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Abstract 

· · 

This study has applied both qualitative (e.g. in-dept inteNiews) and quantitative methods 

(e.g. sUNeys and a passive air sampler) The passive air sampler and sUNey was 

undertaken to collect airborne samples in order to analyze the concentration of Benzene, 

Toluene, Ethylbenzene and Xylene (BTEX) , while urine samplings were used to measure 

the level of Trans, Trans-Muconic acid of people living in the slum of Klong Toei, Bangkok. 

The objectives of this study include; 

1. To measure the concentration level and average daily dose (ADD) received of 

Benzene, Toluene, Ethylbenzene, and Xylene (BTEX) of target populations in the 

Slum of Klong Toei, Bankok 

2. To asses health conditions of target populations exposed by BTEX 

3. To examine relationships between the concentration of BTEX exposure and 

health problems of target populations 

4. To use the result of this study to advocate communities and the government in 

establishing public policy for BTEX prevention and controls 

According to the sUNey (n=500), 91.6% were exposed to the BTEX, Volatile Organic 

Compounds (VOCs), and vehicle emissions because their houses were located less than 

500 meters from the street. Apart from these, the insecticide, mosquito repellent, hair 

spray, air freshener and other volatilized, lacquer and glue were minor sources of BTEX 

exposure 

·. 

.-

The average age of subjects was 48 years old, approximately living in the community for 30 

years . 79.4 % were female , 37.6 % were a housewife and unemployed, 15.7% was a 

merchant and 14.2 % was a daily worker. The average family income was 10,400 Bahts a 

month. The duration of BTEX exposure was 24 hours per day (69.9%), 7 days per week 

(98.9%). (In addition, the major of populations stayed in the community 24 hours a day 

(699%) and 7 days a week (98.9%). In term of the participants' occupation, one  fifth of 
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the participants had jobs that risk to the VOCs exposure. In addition, the study found that 

more than half of the participants exposed to the VOCs via the second hand smokers 

(family member and neighboring smoking) 

Eighty six subjects, who worked over 8 hours on the weekday, were selected for the 

personal air sampling and the urine sampling in 3 seasons. As a result, the average 

Toluene concentration in personal was relatively high compared with Xylene in 3 seasons. 

Meanwhile, the Benzene concentration was higher than Ethylbenzene in the rainy and the 

winter season, but it reverted in the summer. It also found that the concentration of 

Benzene, Ethylbenzene and Xylene of subjects (100%) was less than 10 ppb in each 

season. Two-third received Toluene rather high (>10 ppb) in the winter. For the level of 

trans, trans-muconic acid; the results indicated that it was less than the risky level. 

However, it was higher the safety standard level in the rainy season. 

The results indicated that the Toluene's average was highest in every season, followed by 

. the Xylene. The major reason was related to the regularity of fire accidents in communities,. 
making people to rebuild and repaint their house. Moreover, most of subjects used 

cleaning products and burned incenses every Buddhist day without ventilations. Thus, the 

subjects were exposed to both direct (e.g. house painting, incense's smoke inhalation, 

and contacting with cleaning products) and indirect ways (neighbor's activities). In 

comparison with three seasons, it found that there was no statistical significant on Toluene 

and Ethylbenzene, but there was statistical significant on Benzene and Xylene. It showed 

lower average in the summer season than other seasons, which related to the evaporation 

because of high temperature. In addition, the biomarker of Benzene (trans, trans-muconic 

acid; ttma) might be interfered by other derivatives such as food preservative's 

derivatives. There was no relationship between health problems and the concentration of 

: 
BTEX exposure among subjects. However, people perceived and realized the health 

problems caused by VOCs exposure. It might be house painting, using mosquito spray 

and lighting joss sticks everyday in communities. 
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According to In-depth interviews, two-third has not satisfied living in their community, but 

nowhere else to live. One-third responded that they were not risky to BTEX exposure. 

One-third also perceived that they have health problems, but they did not know the 

causes. It showed that people lack knowledge and awareness towards risks and dangers 

of the BTEX exposure. 

The study suggested that the cooperation among communities, the governmental and 

non-governmental organizations would play important roles in preventing and controlling 

the BTEX exposure. In particular, it is necessary to involve community leaders, health 

volunteers, women groups and youth groups in order to make the cooperation become 

more effective. 
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;: ~~B~ ~~I:'~l~ r£~ lU l ~Un.~U BB ~l~~k1.1;!t1'ltIA.n~tl~~t l~~lkruI'tW;: ~1M~nlk1.1'tMIA.1du 

~IT.mt~nk1.lMnl~l~n.M 2:vS2: flnt.j;l,~~I'tI't~n.t,~I'tW I:'Bl1.l-RU~tlU Ul~ I:'~M1B~mltl~ntl't~1':l 
" " 

H~n~n/;mBn.~l~t~1[g\I't~unt~l~~k1.1;:t~tlA.n~tl~Ul~I:'B?1 (SJOA 'spunodwOJ 8!ue5JO 

8i1le10 A) ~tlA.n~~k1.1;:ttl~I:'~l:'l~B;:lM~1~~1 ~UlI'tI'tB~~t,111:'~~~lUlBl:'llA..j;I,~~I'tI:'Blf.nBJ;lmf1 

tlU~~, I:'~ I:'~~ ~n.~U I'tB~14t,'1 I:'~ l-RU:ftlU I:'B~mt~t~tlBmlt,~~;:ruI1.nt t~nlk1.I'tMIA.1 du 

nlloml1'1 l nk1.tblt btlU r£~ru k1. t ~ lnl1.l:'B~1 ~If.1\'1,t;!l M'(;W~l iU~l~~I'tB~14 t,111:'~l:'llA.lk1.iUD 

n/;114~~IA.\~IA.1:::tf1nt~ lU lBl:'llA..j;I,~~l'tnlbbbD ~g,@1m!l.l'tl!.nV?k1.n/;m~11:'@~~I:'~ 1:'~11 OOL 

l~UUll't~g..@1m!l.l'tl!.r£t~nlk1.1't MlA.1 du t,f,1 I~ t,tl:'l~@I't@~14 t,111:'~nl~ I:'llA.l'ttlA.ll't@~mlt,~ 14~1 ~t 

~I':ll:'~ ~g,@1m!l.I'tI!.~~1~t@!JI:'~ 1:'@~11:',t:ln.n.;:tl:'@Il.n.:fI:'BUlUr£fitnb14@~~ ruk1.V@!Jmtnll:'l~tw 

lk1.I:'t,~11 @~1IA.n.n!l.U l~nll:'l:'t'1M~M@tlU @~ iUt~1I'tlt,~n.'y ll'tl'tl~ ~~I':l q,1 ~t,tl:'l~@f1\nIJWIA.t 

~ b 

~1A.1;:tf1I:'Blf.b~~-Rt~' I:'llA.~ln.~MlU ~t l~ ll'tnl['l ~I:'t,llontI'tUUk1.l~~Bnl~t,l1l~Wl1.tlU 

Lf1.IMl. o 

~ \A,\A,fl, 
p 

-. 
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~-:J LL'J c;)~'e)l-J nLL'W'J 1tJm~ l-J('W ~1 L'\-11?J1 '\-1 'liLn C;)'"l1 nVl1Vl1-:J n')~l11-:J1'W~hj L'\-1l-J1:;~l-J l11-:J1'W1 'W 

~.n1~ u. 'J c;)~'e)l-J~ L~tJ-:Jrer'Wl?1~1tJ LL~ :;'e)tJ1'W~-:J LL'J c;)~'e)l-J~ L1J'W~M 1c;)tJUru'\-11~-:J LL'J c;)~'e)l-J L1J'W~M1'W 
~ ~ 

nN LVl~"1 ~ rl1i-:JL1J'Wuru't-n 1 'WU'"l'"lU'W 1~LLrl ~1nrln*'J 1'\-1~~rl~'e)-:J Ll?1tJ~-:J'"l:;~-:J ~~ L~tJ~'el~'1J.n1~" 
q Q,I q q 

tntJ1'"l LL~:;L~'e)~~'J11i1-:J1 LL~:;~U~11'e),i'1lT'WL~"'e)L~~-:Jn'e)-:Jrhh:;n'e)u"lJ'e)-:J~1nh:;UlVl Benzene ~-:J 

L1J'W~1~rl'e)l-J:;L'f-:J LiJ c;) L~'e)C;)"lJ1'J 1'W~1'W~-:J LL'J c;)~'e)l-J 1mf1lT'WL~"'e) L~~-:Jvh1 iHhn-:W1 rumnn c;) n1"l1 

1'e)1"l1'W1'Wunm n1fi1 9-:J n rl'J1:W~1 L1J'W~'e)-:J~ c;)tr~'l-J1 ru 1'e),i'1lT'WL~"'e)L~~-:J L~'e) rl'JU rll-Jml-J1 run1 "ll, 

Toluene Ethylbenzene Xylene (BTEX) LtJ'Wn~:W"lJ'e)-:J~1~:S'W'Vl1~~:;L'\-1tJ~1tJ~~1~ClJn~l-J'\-1~-:J ~-:JQn 

1~1 'W'e) l?1~l''''m~l-J1C;)tJ1~ L1J'WL~"'e) L~~-:J (;]'Jl11 ~:;~1 tJ LL~~u-:J1~ L1J'W~1 :i'i-:J ~'W1'Wm~~~ l?1 L~~'W 1~~ , 

Ll-J'e)f ~~1~~n ~~L1JC;) ~1nrln~H1'WVl1-:JLnMl?1:i''\-11'e)H1'WVl1-:JUli"llm~:w 

~1'\-1fuLU'W~'W1l'e)1~~1 L1J'W~1~rl'e)l-J:::;bf-:J.ff'Wn~1-:J (medium carcinogen) L~mh~"ll1"ll'W 
1~fuL1J'W~:::;tJ~L'J~1'W1'W'"l:;n ~~vh1~ Ln C;)rl'J1l-J L1J'W~Ml?i'e)1"lJ m:::;c;)mL~:::;m:i'~'f1-:JLiJc;) L~'e)C?I n:i'~~'W 

~ , 

"I I I 

'W'el n'"l1 n\lLu'W;'WU-:J L1J'W~1~Vi rl'e)1~Ln c;)mm~1tJ-n'Wfi~'JtJ 1 'W"lJ ru:;Vi~1~;a'W'Vl1~~~LtmVi m~'e)'"l~n, 

~~ m:::;VlU 11i'e)~:;UUVl1-:J L~'WtntJ1'"l LL~~~~U'Jlh:::;~1'Vl~'J'Wn~1-:J ~-:J'\-11 n L1J'Wcf'e)f-:J'e)1~rl'e)1~ Ln c;) 

'e)1n1~'Vl1-:J~l?1Url~n.n1~ LL~~m:i':W ruLL'Llnh'J'W 'W'e)n~1nlfu-:Jn~~m~Vlul1i'e)(;]ULL~:::;1l?1 ~-:J'e)1~l111~, 

~.c::o.cva, _ cv'V 'V'iI .c::o..::;;:,I~..:::S 

Vl:W'J~tJ m'W'J1"lll-J"ll'WLL'e)'e) C?I rl~'e)-:J Ll?1tJtJ-:J"lJ 1 C;)"lJ'e):W~ ~'J1:W L"lJ:W"lJ'W"lJ'e)-:J ~1 ~'e)'W'Vl~m~L'\-1tJ"l!-:J'e)1~, ~ 

rl'e) 1~ Ln c;)~~ m:::;VlU"lJ'e)-:J lPl'e)~"lJ.n1~'e)'W1lTml'e)-:J'Ll~:::;"ll1"ll'W 1c;)tJ ~~m~~ n't't1~ :;1~n n1n~tJ LL ~ i~, ~ 

http:e)1n1~'Vl1-:J~l?1Url~n.n1
http:L~tJ~'el~'1J.n1
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bnUbbUU passive air 

b!lfi~ bU'W'D'Wbb~~1"l1~'W ~ ni,Hnu ~'J!lth'ltf~ ~l'J~b~'el (;)~'J'"lVll~~!?lU"Il'el'l trans, trans-Muconic 

acid ~'l bU'W!?l'Jitf(?lnl~~:Wr~ bU'W'D'W1'W1J~~'I!l'1!'W~'ell ~t1'eltJl 'Wb"II {;J'I!~'I!'Wbb'el'f1(?l f1~!l'l b{;JtI ~'l bU'W 
'" q 

"II'el'l1J~:::'I!l'1!'W~m ~EJ'eltJl'Wb~J {;J n N b'VlVi ~Vll'Wf1~ 'f1'W'"l~.wl11J'6'l n1~Vll bb 'W'J'Vll'l bbn1"l1 bb~~fuij'elnu 
'" q '" 

tfruVll~~~Ml'Wn~'l b'VlVi~'..n'WM!?l'el11J 
~ q 

~'W~~nM1{;Jl~~~n1~ 
2. b~'el'Vl~lU~'ltfruVll~"IllllVi~ b~m~'el'l nUn1~1~ftlb'J'W~'W L'Vl~~'W b'elfi~ bU'W~'Wbb~~1'1f~'W 

~ q '" 

t1~L~"l!U~~1~11"'1~1~~'U 

1. 1:J~n1~~r.rEJ'6'l'l~~~Vi1'W'Jl~~1~1·111n1~ 

2. n1 ~.wl b~'W'el1:J ~'l1'W~r.rrJ1'Wn1~1J~~"jjl-J1'Wbb~ :::!?l1'l1J~~ b'Vl PI 
q 

~'W~~'W1 ~iJtf'1iVll 
4. n1~ri'elli1 bn (?l'WLrJUlrJ~lnl~ru~1'Wn1~U'el'l n'Wbb~ ~mUf1~~~~M'"ll n~1~:a'W'Vl1rJ~:::bVltl 

q 

b~'eln1~iJ~"IlillVi bb~:::f1 ruIllVi~1{;J~~"II'el'l1J~:::"jjl'1!'W(L(?ltl n1~~"bb'"l'l t.J~ n1~~r.rtlli1nu n~~ 
q q q 

1?i'J'eltJl'lbb~:::1J~:::"jjl"jj'W~m ~rJ'eltJl'W~ r;n'W~~ b~rJ'l!?l'el n1~1~fu~1~~'W'Vl1rJ~:::bVlrJ1~ 
'" 
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"

d 
'lJ'VI'VI 2 

.Q.<C:iII~ q 1-a 1 'i'el'lJ VI 'i!l~ b\II!l Fl 'el'el:: 'i 

~1~:at.l'vi'hr~~lVlU (Volatile Organic Chemicals, VOCs) ~il n~~~lnh::nilu~h,rvl'hr~• 

U~~nilU ~'J tlil ::~il~ rnfUil'Wll'Cl ~ltlLI?l ~ l'"l 'W ill'"lijilil n~ l'"l 'WVl1il r1'Clil1'Wi'J ~~'Ju 

1'W~~ ~lh~~It)'Wlnill'"ll~fu~1 ~:a'W'Vl1U~:;lVltl'"ll n ~ ~~.nruoyJVI'ClIUil~I'l l-n'W ~'Vllih'W 

ii~Vl1ilr1~'llnuJ'I~'WVl1ilLNni'W~\~'W r1t)'W1JVl1 J'lmyJiln~ ~1~j;hvh'Cl~'Cl1t11'WVi~lf T1"liil~Vl1il. ~ 

'Y'i'W~~Cltl'Wj;] L~'l'lI'Wil~~IV1 m~~ ~~~.nruoyJYiIr1'JI~~:;illl?l~lll'Cl:;~il'lJ'1 ~ lu~uufum nlP1ll'Cl~. 
~:;.run~'WnitI J'lm~il~ll'Cl~(?)I?l~~ ~lUnrnl?l~~ ~ll'Cl:;J'lm~h-'ll~U ~1~~lll~'Cl'l m~IV1~1 ~1~ 
~ lnl?l'"lln nl5'l~11V1iJ nI'Jt?11'l1 ~1~:a'W'Vl1u~:;lVltI~I~I~CltJ::tJ'W1'Wunm nlP1 lr11il'l ~~ ll'Cl::mVlI~ 

nI~l~fui~ er~ ~1~:a'W'Vl1u~::lVIti lU'W~:;tJ::l'J 'Cl1'W1'W '"l ~ij e.J'Cl n ~~'VlUllUuLfil f'lVl1'fl~ul'I ~'Wt?1il 

~"lJJlIY1 (tJ~:;~'lA 0 ~rul'4t)W-J'W D-nml?l"ll, 2544; b~1 ~'Vlfi9 ~j;], 2545) 

f:'iiJ'fJ'WYl1vr::LUtJUU.Jm3-Jrfmj-ru::"1lfJ.J r:m~fJ~ dJu 2 n~3-J LUcY 7Pl"ci' 
1. Non-chlorinated VOCs Vl1il Non-halogenated hydrocarbons lu'Wn~~ l~LI?l~-

r11 fUil'W~:: l '\!ItJ ~l:iJijfil ~r1'Cl'fl1'W1 'W Lm'Cl n'Cl tJ~::nilU ~'J tI n ~~il:;~yh ~ n le'lL(1l ~r11 fUil'W (l"ll'W
• q q 

~1 :i't?l'J VlI 'Cl ::'ClltJ1'Wh'l'lI'Wil j;] ~ 1V1 n n~ ~ 1 m~~ llil'Cl nil e'lil ~ ll'Cl :;J'I~'W dJ'W~'W) ll'Cl:: n~~ 
qq. 

il::L~~I~n le'lLI?l~rnfuil'W (~I~t?l'JYiI'Cl::'ClltJt?11'l1l"ll'W L'Vl~~'W lU'W;'W lilfi'CllU'Won'W 1"ll~'W ltJ'W~'W) 

~'l~lffi'W'Vl1u~::lVltln~~1f~1'"l1 n~'lll'J I?l~il~ nl5'l~11VliJ nil'l"1ltl:: l'I'ClI~~ n t)~ (1l ~1:i'!1i'JYiI'Cl:;'ClIt1
q • 

l~nmt?l'J1'W~'lll'J(1l~il~~lnn~I~lm~~llm (Non-chlorinated VOCs) ll'l:i'l:;mr1N~~I'l~ij~'Wfi:: 

~:;'\!I~I'l r11fuil'Wll'Cl:;filj;]n~ml1 L'Cl L'"l'W~'V1'W'VlI'W m nl'lil nI:i'~ 'ClltJ t?l'J l'Wfin~"llI~ ~'J~i'l~'ClltJ t?l'J. . : 
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fl 'J13J Lih.!'vh!1"l1 'fI..:! ~1 'i~ lA'VI~ii~ ~~ tI 

