI I • 

~~\PI1';i1~Yi 4.6 lm~ml~f111lJt1lJlhJ1h~'l1'h~11ifl1';ilfhJ'Yl~~HH U'CY~~~~fll'V'lYi 4.2 U'i:'l~ril R2 Yi 

" 'fi''illf)fl1';i'l11f111lJt1lJlhJ1riJUfld'u'lh~ 0.7958 - 0.9681 
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3.5 

3 

OJ 2.5 c 
+-_._---------./-..... _ .. _ .. _ .. _._. __ .-

0. 
E 
m 1.5 
(J) 

+------------.~ ... -.----.--.... -----.-... -----.----.-.-.. 
Q) 

.~ 
j (J) 

0.5 (J) 
[ m 

CL 0 

0 0.5 1 1.5 

Active sampling (~g) 

Toluene y = l.9583x 
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Active sampling (~g) 
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Active sampling (~g) 

n-Haptane y = 1.849x 
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Active sampling (~g) 

Ethybenzene 
y = 1.8783x 

R' = 0.82 
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Active sampling (~g) 

.d. QlQJr/ ,.c::u::::1 d 
fll'V'l'Yl 4.2 fllllJ'CYlJ'V'lUTi';i~'l11Nl1if)l';ilf)UUUU Passive sampling U'i:'l~ Active sampling 

. " " 
';i~tI:::nm 8 'ih 1m l~tlfl1';il~milfldl~flltl'lU'CYf;l1iju~fl1';iihiJul'lfm'V'l~~ 



~ 4.5 
Ol . 
2: 4 1" 

m.p·Xylene y = 1.7314x 

. R' =0.8554 
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Ol 
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o 0.5 1 1.5 2.5 o Q2 OA O~ 0.8 

Active sampling (~g) 

3 . Ethytoluene 
y = 1.5019x 
R' = 0.9062 

~ 1.4 
Ol 
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Active sampling (~g) 
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Active sampling (~g) 

Decanal 
y= 38.219x 

R' = 0.9051 
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Active sampling (~g) 

.d 4J cv rI 'Qd d 
.f)1'Yfn 4.2 fl111HllJ'YfUTi':i;::111N1Tifll'Hf1'UU'U'U Passive sampling U,,;:: Active sampling . ~ ~ 

':i;::v;::nm 8 i'11)J.:11f1vf11':ilnm11Vcil_:J.f)1v1'\.J'ffmij'U1f11':it'hiJ'\.Jl~h)1'V'lil_:J (~V) 

CV QJ 'II I Qd. d 
4.2.2f11':i111f111lJ'fflJ'V'l'\.JTi':i;::1111_:J1Tifll':i1f)'UU'U'U Passive sampling U,,;:: Active sampling 

':i;::v;::n"l 24 i'1 ilJ_:J 

f11':i111f111lJ~lJYr'\.JlnflVtJ l'Jtfl ~U f)'j' ill ~_:J 'ffV\I , U11\1 1'\.J 'U1 nw ~ii~H1l1;:: u,,;:: nm 
~ . 

1~V1fi'\.J hWv11fllH\'j'1'01f1 5 ~fI 1'\.Jl'\.1f1f11~1'Y1'V'llJ111'\.JfI'j' ~flln'U~1Vci1\1fiv ~'\.J~1ml'\.J'\.J 5 

'ffmij '~Ull 'ffmijff'\.JmJm)'U':ilJU,,;::1~V~1'\.Jif_:JU1f1~VlJ fI"V\l5 'ffmij~1':i1'O 1'lffli'v 4 l1'VJ"fI .. 
~'\.JUfI_:J h_:J'V'lV1'Ul"~W1 U";::':il'lf.fi{]U'l'\.J'fflJl~ll iflVv11f11':iln'Ulll'\.J':i;::V;::nm 24 i'1 ilJ_:J ~\lU~ 
1'\.J~ 11 - 12 f1lJfl1Yr'Ul1 2552 cJ1_:J'~v11f11':iln'U~1Vcil~'V'l~VlJfi'U'VI1_:JmlJfl1'UfllJlJ,,-ri1l iflv~ . . 

~ . 
'VI H f1 ':i lJ fl1'U fllJlJ" -rill 11 '\.J 1 ~VU mill f11 ':i 1 n 'U ~1V ci N ~ 1 (Jt.1~ Canister U~l {j V_:J '0 1 f1 'VI N m lJ . . 

" " 0 1 ""1 l.ct 1 y cd Q..I I Y Q.I & 0 

l'\.1lJ'\.I'\.J'\.IV~'ffl':i VOCs 'Vll 111lJlJfI1'\.1VlJ"1l1f1f11':ilf1'Ufl1VV1~fl1(Jtl\l Canister ll\l'ffllJ1':itl'Vllf11':i .. 
, ~ ~ y Y~.cI d Q.I I I ~ 

U'fffl\lfl1'V11flfl1V1Tif11':i1f1'Ufl1VV1~U'U'U Passive sampling U,,;:: Active sampling 1'Vll'\.J'\.J u";::~·m 

~'~~_:Jfl1':i1_:J~ 11-1 1 '\.J.f)1m-l'\.J 1f1 II 'ff11l1f1~~ V_:Jv11f11':i111~1f11':i 111fl11lJ~lJYr'W i '01f1f11':i In'U . 
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_ I"" .. '" Q '" I "'" .,g dt.... .. dt 
Passive sampling lJ 111J 'Hl1H 'YHl'IJ fl'IJ fl1 'Hfl 'IJ 1I1U tiN fl1t1tl.:) Canister 9f.:) 1'IJ 'U 1li fl1 '.i 'Y!1 'IJ 'U 

lJlll'.ijl'U rflflrl~l~'U~tlUlJi''IJ 1fltl~1' 11 

cf. Q.I Q.I 0' I ~d d 
\lll'nrn4.7 rflJfll'.ifl11lJrflJ'Y'I'Uli'.i::'I111':)1lifll'.i1fl'IJ1l'IJ'IJ Passive sampling Uri:: Active sampling 

'.i::tI::nm 24 i11m 

ill '1 il'IJtll'l R2 ill '1 il'IJtll'l R2 

MTBE Y = 1.2447x 0.9827 Alpha-pinene y = 2.41r7x 0.9401 

Methylene chloride y = 1.3447x 0.9387 3 - Ethytoluene y = 1.2927x 0.9606 

Chloroform y = 1.3297x 0.9251 1,3,5 - Trimethylbenzene y = 1.1457x 0.9454 

Benzene y = 1.6532x 0.9018 2- Ethyltoluene y = 5.239x 0.9250 

Isooctane y = 1.2572x 0.8418 1,2,4 - Trimethylbenzene y = 1.3999x 0.9739 

Trichloroethene y = 1.3965x 0.9595 1,4 - Dichlorobenzene y = 9.7684x 0.9419 

Toluene y = 1.6547x 0.9803 1,2,3 - Trimethylbenzene y = 2.3498x 0.9741 

Ethybenzene y = 1.5507x 0.8179 Limonene y = 5.239x 0.9250 

m,p-Xylene y = 1.5391x 0.9638 n-Undecane y = 1.2927x 0.9606 

Styreneio-Xylene y = 1.7650x 0.9046 1,2,4,5 - Tetramethylbenzene y = 6.2266x 0.8883 

"lflfll'.i1nml1~V1':)'IJ~nW~lJtl'U 'U '1 'U1'IJlIflH1'Yl'Y'llJ'I11'UfI'.i 1~'U '.i :: tI::nm 24 i11lJ':)1~~ • 
QJ Q,I o'Z 1 Q.I QJ tI ~ d 

'111 fl11lJ rflJ 'Y'I 'U li 'U 'U rf llJ 1'.i m 1 tI.:) 1'U fI1 fl11lJ rrlJ 'Y'I 'U li 'IJ U':) rf1'.i VOCs 20 'If'U fl" 1 fl rf1 '.i 'Yl'Y'l 'IJ 
" ", ,,. 

";':)'I1lJ fl 40 'lflJ fl rlrl" 1fl'l11f111lJ-cYlJ~'Ulr 'IJ U':)";':) 2 111i'U fll'.i 1n'IJ 9i1U V 1,:) ,:r 'U1 ~'Ufl11lJ-cYlJ~'UlHi 

i _I " .,g I «I '"'' .. ", " Q 1 "' .. UUfllJ1 'U1,1J'lJU':)rflJfll'.i1rf'UlIH Y = ax 9f.:)fI1 y fI~ fIl'Yl11fl'.il::'I1 !fl'illflfll'.i1fl'IJ fltl1li Passive 

• «I '"'' !'lit " Q 1 .... .,g "''' _ 1 samphng (~g ) Uri:: x fI~ fIl'Yl11fl'.i1::'I1 !fl'il1flfll'.i1fl'IJ fltl1li Active Sampling (~g) 9f.:) !flrf~1J 

rflJfll'.i 111:1::,11 R2 ~i~"lflfll'.i'l11f111lJ-cYlJ~'Ulr ~':)1I1'.i1':)~ 4.7 llr1::fl'.i1vJfl11lJ-cYlJ~'U1h::w.i1':) 
" " " 111fll'.i1n'IJ";':)rf~':) llrffl':)~':)fl1'Y'1-Yi 4.3 fil R2 Yi'~"lflfll'.i'l11fl11lJ-cYlJ~'U,r,:r'Uuvi'U'lf1':) 0.8179 -.. 

, " , 
0.9827 fl1'.i1n'IJ9i1~VNll'IJ'IJ 24 i'11lJ':)ln'IJ'il1fl'IJ~l1W~'U-Yi~lJtl'U'Ui'U1'IJ1I9i11ijU,:) 

flH1'Yl'Y'llJ'I11'UfI'.i'.i::W.i1.:)i'U~ 11 - 12 f)lJfl1~'U,r 2552 'illf)rrfl11::111fl~~lJ llr1::UW'l1tliifl1t1i'U 
4 q q <u 

I , "" , I 

i'U nm 111:1::rfm'UYi-Yi'l'i1fll'.i1nml1UV1':)";':)'I1lJfl 5 ~'U-Yifll'.iffmJ1 -Yim111 i 1I'l'U'\j'N~'U 
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Chloroform Y = 1.3297. 
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Isoottane Y = 1.2572x 
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Active sampling (l1g) 
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Methylene chloride Y = 1.3447x 
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4 --.. -.---.-.-.. --..... . 

3 - .-.. -... --.. -...... --.--.-.----.. 
III 
> 
-iii 

2 .. . --... --.. -.----...... -.--.. --.. - .... -.- ........ --... -... --..... -.-.. -.. --... -.. -.---. 

III 
ro 

Q. 

1 +_-------------.----

o +-----,--

o 1 2 3 4 5 6 

Active sampling (l1g) 

Benzene Y = 1.6532x 
~ 4 , _____ . _______ ___ -'-'-R'-==-"0~90,._'J",8_ 

~ 3 35 t--------------.---.-----

~ 3 / .-----

~ 2.! / 
m ¥ 
III 1.5 • 
-;:: 
III 

~ 0.5 
Q. 

o ······_··l····························T 

60 

o 0.5 1 1.5 2.5 

Active sampling (l1g) 

Trichloroethene Y = 1.3965x 
R' = 0.9595 ---_ ... _-_._------_.-Oi 80 

i ~ ~=-~-==%~ 
~ 30 +---.--.------.-------.-.-.... --... -----

.~ 20 +----
~ 10 ' 

Q. 0 .;--·-~-T···--·~--···---,------,·-··--··--~ 

o 10 20 30 40 50 60 

Active sampling (l1g) 

Ethybenzene Y = 1.5507x 
Oi 12 C ______ ~JLB.1l.9.. 

L: I .. ~~ •••••.. 
E 06 .l-------- --'- +-------

i :: c=-=--===--~ 
8:. 0 1.-----,------,-------, 

o 0.2 0.4 0.6 0.8 

Active sampling (l1g) 

...:::i Q.I Q.I,f I ,II::::U:~ d 
fl1'VfYI 4 .3 fl11lJfflJ'VfUti'j~1111~1tifl1·Hf11JU1J1J Passive sampling tH'l~ Active sampling . .. . 
'j~v~nm 24 i'1 1m 1~vfl1'jtnm11mh~1J1nw~'\.J'¥i1lJtl'U'U 



m.p.Xylene y = 1.5391x 
.. _. ___________ .. ____ ...... ___ ... _ .. __ 5' .. ".lt2§).!l._ 

rn 1.6 

2 1.4 
OJ 1.2 c 
0.. 1 
E 0.8 C\l 
fI) 

0.6 Cll 
.~ 0.4 fI) 
fI) 

0.2 C\l 
0. 

0 

o 0.2 0.4 0.6 0.8 

Active sampling (~g) 

Alpha·pinene 
~0.16 ·~ 

y = 2.4717x 
R' = 0.9407 

OJ . 
2 0.14 1··------------7-~ 
OJ 012 .+-----------=""-'----

l :': f=~==:=-~== 
.~ 0.04 +---------- -----------------­
l(l 0.02 ~-----------------

0. 0 +--~~ 
o 0.01 0.02 0.03 0.04 0.05 0.06 

Active sampling (~g) 

. y = 1.1457x 
1,3.5· Tnmethylbenzene R' ~ 0.9454 rn 0.45 '1"-------...... - .. -----........ .. --.... -.-........ -.. -.--.. --.... -... ----.... - .. -... 

2 0.4 ~-----------.---.--.- +--
g> 0.35 _____________ .......,.L..... __ _ 

~ 03 +------------- ------­
E 0.2S j -- -------

~ 0.2 -:-.--. -.-.-.-- ... --... -.--.- -.-.-...... -. .. .. ........... -.......... -.... . 

.~ 0.15 +-----.. -.-.--- -- ... -----------
::l 0.1 ~--.-..... --- .... -.---.- ... ---.--,-- -.--- .---.--------

~ 0.05 +-.. ---.. --------------.----
o -1-.-.----....,--.---.-.. ---.. -.--r-------.............,.·.·-·-··.·-···-··-··." 

o 

rn 1.8 .,. 
:::l. 1.6 i 

0.1 0.2 0.3 

Active sampling (~g) 

1,2,4- Trimethylbenzene 

0.4 

y= 1.3999x 
R' = 0.9739 

OJ 1.4 +-------------7"'" 
c 1.2 +------------,r7'~--­
a. 
E i 
~ 0.8 ;--·---·--.-

Cll 0.6 +:--------:>-" 
> 
'iii 0.4 -j--
l(l 0.2 .;-.----.-... --... ---- ... ---.... --.-----.. -.--........ --
0. o l----~~----~--~-----

o 0.2 0.4 0.6 0.8 1.2 

Active sampling (~g) 

y= 1.765x 
_____ Styrene/o'Xyle_ne __ B~ 0.904.Q.. 

0.6 T rn 
::l 0.5 
OJ 
.S 0.4 
0.. 

....... _-_ .. _ .. _ .......... __ .. _ .. _ ... _ ... _- _ .. _- + . 

• E 0.3 +-----­
C\l 

._ .....,,'---_. __ .-- ------

fI) 
Cll 0.2 .-..... -.-.-........ -.--.-..... ----. 
> 
.~ 0.1 +---------
C\l 
0. 0 - ...... -.--... '1" ... ---..... -.---'-.....-

61 

o 0.05 0.1 0.15 0.2 0.25 0.3 

Active sampling (~g) 

3 . Ethytoluene y = 1.2927x 

.... ..R'=.Q~~6 rn 08 f----- ---
~ ~:: - -- -- ----_~=_~: --- ;L 
~os l ~ 
E 04 l.. - - - -- - - • - - -i :: t==~~--~ ~---~---~=--~ 
0. 0 J---

o 0.1 0.2 0.3 0.4 0.5 0.6 

Active sampling (~g) 

y = 1.6549x 
2- Ethyltoluene R' = 0.952 rn 1 r--------..--- ..... 

~ 0.8 ·[- --- -·········7----- ..--+-c ! 

~ 0.6 +---- ----.. -.-----.........---.-.------
E i 
C\l i 
(/) O.4 j---------·---·----·------···-·------· 

.~ 0.2 +---------------------------
~ 0 j .... ----T--

2 rn 
::l 
~ 

OJ 1.5 
c 
a. 
E 
C\l 
fI) 

Cll 
.~ 0.5 
fI) 
fI) 

C\l 
0. 0 

o 

0 

0.1 0.2 0.3 0.4 0.5 

Active sampling (~g) 

1,4 . Dichlorobenzene 
y ~ 9.7684x 
R' = 0.9419 

• 
................................. ~ .. 

• 

0.05 0.1 0.15 

Active sampling (~g) 

0.6 

0.2 

.d cv Q.I tI 'Q.o=t. d 
.fll'VfYl 4 .3 fl111Jff1J'VfWli'j~·W:n-nlif11'Hf)UUUU Passive sampling u,,~ Active sampling 

. " . 
'j~tI~nm 24 oM1 1lJ'l1~tlm'jlnU~1mh~U1nW~'W.yj1lJtllJ'W (~tJ) 



1,2,3 . Trimethylbenzene 
Ol 0.7 

y = 2.3498x 
R' = 0 9741 

!:: =~~~= 
~ 0.4 )? 
~ ::~ ~ z ----- ------------
'iii 
Ul 
C\l 

Q. 
0.1 I 

o i--.H 
••• ------"!'----_. ·----·-···-~·-····---r---r-.. ----', 

o 0.05 0.1 0.15 0.2 0.25 0.3 

Active sampling (~g) 

n·Undecane v = 1.2927x 
R' = 0.9606 ··'H'_. ____ · 0) 0.8 r -------

I:i ~=~~~~~ 
Ul 

~ 0.1 .. , ... -...... -.-.... -.-.. -.----........ - ........ --.-........ -... --.. ---........ --.-.. -.-...... -.--.. -. 
Q. 

o 0.1 0.2 0.3 0.4 0.5 0.6 

Active sampling (~g) 

..d Q.I Q.I" r.qd d 

1.8 
0) 

1.6 :l. 

Ol 1.4 

Limonene 
---

y = 5.239x 
R' = 0.925 

.. _ ..... __ ._._._ .... _ .. __ ... _ ... _ ... __ .. - .... ........ _ .. _ .... -... _ ... _ ..... _ .• ....... _ .. _ ... _._ ... _. __ . 

t----------~----... 
c: 1.2 . 
a. 

1 E 
III 0.8 
If) 

+----~ . ... -.... --.-.. -.-.... ---....... _ ........... __ .... _ .. _ .. _-
Q) 0.6 

+-__ ~L-_________ _ 

.~ 0.4 If) 
+--- ......,--------_ ... _-----_._-

If) 
0.2 . III 

Q. 
0 

0 0.1 0.2 0.3 

Active sampling (~g) 

1.2,4,5 . Tetramethylbenzene 

0.4 

y = 6.2266x 
R' = 0.8883 ._-------_._---_.-0.9 

0) 
~ 0.8 ........... __ .......... _- ... _-_._ ... _._. __ ._-_ ..................... _ ..... __ .. - . -.. -............ _.-

Ol 0.7 +--------.- -----­
c: 0.6 +----------:7""'---. a. E 0.5 .-------,;r" .. -- .... -.-.--....... -.-.-

:Jl 0.4 ·t--- - -.-- 7 • .-:...- .. --·-·--·---
.~ 0.3

1 
... _--_ ................ _ ....... __ ._._-_.-

~ ~:o~ It---=~----:--===:~=====~-=--
..... __ ......... _ .... _,._ ......... __ ..... -- .... - ········ .. ·--r······_·· .. ·_·····_-_· __ ·· ··_·····, 

o 0.05 0.1 0.15 

Active sampling (~g) 

62 

fll'VfYl 4.3 fllllH'I'lJVfWli'j:::111l'llliflUtfllJ11lJlJ Passive sampling 11(1::: Active sampling . .. . 
'j:::tJ:::nm 24 i'lllJ'l l~tJfll'jtnlJ~lt!Vl'llJ~ntu.w'\.JVi~ml'\.J'I"! (~t!) 

~lfl fll'j 11lfll1lJ iflJ~ '\.J 1l ~'l11lJ~ 2 11 lJlJ ~ 1fflJ fll 'j ~lhttJ1lJ 11 i'1 '\.J flUfl1'\.J ltu 111 

iJ~lJltu fll'j:r lJiflJ~ffffU VOCs tJllJl~lfl"fflJfll'j~'~ ~lflfll'j tnlJ~ltlV1'llJ~ ntu fffll'UlJ~ fll'j 

" " tJllJ'\.Jl~m'Y'lil'l ~l'\.Jl'\.J 10 "fffllU ttl'\.J'j:::tJ:::nm 8 illlJ'l ~'l'~~l R2 ~'~~lflfllnl1 
" fll1lJiflJ~'\.J1lir'\.Jt!~1 '\.J'lfl'l 0.7958 - 0.9681 11(1::: ~lflfll'j11lfllllJiflJ~'\.J 1l"ffllJ1'j m ltJ'll'\.J~l 

Q.lQ.lt/ .q d. ~.q Q./evt/ 

fll1lJ"fflJ'Y'l'\.Jli'\Jtl'l"ff1'j VOCs 10 'If'\.J~~lflff1'j'yl'Y'llJ'Yl'l11lJ~ 40 'If'\.J~ ~(I~lfl111f111lJ"fflJ'Y'l'\.Jli'tlt!'l 

~ ,ci.ea ~ " d 1 .ea.d ..:!i , d.ea ~ " 
y fit! fll'Ylltml:::11 t~~lflfll'jtfllJ ~tJlli Passive sampling (Ilg) U(I::: x fit! fll'Ylltml:::11 t~~lfl 

Q1 Cld 40' Q.lQ.ltll Qev'?t 
fll'jtfllJ ~tJlli Active Sampling (Ilg) mt!fl'\.Jlfllfll1lJfflJ'Y'l'\.Jli ~tJfll'jtfllJ~1t!tJ1'lt1J'\.J'j:::tJ:::nm 

. " 
8 cMlllJ'l lJl 1 i'1 '\.J flU fll'\.J ltu 11liJ~lJ1tu flU1 lJ iflJ ~"ff'tlt!'l'Y'lir fl'll'\.J 1 l..! "fffllUlJ ~ flU tJ llJ'\.J 
" . . 

t~tlt'Y'lil'l t14 tl'llJl~lflttl'\.J fll'j tnlJ~ltlVNtlv1 '\.J 'lil'l 'j::: tJ::: nm "fffll'\.J Vi "fffll'Y'l11 l~~ t!lJt~ tlltlW)lJ .. 
" " flU tnlJ~ It! Vl'l~lfl'Y'lirm1'\.J 1 '\.J "fffllUlJ~ flUtJ llJ'\.Jt~tlt'Y'lil'l fllllJiflJ~'\.J 1l 'j :::11iNillfll'j tnlJ 

11lJlJ Passive sampling 11(1::: Active sampling 'j:::tJ:::nm 24 illlJ'l l~tJfll'jtnlJ~lt!Vl'llJ~nW 
" , 1 " I 

.wl..!Vi~lJfI'\.J'\.J i~~1f111lJiflJ~'\.J1l'tltl'l"ffl'j VOCs 20 'lfiJ~~lfl"ffl'jVi'Y'llJVi''l11lJ~ 40 'lfiJ~ "ffltl1~Vi • 
" " " 

'Y'llJ 'lfiJ ~ 'tI tl'l ~ lfllllJ iflJ~ '\.J 1l lJ 1 fl fl i lir '\.Jt 14 tl'llJ 1 ~ 1 fl ~ ~ Vi 1 ~1 '\.J fl U t n lJ ~ 1 t! VN ir '\.J ij ~ lfllllJ • 
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ltlJt'U 'Ufl 'HYl':i VOCs 1 'Ull~Cl:::~fimJ tl~l1~fl~l 'H)'U lrlfliifll':i m::: 'illtl~1'U fl~fl11lJltmr'U ~ 

l1~fl~l~f)'U.yh 111'fil R2 ~ i~fifl'Utl~~ ~1'U1'U'lfiJ~~ i~filfl11lJ~lJ-W'U,r'Ufl~Cl'l':i VOCs ~~lJlfl 

~':i1'ill~ 12 ~~ ll1'U':i:::tI:::l1Cll 24 i'11lJ~'illflfll':ilnU~1mh~1'Ul'U~fl~~1'Y1'VilJl11'Uml~fll11 
QJ Q.J tS'! 4 " , 

fl11lJCl'lJ'Vi'Uli'U'U 'ViU VOCs 15 'If'U~i~l1fl Benzene, Toluene, Ethybenzene , m,p-Xylene, 0-

Xylene , 3-Ethytoluene , 4-Ethytoluene, 2-Ethyltoluene, 1,3,5-Trimethylbenzene, Decane, 

1,2,4-Trimethylbenzene, 1,2,3-Trimethylbenzene, 1,4-Dichlorobenzene I1Cl::: Limonene i~ 

fl11lJ~lJ-W'U,r ~flflfllJll'U~U'Ufl~Cl'lJfll':ilff''U~':i~ Y = ax 1'lf'Uf)'U llCl:::fil R2 ~i~'illflfll':il11 
" fl11lJ~lJ-W'U,r,:r'Ufl~1'U'lf1~ 0,8303 -0,9979 llCl:::'illfl~l'Ul~tI'Ufl~ Olansandan I1Cl:::flW::: 

(1999) i~l11fl11lJ~lJ-W'U,r':i:::w,il~1~fll':ilnU~1fl~1~l1UU active I1Cl::: passive l~tlfll':ilh~tlmw 
~ ~ d'\I) lit" d <d tV & 1 ~d d Q.J , " 'Y1~tYfl~'lf'U~'U !tl11~ n W Cl'tll'U'Y11~tl1fl'U CJf~ 'U1lifll':ilflU~1fltll~11UU active iifll':i~fl1'\Jlf)U 

. " 
pump 'illflfilfl11lJ~lJ-W'U,rVli~'illfll1~Cl'fl~1~ 'ViUfil R2 fl~1'U'lf1~ 0.799-0.991 

4.3 "i!VlUtl:::m'JJ1W'llO~iJl~ VOCs l'Ul'llVI fll:.l1'Yl'Yf'JJ'YI1'Um 

. " 
'illflfll':i lnU~1fl~1~fll':i r u~m~'tYtYl':i VOCs 'U fl~1JflflClVl"'l~ l'U 1 'U Cl'tllU U~fll':iihiJ'U 

.J a & _ I 11) _ I jJ d "i ad ?t 
l'lffll'ViCl~ 'illfl1'U~fl~~1'Y1'VilJl11'Um CJf~1J':i:::flflU !1J~1t1 11 tYtll'U l~tl1li Passive Sampling l1J'U 

" . 
':i:::tI:::l1Cll 71'U ~~11~1'UVl29I9JCllfllJ - 4 'Viqff~flltl'U 2551 l~ml~Cl:::~1fl~1~1~l1Clll'Ufll':ilnU 

, , "" . 
8 i'11lJ~ l'Ull~Cl:::l'UVllnU~1fl~1~ 11~Cl:::~'UVl'il:::l~lJ1nU~1fl~1~Vll1Cll 6.00 - 14.00 'U. l~tll~ 

" 'Vi,:rfl~1'Ul'Ufll':ilnU~1fl~N 2 fl'Ul'UI1~Cl:::l'U i~~·m~~u 

4.3.1 'lfiJ~'Ufl~Cl'l':i VOCs l'U1'U~flHl'Y1'VilJ"'l'Um . . " 
'illflfll':i lnU~1fl~1~fll':i rU ~lJHtYtYl':i VOCs 'Ufl~1JflflClVi"'l~ l'U 1 'U tYtllUU~ flWWliJ'U 

~.::. & 11)" d ~ ~ 
l'lffll'ViCl~ 'illfl1'U~fl~~1'Y1'VilJ"'l'Um CJf~tl':i:::flflU !tl~1t1 11 Cl'!.1l'U 'ViUtYl':i VOCs 'Y1~l1lJ~ 39 'If'U~ 

l~tI'lfiJ~'Ufl~tYl':i VOCs ~'ViUl'U'Y1fl~'U~fll':iftmll llCl:::ihHCl~i~lJl"'lfll':il1ml:::M"'ltl~lJlWii . 
a .... 1 ci..:9 ~ QJd ~", 

1 0 'If'U~ ~~11Cl'~~ 'U~l':il~'Y1 4.8 CJf~'lf'U~"'Clfl'Y1'ViU !~l1fl MTBE, Benzene, Isooctane, n-Haptane, 

Toluene, Ethybenzene, m,p-Xylene, Styrene, o-Xylene, 3-Ethytoluene, Decanal 

'illflfll':iftmlltYl':i VOCs l'Ul'U~m~l'Y1'VilJ"'l'Um 'Ufl~ Cl'11~~ 'ViCllJl(2005) ~ftmlltYl':i . ~ 

VOCs 1 'Ul'U~flH1'Y1'VilJ'" l'Ufl ':i ~~"'lfll':iftmJll~tll~fll':i lnu~1fl~1~~1l1ljfl'U f)'U 'illflfll':i lnu • 
~1fl~1~fll':i rU~lJHCl'Cl'l':i VOCs 'Ufl~1JflflCl..t1 i u~fllrYtlllJ~-WflfllrYti 18 m1~ ~~tl':i:::flflU i tl 

• , " I 1 

~1t1 u~l1wVi-wflfllrYtiVifl~~lJfl'U'U (roadside) 9 ml~ llCl:::~'UVil'i'1'tl (non-roadside) 9 ml~l'U 
~ 



64 

y • 

L'U~Li'itl..:J (urban) 'UU..:Jf)'~..:JL'YI'YilJ'I1l'Wm 'Yi'U VOCs l1..:J'I1lJfl 16 'lI'W~ lfltl'll'iJ~'UtI..:J VOCs Yi'Yi'Ui-w 
y • 
~.r:::So ~ do ~ Q.I \1)31 1 

YJf)'Yi'W'Yl'Yllf)1'jfff)1l1lJ 8 'lI''Wfl'l1(lf) lflUf) benzene, toluene, ethylbenzene, m-xylene, p-xylene, 

~ Q.I ~Q.I & ~ ... I d 

o-xylene, 3-ethyltoluene um:: 4-ethyltoluene LlJ'W'I1(lf) LL(l~'il1f)..:j1'W1'iltltl..:JtI..:Jflu'j~f)tJ'U'Yl1..:JLfllJ 
• y 

'UtJ..:Jff1'j fl'W 'Yl1 V'illf)U'I1 ri..:J f)lLiJ flYim\..:JL~'Ul.J 1iT'W 1 fl tI 1'i'i W 1 U(l~flW~ (2549) 'Yi 'U'l!'iJfl'U tJ..:Jff1'j 

.Ct, \I)'" I 

VOCs 11 'lI''WfllflUf) benzene, toluene, ethylbenzene, o-xylene, m-xylene , p-xylene, 

cyclopentane , trimethylbenzene , 1,2,4-trimethylbenzene methyl tertiary-butyl ether (MTBE) , 
1 ", " " I 

Isobutene 'il1f)f)1'jfff)1l1'l1'iJ fl'U tJ..:Jff1'j VOCs Yi'Yi'U '1 'W ffmU 'U~ f)1'j tJ111'WL<iftlL'Yi ~..:J'\.j 'W ij'll'iJflYi'YilJ 
• Y 

lJ1f)f)ilf)1'j 1~ tI~..:JtJ..:JrltJ'j ~ f)tJ'U'Yl NLfl ij'UtJ..:J ff1'j fl'W 'Yl1 V 'il1f)U'I1 ri..:J f) 1LiJ flYifl ~ ..:JL~ 'UtJ111'W L'Yi 'j 1::: 
• Y Y 

ffl'j(l~(l1t1111~'j!1'W VOCs ij'll'iJfl VOCs lJ1f)~..:J 50 'lI'iJfl U(l~Li'itJLintl'ULYitl'U~(lf)1'jfff)1l1fli'..:JU 

n'U..:J1'W1~tl11..:Jf)ri11 'Yi'U'lfiJflff1'j VOCs ~~'j1'il'Yi'Uillm..:Jn'W 8 'lI'iJfl illuri benzene, toluene, 

ethylbenzene, o-xylene , m-xylene , p-xylene, 1,2,4-trimethylbenzene , methyl tertiary-butyl 

ether (MTBE) ~..:JLL'I1ri..:Jf)lLiJfl'UtJ..:Jffl'j VOCs 'I1~f)~'Yim)'Willuri benzene, toluene, xylene, 
Y 

ethylbenzene , trimethylbenzene (Aromatic hydrocarbons) U(l~ aliphatic hydrocarbons 11'WlJ1 

d" " , 
'il1f) f)1'j ~'U'lJ'I1'j tJ111'WL<iftJL'Yi~..:J 'il1f)':itltl'W IPi' iYf)11 U(l~~~\PIfiwcnYiLfi~ 'illf)f)1'j L~11 'I1lJ' 
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, t,,, " 

~l'nln 4.8 'lfij~'IJfl~ VOCs Yi'VnJ'Viffmi11J~fl1'l'l.h~'U191m~~~"Ul'IJ1lf1H!'Yl'YnJ111'Um • 

!Ai 
-nz 

"'" 
N ~~ 

C ~ ;;: 
;;: :}: 

"'? GO ;;: fO'l r-

"'" -;;z 
GO "'" r- <:I <:I ":;:: 

GO all=! ~ ltl ~ 
r- :}: 

~~ ~ ;;: r- "'" r- 1/:;:: C 
)) r r- <:I ;i ;:I ;f 

r- r- ~ No. 'lftHn'l c V; c ;;: Gi: r- (Ie; r- ae; ? r- s: "'" ("'0 ;;: 
~~ 

:}: ;;: r-
"'? GO ~~ a;;z :;:: 

r- "'? ii= G r r- r- (I;;: ll-
e; r- ttl" -:;:: "'" ;:I G ;:I r-

"'" C GO r-
-~~ C "Gi: 

"'? 
GO 

1 MTBE D D D D D D D D D D D 

2 Methylene chloride - - - - - - - - - - -

3 2 - Butanone D D D D D D D D D D D 

4 Chlorofonn D D D D D D D D D D D 

5 2,4 - Dimethylpentane D D D D D D D D D D D 

6 1,2 - Dichloroethane D D D D D D D D D D D 

7 Benzene D D D D D D D D D D D 

8 Isooctane D D D D D D D D D D D 

9 n-Haptane D D D D D D D D D D D 

10 Trichloroethene D D D D D D D D D D D 

11 1,2 - Dichloropropane D D D D D D D D D D D 

12 Bromodichloromethane D D D D D D D D D D D 

13 4 - Methyl - 2 - pentanone D D D D D D D D D D D 

14 Toluene D D D D D D D D D D D 

15 n-Octane D D D D D D D D D D D 

16 Dibromochloromethane D D D D D D D D D D D 

17 Tetrachloroethene D D D D D D D D D D D 

"18 Ethybenzene D D D D D D D D D D D 

19 m,p-Xylene D D D D D D D D D D D 

20 Styrene/o-Xylene D D D D D D D D D D D 

21 Alpha-pinene D - D D D D - - D D D 
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, .,,, " 
g}ln~n 4.8 'lfUfI'tItJ-:j VOCs fiv.u.yhHl1ij1J1m'jUl~'Ul';mv.~-:j''lH'tI\Plm-:jl'Y1v.lJ'l11'Um (~tJ) • 

-lila 
GO N ;>~ r 

c ~ ;: 
;: :;:: 

"'? GO ;: ff'l r-
If" -;;:: 

GO r r- G:l G:l "~ 
GO q~ ~ 

(Ci ;: r- :;:: 
;>~ .4 ;: r- r r- lI~ C 

~~ r r- G:l ;;:: ;::l ;f 
r- r- ~ No. 1fBiI11 c ~ c ;: Iii: r- qe;: r- qc:; 

? r- I> r 
("'I ;: 

;>~ 
:;:: ;: r-

"'? GO ;>~ q;;:: ~ 
r- "'? ;:: Ia r r- r- q;: II-
e;: r- IC" -~ If" 

;::l Ia ;::l r-If" C GO r-
-~E c "Iii: 

"'? 
GO 

22 3 - Ethytoluene D D D D D D D D D D D 

23 4 - Ethytoluene - - D - - - - - - - D 

24 1,3,5 - Trimethylbenzene D - D D D D - D D D D 

25 2- Ethyltoluene D D D D D D D D D D D 

26 Beta-pinene - D D D D D D D D D D 

27 Docane D D D D D D D D D D D 

28 1,2,4 - Trimethylbenzene D D D D D D D D D D D 

29 1,4 - Dichlorobenzene D D D D D D D D D D D 

1,2,3 - Trimethylbenzene D D D D D D D D D D D 

31 Limonene D D D D D D D D D D D 

32 n-Undecane D D D D D D D D D D D 

33 1,2,4,5- Tetramethylbenzene D D D D D D D D D D D 

34 Dodecane D D D D D D D D D D D 

35 Decanal D D D D D D D D D D D 

36 Tridecane D D D D D D D D D D D 

37 Tetradecane D D D D D D D D D D D 

38 Pentadecane D D D D D D D D D D D 
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, " 
'illflH"f11)11ml~,.(11~mtlHn) VOCs -n\PI)1'il'Y'luhmJ\PIflHl'Yl'VnJ111'Wm";~ 10 • 

" , ,.." 
• ~'W -nffmilu~flww liJ'Wl'lffll'Y'li1~ffl'IJ1f11)'Yi1mf11fftl1'W2 (1) 

" , "" 
• ~'W-nffmilu~f11)ihiJ'Wl'lffl1'Y'li1~ffl'IJ1'Y'l11" l£Jll'W (PH) 

" I "" 

• ~'W-nffmilu~ f11) tJliJ'Wl'lffl1Yli1~ ffl'IJlf11) 'Yll~YilffEl (f11'W\PIllfl~'W fl~) (DKN) 

" I "" 

• ~'W -nfff:nilu~ f11)tJliJ'Wl'lffl1Yli1~ffl'IJ11J1~'IJ'WI-n £J'W (BT) . 
" , "" 

• ~'W-nffmilu~f11)tJliJ'Wl'lffl1Yli1~ffl'IJlff'WllJI1l1(SP) 
" • "" I 

• ~'W-nffmilu~f11)tJliJ'Wl'lffl1Yli1~ffl'IJ11~flfflff~f11)) . 1 'jfl.(RO) 

" , "" 
• ~'W-nfff.nUU~ f11'j tJliJ'Wl'lffl1Yli1~ffl'IJliliJ\PI i mj(NI) 

" , "" 
• ~'W -n ffmilu ~ f11'j tJliJ 'W l:}ffll Yl i1 ~ffl'IJ 1~ \PlJ 'W lf11) (P) 

" I "" 

• ~'W-nffmilu~ f11'jtJliJ'Wl'lffl1Yli1~ffl'IJ1(1'W 'W ff'IJlf)1J1" 3(TL) • 
" , "" 

• ~ 'W -n ffmilu ~ f11 'j tJl iJ 'W 1 'lffll Yl i1~ ffl'IJ 1 fflff~ fln ~hu ml'W 11 ~\PI fl'J ~ 'Yl 'j 1~ 

flm 111lJ ( 1J1~'W1'IJlflflfl ) (BN) 

" , " 
i'W 11f1 "~~'W -n 'il ~ 't11 fl1'Jln1J~ 1miH'ill fl'W -Wfl~ 1'W fll U i 'W ff(lTW 1J ~ fll 'j U'W 1 ~ 1'W 1'W 2 

"" , 
fl'W lil'W'j~£J~nm~~l1~ 6.00 - 14.00 'W.";~l1lJ\PI 71'W (~'W'Yl{-mYi\PIrJ) tJl~1-ni~'illflf11'jl1ml~,.( 

I " " 

m11ff\PI~ H"~~f11Yl -n 4.4 1 \PI£J11t1 ~\P11lJ~'W -n -nYi 1 f11'jffflEl1 11"~ i 'W11~ "~f11Yl 'il ~ 11 ff\PI~11~ mw fln 
, " , I tI , 

i'uffm'rff-n11~"~Uflfl" i~i'u i 'W11~"~ 1'W ffll1 i' U~'W -n f11'j ffflEllfl~rlf11'j 1'Yl 'j ffYllll1 ~ flffU 'Wdi fl • 
" " , 

111"l £J1J1-n £JU nUffmilu ~ flniJ liJ'Wl 'lffl1Yli1~ij'W 1 fffl1Yl111\PI~fllJfl1£J i 'W U ~ 11W ffmil ijmfln 

~ fllJ'j flU~l'W 11~ ~V~~\PI nml1f11 'j ~ 'ilfl\PI 'j (I£J'W lP1~fl~~ i 'W 'li1~~ Yi lf11) lnu~ 1fl cil~ 'il~ij 'j (I £J'W 1P11 ~ 1 

m 'il fl\PI 'j fli' u ri ~Yl U fl~l'W 1 \PI £J~Yi lfll 'j ~ \PIlfi ~ fl~ £J'W ~lm i l' ~ ~ ri ~ H"~ fl 11~ lJ lW fll'j i' UfflJ ~ffffl'j 

'lJfl~YlUfl~l'W yf~'lf1~'j~£J~nm~Yilfll'jlnu~lflcil~ijlYi£J~ 51'W (~'W'Yl{-fffl{) ~~i'Wffmilg'W1ij • 
f11'j 1 nu ~lflcil~ 7 1'W (~'W 'Yl {-fllVi \PI rJ) ~ ~ i 'W f11 'j'j 1 £J~ 1 'W H" ~ fl 'ill flif, 11 'il~ il-i iJ 1 H" 'ill fl~'W ~ 
f11'jffflEll TOT mYilf11'jl1m 1~,.('j1lJl.,j'1 i 11~lm~fl~'illfl1l1\P1 H"~':lflcil1 . 