~1J';S't.I'VlhrJ'::::L 'VI1:J1'WuJ'J'mni PI ~(?)LU'Wm n1 PI'W'rt (Toxic Air) ~!l'lnnlJ'fI'JUfllW1Lb~!lt.h'l 
• 'Il 

bflf'l flf(?) brimJD u'1i'l 1 'W1 'WnJ'::::u'J'Wni J'~ ~ (;l~ 1 J'~'W'Vi'fth:::: b'VII:J rrr'l n ~1 'J ~ 'l ~'J'W1 'VI qj bU'W J'::::UutJ ~ 

i'l'VIl-J ~ ~'lh;m!lJ'::::b'VItI"lJ!l'l~1J'~'W'VlhrJ'::::b'VIti b~ (?)~!l(?)!l!l n~UJ'J'tl1 nlPl1~ 
'" , ~ 

~1J'~'W'Vl1tJJ':::: b'VIti ij'fl'W(;lntl ~!ll-J'W 'rttJbb~::::ij ~~ nJ'::::'Vl U~!l~'l Lb'J (?)~!ll-J b(?)tI ij ~~ ~!li'Wbtlb"ll'W• 

"lJ!l'lb~ n b~!lbtl b"ll'W!lril 'WuJ'J'm n1 PI.r'WIn ~lb~ n vhHhu'W'W'rt~!l~'lij~~ (;l bL~::::~Il-J1 Hl'vh1ihn (?)
'Il 

b'J ~1'Wl'Wbif!l L~mJ!l (?)iOl::::Cl m11~1t1!lri1'l m'JnL~::::ij ~~ !?l!lJ'::::uu.nlJ ~l-J n'W"lJ!l'll-J 11 'rttJ 'W!l niOll n1i' 
cu 'lI q "1t 

btl b "lI'WtJ'lvh 1~~'l ri!l~~I'l~lr(?) b ti!l'liOll n L u'WcK'J!l!l n~1~~!lril'l LbN J''Jl-Ji'l b u'WcK'JvJ!l n~ LL~ ::::vh 

1~~~ ~~(;l'Vll'l nlJ'bn'rt(;lJ'(;l n~1 (~l-J1 fll-J ~'l L~1l-J fI'J Il-JD~!l (?)Jltl LL~ ::::!l'W1l-Ytll'Wn 1 J'Y11'l1 'W, 2552) 

~1J'~'W'Vl1tJJ'::::b'VIm~1~fl'lnltl1~ 3 'Vll'l Fi!l (1) 'Vll'lnlJ''VIlt11iOl (2) 'Vll'lDln b~tlnlJ'n'W-~l-JbL~:::: (3)
'" 

th~tI 3 DJ'::::nlJ'rrr'l!?l!l1D1i' 

1. "ll'J'l~~(;lfli'l (Half life) "lJ!l'l~IJ'~'W'Vl1tJJ'::::L'VItll'WL~!l~ nlJ'(;lJ''JiOlt)~~IJ'~'W'Vl1tJJ'::::L'VItll'W 

L~!l ~~1l-J1J'l:lU!lnDJ'::::rWi nlJ'il-J er~1'WD J'::::"lI 1 nJ' 1~ 

2. ~.nl'J::::.nlt11'Wh'l nlmL~::::Dnmtll~'J Lflij'Vll'l Ll-J mU!l~~ IT (Metabolism) lwcKuLL~:::: 

L ti'!l L~!l ~'liOl::::LbDJ'~.n1~1~ LU'W'W'l"tl-J1 n~'t.l'VI1'fliJ!ltl~'l1~ ~'W!lri n Uml-Jl rubL!l~ n'fl ~!l~'VI1!l~lnflij
'" 

"lJ!l'l 2-butanone LL~:::: acetone l'WL~!l~ 

3. 

" '" 
!l'fl nl-Jl'Vll'lU~~1'J:::: LL~::::'Vll'l~l-J'VI1t11iOl) LL~::::'Vll":)~'fll-J (b~tI c.i1'WcKuLL-c:l::::-W1 ~l) lh~lJ'tr'Wl:l niu'fl'fl n 1~ 

'IJ 

41t1 fI'Jll-JLU'WYl~::::iJ!ltl-c:l":) (DJ'::::~'lr1 0 flru1'Wt)W.J'W 0 imWll, 2544; 1l-J(;l1 ~'Vlfi~(;l~, 2545). . . 
, 1 a... ~, '" """ "" d'!ltl 1,,:) J'n (;l1l-J !l'W(;l n tI LL~:::: b'Vl 'rt(;l 'fl ~"lJ.n 1~"lJ!l 'l ~ 1 J'!l 'W'Vl J'm:::: L'VI tliOl::::l-J m~ n J'::::'Vl Ul-J 1 n"lJ 'W. 

(Additive effect) ~11~fu~1J'~'W'Vl1tJJ'::::L'VItI~~l-J n'W'VI~lt1"l1U(?)1'WL'J~IL~m n'W miOliOl::::~":) L~1l-J fI'Jll-J 

!'WLLJ''l t?i!l~"lJ.nl~ l-Jl nn~1 ~~ nJ'::::'VlU~ bn (?)iOll n nlJ'l~fu~IJ'L~tI'J 1 bL~~::::"lIU~J''Jl-J n'W 

http:t?i!l~"lJ.nl
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1e'1b!?i:i'fl1fUtl'W (Aromatic hydrocarbon) b!?im-w'W~nM1~1:i'~'W'Yl1t1:i':-;bVlmyjtJ~ 4 "llll!?i l~bbri 1) 

bU'W~'W (Benzene) 2) b'Yl~~'W (Toluene) 3) btlfi~bU'W~'W (Ethylbenzene) bb~:-; 4) 1"Jl~'W (Xylene) 

Vl1tl~9n n'W~l'W~tl BTEX btitl~91 mu'W~ 1 :i'~'W'Yl1t1:i':-;bVltJ~~1~ 1 :i'bl'W Ub ~'Wbb~:-;~~ er~ L~l 'W 
'" 

I • ~ I 

91 n n1:i'ni'WiJbl9ln~tJ~ b"ll'W Yl'Wb 'WtlfViH e.J~~~-w1lY'WViH e.J~~~ e.J~ 19l.nru"Yln19!?ibb~~~:i'U n'J'W 

,f1t11brt~tlUbyJtlmL9tlf "1~"1 (m1J19l1 fi'WL91'1J"llru[n~, 2012) 

1) b'IJ'U:n'U (Benzene; B) 

bU'W~'W LlJ'W'lItl~LVI~,)1') 1 yJ~hji1~ i1 n~'WVI,)1'W LL~:-;~1~1:i'bl:i':-;bVltJn~1t1Lu'W1tll 'Wtl1 mf11~ 

L'h Lbl?i~:-;~1tJl'W,f11~.jh (Snyder, C.A. 1987) bU'W~'Wi1bLVIfi~n1Llj!?i91nn9m:i'~'lItl~~'WmJ L"ll'W• 
n1n:-;LVltJ'lIru:-;'lI'Wd1tJ,f1lY'W bb~:-;flr)'W1.JVli :i'')~i~~19l~1V1nn~l?i1~1 (1~LLf) ~iJtl~ e.J~inyJtln tJ1 

Lb~:-;~1:i'~1bL~~~ bU'W~'W) bb~:-;91nfi:i':i'~"ll1~ (l~bbri n1"1l91nm'll11vJ 1vJ1V1iJthbb~:-;,f1lY'W~u bU'W 
'" 

1'W"lii 1911h:-;~1r)'Wbn1~fui~ er~ Lu'W~'W1'Wm~1 rub~n-WtltJ91 n~~bb,)!?i~tlWl1tJl 'Wih'W 

1l1tJ'Wtln bb~:-;~vh~1'W ~~m91~fu91 n m:i'~'UuVIi Ltl b~tJ :i'bltJ'Wr?lbb~ :-;maJfitltJ'lltl~ b~tJ91 n b:i'~ 'l1'W 
'" q 

~19l~1V1nn~ :i'')~i~e.J~l9l.nru"Yl~i1b'U'W~'WblJm~')'We.J~~ L"ll'W m')l?i1~1 ~ bL~flbntlf Lb~:-;e.J~invJtln 

LU'W~'W 9:-;L~'W~11l1tJ1 'Wih'W9:-;i1 :i':-;(?)'U fl,)1~ LiJ~iJ'W"JJtl~ LU'W~'W~'l n ~1'Wtl nih'W 'Wtl n91 nti'm:i' 
'" 

i~ er~'Yl1~ n1:i'Vl1tJ19tl19 Ln!?i b!?itJ n1:i'~U1JVli 91 n n1:i'~ m~n n1:i'~ !?i~~ Lu'W:n'W1 'Wfl'W~~U1JVli 

bmtJ'U bVitJU nu fl'W~hj~UUVIi 'Wu~11'WL~'Wb~tl !?i'lltl~ ~~UUVIii1:i':;(?)'U'lItl'I LU'W:n'W~'l n~11'W~hJ~'U 
<u q <tJ "U q qJ <U qJ 

: ~'W1'WU:i':i'tJ1n1f1~1nn~1~:i':;"ll1"ll'W~tl1~tJtl~1'W"ll'WU'Yl 

LU'W~'W~1~1:i'bl!?i!?i~~LiJ1~:h'ln1tJ1~ 3 'Yl1'l1~LLri 'Yl1~n1:i'Vl1tJ19 'Yl1'ln1:i'n'WLL~:-;'Yl1~
'" '" 

http:Lbl?i~:-;~1tJl'W,f11~.jh
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" 
'W'fl n"'l1 ntln1:i'1?) I?)~~ bU'W~'WeJ1'W'Vl1'l ~'l"nr'l"'l ~ bU'WI.D'fltl 1'l:i''l I?) b~'l "'l1 n n1:i''Vl I?) ~'fl'l1 'W 

'lJ 

'fl1~1~lTl"l:i' ~'ltln1:i''Vl1bU'Wsn'Wt:J~~1"l1fU'fl'W 14 -VlU1b'ln.I'Vl'fl'lbb"JJ'W yjU~1~'fltl~~ 0.05 "JJ'fl'lm1~ 

b~~~'W~'Vl1"'l~f.l nl?)l?)~~ eJ1'W'Vl1'l ti'l'WW'l bb~~"'l1 n n1:i'P1 n'rt1I"l'W'l1'W~i~cr~ bU'Wsn'W'Vl1'l ti'lVltJ'l yjU~1
'lJ 'lJ 

, 
i/ ~ 4 .Q Q.o' ~.c:::j ..:S. .. I 
:i''fltl~~ 22-40 ~n1:i'1?)1?)6JI~'Vl1'lf.J'lVlWl (Susten, A. et aI., 1985) ~l?)tI'Vln1:i'1?)1?)6JI~~1~1:i'f.lu:i'~~1ru

'lJ 'lJ 

I.~"'l1 mn~1ru"JJ'fl'l L~(;]1LUI.~'Vl~ f.l n r'hroTI?)'fl'fl n'Vl1'lU~ ~1'l~ 
" , 

n1:i'~I?)I?)~LU'W~'WbbUUb~tlUW~''W-Vl:i'~C;)UI"l'l1~b~~~'W 20,000 ~'l'W1'W~h'W~'l'W (part per 

'I "" 'I" "" ""=0million; ppm) ~'W:i'~tI~b'l~1 5-10 'W1'Vl 'fl1"'l'Vl1 ~Vlb~tI"ll'l(;] (Clayton, G.D. and F.E. Clayton, Eds. 

1981) bb~:::n1:i'~I?)~~~:i'~C;)UI"l'l1~b~~~'W 700-3,000 ppm "'l~bnl?)n1:i'~'l'l~~ ';J'lb~tI'W Vl1t11"'lb~'l 
'lJ 

D'l 1?)P11'M::: 1"'1 i'W iu~'W bb~~VI~ I?) ~ ~ Ll?)tI'fl1 n1:i'L VI~1t1"'l ~Vl1t11.Db'fl'l b~'fl'fl'fl n"'l1 nU1b'l ru~iJ n1:i' 

D'WbTI'fl'WVl1'flhil.~fui~ cr~ n1:i'n 'W'fl1 VI 1 :i'Vl1'fl bI"l1'fl'l ~~~ iJ n1 :i'D'WbTI'fl'W"JJ'fl'l LU'W~'W1'W:i'::: c;)um 1~ 

b~~~'W~'l .yh1~'fl1b~tI'W :i':::1"l1m~'fl'ln:i':::byj1~'fl1V11:i' ';J'lb~tI'W Vl1t11"'lb~'l b~'Whi(;]:i"l'Vl1'l ij'W'l'l in 
'lJ 

VI~I?)~~ bb~:::b~tI~';J(;] (Clayton, G.D. and F.E. Clayton, Eds. 1981 ) 1'Wnnl1~I.~fui~cr~Vl1~ 

~'lVltJ'lvl11~ bU'W~'Wbbl?)'l bb~:::bb~U 

~1V1fu n1:i'l~fui~ cr~bU'W~'WbtJ'W:i':::tI~L'l~1'W1'W 'fl1"'l Vl 11~ Ln 1?)f.J~ n:i':::'VlU ~'fl~"JJ.n1yj c;)~t1, 

- f.J~ m~'Vlu~'flI."JJ m:::rt.1n Lti'fl'l"'l1 mU'W~'WLL~:::L~ (;]1LUI.~'VliJ ~'Vlin I?) n1 :i'vl1'l1'W"JJ'fl'lI."JJ m:::rt.1n 

Ll?)tI£Ju6'l m:::U'l'Wn1:i'LbU'l L6JI~~'Wi'WI.~L(;]~~ Vl11~n1:i'~~1'l L:ijI?)L~'fll?)bLI?)'l Lil I?)b~'fl~"JJ1'l 

LL~~Ln~~b~'flI?)~I?)~'l ri'fl1ihnl?).n1'l:::L~~!9l'"l1'l (Anemia) ~'l'fl1"'l LU'W~1LVI!9l"JJ'fl'ln1:i'Lnl?), 

~:::L~'lb:ijl?) b~'fl1?)"JJ1'l (Acute Myeloid Leukemia) 

- f.J~ n:i'~'Vl'J ~'fl:i':::UUD:i':::~1'Vl~'l'Wn~1'l 

- eJ~n:i'~'VlU~'fl:i':::Uu.nn~~n'W vl11~.nij ~1'W'Vl1'W~ I?)~'l -el'Wbti'fl'l"'l1 n eJ~ n:i' :::'Vlu~m~UU 
'lJ , '" .. 

L~'fll?) 

- f.J~ m:::'VlU~'fl:i':::UU~uvr'Wfil.'W~VI OJ'l ~1I.~fU~:i':::c;)UI"l'l1~ L~~~'W~'lvl11~D:i':::~1 L(;i'fl'W~1
q 'U Q.I '\I 

http:m:::rt.1n
http:m:::rt.1n
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:r:;(1)U"lJ'fl'lluu~u1Ur1U'I1U~ L~I'J~~!?\ Lti'fl'l~1 n m :r~~ er~ nu lUU~u1um m Pl ViU~1nm~1rulUU~U 

lul~'fll?l ~~'fl'l LL'Cl:;lul91u L'YlinU 0.38 mg%, 1.38 mg% ll'Cl:; 0.26 mg% !?\1~ih(1)U ll'Cl:;~lnm:r 
I I it I '" 

iu~ 1?1 :rPlViil'JtuV1l~tJ~~!?\ Lll'fl'l~1 n n1 :r~l?ll?l~ LUU~U Vium~1 ruluu~u1Ulll'fllf.i1J 1111 'I 1 (1)'1il 

1UL~'fll?l 2.0 mg% 1U~~'fl'l 3.9 mg% lul91u 1.6 mg% 1u11?1 1.9 mg% 1Un:r:;lVil:;mVI1:r 1 mg% 

1u~l~ 1.1 mg% 1u1"lllTuu1V)ru"li'fl'lVl'fl'l 2.23 mg% ll'Cl:;luif~~I,):; 0.06 mg% (Winek, A.L. 

and W.O. Collom. 1971) 

U'fl n~1 ncl'luu;nU~I~1 :r(]~'1 e,l1U:fn"lJ'fl'l r1ULl'Cl:;ViU~1 :r:;(1)1J r1,)I~ l~~~U"lJ'fl'llUU;nU 1 U cord 

blood nm~lru~lnn~T\ff'fll'Yhnu:r:;(1)1Jml~l~~;;u1UL~'flL1l"lJ'fl'l~I:rl?l1 (Dowty, B.J . et ai, 

1976) 

nlJnl~~~~n~lnil~nl~ 

luu~'W~1~nm :i'l1J~1'J U:i'1.h:; b1 n n 1{l?l'fl'el n~ 1 n il'1 n 11'J'V11'1 'Cl~Vill'J 1~'fl'fl n L1JUVi ~n ~1?1:i'1 
'U '" 

JlltJ1'W 1 i') 1~'1 ll'Cl:;1~iiml~ Lll?1 n 11l1'l nu:r:;Vi~I'1lVi PlVi iQ'IlL'Cl:; l Vi Pl"l!11'J ll'Cl:;~'fltJ'Cl:; 16-41.6 "lJ'fl'l 

luu;nU~Qn~L1l~~~:;Qnr'h{l?l'fl'eln'V11'1'Cl~VilI'J1~'fl'flnJlltJ1'W 5-7 i')l~'1 (Nomiyama, K. and H. 

Nomiyama. 197 4) Ul'1m:rPlm~t1ViU~1 m~l~lTr1:riim:rnl{L1llUU;nU'fl'flmY1m 'f'elI'J'Cl:; 0.07 -0.2 

" 
l'YlTWU (Srbova, J. et ai, 1950) Ll'Cl:;~lnnl:r'V11LUU~Ue.J~~ r11fu'fl'W 14 uU~hWW'I"lJ'fl'l'fll~l~lTm 

ViU~1 n1:rnl{m'el'fl n'V11'1U~ ~1,) :;nm~1 ru~1 n~~ 
q 

l?l1 u"li')'1 2 i') l~'1ll:rn ll'Cl :;~1 n n~I~'fltJ'Cl:; 80 

" " .
"lJ'fl'lm:rnl{l?l'Vl'lVi~l?llnl?l~u1'W 8 i')l~'lLl:fn 

: 

2) 1'V1~i1'U (Toluene; T)... 

~llTU~ U ll'Cl:;l u~u1'V1 'Cl 1'V1 'Cl ~'Wln l?l~1 n-lJ1J') un 1:r e.J ~ 1?1 ~llTUlUU~ Ull'Cl::; l~'ell Vi ~'l11l1'l1 ~1 n 
'U 'IJ 

~llTU~u "lJu')um:rf.J~I?1~IU~U Ll'Cl:;dJ'Wf.J'ClVi'Cl'fltJ1~~ln'r;l!?\~IVin:i':i'~f.J~1?1~11?11u (Styrene) 
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'" • 'V "" cr ..::::0.. cr 0 .r::::!I aI a .:::!II 0 tr 0 Q..I ~ .c::I i.I 1.1 d 0 cv 

bnTl~ 'Vl'Wb'WTl~ 'W1tJ1bfl~TlU6'lb~U bfl~Tl'l'6'llm'lfi 'W1tJ1"1l(1l'6'l'Wl-J '6'ltJill-Jc..J1 ~l-Jn m'l bb~:::c..J'6'll-J'W1l-J'W 

bU'W;'Wb~Tl b~l-J ,"h~Tl n b 'Vl'W ~'J l-J vr'l b U'W(;]'J Vi 1 ~:::~1tJ 1 'Wn1'J 1 ~1'W"1lU'J'Wn1 ~~l-J~bb~::: n 1 ~yjTl nWW'l 
~ , 

~'l,r'Wb~l~'lmTl n l'6'l1~fUil-J cl''6'l L'Vl ~~'W1l1 tJ1'Wih'Wbb~ :::~'l bb'J (1l~t)l-J1l1 tJ'WTl n [;]~Tl (1l"'l'WlTl b~mbitJ'Wl?l 
" iI I I I 

'WTln"'lln\!bfl1il'l~l-J~tTln'6'llnu'W~mb~~'l n1 b1J(1lWW'l"1lTl'lL'Vl~~'W1'WYiVi1'l1'W (U.S. EPA, 1990)
" 

nnll~1lJl~Tl1 fi1'ml~1'WU1b'J ru~[;]'6'll~ m~l-J 'ViU~l ~:;~U f1'J1l-J b~l-J~'W"1lTl'lL'Vl ~~'W1l1 tJ1'WU1'W 

bb~:;1'Wu~~mmfi1-WTltJn~11 ~'J'W1'W~1'W~'J'W (ppm) (ATSDR, 1989) m~'6'lulJ~i 1 "lfTl'lJi'W~:;" . 
1~flJL'Vl~~'Wb~l-J('W 1,000 1l-JLflmfl-J 

" 

1 0 ~'W1YiIl1tJ~~'l n1~'6'l (1l(1ll-J (U .S. EPA, 1990) bb~:;~f1'J1l-Jil-J~w}n'W'6'l'l~:;VI~1'l f1'J1l-J b~l-J~'W"1lTl'l 
" " 

L'Vl'~~'W1 'Wq'l ~ l-J (alveolar) bb~:;1 'W b~'Wb~il (1l bb(1l'l1mll (arterial) vr'l"1l ru::;iWJ'6'l bb~ :;1l1tJW,r'l n 1~ 

il-J cl''6'l "'llnm~~n~1'WTl1'6'l1'6'l~f1~~'JtJ m~TlTln n1~'l mtJblJ11 "1l ru:;il-J cl''6'lb'Vl~~'W~ c..J'6'll-J ~hfi ~tJl-J 

(deuteriu m) 'VilJ~1tiltJ ~:; 50 "1lTl'l b'Vl~~'W"'l::;" n (1l (1l~l-J"'l1 mJil (1l1l1tJ1'W 2 i'JLl-J 'l bb~n"1lTl'l n1~il-J cl''6'l 
" ,,'U 

~1~ flJ m~(1l (1l~l-Jb'Vl ~~'Wt.h'W~:;lJlJ'Vl1'l b~'Wil1V11~'6'l1l-J1~bi [;]~'J"'l1'(1l1~"'l1 n~ l-J~ 1tJ 1 "'lTlTl n bb~:;'6'llnl-J 
" 'U 

~ ~ , 

[;]1blJ1~'Vl1'WU'6'l'6'll'J:; vl'l\!tiltJ~:; 75-80 "1lTl'l b'Vl~~'WYi~ltJ1"'l b~1"'l:;" n(1l(1l~l-J bb~:;'6'l1l-J1~"1'(1l1~"'lln 
OJ " OJ 

ml-J1ru'6'llnl-J [;]1 blJ1~vl~-nlJTlTl n'Vl1'lU'6'l~1'J::: "'l:;b~'W~1 m~1~flJil-J cl'~b'Vl~~'W~'J'W1V1 ru"'l:;~'l c..J~" ~ 

: 

b~tI'JnlJ m~'Vi (1l m~l-JTl'l b~'W m~1~tJ'W '6'l ru b~tJ m~mUfll-J n~ll-J bti'Tl '6'lru b~tJfI'J1l-J'Vl~'l~1 ~ ru b~tJ 
ClJ '\J cv q '\J Q,I qj Q.o' 

~ ~ , 
m ~'Vl ~'l (;]'J bb~:::'6'l ~U '1J '1J1~ (1l~'l vl'l\!Vl1 n 1~flJil-J cl'~llU1'l!?iTl b \!Tl'l b u'W'l.h:;~ 1'Vl n1''Wil1'''l ~'l c..J~ 

m:::'VllJ I?1Tl'6'll-Jil'lTlf.h'l m'J~ l-J1 n hJ n~l'd'U'l'VilJ~lL'Vl ~~'W~~~:;vllJfI')ll-J b;l-J~'W'6'l'lil1"'lVi1 ~ltJl[;]
" OJ 
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: 

'f1th~b~m 'f1th~hnrwu.J m:i'l~~uY;mth"l b~tJu~i'W'f111Ol';h1ih~tJ~~ ~Y]'W~ 

n 1:iLl. 'I'V in :1::""11 f1 Ll.fI::n 1:iLeJ1eJ fl1 fJj 

b~'f1~ (?l(?l~ b'Vl~~'Wb;1 ~i1"l n 1tJlOl:; bb ~in J':;1Ol1tJ L;1~ nJ':;bb~ b~'f1 (?l ~U~1 J':;~uon'f1~b'Vl ~~'W1'W 
cu <u III cu cu 

J''f1~~''l~11~bbri rPlU!l'f1'W ~~'f1"l "r'J110l b~'f1(?l 1onlT'W1'Wi1~ mtJ bL~:;tf11oni'W~i"l bll'W~'W (Ameno, K. 

et aI., 1989) 

n1Jn1~~'f1fln""llni1~n1f1 

mJ'i~er~ nUb'Vl ~~'W'Vl1~mJ'~1tJ11Ol bbUU b~tJu~i'W ~U~1b'Vl~~'W~hHjmnLJ~tJ'WJ'LJIOl:;(1 n 
cu 'lI qJ <U 

bti''f1 b~'f11'l1lT'WIOl:;t;J n ih~(?l'f1'f1 n'f1th"l~11 'f1th~hn [Pl1~n1:i''liUb'Vl~~'Wbb~:;~1J'~ bn(?l1Ol1 nonU'J'Wn1:i' 

b~~1bU~~~'f1'f1nIOl1ni1~mtJlOl:;ln(?l~'W'f1th"lJ''J(?lL~'J1l1tJ1'W 24 .ft''Jbm (U.S. EPA, 1990) 

3) L'elfi~L'U\J~\J (Ethylbenzene; E) 

b'e)fi~ bU'W~'W b1J'Won'f1"l m~'Jhi iJ ~ n ~'W~~ 1tJtf1lT'Wbu'W6jj'W ~ (;11yJ~1 tJ~'f1 CW~1l iJ ~'f1"l b(?ltJ
q qJ 

" , 

U1lT'Wb~1'f1"lu'W (Cavender, F. 1994) 


n1J'LJ'WLiJ'f1'W"lI'f1"l b'f1fi~ bu'W6jj'W1'W'f11n1 ~~'J'W1mll bn(?l1Ol1 nn1n[:J11~iJ'lI'e)"ltf1~'Wrh"l! bl~:; 
~1'W~'W J''J~i''l1Ol1 n'f1~~1~nn~~U1 b'f1fi~ bU'W6jj'W~1H1'WnJ':;U'J'Wn1HJ~ 1?1 'W'f1nIOl1ntfb'f1fi~ bU'W6jj'W

q 

t;JnU1~1H1'W'fJ1?1~1'V1nn~19l1"l1 b"ll'W 'fJ1?1~1'V1nJ'J'w,J~1?1~11?11'W 'fJ1?1~1'V1nJ'J'~[:,J~l?1b~'e)L~~~ bb~:; 
[:,J~~Jlcw,,]~iJ~'J'W[:,J~~on'f1~b'f1fi~bU'W:n'W l~llri tf1lT'WbU'W:n'W ~ ~~n tJ1~1bb~~~ n1'J~(?l~J'~ tf1~'W 
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f)') 1~ rWLLN'll'el~ t:J~ n :r:;'VlU (;]'el~'lI[)1'Y'1i'W'el~ n utfhJ 1 o.l'vr1'el:i':; (1)U f),)1~ L~ ~ ~'W'll'el~ L'elfi ~ LU'W~'W 
~n'Mru:;'ll'el~m:i'l~fUl~er~ LL~:;:i':;tJ:;L,)~11'Wn1:rl~er~ 

m:i'~n'M11'W~~'MtJ1"1ih~'Wr)1 L'elfi~ LU'W8]'WiJ m:i'~I?)~~'elth~:i',) I?) L~,)'Vl1~ n1:i''VI1t11~ bl?)tJ1~ 

m~1~,rf):i'l~er~ L'elfi~ LU'W~'W 'Y'IUr)1~'eltl~:; 49-64 'll'el~ L'elfi~LU'W8]'W~(I n~I?)I?)~~:;(lnnnLnul~1'W
'IJ 'IJ 'IJ 

i1~mtl LL~:;iJm~1ruLV1t1~L~nu'eltl~~1~1:i'(lrjI?)1~~1n~~'VI1tJ1~'el'eln (NTP, 1992) ~')'Wm:i'I?)I?)~~
'IJ 