I I "" 

IljfliJl.,j'm.!"~lm~£J'lJfl~ VOCs 11~"~1Jflfl,,-n\PI'j1'ill\PIi~";~ 21JflfI" i1111ml~t! 

m~ff()~ l\P1£Jii' T-test i'W 111 mfl'J lJ SPSS 16 for window H"f11'jl1ml~,.('Yll~ff()~ 11ff\PI~i'W 
JI , " " I I 

f11f1 H'W 1fl Clf YlU 11'illfl~'W -nfln ffflEll";~ l1lJ \PI ijlYi £J~~'W -nfll'j ffflElll~ £J1-n11~ mw f11 'j \PI'j 1'ill\PI 
" 1 ., I " I 

'illfl";~ 21JflfI"ij11~lJ1W-n11\P1fl~Hn'Wflcil~ijU£Jfflfity -nn~Ufl1llJl'lffliJ'W 95% fifl~U-n 
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" ,. " 
f)1'Jffm:llffl't11ff1ff~f)1'Hhw f1'11'\.J1J"~f1':i ~'Yl'J1'1f1m 1 '\1lJ ('lJ 1'1'U 1't11m:lf1) ri1'U~'U ~~1'\1 ihn1'1 

" ,,, ", I 

9 ~'U~t.1'UU1111W f)1'J~'J1'i11~'iI1f111'1 2 1JflrH'IiiU1111W~ 'lJU\Vlf1~l'1tl'U mil'liit.1rHhflty ~'J~~'lJ 
I • I '" 

fl11lJL.;'ltllJ'U 95% 'il1mh~u~ f1~ Ntl'U 1 'U 'YlNff(l~t.1'U til 'iltiltl'llJl'i11f1n'ilf1':i 'JlJ~l'1'1 'tItl'lLL~"'~ 
d co J 'I ' ... 

'lJflfl"'YlLf1~'tI'U t'UU~"'~1'U • 

5000 4000 

3000 

• PERSON ... 2 

(a) DKN (b)BN 

7000 -r ------- .----------------------------------------------- 5000 ~----

1000 

• PERSON ... 2 

(c) RO 
--- -- - - - . -------------------, 

3000 

2500 

2000 

~.€ 1500 

~1000 

500 

• PERSON ... 1 • PERSON-'L 2 

(e) SP 

~E : ' ..... --. -' ········--··-1 ····· .... -·-L---- - .. 
go 2000 tRt'----·· - -- ( .--... - -.-~--: 

1000 :--- --.. .... ..--- -", 

o ; ,.. . . -.- .: 

(d) PH 

7000 ,-.-----.-------------------------

6000 

5000 

4000 

• PERSON ... 2 

~ 3000 ,- ............ ·- 1. - 1.- .... ·-·._ 

"' 2000 

1000 

o 

~ <;J';' 5:!~ ~ ~<:;) ,,<:;) 
[v"'3 f<7 ,::,'<' ~() ,\" <:J~ '\~ ~«J 

• PERSON ... 1 

(f) TL 

~ .: ~<:> ~ <.. ,\" c,'t-

• PERSON ... 2 

.: 
~<:> 

c," 

I " " , , I 

fl1'Yi~ 4.4 U1111Wfl11lJL.,j'lJ.,j''U'tItl'l TOTAL VOCs l1'1'\1lJ~ 10 ~'U~f)1'Jffmn~'lJflfl"'~ 1 U"'~ • 
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4000 

3000 ., ....•• , • .•..•..... 

• PERSONN.2 
• PERSO NN. 2 

(g) BT (h) J 

10000 ., ............. . 

~i:- <;;;~ ~ ~ 
~O"" "",,<-CO ~0>"> ,:::,<f?"> 

~,<-"> "v:: 

• PERSONN. 1 • PERSONN.2 • PERSONN. 2 

(i) P (j) NI 

I " " I I I 

fll'Yill 4.4 U1lJ1Wfl11lJtoUlJoUlJ'\Ifl.:j TOTAL VOCs '¥l.:jl1lJfl 10 l1lJllfll';ji1fnnll1JflfI~ll 1 um~ • 

" . . 
. l1lJ lli1mn1J1.:j'\jwll VlJIil1f)U1lJ1W fll';j i' mYm~'bl'\lfl.:j1J flfI~ll 2 1lJ llJf!f)1hJ iJ 
.. " 

~,moU m.!~tl1fl.:jlJl 'ill f)'Yi U f).:j llJ lll'i If)1';j ~fl~U f)';j W ~ 1fltJl.:j 111' UlJ i'ilJ~ fl~Uf)';j W l'i 11,roU m.!~'\I1fl 
" " l11V' U U~::'illf)U1lJ1W f)1';i i'mymrblbll';j VOCs '\Ifl.:j'YiUf).:jllJ 1lJ blmij1J~ f)1';j'Wll1lJt~flt'Yiil.:j 

trlflVi'ill';jW l'i11f)~11JflfI~'Yi1Jl11JflfI~~ 1 '~i'mYmrblbll';jlJlf) 1lJllJtbll{~.:jiJu~lJ1W lflvt'i1 ~V 

2519 ~g/m3 U~::'~i'1JtYlJ~blbll';juflv~t'[fl1lJllJll1i~.:jiJU1lJ1W 1flvt'i1~V 704 ~g/m3 ~.:jU\P1f)~l.:j 

'illf)1JflfI~~ 2 ~'~i'1JtYlJ~blbll';jlJ1f)llJllJ~lJ'Yl{~.:jiJu1lJ1W lflvt'i1~V 3445 ~g/m3 U~::'~i'1J 

tYlJHblbll';jU flv~"lfl1lJllJ ti'.:jfl1';j~.:jiJU~lJ1W 1flvt'i1 ~V 1597 ~g/m3 trlfl'Wlfhm ~V1lJ'VJf)llJlJ1 

Vi'ill';jWl'Yi1Jl11JflfI~~ 2 (2331 ~g/m3) 'Yi1JU1lJ1Wbll';j 1lJf)1';ii'1JtYlJHbllJ1f)f)111JflfI~~ 1 (1702 
, I '" , 

~g/m3) 'illf)fll'Yill 4.4 (g) 'Yi1Jl1fhll'~UlJ'li'~t1~llJ'U1lJilf1'Yll.:jt~V1nlJ U~tljfll'ilfll';j1tml::-H 

fh1lJ'Yl1.:jbl(l~U~1iJfh'liu\P1f)~1.:jnlJfltJl.:jijUv'(;'hfity ~';j::~1Jfl111H~mtlJ 95% 
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" . 
- .yjl..I'Yiffm:l1f)l'jm ,r~1ff'll (~ '1'I,.J'fI11f1~'WU-1)ujlJlruf11'jf1HYlJ~~Hn'j VOCs 'UU-1 

" " I I 

'Y'IUf)-11'W 1 'W ~mii U j f11':ilhl1'Wl~Ull'l ~-11)j U~ ~1 'j ru 1 ~1f)~ Tl.JfIfi ~'Y'IU11'4 f1f1~Vi 1 i~f UfflJ ~TI' 

~1':ilJ1f) 1'Wl'W'Ypj~-1iiujlJlru l'f1m'il~tI 3470 ~g/m3 um~ i~fUfflJ~TI'TI'l'jUUtI~~'fI 1'Wl'Wl~1{~-1 

iiU~lJlru l'f1m'il~tI 1649 ~g/m3 ~-1'liU\Plf1\Pi1-1'il1f)'4f1f1~~ 2 ~'~fUfflJ~TI'TI'1'jlJlf)1'Wl'W'Ypj 
1'li'\.Jfl'W~-1iiujlJ1ru l'f1m'il~tI 4279 ~g/m3 u~~ '~fUfflJ~TI'TI'l'jUUtI~~'fI 1'Wl'Wl~1{~-1iiujlJ1~ 

l'f1t11'il~tI 415 ~g/m3 lrlmhfi1m~tl1'W'Ylf)1'WlJl~~1'jru1'Y'1Ul1'4f1f1~~ 1 (2550 ~g/m3) 'Y'IU 
, I I " 

ujlJlWTI'1'j1'Wf)1':ifUfflJ~TI'lJlf)f) 'h'4f1f1~Vi 2 (2375 ~g/m3) ~lf)fI1'Y'1Vi 4.4 (a) 'Y'IU ';hfi1Vi'~u'W 

11:1'W' u1 'W .yjff'Yl1-11~ tl1n'W 11~~lrl U'Yllf)l'j ilf1 'j 1~..1 fi 1 1 'W 'Yl1-1 TI'(l~1111 1iifi 1 'lill\Pl f)~ 1-1 n'W UV1-1ii . . . . 
QJ 0 Q.I .c:::t. Q.I ..:!t Q,I 

'WtlTI'lf1tlJ 'Yl'j~'fIUfl11lJl'lfUlJ'W 95% 
" . 

- .yj'WViffml1TI'1TI'~f)lnl1Uf)-11'WU"'fIm~'Yl'j1-1f)m hllJ ( U1-1'\.J1'U1UUf) )ujlJlru 

" " . 
f)l'jfUfflJ~~~1':i VOCs 'UU-1'Y'1Uf)-11'W 1'W TI'miiuj f)l'ju 111'Wl~Ul'Y'1~-11)jU~ ~1'j ru 1~1f)~1'4f1f1~ 

'Y'Iu 'h4f1f1~~ 1 '~fUfflJ~TI'TI'1'jlJlf)1'Wlm)-1f11':i~-1iiujlJlru l'f1t11'il~tI 3488 ~g/m3 u~~'~fu 

fflJf'7~TI'1':iUUtI~~'fI 1'Wl'Wm.yj\Pl6~-1iiujlJlru l'f1t11'il ~tI 1339 ~g/m3 ~-1U\Plf)~l-1~lf)'4f1f1~~ 2 ~ 

'~fUfflJ~TI'~l'jlJlf) 1'Wl'W'Y'Itp1~~-1iiujlJlru l'f1t11'il ~tI 1910 ~g/m3 u~~ '~fUfflJ~TI'TI'1':iUUtI 

~~'fI 1'Wlm)-1f11':i~-1iiujlJlru l'f1t1m ~tI 809 ~g/m3 lrluu1fi1m ~tl1 'W'Ylf)1'WlJ1~'il1'jru1'Y'1Ul1 

'4f1f1~~ 1 (2454 ~g/m3) 'Y'IuujlJlruTI'1'j1'Wf11'jfUfflJ~TI'lJ1f)f)11'4f1f1~~ 2 (1469 ~g/m3) ~lf)fI1'Y'1 
r I " I 

Vi 4. 4 (b) 'Y'IU11fi1Vi'~u'W'lil1:1'W'u1'W.yjff'Yl1-11~tl1n'W U~~I)jU'Yl1f)l'jilm1~..1fi11'Wm-1~(l~ 

u1l1fi1~ i~U\Plf)~l-1n'W uV1-1iiumhfitlJ ~ 'j ~~Ufl11lJl~mr'W 95% ~-1m ~ ~~lfl'fllJ1~1f)fl'ilm 'j lJ 

~l-1"l'UU-1U~~~'4f1f1~~U\Plf)~l-1n'WUUf) 'U 
". . 

.yj'WVifff)'ll11.yjUTI'1~~f)l'j 'j.1 'jU.ujlJlruf)l'jfUfflJ~TI'~l'j VOCs 'UU-1'Y'1Uf)-11'W 
" " I , 

1 'WTI'miiu~ f)l'jU 111'Wl~m'Y'l~-11)juVi ~1':i ru 1 ~ 1f)~ T4f1f1~'Y'IU11'4f1f1 ~Vi 1 , ~f U fflJ ~~TI'1'j lJlf) 1 'W 

1'W1l1i~-1iiujlJ1ru l'f1m'il~tI 5380 ~g/m3 u~~ '~fUfflJ~~TI'l'jUUtI~~'fI 1'Wl'W1TI'1{~-1iiujlJlW 

1'f1m'il~tl2231 ~g/m3 ~-1U\Plf)~l-1~lf)'4f1f1~~ 2 ~'~fUfflJ~TI'TI'1'jlJ1f)1'Wl'Wm.yj\Pl6~-1iiujlJlru 

1'f1m'il~tl5443 ~g/m3 u~~i~fufflJ~TI'TI'1'jUUtI~~'fI1'Wl'W1ff1{~-1iiujlJlru l'f1t11'il~tI 1579 ~g/m3 

!rluu1fi1m~tl1'W'Ylf)1'WlJ1Vi~1'jru1'Y'1Ul1'4f1f1~~ 1 (3726 ~g/m3) 'Y'IUujlJlru~1'j1'Wf)l'jfUfflJ~TI' 
I , I " 

lJlf)f)11'4f1f1~Vi 2 (3155 ~g/m3) ~lf)fI1'Y'1Vi 4. 4 (c) 'Y'IU11fi1Vi'~u'W'li'~11:1'W,u1'W.yjffm-1 

!~tl1n'W U~lrlU'Yl1f11'j ilm l~..1fil 1 'W'Yl1-1 TI'i)~u1l1iifil 'liu\Plf)~ l-1n'W uV1-1iiutI~hfitlJ ~ 'j~~U 
... ., 

f111lJl'lfUlJ'W 95% 
" . 

- .yj'WViffmn'Y'l'l1~ ltJ~'WujlJlruf)1':ifUfflJ~~TI'1':i VOCs 'UU-1'Y'1Uf)-11'W1'WTI'mii 
" " , I 

uj f)l'j U 111'Wl~m'Y'l~-11)juVi'il1'j ru 1'il1f)~ 1'4f1f1 ~'Y'IU11'4f1f1 ~Vi 1 , ~f UfflJ ~~TI'1'j lJlf) 1 'W 1'W !TI'1 { 

~-1iiUjlJ1W l'f1m'il~tI 3861 ~g/m3 u~~'~fUfflJ~TI'~l'jUUtJ~~'fI 1'Wlm)-1m'j~-1iiujlJlru 1'f1t1 
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m~v 839 ~g/m3 ~~HI~fl~Vl'illfl1JflfHl~ 2 ~i~~1HllJ~~H11'jlJlfl114114eJl'Yi~6~~ijl1~lJlW hw 

m~v 2346 ~g/m3 U~~ i~~1HYlJ~~Hn'jU'eJv~"l~ 114114f!fl{~~ijl1~lJlW l~mu~v 556 ~g/m3 trleJ 

'\.'hfhtu~v114'¥Jfl114lJlVl'ilnWl'YnJil1JflfI~~ 1 (2182 ~g/m3) 'Vi1Jl1~lJlw'ffn 114fl1'j~1HYlJ~'ff 
I I I " 

lJlflflil1JflfI~n 2 (1376 ~g/m3) 'il1flfll'Vin 4 . 4 (d) 'Vi1Ji1fhni~ir14llii~til14i11114Yiff'Y11~ 

t~ v1ti14 U~trleJYhfln 1tm l~tlfh 114'YI N'ff()~ U~1ijfh iliu~mh~ti14 eJ VHij irV~lflty ~ 'j ~~1J . . ... ... 
fl11lJt'll'eJlJ14 95% 

" . 
- ~14 nffflill 'ff14 1lJtlhl1~lJ lW fll'j ~ 1JfflJ ~'ff'ff1'j VOCs '\J eJ~'Vi ir fl~ 114 114 'fffll'U 

" " , I 

1J~ fll'jihl!14t~m'Vi ~~ tljeJVl 'iln W 1'illfl~11JflfI~'Vi1Jil1JflfI~n 1 i~~ 1JfflJ ~'ff'ffn lJlfl114 114 

mYi~6~~ijl1~lJlw l~mu~v 2283 ~g/m3 U~~i~~1JfflJ~'ff'ff1'jU'eJV~"l~ 114114l1Ti~~ijl1~lJlW 

l~mu~v 1006 ~g/m3 ~~U~fl~1~'il1fl1JflfI~~ 2 ~i~~1JfflJ~'ff'ff1'jlJlfl114114f!fl{~~ijl1~lJlW l~v 

m~v 1993 ~g/m3 u~~ i~~1JfflJ~'ff'ff1'jU'eJV~"l~ 114114mYi~6~~ijl1~lJlW l~mu~v 742 ~g/m3 

trlm.1 1fhm~v114'¥Jfl114lJlVl'ill'jW1'Vi1Jil1JflfI~~ 1 (1803 ~g/m3) 'Vi1Jl1~lJlW 'ff1'j 114fln~1JfflJ~'ff 
I , I Y 

lJlflflil1JflfI~n 2 (1466 ~g/m3) 'il1flfll'Vin 4. 4 (e) 'Vi1Ji1~lni~ir14til14i11114Yiff'Y11~t~v1ti14 

U~~ trlml1 fl1'j 1tfl 'j 1 ~ tI fl1114 'YI1~ 'ff()~ U~ 1ij ~ 1 iliu~fl~l~ ti14 eJVHij irv ~lfl ty ~'j ~ ~1Jfl11lJ 
... ... 

t'lfeJlJ14 95% 
" . 

- ~14nffmnfl1414'ff'\JlfilJl~ 311~lJlWfll'j~1JfflJ~'ff'ffn VOCs '\JeJ~'Viirfl~114114 • 
" " I I 

'fffll'U 1J~flWu1l!14t~m'Vi~~tljeJVl 'il1'jW 1'il1fl~11JflfI~'Vi1Jil1JfIfi ~n 1 i ~ ~ 1J fflJ ~'ff'ff1'j lJlfl114 114 

l1Ti~~ijl1~lJlw hwm ~v 3645 ~g/m3 u~~ i~~1JfflJ~'ff'ff1'jU'eJV~"l~ 114114t'ff1{~~ijl1~lJlW l~v 

m~v 919 ~g/m3 ~~U~fl~1~'il1fl1JflfI~~ 2 ~i~~1Jffw.'r'ff'ffnlJlfl114114mYi~6~~ijl1~lJlW l~v 

m~v 6634 ~g/m3 u~~i~~1JfflJ~'ff'ff1'jU'eJv~"l~114114l1Ti~~ijl1~lJlwl~mu~v 1643 ~g/m3 trleJ 

'\.b~lm ~v114'¥Jfl114lJlVl'ilnw l'Vi1Jil1JflfI~~ 2 (3241 ~g/m3) 'Vi1Jl1~lJlW 'ffn 114 fln~1JfflJ~'ff 
• , I " 

lJlflflil1JflfI~n 1 (2958 ~g/m3) 'il1flfll'Vin 4. 4 (f) 'Vi1Ji1~lni~ir14til14i11114Yiff'YI1~t~v1ti14 

u~~trlml1fl1'j 1tfl 'j 1~tlfll114 'YIl~ 'ff()~U~ 1ij~ 1 iliu~fl~ 1~ ti14 eJV1~ ij ir V~lfl ty ~'j ~ ~1Jfl11lJ 
... ... 

t'lfeJlJ14 95% 
" . 

- ~14nffml1fl1TVhmfl1ffV114211~lJlwfl1'j~mYlJ~'ff'ff1'j VOCs '\JeJ~'Viirm114114 
" " I I 

'fffl1\j1J~fl1'j,hl!14t~m'Vi~~tljflVl 'il1'jW 1'il1fl~11JflfI~'Vi1Jil1JflfI~n 1 i~~ 1JfflJ ~'ff'ff1'jlJ1fl114 114 

mYi~6~~ijl1~lJlw l~mu~v 2283 ~g/m3 u~~ i~~1JfflJ~'ff'ff1'jU'eJV~"l~ 114114l1Ti~~ijl1~lJlW 

i~mu~v 1006 ~g/m3 ~~U~fl~1~'il1fl1JflfI~~ 2 ~i~~1JfflJ~'ff'ff1'jlJlfl114114f!fl{~~ijl1~lJlW l~tJ 

m~v 1993 ~g/m3 u~~ l~~1JfflJ~'ff'ffnU'flv~"l~ 114114mYi~6~~ijl1~lJlW l~mu~v 742 ~g/m3 

trlm.11~lm~vl14'¥Jfl114lJlVl'ilnW l'Vi1Jil1JflfI~~ 1 (1803 ~g/m3) 'Vi1J11~lJ1W 'ffn 114 fl1'j~1JfflJ~'ff 
I I I " 

lJlflflil1JflfI~n 2 (1466 ~g/m3) 'il1flfll'Vin 4 . 4 (h) 'Vi1Ji1~lni~irlJtil14i11114Yiff'Y11~t~v1ti14 
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.... ... 
l'lHllJ'U 95% 

" . 
- ~'U,yjffmn~~'U1f)1'jU1lJ1Wf)1'ji'uffm~'~~1'j VOCs 'IHFIYfUf) ,n'U1mHllU 

", " I , 

U1 f)1'j l-A llJ'U 1~~I'Yi~~I1i~Yi 'il1'j W 1'il1f);{1'4flflC'1'YiUl1'4flflC'1,yj 1 i;{i' U fflJ ~~~1'j lJ1f) 1 'U 1'U 

fl1Yl~V~~ijU1lJlW l~Vl~~v 2283 ~g/m3 1lC'1~ i;{i'UfflJ~~~l'jU~V~'l~ 1'U1'U'Yj1i~~iju1lJlW 

l~Vl~~v 1006 ~g/m3 ~~1l~f)~1~'il1f)'4flflC'1~ 2 ~i;{i'UfflJ~~~1'jlJlf)1'U1'Ufl'f){~~iju1lJlW l~v 

m~v 1993 ~g/m3 llC'1~i;{i'mYlJ~~~l'jU~V~'l~ 1'U1'Ufl1Yl~V~~iju1lJlW hwm~v 742 ~g/m3 

lrl~l-A1fi1m ~V1'U'VJf)1'UlJ1Yi'il1'jW 1'YiUl1'4flflC'1~ 1 (I 803 ~g/m3) 'YiUU1lJlW ~1'j 1 'U f)1'ji'UfflJ~~ 
I I , " 

lJlf)f)ll'4flflC'1,yj 2 (1466 ~g/m3) 'il1f)fI1'Yi,yj 4. 4 (i) 'YiUl1fi1,yji;{-u'Ulil'Uiu1'UYlff'Y1l~I~Vlflhl 

llC'1 ~ lrl m11f)1'j 11m 1~11 fi 11 'U 'Yl1~~il~ 11~ lijfi1 hjll~ f)~1~ flhl ~ VHij-U Vff1rl ty ~ 'j ~ ~Ufll1lJ 
. . .... ... 

l'b'~lJ'U 95% 
" . 

- ~hI,yjffmJ1iJiJ~'j hnJu1lJlW f)ni'ufflJ~~~l'j VOCs 'tJ~~WUf)~lh1 1hl~tl1U 
" " • I 

U1 f)n l-A llJhll~m'Yi~~I1iflYi 'il n W 1 'il1f);{ l'4flfl C'1'Y'lU 11'4flflC'1,yj 1 i;{ i' U fflJ ~~~1'j lJlf) 1hl 1hl 

fl1Yl~V~~ijU1lJlW hwm~v 2283 ~g/m3 llC'1~ i;{i'UfflJ~~~l'jU~V~'l~ 1'U1'U'Yj1i~~iju1lJlW 

l~Vl~~v 1006 ~g/m3 ~~11~f)~1~'il1f)'4f1f1C'1~ 2 ~i;{i'ufflJ~~~nlJlf)lhl1'Ufl'f){~~iju1lJlW l~v 

m~v 1993 ~g/m3 l1C'1~ i;{i'UfflJ~~~l'jU~V~'l~ 1hl1'Ufl1il~v~~iju1lJ1W l~Vl~~v 742 ~g/m3 

lrlfll-A 1fi1m ~v1hl'VJf)1'UlJ1Yi'il1'jW 1'Y'lUl1'4f1f1C'1~ 1 (I 803 ~g/m3) 'Y'lUU1lJ1W ~1'j 1hlf)1'j i'UfflJ~~ 
I • I ,.. 

lJlf)f)ll'4flflC'1,yj 2 (1466 ~g/m3) 'il1f)fI1'Y'l,yj 4. 4 (j) 'Y'lUl1fi1,yji;{-Uhlli1'Uiu1'UYlff'Yl1~I~Vlfl'U 

llC'1 ~ lrlm11f)1'j 11fl 'j 1~11 fi11hl 'Yl N ~il~11 ~ lij fi 1 i lill~ f)~ N flhl fl VHij -UVff1rl ty ~ 'j ~ ~Ufll1lJ 
.... ... 

1'b'~lJ'U 95% 

t '" ,.. 

'j~v~nC'11,yj1~1'Uf)1'jlnU;{1~vHijl1~l1lJ~ 7 1hl 11lJ;{~11~1'U~hI'Yl{ - l'Ufl1Yl~V 

U1lJlW ~n ~1f)~~'U 1hlll~ C'1~ ~tl1U ijfi11l~f)~H fl'U ~~f) i U ~'Ufl ~fl'Ui1'il ~V'Yl1~ ;{1h1 ~ 1~"l l'lfhl 

" " " " ~ 11 1'Y'l11 1~~ ~lJ 1 ~ V'j ~'U'tJ~~ ~tl1U 'U1 f)1'j l-A llJ'U 1~~l'Y'li1~ U1lJlW f)1'j ~111 tl1Vl-A1lJ'Ul~~I'Y'li1 ~ 
"" I I 

f) 'il f) 'j 'j lJ ~ 1~ "l 'tJ ~~ 11~C'1~ '4flfl C'1 
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. "" 
l]jmm tJ111YitJ11,j~ lJ1t1Hl1'j i'11 fflJ H~~l'j VOCs vl-!l ff,j~ l..1v.11 ':hmnU11 ~ f)l'jU 111'U 

14t)1v.i1-!1i1iJ~'j1'11~v.11,j~mtlHY1'jmf)1'U1'U~'U'Yl{ ,j~mW~l'j VOCs ~v.m)Q~ 2235 flg/m3~-!I 
" , " 

11 1f) f11'j ~tJ 11f11lJ.u' tJlJ (llli tJ-!I,;''U 'Yl 'j 111 'h 1 'U 1'U ~ 'U 'Yl {1I ~ ij 'j fI tJ'U ~1.u'1lJ1 1 ~11 ~ f) l'j l~lJ U 111'U .. 
14mv.i1-!11il'U ~1'U 1'U mo 1I10fl1V.~ 4.5 (j) n~tJ~fl~tJ-!ltl11.u'tJlqj(ll1itJ-!I,;''U~ '~i'11lJ1 lV. 'j l~,j~mw 

,J/, ,,, 

~1'j VOCs YiV.11vl-!l'l1lJ~ijfi1~ -!lYirr~ 1 'W 1'U ~'U'Yl{11~1 'U1'U~'U"l 1 'U ff,j~11..1tr'Uijfi1 1f)~1~tJ-!ltl'U i~ 

11~0~l-!1tl'UtJQ1'U'lh-!l 1200 - 1600 flg/m
3 hw,j'j~mw 

1I1f)fI1V.~ 4.6 fI1V.'j1lJ'UtJ-!I,j~lJ1W~l'j VOCs ~v.11,j~mw~1'jlJ1f)~~~1'U1'U • 
fl-!lf\1'jfitJ if'U~fff)'l:I11~tJ~1~~f)l'j 'j.l 'jtJ.,j~mW~l'j VOCs ~V.11tJQ~ 4441 flg/m

3 ~-!l1I10tll'j 
" " " ~tJ11 mlJ.u' tJlqj m litJ -!I,;' 'U 'Yl 'j l11 , .. h 1 'U l'J f)"l1'U 'il ~ ij'j fI tJ'U ~1.u' llJ 1 1 ~11 ~ tll'j 1~ lJ U 111 'U 1 ~mv.i1-!1 lil'U 

~ 1'U 1'U mf) '~ijfl11lJ11~ O~l-!1tl'U tJ tJf) i,j1 'U11~ (I~1'U ~-!I 1I1f)fI1V.~ 4.5 (c) n~tJ~fl ~ tJ-!I tl11.u'tJlqj(l 

)I I I " " 

llitJ-!I,;''UYi i~i'11m,j~ lJ1W ~1'j VOCs YiV.11vl-!l'l1lJ~ 1 'U ff,j~ 1..1 tr 'U ijfi1 1 O~l~tJ-!ltl'U '~11~f)~ l-!1tl'U 

~-!I'il1f)~mU11~tllnf111'U14mv.i1-!11~tJ~1~~tll'j 'j.1 'jtJ .v.11,j~mW~l'j VOCs ~lrr~ 1'U1'Ul~1{ 
3 

(1905 flg/m ) 
. " . 

,j~mW~l'j VOCs Yiv.11mo 1 'U1'UV.1i fitJ~'UYifff)'l:I1tll'j'YlHVl1ff'l:l (~1'U~11fl~'UtJ-!I) • 
~ d ,.c::i 3 .ci ,,~y, 1 OJ OJ .-

,j'jmW~l'j VOCs 'YlV.11tJ~'Yl 3297 flg/m 9f-!l'il10tll'j~tJ11mlJ'UtJlqj(ll11tJ-!I~'U'Yl'j11111 'U1'U'il'U'Yl'j 

" " - rYt1{ 'il~ij'j f1tJ'W~l.u'lm 1 ~11 ~ tll'j l~lJU 111'Ul~mv. i1-!11 il'U ~ 1'U 1'U lJ10 '~ijfl11lJ11~ f)~ l-!1tl'U 11~1 'U . 
1'Ul~1{ - mVi~611~ij'jfltJ'U~1.u'lm1~11~tll'j~10111'U1'U,j0~ ~-!I'il10fl1V.~ 4.5 (a) n~tJ~fl~tJ-!I 

tl11.u'tJlJ(llrl'tJ-!I,;''U~ i~i'11m ~-!I,j~lJ1W ~l'j VOCs ~V.11~-!I'I1lJ~ 1 'Uff,j~l..1J'U ijfi1 1f)~1~tJ-!ltl'U .. 
& "" '~11~ f)~ N tltWtll ~'U 1 'U 1'Ul ~1 { - tJ 1Vi~ 6 9f-!l 'il1f)~mU11 ~ f)l'j U 111'U l~tJl V. i1-!1 f11'j 'Yl N-Vl lff'l:l 

(fi1'U~11fl~'UtJ-!I) v.11,j~mW~l'j VOCs ~lrr~1'U1'Ul~1{ (1032 flg/m
3
) 

I "" I " I 

,j~mW~l'j VOCs Yiv.11mf)1'U1'UV.t)lr~ijvl-!l'l1lJ~ 2 ~'UYi fitJ~'UYifff)'l:I1~1~~tll'j 

',htrm1'U,j~~m~'Yl'j1-!10m 1'11lJ (111-!1'U1'U1tJtJO) 11(1~if'U~111-!1'U'U1YitJ'U ~-!I,j~mW~l'j VOCs ~ • 
V.11tJQ~ 2275 11(1~ 2399 flg/m

3 ~lmh~11 'il1f)fI1V.~ 4.5 (b) 11(1~(g) ,j~mw~l'j VOCs ~V.11 
"" J/ " vl-!l'l1lJ~ 1 'U ff,j~ 1..1 tr 'U ijfi 1 1f)~ 1~ tJ-!I tl'U i~11~mh-!ltl'U ffmU11 ~ f)l'j U 111'U1~mv.i1-!1 ff1ff~01'j 

"Yltr f)-!l1'U,j~ ~m ~'Yl'j 1-!1 0(111 'I1lJ (11 N'U 1'U 1tJ tJf)) V.11,j~lJ1W ffl'j VOCs ~ 1 ~~ 1'W 1'Ul ff1{ • 
" " . 

(1905 flg/m
3
) lm~ffmU11~ f)l'jU1l!'Ul~mv.i1-!11J1-!1"''U1YitJ'Uv.11,j~mw ff1'j VOCs 'f<hrr~ 1 'U1'U 

OJ 3 
tJ-!lf\1'j (1597 flg/m ) 

, J/" I " , 

,j~mWff1'j VOCs Yiv.11m01'U1'UffO{ijvl-!l'l1lJ~ 2 ~'WYi fitJ~'UYiffO'l:llff'U1lJL1h lm~ • 
if'U~~\PlJ'U1tll'j ~-!I,j~mW~l'j VOCs ~V.11tJQ~ 2268 11(1~ 7533 flg/m

3 ~llJih~11 1I1f)fI1V.~ 4.5 
" I ,,, '" 

(e) 11(1~(i) ,j~mw ~l'j VOCs ~'UYiffO'l:llff'U1lJ1ihYiV.11vl-!l'l1lJ~ 1 'U ff,j~l..1tr 'U ij,j~mw ~1'j 
JI , , JI 

VOCs 1 O~l~tJ-!ltl'U i~11~ O~l-!1tl'U 11911 'U~'U Yi~\PlJ'W 1tll'j ,j~lJ1W ffl'j VOCs YiV.11vl-!l'l1lJ~ 1 'W 
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" . 
fftl~lMU'WihJ~mw ffl'J VOCs 1tl~1~tI-:jf)'Wtltll~'W 1 'Wl'Wf1tl1Viihl~mw ffl'J VOCs mtltl';i11 'U • . " 
1'W6'W'lmtl ~ltltll'J fffllJmlJ'li'm.d(llijfl-:j~'W'Yl'JllJ';i11 'W 1'W f!'tl 1 'ildh t1t1'W~1'li'lm1 ~lJ ~ tll'J l~lJ 
" " " " 

l.h,j'Wlcilml'l ~-:jliJ'W ~1'W 1'W lJltl fftll'U lJ~ tll'J ih~'Wlcilflll'l~-:jff'WllJlill l'l1JtI~mw ffl'J VOCs 

. " " 
IPilt!~ 1'Wl'Wlff11 (1149 Jlg/m

3
) U(l~ffmijlJ~tll'J'\.h~'Wlcilflll'l~-:j~WJ'Wltll'Jl'llJtI~mWffl'J VOCs 

~1t!~1'Wl'Wlff11 (2209 Jlg/m
3

) ~-:j'illtl1'WfI1l'l~ 4.6 ~-:jliJ'WfI1l'l'J1lJ-i-:jl1lJ~J'WtI~mWffl'J 
, ", , 

VOCs Vil'llJ 1 'WYi'UVi~~'W1tll'Jlitl~mw ff -:jVi ff~ .. . 
I 'j/" I ", 

t1~lJ1Wffl'J VOCs Vil'llJlJltl1'Wl'Wlff11lil'i'-:jl1lJ~ 2 Yi'WVi ~flYi'WVifftlfntll'J'Yi1mtllf1 

tll'W 2 U(l~~'W~l'l11(l1t1n'W ~-:jtl~mWffl'J~l'l1JflQ~ 6388 U(l~ 2472 Jlg/m
3 ~lmh~lJ ~ltlfl1'W~ 

" I , iI " 

4.5 (h) lm~(d) t1~mWffl'J VOCs Yi'WVifftllJ1'W11(l1t1n'WVi'WlJl'i'-:jl1lJ~1'WfftlmMU'Wlifil1tl~1~tI-:j 
Y I I " " 

f)'W'~U~tl~l-:jf)'W u~1'WYi'WVitlln'hmtllf1t11'W 2 U~mWffl'J VOCs Vi'WlJl'i'-:jl1lJ~ l'Wffu~l1Mu'U 

lith 1tl~1~tI-:jf)'Wtltll~'W 1 'Wl'W mn~6~'WlJu~mw ffl'J VOCs ~ltl':i11 'W l'W~'W'lmtl ffmijlJ~ tll'J 

" " . l.h,j'Wlcilm'W~-:jtll'J'Yi1mtllf1t11'W 2 'WlJU~mWffl'J VOCs IPilt!~ 1'Wl'Wmn~6 (397 Jlg/m
3

) U(l~ 
" " . 

ffmijlJ~tll'J'\.l1~'Wlcilm'W~-:j'W11(l1t1n'W'W1JU~mWffl'J VOCs IPiT,!~1'Wl'Wf!'tl1 (1395 Jlg/m
3

) 

. " . 
U~mWffl'J VOCs Vi'WlJmtl1'Wl'Wmn~6 ~flYi'WVifftlfntl'W'Wff'IJ1.fl1J1(l 3 u~mw • 

ffl'J VOCs ~l'llJflQ~ 5744 Jlg/m
3 ~-:j 'illtltll'J fffllJmlJ'li'fl1q!(lliffl-:j~'W'Yl'J llJ':i11 'W 'VJtl'll'W 'il~ij 

" " 'JtltI'W~1'li'lm1 ~1J~ tll'Jl~lJ'\.ll~'Wlcjfml'l~-:jliJ'U ~1'W 1'Wmtl ~hJijfl11lJU~tl~1-:jf)'W flfltl1 u1 'WU~(l~ 
'" "1 Q.I a'd.d a' ~ 1" ~ 31 'Q.I.dt.J d d " 
1'W tltll1'W 'W1'Wlffl'J'YllJ'jtltl'W~1'IJllJl "lflJ'Jtll'J'Wfltltl111'Wfl'W'l 9f-:j~ltlfl1'W'Yl 4.5 (f) tlfffl~fl(lfl-:j 

f)1J'li'tJlJmiffl-:j~'W~ i~i'lJm ~-:ju~mw ffl'J VOCs ~'W1J-inllJ~ 1 'W ffu~lMJ'Wijfil1tl~1~tI-:jf)'U .. 
di "" 1~U~tl~1-:jf)'Wtltll ~'W 1 'W 1'Wlffl1 9f-:j~ltlffmijlJ~ tll'J '\.ll~'Wlcjfm'W ~-:jtl'W 'W ff'IJ 1.fl1J1(l 3 'WlJU~ mw . 

ffl'J VOCs ~lt!~ 1'Wl'Wlffl1 (1569 Jlg/m
3

) 

" . 
3. ~(ltll'Jllfl'J l~M"lfU~'lJfl-:jU~ mw ffl'J VOCs 1 'WYi'WVitll'JfftllntlHl'Yl'WlJ111'Wfl'J • 

, " " I " 

~ ltl"lflJ ~ ffl 'J Vil'llJl'i' -:j l1lJ ~ ~ 1 tl1 'W 'Yl tlYi'W Vi tll'J fftlfn 'W lJ "lfU ~ ffl'J l'i' -:j l1lJ ~ 10 "lfU ~ • 
"1" • 
l~Utl MTBE, Benzene, Isooctane, n-Heptane, Toluene, Ethylbenzene, m,p-Xylene, o-Xylene, 

Stylene, 3-Ethylbenzene U(l~ Decanal 



77 

1200 

1000 L 
800 ~[ __ 

--_. __ .. _ ._._-_._---_._-_._---_._--- 1000 -!-
800 , 

600 

------...... --.--....... ---. "-"-'---"---'----'-'-'---'--' 

~~ 600 .. f....... 

! 
:l 400 + 

~ 400 
:l 

200 ! 200 

+- .. - , - . -.--r--. I -

(a) DKN (b) BN 

-------------------------------------, 
I 

1500 

2000 

I 
i 

E 1000 
Ct 
:l 

I· 400 , E 
I ~ 

+111-1--_ ._--_.--_._._--_._--_._--_._--_ .. -

500 
I 

I 
200 +11 ____ -------1._-----·-----

---_._--------------------------' -------- -- -----

(c) RO (d) PH 

I 

700 

600 

500 

400 

-
l >m 

1500 +wr----------------------------
I 

). 300 
:l 

200 

100 

0 
• • • I I 

IE 1~ ~~---------------------
I ~ 
I 500 

I 

(e) SP (f) TL 

I I '" 

fll'YlYi 4. 7 'lfi11l'IJtl ,nJ~lJ1Wffl'j VOCs Yi'YlU''\.J~'\.JYifll'jffm:Jlm ,m'mmnwfI'J • 



78 

I 
1000 . _____ . ___ . ________ _ ! 

I 1500 

~ ~.~-------------
I 

500 ~~---.---------- I 1000 +-.1------.--_ .. _----_._-----

Il ~.oo 

I 

I 
I - I ! 

(g) BT 

2000 -.---------------- 700 T - ---.. --------· --.. ..-.--.... --... -.-----.-----.. 

1500 

+-. 1-------------.--.-----

600 ~~------------
51)0 ~ 

~~ ~~-----------­
.~ 3()O.f- -

~ ~~I-----~-------
~ ~ +j ~ __ r-- .. __ ~-------

100 ~I-I. _____ I _____ .---
I - o ~'-r-'--"'--' - ,.1--...---------- __ --:-'" ______ ~ 

(i) P (j) NI 

, I JI, 

flTYi_vi 4.7 'lfU~'\Jfl'l11~lJltlHn'j VOCs _vi'YiU,.U~'U_vif)1'jffm:JlflHl'Y1YUJ111'Um (~fl) . 
, I " 'JI I " " ," d do Q,I ~..:9 d ..:!i ClJ .c:!t dQ.l 

1l1flfll'Yi'YI 4.7 ffl'j VOCs 'YI'YiU'YI'll1lJ~ 10 'If'U~ 1l1fl'Yi'U'YIf)1H1fl1l1'Y1'll1lJ~ 10 Yi'U'YI'U'U 
1 ," I 

iifi 111 'U d lu lJ'lfU ~ff1'j _viYiU Ii'! 'U i 111 'U Yiff'YI1'l1~ trJfl'U ffl'j VOCs _viYiUG)fU ~ 11" fl"l 1 'U'YJ fl~'U_vi 

f)1'jfffl'ill 4 G)fU~ fifl MTBE, Benzene, n-Heptane 11(l~ Toluene 1i'!'U'lfU~~YiU1'U11~lJlWlJlfl 

1l1fl'YIfl~'U~f)1'jfffl'il1 ff1'j MTBE YiU11~lJlWff1'jlJlfl~ff~1'U'YIfl~'U~f)1'jfffl'il1 ~'l1l1fl11'Ud lUlJ . . . 
, ."" " 

'lfu~ffwVimJff1lJ1'j\)Uflfl '~i111l1 ri'lfhu~_vi"hf1ru'\Jfl'l ff1'j VOCs U'UlJl1l1fl 1 'U tl11!'UI~fllYi~'l 
" 
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" , 
4 . fH'lf11'j11ml::lhJ~lJlflHn'j VOCs U~l:l::'lfiJ~ l'\.J~'\.J_YiflnffflEllfll~!'YI'Y'IlJm'\.Jfl'j 

, " " 
~lflf11'jlnm"';m{h~ffl'j VOCs _Yi'U~!1Wffmu'U~flWU1~'\.Jl~tH'Y'Ii1'1 10 ffmu l'\.Jl'\J~ 

lljV'1 (urban) '\JV'1flHl'YI'Y'llJ'I11'\.Jm l'll'\.J!1m 71'\.J i~tJ1Hl:lU~lJlW VOCs U~l:l::'lfiJ~ '\JV'1'Y1fl • • 
SI , , , 

~'\.J _YiffflElllJllm V'Ul_YiV'Un'\.J ~'1.fll'Y'l_Yi 4.9 Ul:l::'YI~ffV'Ufl 11lJU~fl~ l'1fllm ~ V'\J V'1 'Il VlJl:lU~lJlW .. 
fl111H'IllJ'Il'\.J VOCs U~l:l::'lfiJ~ ~1V1n compaired mean one way ANOV A l~V'YI~ffv'U~'j :: ~'U 

, 'I " 

fl11lJl~mj''\.J 95 % ('I11V_Yi p-value = 0 .05) fllVl~fflJlJ~ll'\.J~'1U 
1 " '" 

Ho: fllm~VU~lJlWfl11lJl'lllJ'Il'\.J'\JtN VOCs U~l:l::'lfiJ~ 'Yl'110 ~'\.J_Yi iliu~fl~l'1n'\.J 
, " "1 

HI: fllm~VU~lJ1Wfl11lJl'lllJ'Il'\.J'\JV'1 VOCs U~l:l::'lfiJ~ 'Yl'1 10 ~'\.J_Yi U~fl~l'1n'\.J 
.,. 01" "1. 1 <V 'I ~lflHl:lf11'j11ml::'I1'\JVlJl:l~1V 1JmmlJ SPSS for window (~'1Uff~'1l'\.JfllflH'\.J1fl 9$) .. 