eJ1'W'Vl1~ ~,)'VI1!~Ln ~:£''Wl~u'eltJ'VI1n LtJ'Wm:i'l~er~l'el:i':;L'VItI'lI'el~ L'elfi~ LU'W8]'W LL(;] n~U'Y'IUr)1 m:i'(?1
'II 
~~~ 

'Vl1~ ~')'VI'1!~ LiJ'WL~'W'Vl1~'VI~n 1 'Wm:i'l~fu L'elfi~ LU'W~'WL'VI~,)'VI1'el L'elfi~ LU'Won'W~tl'WLti'el'W~1nuJ1 

n1:i'l~ er~ L'el fi ~ Lu'W~:i':; ~U f)') 1~ L~ ~ ~ 'W~ ~1'W:i':;tI:; L,) ~1 tr'Wi'W 'el1~ .;)11~ n ~tl:i':; ~1 'Vl 
'II 

~~1~ ~L~m"l!1'1J'lI'el~ The International Agency for Research on Cancer l'WiJ'M~1'Wr)1m:i' 

l~er~ L'elfi~ LU'WLtl'W:i':;tI:;L,)~1'W1'W 'el1~ LtJ'W~1 L'VI~'lI'el~ m:rLn ~~:;L~~1'W~~'Mcl" 

n 1mwim::1O.J1tJ LLfV::n 1J'Lf;J1f;JfV 1[)j 

hjiJm:i'~n'M1 L~tI') nu n1nL'Y'Iin:i':;~1t11'W~~'Mcl"~1 n m:i'l~ ~~ L'elfi~ LU'W8]'WLV1t1~ ~') L~m 

1'W'll ru~~ m:i'~ nM1 L~mnu n1nt:J1 t:J ~1 bJ.!'lI'el~L'elfi~ LU'W8]'W1'W~~Mcl"LL~~~l?1rJLim ~n~,)tI'W~~'W1 
" ,
~1~ L~'Wr)1m:rLt:J1 t:J~1 r~~J'el~ L'elfi~ LU'W8]'WYll~fu l~ er~'Vl1~ m:i''VI1t11~ LL~ :;'Vl1~ m:i'n'Wl~Lbl?1 n(;]1~ now 

1'W'lIru~~m:i'iu'el'eln'll'el~~1:i'L~l?11bUl~v1~Ln 1?)~1 n m:i'l~~~'Vl1~ ~,)'VI'1!~Ln 1?):£''WLV1m~'eltl~:; 4.6 'll'el~ 

m~1ru~I?)I?)~~ LL~(?1~1~ L~'Wr)1mnt:J1t:J~1 ru'll'el~ L'elfi~ Lu'Won'W~l~ful~ ~~'Vl1~ m:i''VI1t11~LLl?1n(;]1~
'IJ ~ 

nu n1 nt:J1t:J~1 bJ.!~l~ful~ er~'Vl1~ eJ,)'VI1!~ mh~h nl?11~'Y'IUr)1 n1nt:J1 t:J ~1 bJ.!'ll'el~ L'elfi~ LU'Won'WiJ 

A,)1~~'WLLtl:i'(?n~ species L'Y'If'l LL~:;m:i'l~fum'VI1:i' 

n1J'n1~~aanIO.J1ni1~n1tJ 

l~iJ~'el~~ f),)1~ LLl?1 n (;]1~ L~mnu m:i'{I?) n 1 :i'nu L'elfi~ LU'W8]'W1'WL~ n LL~ ~m 'VI ill l?1~'elI?)~'Wl~iJ 
'lI 'lI ~ 

: LL(;]'elth~ hnl?11~L'elfi~ LU'W8]'WLiJ'W~1:i'~'Y'IU1~1'WL.n'el L~'elh,r'W ~~J'Wl.h~:;'Y'Iu1~1'WJ1'W~ L-n'Wn'W 

iJ m:i'~ n'M11'Wf)'W 'Y'IUr)1 L'elfi~ Lu'W~'W~l~ful~ ~~'Vl1~ n1:i''VI1t11~~:;(I n Lt:J1 t:J~1 ru LL~ ~r'h{I?)
'lI ~ 
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'Yll'1 nlJ'\ntJ19 1'W"ll ru::;~ L'afi~ L1.J'W~'W~ t:1 n Vl Vl~:IJ e.ll'W'Yll'1 ~'J VI'W'I9::;(1 n rll{Vl'e)'a n:IJ1 L .wtJ'I~'atJ~::; 4 .6 
~ ~ 	 ~ 

~'IlLJLLl.Jl.JnI J'rll{Vl;JFl'Jl:IJ LL(;]n (;)1'191 n nlJ'1~fl.Ji:IJ er~'Yll'1 nlJ'VlltJ19 U(;)hi;J n1 J'Pl m~1 L~m nl.J 

nlJ'rll{VlL'e)fiml.J'W~'Wl'WFl'W~'Ii:IJ er~LVltJ nI J'n'W 

4) 1'l!~'U (Xylene; X) 

h~'WL1J'W"IJ'a'lLVI~'JhJ;J~ ~Vl1~~ltJ ;Jn~'WVI'Jl'W LL(;)~::;~ltJ,fl1~mn LVltJLJn~16Jl~'W;J 3 J'LJ 
'" 

1~LLn meta-xylene, ortho-xylene, and para-xylene (m-, 0-, and p-xylene) 16Jl~'Wt.J~:IJ 

LJJ'::;nill.J~'JtJ m-xylene ~'atJ~::; 40), o-xylene ~'atJ~::; 20) , p-xylene (~'tltJ~::; 20) LL~::;m:IJlru 

L~nU'tltJ"lJ'tl'lL'afi~Ll.J'W~'WLL~::;L'Yl~~'W (Fishbein, L. 1985)
~ 

,fl:W'WDL(;] n~ tJ:IJ (h'W~'WLL~::;1~1Vliiih 16Jl~'W'V'I1.J1~1'W,fl:W'WLFli'e)'IU'WLL~ ::;,fl :W'WL 1.J'W~'W LL(;]b'W 

m:IJlruL~nU'atJ (ATSDR, 1993) 

16Jl ~ 'W t:l n .wI ~ 11~ L U 'W ~ 1 J' 191'J Yll ~::; ~ 1 tJ 1'W 'a (;] ~ 1 VI n J' J'~ n 1 J'~:IJ -w 'a (;] ~ 1 VI n J' J':IJ tJ 1 'I 
~ 	 " 

" 	 " 
'a (;]~ lVi mJ'~ VI'W'I LL~::;HLU'W~1 J'YlI Fl'J 1:IJ ~::;m Vl ~'WL 'W'e) f LL~::;-W1:w'Wi nL'Il J''J :lJYl'l LU'Wt)(;] t:1 ~1.J1 'W, 	 , 

~'J'We.J~~	1'Wnlnrl~'al.J~1 LL~::;m::;Vll'h 

nlJ'LJ'WLtJ'a'WL;I~~'I LL 'J Vl~'a~ "ll'a'l16Jl ~'W Ln Vl91 n n1J'LJ~'atJ"ll'a'l L~ tJ"lJ'a--1 bJ'--1--11'W'a (;]~IV1 nn:IJ 
~ , 

1 'a L~ tJ J'(1 tJ'Wi?l1'e) J'::; LVltJ"lJ ru::; 1 ~ ~1 J'l91'JYlI ~::;~ 1 tJ (;] ~ 'a Vl9 'W U'a rll{Vl"IJ tJ ::;~'W(;] J'1 tJ U~::; nlJ'VI n"lJ'tl--1 

16Jl~'W ~'J'W1VI ru LJ'19::;1~fl.Ji:IJ er~16Jl ~'W~'JtJ nlJ'~VlVl:IJ'aIn1 Pl~LJ'WLtJ'a'W16Jl ~'W Vl1'ahJ'::; LVltJ"lJ'a'l16Jl~'W 
~ 	 ~ 

I 	 'i.I 'LI iI 

V1e.J~~'a~1'We.J~(;].t1ru-nl9il'11 L-D'W .wl:W'WLl.J'W~'W ~'Yllih'W .wl:W'WinL--11 L"JlmL~rl .wltJlu'e)--1n'W~U:IJ 

LL~ ::;91n n1J'~lJ~Vli 'W'tln91 nt1n1 :i'~:IJ r.!1'W'Yll'1 ~'JVI'W--1"lJ'tl'll6Jl~'WLn Vl 1~91 nnl J'1~ e.J~ (;].t1ru-n(;)1'11 

L-D'W ~1J'l91'JYll~::;~ltJ LL~rlLn'e)f ~'WL'W'af LL~::;m~ILL:IJ~--1 LU'W~'W 

16Jl~ 'Wi'l 	3 J'LJ~--1 e.J~ m::;'Yll.J (;)'a~"llJll'V'1 rl~ ltJ n'W nI J'i:IJ er t'l1"l! ~'W~ J'::;~1.J rl'Jl:IJ L ;:IJ.jJ'W~'Il'W 
~ , 	 '" 

: J'::;tJ::;L'J~li'Wm9Yll1i-h::;Fllmf1'a'l~'JVI'W--1 (;]I 9~n LL~::;rl'a VlltJ19~ll.Jln LJ'aVl~q)L~tJnlJ'Yll--11'W 

nI J'(;]'tl1.J~'W'a'l (;)'a nlJ':IJ'a'l L ~'W~1 rl'Jl :lJ91hJt1 hi~ 1.J ltJ -Yl'a'l LL~ ::;m9Yll1~ Ln Vl nI n LJ~tJ'WLLLJ~'Ib 'W 

<V 1 ""'. I .oJ. I "" "" "" " d' 1 '. I ~ (;]l.JLL~::; 	 (;] (;]~'aVl9'W:lJe.J~(;]'tlJ'::;1.J1.JuJ'::;~I'Yl Lvu'W u'JVlPl:i''h::; L'JtJW'1J'~::; n~I:IJL'W'a ~uJ'::;~I'W'Il'Wn'W 

il.J ~'W 	LL~ ::;'tl19 Yil1 ~ rl'J 1:IJ~:IJ Vl ~ rJ"lJ 'a 'I J'::;l.Jl.JLJJ'::;~ 1'Yl LLJ~ tJ 'W1LJ LL~ ::;'a19 ~'I LLn rl'J 1:IJ (;]1 tJ lh1~ f1J, 
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~:IJ ~~~ :i'~c;1'lJ fl'J1:IJ L ~:IJ~'W~'l:IJ1 n L-n 'WL~m n 'Wn1:i'~:IJ ~~16Jl~'W~ :i'~c;1'lJ fl'J1:IJ L ~:IJ~ 'W ~'l LiJ'W L'J~1'W1 'W 
~ ~ 

>

'"l~~'lC-/~l'itl:i'~'lJ'lJU:i'~~lVl L-n'W u'J(P)pi~'~~ Ci)t1'Wfl\1~~ n~1:IJL-Wtl1~U:i'~~1'W,n'Wn'W ~'lJ~'W LL~~m'"l 

vl1li-lfl'J1:IJ~:IJ (P)~tJ"lJtl'ld~'lJ'lJtI:i'~~l'Vl LU~t1'W1t1. 
"llnn1:i'Amt1l'W'\..HlJ'l~'lfld:i'.n"h'W'J'W 14,000 fl'Wl'W Bristol, U.K. ~1-ii~L'l..l:i'tJuf'lJmmfl\ 

(aerosols) Lll'WU:i'~~l YI'lJ~ll'WL~tl(P)iJ~l:i''Y'/'Jn VOCs (Xylene. ketones LL~~ aldehydes) 

ritl'W~l'l~'l LL~~Ud~"l!1n1n'\.l~htf"l~~tl1n1:i'VI~lt1tlci1'l L-n'W 25% tI'J(P)fl\1~~, 19% ~mn1:i' 
~ 

n1:i'£PI £PI~:lJYl1'l ~'JVlt!'l Ln £PI('W1~{Jtltl (~tltl~~ 12) ulJin~'lJ'Y'/'lJ~l n1:i'£PI £PI~:lJYl1'l ~'JVlU'l Ln £PI('W1~
~ ~ 

:i''J£PI L'h ~1 Lll'W1"l!~'WLVI~'J 

'"llnn1:i'An'l11Y1'lJ~1~~~:IJ~~h~'WYl1'l m:i''\.I1t1l''l 'Y'/'lJ~l~tltl~~ 60 "lJtl'l16Jl~'W~ Cl n(P)£PI~:IJ'"l~
~ ~ ~ 

Ln'lJnn~U'fl(p) (U.S. EPA, 1985) ~'l1~iJfl'J1:IJLLl?ln"h'ln'W:i'~'\.I~1'lL'Y'/fl\ LLl'i'Y'/'lJ~lm:i'tltlmL:i''l (L-n'W 

m:i''fltl n rh~'l n1t1V1ffim:i'vl1'l1'W) L~~~ill:IJ1 C1<m1:i'~:IJ ~~~:lJ1 n('W vl1li-lm:IJ1 ru"lJtl'l16Jl~'W~ Cl 
~ 

mn'lJ 

Astrand LL~~flru~ YI'lJ~l:i'~t1~l'J~1 n1:i'~:IJ ~~~ l~:IJ('W "l~vl1li-ltl:i'~~VlfiIl1'Y'/"lItl'l m nn'lJnn~ (P)~'l 
'"l~L~'W~l n1:i'£PI (9)~:IJ~1:IJ1 :i'Cli£PI Ul'"ll n n1 dl~:IJ('W"JJ'fl'l ~1dl:IJ 1?l1 'l'lJ1~'Vl~ Ln £PI'"ll n"ll'lJ'J'W n1 n:IJ 1?l1

~ 

1 ~.c;i,::q .qQA4 j..r .c;i 

6Jl~'W:lJm:i'~£PI6Jl:IJ 2 :i'~t1~ 'i~t1~YI'VIu,un£PI"lJ'Wl'W:i'~t1~L'J~l~'W (1l1t1l'W 15 'W1Yl) Ll~~'i~t1~ 

d "" d' "I" • 1 ~ col 'I" 1- I ~ "" 'I c!I<V

YI~'£l':Hn£PI"ll'W I."l!L'J~1'W1'W LL~~YI'lJ'J1 "l!~'WYlVl1t1 I.'"lL"lI1 U:IJfl'J1:IJL"lI:IJ"lJ'WYltl1 n'lJ I.'WL~'fl(P) '"lln 

n1:i'~ n111l'Wfl'WlL~~~1?l1LL~ £PI'lli-l L~'W~ 116Jl~'W'"l ~Cl n £PI(P)~:IJ1~~Yl1'l n1 5''\.111'..1 1'"1 LL~ ~Vl1'l n15'n'W 'l£PItl~ 
~ ~ 

~ <va'l 'I"''' " 1~coI c!I"" ""1"l!~'W'"l~Clnnmn'lJ 1.'W~:IJ'\.I1t1 I.'"lL"lI1:i''fltl~~ 60 Ll~~:i'tltl~~ 90 "ll'fl'l "l!~'WYlClnn~'Wn'W'"l:;Cln£PI£PI6Jl:IJ
<u cu 'lI cu 

"lJru:;~m5'(P)(p)~:IJ'"llnm5'~:lJer~Yl1'l~'JVlt!'lln£PI~"'W1~iJtltl (U.S. EPA, 1985) 
'U 

ntJ'U'W in J'::'"I1f.J LL~::n1'J'Lt.I1 c.m 1ry 

16Jl~'W'"l :;LL'Y'/ im:;'"llt11UU'll ti'ell~'el1"l1 ~'W'elci1'l 5''J £PI L~'J 5''J:lJi'l~ n15'~:;~:lJb 'Wl ti'el L~'fl1 "lI~'W 
YI'lJ~l~'eltl~:; 90 "JJtl'lh~'Wl'WL~'fl£PI'"l:;9'lJn'lJ serum proteins (U.S. EPA, 1985) 

http:1'J'Lt.I1


14 ., 

l"ll~'Wd'J~1'Wh-:Jmtl ~tltl1.'l~ 5-10 "lltl-:Jl"ll~'W~r:ln(PI(PI~~"'l~~~~~1'WLtfm~tll"ll~'W LL1.'l~mdtltlnnli-:J 
" " 

mtltll"'l..111ihn~1 ru"lltl-:J1"1I~'Wm~"'l1t11ut'r-:J Ltftl L~tll"ll~'W1'W:h-:J n 1t1~ 1 n:{'W 

m dLe.JIe.J1.'l1 CU"lltl-:J1"1I~'W~ L~,~ h-:J mtl"'l~Ln (PI~"'W1'Wf?iu LL1.'l~"'l ~r:l niuE)tl n~11'WdU"lltl-:J ~1 dL~ 
QI 'LI '\I 'LI 

md~~cr~ 2 i'Jt~-:J t(PItlnrdLe.JIe.J1.'lI'1dhi~"'W'tl~fl1J1UyJ'tlf~"lltl-:J1"1I~'W (isomer) L~'W'VlI-:Jnld~~cr~ 
m~lru~~~cr~ Vi'~'lld~t1~L'J1.'lI"llll-:Jnrd~~cr~ 

nl~nl{~flfln~ln11~nl~ 

l"ll~'W~'J'Whlr:l.J (~'tltl1.'l~ 80-90) "'l~'J niU'tl'tln"'lln~l-:J mtl1'W1U"ll1l-:J~ldL~1111tulm'1~Ln (PI 

"'lln"llU'J'WnrdL~!?Iltu~~~"ll'tl-:Jh~'W~-:JLn(PI:{'WJllt11'W 18 i'Jt~-:JJlIt1V1i-:Jmd~~cr~ nL~m~'tltl1.'l~ 4

1 0 ~ r:ln (PIV)~~,1~~ LtfllL~'tll"ll~'W ~-:J~'tl-:JH L'J1.'l11'Wmdnl~(PI1l'e:ln "'l~Lt1'W~1 nrdiul"11~'Wlllln"'ll n 
" " 

nl~~'tllln"'ll n~'-:J mtl'VlI-:J1.'l~VlIt11"'llltl n t~t1hinnrdLU~t1'WdU ~-:J"'l~Ln ~:{'Wmh-:Jd'J ~ L1'J (2-3
" 

~'WIVl) JlIt1V1i-:J"'l1 n md~~ cr~ t~t1,*'J lu'V'lu~ Im~lrunrdiu'tl'tl n"'ll n~l-:J nlt1"'l:;~~vr'WfiflU nrd 

~~'~~lnn~lm~lruVl11ld~t1~L'J1.'l11'Wmdi~cr~ (U.S. EPA. 1986)
" 

lP1"iiljU~~·Vl1~:n1.n1~ (Biomarker) 

Ltill-:J"'l1 n n 1 d!?ld'J"'l ~ Lrl dl~iVII C?1"ll {jtJ-:J i'VlI-:J~ 'JJlI 'V'l LU'W n 1 d!?l d'J9'Vl1-:J~ ll-:JU~ u'11 n 1 d~ 
~, L'V'lI~LL1.'l~n fil Hr.iIt1~-:J ~-:JJ'W'VlI-:J tm-:J nld"1 hi~I~ldr:l!?ld'J"'l~ Lrln~i91n~ld:a'W'Vl1cl'd~LVltI 

" 

(carcinogenic) (US EPA, 1991a) 

LU'WSJi'W (Banzene) LU'W~ldf?i'J ..111.'l ~1.'lIt1~'W'Vl1cl'~H n'WLL 'V'l~Vl1.'lIt11'W~!?I~IV1 md~l?il-:J1 

d'J~i-:J LiJ'Wll-:J ~ud~n llU 1 'WuVliLL1.'l~,f'~'WL~"'tl L'V'l ~-:J n IdL U~t1'WLLU1.'l-:J"ll'tl-:J Lu'WSJi'Wn1.'llt1 LU'W~ IdL~!?I1 
q 

" " 
tJ-:J~'VlI-:JSJi'JJlI'V'l (biomarker) ~'V1~unr di~cr~ LU'WSJi'WVliJ rl'Jl~ L~~~'W~' n~1 5 ppm (8 hr time-

weighted average, TWA) 1'W"llru:;~ t,t-MA LU'W~ldL~!?Iltul1.'lyJ"llil~Vlti-:J"llll-:JLU'W6Ji'W~~I~ldr:lH 

LU'W~"ll{jtJ-:Ji'VlI-:J~ihJlI'V'lVllniJmd~~cr~LU'WSJi'W~d~~Url'JI~L~~~'W~,n~1 5 ppm ~-:JJ'W t,t-MA 

http:lP1"iiljU~~�Vl1~:n1.n1
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I

~'l f.I n1-ii lth..l(;],)~1'(?)1 'Wn1~"l..h~lij'WuhJ1 ru'll'el'll u'W;'W1 'Wif~~ ')') ~LmJ'Vl,)'l~mJ ~,)Vlfu n ')~l:w er~ 
'" 

, 
~ ~ ~ ~I ~ Q ~ to I IV ~ 
,)fin1~,)lFln~VI t,t-MA lu'W')n'Vl(?)(?)llu~'lll~~'WOO-l'W,)Wl'"l')n')D'll'el'l Bee-Lan Lee ll~~Flru~ 

L(?)EJH Ethyl acetate 1'Wn1~~n(?)~')muu Liquid liquid extraction '"l')mf'W.yh1,"~,)~(;],)'elti,)'lll,"'l 

~,)EJrh"ll1'WLl?ln'"l'W (Nitrogen) ~~ruVl.IJij 40 °c .yhn,)~~~~,)EJ~,)~(;],)'elti,)'l.n",)~,)EJ Mobile phase 

(u~~n'elu~')tI Phosphate buffer, Methanol ll~~ J')) 500 uL t:(?)EJHn1~ufu'fJI?l~I~,)'WUUU 
I

~ tS' _ 0 Q 

gradient 1?l~'el(?)n')~')LFln~VI '"lln'W'W'Vllnl~'U(?) 50 uL 

Performance Liquid Chromatograph (H PLC) ~'l dJ'W';jfi~ ~h'Wn~~u,)'Wn1~~'W~'WFl,),):Wf.l n ~'il'l.., 
, 

(Method Validation) l:Jrh~I~~"iI'il'ln1~';)LFln~,r (Limit of Detection) 0.0267 ij~~nf:wI?i'il~I?l~• 

lL~~l:JFl,),):W~ll'WI~I?i'il t,t-MA i'l.n~JlI,)~'ll'el'lLFli'il'l HPLC '"l~H Column C18 250 * 4.6 

particle size 5 u ~'elruVlJlij 50 °c '"l~l~'l.dl';jfin1~';)lFl~I~,r t,t-MA 1'Wif~~I')~~1~~00-l'W1:{'W.n. .., 

~'):w')~m:n1uHdJ'W';)fi:WII?l~~')'W1~ i'l.nri,):WII?l~~I'W t,t-MA 'll'il'l'ill:w1n1 500 ug t,t-
Oll d.9 

MNgCreatinine VI~'l'il'eln'"llnn~n1~.yh'lI'W (ACGIH 2005) 'eltil'lhnl?l1:W~I~~um'Wn1~I?l~,)'"lVlI 

t,t-MA 1~lLri Sorbic acid Vl1'el~I~n'Wl~EJ1'WmVllnti'el'l'"l')n Sorbic acid LL~~LU'W~'WiJ Metabolite 

B, T, E, X 

B, T, E, X 

B, T, E, X 

B, T, E, X 

B, T, E, X 

B, T, E, X 

B, T, E, X 

B 

B, T, E, X 

B, T,E 

B, T,E 

B 

B, T, E , X 
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d 
'U'Vl'Vl 3 

n~'IJ'J'Jnl':11~~ 
1j,I 'i1 0 .<=:!. 4 d O.t::l. c;:,J iJCIio IV iJ J .J

w) n -n 1 biJ (1) 1 L'W 'W L1"1 ~..:J n 1 ~ \ 'W ~ 'W'VI (1) 1 L'W 'W L(1) tI 'VI J.J c.J ':l "l tILL ~::; c.J iJ :i'::; ~ 1 'W..:J 1 'W \ 'W ~ 'W 'VI., ., 

Q ~.c;:::,,1V ~ IVJ 
~::;L1Jtl1J':lfi':l"lm"l1..:Jl"1fJun~ (Qualitative Research) (1)..:J'l.l

q 

m':l1~m:n-3tfhnr;u 

LiJ'l.ln1~~m~1LL1J1J Panel Study n1~rl(1)L~'e)mhElEi1..:JH1fin1~rl(1) l~'e) mL1J1JVI~1t1.ff'WIWEl'l.l 
" " , 

(Multi-stage Sampling) ;r'l.lLLmn1V1'l.l(1)Yl'WVl~nM1LLUUVu~1::;L"l1::;"l..:J (Purposive Sampling) 

l~Llri "l1J.J"l1'l.llL'all(1)I"1~'e)..:JWltl "l1ni'l.lVlJ.JM~tI~..:J~1~':l"l-i'l.l~L(1)tln1~v11 Rapid Assessment L~'e)v11
q ., 

Community Mapping LL~::;~J.J~':l'e)Ei1..:JLL1JU Random Sampling L(1)tlH~'alqj~iJ~::;"l11n~ (Census) 
I I '" I 

LYl'e) 1 ~1~ ~':l LL'VI'l.lVl LL Vi"l1..:J-n'e)..:JiJ~::;"l11"l1'W1'l.lYl'l.lVl ~ n'I~1 -n'l.l1 (1) ~':l'e)Ei1..:J1'l.ln1nn1J~'e)J.J~ L~..:JmJ.J1 ru 
'lJ 

L~J.J~1'l.l':l'l.l~':l'e)Ei,)..:J:['l.l'f'atl~::; 25 L~'e)1J'e)..:Jn'l.lU '1JVI,)~,)'l.l':l'l.l~':l'e)Ei,)..:Jhh ~tI..:J ~..:Jtf'l.l~..:Jl~"l1'l.l,) (1) 

19l':l'e)Ei1..:J~':lJ.Ji..:Ji'l.l 500 19l':l'e)Ei1..:J L(1)mlJ'l.l"lJ'l.l1 (1)l9l':l'e)Ei1..:J~1~"l1 n n1n':lJ.J~1'l.l':l'l.ll9l':l'e)Ei1..:J-n'e)..:Jll~~::; 

'qJ.J"l1'l.lEi'Eltl~':ltl';jfi Proportional to size L(1)tlrl(1)n~'e)..:JM'e)UI"1~':l~::; 1 19l':l'e)Ei1..:J ~':lmnru"Yl1'l.ln1~rl(1) 

n~'e)..:J ~..:Jlf L1J'l.l~~'e)U'e)1 ~tl1'l.l"l1J.J"l1'l.l'e)U1..:J-tJ'e)tI 5 tJ~"'l.lliJ Ll~::; LiJ'l.l~~1-ii~~ [;liJ ~::;~1f'l.l~':l'l.l1VI ru'e)u1'l.l 
cu 'U CI 'U GI III 

"l1J.J"l1'W LlJ'l.l~'l.l L(1)tI n~J.J 19l':l'e)U1..:J'VI n 1"1'l.l"l::;l~~un1nfJ.J[)1'jj'ru~':ltllLU'J~'e)U m J.J "l1 ntf'Wn~J.J 19l':l'e)Ei1..:J
q q q q 

" 
't1..:J 500 ~1t1"l::;1~~un1~rl(1)n~'e)..:J~1'l.l':l'l.l100 ~1t1 ~':ltl1fi Proportional to size L(1)tlHLnru"Yl1'Wn1~ 

rl(1)m'e)..:J~..:Jlf LlJ'l.l~~1:W~U1JVliLL~::;1:WiJ~J.J1~n1'l.l1"1~':l~'e)'W~uuVli [;l~'e)(1)"l'l.lLiJ'l.l~~l:WiJm~~L~tI..:J
qJ '\J q 'U q '\J 

~'e) n1~iJ.J er~~1~~'W'VI1cl"~::; lVltlVl5-'e) I"1f'W"l1 n n1~iJ~::; n'e)umVl1~ L~'e) LlJ'l.ll9l':lll'VI'l.l1'l.ln1nnu 19l':l'e)U1..:J 

'VI1..:J~'e)..:JiJDu~ n1~ l~LLri (;]':l'e)Ei1..:J'e)') n1f'11 'l.l~::;~U1J M)~LL~::;l9l':l'e)U1..:JU~~1':l::; L~'e)f(1)n1~iJ.J er~ 

~1~~'l.l'VI1cl":i'::;LVltI (LU'l.l~'l.l L'VI~~'l.ll'e)fi~LU'W~'l.l Ll~::;16J1~'l.l) Lti'e)..:J"l1nLlJ'l.ln1~~nM1LLUU Panel 
'" 

study ~..:Jtf'l.ln~J.Jl9l':l'e)Ei1..:Ji..:J 100 ntl "l::;~mil1J~':l'e)Ei1..:JYl1..:J~'e)..:JiJDU&ln1~.n\ 3 ~~n1~1 ~::; 1 

l"1i..:J l~'e)iJ~::;LiJ'Wm~iJ.Jer~~1~:a'l.lYl1cl"~::;LVltI"lJ'e)..:J n~J.J ~'J'e)U1..:J1'l.lLLI?i~::;n (1) n1~ [;l~'e)(1)"l'l.ll?lLL 'W':l L-tJJ.J 
q UI 'U cu 

"l1'e)..:J n1~LiJ~tI'l.lLLiJ~..:J n1~iJ.J er~~1~~'l.l'VI1cl"~::;LVltl1'l.lLL~~::;n (1) n1~ 'W'e)n"l1 n~V1J.J ~~~tI"l::;v11 mnnu"' '" " " " 19l':l'e)u1..:Jmn1Pl1'l.luntl1n1f'1'qJ.J"l1'l.l~::; 3 '1(1)1 ~::; 2 19l':lm.h..:J ~':lJ.J't1..:J~'l.l 30 19l':l'e)U1..:J 

http:1f'l.l~':l'l.l1
http:tJ~"'l.ll
http:L(1)mlJ'l.l"lJ'l.l1
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~fl1fJ\JiJfJ 1t.m'J~4'tJ(~\Jt!hnru 
1. LLUUM)Ubll:W~l~fuLnU.jJ'el:W~L~mnun'1dl~fu~:wer~'lJfJ'ln~:w(9]'Jmh'l Lorihl ~'el:W~~'Jhl 

OJ q" 

, , 
4 ..r:::9 G Q,<' I • .dJ ~ a- Q/ 

2 . LrlJ''el'l:W'elLnU(?l'J'eltll'l'ellnlPlLLUU Passive air sampler L'Y'lmLrln:::~~11:::(;)Url'Jl:W 
.

L~:W~hl"ll'el'l LUhl~hl L'Vl~~hl L'elfi~ LUhl~hl LL~:::l'D~hl L~tI/Ol:::Vil n1J'~(;) (9]'l LL~:::Lfh..lt?l'Jmh'lmn1 Pl1hl 
OJ 

, II I I 

1:::c;)UU rlrl~ LL~ ::;1hlU:i'J'tll n1 Pl ~'l'elU n n-wc;)'l n~l'J/Ol::;(1 n ~ ~ t?l~ LYl'el (;)~ium nl PlYiml:i''elUt?l'J''ll'el'l 
q q ~ ~ ~ 

Lnul~/Ol:::~ nUl1u(?lJ''J/Ol';'j LM1:::"v1~~'el'lu5U~nl J'';'j Lrl n:::"v1 L ~'el~l:i':::C;)U rl'Jl:W L ~:W~hl'lJfJ'l LUhl~hl 

L'Vl~~hl L'elfi~LUhl~hl LL~:::1on~hl (Jllrle.Jhl'Jn 2)
OJ 

3. nlnnUIPl'J'elrll'llf~~l'J::: L~'el(?lJ''J/Ol~l:i':::C;)U''ll'el'l trans, trans-muconic acid (t,t-MA) 

~'l L Uhl(9]'J;1' (;) nlJ'il-J rr~~1 :i'U:i'::: n'elU LUhl~hl L(;)tI (;]'J'elrll'llf~ ~ 1')::;/Ol:::(1 n Lnu1 hl 'lI ru:::~ n~:w (;],)'elrll'l 
" q , 

l-Jlfunl:i'(1'el(;) Lnu Lrl1'el'lJ'j'el LnUIPl')'elrll'lm nlPl (Jllrle.Jhl,) n 2) 

(?lJ',)/Ol';'j LrlJ'l ::;"v1'Vll'l~'el'lU5tWl nl:i' ~lhl,) hl 100 t?l,)'elrl l'lihl 1hl~lhl,)hlC;)'l n ~1 ')Yi:w ~';'jr.rtl/Ol ::;fl(;) \'~'el n 

n~:w t?l,)'elrll'l~ lhl,)hl 30 (9],)'elrll'l L ~ 'elvh n1 :i'i:w III 'l1ruL~'l ~ n ~'lH Ln ru"Yl1hl n 1 J'fl(;) n:i''el'l C;)'ltl\,1Jhl
q 

lf~~l,)::: :Wlnn~l 0 1l-JLrlm~:W/rl1\''elYl1Jhl 

nlJ'i:WJll'hruL~'l ~ n dJhln lJ'i:WJll'hruL~tI'J nu nl J'i:w er ~~1 :i'~hl'Vl1th::: L~tl1 'W'el ~ (?l LL~:::1hl 

1'hl~ Lnu r;l')'elrll'llf~~l,)::: \, ~'el~l~'ellqJ~ L~'l~ n 1 hl~'el'l'lJ'el'l nl:i'ful~~U'1!~l~"lJJll'Y'l L\'~:::'Y'l ~ ~ nnl-J 

~'lJJll'Y'l~ L~m~'el'lnunlJ'i:wer~~1:i';Shl'Vl1tJ:i':::mtl hl'el n/Oll ntlYi:w Mr.rtl"l::;H Snowball Technique
q 'U 

1hlnlJ'i:WIll'hru\'~~~nnu Key Informants 1hl-q:W"1!hl Lorihl LJ.h~-Wl~~t:111J'elhll:WtI LL~::;U:i'::;filhl 

~1'el n n:w nl:i'''1!:W''1!hl LUhl~hl n l:i'il-JJllMru~l L1JhlnlJ't~tI'lJn';'jr.rtI~i1U:i':::~U n 1 :i'ru~1'el rJlhln lJ' 
q 
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~ I I ~ 

'VII 'l t~N n1 J'~ L~'e) n"ll J-J"ll 'W LL'e) tlen ~ I;'l 'e)'l L(?l tJL U'WV; 'Wl1 ~ n'til d1'e)'l '"11 n IK'l 'e) tJ1 'WtJ1L'J ru 
q 'lJ 

I I ",'V" 
1n~ L~tI'l rltJ tJ''l ni'WoW 1~'W ~i'l LntJ oW 1 ~'W LLI;'l :;'V11 L;'e) ~ I;'l'e)'l L(?ltl ~'l LU'WYi'Wl1"JJ'W dl tJLLI;'l :;LiltJ nn 

\.I 'V I , 

~1 n~iJ !?l1'l1 l1''loWl1J-J ~ L~ ti'J"ll1 f1!'"11 n f!\'W tI~~mLI;'l:;~ n'e)tJ J'J-J ~1 'W~'l LL 'J 1?l~'e)J-J nJ'J-J ~'l L~1J-J ~ ru1l1~ 
I I " ,I 

~'l LL'J en~'e)J-J nJ':;'VIJ''J'l'VIf~tnnJ'fiJ'J'J-J"ll1 ~LLI;'l :;~'l LL'J en~'e)J-J 1~Yh nlJ'rll?l L~'e) nYi'Wl1l1 LVlJ-JI:;~ J-J~TVlftJ 

nlJ'LlltJIK'J'e)tJl'l'e)1 nlP1i'l1'WJ':;cKtJtJ ~~I;'l LLI;'l:;1'WtJJ'J'tn nI r'\ tentl LiJ'Wvf'W~~Vh'l'"l1 n Cl'W'W1VlruVl1'e)
q ~ 

11 J':;"l!1"l!'W1 J-J"ll 'WLL'e)re)en ~I;'l 'e)'l L(?ltl 

Random Samplin 9 

IK'J'eltJl'l 500 J'1t1 

Proportional to Size 

IK'J'eltJl'l 100 J'1t1 

ltma > 0 ug/crealinie 50 n!J 

IK'J'eltJl'l 30 J'ltJ 

: 
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TnR41~U«"ft1 
ti11~Of\1I0419111 

• 1Bl~ JIaJ tA 
lOf! 4--5-6, lOf! 1·2-3 

1. n1J'(hrln::::tf~'fll;!'cH:n'ltfhnru ~(HJ~()~~L'I.-I:J.Jl:;~:J.J myh"li\! Descriptive analysis, 

Chi-square Ll.fl:::: T-test dJ\!~\! L~'flLtfhJULVl~UI"11L'u~~"II'fl'l BTEX h.lJ':;{?)UUrlrlflLLfl::lw. 
... 

2. n1J'f)Lrl11:;tf~'fll;!flL:n'lYlruJlTV~ H'I.-linnl1f)Lrln:;tfLv''fl'l.-l1 (Content analysis) nJ1 

nml\!e.Jfln11f)~~"'l::::L~'W'flLtJ\!Jlly/1,):J.JLl.fl::::hi1::::U~'fl'l.-l1'fl~'fl:J.Jfl~'W1(?1~~I:J.Jl1()~uniuhlu'ln~:J.J
'" . 

~ 0 Q.;' 4QJ 

"ll 'fJ"'I1 n ~"ll'fJ':lnl~1"'1!1 

L ti'fl'l"'l1 n rl\!L \!"l!:J.J"ll\!~')'WL'1.-1 bl.Hhl~Hi Lu'Wn~r)\! -u:;i\!'1.-1 fll~ (0)1') ~'fl'Whimn\!"II ru::::~Yl:J.J 
• ~ 'IJ 
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~..:J LL'l C1l~'ellJ ;..:J Lrh'!~\hu..:J1'W~tln'illi..:J1'W'Vl1..:J ~1'Wn1 :l'Lnu LLt'l :;[?]:i''l~1 LfI:i'1 :;~'el1 n1 PlbC1lU L'U'W1:; 

LL(;]'eltln:i'nrL~~111"t~ () ntJlJ1tll;..:J1'WbC1lUWkhu..:J1'W~'W LL'tl:;() n\n,<l..:J fl'W1'WL~'el'W~..:J~1~lJ 'W .Pl. 2552. ~ ~ 

~tlnn1.!1'WL~'elwl'Wmu'W 'W. Pl .2552 ~..:J,r'W~~eJ'W~..:J LU'Wn1:i'Lnu(?]'l'elrh~m n1Pl~~n1'tl LLm yill~ 
Ln C1l ~'l1lJ~1;1'elrJ1..:J (;]'el Lti'el..:J~1~fun1nnu r;l'l'elri 1..:J'el1 n1 Pll'W~ ~ ()C1llJ 1 1~ LLn ~ ~~'W1'l LL'tl:;~ ~j'el'W 

LU'W~'W 
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d 
'lJ'VI'VI 4 

n1'.1~hf'l'.l1~'\h;a.:Jm3.ntU 

r.nnn1~rhW,)(1.lLU"'el-:J~'W l~'lI'Wl~j;],)'elrh-:J 500 j;]')'elrh-:J LL~~'"llnn1nnU~'el:W~ ~Ut)Ii'J
<lJ 

n~:wj;],)'elUl-:J~I'W')'Wi-:Ji'W 572 ri'W LU'W~~'ellP1U'el~1'W1:W'l1'W~'elri 1-2-3 :Wln~~~ (~'elU~:; 40 .7) 

Lti'el-:J'"llmU'W'I1:W"1!'W~ihJ~~"1!lm~'W1LL'I..i'W~~~ ~'el-:J~-:J:Wl1~LLn "1!:W'l1'W 70 H LL~~"1!:W"1!'W~'elri 4-5-6 
'" '" q q 

~ 

(~'elU~~ 25.2 LL~~ 18.2) l?l1:W~I~U n~:wj;],)'elUl-:Ji'J'ellm'U~u 48 TI L~uij-rl,)-:J'ellU~-:JLL1Yl11-88 TI.. 
, 

. 

~,)Ufl'W (~'elU~~ 69.1) ~'el-:J~-:J:Wlij~t:l1'WJll~~Ul/~ihu (~'elU~~ 19.9) LL~:;L~~ (~'elU~:; 11.0) 

l?l1:W ~1 ~u n~:w 1?l')'elUl-:J~,)'W1~ nhu'WLLlJih 'W/llJl~vll-:Jl'W fl~ LU'W~'elU~~ 37.6 ~'el-:J~-:J:Wl1~ LLn 
q ~ 

'ell~~ ~1'l11mL~~~U91-:Jvf')hJ fl~LU'W~'elU~~ 15. 7 LL~~ 14.2 l?l1:W~1 ~U i'Jnul~ri~,) ~'r.)'WL'U~U 

L~'el'W~~ 10.400 UI'YI L~uijnul~ri~,)~'el'W~-:JLL1Yl300-100,000 Ul'Y1IL~'r.)'W (~-:JLL~~-:J1'Wl?lI~I-:J~ 2) 

n~:w j;],)'elUl-:J'el1 Plu'r.)u1'WYr'W~ ~ n1~nL~m'U~U 30 tJ L~uij~~U:;L,) ~1~'ellP1U'elU1'W~'W~ 
q <lJ <lJ 

40 LL~:; 30 tJ flmu'W~'elU~~ 7.7 LL~:; 7.6 l?l1:W~I~U ~-:Jn~:WI?l,)'elul-:J~')'W1~rumP1u'elu1'W"1l:w-n'W
q &f cu q 

24 .ff'')L:W-:J/rJ'W (~'elU~~ 69.9) LL~~ 7 rJ'W/~tl~I'; ~'r.)U~:; 98.9) 

Lri'elYl'"lI~rul'"lln~n1~ru:;'lI'r.)-:J'ell~~ L~mbtJ-:J'el'elndJ'Wm~~~L~U-:J tl~::;n'elU~,)u "ll1-:J~1'l11 

[;]1-:J1 fU91-:Jin1~ L~1:w~')u ~1'l11U'ell~I~~m'r.)n1~ L~u-:JIYi'eln1~1~fu~l~il'W'YI1~~:;L~u vllri')l:W 

~:;m~ vll-:Jl'W1'Wu1L')ru'Yh~'el fU91-:JlYll-:J1 ~m'r.)n1~b~U-:J[;]'an1~1~~U~I~il'W'YI1~~::;L~U wwn-:Jl'W 

iunl/fu~-:J L'eln~l~ ~,rn-:Jl'W1 'WL~-:J-:Jl'W~1~~I~il'W'YI1~~~L~U1'W'lIu,)'Wn1~e-J~l?l bL~~'r.)I~~~l:W L~m 

[;]'eln1~~:wer~~I~il'W'YI1u~:;L~U ~U~1 1 1'W 5 'lI'el-:Jn~:W~,)'elUl-:Ji'J'ell~~~b~U-:JIYi'r.)nl~~:wer~
q 

~ , , 
.<:::It, .:;::lI tr Q I a..' I ~ Q .:;::lI ~ tr'j,l 

~1~'el'W'YI~m~L~U 'W'eln'"lln'Wn~:Wl?l,)'elm-:J:W~~l?lm~:W~'J1J~nL~~~:WLL'el~n'eltl'el~ ~'elU~~ 22.4 LL~::; 

35.4 l?l1:W~I~U :Wlnn~lrii-:J (~'elU~::; 53.9) 'lI'el-:Jn~:wj;],)'elUl-:Ji-:J~:w~l~fUn1~~:wer~rirJ'W1J~i '"lIn 

L~'el'W'~h'W~1'el~:w1~n1'Wih'W~~uu~i (~-:JLb~~'l1'Wl?lI~I-:J~ 3) 
" q 
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(n=572) 

"if ~"if 'W (~1 'W 'J 'W ~~'J ~1'fl 'W"I.'W"if ~"if 'W ). . 
~'elfl 1-2-3 (2,000 f1f')~m~) 

70 H (1,000 f1f')~'elt.!) 

~'elfl 4-5-6 (700 rlf')~'elt.!) 

~,)t.!~'eltJ (450 f1f')~'elt.!) 

1'~rl~'el,:n(?ltJ11.J 2 (212 f1f')~'elt.!) 

m4~'fl1t1 

<I 

b~mb~:::bm')"nt.! 

1'tJ'Vl l 'l11.J 

, " Vim / VllJ ltJ 

233 


144 


104 


61 


30 


37 


413 


122 


118 


454 


63 


395 


114 


40.1 

25.2 

18.2 

10.1 

5.2 

6.5 

72.2 

21.3 

20.6 

79.4 

11.0 

69.1 

19.9 
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~1'U'J'U 


m~~L~tJ'Ilkelm:i'~~cr~~1:i'~'U'Y11tJ:i'~L~tJ 92 16.1 

'fl1~~~hJ L~tJ'I t?i'e)m:i'~~cr~~1:i'~'W'Y11th~L~tJ 480 83.9 

.& 
n1'a~'U'U'lJI'a (n=572).. . 
~1J 128 22.4 
" 

60 10.5 

384 67.1 

0 IV

~'Jtt'lh ~1'U'J'U 'a'eltJ~~ 

~:J.J1;an"l.'W.u1'u~'U'U'lJI1 (n=572)
'" . 

~ "" 269 47.0 

hJiJ 303 53.0 

i:J.Jer~fl-r'U'U'lJI1~1n~:J.J1;an"l.'U,j1'Uv1~'U'U'VI1 (n=269)
• OJ • 

~:l.Jcr~ 145 53.9 

hj~:l.Jer~ 124 46.1 

.& <f 

n1Hlmt'el~ n'el2J'el'a (n=571) 

.d 
l?1:l.J 202 35.4 

.d , '" ..
Lr1tJl?1:l.J LL(;lL~nLL'~'J 73 12.8 

hj~~ 296 51.8 
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~1'.i'1.:J;1 4 b'jAtJ'j:;~11P11 u.~:;n1'j~3.J er~~1'j~'U'VI1ii~bVIti 

1P11bbtJ'j 
0 

~1'U1'U 
IV 

'j'fltl~:; 

hAtJ~~11P11 (n = 560) 

"" ~ 279 49.8 

hJ~ 278 49.6 

hiVl:i'11J 3 0.5 

n1'j~3.Jer~ (n = 572) 