'Y'I'U ',il fl 11lJ-w l~::lil'\.J ~1 ~'YI~ffV'U fflJlJ~! 1'\.J ~ 1 U'j ummll'\.J 1W i~'\J V'1U~lJlW fl11lJl 'IllJ'Il'\.J 

" ", 
VOCs U~l:l::'lfiJ~ 'Yl'1 10 ~'\.J_Yi fiVUalffTifflJlJ~ll'\.J Ho VVlJi''UfflJlJ~ll'U HI l~vihlVl:l :: l~V~ 

" , " 
fl11lJU~fl~1'1'\JV'1 VOCs U~l:l::'lfiJ~ 1 '\.J'YIfl~'\.J_Yiffmn ~'1u • 

UfBE 
2000 

1500 ! t- i I 
·~l: .~ ~. 

RO IT. P J DKN BN BT PH NI SP 

(a) MTBE 

booctaDe 

o 

RO P 11 DKN BN PH BT NI SF 

(c) Isooctane 

Benzene 
1000 T, .---.-----.. --.--.. --.... -.-.. --...... - .... -.. -----------.. -.. -

800 

i 600 

400 

+--'''---P"-.k-----------

200 -1------·_--·· ·· ._ ..... -"----_.­

o +I~~~~~~~~~~--

P RO 11 DRN PH BT BN SF NI 

(b) Benzene 

n-Haptane 
600 

o 

J P 11 BT RO SP NI PH DKN BN 

(d) n-Heptane 

, , '" 
fll'Y'l_Yi 4.8 U~lJlWffl'j VOCs U~l:l::'lfiJ~_Yi'Y'l'Ul'\.J~'\.J_Yif11 'j ffflEllm'11'YI'Y'llJ'I11'\.Jm . 
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800 
Toluene 

40 
Ethybenzene 

600 30 
~ 

~= = 400 r. i 1. 20 :. 
I 

:. 

200 r- IO 

0 ! 
Ar-~-'r , -r---l 0 

P RO J 11 DKN BN SP BT PH NT P RO J BT SP BN DKN 11 PH NT 

(e) Toluene CD Ethylbenzene 

m,p-Xylene 
80 

Styrene/o-Xylene 
30 ,-------------.-.--.. -.. --.. -.. --.. ---.-.... - ..... -.... ---.---.- .--

i : ~+:s=b+ ! 1~5; 
I 

o ~-,·---r-··--i-'-·T-T-'-'-'·--' o 

P RO BT SP J 11 BN DKN PH NT P BT J RO 11 BN SP DKN PH NT 

(g) m,p-Xylene (h) Styrene / O-Xylene 

3 -Ethytoluene Decanal 
15 "I ----- .-.. ------

10 .., 

~ 
:1 

5 

o o 

P RO BT SP 11 BN DKN PH NT P DKN RO SP PH NT J 11 BN BI 
, --_._------- .. _--_ .... _---_ .. _-----_._-----_ .. __ ._-._--_ ... _. __ ._---------

(i) Ethyltoluene (j) Decanal 

. , ,." 

.fl1'VfYi 4.8 11llJltlHll'i VOCs u<;it'l~'lfu~'Yi'Y'l1Jl'Uih!'Yif)l'ifff)lJlf)H!l'l'Y'llJl1l'Wm (<;it!) • 
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" , "" I 

~ij MTBE h..l~'\.J'fhH)1U'U1tll':ioWll1'\.H'~m~il 'Hn'lJl!~m,,1bl~tll':i ':i.l ':iij. ihHlJ1Wbll':i VOCs 

ijQi'\...l')h~ 638 - 1628 ~g/m3 !rlmilltl'U!-ntl'U~lml'\...11~tI'lJij~ Hokkola !!i:'I~ Saarinen (2000) ~yh 
" tll':i ~':i 'H)1~,j1lJ1W tll':ii''UfflJ Hblbl1':i MTBE 'lJ ij~ fl~lJ H'i '*'U 1 tll':ioW 111'\...11 ~tllill tI'U!-n tI'U':i ~ 'w:h~ 

• OJ . " 
bltllU 'U 1 fll ':i -n ~ ~ ij,j fl':i w~ ~ fl~ 'U i ij ':i ~! '11 tI':i ~ 'I111~ fll ':i ci 1 tloW 111'\...1 i:'I~ riil ~ flfl!n 'U (I) !! i:'I ~ bltllU 

• • OJ 

'U1 tll':i ~~~ij,j m W~~fl~'U i m ~! '11 tI'U 1! lW!flt ij~ ~lt1lfll1'\...1 'lJ W~~ !~lJlfll1 '\...I! YilJ !~lJ flfl'l1 i1~ 'ilfl • • 

(II)Hi:'Itll':i ffmn~'Ul1fl~lJHi ,*'U1tll':i,j':i ~!flYl(I) !!i:'I~(II) i~i' 'U ffm1'blbll':i MTBE 1 fl tII'Q ~tlmJ~ 
• OJ OJ. 

15300 !!i:'I~ 3400 ~g/m3 ~llJiiwi'U ~~!rlmilltl'U!-ntl'Ufl'U,j1lJ1Wbl1':i MTBE ~i~'iI1fl~1'\...1i~tlifij 
,'jJ I , 'jJ "~d 

mWWfll1lJlfl !!i:'I~~lfltll':iYlflblij'Ufll1lJU~fl~1~'lJij~'lJij1Ji:'Ifllt11li Compaired mean one way 

" " " ,." 

ANOVA ~'Ul1tll':ii''Uffmj'bl'lJij~1Jflfli:'l i'\...l'U1!1WblmU'U1tll':ioWll1'\...1!~m~il~ 11~ 10 ~'\...I-n'lJij~ 

bll':i MTBE ~ij RO·d=TL·d=P·df=J.df= DKN·=BN·c=BT·e=PH·e=NI·e=Sp·e ~~!!blfl~fl1~~ 4.8 (a) 

,j1lJ1W fll1lJ!oU'lJoU''\...I'lJ ij~ bl1':i VOCs ~~'U i '\...I!'lJ\PlflH!YI~lJ'I11'\...1 m 'lJij~ Benzene ij • 
,j1lJ1Wbl1':i VOCs ijQi'\...l'lh~ 308 - 852 ~g/m3 ~1'\...11~tI~!~tlloU'ij~'lJij~ Hokkola !!i:'I~ Saarinen 

" " (2000) ~'Ul1 i '\...ImilJ~Uml'\...1blmU 'U1tll':ioWll1'\...1!~tII~il~ i '\...I!'lJ\Plflm~!ijij~ Mexico i~i''Uffm1'bl . 
bl1':i Benzene ':i~'I111~411lJ~Yil~1'\...1 m~tI~ 6 411lJ~ ~ij 310 ~g/m3!!i:'I~i'\...l~1'\...11~tI'lJij~ Lauri 

" Saarinen (2003) i~':ilt1~l'\...1 t1n ~~'U i '\...I fl1':i i' 'Ubll':i Benzene i '\...I fl~lJ~U fl~l'\...1 'lJ '\...I ci ltioW 111'\...1 . 
"" . 
!~m'wil~i'\...l'U1~1.h~!YIffi1'~~u ,j':i~!YIfW 1 nJ bl'l1i'i1mlJ1tll bll!fl'\...l Wij':il1'\...1!!i:'I~iUiJ'\...I WUfl~l'\...1 

q... u q 

~~w 1 d 3 
!fl':i'Ubll':i Benzene fltll'Qi:'Iti 1400-6100,900-1100, 3000-4300, 1300 !!i:'I~380-5200 ~g/m 

\Pl1lJiil~'U ~~ ~ lfl~l~ i ~i '\...I~ 1'\...11~tlif i1 ijl1~ 'Ubll':i i'\...l ':i ~ ~'U~~ lfll1!rl til ill tI'U! -n tI'Ufl'U~ 1'\...11~tI 
, ," , 

B'\...I '1 !!~,j1lJ1W bl1':i -n~':i l'i1~'UU '\...I fJ~ hjij ~ l!fl'\...llJ1\Pl ':i j 1'\...1-n fil'11'\...1 fl i 1''lJ ij~'I1111t1~ 1'\...1 ~ 1~'l ~ ~ 

!!blfl~i'\...l\Pl1':il~~ 2.5 i'\...l'UYI~ 2 !!i:'I~'iI1fltll':iYl~blij'Ufll1lJ!!\Plfl~1~'lJij~oU'ij1Ji:'I~lt111i Compaired 

" " " mean one way ANOVA ~'Ul1tll':ii''Uffm7bl'lJij~1Jflfli:'li'\...l'U1!1WblmU'U1tll':ioWll1'\...1!~m~il~ 11~ 
" . 

10 n\.Jlil.Jt)~ffl) Benzene ~tl Jbdc>p8d=ROae=TLaf=DKNa=PHa=BT8=BNad=Spa=Nlaf ~~U'fjfl~ 

d 
fl1~Y1 4.8 (b) 

,j1lJ1Wfll1lJ!oU'lJoU''\...I'lJij~bll':i VOCs ~~'Ui'\...l!'lJ\Plm~!YI~lJ'I11'\...1m'lJij~ Isooctane ij . 
,j1lJ1Wbl1':i VOCs ijQi'\...l'il~ 20 - 49 ~g/m3 !!i:'I~'iI1fltll':iYl~blij'Ufll1lJ!!\Plfl~1~'lJij~oU'ij1Ji:'I~lt111i 

" Compaired mean one way ANOVA ~'Ul1tll':ii''UfflJHbl'lJij~1Jflfli:'li'\...l'U1!1WblmU'U1fl1':ioWll1'\...1 
" " ", ..:!t ~ Q.I ..:!t.o:::1 ..:!t 

!'lHH~i:'I~ Y1~ 1 0 ~'\...IYI'lJij~bll':i Isooctane flij 

Jbcf=RObd=P·df=TL·de DKN·=BN"=PH·=BT·=NI·=Sp· ~~!!blfl~fl1TI~ 4.8 (c) 

_I"" ~ ~ d i ..,. 
lJ':ilJ1Wfll1lJ!'lJlJ'lJ'\...I'lJij~bll':i VOCs Y1TI'U '\...I!'lJ\Plfl1~!Y1~lJ'I11'\...1m'lJij~ n-Heptane lJ 

,j1lJ1Wbll':i VOCs ijQi'\...l'lh~ 140 - 401 ~g/m3 !!i:'I~'iI1fltll':iYlflblij'Ufll1lJ!!\Plfl~1~'lJij~oU'ij1Ji:'I~lt1 
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,.. " " ,.., 
o Q.I a ~ Q.I .a do .a df df d ae ad ae ac ae 

'W1lJ'Wl'lfflLYHN 'Yl'l 10 'Y'I'W'Yl'UtNUn n-Heptane Tn) J =P =TL >BT =RO =SP =NI =PH 

DKNa=BN'
c ~'IllU~'Ifl1'Y'1~ 4.8 (d) 

1HmWfl11lJl~lJ'\r'W'Ufl'lUn VOCs ~'Y'I1Ji'W1'U~m'l1'Yl'Y'llJ111'Wm'Ufl'l Toluene ii . 
11~lJ1WU1'j VOCs fl~i'\.J'lh'l270 - 682 ~g/m3 ~'I'il1mh~i~i'W'I1'Wi~vifiifli1'Y'11JU1'ji'W'j~~1J~ 

, I , ,,,, • 

~ 11jj fllm (J1Jll1 (J1JtlmhlJ1~'j !1'Wl1 ill 11 'W ~ 11~ mw U1 'j l1~ n'il'Y'l1J'I1 'WV'I il.Jiiri 110'W m~ 'j! 1'W l1 

fl111 'W~ i ~'Ufl'll1,J 1(J'I1'W91 1'1 '1 ~'IllU~'I i 'W~T;j 1'1~ 2.5 i 'W1J'Yl~ 2 11(l~ 'il1f)f11'j 'Yl~Ufl1Jfl11lJ 

11~f)91N'Ufl'l~m.!(l~1(Jin Compaired mean one way ANOVA 'Y'I1Ji1f11'jrmYlJ~U'Ufl'l1Jflfl(l i'W 

" " " "1 .q d.tQr, OQ,J~ C!lQ,I 4d. ~ 

1J'jl1WUm'W1J'jf11'j'W1lJ'Wl'lffll'Y'1(l'l 'Yl'l 10 'Y'I'W'Yl'Ufl'lU1'j Toluene flfl 

P·i=RO·e=]"=TLag=DKN'=BNad =Spah=BTai=PHaf=Nlbdfhiik ~'IllU~'Ifl1'Y'1~ 4.8 (e) 

11~mw fl11lJl~lJ~'W'Ufl'lU1'j VOCs ~'Y'I1Ji 'Wl'U~f)~ 'I 1'Yl'Y'llJ111'Wfl'j 'Ufl'l Ethylbenzene 

ii11~lJ1WU1'j VOCs fl~i'Wi1'1 10 - 27 ~g/m3 11(l~'il1f)f)1'j'Yl~Ufl1Jfl11lJll~f)911'1'Ufl'l~m.!(l~1(J 

in Compaired mean one way ANOVA 'Y'I1Ji1f)1'jrmYlJ~U'Ufl'l1Jflfl(l i'W1J~l1UJ.umil1J~f)1'j 
,.. " " ", o<v4!t ~Q.I ~d 4 

'W1lJ'Ul'lffll'Y'1(l'l 'Yl'l 10 'Y'I'W'Yl'Utl'lU1'j Ethylbenzene flfl 

pbdgh=Rdc>]"eh=BTaeh=Spag=BNad=DKNa =TL"=PHaf= Ntf ~'IllU~'I.fl1'Y'1~ 4.8 (f) 

.1'" y y .d i cS 
lJ'jmWfl11lJl'UlJ'U'W'Ufl'lUn VOCs 'Yl'Y'l1J '\.J1'U~f)~'I1'Yl'Y'llJ111'Wm'Utl'l m,p-Xylene lJ 

11~mWU1'j VOCs fl~i'Wi1'1 22 - 58 ~g/m3 ~'I'il1f)ri1~i~i'W'I1'Wi~vifiitli1'Y'11JU1'ji'W'j~~1J~~1 
I • ,''' , 

ljj flL 111 (J1Jll1 (J1J tl 1J ri 1mm! 1'U l1 fl111 'W ~ 11~ m W U1 'j l1 ~ 'j 1 'il'Y'l1J '11 'W V'I il.J iiri 110'W lJ 1 ~ 'j! 1 'W l1 

fl111'W~ i~'Utl'l11,J1(J'I1'W911'1'1~'IllU~'Ii'W~1'j1'1~ 2.5 i'W1J'Yl~ 2 11(l~'il1f)f11'j'Yl~Utl1Jfl11lJ 

11~f)911'1'Utl'l~m.!(l~1(Jin Compaired mean one way ANOV A 'Y'I1Ji1f)1'jrmYlJ~U'Ufl'l1Jflfl(l i'W 

tI " " ", .q d..e::r. OG.l4,C),Q,I 4d 4 

1J'jl1WUm'W1J'jf)1'j'W1lJ'Wl'lfflL'Y'I(l'l 'Yl'l 10 'Y'I'W'Yl'Utl'lU1'j m,p-Xylene fltl 

bdef be aef aed ag ae a a a a IV d ( 
P =RO >BT =SP =J =TL =BN =DKN =PH =NI ~'IllU~'Ifl1'Y'1'Yl 4.8 g) 

.1'" Y Y .d i 
lJ'j mw fl11lJ l'U lJ'U'W 'U fl'l un VOCs 'Yl 'Y'I1J '\.J1 'U ~ f) ~ '11 'Yl'Y'llJ 111'W m 'U fl 'I 0-Xylene/ 

Stylene ii11~mwu1'j VOCs tl~i'\.J'li1'1 11 - 20 ~g/m3 ~'I'il1f)ri1~i~i'W'I1'Wi~(Jifiifli1'Y'11JU1'ji'W 
" I , I" 

'j ~ ~ 1Jl1 ~ 11jj tll 111 V1Jll1 V1J tl1Jri llJ 1~ 'j! 1 'W l1 fl 111 'W ~ 11~ lJ 1UJ. un l1 ~ 'j 1 'il 'Y'I1J '11 'W V'I i l.J ii ri 11 O'W 

lJ1m!1'W~fl111'W~ H'Utl'l11,J1(J'I1'W911'1'1~'IllU~'I i 'Wm'j1'1~ 2.5 i 'W1J'Yl~ 2 11(l~'il1f)f11'j'Yl~Utl1J 
I " 'JI.qd. 1 Q.I Q,J Q.I 

fl11lJll~f)m'l'Utl'l'Utll.J(l~1(J11i Compaired mean one way ANOV A 'Y'I1J11f)1'J'J1JUlJf'.IU'Utl'l 

" ,.. " '" 
1Jflfl(li'W1J~l1WUmil1J~f)1'jtJ1iJ'Wl';flL'Y'Iil'l11'1 10 Yi'Wl1'Utl'lU1'j o-Xylene/ Stylene fitl 

a ac bed a ade bee be bee b aQ.l d 
DKN =BN =RO >PH =SP =TL =BT =J =P >NI ~'IllU~'Ifl1'Y'1'Yl 4 .8 (h) 

11~lJ1Wfl11lJl~lJ~'W'Utl'lU1'j VOCs ~'Y'I1JhH'U~f)~'I1'Yl'Y'l:lJ111'Wfl'j'Ufl'l 3-Ethylbenzene ii 

11~mWU1'j VOCs tlQi'U'lh'l 13 - 26 ~g/m3 11(l~'il1f)f)1'j'Yl~Utl1Jfl11lJll~f)911'1'Utl'l~fll.J(l~1(Jin 
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" 
Compaired mean one way ANOV A 'YiU11f)1li'lHllJr:rff'tltl-:J'4f1f1{1 i'UU~nUH1'mUU~f)1lthiJ'U 

y y ~ I 

~ c:.QI ~d ~ 

l'll'tll'Yi{l-:J 'YI-:J lO 'Yi'U'YI'tItl-:Jffll 3-Ethylbenzene fltl 

19h=poofg=RObd=BTadg=Spadc=TLadf=BN"=DKNa PHa= Nia ~-:JUfffl-:J.f)TVi~ 4.8 (i) 

_I"" " " lJllJ1Wfll1lJl'tllJ'tI'U'tItl-:Jffn VOCs ~'YiU i 'U 1'tl~f1Hl'YI'YilJl11'U m 'tItl-:J Decanal ii • 
_I"" 'i I 3 ' ,.. ,., 
lJllJ1Wffll VOCs tl~ 'U'll'1-:J 1.8 - 9.8 Ilg/m U{I~1I1f1f)1l'YI~fftlUfl11lJU~f1~N'tItl-:J'tItllqj{l~nV 

ili Compaired mean one way ANOVA 'YiU11f)1li'ufflJr:rff'tltl-:J'4f1f1{1 i'Uu~nWffmUU~f)1l 
" " " "1 oG.l4!l..:::t.Q.I.ad .a 

'UllJ'Ul'll'tll'Yi{l-:J 'YI-:J 10 'Yi'U'YI'tItl-:Jffn Decanal fltl 

pa=DKNa>ROc> Spdc>PHoo=NIbf=lf=TLb=BNb=BTb ~-:JUff~-:J.fl1'YiYi 4.8 (j) 

4.3.3 f)1l1mvulYivul1~lJ1Wfl11lJl'li'lJ'Ii''U'tItl-:Jf1~lJffn Total VOCs i'Ul'tl~f1Hl'YI'YilJm'Um . . 
. " " 

1I1f1f)1l1~U~ltltil-:Jffll VOCs Yiu~nwffmuu~f11nhiJ'Ul~tll'Yi~-:J 10 fftnU i'Ul'tl~ 

l]jtl-:J (urban) 'tItl-:Jf11-:Jl'YI'YilJl11'Um ltl'Unm 7 1'U '~tJ1H{llllJ'tItl-:J11~lJ1W VOCs U~{I~'ll'iJ~ 
" I I • 

'tItl-:J 'YI f1Yl'U Yi fff1l111J11 m VU1Yi VUtl'U ~-:J.fl1'Yi Yi 4.9 U {I~'YI~fftlUfi 11lJU~f1~ l-:J ~m~ ~ V'tI tl-:J 'Ii' tllJ {I . ~ 

_ Ie:. " fj) t oQ 9J ~d ~.c1 
lJllJ1Wfll1lJl'tllJ'tI'U VOCs U~{I~'ll''U~ ~lVl1i compaired mean one way ANOV A !~V'YI~fftlU'YI . . . 

cv ~QI .c:!fd 

l~~Ufl11lJl'll'tllJ'U 95 % (l1ltl'YI p-value = 0.05) 

30000 

25000 

20000 
f') 

E ....... 
0) 15000 :l. 

10000 

5000 

0 

J P RO TL DKN BT BN PH SP NI 

• • 'JI , 

.fl1'YiYi 4.911~lJ1Wffll Total VOCs Yi'YiUlIlf1 10 Yl'UYiffmlli'Ul'tl~m-:Jl'YI'YilJm'Ufil . 
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tJ1lJlrufl11lJI.,j'lJ.,j''U'\ItI~milH1'1'.i Total VOCs ~'ViullJ!'\I~m ~1'VI'VilJ'I11'Um 'ViUlJlfl1 'U • • 
" I "", ~4 d~ OQJ~.r::::a I I 

'Vi 'U 'VI ,,1'(11 'U U '.i fll '.i 'U llJ 'U I 'If til 'Vi Cl~ ""1'\1 1 fll '.i 'Yll til fll rHJl 'U 2 111 flfll'.i 'VI ~ ""tlU fI 1 llJ U~ flm~ '\I tI.:I 

.,j'tll;JCl~1tJi1i compaired mean one way ANOVA 'ViUl1fll'.ii'mYlJH""'\ItI.:IiJflflCl 1'UU1nru""m-u 
" JI " JI 1 

1J~ tll ~U llJlJl~{)LVi~~ 11~ 1 0 ~lJfi'\Jt)~flrilJffl~ Total VOCs fi flJag=pak =ROae=TL ai =DKNa . 
. ad af ah bdfh" ck I .d 'fI " ~ tI ~.r::::a ~ 1 d.r::::a : QJ 

=BTaJ=BN =PH =sp >NI ~ 91.:1f11'V11fl1l1flfll'.i11f1'.i1~'I1'Yll~""(l~'U'U 'U""m'UU'.ifll'.i'U1lJ'U 

" '" " I ", 

l~tll'Vi ~~""1'\11iJiJm 1 mj'ViutJ1lJlru ""1'.i VOCs ~lVib!fl Iii tI.:IlJ1111flYi'U Vifll'.i ffml1iJiJ~'.i 1 mhr 'U 
" 1 I I , 

'" ?t "" .cI.cI1 "1 _I"':!.cI ~ " "" " .cI' '" (l til lJ'U 'Vi'U 'VI 'VI 'If 'U fll'.i I lJ '.i tJUI'Vl tJU 1 fl I 'U tI~ lJl1l1 fl "" fll'Vi U 1fl Cl tllJ'VI tI tJ'lf1 'U IlJ tI ~ "" fll'Vi fll '.i 11 '.i 111 '.i 
OJ .. , 

~hj'l1'U lull 'U clfl1lru~ 1fltJ'.itlU""m-uI~'UYi'U Viuu U liJfl1 ~~ '~iitllfl1'.i ~ tim tlU vil 1,r'ViUtJ1lJlru 

""1'.i VOCs ~1 ri1'Ulf'U~~'Viu",,1'.i VOCs 1'UtJ1mru~~tI'U.,j'H""~I"If'U fll'.i'Yhfl1fllft'tJ1'U 2 
OJ 

I " " I 

~1"lJ'U1fll'.i lYifl",,1""~fll'.i '.i l.'.ifl. UCl~""1'\11b!'\I1.nlJlCl 3 'l1'U clfl1lru~Yi'UVi1fltJ'.iflu""m-Ufl~~flnu .. , 

(l'U 'U ""ltJ'I1 cl fl 1'U 911 111 flCl l~llj tI~iifll'.i 1I'.i 111 '.i '11 'U lull 'U Yi'U Vi 1 fltJ'.i flUtI ~~fl91 1t1lfl1'.i vil 1,r 1I1fl 

fll'.iilm1~,1'111tJ1lJlru""1'.i VOCs'ViU""l'.i VOCs 1'UtJ1lJlru~~tI'U.,j'1~"".:I 
OJ 

.. .. , 

""m-u U 1 fll '.ilhlr 'UI ~tI I 'Vi ~ ~""1'\1 1 fl~ rl fl1'.i 1 'VI '.i ~'Vi"Yi''I1 clfl iY ii"" fll 'Vi U 1fl ~ tllJ 1 fl tJ'.i tlU .. , , 

""m-u cl fl1l ru~1 ~'U Yi'U ViiJ fl '\I 'U 1fl I~ fl ii tIlfl1'.i Vi 11 tlfl '.i fl ~ tllJ '.i flU ~ 1'U '11 cl ~ ""m-u ii '.i (l tJ'U ~~I91Cl 

'\I 'U1fl 1 '11 o.illtlfll1 tJ~mit~'U ~1'U 1WJ1fl t1thntJ 1 'U tI~rl fll '.i 1 'VI'.i ~'Vi"Yi''I1 clfl*~.:1 1 'U "If1~nmritl'U!!Cl~ 
U OJ OJ 

15000 

10000 

5000 

o 

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY 

...... PERSON.AJ.. 1 ..... PERSON.AJ.. 2 

fll'Vi~ 4.10 tJ1lJ1rufl111J!.,j'lJ.,j''U'\Ifl~ TOTAL VOCs 1'Ulf'U~ffml1t1~rlfll'.i 1'V1'.i~'Vi"Yi''I1clfl* ~ 
iJflflCl~ 1 UCl~iJflflCl~ 2 '~i'ufflJH"" 
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" " . 
~lfl11~lJ1Wf111i'UalJ~ffffn VOCs '\Jfl~'Yn:rfl ,:nlJhHYtllUU~f11nhlJ\Hoifm'Vfii~lijfl 

Vl~11W1~lfl~11JflflC1~lflfll'Vf~ 4.lO 'VfU-:ll1JflflC1~ 1 1~i'ualJ~ffff11lJlfl 1 lJllJ fJ'fl{~~ii11~lJlw 
hwm ~eJ 5037 ~g/m3 ILC1:: 1~i'ualJ~ffffU U fleJ~ ~~ 1 lJ llJ ~lJl'1{~~ii11~lJ1W hwm ~ eJ 

1438~g/m3 ~~IL~fl~l~~lfl1JflflC1~ 2 ~1~i'ualJ~ffffnlJlfl1lJllJ~lJl'1{~~ii11~lJlW l~mll~eJ 

.12180 ~g/m3 ILC1::i~i'ualJ~ffffnufleJ~~~1lJllJtl~fln~~ii11~lJlW l~mll~eJ 6169 ~g/m3 Irlfl 

u1fi1m~eJ1lJl'JflllJlJlYl~nW1WIJ-:l11JflflC1~ 2 (8896 ~g/m3) 'Vfu11~lJlwffn1lJflni'ualJ~ff 

lJlflfl-:ll1JflflC1~ 1 (3822 ~g/m3) fl1~ldfl~lJl~lfln~m1lJ~1~"l 1 lJIL~C1::1lJ'\Jfl~IL~C1::1JflflC1 1m:: 
" . . 

l'i'~ 2 1JflflC1iifi1ILlJ11 U lJ'\Jfl~ff11 1 lJIL~ C1:: llJ i 111 lJ .y;ffl'11~~H,j'llJtllJ lij flU 1,j'fl'1q!C1fi1Lll ~ eJ'\J fl~ 

VOCs IL~C1::1JflflC1~~11~1~i~yf~ 21JflflC11111Im1::l1m~fftl~ l~eJ1~ T-test 1lJ l11'jILmlJ 

SPSS 16 for window HC1f1111Im1::l1m~fftl~ Uff~~1lJfIlflHlJ1fl 9f 'VfU-:l1 ii11~lJlW~U~fl~l~ 
Q,I , .ci Q.I 0 Q,I ..e:t GJ .c!I Q,I 

fllJ fleJ1'llJlJ eJff1flty l'11::~Ufl11lJI'lffllJlJ 95% 

10000 

8000 

~ 6000 
:l, 

4000 

2000 

o 

MONDAY TUESDAY WEDNESDAY THURSDAY FRIDAY 

d ... I~ ,., " 1 ~ d Cl 4' 1 Q.I cI QI d 
fIl'Vfl'1 4.11 lJ1lJlWfl11lJI'\JlJ'\JlJ'\Jfl'l TOTAL VOCs lJ'VflJl'1fffl1Jlfl'lflf111 l'11ff'Vfl'1'11C1flff 

". " 
ff11 VOCs l'i''1'11lJ~lijflU1lJlVl~11W1l'i''1a11~111~::'VfU-:l11lJllJfJ'fl{ (8599 ~g/m3) 'VfU 

ffnlJlfl~~~ ILC1::'VfUffnUfleJ~~~ 1 lJllJtl'lfl11 (4974 ~g/mJ) ~~fi1LLlJ11 UlJ1 lJIL~C1::1lJ 1~ 

U~fl~N tllJlJlflUfl eJflL ~lJ 1 lJ llJfffl {~ii11~lJ1W ff11 VOCs fifllJ ,j'l'1lJlflL dfl'llJ1~lflLillJllJ . 
" , IV .& ".:" I 1 Q.I ", d ... I~ 

ff~l'11eJfl fllJ 1lJ '11 [l~ 11'lfflU C)f'l 'IJ 1flflU ffflU tlllJ'\J fllJ C11 U fl ~~lJ 'VfU 11 lJ 1lJ fffl1~:: lJlJ1lJlW 
q q cu q 

" " . 
1(1 [llJ IPlI,j'llJ1 1 ~U~f111 l~lJU1~lJlolffll'Vfii'lfifllJ ,j'1'1lJlflfl-:l1 1 lJ llJ UlJ"l 
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3500 

3000 

2500 

2000 
., 

1500 E m 
:1 1000 

500 

0 

, " 1 , 

fll'Vf¥i 4.12 t1~1J1Wfll1lJl.u'lJ.u''U'\Jfl'l VOCs 1119i~~'lfiJ~ i 'UYi'Ufifff1Ellfl'lflfl1':i l-mftYnlvnif1iY 

t1~lJ1WlJlf1~~ 3 ih~u ~fl MTBE, Toluene 11~~ . 
3179 llg/m3 1321 llg/m3 11~~ 1111 ~1g/m3 ~llJih~U ~n VOCs ~Ylui'UtI~lJ1wumJ"l~ ~tl 

Decanal Ylui'UtI~1J1W 3.61 llg/m3 ~'1U~~'1hJfllYl4.12 

35000 ,-------------------------------------.. --------

30000 +---------------------------------------~ 

25000 +---------------------------------------~ 
.., 
E 20000 +----.-.: -0> 

::J... 15000 

10000 

5000 

o 
DKN BN RO PH SP TL BT J P NI TOT 

, ," I 

fllYlfi 4.13 t1~lJ1W~1':i Total VOCs fiYlU'illf1 11 Yi'Ufifff1El1hH'\J~m'l1'YlYllJ'l11'Um . 
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I " I , 

'il1tlmv.Yi 4.13 'il~1~'U1~'h~'UYitll'jffmn TOT ij~lfl11lJl.u'lJ.u''UYi~~'U.u'VH''-:jlJ1tlW.i1 
'" 

"".,,; .,,; 'JI 1 "".II "1 '''1 'JI.1 , '" _ I.e, . ' 
"Hll'U ~'U '1 l'U ~-:jlJ 1'il1tlff mv.u 1~H'l ~lJ fl fJ'j ~'Uffm'U 9l'-:j !lJ ! fl'U'U ~fJtl'U fJ~flu'j lJlW tll'j 'il111 'U 1 fJ 

'" 
" " " I "" " " , lh~'Ul~mv.~-:j yJ-:jYi~mlW~'U~-:jffmihr'Uij'U'U 1flYil~tl ijfJ~fl1 'U tll'j ~111111fJtJ l~'Ul~~lV.~-:j~ch 

• " " I 

(14,455 ~m/')'U) dh.l1U~ fJ'U1YifJ'Utl'Uffmil'U1 tll'JtJ1~'Ul~mv.~-:jU'U"l ffmv.l11fl ~ ~lJmfJ 1 'U 

'U ~ l1W ffmil ij ~ 1m 'j ~ ~lJ 'j ~'U ~ 1'U 11 ~ -:jtJ-:j ~ fl tl'U ~ 1fll'J ~ 'il ~ fl 'j () fJ'U"~ tl~ -:j 1 'U 'lf1-:j ~Yi1 tll'j In'U 

,y1~~1-:j 'il~ij'j ()fJ'U "1,j1lJl 'il~fl'j ~i''Uri -:jv.ir tl-:j1'U 1flfJ~Yi 1tl1'j~fllfl~~-:jfJ'U "lm 11 ~-:j ri -:jfH'l~~ 
... , 

U1lJlW tll'j i' 'UfflJ ~ffff1'J'U~-:jV.ir m1'U yJ-:j'lf1-:j'j ~fJ~nmYiYi1tll'j In'U,y1~~1-:jijlYi fJ-:j 5 l'U (~'U'YI{-

... " o , 0 Q.I a CIt 

'il1'l1 'U 1 fJ'U llJ'U 1 ')f~lmN 

tll'j111fl11lJfflJ~'U 11'J ~ W;i1-:jU1lJlW fl11 lH.u'lJ,j'U 'U~-:j Total VOCs tl'UU1lJlWfJ~fltll'j 

~111111fJ\f1~'U14mv.~-:jJ'Ulv7~u fffl-:ji1-:j~lfl11lJll11~~i'i ~~-:jfl1 ~ 'il1tl~1 R2 Yi11 '11' 'YI'j 1'Ul1ff11'11fl '" . 
, " ~ " " 

'U~-:jtll'Jv. 'U ffl'J 1 'U U1lJlW Yi lJl tl 11 ~ m! ~ fJir 'U 'U 'U ~ ~tl1J U1lJ 1WfJ~fltl1'J ~ 111 '\J 1 fJtJ 1~ 'Ul ~~1V.~-:j 
'" 

11~~ ilJ u fffl-:ji1-:j~lfl11lJfflJ~'U1r~ 1 u1 'Ul1ff'Yll-:jl~fJ1tl'U 

1~~Vi'il1'JW1'il1tlmv.~ 4.14 V.'Ul1fl11lJfflJ~'U£~1~ij~1 R2 = 0.5986 fi~U1lJlWfl11lJ 
" ... " 

l.u'lJ,j'U'U~-:j Total VOCs tl'UU1lJltlW~fltll'J ~ll1111fJtJ 1iJ'Ul~~1~~-:jir'UijU'U11,j'lJ 1 u1 'Ul1ff'YI1-:j 
... , , 

1~fJ1tl'U fJtl11'U 1 'U~'UYi'U1-:j'U 1'U1~~tl ~1'il 'il~lii~-:jlJl'il1tlff.tllV.U 1fl ~~lJ 1m)'j ~1J ffmil'U1 tll'J 

" " , 
tJ1iJ'Ul~~1V.~-:j U,,~fl'ilm'jlJ~1-:j'l'U~-:jV.Utl-:j1'UYi~fl~umWln1J,y1~~1-:j 
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60000 - - ;=- ===~--------.. ---------- ~DKN 

R2 = 05986 

+--========--- '. -- 4-BN 

~RO 

• ~PH 

.... - ............................... - ......... _ ................... _ ......... .. 
~P 

• TL 

+ -+-BT 

_P 

o 500 1000 1500 2000 2500~N I 

TOTAL VOCs I-Iglm 3 

• !JI ", I 

fll'VfYl 4 .. 14 11~1I1WU1'j Total VOCs tmtJtJt-YltJtJtltJ11~1I1Wf)1'j~1'I1111tJ'I1111'Wt~m'W~ ,rYl'W'l.HI1f) 
., ., . 

't1.:Jlfll~ 1 0 ~'W-Ylf1ml1 i'Wt'U~f)~ .:Jt'YI'WlIlf1'Wm 

",,, 'JI I 

'il1f)f)1'jlfl11~1I1Wf)1'j fmYlJ Hui 'W'YIf)~'W-Ylf1mn't1.:Jlf 1I~ 11 ~'W -YlU11l1'j tI'I11~lfll11l • 
t'li'm~''W'U fl.:J11~ 1I1W f)1'jftJ allHU1I1t 11'1 tJtJt-YltJtJtltJ~llllm! 1'W i'W Utll'W 11'j ~ f)fltJ f)1'j 'il1f)fl.:Jrlm 

. 1 i~' .k ?t • .d ~ ~ 0 '" 

~1.:J"l ~tJf)U 'lffll Time Weighted Average 9$.:Jt1J'WfIltlHWfll11lt'U1I'U'W'Ufl.:JUUU1lf'jtJf)1'j 

I " " 

Vi1.:J1'W11f)~ 8 'ih 111.:J11'W lf~fl 40 'ih 111.:J/a11m...y 1~tJ-Ylfl'W.:J1'WtfifltJ'YIf)fI'WallHUU1'j9f1 "l • ., . 
If mtJ"l 1'W 1~tJ ',jtn~fl'W m 1tJ,j fl~ H f)1tJ 'il1f).:J1'W 1~ tJU U11l Uti 'j 1 tJ.:J 1'W 'lflJ ~'Ufl.:JU1'j -Yl '11 1111 

., 
t11'1 tJtJt-Yl tJtJtltJ~11l1~'j! 1'W i'W Utll'W 11 'j~ f)fltJf)1'j 'il1f)fl.:Jrlf)'j,jH"l l~'t1.:Jlfll~ 3 'lflJ ~ i~uri 

'" '1~i .d MTBE, benzene u,,~ m,p-xyiene ~.:JUU~.:J 1 'W~1'j1.:J'YI 4 .. 9 

trlfl'l11~1~ i~'il1f)f)Ulfl11~1I1w f)Uf tJall HU1I1t11'1 tJtJt -YltJtJtlmi 11l1~'j !1'W i'W Utll'W . ., . 
11'j~f)fltJf)1'j'il1f)fl.:Jrlm,j1.:J"l~.:JUU~.:J i 'Wm'j1.:J-Yl 4.9 11'j1f){)11ijrYitJ.:JU1'j benzene ll'hW'W-Ylij~l 

oQ I .c9 ~ I ~ I 0 ~ I 

tf)'W 'il1f)fIl1l1~'j!1'W'Ufl.:J OSHA 9$.:Jtf)'W1I1'il1f)fIl1l1m! l'W'YI.:Jlfll~ 6 fIl 'il1f)'il1'Wl'W ~lfltJ1.:J 
., ., . 

't1.:Jlfll~ 149 ~lmi1.:J fi~t1j'WrfltJ"~ 4 .. 02 'il1f)~1'Wl'W~lmh.:J't1.:Jlfll~-YlVi1f)1'jml'il1~11~1I1Wf)1 'j . ., . 
f tJ all HUU1 'j VOCs ffl'W U1'j 'lflJ~ fl'W"lU 'Wtijfl'l111l1t 11'1 tJtJt -Yl tJtJ tltJ~ 11l1~ 'j! 1'W i'W Utl1'W 

.,. . 
11'j ~f)fltJf)1'j 'il1f)fl.:Jrlm,j1.:J"l Ur;)'lU 'W ',j'WtJ~l-Yltn'W 'il1f)1I1~'j !1'W-Ylfi1lf'W ~ '1-1 
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. 
VlTn~n 4.9 lmtJu!'VitJutl~1J1wfl1'ji'mYm<h,.nmhlJlfl'j!1'UhH,.m'Utl'j:;OflUfl1'j'\Jfl~fl ,nlm 

.. . 
o IV .::t Q' 
'ill \.! llUil'l ~ 't1 VI'll;) 'rt 11 Hl \.! fI un VI'l! 1 \.! 