~~~~ 524 91 .6 

hi~~~~ 48 8.4 

19l111'1~ 4 bb~!Pl'lHhih,d1 bn'el1Jfli'l"ll'el'ln~~!?l,)'elth'l (~'eltl~:: 49.8) m1fllh~.;h!?l,)bb~:: 

t'eltl~~ 49.6 btl'W~1aJm1fl1J1::~1!?l,) 'W'elnlO\lnlfl'W~')'1 12 b~'el'W~~l'W~l~'eltl~~ 39. 3 "ll'el'ln~~ 
~ , 

!?l,)'elth:J'vf'l'\-l~!Pl ~'el1 n11f?l1'11 b~'W fl~'W1~/'ell b9t1'W 1~fl1m~'el'l'\-l1'elbb~1Jl'W1O\~n/(?ll/A'el b~'el'el1'\-111 
b~'el!Pl'el'eln~lt1 yjn·f1(?l1~!?l') bU'W~'W 1'W~1'W,)'W~~~'el1m1b'\-lfhlf~'eltl~:: 66.4 ~1l1m1i')~n'W

OJ 

D,)!Plpf~''rt:: 1'el'l~'1~1 Hibbn ~'1b~tI'W 'fl'el'WbY-l~tI 1::A1t1b~'el'llbb~1J(?l1 bb~::1::fl1t1b~'el..:Jlbb~1Jl'Wfl'el 

(?l1~~1 ~1J t!Pltl~')'W1'\-I ru n~, ~ !?l,)'el~.h..:J1O\ ~ ~'el1 m1b'\-I~llfD1::;~1 ru 2-3 rJ'W tI m ~'W1l1 n1 n:: fl1t1b~'el'l1
~ 

1'W~')'1 12 b~'el'W~~l'W~l Y-l1J~lt'eltl~~ 91.6 "1J'el'ln~~!?l,)'elt11'11~~1Jn11~~~~~11f?l1'11 ~~ 

~11~'WVl1~h::b '\-Itl bU'W~')'Wc.J ~~ 1,)~.vf'l n11~d-J~~h b~mrt bb~~l0\l n n11'el1 Pi'tI'elt11n~rt'W'Wl'W1::tI~ 
'U 

mw~bD1tJD~1J1l1 m P1 ~~~~1'el1~b'\-ItJ"1J'el'ltf1,r'WI~11bfl~ ~~~~~lbb~ fl bn'elf bb~~~~ ~~ n1,) f?l 1'1 1 

1?11~~1 ~1J l'W~l'W')'Wm~~1J~~~~~ln~~llf Y-lU':l1 n ~~ l'l,)'elt11'1~')'Wl~ru1~~1J n11~~ ~~ b~ ntJ'eltJ 
~ ' ''' 

(3-4 fli'l/1J) tJ m~'Wn11~~ ~~~ bD1tJtJ1 n'W~..:J/tI1~l bbd-J~'1 bb~ ::n111l1 Pi'tJ'el~vi1'11O\1 n rt'W'W1aJ bn'W 500 

b~(?l1 ~'1n~~l'l,)'elt11..:J~')'Wl'\-1ru1~~1Jn11~~~~~ln ('elt11..:JtJ'eltJ 2- 3 fli..:J/~D(?)l~)
q '" 
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1P\1~1.:Jvi 5 f\11:J.Ji:J.J~'U fi~'VI11.:J1 'af\tJ~~1 ~1LLa::n1'ai:J.J er~~1'a~'U'Viiii~::L'VIti 
.......... 


n1'a~:J.Je..I~ 1'af\tJ'a::~1~1 'a1:J.J X2 P-value 
...

1~i1 :J.J 

1~1~i:J.Jer~ 19 31 50 3.117 0.077 
..... ..... 
~:J.Je..I~ 259 248 507 

'a1:J.J 278 279 557 

n1J'-iJ-J e:r~~1J':SU'Yl1th::;L~t1~1'el fliu~1 n n1:nJJ'::; n'elU'el1~1J' L~'el LrJU~'l LL'YlU1un1nnu ~'l'elth..:J'Yl1..:J 

~'el..:JLJ l) u"i n 1 J' 1~ LLrl ~'l'el U1 ..:J'el1 n 1 Pl1UJ'::; 191UtJ fI fl ~ LL ~::; ~'l 'elU1..:J U~ ~ 1 'l::; L ~'eli!?l m J'-iJ-J e:r~ 

~1J':SU'Yl1uJ'::;L~t1 (LUW~U L'Yl ~~U L'elfi~ LUU~U LL~ ::;1"J!~U) LL(?] Lti'el..:J~ 1 n flU 1U1J-J"J!U~'lU1~ 'kJ i1 

J'1t11~LrJUJ'1t1iU vl..:JJU9..:J hj~1J-J1n1 L~1~'lJ-J LrJU~'lU~ti'l"lJ'el..:J n 1J'Ln'J~'elJ-J ~1uiu(;l'eluti' dJut.J~1~ .. 

Ln'J!?l'l'elU1'lU~~1'l::;~..:J(;lJ''l~tT..:J~'el..:JLJ!)u"i mJ' L!?ltl mJ'Lnu !?l'l'elU1..:J~::;~1 LUun1 J'LnU 3 ~ C?Jn1~ 

1~LLrl ~C?J~U ~C?J~U1'l LL~::; ~ C?J~'elU 1u~L~1:hJ-JLflNmJ'fluL~J-J(;l~'el!?l 3 ~C?Jn1~ t.J~mJ'(;lJ''l~ 

';) Lfl J'1::;~~'l'elU1..:J'el1 n 1 PI LL~::; ~'l'elU1..:JU~ ~ 1'l ::;'Yl1..:J ~'el'lLJ!)illl n 1 J'1ULL(?]~::; ~ C?J n 1 ~ 'V'l u~11U'YJ n 

~C?Jm~ L'Yl~~u1uJ'::;l91utJflfl~i1~1L'U~t1~..:J~!?l J''el..:J~..:JJ-J11~LLri 1"ll~U 1U"lJru::;~Luu~ui1~1L'U~t11u 
J'::;vlUU fl fl~~..:J n~1 L'elfi~ Luu~u1Ufl !?leJULL~::;f1 !?lVlU1'l LL(?] niui1 fl1 L'U~ m';i'eltl n~1 Ltlfi~ LUU~U1 U 

q o;u "I III '" .:u 

tJflfl~"lJ'el..:JLUU~U L'elfi~LUU~U LL~::;1"ll~u U'eltln~1 10 ~'lu1U~U~1U~'lU (part per billion) 

1U"lJ ru::;~ 21U 3 'IJ'el..:J n~J-J ~'l'elU1..:Ji1 fl1 L'U~t1"lJ'el..:J L'Yl~~U1u~ C?J~U1'l~..:J n~1 10 ~'lu1U~U~1U~'lU 

(part per billion) LL~lu~C?JeJuLL~::;~ C?J~'elUUtltl n~1f1i..:J"lJ'el..:J n~J-J ~'l'elU1..:Ji1~1 L'U~t1"lJ'el..:J L'Yl~~UU'elti n 

~1 10 ~'lu1U~U~1U~'lU (part per billion) ~1~~U!9l"J!ti'U..:J('Yl1..:J~'lJl1'V'l"lJ'el'lLUU~U (trans, trans

muconic acid) 'V'lU~1i1 fl1 hi Ln UJ-J 1 (;lJ'lli1U tI nL~u1U[)!?l ~Ui1~1 Ln UJ-J 1 (;lJ''<ii1U 1 !?l'l'elU1..:J vl..:J LL~!?l..:J 
~ "flU ~ 

1u(;l1n'l~ 6 

http:n1'a~:J.Je
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~'IJ'U:n'U (Benzene) 2. 56 3.89 1.67 

S 10 ppb (part per billion) 0.00-7.91 100.00 0.00-9 .55 98.77 0.00-8.07 98.70 

> 10 ppb (part per billion) 0.00 11 .21 1.23 10.04 1.30 

- ----_.•..•_ -_ . .._._ --- - --- - ---

1'V1'tlii'U (Toluene) 11.50 18.72 24.05 

" 


S 10 ppb (part per billion) 4.35-10.00 59.30 0.00-9.68 32.10 0.00-9.80 63.64 


> 10 ppb (part per billion) 10.34-55.10 40.70 10.03-1 2.63 67.90 10.07-09.21 36.36 
----_ .... _ .._....__._...-_.._._._-_.._ ..._----_..._-... .__..__.. _- _.• _._._..•-.....•.._....._. 

L'il6~HtJU=a'U 
2.31 1.70 1.93 

(Ethylbenzene) 

S 10 ppb (part per billion) 1.03-9 .90 98.84 0.00-4 .36 100.00 0.00-4.76 98.70 

> 10 ppb (part per billion) 43.11 1.16 0.00 65.57 1.30 
._ . .__ .._,------, ........,--_... _,------------------
1'lfa'U (Xylene) 4.55 5.62 2.44 

S 10 ppb (part per billion) 2.55-8.26 96.51 0,00-7 .91 98.77 0.00-6. 19 97.40 

> 10 ppb (part per billion) 65.50 3.49 10.27 1.23 12.73-46.30 2.60 
--_....- . .._.. _--_...__ .- ..,_. . .. ... ,---- - - .... _- - - -_.'-_.•,--- 

trans, trans-Muconic Acid 40.15 16,90 33.83 

S 500 ug/g creatinine 0-481 .00 98.82 0-14 9 53 100.00 0-369.81 10000 

> 500 ug/g c reatinine 615.00 118 0.00 0,00 

. . . 
Q I, I .:::::l G.' 0 cv ..::::::t. ~ c::I Q/ d Q/ 

l-J f)'J1l-JLL~ n [P11--1:i':::VI'J1'1 ~ ~n1 ~'eltJ1--1l-J'WtJ~1 f) bk)'Vl1 ·HHl ~ 'Vl :i':::!?lUf)'J1l-JL"ll'ell-J'W 95% (P-value . < 

0.05) L!?ltJ LU'W:n'WiJ f)'J1l-J ll~n f?i1'1l-J 1 n~ ~!?l:i':::VI~ 1--1 ~ ~VI'W1'J nu ~ ~~'fl'W :i''fl'l ~'1:W1lU'Wf)'J1:W lll?l n f?i 1'1 

:i':::VI~1'1 ~ ~VI'W1'Jnu ~~~'W ~'J'W~ ~~'Wnu ~~~'el't.!iJ f)'J1l-J ll~ n f?i1'1.w'eltJ~~!?l ~1V1~Ul"l!~'Wi't.!nfl') 1l-J 

ll~ n f?i 1'1:i':::\.d 1'1 fl !?lVl'W1'J nUfl !?l~'el'W:W 1 n~ ~!?l :i''fl'l~'1l-J1lU'Wf)'J 1l-J ll~n f?i 1--1:i':::VI~ 1'1 fl!?l ~'t.!nUfl !?l~'el'W"I ~ "I cu q "'I cu "I cu 

1'W"lI ru:::~l~'Y'iu f)'J1l-J lll?ln f?i1'1:i':::VI~ 1'1 ~ ~~'t.!lL~::: ~ ~VI'W1'J"lI'fl'l1"l!~'W ll~:::l~'Y'i'J f)'J1:W ll~ n f?i1'1:i':::VI~1'1 

~ ~n1~"lI'fl'lL'Yl~~'t.!ll~:::l'flfi~ LU't.!:n'W 'eltJ 1'1nUtJ~1 r1bk)'Yl1'1~ 11 ~ ~~'el !?l'"l't.!l~'Y'iU f)'J 1:W ll~nf?i1'1:i':::;VI~ 1'1 

http:0-369.81
http:0-481.00
http:12.73-46.30
http:0.00-6.19
http:0,00-7.91
http:2.55-8.26
http:0.00-4.76
http:0.00-4.36
http:1.03-9.90
http:10.07-09.21
http:10.03-12.63
http:10.34-55.10
http:0.00-9.80
http:0.00-9.68
http:4.35-10.00
http:0.00-8.07
http:0.00-9.55
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~~n1~"ll'f)'l ~"l!tiU'l;'Vl1'l~'dJl1'W"ll'f)'l LU'W~'W (trans, trans-muconic acid) 1'W1?l'd'f)~1'l'l1~~1'd::; 
LL~ ~'l1'W~1j'1'l~ 7 

~'l 

f?11'il.:!cV1 7 ~'J13J bbf?1 nlPil.:!'i::\lI11.:! '151 nl~"lI'f}':!bl.JlJ;!lJ bb~:::l'll~hi'llJ'i::~l.Jl.J ~ ~~ 
~ . 

bl.JlJ;!lJ 

bl.JlJ;!lJ 

~~~'W1'd vs ~~cJ'W 

~~cJ'W vs ~~~'f)'W 

~~~'W1'd 3 vs ~~~'f)'W 

l'llalJ 

~~cJ'W vs ~~~'f)'W 
.., 

~~~'W1'd 3 vs ~~J"f)'W 

Mean 


Difference 


1.33 

0.88 

2.22 

2.11 

3.18 

95% CI 


Lower Upper 

0.84 1.82 

0.39 1.38 

1.71 2.72 

0.49 3.73 

1.53 4.82 

P-value 

< 0.001 

0.001 

< 0.001 

0.011 

< 0.001 

LtJU:aU (Benzene) 2. 26 2.42 1.22 

:::. 10 ppb (part per billion) 0.99-4.84 10000 0.83-5.21 100.00 0.43-3 .98 10000 

> 10 ppb (part per billion) 0.00 0.00 0.00 

L'V1a~U (Toluene) 10.39 12.85 21.00.. 
:::. 10ppb (part per billion) 4.46-9.81 60.00 3.47-9 .15 41.38 3.65-9.43 70.00 

> 10ppb(partperbillion) 10.11-40.72 40.00 11.37-47.76 58.62 13.76-13490 30.00 

L'afi~LtJU;!U 
2.11 173 1.42 

(Ethylbenzene) 

:::. 10 ppb (part per billion) 0.99-3.95 100.00 0.99-5.61 100.00 0.70-4.26 100.00 

> 10 ppb (part per billion) 0.00 000 0.00 
-----------------_.__ . 

http:0.70-4.26
http:0.99-5.61
http:0.99-3.95
http:11.37-47.76
http:10.11-40.72
http:3.65-9.43
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'

QIPlV!tJl'l.. 


l'ii~tJ (Xylene) 4.05 5.36 1.54 

::: 10 ppb (part per billion) 2.48-6.37 100.00 4.71-7 .38 100.00 0.51-6.99 100.00 

> 10 ppb (part per billion) 0.00 0.00 0.00 

r.nnlYllJ'I-:J~ 8 YiU~1 tvH~~'W1'WuJ'J'mnll"1i1~ll'U~tI~-:J~l?11'WVJn~~nl~ J''el-:J~-:J~1 H1llri 

1"l!~'W 1'W"lI ru~~lu'W;!'W1'W1JJ'J'm nll"1lJ ~1 L'U~tI~-:J n~ll'elfi~lU'W;!'W1'W~~eJ'WLl~~~ ~'VI'WI'd LL!?l n~ui1 
~IL'U~m'h)t/n~IL'elfi~lU'W;!'W1'W~~~'el'W lri'el~IOlIJ'n,n1'Wll!?l~~~~nl~ YiU~I~'eltl~~ 100 "lI'el-:Jn~J.J 
l?l'dmh~lJ~IL'U~tl1'WuJ'J'tI1n1I"1"l1'el-:J L1J'W;!'W l'e)fi~L1J'W;!'W ll~~l"l!~'W U'e)tI n~1 1 0 ~'d'W1'W'W'W~I'W~'d'W 

(part per billion) tlnLJ)'Wl'Vl~~'W~i1ro11L'U~tl1'WuJ'J'mnll"1~-:Jn~1 1 0 ~'d'W1'W'W'W~1'W~'d'W (part per 
'" '" 

billion) 1'WVJn~~nI~ 1l?1t1~1'Vl~~'W1'W~~'VI'WI'd~-:Jn~110 ~'d'W1'W~'W~1'W~'d'W (part per billion) 

~lnn~I~'eltl~~ 50 LL!?l1'W~ ~eJ'WLl~~~~'i'e)'W~'d'W1V1'1ilJro11l'U~tI"lI'e)-:J1'Vl~~'W1'W'lJJ'J'tI1 nll"1tJ'eltln~1 1 0 

~'d'W1'W'W'W~1'W~'d'W (part per billion) 

lri'elvll nlJ'Lmtl'IJ lVitl'IJr1'dI~ LLlYl n l?i1-:J J'~VI~I-:J AI L'U~ tI~il?11~1'WJ'~~'IJ'IJ r1r1~ n'IJro11l'U~ tI~it1l•" , , 
1~1'W'lJJ'J'tI1 nlI"11'WY4'WVi ~ n'Wl Yi'IJ~1hJiJ r1'd1 d-J LLI?l n !?l1-:J n'W'el£i1-:JiJutl ~1 r1'1!'VlI-:J~ 1:i ~ tI n L~'WAI L'U ~ tI 

l 'IJ'W;! 'W1'W~ ~ 'VI'W I'd ~ i1 r1 'd 1 ~ lll?l n!?l 1-:J n'W'e)u 1-:J iJ Uti ~ 1 r1'1! 'Vl 1 -:J ~ 1:i ~ ~ J'~ ~'IJ r1 'd 1 ~ l~ 'e),r'W 95% 

(P-value < 0.001) ~-:JLL~l?1-:J1'Wl?lln-:J~ 9 

'tJ'i'HJ'I m PI 

~'UtJ ~tJQ lPlV!tJl'l 
OJ 

'tJ'i'J'mmPl 

~'U'w~tJQIPl~'f)tJ
OJ 

95% CI 
P-value 

Lower Upper 

2. 56 1.2 10 -0.188 0.777 0.229 

2. 26 

3.89 5.404 0.932 2012 < 0.001 

2.42 

1.67 1.455 -0 .1 66 1.081 0.149 
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<Q. q<1" I 

'l41'i'el'U'Vl'itll!: b'llltl.:lltl 
d 

Rlb'1latl 
Lower 

95% CI 

Upper 
P-value 

'tJj'j'tnnIPi 

t'Vlai'Utl~eJ'U.. .. 
j':; i1TUl.j flfI~ 

1.22 

11.50 0.687 -2 .091 4.312 0.493 

'tJj'nnn'I Pi 10.39 

t'Vlai'UtlC;]'III'Ul1.. .. 
j':; i1TUUr1fl~ , 

Uj'j'tnnlPi 

t'Vlai'Utl~;'el'U.. .. 
j':;C?fU U r1fl ~ , 

UntnnIPi 

18.72 

12.85 

24.05 

21 .00 

1.787 

0.222 

-0.643 

-24.244 

12.383 

30.357 

0.077 

0.825 

b'el fla b'U'U;a'U tlc;]eJ'U.. 
j':; i1TUtj r1fl~ 2.31 0.245 -1.474 1.889 0.807 

Uj'j'tnnlPi 2.11 

b'elfla b 'U'U;a'U tlC;]'III'Ul1.. 
j':;i1TUtjAA~ 1.70 -0 .147 -0.382 0.329 0.883 

U j'j'fnnIPi 

b'elflab'U'U;a'Utl~;'el'U.. 
j':;i1TUtjAfl~ 

1.73 

1.93 0.373 -2.183 3.1 97 0.710 

Uj'j'tnnlPi 

l'l1a'Utl~eJ'U.. 
j':;i1TUtjAfl~ 

1.42 

4.55 0.384 -2.109 3.122 0.702 

Uj'j'tnWH'! 

1'l1a'Utl~'III'Ul1.. 
j':;C?fU1J r1fl ~ 

4.05 

5.62 1.063 -0.223 0.740 0.290 

'tJj'j'tnnIPi 

l'l1a'Utl~;'el'U.. 
j':; C?fU U r1fl ~ , 

Uj'j'tnnlPi 

5.36 

2.44 

1.54 

0.923 -1 .036 2.842 0.358 
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'"l1nm:i'~l-JJl1'jj'ruL~'1~nn~l-J~,)'fl[h'1 ;'1Llh.lL'ViP1~ru'1 'fl1m!::~~1'1 21-791J r1i'1~~'1. .
~ 

'fl1~tI'fltJh.l"lll-J"II'W 70 H ;'1LU'W"IIl-J"II'WtJ'fltl~nm1l-J~'W1LL'!.l'W"1l'fl'1lh!::"II1nnU'Wrer'WCKu 2 ~'tl'1"IIl-J"II'W 
~ q q q 

4-5-6 LL~!::"IIl-J"II'W1'~r1~'tl'1Lf?ltll'W 2 "IIl-J"II'W~!:: 1 r1'W 1'Wci'tl'1"lJ'tl'1n1:i'~1JjL~tI')nUn1:i'~l-Jer~~1:i'~'W'Vl1U
• • <u 

:i'!::mtli'1l'W'tl~f?lLL~!::1''W~ Ln1J ~')'tltJ1'1U~~1,)!:: n1:i'~UjL~tI')nuun 1~1~"lJJl1'Vi n1:i'~ujL~tI')nUm:i'
~ o~ q '\J 

U'tl'1 n'Wn1nrl-Jer~ 1?l~'tl~'"l'Wm:i'~ujL~tI') nUm1l-JU~'tl ~.ntl'"l1 n m:i''fl1 ~tI'fltJl'W~'1LL,)t'I~'fll-J 'ViU~1 
<u <u 

n~ l-J ~,)'fltJ1'1 10 1'W 16 r1'WL U'WLL~U1'W/hJL~ ~ 1'11 'W 1 1'W 3 "lJ'tl'1 n~ l-J ~') 'fl tJ1'1 n'tl1''Vi f11"l11t1 

n~l.J~,)'fltJ1'1n:i'1t1L~L'U~tI 8,531.25 1J1'Vl1L~'fl'W n~l-J~,)'fltJ1'1 11 1'W 16 r1'WLL~'1'11'W/'fl1~tI'fltJ
• • <u 

i,)l-Jn'W l'W"lIru~~ 1 1'W 4 Lu'W~ihtll~[hj1'1 n~l-J~,)'fl[h'1'Vlnr1'W'fl1~tI'fltJl'Wi'W~Ln'fl1Jf?l~'fl~L,)~1
• q <u 

l-J1LU'W:i'!::tI:;L,)~1'W1'WL'U~tI 251J ~'fl'1l'W~1l-J"lI'fl'1n~l.J~,)'fltJ1'1m:i'r1U:i':;~1~,) t~tl1'W-rl')'1 12 L~'fl'W~ 

eJ1'Wl-J1 ~')'Wl~ rY~'fl1m:i'~'1 L~tI'WP11'jj':; 

'Viu~11'W-rl')'1 12 L~'tl'W~eJ1'Wl-J1 Ln'tlui'1~l-J~"lJ'fl'1n~l-JI?1')'tltJ1'lll-Jer~~1:i'~1'l1 ~~ 
~1:i'~'W'Vl1U:i'::;L~tlLU'W~')'Wt-J~l-J :i',)l-Ji'l n1:i'~l-J er~L 'tl L~m C1 t~tIL'U'Vi1:;n1:i'll-J er~L'tl L~ mC1t1'W~/ 

l-J'flLf?l'tlfl"1l~ bti'tl'l'"l1n'tl1~tI'tltJvh'l'"l1ml'W'WL~bn'W 500 bl-Jf?l:i' :i''fl'l~'ll-J11~bLri ~l-Jer~~bU:i'Utl1n'WtI'l/
<u q 

LL~ r1 bn'tlf LL~:;il-J er~m') ~1'11 1?l1l.J~1 ~u 1'W~1'W')'W~1~~1Jil-J er~~1:i'm~1if 'ViU~1 n~l-J 1?1')'tltJ1'l ~,)'W
<u q 

1~qj1~~un1:i'il-Jer~l-J1n'"l1nm:i''fl1~tI'tl~vi1'l'"l1nC1'W'W1~Ln'W 500 Ll-JI?l:i' ('tltJ1'l.w'fltl 2-3 r1f'1/ 

i U ~ 1~) bLI1i m:i'il-J er~ ~ b U :i'Utl1 n'W tI'l/tl1iJJ1 Lbl-J ~ 'l1'W:i':; cKuu1'Wn ~1 'l ('tl tJ 1 'l.w'fltl 1 r1f'lIL~'tl 'W)
q 

l'W"lI ru:;~ n~l-J ~,)'tltJ1'l~,)'W1~ C1i1~ ~u n 1:i'il-J cr~~ bun%.~ t-Jl-J/~iJ'fll-J t-Jl-J/~ LU:i'U:i'::;run~'Wmtll~ L U:i'U 

U~U'fl1mP1 il-Jcr~~ILL~r1Ln'flf LL~:;il-Jcr~m,)~1'l11'Wml-J1ruL~n.w'fltl (3-4 r1f'lliJ) LL[jnm:i'il-Jcr~ 
" 

L U'WU:i':; b~'Wvl'lU 

1. m:i'il-Jcr~L~tI')nu~~1'tl1?1,)'Vl1~:;~1t1 


~l-J1t1 C1'1 m:i'il-Jcr~~1 :i'~'W'Vl1U:i':;L~tI'"l1 n'Vl1~1'tlt-J~l-J~ILLiol r1 bn'flhr1~'fluh'j/,f1,r'W"nn L'l1/ 


l1'WL 'W'tlf/~;J nVi mf1?11'l1 "1~"1 {7]~'fl ~'"l'Wm:i'il-J cr~ 1?1,)~1~:;~1t1 ~1'l11'W1l-J"II'W~ m:i'''ll'tll-J LL"1!l-J~1'fl 

~j1'lU1'W1~~'fl~L~l-J'tl1 cK'1J'Wm:i'il-J cr~'fl1'"l LU'Wn 1:i'll-J cr~i'l'Vl1'lm'l 1~ LLri m:i''Vl1~ ~,)tll?l'WL'tl'l 
~1'fliJ n1:i''Vl1~Jl1t11'Wu1'W~ f?l'WL'tl'1'flri'fl1 ~tI LU'W~'W ~1'tl n1:i'il-J cr~ t~tI'Vl1'l{)'tll-J L~LLri m:i''Vl1~'lI'tl'l 

<u 

http:8,531.25
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ufQ.JfJlfl3 7: ff'-1cr~ ~YJ nr}'W rwn:: hJi,fJtlU1fJ'WfJ'W~~'WY{U'1'WtJfJ.J~ I'J Lf1'111 ,~J/,y'W LL~:: 
UfJ.JL '1Jtl"l1fJlJLtn~'tl'W~U/'WYl nr}'W~h'WlunJl-nL 'J~ '11h::'-1/f!Jr}'W~:: 6 i'J l'-1.JY/'" ., . 
" ...lJ/'W'W 

Uru.JfJ I tl 53: "Ii'J.J n'&J I 'W'-1 I u/'Wn'mJuI.J'"I I nuI'WIfI'J LfJ.J UJ'::'-1 I f!J 2a ~'-1 i?1 J' iJm nv'W~
'" ~. 

zh::'-1/f!J 3 fJlYli?1fllJ/.Ju/'WiJmJ'Yl/lVu/'W 1-2 r}'W 

2. nI~tra.J er~ l~m nD~~'fll.J t:-Ja.J~1'fl~ ltl~tJ(.h-11 

dJ'\.lnl~trl-J er~~1~~'\.l'V11tJ~:;lm.J9l n nI ~H~ ~'fll-J t:-J l.JVl1'f)~ ltl~tJ~1-11 ~nnI ~'fl~nl"l!1 '\.l 

n~:;iJ'f)..'l l-D'\.l ~HtI~tJ~~t:-Jl.J/~ ltl~tJ~:;.rD n~'\.lnlt.JI~ ltl~tJtlfDm niP! dJ'\.l~'\.l 'Y'/D~lri~'..'lVl~..'l"ll'f)-1n~l.J
• 

uru.JfJ/tl37: VfJw:m L fJ.J 1 FI f.J/L~fJ'W l-n~LUJ'flJ::.rlJn~ulfI'JYlnr}'/.JLL~:: l-n~ LUJ'fluflJ'" . " . 
I-

fJlmf'1fJIYli?1fl~:: 2 Flf.J 

~__ .:::::I Q,.I cv .r o 
4 . nI~~l.Je..J~LnmnDe..J~(?].nru'r'l'V1ll"l'lll.J~ :;m~[?n:q 

In'flDi-1V1l.J ~"lI'fl-1 n~l.J. f?l'l'flri1-1b ~ e.J~(?].nru"Yly'i1I"l'lll.J~:;m ~i1'fl-1ti'lb'\.lUl'\.l 
"" I~ l.Ii-'Qi.I 0 l.I l.-'o_ 

UflJ.JfJ Itl54: ~ ,.JUfJ.JU,WJtJ'WItJ'1~ I.JUfJ.J 'W/Yl n'J'W
'" . . 

a..."" " !tJ ,.. , 
~ j.I 11 0 l.I 0 i.I l.I 0 ~ tr IdI cv l.I 0 QI/ 

uru.JfJ Itl53: ~ I.JUfJ.JUIPI'Jtl'W/tJ'1~ ,.JUfJ.J'W/Yl nfJ IYli?1tl lJ'W'WYln'J'WPI'JtJU/tJ'1 H~::YlJ'1'W 
0; q , 'II" 

flJ-nncJ,lPltliJLFl1fJ.JincJ,utlfJPlLU1-ml1 2 wdfJ.J ~.J{;)fJ.Jlf;'$cJ, tJ.JinwfJnLw:: 

J/tl,uflJcJ,yJ'-11u~nf1,n''-1,1-nlJ1n,J'Yl nr}'W. .
~ 

5. nI~il.J er~ l~m nD,1l-Jti'l~'\.l/I"l~-1lnDti'l~'\.l/b~-1 ni'\.lti'l~'\.l/'i:n ;-1lnD~lnl"ll:l 
UTW"lI'fl-1 n~l.Jf?l'lmh-1~l'\.l'l'\.l 2 ~ltJ n'i:'fl nI~il.J er~ l~tJ'lnD,1l.Jti'1~'\.l1'\.ln~ru~,jl~Cllt1l~l.J• 

ti'l~'\.l~,1l.JlvhJ'\.l 
uru.JfJ/tl37: lu(il'-1J,Ji'Wn'J'-1 fJ,ni?16 H~:: 2-3 Flf.J 

'" . 

http:l~tJ'lnD,1l.Jti'1~'\.l1
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6. m~~tJtJ~ b~[J'J nu"li'tltJ nll"li'tltJ brl~''tl'l[J'W~/itJ tJ~tf1~'W~1'l1 
nl.'itJ[?]'J'tlti1'l~1'W'J'W 21'W 16 r1'W 1~fum~~tJtJ~H~mnum~"1i'tltJbr1i'tl'l[J'W~

q 

7. m~itJtJ~m"J.hbbtJ~'lbbUU~ blh£1 

VltJ1[J ~'l m ~itJ tJ~~1~;S'W'Yl1£1~:;bVI[J'"ll n n1~itJ tJ~ ~ btl~£1[J 1n'W~'lVl1'tl[J1"J.h bbtJ'el'l ~1'l1 

ViU~1[?]'J'tlti1'l 51'W 16 r1'Wiwr~mn'W[J'lbbUu~btl~£1'YlnrJ'W l'W"!Iru:;~ 51'W 16 r1'W~tJtJ~~btl~£1"lJ'tl'l
q q 

" 
mn'W[J'l'tlti1'lU'tl[J 1-3 r1f'l/~tl(?)l~

q 

, ~ 

uru.JfJ1tJ54: ~f?ltJ1nutJ.J'YIniu ULPltJ1nutJ.Juuu'11f?l LfJ~tJ'"If?lf11V1mJgy~ 2-3 flf.J '"If?l'Wf1 1uiJ 
o,.r q q If If"Q 

WJU 19y'tJ.J uff'J r;)U L'W J1~LL WfI iUtJ1 nu tJ.J 'Yit 1umJuuUlf1n 
~ , 

uru.Jf1 ltJ 79: 1-ntJ1nutJ.J LLUUflf?lf1 lV1 (?) tJgy~ 2 flf.J ~f?l(?)f1'tJL';luff'Jf1f1n'"llnV1U 1iJfltJf1tJ 
0>' q If If ClJ 

1o. m~itJer~b~mnUm'J~l'll 

VltJ 1[J ~ 'I n l~itJ er~ ~ 1~;S'W'Yl1£1~:; b VI[J'"ll n n1~itJ er~ 1'tl~::; bVI [J"lJ'tl'l n1'J ~1'l1 ViU ~1 n ~ tJ 

[?]'J'tlth'l~m'tln1~itJ er~ m'J ~'J'W1V1 ~ bll'Wn1~~tJ er~1'WmtJ1 rub~ nU'tl[J bb~::;iJ'tl[J b ti'tl'l'"ll nfl1[Jl'W 

'lltJ'll'Wbll'WbbVIl.'i'l (?)tJ m'J"lJ'tl'lrJ[J5''W
q q 

~ c;:iQl !;' .v 

UW.Jf11tJ71 : 
~ q 

:JJLf?lnf?lj.Jnl'J:JJlf?l:JJnl'JLW'JUTt.mmU
• 

uru.JfJ1tJ30: l~n~U'"Iln'W'JnLt;rnf?l:JJnl'J 
~ . 

'"lln m~itJJl1'jj-rub~'l~ n b~tI'J nu n1~fu'in1~~tJer~~1 ~;S'W'Vl1£1~:;bVIti ViU~l nl.'itJ [?]'J'tlth'l~
'IJ q 

ml"i'[J'tltivi1'l'"l1 n bl'W'Whilfi'W 500 btJ~~ :ITn 1~fu m~itJ er~1'tlb~mbltl'W~/tJ'tlb~'tlfl"l!t91
'IJ 
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~tJ'il n~~ (P]'J!1t.hnf'lVll-J 1?li1 n1 :r~U'ftrruVll~"lJJll~ ~'1tl 
q CU CV q 

1. ~U'f~l i1tr ruVll ~"lJJll~fOll n n1 :r~l-Jtr~ ~l:r~'t.I'Yi~,tTJ':::bVltJ 