J 
(JI,g/m) 

J 
(Ilg/m ) 

" • < 

1I10fl1'jl1ml:;Mffn VOCs n~'I1lJfI 10 '1fUfl iiffnnffllJl'jtll.hlJltl'j:;Lij'UfnllJliYtJ~ 

1~ 5 'll'Ufl flfl MTBE: Benzene, Ethylbenzene, Toluene U(;l:;Xylene !'dfl 'l1l1oii,j'm.!(;l~!'VftJ ':rVW 

~flf)1nh:;liJ'UfnllJl~tJ'l ~'lffn~;ijfl!'tI'Uffnnfll,rlnfllJ:;11'lii 3 'll'Ufl flfl MTBE, Benzene, 

tm:;Ethylbenzene ontl'j:;liJ'U!l11lJl~tJ'l1l100n '~i'uri'm1ffffn ffllJnmh'U 1W '~1I10fflJOn 
• , I I 

n 3,6 (Ul1n 3) ffl'l1i'U MTBE, Benzene U(;l:;Ethylbenzene U(;l:;fflJOnn 3.7 (Ul1n 3) ffl'l1i'U 
. " 

1 "'1 " , "., .,. Toluene U(;l:; Xylene fltJfflJfl1'jl1 'll'Ufffl'l flfl'l'U 



..,j 
llHl 

ADD 

ADD 

C 

IR 

ET 

EF 

ED 

CF 

BW 

AT 

COl 

(C x IR x EFx ET x ED x CF) I (BW x AT) 

tJ1lJ1Wfl1'Ji'lJbllJ~ff VOCs lu 1 l'U (mg/kg BW-day) 

~11lJ1.,j'mj''U'\JtI~ VOCs ~'U~~(I i~i'lJblm:j'ffi'U 1 l'U (~g/m3) • 
-O~'Jlfl1nllf.Ji'il (0.875 m

3
/hour) 

nmi'Ufl1'ji'lJbllJ~ff VOCs (8 hour) 

~lllJ~'\JtI~fl1'Ji'lJbllJ~ff VOCs (350 days/year) 

'j:::f.J:::nm~i~i'lJbllJ~ff VOCs (30 years) 

-3 
Conversion Factor (10 mg/~g) 

" UWI'\:rt1~l (70 kg) 

'J:::f.J:::nmm~f.J~'~i'lJbllJ~ff VOCs (70x365 = 25,550 days) 

Risk CDI x SF 

(C x IR x EFx ET x ED x CF) / (BW x AT) 

SF Slope Factor 

COl ADD 

HQ ADD/ ADI 

ADD (C x IR x EFx ET x ED x CF) / (BW x AT) 

ADI Acceptable Daily Intake = RID 

(fi1~H'h.Jm·HiTl.nrueh:j~'l1l1fl http://rais.oml.gov/homepage/tmlforJes_wa.shtml , 2005)) 

. 
.of • 

f1l'H:.t'YI4.10 m SF 11(1::: ADI (RID) 

90 

, -1 , 
ilT.i fll SF (mglkg-day) fll ADI (RID) (mg/kg-day) 

MTBE 9.1 x 10-4 -

Benzene 
-2 

2.73 x 10 -

Ethylbenzene 
-3 

3.85 x 10 -

Toluene - 1.43 

Xylene 
-2 - 2.86 x 10 

.. 
Y1lJl: http ://rais.oml.govlcgi-bin/toxffOX_980 1, 2009 
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.J I d 1 d c> 1 d "1 ~'" 
fll'iH'YI4.1l fllfl11lJlffrJ.:J flmmW'Ufl.:Jf)l'WWI 'HllJ~l'j.:J (Cancer - Risk: Risk) 'illf1f)l'j IflHJ 

-fflJHffffl'j 

q 

iUnU MTBE Benzene Ethylbenzene 

DKN 4.04xlO-5 5.38 x lO-4 2.72 x lO-6 

BN 3.23x lO-5 
4.24x l0-4 3.05 x lO-6 

RO 5.75xlO-s 
7.32 x l0-4 4.21 x l0-6 

PH 2.81xlO-s 
5.07 x l0-4 2.35 x l0-6 

SP 2.36xlO-s 
3.98x l0-4 3.12x lO-6 

TL 5.46xlO-s 6.42x lO-4 2.71 x l0-
6 

BT 3.09x lO-5 4.61 x lO-4 3.47x lO-6 

J 5.22xlO-s 9.47x l0-4 3.53x lO-6 

P 5.42x 10-5 
7.76 x l0-4 4.26 x lO-6 

NI 2.41 x l0-s 3.42x l0-4 1.55 x l0-6 

TOT 1.18x lO-4 1.23 x 10-3 5.83 x lO-6 

~l Risk ljrhUflrJf1 'h 1 x 10-
6 ffllJl'jtWfllJi'lJi~ flflililflflfl11lH~rJ.:J9iflff'Uflll'l'illf1f1l'j • 

i~i'lJ-fflJHffffl'j rll Risk ~ 1 x 10-
6 l1lJlrJfl11lJll'l1d.:Jfl'U'illmh~'lflm~\wmJ~ljlflf)lff1~rJ.:J 

9iflf)l'j lflfl hfllJ~l~.:J ~.:J 'illf1.:Jl'U 1~rJij\J1lJlW f1l'j i'lJ-fflJ Hffffl 'j Benzene ljrl 1''!.:J f111rl llJ llPl 'j jl'W 

~ihl1'Ufli~ ljrllfl11lJl~rJ.:J9iflf1Ulflfl hflfldl'U'lf1.:Ji.:Ju9i 3.42 x l0-4- 1.23 x l0-
3 ~.:J'illf1f)l'j~ 

OJ 

" ~l.:Jf1lrJi~i'1J1HlJlw'Ufl.:Jffl'j Benzene lJlfllfl'U hhrmY.:J~fi:'ll,r''Um~flf1f1f1VilmrJ l~flli)flflUfl.:J 
OJ OJ 

h fllJ~l ~.:J ffl'j MTBE ljrllff.:Jf1 11rlllJllPl'j ill'U ~ iill1'U fl i ~ ljrl lfl11lJl~rJ.:J9i fl f1U lfl\Pl h flfld 
OJ.. OJ 

" " 
l'U'lf1.:J1l.:Ju9i 2.41 x l0-

5 
- 1.18x l0-41'Uri1'U'Ufl.:JffU Ethylbenzene U'UljrllUflrJf111 1 x lO-6 

ffllJl'jflrJfllJi'lJ'~ flfl 'lilflflfl11lJl~rJ.:J9ifl~'Uflll'l 'illf1f1l'j i~i'lJ-fflJHffffl'j 
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f11'lH~ 4.12 rilfll11Jl~O-:J hwm~o'IJtl-:J{f1'j~hjritl l,rlf1fl llfllJ~a1-:J (Non - Cancer Risk: HQ) 

1l1nf)1'J 1~i'ucYlJf1'{f{f1'j 

'" iltllU Toluene Xylene 

DKN 0.0153 0.0516 

BN 0.0130 0.0524 

RO 0.0192 0.0783 

PH 0.0106 0.0442 

SP 0.0118 0.0631 

TL 0.0163 0.0555 

BT 0.0115 0.0686 

J 0.0186 0.0578 

P 0.0194 0.0830 

NI 0.0077 0.0309 

TOT 0.0376 0.0990 

01 ADD 1 ADI > tl1llll:;ritl l,rlf1flfll1lJl~O-:J~tl,!'lJfl1'YHl1nf)1'J '~i'UcYlJf1'{f{f1'j 

ADD 1 ADI < fIlw.i1ll:; iliritl 1 ,rlf1flfll1lJl~O-:Jfitl{f'IJfl1""1l1nn1'j i~i'ucYlJf1'{f • 
, ", , I " " 

elf -:J 1l1mllJ i1ioihHlJlw {fl'J VOCs Yi i~fucYlJf1'{fiiri1,jlf)'".i1 1 m'J1:; ll:;l1lJn-:J{fl'J 

Toluene u,,~ Xylene iJ-:J iliii lUf)1{fhh~lJ lUf)1{fl~o-:J llJn1'jlf1fl llflfi1-:J"ltllJlliu-:JlJ11l1nf)1'Ji'u 

cYlJf1'{f{f1'J ~-:J nci11 

f11'lH~ 4.13 ri1m1lJl~O-:J'lJU-:J{f1'j VOCs 'l1nn1'ji~i'ucYlJf1'{f{f1'j 

. 
I '" 

fllfll1lJ'il(J~'Uf)~~1'l VOCs 
. 

o '" "" mU1UnmUlJlfl'l!1\,!/ 
.. 

o IV' QJ 

MIN MAX mU1Ufllf)(JHn~'t1lJ~ 

MTBE 3.88x I0-6 1391149 

Benzene 149/149 

Ethybenzene 2/149 

Toluene 0.00207 0.07187 01149 

m,p-Xylene 0.01342 0.21453 0/149 
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Irl61,hril~' ~,., 1 f)f11'Hn'Ll~ mw f11'j i' iJ ~YlJ ~ffffl 'j VOCs m'Yl1f11 'j Tl1 'W 1W 'Y/1rilfl 11lJ 

l~tI.:j~6f11'jln~ hfllJ~I~.:j~iJl1ff1'j MTBE LL"~ benzene ij~1In'WlJ1~'jj1'W~n1'Y/'W~11;i6 ij~l 
• • >I 

mf)f)11 1 x 1 0·61~tln~1f111lJliYtI.:j'tl6.:jffl'j MTBE "'1f)~1'W1'W~16Vl.:j11.:j'Y/lJ~ 149 ~16V1.:j~iJ 
, " " , 

~1'W 1'W ~lnln'W lJ1~ 'j j1'W l1.:j'Y/lJ~ 139 fl~llI'W r 6t1"~ 93.28 ,.,If) ~1'W 1'W 1Pi16V1.:j 11.:j'Y/lJ~l1'Yl1f11'j 
" " , , 

~n"'l~ '1.'Wffm-WiJ~f11Hl1~'WI~m~~.:j ri1'W ~1'W1'W~1l1ln'Wm~'jj1'W'tI~.:jff1'j benzene l1ij~l 
, ", " 

fl11lJI iYtI.:j~ 6f11'j In~ 1 'jfllJ~1 ~.:jtJ 'W '1. 'Wl'J f)~16 V1.:j~1l1 i~66f)mij~1In'W,., 1f)~llJ1~'j j l'Wl1.:j'Y/lJ~ 
'" , 

'VIf)~16t11.:j . 
"'1f)f11'j ffmJ1L~6'Y/l~1f1 11mllJl~' 'Wlh ~ 'Y/l1.:j~Hi f11'j L~iJ~16Vl.:jLL iJ iJ passive sampling 

Im~ active sampling i~~lfflJ'Ll'j~ff'VIt'1.'Wf11'j~~ff'W"'" (R2) "'1f)fl11lJ~1f111lJfflJ~'Wl16~'1.'W'lh.:j 
2 0'" ct'd " d QI I ! d 

R = 0.7958 - 0.9681 'VI1'1.'H'VI'j1iJ11~'LlmW'VI'1.'lf'1.'Wf11'jLf1iJ~16t11.:jLLiJiJ passive sampling 'W'WlJ 

'Ll 'j ~ ff'VI t fl1~ lJ1 f)~ 6~ 6 f) 1 'j U llJ 1 '1. ~'1. 'W f)1 'j l~iJ ~ 16 V1.:j,., 1 f)~ 1'lJ fI fI" I ~ 'j1 ~ ~ 1~,., 1 f)~ 1 

QI QI ct'd ... " .d 0 d QI f " Q.I c..c::td"1" 
fI 11lJ fflJ~'W li 'VI I ~,., If) f11'j 'VI 'VIlf11'j Lf1U ~ TfJtll.:j~ 'j 6lJ f)U1li 'VI I ~ lJ1~ 'j j1'W (active sampling) 

" " , ,,, " 
"'1f)f11'H~U~16V1.:j11.:j'HlJ~ 11 ~'Wl1 "'1f)'Ll~mWf11'ji'ufflJ~ffffl'jl1m11l~U'~11.:j'HlJ~tJ'W 'Yll 

>I >I >I 

'1..r 'VI'j1Ul1'Ll~lJ1W f11'j i'iJfflJ ~ff'tl6.:jffl'j VOCs tJ'W 1l~mf)'H 1 614' 6t1tJ 'W ~'W eJ~tiiJ'Y/ mtli:],.,;ij tI 1'Ii'W 

" " " " fffl1~LL1~~eJlJ l~tI'j eJUU~ nw ffm-WU~f11'ju l~'WI~m~~.:j 'Ll~mw f11'j ~1'H'I11t1U l~'WI~eJm~.:j 
>I >I • 

LL"~n1lm'jlJ~N"l 'tIeJ.:j~tJ ml'W '1 'W ffm-w U~ f)l'JU l~'WI ~eJI~ ~.:jl1~'j 1"'1~ IlI'W ~'W LL~'lfij~'tIeJ.:j 
• >I >I 

ffl'J VOCs 'Y/"f)"ll1~'j11l1~ l~tJ'W ff1lJ1'jm~'lJl~i1.:j!mci.:jn1Iij~ 1~11Imci.:jnlLij~'tIeJ.:jff1'jtJ'W 
" "1 , 

lJ1 11 If) '1 'WU 1~'W I~m~ ~.:jl lI'W 'H"f) LL"~ljjeJU l~l'Ll~mw f)l'J i' U fflJ ~ffffl'j 1 ~ tim ~tI i'Ll'Yl1f11'j 

1m tlUIl1t1UtiU~llJ1~'jjl'W '1 'W ffm'W'Ll'j~f)eJUf11'j'tleJ.:jeJ.:jrlm~l.:j"ll~tlf11'j '1 ~~1 Time Weighted 

Average ~.:j IlI'W ~ lLll ~ tlfI 1 llJI ~ lJ~'W 'tI6.:j ff1Hh 'H i' U f11'j 'Yl H 1'W 'Ll f)~ 8 i11lJ.:j/l'W 'H 1 eJ 
•• >I 

40 -M1 llJ.:j/ff'Ll~ll1' 1~tll1f1'W.:jl'WlnUUl'Jf)fI'WfflJ~ffffl'JCJ11 "l 'Hmtl"l 1'W 1~tlililn~tl'W~'j1t1~U 

~1.:jf11t1 V.:j 'li~U~1~Ln'W"'1f)lJ1mj1'W~eJ.:jrlm~1.:j"l1~n1'H'W~ 11 

laeJ.:j1l1f)ffl'J VOCs iJ1.:j'lfij~ri.:j f,m fl'W ~'j ltl~eJ ,,!'tIfI1~ IlI'W ff1'j~ff1mHlti6 i ..rLn~ 

1 'j fllJ~I~.:j i~ ~.:jU 1~1~ i~ 1l1f)'Ll~mw f)l'J i'iJfflJ ~ffffl'J mTll'W 1W 'H 1~lfl11lJI ~tI.:j~Uf)l'J In~ 

1 d 1 I!:ll~ d "Wt"o "I" ~ 
'jfllJ~I'j.:j ~U11 ff1'j MTBE Im~ benzene lJfI1lf)'W1l1f)'VIlJ1~'jj1'W 1~f11'H'W~ n 1~'jl:::ll~'W'W 

, )I " , 

i1.:jLL~ 11~tJ f).:j 1'W l1'Yl1.:j1'W i 'W ffi;l1-WU~ f11'j U 1~'W I ~m~~.:j"'~ i ~i' U fflJ ~ffril 'j '1 'W 'Ll~ lJ 1 W l1 ililn'W 

"'1f)~~llJ1~'j j1'W n1'H'W~ i 1n~llJ LL~11V.:jfl.:jijfl11lJI~tI.:j~eJf11'j Ln~ hfllJ~l~ .:j~U1"'ln~~'W 1l1f) 

f)n i ~i' UfflJ ~ffffl 'j IlI'W 'j ~ tI~ I 1m'W 1'W 



. 
<=I 

lJ't1't1 5 

., ., 
'illnf11'.if1fnnnn 1 lHYlJ H'tY'tYl'.i v'\.J 'YI~ 6'.i:;1 '\1 V'illn'tY(l TU lJ ~ f11'.i 11111'\.Jl;ftll~ij-:j 1 '\.J 

II If'\.J~f11'.iffnEll 1 '\.Jl'U~nHl'YI~lJ'\11'\.Jmif'\.J ifi'Yilf11'.iffnEllm'.i 'YIflClfl-:jl,1fl-:jIPi''\.J f11'.illml:;,1 
q 

" 1 "" I 

U '.i 1 n glJ ~ nw ~'\.J -¥im v 1 'W 'tY(l TU lJ~ nn 11111'\.J l;ftll ~ ij-:j UCl:;1J flfl Cl-¥il tI'\.J ~ tJ n-:j 1'W.f) lV 1'\.J 'tY(l lU 
., ., 

lJ~nn11111'\.Jl;ftll~ij-:j'fi'1lHYlJH'tY m'.ifl1flfl:;I'\.JU~lJ1W VOCs UIPiCl:;"lflJfl1flV1i' 'tYlJf11'.i'Ufl-:j 

&1 d <V • d 0 'jJ L!/ l/)'jJ 

Time Weight Average C)f-:j '\.Jm'.ilnlJ~1flVl-:jlJf11'.i'Yl1UlJlJ'tYfllJmlJ'.i1lJfl':W 'illnm'.iffnfn !fl 
., 

HCl'tY~UlPil-:j"1~-:jU 
.,. . 
'" 'jJ '" d 1 1 'jJ 'illnf11'.i 'YIfl Cl fl-:j llJfl-:j~'\.J l~fl'\11'tY m1:; 'YIl'11lJ1:;'tYlJ fl Vf11 '.i ''If'tYn Cl:; CllVlJ1m !1'\.J 

~ & 
VOCs ''If'\.Jfl Japanese 50 component indoor air, MTBE 1m:; Toluene d-8 (internal standard) C)f-:j 

Q cI ~ d 

11ml:;'\11flV GC-FID 'tY1lJ1'.i(l~lJ peak retention time 'YI-:j'\1lJfl 41 peak UCl:; Calibration curve lJ 

, 2' I d d , '1 ' ~ l.dl 3 .c9 
fl1 R fl~'.i:;'\111-:j 0.9344 - 0.9996 C)f-:jlJfl1 LOD fl~ '\.J"lf1-:j~-:jU~ 0.019 (l-:j 0.921 Ilg/m C)f-:j'tYl'.i . . . 

.<::t t 0 d , d d 

2,4- Dimethylpentane lJfl1 LOD ~l~fl UCl:;'tYl'.i 1, 4-Dichlorobenzene lJfl1 LOD 'YI~-:j'YI~fl UCl:; . ., 
% VOCs Recovery ± SD -¥iifi''Ufl-:j'tYl'.i-n-:j 41 "lflJfl ij~lfl~1'\.J'lf1-:j 83.41 ± 2.40% (2 - Butanone) 

L!/ 

(l-:j 159.83 ± 1.17% (Limonene) 

m'.i'\11~lfl11lJfflJ~'\.Jlr'Ufl-:jU~lJ1W VOCs ~llml:;,1ifi''.i:;'\1il-:jl~m'.il~lJUlJlJ 
. d '" 

passive sampling UCl:; active sampling lJ 2 UlJlJflfl . ., 
1. '.i:;V:;nCllf11'.il~lJ~1mh-:j 8 <U11lJ-:j 1flVYilf11'.il~lJ~1flVl-:j'illn'tYmUlJ~n1'.i11111'\.J 

.J ~1 ~d~ I'x.d GQ.I, '&~d 
l"lftll~Cl-:j '\.Jl'U~nHl'YI~lJ'\11'\.Jfl'j'illn 5 ~'\.J'YI C)f-:jU~Cl:;~'\.J'YI'il:;lnlJ~1flm-:j 2 'ilfl~fl'\1'\.J-:j~'\.J'YI UCl:; 

q q ., ., . 
l~lJ~1flVl-:j 1 '\.J 'lf1-:j11Clll~V1nlJm'.i l~lJ~ 1flVl-:j 'illn~tJ n-:jl'\.J 1'\.J 'tYmu lJ ~ nn11111'\.Jl ;ffll~ ij-:jl~ fl . ., 
'\11U~ lJ lW nn 1lJ fflJ H'tY ~ lJ"lflJ fl 'U fl-:j 'tYl'.i -¥i 'tYllJ l'.i (l '.i lV-:j 1'\.J~ lfl11lJ fflJVi '\.J -fl 'U fl-:j 'tYl'.i i fi' -n-:j'\1lJfl 

10 "lflJ fl UCl:; ifi' ~lfflJ U 'j:; ff'YI i1'\.J f11'.i ~fl ff'\.J 1 'il (R2) 'ill nfl11lJ ~ lfl11lJ fflJ~ '\.J -fl fl v1 '\.J 'lf1-:j .. 
R2 = 0.7958 - 0.9681 . ., . 

2. '.i:;V:;nCllf11'.il~lJ~1flcil-:j 24 <U11m Yilf11'.il~lJ~1flVl-:j'illn~'\.J-¥ilJ~nw~lJ(l'\.J'\.J1'\.Jl'U~ 
., . . 

nHl'YI~lJ'\11'\.Jm 'illn 5 ~'\.J-¥i ~lJ"lflJfl'Ufl-:j'tYn-¥i'tYllJ1'.imlV-:jl'\.J~lfl11lJfflJ~'\.J -fl'Ufl-:j'tYl'.i ifi' q 
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v ~ 

l'l'ltillfl 20 ~Ufl u~~hi'fil1:llJ'lh~iY'YIilufll'j~fliYU'hl (R2) ~lmYl111filfl11111:l11~U1lmnU'lf1'l .. 
R2 = 0.8179 - 0.9827 

v 

ri1f1t\! i~~'lU 

• v 

l. 'j~tlll'l~Ufl'U'tl'l VOCs l1'VlUitH'UlPlflH1'YI'VllltilUm l'l'ltillfl 39 ~Ufl U~r:YllJl'j(l . 
v •• 

tllfl11111:l11TIU1l (Correlation) i~ 10 ~Ufl tJ1lJlW'U'tl'lr:Yl'j VOCs U~~~~ufllu'Y]f)YiUYHi . 
v 

Yilfll'jffmJ1'i1~'VlUr:Yl'j VOCs 10 ~ufllllumrfl ~'lU 

1.1 methyl-tertiary-butyl-ether (MTBE) tJ1lJlW'U'tl'lr:Yl'j VOCs~i~'tlvlU'lf1'l 638 - 1628 .. 

l.5 toluene tJ1lJlW'U'tl'lr:YU VOCs~i~'tlvlU'lf1'l 270 - 682 ill lfl'jf)flJl~fllJlffnllllPl'j .. .. 
1.6 ethylbenzene tJ1lJlW'U'tl'lr:Yl'j VOCs~i~'tl~lU'lf1'l 10 - 27 ill lfl'jflflJltlfllJlffnllllPl'j 

1.7 m ,p-xylene tJ1lJlW'U'tl'lr:Yl'j VOCs~i~'tl~lU'lf1'l 22 - 58 ill lmflflJltlfllJlffnllllPl'j 

1.8 styrene, o-xylene tJ1lJlW'U'tl'lr:Yl'j VOCs~ i~'tlV1U'lf1'l11-20 ill 1 mflflJl~mJlffnllllPl'j .. .. 
l.9 3- Ethytoluene tJ1111W'U'tl'lr:Yl'jVOCs~i~'tlvlu'lf1'l13-26 ill lmflfll/~fllJlffnllllPl':i .. .. 
1.10 decanal tJ1lJlW'U'tl'lr:Yl'j VOCs ~i~'tlvlU'lf1'l 1.8 - 9.8 ill lfl'jflfll /~fllJlffnllllPl'j .. .. 

" 1 I , 

2. tJ1lJlWr:Yl'j VOCs U~~~'tfUfllU'YIflYiUl1l1Yilfll'jffml1ijuu11.ullfll'j ItJ~tJUUtJ~'l . 
1 U'lf1'ltl i1 'l1:ltJ m..1 1 U -nff'YI HI~tJ1fi'U U~~ 'VlUlltJ1lJlW ~'VlU~ U 'tlVfi'UtJ1lJlW fll'j ~ ltl 'llltJ .. 

" " . 51· " 

l11lJUltjJ'tll'Vli1 'l fll'j l'li'llJlf UU1 fll'j.fl1tJ 1 U r:Ymuu1 flU l11llUltjJ'tll'Vli1'l'U'tl'l 'j (ltJu IPi'tJ'j~I.f)'YI~ l'l'l 
v v 

U ~ ~ r:Y.f) 1'Vl U 1fl ft 'tlll U 111 W 1 fl tJ'j 'tlU r:Y(llU U 1 f)1 'j l11llU I tjJm 'Vl i1 'l 
v • 

')I ... d d/ 

tJ fl 11 U 'Vl U 'YI fl 1'j ff fl 111 

'tl'lrl fll 'j 1 'YI'j ff'Vl ntl ~ fl * ~ II tI ri'l tlll U fltl ~fllll ~ 1 fl fll'j IHl i tI iil;'tlI'Vli1 'l ~ 1 fl ':i (l tJU 1Pi'~19f~ 'U U lfl 

. 
d i')l ""'... 1 lr:YtJ'l fl 5 ~Ufl fl'tl MTBE, Benzene, Ethylbenzene, Toluene U~~Xylene fltJr:YlllU(l!Wfl 

'tl'tlfllllU r:Yl'j~ti'tllm~ '~ti'tll 'I1'lflfll 'jflll~1 ~ 'l~'l~'tl i tJif 
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..d '" ~ , 1"" 1 d Vi"'" '" '" d 3 . 1 ~Tl'Y1'i1~l1JlHnHH) lHf1~ 'jfilJ::1H(Cancer- Risk: Risk) 'il1f1f11'.i !~nmlJf-.I~~l'jlJ 

l1~lJlwf11'.if1Jffm~r~~l'j MTBE U"::~l'.i Benzene iifiT'.!..:Jf1 'hfillJlmil'U~fiTI1'U~'~ 

iifilfil1lJl~tJ..:J~tlf11'.iln~ hfi ~..:J'illf1f1l'.i~~l..:Jf11tJi~f1Jl1~lJlW'I.Itl..:J~l'.i Benzene lJlmn'Ull1Ju 

ri..:Jf-.I"hri'l.lm::flf1f)f1'YllmtJ l~flli)tlflUfl..:JU~f1 l'jfi h'l1fl'ill..:J U" :: tl1f11H1~tl hfi'Y11..:Jl1'j::~TYl .. .. 
ril'Uf1m..:J U"::r[fll1'ltJ'Ylll,rlnflln'U l'jfilJ::l~..:J l'Uril'U'I.Itl..:J~l'j Ethylbenzene J'Uiifil'UtltJw;h 

I x 10-
6 ~llJl'jf)tJtllJi'1J i~ ~tl '~lnflfil1lJl~tJ..:J~tl~'I.Ifl1""'iI1f1f11'j i~i'1JfflJH~~l'j • 

~..:J'illf1..:Jl'Ui~tJifl1~lJ1W~1'j VOCs ~i~i'1JfflJH~iifil~lf1 ';h I l .... 'jl::ll::J'Uyf..:J~l'j 
Toluene U":: Xylene rJ..:J '~iiltlf11~i111~lJ ltlf11m~tJ..:Jl'Uf11'jlnfl hfi~l..:J'1 ~'Ul~tl..:JlJl'illf1f11'ji'1J 

fflJH~~lHl..:Jf1rill 

3) 

4) 

d ~ _ r:! d , '_I " _I 
fil'jlJf11'.iffmnllJ'j tJ1J1'Y1tJ1J'j ::l111..:Jtlr,Jf11" 1'lf'U tlr,JH'Ulm::lm..:JH'U 

rvttll ,ri~'Ii'tllJ"f11'.il1'j ::dJ'Ufil1lJl~tJ..:Jf11'j i'1JfflJH~~l'j VOCs fil'jiif1l'.i .. 
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d 

: http://www.doeb.go.th [23 lJ'U1fllJ 2550]. 

m':i~ll flW11W1. 2544. rljjtlm':i1-U'illlVU'O:::m':i1~1':i:::1\1 hfl'il1f1m':iil':i:::f1tl'Um;'Yi. f1tl\lm;1 
q q ~ 

tl'U1~V mlJtl'U1~V m:::'Yl':i1\1'O'lli1':iW"l'\!. 

fl1'UfJlJlJ'O~1l, mlJ. 2543. ':i1V\l1'U'il11'mYlJ\!':iW mnH'Uil t \ll1'U.u' m.!'OUlH1\1fh-UlllJ'O~1l'Yl1\l 

mmf11m:::il':i:::1lJ 'U~'Om:::'Yl'U~ Ufl W.fl1'Yimmf1t 'U 1,\! 11m \ll'Yl'YilJ111'U m U'O::: il~ lJ '0 CVl '0. 
4 q 

f1~ \ll'Yl'YilJl11'Um: m:::'Yl':i1\11'YlV1f11tYll{l'Ylfll'U 1 'Ovu'O:::~ \lU11l~tllJ. 

fl1'UfllJlJ'O~1l, mlJ. 2544. i1ru111'O'n~1l t 'U ~ \lU 11l~ tllJ. f1Hl'Yl'YilJ111'U m : 
q u q 

'" "lid ~ )I m:::'Yl':i1\11'YlVlf11'O'1l':i l'Ylfl 'U 'Omm:::'O'\lU11l'OtllJ . 

fl1'UfllJlJ'O~1l, mlJ. 2545. 'O'm'Um':iWu'O:::m':i.ijllm':ii1ru111lJ'O~llmmffU'O:::liYV\liJ 2543. 
• u 

f1~\l1'Yl'YilJ111'Um: m:::'Yl':id\l1'YlV1f11tYll{ l'Ylfll'U l'Ovu'O:::~\lU11l~tllJ. 

'il'l~ li':i':ilJ1'\!1l, 1imlf111W l,!W'O'-)l'l , ilWll m11'1f1~ U":::l'Yi~ff~'lftY flW1liUW1. 2547. m':i 

~1l1l1lJll':i1'il'O'tl1Jil~lJ1W1'U'Uc)f'U 1 'Yl'Ofl'U U'O::: i9f~'U t 'U 1,\! 11 1jjtl \I 11 111 t mu .ij\l1111l'O' \I'\!m 
~ u 

_I tI Q.I r/Q.I "1.c:::l o£::l tI ~ d tI '" ~ 'j) 
u':i:::'O'\lfI fJW1lplPll'U'lfmll'lf 1m::: IlJll':i "l'Ylli'illPllPl . 2544. 'O'1':itl'U'Yl':iV':i:::111V\l1V 1'U'O'\lU11l'OtllJ. 

~1l1'YlV1'O'1':i 11 : 25-30. 
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.. '" , 
fll"llfl'lJg)16rJNU'lJ'lJ Canister 

~ _I ... ,d'l 'JI'l d "" Q 'l • d'i d 
Canister l1J'W'I!~~un'HUl1 'II' 'Wm·Hn'U~ltHJ1.:jtll'n·nj 'Wmpn!tl9f (Volatile Organic 

Compounds) l~tlmfftlm'Hn'U~lJtl~'llm'l i 'IHl'U fl.:jmmff~ i lHH.,j'l~t:1.:jl~'U~ lflV1.:j 'l,r fl.:j~ 1 ~ tI 
~ . 

i~~6.:j 'l ~1JlJ~~mmff l1J'W'l ~'U'Um'l1~'U~lflV1.:j tl1 'lll fl~~"Wt:1.:jtlUJUJ1mff'll'U~Yi1ffI:J ~lfl~fl'U 
IV q u u 

~ .. w Silonite ~.:jijflUHYlJ,j~YilffI:Jfifl i~~~91mn'lll fl~ yh 'l,r tl'llJl'lfl1~'Ui' nI:J1tlfll'Yi'Ufl.:j . ~ 

~lflV1.:j mmffi~l1J'W flV1.:j~ l~tI i~lU~tI'WU1J".:j 1~tlm'l1~'U~1flv1.:jmmffi -1''l 'W t:1.:jl~'U~lflV1.:j~ 

Yi1'01ml1~n HtlUlJ (Stainless Steel Canister) tl~~1n 'l 'Wm'ltJ 1 i u'l ~-il1'W 'l 'WfIlfltl'W1lJ l~m1J'W 

ilfllH.u~'UM Canister 

1. t:1.:jl~'U~1flV1.:j canister l1J'Wt:1.:jl1Hn"lJ tl1lJ1'ltl'U'l'l~mmffi~i~.wfltlW.h 6 il~'l w 

fll1lJ~'W'Un mmff 

2. fIltl'l'Wt:1.:j11"~11"1 il~-lil~ 'U'W~1t:1.:jlfl~fl'U~1t1 Fused Silica ~lifl11lJl1'W11111'Wi~.wfltl 
, Q.I' dd. 

nl1 2.25 mlJ~69f9f 

3. lim 'Ol~fl11lJ~ 'W rl111 i' 'U 11 tl~.:j ~ 1fl11lJ~'W fIl tI 'l 'W t:1.:j n fl'W 1~'U ~1fl V1.:j 11"~ 11~.:j 1~'U~ 16 V1.:j 

4. liflumWfl1'UfllJtl~'llm'lil1"11'U'U Mechanical Flow Controller rlnfi''Ufl1'UfllJ . . . 
U~lJlWmmff~111m.,j'1t:1.:jln'U~lflV1-il~mct6.:j 

" ." 
5. fIltl'l'Wli11"1'11'U~Ui''U~.:j~1 i~ 1~fl~.:jui''U~lm'lln'U~1flV1.:j i~1~lJt:1.:j'U'W1~ 6 il~'l l~ 

~m~fl.:j~ 3 411lJ.:j, 8 411lJ.:j 11"~ 24 411m 

6. ij~umw rl111 i''UUi''Ul~tI'Utl~'llm'l i 11 "'Ufl.:jmmff(Flow Calibrator) 11 'U'U~;~fl" 

7. tl1lJl'ltl~mi'U~umwfll'U~lJtl~'llm'lil1"i~i~ijnn~19$lJ l~tlli Flow Path ~lfl~fl'U 

~1t1 Fused Silica lifll1lJl1'W1Ull'W l~.wfltlw.h 2.25 ni'lJ~fl~~ 

.c::lt..:::t c:( cv , y 
11lfll"llfl'lJg)16rJl.:.tYl1rJ Canister 

1. 1~1 tllJt:1.:j canister 2 'l 'U l~tI~t:1.:j 'l 'U11 'l n 'l ~'l 'W m'lui''lJ1~tI'Ulvtflm 1'0 tlfl'Utl~'l 1m'l i 11" 

'Ufl.:jmmff~fll.,j'ln'U'I!~m'Ol~fl11lJ~'W Flow meter 11"~ Passive sampler '01nm'lffnm 
". . 
ij'l~u~'llm'lil1"~ 3.47 ~~/'W1~ (± 0.05) mmffflltl'l'Wt:1.:j'O~liU~lJlW 5 il~'llijfl'l1lJ 

"" Q.I Q,J 

11"1fl1'Wfl1'01mn'01~fl11lJ~'W 
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2. lJ1mJ f)'j w~,~ 'ill f1f11 ':i 'lH iJ!-¥l tllHllf1 () ~ 1 iJ U 'jf)lJl~ m'li' 1 fi iJ ()~ canister flf1 1 iJ i1 ~ . . " 
1Pl':i1'i1"H)iJf11':ii'191lJflf1f1i'~1,*ncn 15 l!l-¥l filfl1llJ~'\.Jfl1t11'\.J()~'iI~iifil'lh~lJlW 30 psi 

<± 3) 

3. lh()~ canister ~~flfJUf)'jWU'Cl~ui'iJ!-¥ltliJfJUf)'jW!~ tliJ~fltlU'ti'1 'U~~, ~~~"!niJ~1flcil~ 
4. 1Pl':i1'i1fffliJfilfJW'I1 fJii !m~filfl1llJ~'\.JiJ':i':i tllf11fl''iIlf1 Barometer 

5 . 1T'\.J.yjf1fil~'~'Cl~1'\.J Data Check 

6 . ~~'lf"flUf)'jW!niJ911flcil~'~!1'J'\.J':i~tI~ncn 24 ~1hJ~ u'ti'1~nllf11':i!niJ911flcil~ (± 1 • • 

~U~ '\1-1 ()~ Canister 



lO7 

l,j~ '\1-2 il~ Canister ~mi'U Pressure gage, Flow meter u,,~ Passive sampler 

.. Id cv Q,I d Q.I 1 

~lJ'Y1 '\1-3 mnHU~fl1nl~()~ Canister "Umml'UlIdt)tJl~ ... 



ftlflH'U1f1 fI 
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"i;lOlil1.1~fll'1'lh,rUI;81'Ytil~" 'IllntJf111lrh ~tl1'\.J'nYil i'l 'U fll'j ln1Jlhl!'U1GJ1fJ1~~-:J1Yiflll1' 1J~ fll'j 

" " . 0'" "I "" , 1'J/ dI "" "'0 ~'J/l 1 1'J/?t 
'UllJ'Ul'lffJ1'YHl-:J11fltJ1'U~l'H'U:: 11":: 'H'HlJ1tJf111lJ'j1lJtl-:J1J'jl1W'Ylfll'H'U~!1 'U 1Jfl'UUll~ 'HtlJ'U 

• u 

)1)1 I I 

l'IJ~~mU1J~fll'jlhlJ'Ul;1m.'j~-:J~mfl~~'UiY-:Jnfl~~l-:J i1-:J 'Yifl 11,,::~11fl'jw 'H~fl lf1~fl-:Jlifl~l-:J "l l'U 

.. .. 
Q OQJ.a.Q 

'lfUYI'lJ8~Ul1JUI'lf81'YttH 

" " . 
lhl!'Ul;1fJ1~~-:J Yil~l'Ufll'j11'j::flfl1Jfi~fll'j ii 3 'lfiJ~ fifl 

" .1"" 
1. 'lfiJ~i1hhj'fltJ ii~~111JhJ"-:J11~ 60 fl-:JffWlml~tJ~ 'IJ'U1u 1~11n lhlJ'U~lC)m ihl!'U • 

" . 
1~1 tJllJ'Umlfl~'Ul~'U~'U 

" 
2. 'lfiJ~ 111"YJU1'Uflm-:J ii~~111Ji"YJ'j::wh:j 37.8-60 fl.:jffllC)ml~tJ~ 1~11n tJll!'Uf)l~ 

"" . tJllJ'U1GJ1fll~~-:J ffl'Hi'1Jlf1~fl.:jiJ'U 1~'U~'U 
. "y 

3. 'lfiJ~111"YJlJ1fl ii~~111J1"YJ~lW.h 37.8 fl-:JffWlml~tJ~ 1~11n tJll!'Ul1J'UclI'U tJll!'U 

tl1~'jl~tJlJ~1J li1'U~'U 

y " ocv~ ~o" 'jI oQ 

1. 'lJ1~'UllJ'Ul'lffll~"-:J 'Yll~1mlfl1 f111lJ~ 0.5-1.0 "~'j 
y " . 

2. fl'jdJfl-:JtJll!'U1GJ1fJ1~~-:J lh~1tJ~m~~fl'H~fl1'H~fl1f1~fl1J~1Jfl f111lJ~ 1~lfi'U 20 ~~'j • • 
" " 3. i1-:JtJllJ'U1GJ1fJ1~~-:J .yh~1tJ~m~~fl'H~fJ1'H~fl f111lJ~ 1~lfi'U 227 ~~'j • 

y y " 

4. i1-:Jln1JtJll!'Ul;1fJ1~~-:J lh~1tJ1'H~fl f111lJ~lfi'Ufl11 227 ~~'j ~'U 111 

" " 5. i1-:J'IJ'U ri -:JtJll!'Ul;1fll~~.:j .yh~1m'H~fl 8"iitu tJlJfl" mw i~~ln~U~lJ1W 
OJ 

i;JO lU ~t.l '1:: 081.1 n\l fll'1 fll1.1 fJ1J 
"" ,,,,, I J.I 

ml.:jtJllJ'Ul;1fJ1~~.:j i~11n Yiln1JtJll!'Ul;1fJ1~~.:jYiiiU~lJ1Wlfi'U 500,000 ~m~'U 1u 
, ..., " 
.q~v ocv4 Qd cv ~.Q 

i;lOlUnm1.1'1mnUl1JUI'lf81'YtiU lJ 3 "fl1:JW:: ~.:j'U 

(1) "fl1:JW::~ 1 1~11n ~m'U~ln1JlfllJ'Ul~fJ1~~.:j'lfiJ~ l~'lfiJ~'Hi1.:j'H~fl'HmtJ'lfiJ~ (~lU 
., ., " " 

1innllmh,rUI;81'Ytil~'11£JU8£J ) t.l'j::m)1J~1tJ tJll!'Ul;1fJ1~~.:j'lfiJ~ 1 1 1"YJlJ1fl iiU~lJ1W 1~lfi'U 

40 ~~'j 'H~fl'lfiJ~11i"YJU1'Uflm.:j ii,j1lJ1w1~lfi'U 227 ~~'j 'H~fl'lfiJ~11i"YJ..!fltJ ii,j1lJ1w1~lfi'U 

454 ~~'j 
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. " " 
( h~~lU'\JU1Y11Ilfl't'ljt)lftt)fl1'lUl'WVI'l ) tl':i~flt)'U~1VlhlJ'Ut<j'ftH~~~'lfiJ~ 11 lvhnfl ijtlj'mtlHn'U 

40 ~~':i u~'litn'U 454 ~~':i 11~t)'lfiJ~l11vJtll'Uml1~ ijtlj'mWln'U 227 ~~':i U~'liln'U 1,000 

~~':i 11~t)'lfiJ~'11vJ-u't)V ijtlj'lJ1Wtn'U 454 ~~':i U~'liln'U 15,000 ~~':i 

(3) rrfl'hlW~~ 3 '~~lti ffm'U~ln'UJ1lJ'U14t)1~~~'lfiJ~1~'lfiJ~l1d~11~t)l1CllV'lfiJ~ 
" " (h~~lUt)VltTl't'1fl'l'l'J.J'\JU1Y11't'1f;U) tl':i~flt)'U~·JV U1lJ'Ut~t)1~~~'lfiJ~' l' vJmfl ijtlj'mWln'U 454 

q u 

'" .1 i_I "I '" ~ ~_.l_1 4_1'" '" ",.1 ~_I "I '" ~ i-.I'JI 4 
~~':i'\.I'U U 11':it)'lf'U~ n rnu1'UflCll~ lJu':imWlfl'U 1,000 ~~':i'U'U!U 11':it)'lf'U~ n l"t'Ut)V lJ 

tlj'lJ1Wln'U 15,000 ~~':i~'U'tl u~tlj'mwyf~l1lJ~~t)~'liln'U 500,000 ~~':i 
tTmii'Ulfl1'lJl,j'Ul;t)lfti1~ u-u~lfl'U b tl':i~li)l1 flt) 

(G» tl':i~li)l1 fl 

JI " " " I 

ff mil 'Uj' fll':i U1lJ'Ul~tH~~~tl':i~1i)11 fl '~uti ffmil 'Uj' flU U llJ'U l~tH~~~Vi1,r 'U j' fll':i11ti 

V1'U~111'U~111~'Ufl ~~~~m;i 'U~'U~~9i~t 'U~ 111~11 ~1~ fI'U'U ff1li 1':i W~ 11 ~t)fI'U 'U ri1'U 'Uflfl,,~~ij 
~ . 

,.. , d : Q,J': CII i'JI ", d 
'U'U1~fl11lJfl11~mlJVi mlJ~':inll~rr~~l'Utl':i~fllfff)ll1'U~ U~~tfl'U'U1lJ'Ul'lft)1'Vm~ 11 'U fI~tfl'U 
"" " U llJ'Ul<j'ft)t~~~ i~~'U~'U (tTt11ii'Ulfl1'l~Y1t1UU 1't'1qi) 

" " . 
ffmil'Uj'fll':iU1lJ'Ul<j'ft)m~~tl':i~1i)11 fl. (tl':i~li)l1Vi 1 l~lJ)" l1mVfl11lJl1 ffmil'Uj'flU 

" " ," " , 
U llJ'U l~t)1~~~Vi"'~t)vi 'U Vi~'U Vi9i~1'U~111~11 ~1~11 ~ t)fI'U'U ff1li U W~ Viijfl11lJ fli1 ~'U t)~fI'U'U ili 

~ 

" " . .c:::l CII 0 Q.I ~ CII ",I ... I.c:::l.q,.. d Y 
ffmtJ'U':ifll':i'U1lJ'Ul'lftH~~~u':i~lfil1 fl. (u':i~1fi11111 l~lJ) ~t)~lJ111~1'Ul1W~111~t)t)fl 

-ff111 i''UV1'U~111 'U~l~t)~t)fi'Ul11~l1 "1~11 ~ tlfl'U'U ff1li1':iW~ 11~ t)111~~ij ffm~lfl'U ff1li U W~ 11 ~ t) 

fI'U 'U ri1'U 1Jflfl ~ ~~ i ~i' 'U t)~ tlJ1~11 ~ t) i ~i' 'Ufl11lJU'UVt)lJ i ,ry'1111'l 'U 111~1~t)lJ tv1t) i ,rlfl'U 11 Nl ~1 

111~1~111"~111~t)t)flUVfl~1~111fl1l1fltl'U1W~ ... h~tl'U ili-u' t)Vfll1 10.00 llJm -ff111i' 'U 

ffmil'Uj'fll':i':itlU'U'U~ 1 
~ 

" " 4 'JI 'JI 'JI d 'JI 'JI 'JI 4", 4 1'J1 , I 'JI 
2. 'U t)'U111~WV11'U1~1'UC)f1V 11"~ 'Ut)'U111~t" V1t)t)flm'UC)f1V~t)~lJ ':i fflJfl11lJ fl~ lJ'U t)V 

fll1 3.00 llJ~':i 

'JI , I'JI I 
~t)~V11 lJ'Ut)Vfl11 24.00 llJ~':i 
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. ".cs "ltJ ' 5tJ I 

1 . U\PI"::'VI1~\PIV~lJfl11lJfl11~ llJlWtlfll1 4.00 1lJ\PI'j 

" " '" "" " "'" " ,,"' ... '" ')""1'" 2 . 'IH)U'VI1~mtl11'U1\P11'W9I'1t1 tm::'Uvum~mtl1m)fl\Pl1'W 9I'lt1\P1 V~lJ Hl'lJfl11lJ l fl ~ llJ'W VtI 

fll1 3.00 1lJ\PI'j 

.c:::t ~ 'j/ .c:ii"~ Y 0 Q.f 

3. U'W 11 'U \PI '" fI1 'W U 'j f)1 'j \PI 1 'W 'VI 'If t lJ 'W 'VI H 1'U 1 U ,,:: 'VI H V V fl '" 1 '11 'j U tI 1 'W 'Yi 1 '11 'W:: 

" "" "I'" , (\PI1'W'I1'W1) \PIV~tJ11llJ'WVtlfl11 19.00 1lJm 
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, ", d ... dl" .. I '" 
~l'jl.:l'YJ .:l-1l'fW'YJ ~mln1.'Yl'j VOCs 40 'lfWf\ 'Utl.:lCahbration CliVe 

cnnh::ml'U VOCs 
AREA 

500 ng 1000 ng 2000 ng 4000 ng 6000 ng 8000 ng 10000 ng average SD MAX MJN 

MTBE 4.46 9.80 19.31 39.98 61.82 80.47 100.02 45.12 36.82 100.D2 4.46 

Methylene chloride 0.23 0.56 1.48 2.98 4.98 8.09 9.53 3.98 3.69 9.53 0.23 

2 - Butanone 0.33 0.67 1.66 3.56 6.02 8.27 10.72 4.46 4.01 10.72 0.33 

Chlorofonn 0.02 0.03 0.06 0.21 0.33 0.41 0.49 0.22 0.19 0.49 0.02 

2,4 - Dimethylpentane 0.50 1.44 2.33 4.07 6.81 11.05 12.79 5.57 4.81 12.79 0.50 

1,2 - Dichloroethane 0.04 0.06 0.16 0.27 0.34 0.48 0.58 0.27 0.21 0.58 0.04 

Benzene 0.68 1.33 3.10 6.16 9.87 14.07 17.65 7.55 6.55 17.65 0.68 

lsooctane 0.52 1.23 3.06 6.27 10.31 15.20 18.84 7.92 7.12 18.84 0.52 

n-Haptane 0.29 0.69 2.54 5.15 8.33 12.11 14.60 6.25 5.63 14.60 0.29 

Trichloroethene 0.01 0.03 0.06 0.10 0.20 0.23 0.30 0.13 0.11 0.30 om 

1,2 - Dichloropropane 0.20 0.44 0.90 1.83 3.02 4.18 5.38 2.28 1.98 5.38 0.20 

Bromodichloromethane 0.28 0.33 0.50 0.75 1.07 1.43 1.77 0.88 0.57 1.77 0.28 

4 - Methy - 2 - pentanone 0.40 0.96 2.24 4.85 7.30 10.93 14.26 5.85 5.26 14.26 0.40 

Toluene 0.86 1.73 3.84 7.83 12.78 17.68 22.37 9.59 8.30 22.37 0.86 

n-Octane 0.72 1.56 3.64 7.29 11.69 16.73 20.35 8.85 7.65 20.35 0.72 

Dibromochloromethane 0.18 0.19 0.24 0.35 0.51 0.70 0.98 0.45 0.30 0.98 0.18 

Tetrachloroethene 0.28 0.96 2.32 5.17 8.51 11.82 15.30 6.34 5.75 15.30 0.28 

Ethybenzene 0.82 1.67 3.68 7.67 12.44 16.98 21.56 9.26 7.99 21.56 0.82 

m,p-Xylene 1.62 3.31 7.32 15.08 24.62 33.52 42.58 18.29 15.79 42.58 1.62 

Styrenelo-Xylene 2.32 4.81 10.66 22.02 35.87 49.11 62.19 26.71 23.09 62.19 2.32 

Alpha-pinene 0.84 1.71 3.72 7.63 12.38 16.91 21.44 9.23 7.94 21.44 0.84 

3 - Ethytoluene 0.74 1.50 3.24 6.98 11.58 15.59 19.91 8.50 7.41 19.91 0.74 

~ - Ethytoluene 0.64 1.29 2.98 6.19 10.38 14.00 17.79 7.61 6.64 17.79 0.64 

1,3,5 - Trimethylbenzene 0.74 1.52 3.28 7.00 11.49 15.25 19.49 8.40 7.23 19.49 0.74 

2- Ethyltoluene 0.78 1.54 3.30 7.23 11.78 15.86 20.30 8.68 7.54 20.30 0.78 

Beta-pinene 0.76 1.56 3.40 7.15 11.51 15.61 19.91 8.56 7.37 19.91 0.76 

Docane 0.76 1.60 3.50 7.23 11.82 16.11 20.49 8.79 7.60 20.49 0.76 

1,2,4 - Trimethylbenzene 0.74 1.46 3.28 6.85 11.33 15.27 19.51 8.35 7.24 19.51 0.74 

1,4 - Dichlorobenzene 0.28 0.96 1.42 3.13 5.31 7.14 9.02 3.89 3.35 9.02 0.28 

1,2,3 - Trimethylbenzene 0.66 1.29 2.88 6.19 10.16 13.64 17.28 7.44 6.44 17.28 0.66 

Limonene 0.70 1.35 2.92 6.23 10.20 13.77 17.63 7.54 6.53 17.63 0.70 

n-Undecane 0.74 1.37 3.24 6.85 11.13 14.93 19.26 8.22 7.13 19.26 0.74 

1,2.4,5 - Tetramethylbenzene 0.72 1.35 2.98 6.52 10.76 14.36 18.35 7.86 6.83 18.35 0.72 

Dodecane 0.72 1.38 3.04 6.54 10.71 14.32 18.37 7.87 6.81 18.37 0.72 

Decanal 0.68 0.90 2.80 6.13 10.04 13.41 17.21 7.31 6.45 17.21 0.68 

Tridecane 0.64 1.21 2.60 5.73 9.40 12.52 16.12 6.89 5.98 16.12 0.64 

Tetradecane 0.64 1.19 2.48 5.40 8.76 11.75 15.16 6.48 5.59 15.16 0.64 

Pentadecane 0.56 1.08 2.24 4.94 8.02 10.86 14.07 5.97 5.20 14.07 0.56 



MTBE R', 0.9996 

§ :~~ 
0.).., 

2000 4000 6000 8000 10000 

."od"'~) 

2,4 Dimethylpentane R"0.9817 

" I ~ f~b~:2@ 
2000 4000 6000 8000 10000 

." ... 1Ii11l'C1 

n-Heptane 
R' , 0.9909 16 ~.---... -.--------.-.. - .. --- .. -... _-.. ---

14 -: ---------:-7 
:~ t=-- ;:Z=::= 

~ gL:=IT--
2000 4000 6000 8000 10000 

,,,.ol ... 111&1 

.fIlflNUlfl -.1 

Methylene chloride R'· 0.9789 

!::~ 
."~ 
i ~ l-~-=, ----~=-, , -=-= 

2000 4000 6000 8000 ' 10000 

'''''''''Ii18) 

l,2-Dichloroethane 
0.7 , R' . 09m_ 

!::~ - ~~ H1S;T4= 
2000 4000 6000 8000 10000 

"""''''InC) 

Trichloroethene 
R'· 0.9875 0.35 r ...... ·-· .. -.. ---.. · ...... --· .. · .. --...... ----...... - ........ -.. -.. - ... . 

l'~: ~----::;:z 
• 0.2 ' Z -.--­
~ 0 IS ...-.-.. - .. --

~ o~! r-----===----:-· .... -.. ----.. -~· 
o --'-"--'''--''-'--''''''''''--'---, 

2000 4000 6000 8000 10000 

,,,vuI..r. ",I 

2·Butanone R" 0.9913 

::~-==~ i 8 ____ . ___ == (II: .-. · ~ 6 ~ 
; 4 Z 
l 2 • 

o ~---T'----r~"-'----'----"-r--"--"~" 

2000 4000 6000 8000 10000 

,,,.w. ""I 

Benzene 
~i. 20 1 

~ 15 1 / 
~IO +-- -- ~ · -:~~~~~-----
: 5 

o I ![' -;::-,---r---.--- --
2000 4000 6000 8000 10000 

.......... ""1 

l,2·Dichloropropane 
R' < 0.9944 

~ : r .. --------- .. ·---:;2 
• • < 
" • : 

+-----....,~.-

2000 4000 6000 8000 10000 

.""limN! 

,. "'-, I 
R' · 0.98lS I Chloroform 

0.6 - I 

0.4 ;.- ..... -....... -.... -............ -............ -.......... -.... -...... :;:> 

OJ 

."""",, "" 
Bromodichloromethane 

2 ,- _._ ... __ ._ .. _ .. ___ ...... __ .. _ ... _ .B~ ~.Q~J_ 

! 1.5 i-------.. ---:---------.---.. --. . 
~ 1 +--.. -----­
( : " , 
: 0.5 i--.. - ... -
.. i +) 

o .;..-- ---.---,...-,.,----, 
2000 4000 6000 8000 10000 

,n"'''''''' 

.fl1'Y'l -:j-l mwl Calibration cwve SUf)-:jtll'Hl~mtflJl~ljl'W VOCs 'IIiJ 'fl MIBE L m~ 50 component indoor air 40 'IIiJ 'fl ...... 
-J 

117



4-Methyl-2 -penta none 
16 ,---- R' . 0.9882 

14 
12 

10 I ...-/'<!: 
8 -:;::;-a. 
6 . 
4 .. 

z I :.7+ 
o ~ ~~---r-----,.--, 

2000 4000 6000 8000 10000 

." ....... !nCl 

Pentadecane 
16 R' · 0.995 

"~ ~ 
12 -. . -.--

lSC% 
2000 4000 6000 8000 10000 

'''''.'1/11) 

1,2,4,5-Tetramethylbenzene 
R' , 0.9957 

20 ------.--.-

15 

10 1 "" L-----

.. -----~.--...... -....... --........ _ .. _ ...... _ ..... _ ..... •.. _._ ........ _ .. . 

2000 4000 6000 8000 10000 

,,,,.;,.. tn&1 

Toluene ~£ 

i 20 t-------- j= 
25 ~-___ .~ 

:"~ Z j':~Z _ .. 
--r---" 0 , -_. 

2000 4000 6000 8000 10000 

'''.''.tn,) 
Tetradecane 

16 R"O.996 

li t-. ---.-.~-­
:, ??:----
~ ~==---~=~=~ 

2000 4000 6000 8000 10000 

·" ...... (nl) 

n-Undecane 
25 R' = 0.9959 

~ 20 ,'- --' ----........... - .. -.-.. -- .. -.. 

: IS • w 
.( 10 -c---.. --.-.----... -. 
... • • .. 

; K'Iff _. __ ..., 

2000 4000 6000 8000 10000 

."..i·IIi. tn&1 

n-Octane 
25 i 20 r==-r=- R'· 0.9954 

j::F~ZZ 
o~ . ---; - ,..---,---, 

2000 4000 6000 8000 10000 

."voI"' ",,1 

Tridecane R'~ 
20 ~-

~15 .. -.---.--._-= 
! ",:z::=: --c ! _ ____ • 

i;l== 
2000 4000 6000 8000 10000 

""",",. N) 

Limonene R' = 09959 
20 .,.----.----.--- ---..... - - ----

i 

~ IS ;-- - ---

' : ----~ 10 -" _.--

~ ... • • a. ; o ;--
2000 4000 6000 8000 10000 

."."III.tn,1 

Dibromochloromethane 
1.2 R' , 0.9344 

~I fm---------.---~ 
~ 0.8 ; 
: 0.6 1--. 

i ~:; ~~=:~~~~==~ 
o j-~--r"--,---'--"'------"""-------; 

2000 4000 6000 8000 10000 

", .... r>e) 

Dodecane 

2000 4000 6000 8000 10000 

." ....... l1li1 

1,2,3-Trimethylbenzene 

::g 
o " . " .---

2000 4000 6000 8000 10000 

",.,IIi·rel 

fllYl -:j-l (~tl) f1'nvl Calibration cUlVe 'Utl-:j~l'j"::;"lmJl11'jjTU VOCs W 11 MIBE 1m::; 50 component indoor air 40 W 11 

00 

118



4-Methyl-2-pentanone 
R'=O.9882 

~: r------~~ 

j:: t -fSi 
i lb<:r?' 

2000 4000 6000 8000 10000 

·" ....... ma) 

1,4-Dichlorobenzene 
10 R' . 0.9946 

08 i 2 

l:r-#?5-: : Lz:=:--,----, .. --. 
2000 4000 6000 8000 10000 

• ....ui_-.) 

2·Ethyltoluene R"0.9958 
25 ~--------------

l,. i-----~ 

1:~ j5:-=g 
2000 4000 6000 8000 10000 

,,,""iii. mel 

Toluene 

. 1.-.. -.... -..... -..... -...-_.-.--.. -.--- R'=.~~ ~20 -~ 
!~: =:=-==== 
~ 

: 5 rl;;:f'" 
2000 4000 6000 8000 10000 

·" ....... ·ma) 

1,2,4· Trimethylbenzene 
25 I R" 0.9958 

~ ~~ t- ~---=- -----...... --------.. -- ---
C 10 -----
... 
: 5 --- ---- ------------------.. 

o --y------,----,-- -T----' 
2000 4000 6000 8000 10000 

''''''''''111&) 

1,3,5-Trimethylbenzene , :: r-------? 
l:: ~;-z=== 

2000 4000 6000 
,,,1114 ... ,,,,) 

8000 10000 

n-Octane 
R" 0.9954 

l :~ • 15 i------------. -----
! I 

i 1: r---======= 0;;::: , ,. 
2000 4000 6000 8000 10000 

."uoUi.O'() 

Decane 
R' ' 0.9961 

25 I 

~ :~ +-t---------.. --.. --.---.. --.. ---.. -.. --~----.. ------.. ------:;;---7'-

Slo l ___ ~ 
i : tz=~=~.:=::~~~=~..: 

2000 4000 6000 8000 10000 

''''''''O'CI 

4-Ethyltoluene 
R'·0.9952 :: [=-~~-==z=-

I: . / 
o l~-~--~ -~-~ 

2000 4000 6000 8000 10000 

,,,""mI.,,,,) 

Dibromochloromethane 
R:' 0.9344 

1.2 ,"--' .. --.--.-.--.-----.. -- ... ---.. - .... - .. --.--.. -. - .. 

1 1 .... 7 
l .. :~ : 06 i-------------- .. ------. 
C ' .. 0.4 i--'--"-' h

'--'-"-- -----.-----. ., : 

~ 0.2 .i-.... rc;; ----------.. ----.. ---

o ;-. i • • . 

25 I 

2000 4000 6000 8OIlO 10000 

......... 1I1l 

Beta-pinene 
R'· 0.9967 

I:: F~==7Z 
~ !~ : : t=:~ ... ~-~:=·:~:_- .. ---- .... -

2000 4000 6000 8000 10000 

......... -.) 

3-Ethyltoluene 
R' ' 0.9953 

25 f 

~ :: ~-~-~=======::z::z 
; 10 i :;;? 
~ ~~-----;--.... - .. ---- .... --"'m .... -..... -, 

2000 4000 6000 

,,,.i",,n&l 
8000 10000 

fl'M \1-1 (~V) flnvj Calibration CUlVe 'UV\l~l'j"~mm.Jl\P1'jjl'U VOCs 'lfW \PI MIBE u,,~ 50 component indoor air 40 'lfW 11 

\0 

119



Alpha-pinene 
R' =0.9966 25 11--------------~~~ 

.g 20 1= ~ ~ 15 -- :;:=-
~10 ~ 
: -t---.....,. .......... ..r.:::..---------.. ----. 

o I 4£Y 

o 2000 4000 6000 8000 10000 

........ wv 4nc) 

Ethylbenzene 
25 I R' = 0.9963 

I 

.2 W I A 
~lS I :;,>~ 
" I ~ ~ 10 i :;;:y= 
:. 5 7' 

2000 4000 6000 8000 10000 

.. ,uul'lIIvtnB) 

.2 

~ 
'" " ~ 
i 

0-Xylene&Styrene 

:. 10 I .~..., 

R'=0.9962 

o r-------r-----..., 

o 2000 4000 6000 8000 10000 
."wI .... mg) 

Tetrachloroethene 
R'·0.9908 

!: l ~ '" I ._. __ I':fz=== o , 
o 2000 4000 6000 8000 10000 

.".uI".4I1&) 

m,p- Xylene 
so I -B::..ll.2.26.3._ 

"' 30 t' ----------:::> .... ~.:::..;;---
!20 : ~ 
i40 tggl ~~ 

i 1~ ~~._-==--,.....-_ .. I I 

o 2000 4000 6000 8000 10000 

." ....... v mg) 

Decanal 
20 . R' = 0 .994~ 

I~ ! ~ "' ~ 
: 10 +----­
~ 
-= .....-:: .. II :;> 

0.. 

o ~ ... 
o 2000 4000 6000 

• .., .... Inlvmg) 

8000 10000 

fll'Y'l .:1-1 (~~) mm Calibration curve 'lJtl.:l~l~~~mmJl11~ll'U VOCs 'lfiJ ~ MIBE U~~ 50 component indoor air 40 'lfiJ ~ 

-tv 
o 

120



pA 

50 , 

40 
. :. 

:~~ 

~H ~ , .' 

M:: ;:' 
", " .~. ~ 

, ji 
. , 

'"' r . ;; 

25 

20", 

15:U. ~.~1l.t\ ~." :.:'?-.. Gt !< , ;:> .I>.-~ r··_~~ ~~ - .' 

15 

~~ ' 
r¥'- -r 
uL " f...,d;. 

20 

, 11· 
... .,.. 

-. 
25 

• .1 " 

~I I ' I,,~ 

,-, "'<' .,,' 

30 

I. 

"y;'!"": 

I ~ 11 

'II 

I ~~ A 

35 40. 415 

trm \1-2 Chromatograms Calibration CUIVe 'Utl\lm'j"~mmJl~~jl'U VOCs 'lIiJ ~ MIBE 1!"~ 50 component indoor air 40 'lIiJ ~ 

mlr 

N 

121



I' · 

<i 

"t 
" 

". 
.1 

I: 

, 
" , 

l' 

f .. ,'~} " ~~ I i -. ' ,. _. ~. _ r .-.. ~ . , ': 

inYl .:j-2 (~ t1) Chromato grams Cahbrarion curve '\Jt1.:j'ffl'H'1~mmJl\P1'jjl'W VOCs 'l1'I1 ~ MIBE L m~ 50 component indoor air 40 'l1'I1 ~ 
N 
N 

122



~
 

~
 

"" N ...-
--
~

­
C

l 
'-

"
 

('
) a- s s ~ P>
 S en
 ~ ~.

 
§ ~ c

! 
C

l "" :3 o.
Jl

 
!»

 
ee

 
!»

 ~ :§
 

o.
Jl

 
~
 

-
' 
~
 8 ~D
 

~
 ~ 5

) ee
 

V
l 

o i ~ .., ~.
 

~
 ~D
 

~
 

£(
:1

 

.t;
j 

IV
 

O
f 

~
.1
37
 

w
 

<
;)

 

-e
-a

.{
o

,,
" 

2
2

.9
8

6
 

~
"

B
 

t; 
2

4
.3

4
2

 

~
!
O
(
!
 '

2
4

.9
7

6
' 

2
6

.5
3

8
 

f 
2

7
:4

2
9

 .
 

2
7

,9
0

6
 

~
, 

j.
 

2
8

.7
3

0
 

~
 '" '" 

t=
 

3
0

.5
3

9
 

'. 
i 

i}
!!

W
6

 

~ y 
• 

J
!
i
l
J
a

·5
5

4
 

. 
2:

1 
. 

""
8

6
 

:B
lM

 
t3

3~
. 

3
3

 7
3

3
 
3~

48
 

t_
 .J _

_
 ./.

 
:,',3

6'~
7
 

3
6

.0
0Q

 

t=
" 

. 
3

7,
.0

7
V

 

3
8

]q
Q

 

B
 1

; 
3g

~qg
a 

3
9

,1
9

1
 

:-4
1

.3
4

4
 

1
:
4

2
.1

5
4

 

4
3

.4
3

9
 

4
4

.1
5

6
 

~-
!F
 

4
4

.9
2

9
 

~
 U

. 
4

7
.5

5
5

 

].
 .~
 ;~ ':8
 

J,M
: 1 

,
~
 

I'.>
 

<?<
 

'''2
'.

5
0

4
 ·W

 
c 

.f
!5

2
2-

;7
7

3
 

. 
2

2
.9

8
8

 ~
. 

~
 

I-: 
..

24
.3.
~
 

t:
B

W
O

 
24

:9
~1
 

F
 

'2
7

:'
4

3
4

 
2

7
.8

1
0

 

w
 

. 
c 

. I:
 .

 
'3

0
.5

4
6

 

&
 

..
 ' 

7
6:

 
=~1

'2~1
~ ~
~
3
=
:
~
0
 

g,.,
 i . . 

: 
"'?

 
"

fi1
>o

. 

w
 

O
t 

E;;
 

.1
tI

.2
7-

1 
~ 

3
6

.0
1

4
 

t·
 

,<
 

. ,
 3

7
 A

8
5

 
~7
 .0

8
5

 

g
. 

.
~
~
 

.
~
~
 

B
 . .'I

':4
0

.3
1

2
 

if;
::U

 3
9

9
4

1
'4

8
7

 
, 

:~
 ....

... 
~
 

G
.1
~
 

,'4
2

.7
7

8
 

:~
~4
<1
3

' 

4
4'

."
1

'0
 

~
 -U

= 
. 

4
4

.9
3

5
 

4
0

.9
0

1
-

~ 
U

 
4

7
.5

6
0

 

].
 

chula
Typewritten Text
123



, 'Q.c:t Q.I ~ ~ III 
fll Limit of detection (LOD) Uil:::fllfll"iflYltf81J1tifll'nHlYl &YlU &'if Recovery Test 
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~i'jTJ~ ~-1 tJ~lJltu~h Limit of detection (LOD) 'tm,nYl'J VOCs 40 'MiJ~ 

AREA LOD 
lfl'nh::os\J VOCs 

25 ng (1) 25 ng(2) 25 ng (3) 25 ng(4) average SD MAX MIN (Jiglm') 

MTBE 0,75 0,77 0,65 0,72 0,72 0.05 0.77 0.65 0.189 

Methylene chloride 0,14 0, \3 nd nd 0,14 0.007 0,140 0.130 0.136 

2 - Butanone 0,0) 0.009 nd nd 0,0) 0,001 0.010 0,009 0,194 

Chlorofonn 1.04 Ll5 nd nd LlO 0.078 Ll50 1.040 0,185 

2,4 - Dimelhylpentane 7.9 6,8 nd nd 7.35 0.778 7,900 6.800 0.276 

1,2 - Dichloroethane 0.31 0.3 nd nd 0.31 0.007 0.310 0.300 0.060 

Benzene 0.8 0.76 nd nd 0,78 0.028 0,800 0,760 0,094 

Isooctane 0.34 0.35 nd nd 0.35 0,007 0.350 0.340 0,053 

n-Haptane 0,05 0.04 nd nd 0,05 0.007 0,050 0.040 0.409 

Trichloroethene 0,15 0.19 nd nd 0,17 0,028 0.190 0.150 0.433 

1,2 - Dichloropropane 0,93 0,87 nd nd 0,90 0,042 0.930 0.870 0.123 

Bromodichloromethane 0,29 0.3 nd nd 0,30 0,007 0.300 0,290 0.062 

4 - Methy - 2 - pentanone 1.54 1.29 1.05 0,96 1.21 0,26 1.54 0.96 0,560 

Toluene 0,18 0,\1 0.23 0,2 0,18 0.05 0,23 0.11 0.738 

n-Octane 2.44 2.46 2.02 1.74 2.17 0.35 2.46 1.74 0.419 

Dibromochloromethane 0.16 0,12 0,2 0,19 0,17 0.04 0.20 0.12 0,559 

Tetrachloroethene 0,21 0.37 0.2 0,24 0.26 0.08 0.37 0.20 0,802 

Ethybenzene 0.61 0,6 0,73 0,68 0.66 0.06 0.73 0,60 0,244 

m,p-Xylene 1.01 Ll2 1.11 1.17 LlO 0,07 1.17 1.01 0.158 

Styrenelo-Xylene 0.29 0.34 0.27 0.31 0,30 0.Q3 0.34 0.27 0.257 

Alpha-pinene 0,17 0.14 0.15 0,16 0,16 0,0) 0.17 0.14 0,2 17 

3 - Ethytoluene 0.12 0.17 0.18 0,13 0,15 0.Q3 0.18 0.12 0,511 

4 - Ethytoluene 0,27 0.35 0.26 0.32 0.30 0,04 0.35 0.26 0.368 

1,3,5 - Trimethylbenzene 0.28 0.3 0.3 0.29 0.29 0,0) 0,30 0.28 0,085 

2- Ethyltoluene 0,25 0,21 0,19 0,22 0,22 0.03 0,25 0.19 0,299 

Beta-pinene 0,28 0,17 0.28 0.27 0.25 0.05 0.28 0.17 0.558 

Docane 0.18 0,16 0,19 0.14 0,17 0,02 0,19 0.14 0.345 

1,2,4 - Trimethylbenzene 0,06 0,09 0,08 0,06 0.07 0,02 0,09 0.06 0,539 

1,4 - Dichlorobenzene 0,1 0,08 0.1 0,1 0.10 0,0) 0.10 0.08 0.274 

1,2,3 - Trimethylbenzene 0,13 0.12 0,19 0, 11 0,14 0,04 0.19 0.\1 0,681 

Limonene 0,25 0,25 0,26 0,27 0,26 0.01 0,27 0.25 0.097 

n-Undecane 0.25 0,23 0,28 0.22 0,25 0.03 0,28 0,22 0,281 

1,2,4,5 - Tetramethylbenzene 0.17 0,16 0,16 0,17 0,17 0,01 0,17 0,16 0,091 

Dodecane 0.39 0.36 0.41 0.35 0.38 0.03 0.41 0.35 0,190 

Deeanal 0,18 0,2 0,17 0,25 0.20 0.04 0.25 0,17 0.463 

Tridecane 0,94 0,89 0,79 0,73 0,84 0,09 0,94 0.73 0,295 

Tetradecane 0.2 0.19 0.15 0,187 0,18 0,02 0,20 0.15 0,314 

Pentadecane 0,75 0,77 0.65 0,72 0,72 0,05 0,77 0.65 0,189 
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.d 11 ,(0 ,( '" 
~l'n:n1 1)-2 r-H'lfl1'j'Yl~fffl'lJl flWlfW~ Recovery '\.Ifl~ffl'j VOCs 40 'lfW~ 

AREA 
tTl'nh::mm VOCs 

0/0 

1,000 ng RI R2 R3 R4 RS R6 R7 R8 R9 RIO average SD MAX MIN Recovery 

MTBE 139.2 120 143 141 150 143 - - - - - 139.4 11.3 150 120 100.08 

Methylene chloride 4.2 3.6 4.1 4.9 4.1 4.4 7.0 5.6 5.3 4.4 5.4 4.9 1.0 7 3.55 116.7 

2 - Butanone 3.7 5.2 5.6 5.7 5.4 4.6 1.7 0.4 0.2 1.5 0.4 3.1 2.4 5.65 0.23 83.4 

Chlorofonn 0.7 1.2 1.2 1.2 1.1 1.2 0.2 0.2 0.2 0.1 0.2 0.7 0.5 1.19 0.14 93.4 

2,4 - Dimethylpentane 4.5 4.5 4.5 5.7 4.7 4.9 5.8 5.4 5.4 4.0 5.3 5.0 0.6 5.8 4.04 110.6 

1,2 - Diehloroethane 3.2 3.2 3.2 3.8 3.5 3.6 3.5 3.9 4.2 2.5 3.1 3.4 0.5 4.15 2.46 105.8 

Benzene 10.6 12.6 10.7 10.7 12.6 11.5 22.1 14.8 16.6 7.1 8.7 12.7 4.3 22.12 7.05 120.4 

Isooctane 6.1 5.5 5.8 7.0 5.9 6.4 8.7 8.2 83 5.7 7.1 6.8 1.2 8.7 5.51 112.3 

n-Haptane 8.6 7.3 7.6 9.0 8.1 8.6 9.1 8.5 8.7 6.4 7.3 8.0 0.9 9.09 6.36 93.2 

Trichloroethene 4.0 9.1 8.5 8.7 6.4 7.3 1.0 0.9 0.9 0.6 0.7 4.4 3.9 9.09 0.55 108.8 

1,2 - Dichloropropane 2.8 2.2 2.3 2.5 2.4 2.5 3.5 2.6 2.6 2.1 2.8 2.5 0.4 3.46 2.14 92.3 

Bromodichloromethane 1.0 0.6 0.6 0.8 0.6 0.6 0.8 0.6 0.7 4.3 0.5 1.0 1.1 4.27 0.52 102.8 

4 - Methy - 2 - pentanone 5.3 3.9 4.0 4.7 4.6 3.9 7.3 6.8 6.8 4.2 5.4 5.1 1.3 7.28 3.86 97.9 

Toluene 8.7 6.7 6.8 8.4 8.0 8.0 10.9 9.9 10.0 6.5 8.2 8.3 1.5 10.9 6.45 96.0 

n-Octane 7.2 6.5 6.8 8.0 7.5 8.0 9.8 9.0 9.1 6.0 7.3 7.8 1.2 9.79 5.99 108.9 

Dibromochloromethane 0.6 0.6 0.6 0.6 0.6 0.6 0.4 0.4 0.4 0.2 0.4 0.5 0.1 0.64 0.24 88.5 

Tetrachloroethene 4.3 1.6 1.5 1.6 1.6 1.7 8.7 8.0 8.0 5.2 6.0 4.4 3.1 8.66 1.48 102.3 

Ethybenzene 9.5 7.4 7.8 8.9 8.6 8.9 10.9 10.0 10.1 6.6 8.1 8.7 1.3 10.93 6.59 92.4 

m,p-Xylene 18.8 14.4 14.8 17.6 16.9 17.2 20.9 19.1 19.3 12.7 15.4 16.8 2.5 20.86 12.7 89.5 

Styrene/o-Xylene 26.1 19.2 19.9 23.8 22.3 23.2 28.1 25.4 25.9 16.7 20.8 22.5 3.4 28.06 16.7 86.4 

Alpha-pinene 10.7 8.1 8.5 9.8 9.3 9.6 11.0 10.1 10.3 6.7 8.1 9.2 1.3 II 6.65 85.5 

3 - Ethytoluene 9.9 7.8 8.4 9.7 9.5 9.6 11.1 10.2 10.5 6.7 8.1 9.1 1.4 11.11 6.67 92.8 

4 - Ethytoluene 6.3 6.7 6.9 8.0 7.7 8.1 8.9 8.3 8.4 5.3 6.6 7.5 1.1 8.88 5.28 117.9 

1,3,5 - Trimethylbenzene 7.0 7.5 7.9 9.1 8.7 9.1 9.8 9.4 9.6 6.1 7.5 8.5 1.2 9.8 6.07 121.9 

2- Ethyltoluene 7.1 7.8 8.1 9.6 9.1 9.5 10.8 9.8 10.1 6.5 7.9 8.9 1.3 10.77 6.5 126.2 

Beta-pinene 9.6 7.9 8.2 9.9 9.4 9.7 10.8 9.9 10.3 6.6 8.0 9.1 1.3 10.81 6.57 94.8 

Docane 9.3 7.8 8.1 9.6 9.3 9.4 11.0 10.2 10.5 6.7 8.2 9.1 1.3 11.02 6.68 98.0 

1,2,4 - Trimethylbenzene 10.0 7.4 7.5 9.0 8.5 8.8 10.8 9.6 11.3 6.9 8.5 8.8 1.4 11.25 6.87 88.4 

1,4 - Dichlorobenzene 2.6 2.7 3.1 3.5 3.4 3.5 4.9 4.3 4.8 3.0 3.8 3.7 0.7 4.87 2.69 142.9 

1,2,3 - Trimethylbenzene 5.7 6.6 6.9 7.9 7.6 8.0 9.0 8.3 8.4 5.4 6.7 7.5 1.1 9.02 5.35 130.6 

Limonene 5.2 7.3 8.0 9.1 8.8 9.1 9.6 8.8 9.1 5.9 7.1 8.3 1.2 9.56 5.88 159.8 

n-Undecane 10.8 9.1 9.5 10.9 10.9 10.7 12.3 10.9 12.6 7.7 ~.5 10.4 1.5 12.6 7.74 96.3 

1,2,4,5 - Tetramethylbenzene 6.7 7.7 7.9 9.5 9.0 9.5 9.7 8.8 9.1 5.8 7.2 8.4 1.3 9.71 5.78 125.0 

Dodecane 9.9 9.8 10.1 12.0 11.6 11.9 12.0 10.8 11.0 7.1 8.5 10.5 1.6 11.98 7.07 105.6 

Deeanal 8.1 10.2 10.4 12.6 12.0 12.3 11.3 10.2 10.1 6.5 8.0 10.4 1.9 12.63 6.53 128.7 

Tridecane 8.6 11.5 12.0 14.2 13.5 13.9 13.0 11.0 11.4 7.5 8.7 11.7 2.2 14.19 7.48 135.2 

Tetradecane 9.3 12.2 13.1 15.2 14.6 14.9 13.3 10.8 11.7 7.5 9.1 12.2 2.6 15.18 7.45 131.9 

Pentadecane 15.6 13.2 13.8 15.7 15.5 16.3 29.1 15.1 19.0 13.2 12.9 16.4 4.8 29.05 12.93 104.9 
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.d ~ I~.od d ~ ~ 
~l'jTl'YI \1-1 l1nnWfIl1lifll'j!f11J1l1J1J Passive sampling ll"~ Active sampling l1J'U'j~v~nm 24 ')$11m 

mlllOlfl'lUlioUlIoUU Active Sampling ("glm) mlllOlfl'llllioUlIoUU Passive Sampling (JIg) 

lTl'nh::08\J VOCs .". 
c:;> 

.". 
c:;> 

U 
..,. i we;: u ..,. i we;: 

!-< )~ !?; 
r;>" 

;; !-< )~ !?; 
r;>" 

;; 
~ ~ ;i ~ 

G ~ ~ ;i ~ 
G 

Iol ;po fe;: ;:r Iol ;po Ie;: ;:r ..... .. ;>S ..... .. 
"S 

MTBE 11.7 8.833 22.546 18.553 33.591 1.286 2.604 1.924 3.520 2.783 

Methylene chloride 13.033 22.532 38.626 51.385 49.180 2.483 4.688 7.191 6.158 5.284 

Chlorofonn 14.648 4.641 9.901 11.758 16.399 0.642 1.123 1.470 1.71 I 1.71 I 

Benzene 17.006 6.388 12A28 1r.651 2r.490 LIIJ un r.991 2.897 3.356 

Isooctane 18.35 0.825 1.832 1.832 2.565 0.120 0.174 0.206 0.253 0.301 

Trichloroethene 19.2 308.378 436.010 483.574 626.268 35.616 57.534 56.164 73.699 69.863 

Toluene 22.876 37.979 73.374 69.628 1 I 1.999 5.569 9.654 10.131 13.159 20.313 

n-Octane 24.225 7.092 6.839 9.625 3.678 1.722 1.335 1.926 0.744 2.013 

Tetrachloroethene 24.944 1.340 2.597 1.472 2.679 0.062 0.143 0.067 0.143 0.057 

Ethybenzene 27.2 5.808 6.055 5.437 7.639 0.695 0.779 0.708 1.036 0.851 

m.p-Xylene 27.683 3.966 6.989 7.411 9.663 0.456 0.854 0.994 1.188 0.786 

Styrene/o-Xylene 28.612 1.467 2.651 2.421 3.304 0.213 0.359 0.406 0.483 0.313 

Alpha-pinene 30.3 0.660 0.339 0.339 0.482 0.135 0.062 0.081 0.105 0.113 

3 - Ethytoluene 31.349 1.975 4.320 5.184 7.653 0.245 0.437 0.619 0.704 0.384 

1,3,5 - Trimethylbenzene 31.656 1.459 2.155 2.628 4.232 0.162 0.209 0.293 0.401 0.227 

2- Ethyltoluene 32.077 4.694 4.333 4.453 5.838 0.720 0.645 0.593 0.790 0.790 

1,2,4 - Trimethylbenzene 32.661 3.599 7.328 9.127 12.984 0.433 0.81 I 1.166 1.333 0.755 

1,4 - Dichlorobenzene 33.5 0.637 0.614 1.364 2.070 0.629 0.629 1.238 1.592 1.769 

1,2,3 - Trimethylbenzene 33.742 1.262 1.685 2.122 2.918 0.206 0.355 0.344 0.470 0.344 

Limonene 33.85 0.767 1.879 1.233 2.620 0.390 0.803 1.013 1.558 1.260 

n-Undecane 35.891 4.653 6.548 5.843 5.359 1.087 1.611 1.444 1.429 1.757 

1,2,4,5 - Tetrarnethylbenzene 36.958 0.356 0.462 0.439 0.616 0.250 0.248 0.270 0.349 0.389 

Decanal 41.99 1.150 1.150 0.878 0.878 4.090 6.283 1.653 3.189 9.737 

Tridecane 44.811 0.930 0.486 1.346 1.529 2.488 1.849 3.133 4.128 2.589 

Tetradecane 47.39 1.250 1.341 1.450 1.533 0.571 0.613 0.646 0.702 0.596 

Pentadecane 50.27 1.003 2.186 1.277 1.459 0.708 1.734 1.095 1.292 1.135 
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\PlTn~fi 'If-} mlJ1WmllJl,r1J,rl.l'\.lU'rffllVl.l'Vil6l~1'l1t1~1f)fftll'U 111 f11l tJ 111l.11';U1Yl il'l ffl'\.11f11l 'Yll'1 

nl1th::fl8U VOCs , .. .. . 
8111YlrJ ml~ilfJ 

MTBE 840.98 581.70 771.10 478.12 533.29 410.11 431.04 578.05 

Methylene chloride nd nd nd nd nd nd nd nd 

Chlorofonn 337.68 270.27 338.00 110.14 122.79 147.48 111.40 205.40 

Benzene 302.48296.84347.28172.21137.72 117.69122.17 213.77 

lsooctane 17.31 15.84 17.71 11.98 16.12 9.67 10.95 14.23 

Trichloroethene 239.25 253.00 249.76 240.87 995.01 238.45 295.03 358.77 

Toluene 249.75 289.73 272.04 265.75 202,05 140.96 157.95 225.46 

n-Octane 9.97 8.90 7.68 6.71 5.45 4.69 4.06 6.78 

Tetrachloroethene 6.65 5.83 5,65 5.34 5.59 3,97 3.57 5.23 

Ethybenzene 9.89 10.46 9.69 8.02 6.29 3.46 5.78 7.66 

m.p-Xylene 20.91 21.63 18.83 15.65 11.09 7.91 11.91 15.42 

Styrene/o-Xylene 4.84 5.14 4.38 4.13 3.50 2.35 3.26 3.94 

Alpha-pinene 0.39 0.36 0.29 0.30 0.32 nd 0.34 0.28 

3 - Ethytoluene 6.52 7.76 5.72 6.29 5.43 4.45 6.07 6.03 

1,3,5 - Trimethylbenzene 3.29 3.98 6.94 0.81 2.72 2.17 3.03 3.28 

2- Ethyltoluene 1.50 1.88 I. 70 1.69 1.38 1.25 1.28 1.53 

1,2,4 - Trimethylbenzene 8.46 10.99 7.31 8.05 7.09 5.74 8.49 8.02 

1,4 - Dichlorobenzene 1.51 1.57 1.12 1.12 1.69 0.74 1.60 1.33 

1,2,3 - Trimethylbenzene 1.80 2,59 1.33 2.09 2.25 1.31 2.35 1.96 

Limonene 1.63 1.65 1.21 1.19 I. 71 0.80 1.60 1.40 

n-Undecane 3.09 3.20 2.59 2.62 3,20 2.80 3.15 2.95 

1,2,4,5 - Tetramethylbenzene 0.43 0.46 0.39 0.66 0.48 0.98 0.43 0.55 

Decanal 2.10 3.72 3.51 2.98 1.66 1.17 1.96 2.44 

Tridecane 1.34 2.48 2.25 1.93 1.15 3.09 1.26 1.93 

Tetradecane 1.12 1.76 1.73 1.55 1.07 1.64 1.21 1.44 

Pentadecane 1.43 1.94 0.78 1.84 1.69 1.79 1.65 1.59 
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~ l'n~ Yi '}f-2 m lJ1WmllJ!,j'lJ,j''W'tIfl.:Jffl'jfl'W'YI~ 6'j~nW1l1 f1ffmihJ ~ f1l'j U llJ'W! ~fl!'Viil.:J ffl'tllf1l'j 'YI1.:J 

Yim'lJ (~d'W~ldl'l~'Wfl.:J) 'l.Jl'lfI(;lYi 2 

f.Tl'J\h::flt'lU VOCs 

MTBE 

Methylene chloride 

Chloroform 

Benzene 

Isooctane 

Trichloroethene 

Toluene 

n-Octane 

Tetrachloroethene 

Ethybenzene 

m.p-Xylene 

Styrene/o-Xylene 

Alpha-pinene 

3 - Ethytoluene 

1,3,5 - Trimethylbenzene 

2- Ethyltoluene 

1,2,4 - Trimethylbenzene 

1,4 - Dichlorobenzene 

1,2,3 - Trimethylbenzene 

Limonene 

n-Undecane 

1,2,4,5 - Tetramethy1benzene 

Decanal 

Tridecane 

Tetradecane 

Pentadecane 

"r,U1Wf.Tl'J VOCs (/1g1m) 
, 

If.Tl'J 

424.54 655.34 950.90 536.08 718.72 69.84 361.70 531.02 

nd nd nd nd nd 181.09 nd 25.87 

130.39 257.93 357.94 130.71 228.82 nd 139.57 177.91 

167.54 296.73 425.47 161.18 218.60 18.49 123.89 201.70 

11.15 16.29 22.20 14.16 17.80 2.78 8.28 13.24 

312.81 299.88 346.76 410.61 530.24 nd 146.30 292.37 

159.92 276.75 339.36 310.13 241.21 57.47 119.92 214.97 

4.19 8.05 8.67 4.52 10.13 2.48 4.37 6.06 

3.69 6.96 5.92 4.21 8.49 2.53 3.27 5.01 

5.13 9.37 11.61 6.70 8.88 1.82 4.48 6.86 

8.21 18.70 23.71 12.37 18.09 4.00 8.90 13.43 

2.52 4.53 5.15 3.34 5.96 1.47 2.43 3.63 

0.31 0.34 0.34 0.32 0.37 0.34 nd 0.29 

5.23 7.53 6.72 6.01 7.27 2.44 3.83 5.58 

2.67 3.95 0.84 3.30 3.60 nd 2.09 2.35 

1.27 1.74 1.85 1.66 1.68 0.64 0.88 1.39 

7.26 10.47 8.79 8.74 8.84 3.62 5.12 7.55 

1.39 1.77 1.69 1.69 1.74 0.43 0.66 1.34 

2.38 3.18 1.98 2.38 2.30 5.34 1.39 2.71 

1.35 1.68 1.70 1.75 1.88 0.72 0.67 1.39 

2.77 3.52 3.39 3.67 3.66 3.97 2.33 3.33 

0.73 0.51 0.89 0.48 0.46 0.54 0.51 0.59 

3.34 3.64 3.01 1.74 2.44 2.97 1.02 2.59 

2.03 2.59 2.14 1.65 1.59 2.25 2.51 2.11 

1.61 1.83 1.74 1.70 1.27 1.96 1.42 1.65 

1.90 1.96 2.01 1.97 I. 77 2.39 1.52 1.93 
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Vl n l .:rn 'If-3 ill' lJlWmllJl,j'lJ·U\.J'\Jij~ffllfl'U'Yi16l~1'11tJ~1f1ffmii 11 ~ f11l t'll iJ 'U 1 ~m .... ~ ~ ffl'\J 11J1~ '\J'U 

al'1'lh::mm VOCs 

MTBE 

Methylene chloride 

Ch1orofonn 

Benzene 

Isooctane 

Trichloroethene 

Toluene 

n-Octane 

Tetrachloroethene 

Ethybenzene 

m.p-Xylene 

Styrene/o-Xylene 

Alpha-pinene 

3 - Ethytoluene 

1,3,5 - Trimethylbenzene 

2- Ethyltoluene 

1,2,4 - Trimethylbenzene 

1,4 - Dichlorobenzene 

1,2,3 - Trimethylbenzene 

Limonene 

n-Undecane 

1,2,4,5 - Tetramethylbenzene 

Decanal 

Tridecane 

Tetradecane 

Pentadecane 

• 

m,.1f.lIal'1 VOCs (J1g1m) 
, 

tJfl'l 
, 

Ian 

276.45 440.38 108.15 242.60 320.38 537.11 405.57 332.95 

85.59 85.25 282.24 71.66 96.46 137.89 187.14 135.18 

88.61 165.05 46.03 122.49 114.51 208.70 210.63 136.57 

7.45 12.72 4.57 4.61 9.06 15.97 11.32 9.39 

92.57 182.41 49.85 81.07 121.60 256.90 82.17 123.80 

111.41 139.37 74.17 140.82 149.80 202.99 194.77 144.76 

7.79 13.14 7.21 16.67 13.00 8.78 14.09 11.53 

6.68 11.47 6.53 13.93 11.47 7.72 9.91 9.67 

5.31 7.66 6.79 10.17 6.30 10.71 13.45 8.63 

11.28 15.97 12.03 22.58 13.44 20.12 30.46 17.98 

4.13 5.97 5.43 8.85 5.42 5.82 8.26 6.27 

nd nd nd 0.35 nd 0.54 nd 0.13 

6.51 7.57 6.67 11.40 7.85 7.67 10.05 8.25 

1.51 1.47 1.40 2.17 1.69 1.67 2.08 1.71 

8.39 8.14 8.43 11.97 9.03 9.09 12.33 9.62 

0.93 1.36 1.01 1.01 0.83 1.25 1.05 1.06 

1.66 1.79 1.86 2.62 1.82 1.85 2.18 1.97 

1.35 1.26 1.48 1.67 1.27 I. 77 nd 1.26 

3.46 3.28 3.40 5.26 3.38 4.82 3.78 3.91 

0.84 0.63 0.74 0.95 0.63 nd 0.82 0.66 

0.41 0.38 0.35 0.56 0.32 0.61 0.53 0.45 

1.67 3.10 1.43 2.77 3.00 3.76 2.29 2.57 

0.97 1.52 0.35 1.45 0.57 0.64 1.15 0.95 

0.97 2.15 1.22 1.64 1.82 1.97 1.36 1.59 
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1Pll':i 1.:J-¥i ''If-4 mlJlWmllJl~lJ~'W'tIu.:J,,'mihJ'yi16':i::l'\1£J'illmYtl1'W 111 mHJ l~'Wl :Jfm .... ii.:J 'ffl'tlllJl.:J'tI'W 

1Trnh::mltJ VOCs 

MTBE 748.37 262.90 492.73 704.27 

Methylene chloride nd nd nd nd 

Chloroform 288.01 59.78 151.48 211.93 

Benzene 293.27 92.93 213.46 301.33 

Isooctane 17.64 6.87 13.05 18.21 

Trichloroethene 204.32 100.79 140.23 231.16 

Toluene 265.62 91.43 203.77 239.32 

n-Octane 1l.l1 5.86 9.94 10.97 

Tetrachloroethene 8.34 5.29 7.75 8.13 

Ethybenzene 10.99 4.82 13.11 12.07 

m.p-Xylene 23.47 9.95 25.29 22.95 

Styrene/o-Xylene 6.19 3.52 7.84 6.10 

Alpha-pinene nd nd nd nd 

3 - Ethytoluene 11.54 4.50 9.67 8.00 

1,3,5 - Trimethylbenzene nd nd nd nd 

2- Ethyltoluene 2.69 1.08 1.92 1.68 

1,2,4 - Trimethylbenzene 15.41 5.61 12.39 9.48 

1,4 - Dichlorobenzene 1.06 0.92 1.28 1.22 

1,2,3 - Trimethylbenzene 2.58 1.35 2.21 1.76 

Limonene 1.51 1.31 1.94 1.85 

n-Undecane 3.85 2.81 4.92 4.83 

1,2,4,5 - Tetramethylbenzene nd 0.56 1.28 1.14 

Decanal 0.31 0.26 0.60 0.52 

Tridecane 1.96 1.65 3.04 1.83 

Tetradecane 1.12 1.21 1.38 1.25 

Pentadecane 1.17 1.30 1.67 1.28 

l1lJ1Vll1~ nd fiij hjtYllJl'HI~n~Yl1JtY11'y\' 

l ran 

444.98 

nd 

158.27 

188.17 

11.49 

124.34 

176.62 

8.09 

6.51 

8.67 

17.79 

5.14 

nd 

6.66 

nd 

1.42 

8.28 

1.12 

1.85 

1.66 

3.86 

0.92 

0.53 

2.23 

1.28 

1.38 

"" < 61YlPlfl 

273.33 

nd 

nd 

108.70 

9.88 

159.40 

110.54 

10.44 

9.64 

7.71 

14.80 

5.82 

nd 

7.77 

nd 

1.61 

8.54 

1.07 

2.02 

1.61 

4.22 

0.82 

0.54 

3.91 

1.54 

2.46 

• 

, ... 
fllltli.'lfl 

418.08 

nd 

124.21 

171.12 

11.02 

137.18 

155.33 

8.06 

6.52 

8.20 

16.32 

4.95 

nd 

6.88 

nd 

1.49 

8.53 

0.95 

1.68 

1.41 

3.50 

0.67 

0.39 

2.09 

1.11 

1.32 
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'" "" "" ff1ff~f11':i ':i . 1 ':ifl. '4f1f1~'Y1 1 

lnnh::mm VOCs 

MTBE 644.24 1394.89 

Methylene chloride nd nd 

Chlorofonn 181.98 429.15 

Benzene 209.22 436.14 

Isooctane 15.17 33.73 

Trichloroethene 328.98 853.56 

Toluene 214.17 497.37 

n-Octane 5.37 10.66 

Tetrachloroethene 4.21 9.25 

Ethybenzene 7.94 17.73 

m.p-Xylene 15.76 34.09 

Styrene/o-Xylene 3.79 8.23 

Alpha-pinene 0.43 0.42 

3 - Ethytoluene 6.56 16.12 

1,3,5 - Trimethylbenzene 3.09 7.16 

2- Ethy1toluene 1.47 3.50 

1,2,4 - Trimethylbenzene 9.19 22.31 

1,4 - Dichlorobenzene 1.82 1.61 

1,2,3 - Trimethylbenzene 2.73 4.29 

Limonene 1.77 1.72 

n-Undecane 3.49 3.50 

1,2,4,5 - Tetramethylbenzene 0.47 0.49 

Decanal 3.80 3.29 

Tridecane 2.22 2.25 

Tetradecane 1.47 1.66 

Pentadecane 1.71 1.66 

'I11JltJl'l1~ nd tit! hiffl1J1Hl~n\lytuffll1.i' 

< 
111'11 

. , .. 
tl1luao 

]]91.64 677.98 958.16 463.08 582.92 844.70 

nd nd nd nd nd nd 

424.40 185.14 271.86 148.75 138.62 254.27 

564.61 315.28 308.75 197.48 157.61 312.73 

40.30 24.07 23.82 15.45 12.57 23.58 

932.77 573.08 555.30 353.22 306.34 557.61 

515.32 304.41 329.25 205.99 185.60 321.73 

13.67 11.57 8.76 7.55 4.69 8.90 

12.64 10.74 7.20 6.68 4.24 7.85 

23 .98 14.47 11.03 9.52 7.44 13.16 

43.46 27.48 22.24 17.57 14.75 25 .05 

10.81 7.65 5.44 5.08 4.11 6.44 

0.50 0.40 0.39 0.37 0.41 0.42 

14.09 1l.30 8.32 7.44 7.66 10.21 

6.18 4.92 3.99 3.51 3.46 4.62 

2.94 2.28 1.83 1.57 1.59 2.17 

17.28 13.73 10.76 8.99 10.98 13.32 

1.60 1.58 1.04 0.56 1.69 1.42 

3.67 3.33 2.53 2.01 3.06 3.09 

1.69 1.76 1.11 0.22 1.70 1.42 

3.54 4.17 2.60 2.99 3.70 3.43 

0.47 0.57 0.30 0.39 0.52 0.46 

2.99 2.11 0.95 1.06 1.65 2.26 

2.52 1.69 2.40 3.40 1.50 2.28 

2.12 1.56 1.19 2.24 1.49 1.68 

1.74 1.64 1.26 2.00 1.50 1.65 
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. ... "" .. 
lY1lYflf11'J 'J.1 'Jfl. 1Jflfl~'Yl 2 

lI'l'lth::mm VOCs .. ~ r .. 
IHnflrJ tlll~ilfl 

MTBE 1121.27 677.95 407.32 692.40 505.68 '367.34 1462.41 747.77 

Methylene chloride nd nd nd nd nd nd nd nd 

Chloroform 406.68 267.43 129.12 180.08 144.63 92.73 302.24 217.56 

Benzene 370.18 266.69156.05240.87211.71127.34405.62 254.07 

Isooctane 27.92 17.87 10.99 17.40 16.20 7.30 30.80 18.35 

Trichloroethene 662.80 339.48 207.73 371.81 389.60 192.37 784.04 421.12 

Toluene 399.31 279.67 170.67 244.62 226.96 135.60 380.72 262.51 

n-Octane 9.78 7.64 5.04 7.23 5.79 3.84 13.27 7.51 

Tetrachloroethene 7.94 6.41 3.63 5.83 5.07 2.81 12.30 6.28 

Ethybenzene 13.16 10.04 8.28 10.86 9.85 5.17 14.70 10.29 

m.p-Xylene 25.54 20.66 16.60 21.63 18.76 10.39 28.41 20.29 

Styrene/o-Xy1ene 6.32 4.86 3.96 5.16 4.77 2.65 8.03 5.11 

Alpha-pinene 0.41 0.55 0.42 0.38 0.42 0.33 0.40 0.42 

3 - Ethytoluene . 10.02 7.70 6.02 8.12 7.44 4.31 11.76 7.91 

1,3,5 - Trimethylbenzene 4.32 3.74 3.01 3.73 3.56 2.00 4.87 3.60 

2- Ethyltoluene 2.02 1.74 1.35 1.67 1.58 0.97 2.23 1.65 

1,2,4 - Trimethylbenzene 12.97 11.90 8.67 10.42 10.15 5.88 13.81 10.54 

1,4 - Dichlorobenzene 0.69 1.75 1.61 0.91 1.72 0.74 0.90 1.19 

1,2,3 -Trimethylbenzene 2.57 3.17 2.28 2.59 2.71 1.69 3.91 2.70 

Limonene 0.69 1.83 1.59 1.00 1.75 0.66 0.37 1.13 

n-Undecane 2.84 4.16 3.16 3.10 4.05 2.67 3.02 3.29 

1,2,4,5 - Tetramethylbenzene 0.74 1.01 0.81 0.42 0.53 0.29 0.31 0.59 

Decanal 1.13 1.85 2.10 2.53 1.63 0.92 1.11 1.61 

Tridecane 3.44 1.53 1.35 2.17 1.56 2.11 2.66 2.11 

Tetradecane 1.91 1.51 1.1 0 2.16 1.63 1.42 1.44 1.60 

Pentadecane 2.71 1.78 1.44 1.93 1.58 1.64 1.47 1.79 
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1'ih 1Jflml~ 1 

al'1th:::mm VOCs 
m~lWal'1 VOCs {Jiglm1 

Q 4 • .4 
8111f1fJ fllItlilfJ 

MTBE 331.00 271.89 176.15 416.88 462.53 213.80 425 .82 328.30 

Methylene chloride 

Chlorofonn 132.46 134.50 51.62 177.97 173.55 90.68 200.73 137.36 

Benzene 141.06 137.59 97.74 186.31 189.72 100.42 208.32 151.59 

Isooctane 8.67 8.26 5.98 11.19 15.22 6.46 12.88 9.81 

Trichloroethene 82.71 99.15 51.49 163.24 273.34 72.85 153.92 128.10 

Toluene 143.23 175.82 120.17 213.37 283 .78 133.47 201.28 181.59 

n-Octane 7.31 5.96 4.84 7.20 7.29 4.04 6.48 6.16 

Tetrachloroethene 5.12 4.41 3.16 5.56 6.45 2.28 4.17 4.45 

Ethybenzene 6.77 9.10 8.13 10.87 10.55 5.04 10.41 8.70 

m.p-Xylene 15.19 18.57 17.34 21.96 22.94 11.99 23 .37 18.77 

Styrene/o-Xylene 4.26 4.55 4.44 5.39 5.95 2.85 5.27 4.67 

Alpha-pinene 0.29 0.30 nd 0.41 0.48 nd 0.28 0.25 

3 - Ethytoluene 6.68 8.70 6.51 9.17 12.68 6.22 8.41 8.34 

1,3,5 - Trimethylbenzene 3.37 4.18 l.l2 4.40 6.27 3.00 4.20 3.79 

2- Ethyltoluene 1.48 1.94 1.25 1.90 2.71 1.26 1.70 1.75 

1,2,4 - Trimethylbenzene 8.76 12.84 8.90 12.46 18.44 9.19 11.97 11.80 

1,4 - Dichlorobenzene 0.59 0.71 0.74 0.65 1.36 0.93 0.64 0.80 

1,2,3 - Trimethylbenzene 2.34 3.06 2.40 3.48 3.87 2.49 2.76 2.91 

Limonene 0.00 0.70 0.63 0.51 1.63 0.83 0.59 0.70 

n-Undecane 2.23 2.83 3.03 2.08 4.36 3.54 2.54 2.94 

1,2,4,5 - Tetramethylbenzene 0.53 0.32 0.39 0.49 2.10 0.89 0.35 0.73 

Decanal 1.59 1.23 1.00 1.44 0.80 0.98 1.00 1.15 

Tridecane 3.03 2.91 2.90 2.61 1.87 2.29 2.34 2.56 

Tetradecane 1.78 1.62 l.l4 1.34 l.l9 1.46 1.50 1.43 

Pentadecane 1.71 2.93 1.44 1.49 1.60 1.91 1.78 1.84 
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lih lJflfHl~ 2 

6'1,.h::fl8U VOCs 
4 4 • ~ 

81'n~fJ fill tlil fJ 

MTBE 352.76 303.56 238.10 261.71 366.76 187.51 117.88 261.18 

Methylene chloride 

Chloroform 150.80 134.16 97.14 101.21 111.06 61.47 40.08 99.42 

Benzene 159.71 143.20 129.33 120.23 157.20 89.39 75.19 124.89 

Isooctane 9.90 8.74 6.96 8.07 11.21 5.60 3.85 7.76 

Trichloroethene 116.67 94.76 51.49 115.58 192.27 56.97 42.73 95.78 

Toluene 174.64 174.25 135.65 142.78 207.43 99.88 70.28 143.56 

n-Octane 6.53 5.61 4.64 4.34 5.11 3.69 2.33 4.61 

Tetrachloroethene 4.35 3.61 2.48 3.10 4.44 1.95 1.63 3.08 

Ethybenzene 8.00 8.37 10.15 7.18 9.04 4.56 3.59 7.27 

m.p-Xylene 18.29 17.04 18.53 15.33 18.84 10.39 8.35 15.25 

Styrene/o-Xylene 4.59 4.08 4.70 3.83 4.60 2.58 2.15 3.79 

Alpha-pinene 0.36 0.28 0.30 nd 0.37 nd nd 0.19 

3 - Ethytoluene 7.68 8.20 6.42 7.19 10.22 4.75 4.26 6.96 

1,3,5 - Trimethylbenzene 3.90 4.31 1.35 3.57 4.93 2.56 2.23 3.26 

2- Ethyltoluene 1.69 1.69 1.51 1.64 2.23 1.06 0.92 1.53 

1,2,4 - Trimethylbenzene 10.93 12.55 9.79 10.18 14.90 6.92 6.50 10.25 

1,4 - Dichlorobenzene 0.70 0.87 0.31 0.60 0.84 0.67 0.55 0.65 

1,2,3 - Trimethylbenzene 2.78 3.20 1.97 2.52 3.50 2.32 1.82 2.59 

Limonene 1.07 0.73 0.78 0.55 0.78 0.56 0.67 0.73 

n-Undecane 2.58 3.51 3.38 2.70 3.25 2.56 2.65 2.95 

1,2,4,5 - Tetramethylbenzene 0.59 0.71 0.44 0.81 1.52 0.35 0.49 0.70 

Decanal 1.31 1.01 1.08 0.89 1.03 0.97 1.05 1.05 

Tridecane 3.71 2.63 3.24 2.49 2.67 2.38 2.35 2.78 

Tetradecane 2.13 1.44 nd 1.34 1.86 1.38 1.65 1.40 

Pentadecane 2.04 1.69 2.00 1.69 1.87 1.49 1.90 1.81 
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~l'j Hn ')f-9 m lJ1WmllJt.,j'lJ.,j''W'\Jfl~ffl'Jfl'W'Vl~ 6'J~t'HtI\llnfftnU 'U1 n1nll11'Wt~flt~ il~ffl'\J ln1'J l'h . .. 
mn1fftll'W 2 'UflfI(l'Vl 1 • 

6'1th::mm VOCs ... i , .. 
6'l1flD f1l1UilD 

MTBE 919.20 853.37 58.88 559.91 437.99 1632.61 81.28 649.03 

Methylene chloride nd nd nd nd nd nd nd nd 

Ch1orofonn 309.75 280.54 nd 122.61 125.67 209.90 nd 149.78 

Benzene 523.83 410.93 16.28 299.42 247.64 708.21 30.50 319.54 

Isooctane 31.21 28.94 2.62 21.50 15.43 44.10 3.70 21.07 

Trichloroethene 867.67 520.38 nd 426.71 255.26 826.04 31.77 418.26 

Toluene 488.85 329.88 29.43 239.71 176.13 510.37 36.07 258.63 

n-Octane 8.11 17 .88 5.36 10.62 8.54 19.68 10.55 11.53 

Tetrachloroethene 1.89 14.05 4.14 7.98 6.21 9.20 7.21 7.24 

Ethybenzene 12.67 13.27 2.17 8.50 6.33 15.10 3.41 8.78 

m.p-Xylene 21.4022.18 3.90 14.66 11.94 27.82 6.00 15.41 

Styrenelo-Xylene 5.97 9.53 3.05 5.64 4.42 6.86 5.40 5.84 

Alpha-pinene nd 0.33 nd nd nd nd nd 0.05 

3-Ethytoluene 14.86 14.73 4.10 12.10 8.22 17.92 5.74 11.10 

1,3,5 - Trimethylbenzene 3.09 3.05 nd nd 1.63 4.40 0.67 1.83 

2- Ethyltoluene 3.65 3.17 0.72 2.46 1.68 4.35 1.11 2.45 

1,2,4 -Trimethylbenzene 19.89 17.15 4.25 15.11 9.95 23.47 5.60 13.63 

1,4 - Dichlorobenzene 0.82 0.39 0.50 0.55 0.52 0.24 0.48 0.50 

1,2,3 -Trimethylbenzene 3.19 3.41 2.05 3.88 2.67 2.49 2.31 2.86 

Limonene 1.06 0.53 0.45 0.51 0.54 1.16 0.51 0.68 

n-Undecane 2.32 2.58 2.55 2.35 2.48 2.57 2.74 2.51 

1,2,4,5 - Tetramethy1benzene 0.71 0.27 nd nd nd 0.45 0.67 0.30 

Decanal 0.27 0.93 0.92 0.83 0.89 0.24 0.74 0.69 

Tridecane 2.37 2.55 2.56 2.26 2.36 2.17 1.88 2.31 

Tetradecane 1.16 1.49 1.52 1.22 1.32 1.38 0.97 1.29 

Pentadecane 1.33 1.29 1.29 1.31 1.17 0.96 1.17 1.22 
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9l1'j l ·rYi 'if-I 0 mlJ1WmllJl,j'lJ,j'lJ'lJfl.:jff1'jUlJ'Yl~ V'j::ll1tf'illf1ffm-W 1J~ f1ntJ liJlJl:J1U1~il.:jffl'IJlm'j vi 1 

d 
fllmfftfllJ 2 'lJrlfICl'Yl 2 

tYl~1.h::mm VOCs 

MTBE 

Methylene chloride 

Chlorofonn 

Benzene 

Isooctane 

Trich loroethene 

Toluene 

n-Octane 

Tetrachloroethene 

Ethybenzene 

m.p-Xylene 

Styrene/o-Xylene 

Alpha-pinene 

3 - Ethytoluene 

1,3,5 - Trimethylbenzene 

2- Ethyltoluene 

1,2,4 - Trimethylbenzene 

1,4 - Dichlorobenzene 

1,2,3 - Trimethylbenzene 

Limonene 

n-Undecane 

1,2,4,5 - Tetramethylbenzene 

Decanal 

Tridecane 

Tetradecane 

Pentadecane 

.. i . .. 
81YlfW tllltHlD 

605.19 302.64 767.25 1280.68 667.72 931.57 50.74 657.97 

162.01 75.40 134.84 219.75 132.12 322.32 nd 149.49 

317.67 130.11 275.58 583.20 390.94 578.57 16.99 327.58 

22.37 10.18 19.13 35.28 26.01 37.04 2.59 21.80 

426.16 176.93 354.95 605.28 502.85 656.77 27.39 392.91 

269.44 115.97 211.31 409.39 286.60 410.42 31.48 247.80 

6.97 5.69 7.05 17.87 8.68 14.92 5.38 9.51 

5.65 4.35 5.68 9.91 6.45 10.64 4.29 6.71 

9.73 5.72 7.53 14.23 9.64 13.15 1.86 8.84 

15.32 8.00 12.78 25.75 15.59 22.55 3.65 14.81 

5.09 3.91 4.55 7.01 4.72 7.30 2.76 5.05 

10.26 5.86 7.99 16.60 10.79 12.40 3.82 9.67 

1.57 0.93 nd 3.98 2.21 2.99 1.78 1.92 

2.64 1.19 1.56 5.21 3.83 4.08 0.84 2.76 

13.64 7.73 9.74 21.07 13.15 14.18 4.38 11.98 

0.87 0.57 0.60 0.55 0.52 0.62 0.57 0.61 

2.40 2.49 2.89 4.21 3.22 3.52 1.64 2.91 

1.15 0.52 0.55 0.63 0.50 0.55 0.62 0.65 

2.53 1.96 2.26 2.10 2.45 2.53 3.00 2.41 

0.64 0.54 nd nd nd 0.35 0.79 0.33 

0.29 1.15 0.96 0.97 0.79 0.87 1.08 0.87 

2.75 2.17 2.55 2.75 2.03 2.00 2.94 2.45 

1.19 1.32 1.42 1.51 1.11 1.36 2.03 1.42 

1.24 1.51 1.61 1.39 1.38 1.40 1.63 1.45 
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~1'j l~Yi ~-11 U~1J1Wfl11lJl,jlJ,jlJ'\Jfl~ffl':it),.J'Vl~ 6':i~t'I1(J1J lfHHnU U ~ fll':i ih iJlJl'iffl!'Y'Iil~ ffl'\J 1 

'Vi'Yt'f1 l(J~lJ 'lJflfI'f1~ 1 

iTll'lh::fl8'U VOCs 

MTBE 

q, t , -t 
81flfltJ tll1tl~tJ 

307.43 · 153.94 604.89 719.09 437.22 789.85 176.89 455.62 

Methylene chloride nd nd nd nd nd nd nd nd 

Chlorofonn 60.12 58.76 169.14 282.58 127.70 293.11 42.79 147.74 

Benzene 94.58 85.27 233.51 327.Q3 222.07 380.57 104.75 206.83 

Isooctane 5.86 4.75 14.38 24.13 13.72 22.24 6.35 13.06 

Trichloroethene 100.24 55.87 223.49 419.59 234.99 360.98 104.62 214.26 

Toluene 81.14 69.08 173.45 296.08 180.60 307.44 82.82 170.09 

n-Octane 1.71 2.79 4.56 9.50 4.40 6.48 1.77 4.46 

Tetrachloroethene 1.71 1.77 3.90 8.34 3.90 5.00 1.71 3.76 

Ethybenzene 3.73 2.57 6.71 11.99 8.54 11.45 3.43 6.92 

m.p-Xylene 5.95 6.30 14.26 23 .27 15.25 20.93 6.80 13.25 

Styrene/o-Xylene 1.70 1.85 3.51 6.52 4.17 5.27 1.92 3.56 

Alpha-pinene nd 0.46 0.46 0.53 nd 0.37 0.46 0.33 

3 - Ethytoluene 4.10 2.53 5.67 10.72 6.75 8.09 3.66 5.93 

1,3,5 - Trimethylbenzene nd nd 2.62 4.88 3.52 69.60 0.67 11.61 

2- Ethyltoluene 0.94 0.60 0.77 1.88 1.65 1.59 0.96 1.20 

1,2,4 - Trimethylbenzene 5.52 5.02 7.12 13.20 8.87 10.34 6.40 8.07 

1,4 - Dichlorobenzene 0.47 0.41 1.12 1.03 0.47 0.74 0.45 0.67 

1,2,3 - Trimethylbenzene 1.75 1.87 2.01 2.92 2.16 2.87 2.03 2.23 

Limonene 0.23 1.30 1.27 1.36 0.45 0.25 1.37 0.89 

n-Undecane 2.04 3.80 4.10 4.02 2.07 2.55 2.89 3.07 

1,2,4,5 - Tetramethylbenzene 0.26 nd 1.07 0.83 1.12 0.78 0.33 0.63 

Decanal 0.88 0.70 0.95 0.85 0.88 l.ll 1.08 0.92 

Tridecane 2.52 1.81 2.77 2.05 2.12 2.65 2.32 2.32 

Tetradecane 1.21 1.72 2.14 1.81 1.31 1.40 1.40 1.57 

Pentadecane 1.73 2.45 2.13 2.23 1.50 1.60 1.93 1.94 
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~ l':i 1 ~ Vi 'l$-12 tl~ lJ1W fllllJloU lJoU 'U'tItl~ffl'jfl'U 'Yl'1 tl'J::llHJlll f) fffll'U 1J ~ f11 'j U 1 iJ 'U1 ~tl m i\ ~ ffl 'til 

'V'Il1~ lvll'U 1Jflfl~~ 2 

"1'lth:::fl8tJ VOCs 

MTBE 480.05 490.47 97.51 84.86 71.01 199.13 468.84 270.27 

Methylene chloride nd nd nd nd nd nd nd nd 

Chloroform 175.93 203.44 34.98 nd 588.93 nd 177.63 168.70 

Benzene 227.20 248.81 69.70 77.45 71.53 106.38 234.27 147.91 

Isooctane 15.35 14.76 4.59 4.81 3.76 9.74 15.42 9.77 

Trich1oroethene 252.52 nd 62.45 nd 52.59 124.89 254.16 106.66 

Toluene 187.88 203.92 43.67 61.07 50.35 92.46 187.09 118.06 

n-Octane 7.19 7.68 2.01 2.72 1.47 2.14 7.89 4.44 

Tetrachloroethene 6.24 6.45 nd nd nd nd 7.81 2.93 

Ethybenzene 6.86 7.77 2.26 2.52 3.06 3.38 6.73 4.65 

m.p-Xylene 14.03 16.97 5.39 6.02 4.71 6.89 14.52 9.79 

Styrene/o-Xylene 4.23 4.99 1.61 1.96 1.51 2.14 4.65 3.01 

Alpha-pinene 0.38 0.59 0.56 1.02 nd 0.50 0.97 0.57 

3 - Ethytoluene 5.42 8.63 1.74 3.97 2.55 3.45 6.34 4.58 

1,3,5 - Trimethylbenzene 1.30 1.26 1.47 nd 78.60 67.45 44.34 27.78 

2- Ethyltoluene 1.13 1.24 nd 1.04 1.38 0.63 nd 0.77 

1,2,4 - Trimethylbenzene 8.12 9.22 3.77 4.08 3.63 4.65 8.78 6.04 

1,4 - Dichlorobenzene 0.27 0.37 1.18 0.46 0.63 0.36 1.66 0.71 

1,2,3 - Trimethylbenzene 2.40 2.61 1.68 nd 1.29 1.96 2.91 1.84 

Limonene 1.14 1.35 1.20 1.54 0.56 1.29 1.25 1.19 

n-Undecane 3.61 4.19 4.17 4.21 1.91 3.90 4.78 3.82 

1,2,4,5 - Tetramethylbenzene 0.20 0.33 1.18 0.53 0.26 0.26 0.51 0.47 

Decanal 0.73 0.79 0.85 0.82 1.10 0.76 0.86 0.84 

Tridecane 2.65 2.54 2.75 2.64 3.33 2.37 2.88 2.74 

Tetradecane 2.12 2.28 2.30 2.09 1.94 1.91 2.02 2.09 

Pentadecane 0.91 2.30 2.49 2.27 2.05 2.27 2.51 2.12 
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lIU 1'111 ")f-13 ,j'ilJ1Wm1lJl,j'lJ,j'lJ'tIij'11:1'nfllJ'Yl~ V'J::::1'I1rHl 1fl1:1'f1 1U u'i fll 'J U 1~ lJ l~m~ ~ '11:1'1't11 

ij'1flfll'J 1'Yl'Jff~l1' l1J:1fl# U~fHl~ 1 • 

U1lJU1HYl1 VOCs (J1g/ml 

MTBE 333.15 911.72 983.90 1141.84 1174.55 909.03 

Methylene chloride nd nd nd nd nd nd 

Chloroform 79.21 307.71 234.81 255.84 409.69 257.45 

Benzene 97.85 258.06 297.29 340.65 350.36 268.84 

Isooctane 9.19 22.49 28.82 30.43 31.11 24.41 

Trichloroethene 177.91 483.36 668.47 719.49 666.51 543.15 

Toluene 122.11 326.33 333.89 390.09 450.09 324.50 

n-Octane 4.01 4.30 7.16 6.04 7.87 5.88 

Tetrachloroethene 4.47 4.82 7.42 6.11 7.42 6.05 

Ethybenzene 4.39 7.13 11.90 13.40 13.48 10.06 

m.p-Xylene 7.79 13.13 20.05 21.93 26.61 17.90 

Styrene/o-Xylene 2.49 3.10 6.93 5.40 6.22 4.83 

Alpha-pinene 0.36 0.35 0.38 0.45 0.37 0.38 

3 - Ethytoluene 4.58 3.46 8.52 9.41 11.51 7.50 

1,3,5 - Trimethylbenzene 2.09 3.25 3.94 3.61 5.38 3.65 

2- Ethyltoluene 0.89 1.46 1.96 2.00 2.41 1.74 

1,2,4 - Trimethylbenzene 6.37 10.02 10.76 12.40 16.14 11.14 

1,4 - Dichlorobenzene 0.68 0.64 0.88 0.87 0.71 0.76 

1,2,3 - Trimethylbenzene 2.28 2.47 1.61 2.61 3.40 2.47 

Limonene 0.29 0.21 0.39 0.38 0.25 0.30 

n-Undecane 2.60 2.22 3.16 3.80 2.89 2.93 

1,2,4,5 - Tetramethylbenzene 0.30 0.27 0.30 0.42 0.29 0.32 

Dceanal 1.33 0.94 0.34 1.06 1.15 0.96 

Tridecane 3.33 2.45 2.94 3.06 2.85 2.93 

Tetradecane 1.89 1.31 1.23 1.58 1.56 1.51 

Pentadecane 2.78 1.60 1.62 1.49 1.42 I. 78 



143 

. ~ ~ 

'fI n 1 ~ -vi 'IH 4 U~ lJ1Wfl11lJl~ lJ~ 'U '\.IV~ff1'J~),"!'Y116 'J~mtJ,., 1 f11Hll-U 1J ~ f11 'J ij 111 tH:}iV l 'Vi ~ ~ ff1 '\.11 

v~fi'f11'J lmi1w.1 l1clf1~ 1JflfI"~ 2 

"l'It.i1::fl8'U VOCs 
m~lW"11 VOCs (Jlg/m) 

, .. 
tl1IUllfJ 

MTBE 3127.50 1518.64 1573.75 1770.94 2853.78 2168.92 

Methylene chloride nd nd nd nd nd nd 

Chloroform 940.65 487.15 370.44 408.29 815.18 604.34 

Benzene 758.22 379.66 521.24 521.21 914.02 618.87 

lsooctane 73 .61 39.17 44.81 46.29 79.27 56.63 

Trichloroethene 1733.31 1009.24 1064.84 1131.56 1858.89 1359.57 

Toluene 1009.07 561.84 549.69 588.13 1024.34 746.61 

n-Octane 11.22 5.92 9.62 8.11 14.06 9.78 

Tetrachloroethene 13.17 6.88 9.25 8.51 14.81 10.53 

Ethybenzene 24.05 9.38 18.93 16.92 31.80 20.22 

m.p-Xylene 42.17 17.15 33.57 29.51 58.39 36.16 

Styreneio-Xylene 9.69 4.31 9.94 6.84 12.64 8.68 

Alpha-pinene 0.37 0.44 0.45 0.30 0.52 0.42 

3 - Ethytoluene 22.89 10.97 14.15 12.84 20.11 16.19 

1,3,5 - Trimethylbenzene 10.26 5.14 6.09 5.83 8.75 7.21 

2- Ethyltoluene 5.49 2.33 3.14 2.88 4.44 3.65 

1,2,4 - Trimethylbenzene 30.64 15.03 18.09 16.96 27.22 21.59 

1,4 - Dichlorobenzene 0.54 1.09 0.88 0.76 0.60 0.77 

1,2,3 - Trimethylbenzene 4.57 2.45 2.56 2.36 3.85 3.16 

Limonene 0.22 0.56 0.40 0.34 0.25 0.35 

n-Undecane 2.15 3.09 3.92 2.92 3.01 3.02 

1,2,4,5 - Tetramethylbenzene 0.30 0.39 0.78 0.32 0.70 0.50 

Decanal 1.18 0.70 0.29 0.40 1.21 0.76 

Tridecane 2.86 1.46 1.74 3.18 3.15 2.48 

Tetradecane 1.50 0.80 0.94 1.23 1.77 1.25 

Pentadecane 2.67 1.22 1.05 1.67 1.61 1.64 
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~uHli 'If-! 5 U~lJ1Wfldl1Jl,j1J,j\.J'\Jfl.:Jffl'j~\.J'Yl~ V'j:: I'll tJ\) lfl fft:llU 11 ~ fl U tJ 1 11\.J 1 :J1m .... ~.:J ffl'\J 1 . 
.... "" 

.... \9lJ\.Jlfl1'j 1JflflCl'Yl 1 

tTl11h::mm VOCs 
.. 4 , .. 

IHn~fJ flllill3fJ 

MTBE 659.66 352.00 270.82 655.40 1441.12 323.12 514.40 602.36 

Methylene chloride 

Chlorofonn 312.97 90.42 65.89 145.44 712.85 100.23 168.22 228.00 

Benzene 276.42 108.25 135.43 205 .18 673 .62 122.23 164.73 240.84 

Isooctane 16.93 9.02 8.46 18.70 37.38 10.63 14.36 16.50 

Trichloroethene 219.12 208.65 145.21 396.37 419.92 235.47 278.64 271.91 

Toluene 265.06 133.57 120.16 253 .37 577.71 181.97 194.90 246.68 

n-Octane 7.65 5.71 4.55 8.39 15.96 6.12 12.96 8.76 

Tetrachloroethene 5.43 5.08 4.18 9.61 10.80 6.46 11.86 7.63 

Ethybenzene 9.48 3.47 6.02 11.44 24 .87 5.77 6.91 9.71 

m.p-Xylene 23.57 6.93 9.98 19.37 51.34 11.41 14.46 19.58 

Styrene/o-Xylene 5.43 2.76 3.08 7.92 10.36 4.06 5.79 5.63 

Alpha-pinene 0.60 0.33 0.30 0.60 0.37 0.38 0.35 0.42 

3 - Ethytoluene 8.78 5.00 4.71 9.63 14.17 8.43 8.98 8.53 

1,3,5 - Trimethylbenzene 4.14 2.39 2.39 4.08 7.46 3.61 3.37 3.92 

2- Ethyltoluene 1.19 1.16 0.98 1.69 2.71 1.64 1.80 1.60 

1,2,4 - Trimethylbenzene 12.74 6.95 7.02 12.05 20.42 12.25 11.24 11.81 

1,4 - Dichlorobenzene 1.45 1.56 1.35 1.41 2.05 1.90 1.3 7 1.58 

1,2,3 - Trimethylbenzene 2.85 1.80 2.31 3.92 4.25 2.87 2.30 2.90 

Limonene 1.54 1.76 1.35 1.37 2.04 2.06 1.63 1.68 

n-Undecane 4.27 3.78 3.46 3.42 4.30 5.68 3.84 4.11 

1,2,4,5 - Tetramethylbenzene 0.34 0.78 0.77 0.45 0.57 0.72 0.77 0.63 

Decanal 0.77 3.05 4.60 3.19 1.98 1.34 1.55 2.36 

Tridecane 2.26 2.17 2.66 1. 73 1.53 1.62 1.30 1.90 

Tetradecane 2.20 1.88 1.54 1.36 1.55 1.96 1.39 1.70 

Pentadecane 2.49 1.67 1.76 1.57 2.25 2.09 1.55 1.91 

l1111flll19) nd ;'if) hJnl111Hl~n'ill'llJnl'j'~ 
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\Pl1 ';j VI.yj 'If-16 U~lJlrufl11lJ1,j'lJ,j''\..I'UU 'Hn';jfl'\..l'Yl~ rh::1l1t1111fHHlloU 1J ~ fl n -U 1 11 '\..11 ~U1Ylil~ ~1'U 1 

ffl1,h::fl8'll VOCs 
.... i , .. 

81'nFifl fl11~1:'Ifl 

MTBE 444.94 743.65 378,19 737.60 1596.66 580.54 938.86 774.35 

Methylene chloride nd nd nd nd nd nd nd nd 

Chloroform 164.72 342.40 93.57 217.64 793.45 228.15 400.58 320.07 

Benzene 131.72 304.86 141.05 252.40 764.43 224.54 369.15 312.59 

Isooctane 12.59 16.86 11.74 21.56 39.27 15.45 20.90 19.77 

Trichloroethene 265.56 139.97 227.62 455.24 377.40 234.81 223.70 274.90 

Toluene 190.27 246.51 155.38 297.99 620.48 230.66 311.87 293.31 

n-Octane 7.63 8.ll 13.56 10.72 17.30 11.47 8.64 11.06 

Tetrachloroethene 6.52 4.95 12.79 13.50 10.03 9.70 5.75 9.03 

Ethybenzene 5.71 8.51 6.75 13.07 27.55 8.32 13.36 11.89 

m.p-Xylene 11.87 21.94 14.23 22.80 57.02 17.79 27.53 24.74 

Styrene/o-Xylene 4.15 4.84 6.61 9.01 11.43 5.87 5.69 6.80 

Alpha-pinene 0.31 0.60 0.42 0.77 0.36 0.43 0.31 0.46 

3 - Ethytoluene 8.04 6~85 9.24 11.05 13.56 8.47 8.01 9.32 

1,3,5 - Trimethylbenzene 3.27 3.74 3.56 4.81 7.04 3.93 4.09 4.35 

2- Ethyltoluene 1.66 1.03 1.56 1.95 2.77 1.80 1.88 1.81 

1,2,4 - Trimethylbenzene 10.74 9.90 9.46 13.92 19.39 10.93 11.68 12.29 

1,4 - Dichlorobenzene 1.28 1.59 1.41 1.30 1.82 1.63 1.44 1.50 

1,2,3 - Trimethylbenzene 2.54 2.31 3.04 3.88 3.70 1.98 1.94 2.77 

Limonene 1.44 1.65 1.68 1.35 1.85 1.86 1.60 1.63 

n-Undecane 3.35 3.10 4.75 3.70 4,07 4.48 3.07 3.79 

1,2,4,5 - Tetramethylbenzene 0.73 0.57 0.74 0.52 1.04 0.97 0.80 0.77 

Decanal 3.19 0.61 3.59 4.47 2.01 3.03 3.57 2.92 

Tridecane 2.15 2.50 2.06 2.45 1.63 2.15 2.20 2.16 

Tetradecane 1.72 2.32 1.54 1.74 1.62 1.65 1.37 1.71 

Pentadecane I. 72 2.18 1.62 1.82 2.00 1.84 1.34 1.79 
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Cj) n NVi 'If-! 7 U~lJ1tufll1lJ1'ti'lJ'ti'\..I'\J'V~'ff1'j ~hJ'Yl~ rh:::mvlI 1 fHY()l'U 1J ~ fll'j U 111\..11 ~'V1v.il.:j 'ff1'\J 1 . 
.,. d 

~'\J1fl1J1" 3 'l.JflfI"'Yl 1 

ffl"d'lh::mm VOCs 

MTBE 

Methylene chloride 

Chlorofonn 

Benzene 

Isooctane 

Trichloroethene 

Toluene 

n-Octane 

Tetrachloroethene 

Ethybenzene 

m.p-Xylene 

Styreneio-Xylene 

Alpha-pinene 

3 - Ethytoluene 

1,3,5 - Trimethylbenzene 

2- Ethyltoluene 

1,2,4 - Trimethylbenzene 

1,4 - Dichlorobenzene 

1,2,3 - Trimethylbenzene 

Limonene 

n-Undecane 

1,2,4,5 - Tetramethylbenzene 

Decanal 

Tridecane 

. Tetradecane 

Pentadecane 

8~fl1"d 
.. l 

81Y1f1b 
, .. 

fIllililb 

335.18 746.08 ' 728.69 732.91 765.23 237.38 1165.06 672.93 

nd nd nd nd nd nd nd nd 

91.47 231.66 241.47 217.99 277.22 nd 335.75 199.36 

111.54 236.02 330.64 223.46 291.34 52.91 357.36 229.04 

8.96 20.58 19.84 15.73 17.98 5.05 27.65 16.54 

145.86 411.42 144.55 230.89 211.92 73.91 526.53 249.30 

134.78 308.24 267.40 210.99 252.86 70.84 380.48 232.23 

4.90 7.76 30.03 5.96 8.71 1.91 13.56 10.41 

3.63 5.66 24.64 4.59 5.75 1.68 11.25 8.17 

4.75 9.95 13.71 7.53 10.45 2.67 11.12 8.60 

10.57 19.98 32.28 15.16 20.79 4.49 23.83 18.16 

2.80 5.05 11.33 3.54 4.88 1.35 6.78 5. I 0 

0.30 0.34 0.50 0.31 nd nd nd 0.21 

5.46 9.46 12.84 4.41 6.53 1.92 14.26 7.84 

2.65 4.22 4.91 2.61 3.39 nd 6.62 3.49 

1.1 3 2.08 2.19 1.07 1.6 I 0.67 nd 1.25 

7.97 12.97 12.57 5.97 8.83 2.90 19.60 10.12 

1.12 1.24 1.08 0.75 1.00 0.85 0.65 0.96 

1.24 2.01 2.05 0.73 1.36 0.58 2.85 1.55 

1.55 1.84 1.90 1.05 1.41 1.14 I. 12 1.43 

4.36 4.86 5.39 2.18 3.35 3.04 3.22 3.77 

0.59 0.56 0.74 0.40 0.73 0.72 0.33 0.58 

0.33 0.64 0.62 0.25 0.37 0.27 0.39 0.41 

2.71 3.49 3.22 1.94 3.05 1.79 3.78 2.86 

1.12 1.48 1.12 0.84 1.13 0.67 1.56 1.13 

1.39 1.87 1.63 1.16 2.23 0.97 3.13 1.77 
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. " " 
1I1':i N.yj 'If-18 'll~ lJ1W f111lJl.ij' lJ.ij' 'W'lIfl·H1'1':i fl 'W'Y1~ 6 ':i~L'I1 V1J 1 fHHll ij 11 ~ f) l':i 111 iT 'WI :jffl IV. i1.:) ~1 'lI1 

",.nh::mm VOCs .. i , '" 81flflO tllluao 

MTBE 381.01 550.48 348.33 645.16 1211.79 556.09 1'695.65 769.79 

Methylene chloride nd nd nd nd nd nd nd nd 

Chloroform 142.64 183.29 68.69 185.05 398.83 195.21 541.47 245.03 

Benzene 179.17 190.66 137.32 231.51 406.93 157.70 461.23 252.07 

Isooctane 10.20 13.39 9.23 15.05 27.74 11.94 37.46 17.86 

Trichloroethene nd 203.42 118.39 198.19 471.59 192.30 777.70 280.23 

Toluene 141.41 200.45 132.18 187.38 392.26 164.73 497.27 245.10 

n-Octane 14.72 6.30 4.17 5.80 10.14 4.18 10.70 8.00 

Tetrachloroethene 10.80 4.88 2.73 4.98 7.20 3.31 1.74 5.09 

Ethybenzene 6.49 6.54 6.23 8.78 1.00 3.75 12.60 6.49 

m.p-Xylene 17.71 14.93 12.79 16.52 7.05 9.49 25 .27 14.82 

Styrene/o-Xylene 6.03 3.80 3.16 3.87 16.32 2.45 6.13 5.96 

Alpha-pinene nd 0.30 nd nd 12.33 0.57 0.50 1.96 

3 - Ethytoluene 7.05 11.32 4.44 5.13 nd 2.68 10.27 5.84 

1,3,5 -Trimethylbenzene nd 5.84 2.14 2.74 nd 1.86 4.82 2.49 

2- Ethyltoluene 1.38 2.65 1.15 1.21 2.71 nd 2.07 1.60 

1,2,4 - Trimethylbenzene 7.68 18.21 6.11 6.80 3.76 5.28 13.69 8.79 

1,4 - Dichlorobenzene 0.88 0.82 0.82 0.80 2.86 1.30 1.43 1.27 

1,2,3-Trimethylbenzene 1.39 2.61 1.00 1.07 2.[3 1.72 2.89 1.83 

Limonene 1.34 1.22 1.17 1.31 0.81 1.34 1.53 1.25 

n-Undecane 3.56 2.50 3.03 2.33 1.50 4.23 3.23 2.91 

1,2,4,5 - Tetramethylbenzene 0.64 0.55 0.48 0.43 1.12 0.96 0.73 0.70 

Decanal 0.33 0.29 0.34 0.24 0.82 0.78 2.53 0.76 

Tridecane 3.06 2.33 2.62 1.75 2.21 2.86 1.71 2.36 

Tetradecane 1.23 1.17 1.17 1.23 1.14 2.21 1.42 1.36 

Pentadecane 1.52 1.55 1.58 1.87 1.56 2.18 1.38 1.66 
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.d. _ I~ " " ~ Q a' ct ~ 0 ~ ~ ~ 

~l':i N'Yl 'If-19 u':i lllWfl11lJl"lJ"'U"D'Hn':iD'U'Yl':i r.J ':i::llW~ lf1 'tYi:ll'U 1J ':i f11 ':i 'U llJ'U! 'lfDL'Vi n.:J ffl" 1 

fflff~f11':i'thuml'UU"~m::'YI':i1.:Jf1m h,lJ (1Jl.:J'Ul"lDDf1) 1Jflfln~ 1 • 

nl'l'lh::flIm VOCs ~, I .,. 

tHY! fl rJ mlinl rJ 

MTBE 639".9<4 820.53 467".80 476.40' 577.92 ' 427.18 327.02 533.83 

Methylene chloride 

Chlorofonn 228.18 286.73 179.13 222.80 175.65 130.39 54.43 182.47 

Benzene 216.51 230.17 235.55 243.22 188.10 177.33 84.08 196.42 

Isooctane 15.38 22.17 21.04 19.88 15.15 11.56 8.37 16.22 

Trichloroethene 281.29 704.83 628.85 518.92 349.18 182.67 203.69 409.92 

Toluene 216.96 344.64 274.77 284.24 214.09 159.61 113.60 229.70 

n-Octane 8.10 8.09 6.65 11.02 9.68 7.31 6.52 8.19 

Tetrach loroethene 6.62 6.78 6.59 11.87 13.52 8.21 5.74 8.48 

Ethybenzene 8.62 8.83 12.32 11.71 10.40 8.58 6.22 9.53 

m.p-Xylene 17.36 16.66 20.38 21.51 19.21 16.33 10.21 17.38 

Styrene/o-Xylene 4.96 4.98 5.88 6.76 6.08 4.66 4.11 5.35 

Alpha-pinene nd nd nd nd 0.31 nd nd 0.04 

3 - Ethytoluene 5.92 10.36 6.61 8.23 7.15 4.83 4.97 6.87 

1,3,5 - Trimethylbenzene 

2- Ethyltoluene 1.57 2.20 l.l 0 1.84 1.46 1.23 1.39 1.54 

1,2,4 - Trimethylbenzene 7.30 14.70 7.92 9.54 8.60 6.25 6.54 8.69 

1,4 - Dichlorobenzene 0.91 1.51 0.19 0.97 1.55 1.07 0.93 1.02 

1,2,3 - Trimethylbenzene 1.58 3.50 3.01 2.25 2.58 1.64 1.52 2.30 

Limonene 1.27 1.48 0.68 1.16 1.55 1.20 1.11 1.21 

n-Undecane 2.44 3.98 2.56 2.89 3.23 2.48 2.36 2.85 

1,2,4,5 - Tetramethylbenzene 0.66 1.23 0.85 0.65 0.42 0.70 0.60 0.73 

Decanal 0.30 1.91 1.05 0.34 1.35 0.24 0.22 0.78 

Tridecane 2.48 1.46 2.54 2.93 1.16 1.66 1.87 2.02 

Tetradecane 0.84 1.43 1.41 0.61 1.12 0.77 0.83 1.00 

Pentadecane 1.15 1.59 1.36 2.04 1.50 1.16 1.29 1.44 
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~1) H-n ')$-20 U~ lJ1WT111lJloU'lJoU' 'U'tI~ 'Hn)ih,I'Yt16):::;llHHl1fHHllij 1J~ nn 'Ill1J'U 191m'Yi ~ .:j'ffl't11 

'ffl'ff~nnfflUn.:jl'UU"~m:::;'Yl)1.:jnm 111lJ (1JH'Ul't11~~n) 1JT1T1"~ 2 

1I11'lh::mm VOCs 

MTBE 

Methylene chloride 

Chlorofonn 

Benzene 

Isooctane 

Trichloroethene 

Toluene 

n-Octane 

Tetrachloroethene 

Ethybenzene 

m.p-Xylene 

Styrene/o-Xylene 

Alpha-pinene 

3 - Ethytoluene 

1,3,5 - Trimethylbenzene 

2- Ethyltoluene 

1,2,4 - Trimethylbenzene 

1,4 - Dichlorobenzene 

1,2,3 - Trimethylbenzene 

Limonene 

n-Undecane 

1,2,4,5 - Tetramethylbenzene 

Decanal 

Tridecane 

Tetradecane 

Pentadecane 

8.:Jfl11 

m)llW1I11 VOCs (pglm) 

I 
fJIl1 

I 
11111 

.. I 
1:)1Yl~O 

303.29 114.32 281.75 440.90 320.38 418.93 356.69 

nd 236.55 nd nd nd nd nd 

77.85 31.02 134.50 87.35 65 .51 125.96 86.72 

80.05 46.87 169.97 143.78 101.18 142.20 86.70 

7.12 5.99 12.03 12.22 7.85 10.87 8.59 

172.97 56.58 236.02 322.51 166.51 218.24 278.86 

114.69 125.83 169.41 170.47 124.10 163.87 136.52 

2.73 4.67 5.74 5.09 3.91 6.12 2.54 

2.59 5.77 5.43 5.43 31.75 7.78 2.23 

4.41 5.08 9.95 8.70 6.22 7.18 4.56 

8.33 9.28 16.24 13.91 10.17 12.82 8.15 

2.53 3.29 4.97 4.20 3.04 4.21 2.56 

0.00 0.29 nd nd nd nd nd 

1.17 2.77 1.51 1.55 1.34 1.52 1.20 

5.40 8.50 6.69 7.94 5.76 6.91 6.62 

1.08 0.68 0.99 1.02 0.83 0.87 1.14 

1.21 3.38 1.33 168.18 1.39 1.55 1.46 

nd 0.64 1.14 1.15 2.27 1.00 1.29 

2.59 3.68 2.73 2.47 2.67 2.67 3.29 

0.75 0.34 0.74 0.62 0.82 0.80 1.14 

0.28 0.47 0.32 0.25 0.35 0.29 0.29 

1.94 3.99 2.32 1.85 2.73 2.45 2.57 

0.96 1.86 1.28 0.98 1.21 1.05 1.17 

0.95 2.57 1.56 1.51 1.47 1.47 1.29 

. .. 
fllltlDO 

319.47 

33.79 

86.99 

110.11 

9.24 

207.38 

143.56 

4.40 

8.71 

6.59 

11.27 

3.54 

0.04 

4.67 

nd 

1.58 

6.83 

0.94 

25 .50 

1.07 

2.87 

0.74 

0.32 

2.55 

1.22 

1.55 
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~1'J l~Yi 'If-21 mlJ1Wm1lJl'1i'lJ'Ii''W'lJtl~ff1'J~h.J'Yl~ V'J::l'l1tHl1n ffmii 1J ~ nl'J 'lh iJ'W 1 <)ftllVi i\~ ff1 'lJ TU iJ ~ 'J 

1 'I1lj 1Jfl rH'l ~ 1 • 

tTllth::ml'U VOCs 

MTBE 503.21 224.02 211.42 300.96 159.46 306.70 287.11 284.70 

Methylene chloride 

Chloroform 107.94 nd nd 60.63 nd nd nd 24.08 

Benzene 164.02 88.18 80.09 116.00 69.97 104.83 122.32 106.49 

Isooctane 13.02 6.74 6.34 8.89 4.74 8.10 8.56 8.06 

Trichloroethene 264.25 102.69 89.61 118.39 71.95 177.91 75.87 128.67 

Toluene 163.61 87.11 75 .22 89.71 70.82 97.72 90.07 96.32 

n-Octane 5.96 90.95 5.08 4.80 8.70 3.66 8.73 18.27 

Tetrachloroethene 4.47 7.00 3.37 3.34 5.82 3.76 5.40 4.74 

Ethybenzene 3.97 4.63 3.03 3.40 3.33 2.76 4.01 3.59 

m.p-Xylene 8.02 7.93 6.32 6.97 7.43 4.99 9.07 7.25 

Styrene/o-Xylene 2.53 3.98 2.29 2.25 3.52 1.88 3.16 2.80 

Alpha-pinene 0.30 nd 0.30 0.31 nd nd nd 0.17 

3 - Ethytoluene 5.65 5.93 4.27 4.27 6.14 3.30 5.65 5.03 

1,3,5 - Trimethylbenzene 2.81 3.19 1.99 2.17 2.44 1.95 2.44 2.43 

2- Ethyltoluene 1.47 1.39 1.02 1.13 1.28 1.08 1.37 1.25 

1,2,4 - Trimethylbenzene 7~ 7M 5M 5M 7~ 4~ 7~ ~I 

1,4 - Dichlorobenzene 0.96 0.53 0.44 0.53 0.65 0.92 0.86 0.70 

1,2,3 - Trimethylbenzene 1.1 0 2.32 1.40 0.97 2.71 0.80 1.19 1.50 

Limonene 1.39 0.53 0.59 0.89 0.64 1.30 1.33 0.95 

n-Undecane 3.53 3.34 2.50 2.48 3.31 4.35 3.32 3.26 

1,2,4,5 - Tetramethylbenzene 0.65 0.56 0.43 0.26 0.73 0.55 0.52 0.53 

Decanal 0.35 1.00 1.47 0.50 1.04 0.32 0.29 0.71 

Tridecane 3.25 2.67 2.86 2.98 3.34 2.39 2.33 2.83 

Tetradecane 1.22 1.32 1.50 1.12 1.79 0.59 0.54 1.15 

Pentadecane 2.03 1.54 1.51 1.71 1.67 1.26 2.04 1.68 
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1Il';il~-n 'If-22 mlJ1WmllJl.,j'lJ.,j''U'lJfl~ff1'jfl'U'YI~ th:;1'11tJ1l1mymU U~ fll'j oW l~'Ul';fl1'Yi ~~ffl'lJlijii1l 'j 

1mj 1JflfH1~ 2 

a111h::mm VOCs 
4 I • .do 

81YlflD flllUiUJ 

MTBE 520.94 272.00 331.29 392.91 348.49 238.95 262.59 338.17 

Methylene chloride 

Chlorofonn 103.04 nd 69.74 82.01 70.44 nd nd 46.46 

Benzene 174.42 105.37 149.07 166.01 162.31 89.36 111.29 136.83 

Isooctane 15.14 8.63 10.23 11.81 10.53 7.03 8.74 10.30 

Trichloroethene 314.61 114.46 159.60 189.68 164.83 130.82 115.77 169.97 

Toluene 190.43 96.45 124.35 132.09 134.76 84.50 96.02 122.66 

n-Octane 10.53 10.93 8.81 10.91 8.46 4.33 13.79 9.68 

Tetrachloroethene 7.65 7.33 5.78 7.29 4.69 6.04 9.51 6.90 

Ethybenzene 5.34 4.41 4.74 5.26 4.72 2.95 4.09 4.50 

m.p-Xylene 10.73 8.94 10.43 10.81 10.58 5.93 10.22 9.66 

Styrene/o-Xylene 4.41 4.03 3.88 4.52 3.71 2.42 5.11 4.01 

Alpha-pinene 0.31 0.33 0.86 0.31 1.20 1.17 1.27 0.78 

3 - Ethytoluene 9.04 7.34 8.24 7.32 4.87 2.32 3.60 6.10 

1,3,5 - Trimethylbenzene 3.95 3.52 3.79 3.13 3.89 nd 3.05 3.05 

2- Ethyltoluene 2.02 I. 78 1.04 1.68 2.00 1.28 2.33 I. 73 

1,2,4 - Trimethylbenzene 11.38 9.12 9.42 8.53 10.24 6.14 8.73 9.08 

1,4 - Dichlorobenzene 0.51 l.l2 1.51 l.l5 0.79 1.39 2.20 1.24 

1,2,3 - Trimethylbenzene 2.64 1.62 1.56 1.64 3.69 2.41 2.25 2.26 

Limonene 0.60 0.57 1.05 1.70 1.27 l.l 0 l.l9 1.07 

n-Undecane 3.07 4.72 7.07 4.34 8.35 9.40 9.22 6.60 

1,2,4,5 - Tetramethylbenzene 0.53 0.46 1.20 0.43 1.47 3.30 3.52 1.56 

Decanal 1.15 0.30 1.35 0.34 1.51 1.50 1.62 1.1 I 

Tridecane 3.00 2.51 2.78 2.49 2.82 3.80 4.26 3.09 

Tetradecane 1.64 1.16 2.12 1.04 2.26 2.58 3.27 2.01 

Pentadecane 1.64 1.40 2.17 1.62 2.53 2.74 3.15 2.18 



~l'n~~ 'If-2311l~mJ1YimJll~lJltlH1nf'U-cYlJNffffl'j Benzene f1'U~llJl~'jlltJ'1tJffmtJll';j~f1tl'Um';j~lf1tl.:Jrlm~Vl'1 

m'IJ1Wfll'I''lJi.¥'lJNl;T (~g/m3) , ... 
l;TtllU I ~flfla v "" 

1U01flg}t,I 
0~flfl'l 

303.01 I OSHA I 750.24 736.24 86l.35 427.13 341.59 291.91 
DKN r---~----~-------r----~------~-----+-----+------~ 

I 2 415.54 735.96 1055.30 399.76 542.18 45.85 

BN 
2 

1 
RO 

2 

PH 
2 

SP 
2 

1 
TL 

2 

1 
BT 

2 

537.01 

198.54 

518.91 

918.16 

234.58 

563.52 

349.87 

396.12 

276.64 

444.40 

219.78 

727.39 

307.27 I ACGIH 

570.89 I 584.23 I 603.26 I 466.53 I 439.82 208.55 I OSHA 

116.25 42l.58 I 356.62 I 250.95 I 352.69 215.03 I ACGIH 

1081.76 I 1400.38 I 781.98 765.79 I 489.80 390.91 I OSHA 

661.46 387.05 

21l.48 579.18 

617.12 172.88 

341.27 242.43 

355.17 320.76 

585.39 820.08 

472.89 340.59 

409.36 114.16 

230.50 529.45 

597.43 

811.14 

192.11 

462.10 

298.21 

554.24 

525.09 I 315.83 I 1006.06 I ACGIH 

550.79 I 943.93 

177.41 I 263.86 

470.55 249.07 

389.90 221.72 

722.61 I 13l.22 

~OSHA 

58l.05 I ACGIH 

~OSHA 

186.48 I ACGIH 

886.36 I OSHA 

574.20 I 1009.30 I 391.14 I 1143.97 I ACGIH 

303.80 

747.39 

284.01 I 517.63 

466.71 

522.42 I OSHA 

269.60 ACGIH 

, 
fll'IJ1g}1!lU 

3 
3.1 x 10 

1.5 X 10
3 

3 
3.1 x 10 

3 
1.5 x 10 

3.1 X 10
3 

3 
1.5 x 10 . 

3 
3.1 x 10 

l.5 X 10
3 

3.1 X 10
3 

1.5 x 10
3 

3 
3.1 x 10 

3 
l.5 x 10 

3 
3.1 x 10 

3 
1.5 x 10 

. 
o ..... 

mU1UfllflU 

, / 

fll'IJlg}'I!lU 

Vl 
N 

152



~l'n:j~ 'If-23 !mvlJ!VivlJ'!J~lJ1wf11~f'trfflJ~ffffl~ Benzene nlJ~llJ1~~ll'\.Ji'\.Jffm'\.J'!J~~f)VlJf11~~lf)V.:jrlm~l.:j"l (~V) 

... tI1l1Ul&fl1~rm¥lIFYtr (J1g1m
3
) , I 

tr01U ~flfli1 
" " • ... " 8~flfl'l fllllU1'1!lU .., .., .., .., .., .., .., .., .., .., 

1'U\lU'n'l 1U8~fll'l 1U'tl1i 1UV.Q'Htr 1Ui2fl~ 1Ultr11 1U8l'nPltl 

1 1299.25 1019.22 40.39 742.66 614.21 1756.55 75.65 
3 

OSHA 3.1 x 10 
J 

2 787.92 322.70 683.52 1446.50 969.64 1435.02 42.14 ACGm 1.5 x 10 
3 

1 685.59 268.48 335.91 508.90 1670.77 303.17 408.57 OSHA 3.1 x 10
3 

P 
2 326.70 756.13 349.83 626.02 1896.00 556.92 915 .60 ACGm 1.5 x 10 

3 

1 406.82 218.70 198.65 287.70 173.55 260.01 303.38 OSHA 3.1 x 10 
3 

NI 
2 432.60 261.34 369.73 411.75 402.57 221.63 276.03 ACGm 1.5 x 10 

3 

1 242.70 1880.60 737.37 844.90 868.99 
3 - - OSHA 3.1 x 10 

TOT 
2 1880.60 941.66 1292.81 1292.75 2267.03 - - ACGm 1.5 x 10

3 

~ ~- -

. . ...... 
\lnnU'tUflU 

I 

flllllg)'l!lU 

-

1 

-

2 

-
-
-
3 

VI 
v.> 
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1l1'H~~ 'b'-24ImVuIYhJu"tJ~lJltlH11:ii'mhJ~~~1:i Toluene nU~llJlll:ijl'Ui'U~m'U"tJ:i~fH)Uf11:i~lfHl\lrlm~l\l"1 

... m~lWt11'11'Ut¥~NtY (l1g/m3) 
d 

tYOlU ~flfH'I • d <1 " 
tl.:Jflfl1 .., .., .., .., .., .., .., .., .., .., .. 

'JU'ilU'YI1 'JU6.:Jfl11 'JU-.:t fi 'JU'Yul'I1tY 'JU~fl1 'JUla11 'JUtll'YIVlrl 

OSHA 

I 609.78 707.38 664.18 648.83 493.30 344.15 385.64 ACGIH 
DKN 

2 390.45 675.69 828.56 757.20 588.91 140.32 292.79 EUOEL 

NIOSH 

OSHA 

I 529.72 841.46 670.86 693.98 522.70 389.69 277.35 ACGIH 
BN 

2 280.03 307.21 413.63 416.20 302.99 400.09 333.31 EUOEL 

NIOSH 

OSHA 

I 522.90 1214.35 1258.17 743.21 803.88 502.92 453.14 ACGIH 
RO 

2 974.94 682.81 416.69 597.24 554.13 331.08 929.55 EUOEL 

NIOSH 

OSHA 

I 198.10 168.66 423.48 722.89 440.95 750.62 202.21 ACGIH 
PH 

2 458.72 497.89 106.63 149.10 122.94 225.75 456.79 EUOEL 

NIOSH 

, 
fll~lVl1!lU 

7.68 x lOs 

7.68 x 10
4 

1.92 x lOS 

3.84 x 105 

7.68 x 105 

7.68 x 10
4 

1.92 x 105 

3.84 x lOS 

7.68 x lOS 

7.68 X 10
4 

1.92 x lOS 

3.84 x 105 

7.68 x lOS 

7.68 x 10
4 

1.92 x lOS 

3.84 x lOS 

0 ..; .. 
'illlflU'YUflU 
, 
tl1~lVl1!lU 

-
-

-
-

-
-
-
-

-
-
-

-

-

-

-

-

I 

Vl 
.t>. 
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-

11111~~ 'If-24 LmV1JLliv1JtJ~lJ1Wf111i'1J~lJH~~11 Toluene n1J~1lJ1111jl'W'l'W~m'WtJ1~fHl1Jf1111l1m:m)m~1~"l (~V) 

..,. mJJlWfll1''UtT'lJNtf (J'g/m
J
) 

J , 
inn'U 1.d flflD 

J J J " 
tl~flfl1 fll'IJWI1!1'U 

cv cv cv cv cv cv cv cv cv cv ~ 

l'U{) 'U'YI 1 l'Utl~fl11 l'U'tl fi l'U't1q'Htf l'Uf2 fl1 l'Ultf11 l'Utll'YIg'lfj 

OSHA 7.68 x 10
5 

1 349.71 429.27 293.40 520.94 692.86 325.87 491 .44 ACGIH 7.68 x 10
4 

SP 
1.92 X 10

5 
2 426.38 425.44 331.20 348.61 506.44 243.85 171.58 EUOEL 

NIOSH 3.84 x 10
5 

OSHA 7.68 x 105 

1 329.06 752.58 652.87 515.14 617.38 172.96 928.95 ACGIH 7.68 x 10
4 

IL 
1.92 x 105 2 345.26 489.39 322.73 457.50 957.71 402.20 1214.11 EUOEL 

NIOSH 3.84 x 10
5 

OSHA 7.68 x 10
5 

1 272.02 340.28 181.08 343.82 365.75 495.61 475.54 ACGIH 7.68 x 10
4 

BI 
1.92 x 10

5 
2 648.52 223.24 497.51 584.31 - 431.22 269.88 EUOEL 

NIOSH 3.84 x 10
5 

OSHA 7.68 x 105 

1 1193.54 805.40 71.86 585 .27 430.02 1246.07 88.07 ACGIH 7.68 x 10
4 

J 
1.92 X 10

5 
2 657.86 283.14 515.91 999.55 699.74 1002.06 76.87 EUOEL 

NIOSH 3.84 x 10
5 

. . ..,.~ 

m'Ul'U'mfl'U 

, 
fll'IJlg'l1!1'U 

-

-

-

-
-

-
-

-

-

-
-
-
-
-
-
- i 

Vl 
Vl 
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--

9l1'n:j~ 'l1-24ImV'lJIViv'lJ1l~lJ1rum';jf'lJa1J~"Hn';j Toluene n'lJ~11J191';j!1'W1'Wffm'W1l';j~flfJ'lJm';j'illm),:j~m~1,:j"1 (~fJ) 

. 
tfhnWfll'1,'Ui1JN'tr (J1g/m

3
) 

. -=I ..... 

-=I tI , mUTwmflU 
tr€11U ~flm'l 

" " tI tI 
tHflfl'1 fll1J1Vl'1!lU .., .., .., .., .., .., .., .., .., .., ..... , 

lU1lUfI'1 lU8~fll'1 lU'rjfi lUVU')'t'Itr lU~fl'1 lUltrl'1 lU81flVltl fll1J1Vl'1!lU 

OSHA 7.68 x lOs -
1 647.16 326.l1 293 .38 618.62 1410.50 444.29 475.86 ACGIH 7.68 x 10

4 -
P 

1.92 x lOs 2 464.54 601.86 379.38 727.56 1514.93 563.16 761.45 EUOEL -

NIOSH 3.84 x lOS -
OSHA 7.68 x lOS -

1 399.46 212.69 183.66 219.04 172.90 238.58 219.91 ACGIH 7.68 x 10
4 -

NI 
2 464.93 235.49 303.60 322.50 329.02 206.31 234.43 EUOEL 1.92 x lOS -

NIOSH 3.84 x lOs -
OSHA 7.68 x lOS -

1 298.14 2463.67 815.19 952.42 1098.90 - - ACGIH 7.68 x 10
4 -

TOT 
2 2463.67 1371.75 1342.09 1435.94 2500.95 - - EUOEL 1.92 x lOS -

NIOSH 3.84 x lOS -
- -- ---_ .-

-Vl 
0\ 
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-

~l1n~~ ')f-251m (J'U lfi(J'U'l1~ llltlH11'i5'U all Hffffl'i Xylene n'U~l1Jl~'i jl'W i 'W fftlllJU'i ~fHl'Uf)1'i ~ltl tJ'lfi'm ~l'l"l 

C\ tftnu I ~f1fn1 

DKN 
2 

BN 
2 

RO 
2 

v v " lU;)Ufl1 

53.46 

21.00 

44.40 

21.29 

40.29 

65.31 

v v 
lUfl.:Jfll1 

55.31 

47.81 

42.61 

23.72 

87.16 

52.82 

mlJ1Wfl111tJUlJNU (~g/m3) 

lU~fi I lu'Wq11u I lU'lfl~ 

48.14 

60.62 

52.10 

41 .53 

111.12 

42.46 

40.01 

31.64 

54.99 

35.56 

70.26 

55.32 

28.35 

46.26 

49.12 

26.01 

56.87 

47.97 

v " lU1U11 

20.22 

10.22 

41.76 

32.79 

44.92 

26.57 

V Q J 
lUfllf1g)tI 

30.45 

22.76 

26.10 

20.85 

37.72 

72.65 

J 
fl.:Jflfl1 

OSHA 

ACGIH 

EUOEL 

NIOSH 

OSHA 

ACGIH 

EUOEL 

NIOSH 

OSHA 

ACGIH 

EUOEL 

NIOSH 

, 
f11lJlg)1g1U 

4.35 X 10
5 

4.35 X 10
5 

2.17 X 10
5 

4.35 X 10
5 

4.35 X 10
5 

4.35 X 10
5 

2.17 X 10
5 

4.35 X 10
5 

4.35 X 10
5 

4.35 X 10
5 

2.17 X 10
5 

4.35 X 10
5 

, 
o C\ Q 

mU1UfllflU 
, 

f11lJlg)1!lU 

-Vl 
-.J 
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---

m':i 1'l~ '}I-25 1m tJ'lJ1VitJ'lJtJ~ mOl tll':i i''lJ fflJHffffl':i Xylene n'lJ~lm\Pl':i !1'U i'U fffll'U tJ':i~m)'lJtll';j 'illf1tl'lfl m ~1'l<7J (~tl) 

<:I 
tJ;1J1Wfll11tJtT1JN'tf (~glm 3) 

" 
, 

tffJl'U ~flfH' 
" " " " 

8.:1flfl1 fll1JWI1!1'U 
cv cv cv cv cv cv cv cv cv cv ~ 

1'U{)'Un1 1'U8.:1fl11 1'U'tl fi l'U'Yfq...,tf l'U~fl1 1'Ultf11 l'U81n(i}[J 

OSHA 4.35 x lOs 

1 15.22 16.10 36.47 . 59.51 38.99 53.53 17.38 ACGIH 4.35 x lOS 
PH 

2.17xlO
s 

2 35.87 43.40 13.78 15.39 12.04 17.61 37.13 EUOEL 

NIOSH 4.35 x lOS 

OSHA 4.35 x lOS 

1 38.84 47.49 44.33 56.16 58.66 30.65 59.76 ACGIH 4.35 x lOS 
SP 

2.17 x lOS 2 46.77 43.58 47.38 39.21 48.18 26.56 21 .34 EUOEL 

NIOSH 4.35 x lOS 

OSHA 4.35 x lOS 

1 27.02 51.10 82.55 38.75 53.1 6 11.48 60.93 ACGIH 4.35 x lOS 
TL 

2.17 x lOS 2 45.29 38.18 32.70 42.25 18.02 24.26 64.61 EUOEL 

NIOSH 4.35 x lOS 

OSHA 4.35 x lOS 

1 28.84 40.84 30.75 57.74 34.37 51.45 77.89 ACGIH 4.35 x lOS 
BT 

2.17 x lOS 2 60.01 25.44 64.67 58.68 - 45.50 37.83 EUOEL 

NIOSH 4.35 x lOS 
----- ---- - _._ - -- ------- - -- - --

. . <:I~ 

m'U1'UlUfl'U 
, 

fll1Jl(i}1!1'U 

-
-
-
-

-
-

-

-
-
-

-

-

-

-
-
-

I 

VI 
00 
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--

1I1n:j~ 'If-25 Imtl'IJllitl'IJ1.l~lJ1Wfl1'l"i''IJfflJ~ffffn Xylene tlmillJlm!l'WhJffmtJ1.l'l"~flt:l'IJfl1'l"~lm)'H)m~N" (~t:l) 

m)J1Wfl111'lJa)JNtT (J1g/m
J
) 

tT~nil I ~flfn1 OJ ... J 
TUf)1 n9UJ 

1 
J 

2 

p 
2 

NI 
2 

TOT 
2 

54.71 

39.16 

60.27 

30.35 

20.50 

27.44 

19.93 

107.82 

56.71 

20.45 

17.73 

56.10 

20.27 

22.87 

107.82 

43.86 

9.98 

32.68 

25.53 

36.38 

16.17 

26.67 

51.27 

85.83 

37.48 

65.83 

49.52 

58.30 

17.83 

27.63 

56.07 

75.44 

30.52 

39.87 

131.27 

145.81 

19.00 

27.06 

68.04 

149.30 

71.13 

57.67 

29.17 

45.49 

12.76 

15.16 

15.33 

9.34 

36.97 

70.39 

23.19 

26.13 

, 
f).:jflfl1 

OSHA 

ACGIH 

EUOEL 

NIOSH 

OSHA 

ACGIH 

EUOEL 

NIOSH 

OSHA 

ACGIH 

EUOEL 

NIOSH 

OSHA 

ACGIH 

EUOEL 

NIOSH 

, 
fll)Jlg)1!lU 

5 
4.35 x 10 

4.35 X 10
5 

2.17 X 10
5 

5 
4.35 x 10 

5 
4.35 x 10 

5 
4.35 x 10 

2.17 X 10
5 

4.35 X 10
5 

4.35 X 10
5 

4.35 X 105 

2.17 X 10
5 

5 
4.35 x 10 

4.35 x 10 
5 

5 
4.35 x 10 

. 5 
2.17x10 

4.35 x 105 

. 
o q ... 

;)nnUnU1U 
, 

fll)Jlg)1!lU 

Vl 
\0 

159
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. ~ ~ 

1I1'n~Vi 9$-1 tJ~1J1W Total VOCs 1J~nwffmi11J~f11'J'I11lJ'Ul'iftl1~~'1ffl'Ulfl1'J'Y11'1ti1in.J (~1'U 

1I11A~'U6'1) ~1,IAA"~ 1 U"~1,IAA"~ 2 '~i'mY1Jirff 
T-Test 

Paired Samples Statistics 

Me~h N Std,. o'evi~tion 
S1q. i;:r,ror, 

'. Mean 
Pair 1 /VAROO'O'02; 1.59Ei1'E3 '1 '~ 581 :4-4'ii3's,'· ' 155:39'843 

,YARO'.OOO'1 '>1:50'0'0 '; 1:.4- .5188.7 .13868 

Paired SarppJes Correlations 

. N ' :: 'Correlation 
; .6,65. 

Paired Samples Test 

Paired Differences 

)l5%Coilfidence ·lnlel'«l~Ofthe 
Di1ferehce 

SId. Deviation, 
S1~ : Error 

Lower I UnDer I Sin. -l2·lalieill Mean Meah df 
Pair 1 VAR00002 • VAROOO01 t5966E3 581,51393' 1'55:~;1614 1260:8741. ' I 1932.38644' 10.273 13 .000 

I " " " 

1I1'Jl'1Vi 9$-2 tJ~1J1W Total VOCs 1J~nwffmi11J~f11'J'I11lJ'Ul'iftl1~~'1ffl'Ul1Jl'1,\!'U1VitJ'UVi1,lAA"Vi 

1 U"~1,IAA"~ 2 '~i'mY1Jirff 
T-Test 

Paired Samples Statistics 

Pair '1 

NAR.'00002. ';::1:1O'2Ea 

, r3~" 

; 1:3?" 

. ·, ~)1.a87) 

4''25:a01~92:,. , 

Paired'.SampJes Correlations 

Paireci Samples Test 

Paired Differences 

95~ GOnfiden:ce InlerVafofthe 
Difference 

Mean ' SId. Deviation· 
S1!f.~iof 
·Me h Lower I' UnDer. t 

Pair 1 VAR00001 • VAROQ002 ·1.1oaE3~ 425:0109S' . f17j7684" .1·365:609tll'1 ·851-.94598 ·9:406 

Std,; Er,ror 
. ; 'Me·'a~ r:1' . 

:1:4'391 

1-.t7~;929.,7.9 ' 

.215 . 

df Slo. ·(2·talled) 
12 .000 
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I " " , 

~1'Jl'lli 9f-3 tJ~lJ1W Total VOCs u~nwffmiju~f)1'j'\hl1lJl:jffl1~~ 'Hn'\Jlff1ff~f)1'j 'j.l ndii 

'4flfHl~ 1 ll"::'4flfl"~ 2 '~i'mYlJfrff 
T-Test 

Paired Samples· statistics 

N .. StCi "D ~vi atl 0 n 
Parr 1 'VARooom 1.4.: . :51887 

V,n,R 0 0 0 a.2~ -2; 2 t.'l.7 E:3 : 14-, 9]-4A6039" 

Paired Samples Correlations 

'N 'Correlation 
Pair 1 ,VAR 0. 0. 00.1-' $., YAR o..otLo. 2 '. f 4 -:220 

Paired Samples Test 

. Paired DilferencBs 
95~ · Go:nfidimce·lnlerVal: ofthe 

Dltrerence 
: 

Mean' std. Deviation St~'e~~r Lower " . UDber I 
Pairl ¥f\R00001 • VAROOO02 : 2.216E3 97:(:51475. 260.46606 .21i.a90892 , .1651,50351 ,8.509 

Std"Error. 
', Mean ';' 

.1 ·3868 . 

260:4-3549 

Sig ~ 

.449, 

df SIO. '(Halled! 
13 .000 

I " " "' 

~1'JNli 9f-4 tJ~lJ1W Total VOCs u~nwffmiju~f)1'j'l1111'\.Jl:jffll~~'lffl'\JlfflJllJl111-¥i'4flfl"li 1 

ll(l::'4flflr:l~ 2 '~i'UfflJfrff 
T-Test 

Paired Samples statistics 

Mean 
-

' .. Std.rDeviatfon pt~!rh·?r, 
N 

Pair 1 ' VAHOOob.1 1~5900 '1-4 '- ~ 51B81 :i-3'868 
.V~.OQOO2. .9~1J9pE2 1'4" 3;16;.6 9 4:92' '84. 6' ~r'02 8. 

Paired Samples Correlations 

.N ~G:ort.e lati6n Sig~ 

Paired Samples Test 

Paired Dilferences 

95% .Conndence iplervalofthe 
Dilferenc.e 

Mean . SId. De'IIanDn '9t2~~~or Lower 
, 

tiDDer I df Sio. (2·lalledl, 
Pairl VAROOO01·VAROOO02 ·9.i04E2 3t6.87979 , B4 .689~!I · '10!h'424sr " ·721.50299' ,'O.75r 13 .000 
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I " " , 

~l'jl~Vi 91-5 1111J1W Total VOCs 1J1nWffmihJ1fl1'j'\.h~'Wl'lhl1'Vfi1~ffl'IJ1fl1'j <Yi1fl1fl1rnJ1'W 2 Vi 

1Jf)fHl~ 1 llCl::1JflflCl~ 2 i~i'mYlJ~ff 
T-Test 

Pair,1 

Pair 1 

Paired, Samples· Statistics 

VAROO,OOt 1':5.0CfO 
VA.ROOD.02, 1;S:942E3 

N ' SttLDevi'atlon 
,14 , , :51 '887 ,I 

: t4 ', 1253.,370'S.'t 

Paired Samp~es Correlations -, 
" <N ,,'Cbrr,elation 

V~RO.oOOV &VAR:OpgO:?: . j ';4 -',,01 '0 

Paired Samples Test 

Paired Ditrl!rences 

95'% CQrifldimce IritelV3l oflhe 
Ditrerente 

,S1d: Errof I Mean Std, Deviation·' Mean" Lower UDDer t 
Pair 1 VAROQ001· VAROQOO?' -Ul.92El_ 1'253.3762S , 334',978.9l}< ·2~'6.41i19U ·1169.05209, -5,650. 

.13868 ' 

334/:977'45 ' 

Sig. 

, .972:· 

df Slo ,(2·taliedl 

13 ,001} 

, " " " 
~l'jl~Vi 91-6 1111J1W Total VOCs 1J1nwffmij1J1fl1'jtll~'Wl~m'Vfi1~ffl'IJ1'Vfl1Cl1tJ~'W Vi1JflflCl-Yi 

1 l1Cl::1JflflCl~ 2 i~i'mYlJ~ff 
T-Test 

Paired Samples statistics 

" 
Me''a'n N ' Sitt,-D evi atl 0 n Std . Error. 

, ,Mean 
Pair 1 ': VAROodo:l 1'.-500-0 >1:4 

" 

',51:'887 ' :1'3868 
VARQ.Q.002:, 1 ;09,13£3 1A", 6;44+;651'4'.9, , 1-72:291,96' 

Paired Sam pies Correlations 

<G:o'he latlo,R SiQ " 
. Pair1 , ; .~,a9 ' 

Paired Samples Test 

Paliell Dilreiences 

.9;'% C6f1i1dancelriterial orille 
Di1Ierence 

Mean Std, DevlaUOn' ~~e~~r lower I 
' . 

UDDer t df Slo: (2·1alledl 
Pairl VAI\OOOOI- YAROOP02 ·1,0898 644-,81603' 17,i ,31433" ·.n62.139121 -7n52774' ·6,324 13 ,001) 
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. ~ ~ 

m':il'l-Vi 91-7 U1lJ1W Total VOCs 1J1nUHH)1'W1J1fl1nhiTl.Jl~fl1'Yiil'lffl'Ulfl'lrlfln hnff'Yn1 

l1"fl~ ~1Jflfl"~ 1 lm::'lJflfl"~ 2 '~i'mYlJ~ff 
T-Test 

Paired Samples Statistics 
, 

MEila.n N , Std. Deviation 
Std: E~rdr, 
' Mean ," 

Pair 1 VAROOOUf 1':500'0 ,1·0 52705" :166.67 ,. 

) /AROOQ02 '4~066aEB 1'0., 223'9·;,1 581'.1 10l:Lil,8,s97 

Paired Samples Correlations 

,N 
pair ·1 VAR00001 ,e-VARDJ)OQ2: j :o 

PlIi'ooSamples Test 

, Paired Oi1fenlntes 

95% CQnfidente Inte~al of the 
, Difference . 

Mean· Std. De'I1ation' ~e7tror . an Lower I UDDer. t df Sia: (Hailed)' 
Pairl V!-R0000I ' VAROOO02 ,4:055E3· 2230,74965· 707.95480 ,5656,09152'.1 ,2453.00140 ,5:nO 9 .000 

I " JI " 

'ill':il'l-Vi 91-8 U1lJlW Total VOCs 1J11JWffmij1J1flwuliTl.J1~fl1'Ylil'lffl'U1Yr~l.Jlfl1':i -Vi1Jflfl"-Vi 1 • 

T-Test 

Paired Samples Statistics 

Mean ':Std. Deviation 
Stet. I:;r.ror, 

N ' Me,an:" 
Pair 1 VAROOOO1 " 1 ~5do'o :1.4 :51'887Y '~ i ·3a68 

,YARO,O.o02 i::9.042E"3 14", 1'07:7: 9 4 2.7i:n 28:l:t09'232 , 

PairedSamples Correlations 

'Correlation 
P:air ,1 .506:, , 

PaIred Samples Test 

Paired Di1ferences 

95% Corifiderke Interval of the 
, Difference 

Mean' Std. De'I1aUon' St~'e~~or Lower I UDDer t df Sla.' (Hailed) 
Palrl '(!-ROOOOI ' VAROOOO2' -t902E3 . 1077:.8421B' 20'8:06544, -2525,03419' I -1280,.37909 -6.6IJ5 13 .. 000-
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I II " " 

~lln:rVi 91-9 ,HlJ1W Total VOCs iJ~nwumihJ~f)Wlh~'W!.jfv!'V'Iil'Hn'Ul'l'Ul.niJl~ 3 .yj1JflfI~.yj 

1 U~::1JflfI~~ 2 i~i'iJfflJF1'U 
T-Test 

Paired Samples Statistics 
~ , .':t' 

· Std,7Qe.;jiatron 
Std, Enor. 

'Mean N ' Mean 
Pair'1 VAROOO'Q1 ', 1':5000 f4 :'~ :511387 ' :13868 

;V.AR o..OB 02~ f "lS62E3 1> 4~:>. ' 990:;26639 264:65982' , 

Paired Samp~es Correlations 
- " 

"N ' :G 'o fre J ati 0 i1 Big : 
p 'air .l , VAR.OOOOL&VAROPOO2, '. ,1'4 ,.1'04 .7'24 

Paired Samples T esi 

Paired Differences 

95 <J&,:C.oniidenc~ lIile~r.ofthe 
Difference 

std. Devtation' 
SId. Eiror I UDDer Sia.''C2,tailedl Mean· Mean lower I df 

Palr l VAROOOOt· VARn0002 ~ ·1.184EJ: ~ 990.21268' 26'4.64547' '. 2356~43535 1 ·12t2 ~97179 ,6:744, 13 .OOO~ 

. " " 
~l'nrVi 91-10 tl~lJlW Total VOCs iJ~nwumijiJ~f)lTW1~'W!~m'V'lil.:JU1'U1U1U~f1l'HhUf) ,:n'W 

tl"flm::'Yl'j 'Nf)~ll""lJ (Ul.:J'Wl'U1VVf)) ~1JflfI~~ 1 U~::1JflfI~~ 2 i~i'iJfflJF1'U 

T-Test 

Paired Samples Statistics 

Meal; N 
.,! ..... .-. Std. Error 
',Sttl ;;Oevi atio n Mean 

Parr .1 VARoorrO,1 " 1'{50Q'0 +~f " ',51 '887 ' ' ':1.·3868 
,V,ARQOO02, 1 :321<5,E:3 "l4L 523~230.77 1 3.9.:83.931 

Paired Sampjes Correlations 

,·G.o rre'J ati 0 n 

Paired Samples Test 

Paired Differences 

95%,GOnfidence lIile~al of the 
< 

Mea'" std.Oe-.1ation' St~i.~~or !.OWer 

Difference 

I UDDer I (If Sjtt:I2·laile!l} 
Pair 1 VAR00001 ~· V~9.0p02 · ·1:::i1981 52:i.56695 ~ 139'.92915- ·1622.25177 1·10"1"t.65466 ' ·9.433 13 . O()O~ 
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. " " " 
~l'jl~n C)f-ll tJ~1J1W Total VOCs 'lJ~1dwffmihJ~fl1'jtJliJtJlcilm'Vlil~ff1'IJliJiJ~'j 'hni n1JflfHln 

1 U"~1Jflfl"~ 2 1f1'i'mYlJHff 

T-Test 

Paired, Samples statistics 
'. 

M~aj} .Std. Deviation 
Std : Error 

"" Mean 
, 

Pair 1 . VAR 0 0,0 0.1 ' - '1.500'0 14 
'.' 

. ~ 51881 :1·3868 
VARoon.02, a::ot33E2 14 28.0.:31 053·; 7,f916'14 

Pair-ed SampJes Cone lations 

'S .i~. 
Pair 1 :"'. 

PlIi'BdSamples Test 

Pairell Di1retences 

95%'Confidence Interva[ofthe 
Di1rerence 

std, De'¥iation . 
"std:Eiror 

Lower 1 .V.llDer 1tt Sio 12·tailelfi Mean Mean~ t 
Pairl VAROOOOI • VAR00002 . ·8,058E2 280:13101 RSSa16 "967.5759,1 I ·644.09024 ·10.763 13 .000 
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, "" I "" 

~l)l.:jYi 9H2 ~d6Vl.:jffl) MTBE 'Vi.:jl1lJ~ 'lhl 11 ~hlYiffmihJ~f)ntJliJhlt~6t~B.:j 

95% Confidence Interval 
Dependent Mean Difference 

J J Std. Error Sig. 
Variable (I-J) Lower Upper 

Bound Bound 

DKN BN 127.88500 136.195 .349 - 141.4137 397.1837 

RO -241.70121 136.195 .078 -510.9999 27.5975 

PH 191.59000 136.195 .162 -77.7087 460.8887 

SP 259.79336 136.195 .059 -9.5054 529.0921 

TL - 166.82736 136.195 .223 -436.1261 102.4714 

BT 150.13057 138.789 .281 - 124.2981 424.5592 

J -98.96993 136.195 .469 -368.2686 170.3288 

P - 133.82250 136.195 .328 -403.1212 135.4762 

Nl 243.09886 136.195 .076 -26.1999 512.3976 

TOT -984.44323- 149.194 .000 -1279.4452 -689.4413 

BN DKN -127.8850 136.195 349 -397.1837 141.4137 

RO -369.5862 136.195 .008 -638.8849 -100.2875 

PH 63 .7050 136.195 .641 -205.5937 333.0037 

SP 131.9084 136.195 .334 - 137.3904 401.2071 

TL -294.7124 136.195 .032 -564.0111 -25.4136 

BT 22.2456 138.789 .873 -252.1831 296.6742 

J -226.8549 136.195 .098 -496.1536 42.4438 

P -261.7075 136.195 .057 -531.0062 7.5912 

Nl 115.2139 136.195 .399 - 154.0849 384.5126 
MTBE 

TOT -1112.3282 149.194 .000 -1407.3302 -817.3263 

RO DKN 241.7012 136.195 .078 -27.5975 510.9999 

BN 369.5862 136.195 .008 100.2875 638.8849 

PH 433.2912 136.195 .002 163.9925 702.5899 

SP 501.4946 136.195 .000 232.1959 770.7933 

TL 74.8739 136.195 .583 - 194.4249 344.1726 

BT 391.8318 138.789 .005 117.4031 666.2605 

J 142.7313 136.195 .296 -126.5674 412.0300 

P 107.8787 136.195 .430 -161.4200 377.1774 

Nl 484.8001 136.195 .001 215.5014 754.0988 

TOT -742.7420 149.194 .000 -1037.7440 -447.7401 

PH DKN -191.5900 136.195 .162 -460.8887 77.7087 

BN -63.7050 136.195 .641 -333.0037 205.5937 

RO -433.2912 136.195 .002 -702.5899 - 163.9925 

SP 68.2034 136.195 .617 -201.0954 337.5021 

TL -358.4174 136.195 .009 -627.7161 -89. 1186 

BT -41.4594 138.789 .766 -315.8881 232.9692 

J -290.5599 136.195 .035 -559.8586 -21.2612 

P -325.4125 136.195 .018 -594.7112 -56.1138 

Nl 51.5089 136.195 .706 -217.7899 320.8076 

TOT -1176.0332 149.194 .000 -1471.0352 -881.0313 
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, "" I "" 

~l)l~n 9f-I2 9ilmh~ffl) VOCs 'Yi'~l1lJ~ ihl 11 ~hlnffmij1J~fll'jUliJhll:;;m'Vfii~ (~fl) 

95% Confidence Interval 
Dependent Mean Difference 

I J Std. Error Sig. 
Variable (I-J) Lower Upper 

Bound Bound 

SP DKN -259.7934 136.195 .059 -529.0921 9.5054 

BN -131.9084 136.195 .334 -401.2071 137.3904 

RO -501.4946 136.195 .000 -770.7933 -232.1959 

PH -68.2034 136.195 .617 -337.5021 201.0954 

TL -426.6207 136.195 .002 -695.9194 -157.3220 

BT - 109.6628 138.789 .431 -384.0915 164.7659 

J -358.7633 136.195 .009 -628.0620 -89.4646 

P -393 .6159 136.195 .004 -662.9146 -124.3171 

NI - 16.6945 136.195 .903 -285.9932 252.6042 

TOT - 1244.2366 149.194 .000 - 1539.2385 -949.2346 

TL DKN 166.8274 136.195 .223 - 102.4714 436.1261 

BN 294.7124 136.195 .032 25.4136 564.0111 

RO -74.8739 136.195 .583 -344.1726 194.4249 

PH 358.4174 136.195 .009 89.1186 627.7161 

SP 426.6207 136.195 .002 157.3220 695.9194 

BT 316.9579 138.789 .024 42.5293 591.3866 

J 67.8574 136. 195 .619 -201.441 3 337.1561 

P 33.0049 136.195 .809 -236.2939 302.3036 

NI 409.9262 136.195 .003 140.6275 679.2249 
MTBE 

TOT -817.6159 149.194 .000 -1112.6178 -522.61 39 

BT DKN - 150.1306 138.789 .281 -424.5592 124.2981 

BN -22.2456 138.789 .873 -296.6742 252. 1831 

RO -391.8318 138.789 .005 -666.2605 -117.4031 

PH 41.4594 138.789 .766 -232.9692 315.8881 

SP 109.6628 138.789 .431 - 164.7659 384.0915 

TL -316.9579 138.789 .024 -591.3866 -42.5293 

J -249.1005 138.789 .075 -523.5292 25 .3282 

P -283.9531 138.789 .043 -558.3817 -9.5244 

NI 92.9683 138.789 .504 - 181.4604 367.3970 

TOT -1134.5738 151.566 .000 -1434.2661 -834.8815 

J DKN 98.9699 136.195 .469 -170.3288 368.2686 

BN 226.8549 136.195 .098 -42.4438 496.1536 

RO -142.7313 136.195 .296 -412.0300 126.5674 

PH 290.5599 136.195 .035 21.2612 559.8586 

SP 358.7633 136.195 .009 89.4646 628.0620 

TL -67.8574 136.195 .619 -337.1561 201.4413 

BT 249.1005 138.789 .075 -25.3282 523.5292 

P -34.8526 136.195 .798 -304.1513 234.4461 

NI 342.0688 136.195 .013 72.7701 611.3675 

TOT -885.4733 149.194 .000 -1180.4753 -590.4713 
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, "''' , "" 
~l'n~Yi Clf-12 ~';}fldl.:jffl'j VOCs 'Yi'.:j'l1lJ~ itA 11 ~'UYiffmii1J1tl1'jthi1'Ultif{H'Wil.:j (~tl) 

95% Confidence Interval 
Dependent Mean Difference 

I J Std. Error Sig. 
Variable (I-J) Lower Upper 

Bound Bound 

P DKN 133.8225 136.195 .328 -135.4762 403.1212 

BN 261.7075 136.195 .057 -7.59 12 531.0062 

RO -107.8787 136.195 .430 -377.1774 161.4200 

PH 325.4125 136.195 .018 56.1138 594.7112 

SP 393.6159 136.195 .004 124.3171 662.9146 

TL -33.0049 136.195 .809 -302.3036 236.2939 

BT 283.9531 138.789 .043 9.5244 558.3817 

J 34.8526 136.195 .798 -234.4461 304.1513 

N1 376.9214 136.195 .006 107.6226 646.2201 

TOT -850.6207 149.194 .000 - 1145.6227 -555.6188 

NI DKN -243.0989 136.195 .076 -512.3976 26.1999 

BN - 115.2139 136.195 .399 -384.5126 154.0849 

RO -484.8001 136.195 .001 -754.0988 -215.5014 

PH -51.5089 136.195 .706 -320.8076 217.7899 
MTBE 

SP 16.6945 136.195 .903 -252.6042 285.9932 

TL -409.9262 136.195 .003 -679.2249 -140.6275 

BT -92.9683 138.789 .504 -367.3970 181.4604 

J -342.0688 136.195 .013 -611.3675 -72.7701 

P -376.9214 136.195 .006 -646.2201 - 107.6226 

TOT - 1227.5421 149.194 .000 -1522.5440 -932.5401 

TOT DKN 984.4432 149.194 .000 689.4413 1279.4452 

BN 1112.3282 149.194 .000 817.3263 1407.3302 

RO 742.7420 149.194 .000 447.7401 1037.7440 

PH 1176.0332 149.194 .000 881.0313 1471.0352 

SP 1244.2366 149.194 .000 949.2346 1539.2385 

TL 817.6159 149.194 .000 522.6139 1112.6178 

BT 1134.5738 151.566 .000 834.8815 1434.2661 

J 885.4733 149.194 .000 590.4713 1180.4753 

P 850.6207 149.194 .000 555.6188 1145.6227 

NI 1227.5421 149.194 .000 932.5401 1522.5440 
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d I 

lI11UYI OJ-} ~l':il.:jfl1 SF 'lJfl.:j Benzene 

Inhalation Inhalation Inhalation Inhalation Inhalation 

Chemical CAS # Unit Risk Rrc - Chronic RfC - Subchronic RID-Chronic SF 

(mglmY' (mglm1 (mglm1 (mglkg-day) (mglkg-dayf' 

Benzene 71432 7.8E-03 3.00E-02 - 8.57E-03 2.73E-02 

,hn: http://rais.oml.gov/cgi-bin/toxffOX 9801 
I 

d I 

~l':iH'YI OJ-2 ~l':il.:jfl1 RID 'lJfl.:j Toluene 

Inhalation Inhalation Inhalation Inhalation 
Inhalation Inhalation 

Rrc- RfC- RID- RID-
Chemical CAS # Unit Risk SF 

Chronic Subchronic Chronic Subchronic 
(mglkg-dayf' (mglm1-' 

(mglm
3
) (mglm

3
) (mglkg-day) (mglkg-day) 

Toluene 108883 5.00E+OO 9.23E-01 1.43E+OO 2.6E-OI 

,hn: http://rais.oml.gov/cgi-binitoxffOX_9801 

~l':il.:jli OJ-3 ~l':il.:jfi1 RID 'lJfl.:j Ethylbenzene 

Inhalation Inhalation- Inhalation Inhalation 

Chemical CAS # Unit Risk RfC - Chronic RID-Chronic SF 

(mglmY' (mglm1 (mglkg-day) (mglkg-dayf' 

Ethylbenzene 100414 I.lE-03 I.00E+OO 2.86E-01 3.85E-03 .. 
tllll: http://rais.oml.gov/cgi-binitoxffOX_9801 

d I 

~l':il.:j'YI OJ-4 ~l':il.:jfl1 RID 'lJfl.:j Xylene 

Inhalation Inhalation Inhalation Inhalation 
Inhalation Inhalation 

Rrc- Rrc- RID- RID-
Chemical CAS # Unit Risk SF 

Chronic Subchronic Chronic Subchronic 
(mglkg-dayf' (mglm1·' 

(mglm1 (mglm
3
) (mglkg-day) (mglkg-day) 

Xylene, Mixture 1330207 - l.ooE-OI - 2.86E-02 - -
, .. 

tllll: http://rais.oml.goY/cgi-binitoxffOX 9801 
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IPll'iUVi OJ-5 IPll'il'1fll SF '\JU'I MTBE 

Chronic Inhalation Subchronic Inhalation 
Inhalation . Inhalation . Inhalation 

Reference Reference 
Chemical CAS # Rrc - Subchronic Unit Risk SF 

Concentration Concentration 
(mglm) (mglmJ

)"' (mglkg-day)"' 
(mglm) (mglm

J
) 

Methyl lert-Butyl Ether 
1634044 3.00E+OO - - - 9. IOE-04 

(MTBE) . 
,hJl: http ://rais.ornl.gov/cgi-bin/toxfTOX 9801 



~lH~~ 01-6 fllfnllJl~f.J ~ ~~f11 'Hn~ hfllJ::l~~ (Cancer - Risk: Risk) 'illf1f11'j'~fU-fflJH{1'{1'l'j MTBE 

..,. m"'lwm1'tJ"",,rtT~f1f1t'1~ 1 (~g/m3) 
tTtllU • " " • J v v v "" v 

;JUrl1 f)~f1l1 ~1i 'nq'HtT t2fl1 &tTl1 8lrlVltl ;JUrl1 

DKN 6,43 xlO-s 4,45 xlO-s 5.90xlO-s 3.66xlO-s 4.08x lO-s 3.l4xlO-s 3.30xlO-s 3.25xlO-s 

BN 4.89xlO-s 6.27xlO-s 3.58x lO-s 3.64xlO-s 4,42xlO-s 3.27xlO-s 2.50xlO-s 2.32xlO-s 

RO 4.93xlO-s 1.07xlO-s 9.ll x lO-s 5.l8xlO-s 7.33xlO-s 3.54xlO-s 4,46xlO-s 8.57XlO-s 

PH 2.35 xlO-S 1.18xlO-S 4.63xlO-S 5.50xlO-S 3.34xlO-S 6.04xlO-S l.35xlO-S 3.67xlO-S 

SP 2.53 xlO-s 2.08xlO-s l.35 XlO-s 3.l9x 10-s 3.54x I0-s 1.63xlO-s 3.26x lO-s 2.70xlO-s 

TL 2.56xlO-s 5.70xlO-s 5.57x lO-s 5.60xlO-s 5.85xlO-s 1.82x 10-s 8.9l xlO-s 2.9l XlO-s 

BT 2.11 xlO-s 3.37xlO-S 8.27XlO-6 1.86xlO-s 2,45 xlO-S 4.11 x lO-s 3.l0xlO-s 5.72xlO-s 

J 7.03 x lO-s 6.53 xlO-s 4.50x 10-6 4.28xlO-s 3.35xlO-s 1.25 x 10-4 6.22 XlO-6 4.63xlO-s 

P 5.04xlO-s 2.69xlO-s 2.07x 10-s 5.01xlO-s 1.l0xlO-4 2,47 x lO-s 3.93x lO-s 3,40xlO-s 

NI 3.85x lO-s 1.71 x 10-s 1.62x 1 o-s 2.30xlO-s 1.22xlO-s 2.35 xlO-s 2.20xlO-s 3.98xlO-s 

TOT 2.55 xlO-s 2.39xlO-4 7.52xlO-s 8.73xlO-s 8.98xlO-s - - 2.39xlO-4 

- --

m"'lwm1'tJ""'NtT~f1f1t'1~ 2 (~g/m3) 
v v • • f)~f111 ~1i 'nq'HtT t2fl1 &tTl1 

5.0l xlO-s 7.27xlO-s 4.l0xlO-s 5.50xlO-s 5.34x lO-6 

8.74xlO-6 2.l5x 10-s 3.37x lO-s 2,45xlO-s 3.20xlO-s 

5.18x lO-s 3.11 x lO-s 5.29xlO-s 3.87xlO-s 2.81 x lO-S 

3.75xlO 
-S 7,46xlO-6 6,49xlO-6 5,43x lO-6 J.52 x 10-s 

2.32xlO-s 1.82xlO-s 2.00x lO-s 2.80xlO-s 1,43 xlO-s 

4.2l xlO-s 2.66xlO-s 4.93 xlO-s 9.27 XlO-s 4.25xlO-s 

2.0l xlO-s 3.77XlO-s 5.39xlO-s - 3,40x lO-s 

2.3l xlO-s 5.87xlO-s 9.79xlO-s 5.11xlO-s 7.12x 10-s 

5.69xlO-s 2.89xlO-s 5.64xlO-s 1.22x 10-4 4,44x 10-s 

2.08 xlO-s 2.53xlO-s 3.00XlO-s 2.66xlO-s 1.83 x 10-s 

1.16xlO-4 1.20xlO-4 l.35xlO-4 2.18x lO-4 -

"" • f)1 rI VIti 

2.77xlO-s 

2.73xlO-s 

-4 
1.12xlO I 

3.59xlO-s 

9.0lxlO-6 

l.30x 10-4 

2.09xlO-s 

3.88x 10-6 

7.18 x lO-s 

2.01 x lO-s 

-

-.J 
Vol 
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~l'll\1~ OJ-7 fhmllJl~V\l~Vm'llfi~ hfllJ~l~\I (Cancer - Risk: Risk) ''If)m'li~i'1J<<lJH''''''''l'l Benzene 

mSJ1Wfll1rmJSJNiJ~flfli;'l~ 1 (Jlg/m
3
) 

, 

... mSJ1Wfll1rmJSJNtT~flfli;'ln 2 (Jlglm
3

) 

'Hill! • 01 01 , .., .., .., ... .., , .., .., , , ... , 
~l! 'tn tHfl11 't'j1i vtq'HtT 'Ifl1 ItT11 tlnWltl mn11 tl~fl11 't'j1i vtq'HtT 'Ifl1 ItT11 tll'YIg)tl 

DKN 8.42x 10" 8.26xlO" 9.66x10" 4.79x10·
4 

3.83 x10'
4 

3.27x 10" 3.40x lO·
4 

4.66x10" 8.26x lO" 1.18x lO'3 
4.49x 10" 6.08x10" 5.14x lO's 3.45x10·

4 

BN 6.02x10" 6.40x 10" 6.55 x lO" 6.77x lO" 5.23 X 10.4 
4.93 x lO·

4 
2.34x 10" 2.23 x10" 1.30 x 10" 4.73xlO" 4.00xlO" 2.82xlO·

4 
3.96x10" 2.41 x 10" 

RO 5.82x10·
4 

1.21x10·3 1.57 x 10.3 
8.77x lO" 8.59x lO·4 

5.50X10" 4.39xl0·
4 1.03x 10.3 7.42xlO'4 

4.34x10·
4 

6.70x lO·
4 

5.89x 10" 3.54x10" 1.13x 10.3 

PH 2.63xlO" 2.37x10" 6.50x 1 0" 9.10x10" 6.1 8x 10.4 1.06x 10.3 2.91x10·
4 

6.32x lO·
4 

6.92xlO" 1.94xlO·4 2.16xlO·4 
1.99xlO·

4 
2.96x lO·

4 
6.52 xlO·

4 

SP 3.93 x10·
4 

3.83 x10·
4 

2.72x10·
4 5.1 8x 10.4 

5.28x lO" 2.79x10" 5.80x lO'
4 

4.44x lO'
4 

3.98 x 10" 3.60xlO'
4 

3.35 x l0" 4.37x lO·
4 

2.49x10·
4 

2.09xl0" 

TL 3.10x10" 6.57x l0·
4 

9.20x10·
4 

6.22xl0·
4 

8.ll x l0·
4 1.47x 10.4 

9.94x l0" 4.99x lO·
4 

5.31 xlO" 3.82x10" 6.44x 10" 1.13 XlO'3 
4.39x10·

4 1.28 x 10.3 

BT 2.47x lO" 4.59x 10" 1.28x 1 0" 3.41x10" 3.19x10" 5.81 x10·
4 

5.86x lO·4 8.16x lO·
4 2.59x 10'4 5.94x10·

4 
8.39x10·

4 - 5.24x 10.
4 

3.02x lO·
4 

J 1.46x lO·3 1.14x lO·3 
4.53xlO'

S 8.33 x10·4 
6.89x lO·

4 1.97x 10.3 
8.49x 10's 8.84x lO·

4 
3.62x10·

4 
7.67x10·

4 1.62x 10.3 1.09x 10.3 1.61 x 1 0.3 4.73 x lO'S 

P 7.69x10" 3.01xlO·
4 

3.77x10" 5.71 x l0" 1.87x 10.3 3.40x 10.4 
4.58 x lO·

4 
3.67x 10" 8.48 xlO" 3.92x lO·

4 
7.02x10" 2.13 x 10.3 6.25 x lO·

4 
1.03 x lO'3 

NI 4.56x10'
4 2.45x 10.4 

2.23 x10" 3.23x10" 1.95x10·
4 

2.92x l0·
4 

3.40x10·
4 

4.85 x10·
4 

2.93 x10·
4 

4.15 x lO·
4 

4.62x lO·
4 

4.52x lO·
4 

2.49x10·
4 

3.10x lO·
4 

TOT 2.72x10" 2.11 x10'
3 

8.27x10" 9.48 x10·
4 

9.75x10·
4 - - 2.11 X 10.3 1.06x 10'3 1.45x 10'3 1.45x 10'3 2.54x 10.3 - -

- - - -

--J 
.j::.. 
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d , .d, q,. d ~ $IQ.1 Q.I QI 

~l'nn'l OJ-8 mmllJlffV.:j~tlf1ll1f)~ IlfllJ~lH (Cancer - Risk: Risk) 1Jlf)f1lllmUfflJ~ffffll Ethylbenzene 

.... m~lWfl1'11.1tf~NtT~ftfH'I~ 1 (llg/1ll
3

) m~lWfl1'1mf~NtT~ftfti:l~ 2 (llg/m
3

) 

t'l'Ol'U 
" • • • • • • v v v .... v v v 

;J'UfI' 803m, ~fi Viq'tttT tafl' un, 8lflVltl ;J'UfI'j 803ftl'j ~fi Viq'tttT tafl' ItTl' 

DKN 3.81 x10·6 4.02x10-6 3.73 x1O-6 3.09x 10-6 2.42x10-6 1.33 x1O-6 2.23x10-6 1.98x1O-6 3.61 X10-6 4.47 x10-6 2.58 x1O-6 3.42x1O-6 7.02x10-7 

BN 3.32x 10-6 3.40x10-6 4.74x10-6 4.51 x10-6 4.00x1O-6 3.30x10-6 2.39x10-6 1.70x10-6 1.96x10-6 3.83 x10-6 3.35x10-6 2.39xI0-6 2.76x10-6 

RO 3.06x10-6 6.83x10-6 9.23 x 10-6 5.57x 10-6 4.25x1O-6 3.66x1O-6 2.86x 10-6 5.06x1O-6 3.86x10-6 3.19x 10-6 4.18x 10-6 3.79xIO-6 1.99x10-6 

PH 1.44x 10-6 9.88x1O-7 2.58x10-6 4.61x10-6 3.29x10-6 4.41x10-6 1.32 x 10-6 2.64x10-6 2.99x10-6 8.71 x 10-7 9.69x1O-7 1.18xI0-6 1.3 Ox 10-6 

SP 2.61X10-6 3.50x10-6 3.13x10-6 4.18x10-6 4.06x1O-6 1.94x1O-6 4.01 x10-6 3.08x10-6 3.22x10-6 3.91 x10-6 2.76x1O-6 3.48x 10-6 1.75x 10-6 

TL 1.83 x10-6 3.83 x10-6 5.28 x1O-6 2.90x10-6 4.02x10-6 1.03x1O-6 4.28x10-6 2.50X10-6 2.52x10-6 2.40x10-6 3.38x1O-6 3.86x10-7 1.44x10-6 

BT 2.05x1O-6 2.95 x10-6 2.61 X 10-6 3.91x10-6 2.43 x 10-6 4.12x10-6 5.18x10-6 4.23 x 10-6 1.86x10-6 5.05x 10-6 4.64x 10-6 - 3.34x10-6 

J 4.88x 10-6 5.11 x10-6 8.35X10-7 3.27X10-6 2.44x1O-6 5.81x1O-6 1.31 X 10-6 3.74x10-6 2.20x10-6 2.90x 10-6 5.48x 10-6 3.71 X10-6 5.06x10-6 

P 3.65 x10-6 1.34x10-6 2.32x10-6 4.40xI0-6 9.57x1O-6 2.22x10-6 2.66xI0-6 2.20x 10-6 3.28x10-6 2.60x10-6 5.03xI0-6 1.06x1O-5 3.20x10-6 

NI 1.53 x 10-6 1.78x10-6 1.16x1O-6 1.31 x10-6 1.28x1O-6 1.06x 10-6 1.54x10-6 2.06x 10-6 1.70x 10-6 1.83 x 10-6 2.03 xI0-6 1.82x 10-6 1.14x 10-6 

TOT 1.69x1O-6 9.26x10-6 4.58x1O-6 5.l6x1O-6 5.19x1O-6 - - 9.26x 10-6 3.61 x1O-6 7.29x10-6 6.51 x 10-6 1.22x 1 0-5 -
----- c __ 

.... • 8lflVltl 

1.72 x 10-6 

1.75x1O-6 

5.66x10-6 

2.59x 10-6 

1.38 x 10-6 

4.85x10-6 

2.97x10-6 

7.17x1O-7 

5.14x10-6 

1.57 x 1 0-6 

-

-.l 
Vl 
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.d f d .d 111 ' I 'l!ll" 1 d lit" Q.I Q.I Q.I 

9'l1':il'l'Yl 01-9 fIlfl11lJl'iYtJ'l'\JU'l'iYl':i'YlllJflU '\11tl~ ':ifllJ~l':i 'I (Non - Cancer Risk: HQ) ~lfHll':i 1~':i'U'iYlJr.I'iY'iYl':i Toluene 

... tRSJ1Wfl111tJtTSJNi.l~flfl"~ 1 (Jlg/m
3
) tRSJ1Wfl111tJtTSJNi.l~flfl"~ 2 (Jlglm

3
) 

i.101U 
J J J .... J J J J .... .... .... .... .... .... 

\lUfl1 8.:.1m1 'V;tfi 'Wq'Hi.l t2fl1 un1 81flVltl \lUfl1 Mfll1 'V;tfi 'Wq'HtT t2fl1 itT11 

DKN 0.01752 0.02033 0.01909 0.01865 0.01418 0.00989 0.01108 0.01122 0.01942 0.02381 0.02176 0.01692 0.00403 

BN 0.01522 0.02418 0.01928 0.01994 0.01502 0.01120 0.00797 0.00805 0.00883 0.01189 0.01196 0.00871 0.01150 

RO 0.01503 0.03490 0.03616 0.02136 0.02310 0.01445 0.01302 0.02802 0.01962 0.01197 0.01716 0.01592 0.00951 

PH 0.00569 0.00485 0.01217 0.02077 0.01267 0.02157 0.00581 0.01318 0.01431 0.00306 0.00428 0.00353 0.00649 

SP 0.01005 0.01234 0.00843 0.01497 0.01991 0.00937 0.01412 0.01225 0.01223 0.00952 0.01002 0.01455 0.00701 

TL 0.00946 0.02163 0.01876 0.01480 0.01774 0.00497 0.02670 0.00992 0.01406 0.00927 0.01315 0.02752 0.01156 

BT 0.00782 0.00978 0.00520 0.00988 0.01051 0.01424 0.01367 0.01864 0.00642 0.01430 0.01679 0.00000 0.01239 

J 0.03430 0.02315 0.00207 0.01682 0.01236 0.03581 0.00253 0.01891 0.00814 0.01483 0.02873 0.02011 0.02880 

P 0.01860 0.00937 0.00843 0.01778 0.04054 0.01277 0.01368 0.01335 0.01730 0.01090 0.02091 0.04354 0.01618 

NI 0.01148 0.00611 0.00528 0.00629 0.00497 0.00686 0.00632 0.01336 0.00677 0.00872 0.00927 0.00946 0.00593 

TOT 0.00857 0.07080 0.02343 0.02737 0.03158 0.00000 0.00000 0.07080 0.03942 0.03857 0.04127 0.07187 0.00000 

... " 81flVltl 

0.00841 

0.00958 

0.02671 

0.01313 

0.00493 

0.03489 

0.00776 

0.00221 

0.02188 

0.00674 

0.00000 I 

--l 
0\ 
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~l':iN~ 01-10 ~lmllJl~tI-iJ'lJfJ-iJ~l'j~h;nfJhrlfl~ hfllJ~l~-iJ (Non - Cancer Risk: HQ) 'illf1fl1'ji~i''U-fflJ~~~l'j m,p-xylene 

... mlllWfll1'1mrllNtT~flml~ 1 (llg/m3) mlllWfll1'11.H:YlINtT~flfH'I~ 2 (llg/m3) 
tTillU 

J J J ... J J J • ... " ..., ..., ..., ..., ..., ..., 
{J Uri l' tl~fI1'I ~!i 'YU1't'ltT ~fl'I 'tTl 'I tnmUJ {JUrI'I tl~fll'I ~!i 'Wq't'ltT ~fl1' nn'I tllrl91U 

DKN 0.07682 0.07947 0.06918 0.05750 0.04074 0.02906 0.04376 0.03018 0.06870 0.08710 0.04547 0.06648 0.01468 0.03271 

BN 0.06379 0.06123 0.07486 0.07902 0.07058 0.06001 0.03750 0.03060 0.03409 0.05968 0.05110 0.03738 0.04712 0.02996 

RO 0.05789 0.12524 0.15967 0.10096 0.08172 0.06455 0.05421 0.09385 0.07589 0.06101 0.07949 0.06892 0.03817 0.10440 

PH 0.02186 0.02313 0.05240 0.08551 0.05603 0.07692 0.02498 0.05154 0.06236 0.01980 0.02211 0.01730 0.02531 0.05335 

SP 0.05581 0.06824 0.06369 0.08069 0.08429 0.04404 0.08587 0.06720 0.06262 0.06808 0.05634 0.06923 0.03817 0.03067 

TL 0.03883 0.07342 0.11862 0.05569 0.07639 0.01649 0.08755 0.06507 0.05486 0.04698 0.06070 0.02590 0.03486 0.09284 

BT 0.04143 0.05868 0.04419 0.08297 0.04938 0.07393 0.11192 0.08623 0.03655 0.09293 0.08432 - 0.06537 0.05436 

J 0.07861 0.08148 0.01434 0.05385 0.04386 0.10221 0.02203 0.05627 0.02938 0.04696 0.09459 0.05730 0.08287 0.01342 I 

P 0.08660 0.02547 0.03669 0.07116 0.18862 0.04191 0.05312 0.04362 0.08062 0.05228 0.08377 0.20951 0.06537 0.10114 

NI 0.02946 0.02912 0.02323 0.02561 0.02730 0.01833 0.03332 0.03942 0.03286 0.03832 0.03970 0.03888 0.02179 0.03754 

TOT 0.02863 0.15493 0.07367 0.08056 0.09777 - - 0.15493 0.06302 0.12334 0.10841 0.21453 - -
---- - -- ------ -- '----~ 

-..J 
-..J 
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