<Q <» q 

~1 :r;S'W'VfhJ:r:::bVltJ dJ'W~'J'W~~J.J 

uru-JfJltJ30: iN ~nl?l MliiJlnLifflfiflU 1,;fifltJLUU f:tflfl::1J ~itJ'Jii1';fI'fltJnuN 1Jfln 1J.,iflwil 
~ , 'lJ 

ihmhliiJ::3J lliiJIn 1~f1Jr?J I :tiV'Nr?J::r?J3J Luh,;Jn1 tJ LW:tI::fl~~h 1';ulliiJ::ihtJf1 

ihtJ n~'U3JlliiJlnw'Jnt?l3Jnl'J ~~WhUU'lJTLhw7nn~'u l~n~'u!h~uui1 Dl 

r?Jt?I Lil hJIiiJ::1ht?lu'J flwh3JlliiJlnfllmfi ~ w:tl::lurhi1fJf1tNyhr?J I:tLfliJnu 
'IJ 

miJfJU"tlt?l7 1';f~-JmiJfluflfln hJ~t?ln~'u 

Uru-JflltJ79: fl~r?J~~mL1J1Jii LliiJflr?JI:tWt?l ';uu~1J1';;-vu w;i~nr:hLfI:tm';1~ uluLn;[rflu
~ , 'II 

" 
lPl'Wir'Wbnl?lfOll n~l bVlIPl1V1 

q 

uru-JfJltJ40: 1J1-JnnnfJlm:t:t::flltlLflfl-J1?I1 LLr?J1J LUIiiJ3Jn LL~::fiflWW~tJ uIli1';¥11~nt?lliiJln
GoO If ~ 'tI 

fl::1J UIUfl~UI-JliiJlnfn(?/-Jn'Ln1Jr?JI:tLfliJ1i:t::3Jlru 500 L3JVI:t JYul';ulliiJ::i'h
'II 
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vl'J'fl~.h'l YiU(:hn~l-Jvl'J'flfh'lLLl.l'lL1J'W 2 n~l-J 1~LLfi n~l-Jvl'Jmh'l~'VInu~finlJ'u'fl'ln'W(;J'WL'fl'lLL~~. .. 
, ., 

n~l-JV1hj'VIJ'IU%mJ'U'fl'l n'W(;J'Wl'fl'l ~'llJ• 
1. 'VIJ'IU~mJ'U'fl'ln'W(;J'WL'fl'l 

LLiJ~ln~l-J vl'J'flfh'llOl ~'VIJ'IU% nlJ'U'fl'l n'W(;J'WL 'fl'l1Ol1 n m J'~l-J er'Mll J'~'W'VI fJ'~L~fJ L~'flU'fl'l n'W• 

IOllnrl'W1'W~'lrll-J 

UW.JfrltJ54: YI'W1Pi'fiyl'w 17..1 1rh'n~''WJ,'13j'WYIn1''W ulPinl'iJ::ir1,)1rh'rwn::ul'WfJtJV1~t:I'W'W l')1rh'
CV !if !if qJ 

ufQ.JfrlfJ79: th-lh.JUI'WYlIN1u'), fOJ::!~nfJ'W :r::flltiLfl'iJ.J1?11 tfl'iJ.JfI'iJ l'iJ ulPinmmhJ1u'W 

1')1rh' l')lMJ'iJ.Jn'W rwn::tfltJ1iuulnlntJ~u~'JultJ1fOJ1,)'iJ'iJn ii~B~ tJ~l~ 

3 fli.J ul?1TJ~u~'JultJ1fOJ 1,)fJ::~'Jn ,hiJuuu1mJYf1';H~'JUltJh&'l::~'JnnfOJ::1'; 

UW.J'iJ ItJ30: 1')tfltJ1imJn mill'iJ.Jn'W rw:r I::1,)PI ~'iJ::1nllmntJ tfltJ1rh'fuufOJ nchtJ~fOJ'-1n 
Q.I q " iJ 

n'W,htJ7 ~tntJfOJ hi~1'W JIf1Iq; nhJu'iJ.Jn'W 

UfQ.J'iJlfJ51: 1'1.17 !i~~&'lI:rihf'W'Jnift1hh1 !1IfJ'.JCJ~tg;JtJlPi'iJ~"iJ.nI'WulPihiMu'iJ.Jn'W 1')iJ 

uq;q;lfOJ::h1nl'iJ::1:r n'iJ~hJ1''W7 "iJ'iJ.Jtnuuuif c,.JiJcJltJ~fOJ';!nnhi1i rwn:: 

fI'W:;i'W1')nln'W u~'JtnnlnmiJ'iJ'WfI'Wul fI'Wyimf'J'-11n7 c,.JfOJ::1&'l' h/1&'l'mn:: 

,y1.1 '/;J1f'W hiltn~tJ~ '/;JtfI fJ 1fd (?J'iJ 1.1 if'/;J1rh'ih tJ'iJ ::1:r 011]']WoifJ tJ11n'W 

Uw.J'iJ I tJ53: PI ~11 11I'J t'iJ.J hit1~ 'iJ ~.r1tJ tt IPi 1')¥fOJ::n I tJ.J 1.J nv:i'l::1')iJ fI 'J 1'-1 ¥11fOJ:: rh''iJ.J 
Q.I q qJ qJ 

U'iJ.J n'WI1I'J t'iJ.J U~::fI'W1'WfI:r'iJ Ufl f'J tJ.J 1.J 011fduUl nI nu'iJ.J n'Wnmf'J11f1'Wif'W 

fOJ::'-1'iJ.J tiJ'WfI'WUt1~n 

2. hj'VInu~m1U'fl'ln'W(;J'WL'fl'l 


n~J-J vl'J'flrJl'l~I'W'J'W 21'W 3 hj'VInU~nlJ'1J'iJ'I n'Wvl'J b'fl'l Ll~:::\.'ll-JI~ n l'WrlJ''flU flf'JlOll n nlJ'
• 
~J-Jcr\.'l\.'lIJ'~'W'VI1rJJ'~L~fJ'flrJl'1l~J-JI~\.'ll-J LLC?in~~~ n L~fJ'It~fJ mJ'L~'W'fl'flnlOll nu1L'J ru~n n~'W 

UW.J'iJ ItJ30: t'J~ 1:i't:1'-1fJtl?1fJf1"f1m·.J ch'Wm.!11n'W fOJ::1rh'n~''Wri'iJ 1'iJtN tJ u~w1h 1t11'W Ul 1.1 
<V • 

tt IPi t :i'I ntJ.J rJ'iJ.J 'iJ tJ 11.1 '7f Wl1 1.1 UU uif hi ¥fOJ:: t~ftJ.J tJ.J 1.J HIB'Wi;} :i'I tiLt IPi 1')1rh' 
'lJ " 'lJ 'lJ 

U'iJ.Jn'W rwn::1')h::nltJ.J1.J., 
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u6).J'tJ1t;51 : 1i17 n\?~f:l1:rw~'W'JnifL.w1hJ Jrh~.JCJ~L~fJLJi'tJ~'11J11'WuLJihJl~v'tJ.Jn'W hiiJ 
.., 

'l1f}Jf}J1'"1:::hJr'i1'tJ:::h n'tJ~hJi'W7 '11'tJ.JLnLLUUU 

UW.J'tJ1fJ53: LflfJl~n~'umhmr1JJ'W uLJihJfJJ1'"11nlu'W hjl~ri1'tJ:::h 'W~1L1J'WtJ'tJ.JtJ'tJ.Jn'W 
~ . .. 

UW.J'tJ1fJ37: Awh hhJ~'tJ~JffJ nft'Jr)1f:11:rLfliJ'"I::::r:::Lfj~ uLJihJ1{iJv'tJ.Jnu LWn:::ml?ln1:rru 
~ . . 


m'WLn{iJ L~fJ1JJtJ'tJ.Jnu 

UW.J'tJ 1fJ40: A{iJr) 11JJ'1..1~'tJ{iJJffJ fr)1iJf:l1JLfliJ uLJihJl{iJv'tJ.Jn'W L'Wn:::1JJiJfI'J1JJflun1:r 
GI q tJ 'lI 
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"lllJ"ll'W tn~1~lJfld~1fi1dru~'ll ~'J II'V1'Wn~lJ ll~ih'W n~lJ ~~~tnl'J nldr.l(?H 'JVl"lllJ"ll'W'W~ n lOl1n"'l:;lU'W
q q q q qJqJ q q 

nld~'W~~lJ~~1~"'l1 n nld~m~1~"lllJ"ll'W !'T~ lU'Wnld~~1~ nldn~'J'Wi'JlJ ll~:;~~1~ fl'J1lJ lU'Wl91'lJ~\I 
qJ 'IJ • 

, 
, .... "" 

d:;ml'J ~1'J1~ml'J'W 

t.J~ MtJ nldr.l(?1l'JVl"lllJ"ll'W 'Wurj 1 ~ l~1 i'JlJ l'JVl"lllJ'Jl'WU1~ n~ lJ n~1'Jrj1"lllJ"ll'W!'T\ln fl'J1lJ~"h n (?1
q q <U q q q 'tJ 

1'W~~~ ~1d;S'W'V11I'h:;l~I'J l~'V1nurj1 ~~1(?)~~ ~1d;S'W'V11I'h:; ml'J ll~ :;!'T\ll~ l~'W~~ fl'J 1lJ ~1 f1~'ll~'1 

1Jcu'l-n ll~:;t.J~ nd:;'V1U'lJ~~nld-llJer~~1d;S'W'V11iJd:;l~1'J 1~~r.ln'% nldU~~n'W ll~:;rl'JU rllJlJ~~'rt"'l1 n 
~ '". 

tJfU~1n1P1ll~:;d:;rU n~'Wnll'J J'11'J1iJ~ml~:;(?)(?1t.JlJ ~ btJdiJ~(?1 t.JlJ ~ bl~:;J'11'J1~1~ l~U ~1d~1lllJ~~ 

1'J1~1~~1 ~1d~ln(?1"'l1m~J11~~ b-rl'W"'l1n~1~1diJ~th~ (mqJiJ'I lriiJ~ ..,~..,) n1'J19l1~1 t(?11'J 

~1d;S'W'V11iJd:;l~mr\ltJ:;tJ'W1'WUddl'J1nI PI "'l1 mrli~\I ~lJ lb~:;~1~1d t(?1l'Jn n1d~~~1d1~'V1d1U~..:J nld 

1~fu-llJer~~1d;S'W'V11iJd:;mmu'Wd:;l'J:;l'J~1'W1'W "'l:;nt.J~nd:;'V1uvf\lblUulf~f..:J~1~iu'W~'Wl9l~~'lJJl1'W. 
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1'W"q3-J4l'Wbll'W~:::tJ:::11'Wt)'W'ttl~1?l b~1f mY! ~tJ bb~:;1'W~Tl'Wb~'W ~'1'th:;4l14l'W~,)'W1mlllOl :::Tl~1 'W"q3-J4l'W1'W 

"lI,)'1 b ') ~1 t?l'l n f'i1 ') 
~ , 

'W'el nlOl1 nllbbn'WtJ113-J4l'W tJ'I b~'WTl1~i:l n1~Hl.!~'1 ~~Tl'l n'W~ I?l ~::: b~ n n1~~'lJLJ'ttl11 'W"q3-J4l'W 
I I I j.I I 

b-W'el'llOl1nf)t)'Wul-11 b1J'W~1~:S'W'Vl;-tJ~:::b'ttltJYii:lI:.J~ (;]!l~"llJ11"tl vl'l~~'lJ bb~:::f)~Tl'lJf)f') ~'1 n1~~1 bU'Wn1~ 
q q cu 'l.I 

, ~ 

"q3-J4l'WLbTl'fJt'li:lU'1J'ttl1 (;]1'1 13-J 1 nl.J1tJ ~'1i:lm13-J'ttl~1 n'ttl~1tJ bb'el :::r'Wbb~'1bb~ n (;]1'1 fl'W hI 'W'lJ t?l'l bb(;]U'1J'ttl1 

f),)1l..JmnlOl'W mL~~tJ~1?l f),)1l..Jr'Wbb~'1 Tl14lt:l.J1n~~3-J u'1J'ttl1~h'W~'1bb,)I?l~Tl3-J dJ'W~'W n1~~~1'1f),)13-J 

i,)3-Jl'lTl1'W4ll..J4l'Wb~Tl n1~tJ1hl~'WLtJ'lJ1 tJ ~1n1 nw:::1'Wn1~tJTl'l fl'W bL~ :::f)')'lJ f)3-J3-J~-Wm1 n ~ 1~:S'W'VI1tJ 
q" q 

~:::b'ttltJ dJ'W~Tl'lYi1'V11tJ LtiTl'llOl,) n"q3-J4l'W~,) 'W1'ttl q!tJ'I3-J'el'l LD'W 'L1~:::L~'WU '1i'ttl,)"ll'W11?l L~ n L~ 'el LYitJ'lJ fl'lJ 

Ut:l.J'ttl1~ mh')l..J,) LL~,) n1~~1 LU'WLf)~'1 n1 ~';)9tJ~1 LlI'W~Tl'll~f)') 13-Ji,)3-J l'lTllOl1 n'ttl~1 tJ e:J1 tJ 1'W n1~~~1'1 

f),)13-J~~:::'ttl'Wn1'W~Tl'l n1 ~tJ'el'l fl'W 'ttl1Tl'ttl~ n L~tJ'I L~!l'Cl1?l n1~i3-J cr~ ~1 ~:S'W'VI1tJ~:::L'\tltJ 'fJ'W~'11:.J'Cl'VI1'1'Cl'lJ 

(;]'el~"llJ11~ nf'i3-J Lm,)4l'W LLn'WtJ14l3-J4l'Wm ~')~,rm~1 fi') ~rtJ~"ll4l3-J4l'W LL'Cl::: n ~3-J LLlJih'W 'lJul~~1 bll'W 
q q q q q q 
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1.J'V1.vi 5 


~~t1'flihJTl!l f.I~ bI.~::b~'W'fl bb'W::
. 

n1J'~m~n1~tlflf--lti' L1J'Wn1J'~m'11~uJ'bl.nn1J'n1nnu~'e)~~1'WVI~1nvH.nt:J% (Mixed methods)
~ ~ 

~--lnn1nnu~'e)~~ L~--lill~1 CW t~tJ n1 J'~1J'':l''l n1nnu~'e)~~ L~--l fl CW1l1'W t~tJ n1J'i~Jl1'l'1ruL"l1~~ n 
~ OJ q 

LL~~n1nnU~':l'e)tJ1--l"l1nmn1fljt~t:Jn1nnULLUU passive air sampler ~--lLrh.l'fltlnnuLnU'e)1n1flj~ 

n"ll'W1~L~nLL~~m~tJLVimn1nL'Wi"ll'e)--l'e)1n1flj t~t:JhiH~~~~mn1flj L~'e)\nhnLM1~,xVl1J'~~U
" 

. ., , 

"lI'e)--l trans, trans-Muconic acid ~--lLU'W~':l~~~n1J'i~cr~LU'W~'W 1'WtlJ'~"ll1"ll'WVlm~t:J'e)tJl'WL"lI(;1
~ 

"ll~"ll'WLL'e)i~fl~'e)--lL(;1t:J t~t:Jn~(;1ntlJ'~~--l~ L~'e) 1) L~'a~n'l'11J'~~Ufl':l1~L~~~'W"lI'e)--lLU'W~'W t'Vl~~'W.. ~ 

L'afi~LU'W~'W LL~~1'l!~'W l'WuJ'J'mn1fljl'Wi'W~Pin'l'11m~~~n1~ 2) L~'a'Vlnuti--ltfqJVl1~"lIJl1'W~ 

""3) L'W'e)Vl1 

fl':l1~i~~'WfiJ'~VI~1--lJ'~~U fl':l1~ L~~~'W"lI'e)--l LU'W~'W t 'Vl~~'W L'e)fi~LU'W~'WLL~~h~'W 1'WuJ'J't:J1n1 fljrlU
OJ 

tfb1!Vl1~"lIJl1'WtlJ'~"ll1"ll'W LL~~ 4) L~'e)\nc.J~ n1J'~n'l'11~1~11J~~ '1tJ LL~ nLtl~t:J'W LL~~mn'l'11V111'e)rlU 

VI~1tJJl1fl~'d'W1'W"ll~"ll'W L~'a nJ'~~'W1~"ll ~"ll'W 'VlJ'1U ti--l~ bI1'Wn1J'rufl':l1~J''WLLN''lI'e)--l~~Vi'tf(?]'e)~'IJJl1'W
q q q q q 

, 

tfqJVl1 LL~~m"lYl11~ Ln ~'WtmJ1tJ~1fi1 J'CW~1'Wn1 J'u'e)--l rl'W LL~ ~fl':lU'1~~~Vi~1 n~1J'J'~LVlt:J LYl'tl 

n1J'n~"lIJl1'W~ LL~~flCWJl1'W~1 (;1~~"lI'e)-:}tlJ'~"ll1"ll'W(?]'e)ltl. . 

., ., 
HH1 n1 J'"ll'e)~ LL'l!~Vl1'tl~~1--liJ1'W1VllJ'e)~ L~ ~'e)1 ~-ltr'Wn1 J'i~cr~'e)1"l Lu'W n1 J'i~ cr~vl-:}'Vl1-:} (;1J'-:} 1~ LLn 

n1J''Vl1~~'dtJ(;1'WL'e)-lVl1'an n1J''Vl1~Jl1t:Jl'WiJ1'W~ (;1'WL'e)-:}'e)t1m ~tI LU'W~'W Vl1'e) n1J'i~cr~t~t:J'Vl1~{)'a~ 
. 

~ 

" ., 
1~ LLn n1J''Vl1~''lI'e)-l LYl'e)'WiJ1'W~1-:} L~tJ-l LU'W~'W 'W'e) n"l1 nuu-:}'Wu~1 n~~ ~':l'e)tJ1-l Ln'e)uvl-:}VI~ ~141. 

~~ cr~ ~1J':S'W'Vl1iJJ'~LVI tJ LL(?] n ~~ ~':l'e)t11-l n n1 J'fUl~1 tfqJ Vl1~"lIJl1'W"lI'e)-l (;1'WLn ~"l1 n n1 J'i~ cr~ ~1 J' 

~-l LL':l ~~'e)~~n~1J':S'W'Vl1iJJ'~LVltJ dJ'W~':l'Wc.J ~ ~ 'e)1"l Lti'e)-l"l1 n~Jl1'W LL':l !n~'e)~Jl1tJl'Wi'W~ Pi n'l'11n 
I I '" I I 

t'e) n1~ L~tJ-l (?]'e)n1J'i~ cr~~1J':S'W'Vl1iJJ'~LVltJVitl'WLTI'e)'W'e)tJl'W~--l LL':l ~~'e)~tl'WLtl'e)--l~1"l1 nn"l nJ'J'~l 'W 
OJ 

http:1.J'V1.vi
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n'W1'WLLr;]~:;~ ~ n1~ t~tJ'"l:; L~'W~ 11'W~ ~~'a'Wn rl1 L'U ~ U~1 n~1 ~ ~~'W1'J LL~:; ~ ~/:J'W 'a1'"l L ti'a-.1'"l1 n 

~ ru~JJlJ~~-.11'W~ ~~'a'W'6i-.1 e.J ~ r;]'a n1 n:; L~U"ll'a-.1~1 n ~ ~1ti':l-J1 n~'W vl11~ n1~ (;l~'J'"l'Wu~'atJ~-.11 'W 

4 . n1~(;l~'J'"l~Lrl~1:;tf~1~"llti'tl-.1~'VI1-.1~lhJl1'W"ll'a-.1LU'W~'W (trans, trans-muconic acid) 1'W 

n1~~~uti' nrl1~LL(;ln~h-.1n'Wrl'fl'W;1-.1:I-J1 n 1 'Wn~:l-JIff'J'aU1-.1 tl1'"lLti'a-.1'"l1 n e.J~ n1~~ Lrln:;tft;1 n~un'J'W. 
 ~ 

'"l1n'a~~'Wfi'll'a-.1~1~~'W1 L"Jl'W n1~fuu~:;'VI1'Wtl1~1~~n'6i'J'We.J~:I-J"ll'a-.1~1~n'W\!~ LtJ'W~'W 

5. e.J~ n1~(;l~'J'"l~ Lfl~1:;tf'6i'J'W1VI 'lJLL~ ~-.11~L~'W~1 rl1 L'U~U"ll'a-.1~1J'~'W'VI1-th:; L~tJ~1tJ1'WJ':;~U 

tjrlrl~LL~:;1'WUJ'J'mn1P1hhL(;lnr;]1-.1n'W ~-.1i'W1'Wn1J'~~tJr;]1-.11 tl1'"l1~rl1L'U~tJ1'WuJ'J'mn1P1~-.1tl1lQ)n 
n1J'(;l~'JIQ)1'~'"l1n~mll(;lJ''JIQ)1'~'lI'a-.1V1't,i'Jm1'w~ L~m;'fl-.1 U'VI 'Wrl1 L'U~u1'WJ':;~UU rl rl~L~ L~'auJ':;~tJ~ . 
rl11~r.i1tJ1'Wn1J'vl1~~fJ 'aU 1-.1 hfim:I-J 1 'Wn1J'~~fJ flf-.1l1'W U~1 r)1 L'U~ tJ"ll'a-.1 Lu'W~'W1'W~ ~VI'W1'J1'W 

J':;~Utjfl rl~n rl1~-.1 n~11'WJ':;~uuJ'J'm n1 PI tl1'"l L ti'a~'"l1 n n1 J'~ n~:I-J 11l'J'aU1~hJuljull (;l1:I-J~'a (;l n~-.1 

U1-.1UJ':;n1J' 1 'WJ':;~~1-.1 n1J'~~'aU nnl1Lnul1l'J'au1~tl1 n1 PI L-n'W uJ':;n'aUtl1~1J'~'JtJ (;l'WL'a-.1 LtJ'W~'W. 
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'lsn~'W ~-l"'l;':'I-11tl1'nntJvi;"j'fltJ h,j'Ei I nlY'\i~lwu:i'~m n19l\bb~:-;t'klJ'::::t'1U'tJ~i"1~ (Y)-1rl 

1 _1 nlj"~(?j'tl,jmnJr,nUvVH)th ~mfl1p\1'WUJ'J'mnlf'l
1 

1;; CV I .;. ~.. :: A 0 .:ti~ dd. 
tllnnUt?l'1ilrJ -! ,1',i'i In:n~Yl'Jm::::LViti Yl-l 4 'll'WVl \'WUJ'J'tnn1P\ 'VIIbCPlfJ nlJ'~I"1'1tJ'V}Y1m'J.J'I;:;~ N 

Uib~ri hjci.:Jrel~1n~ bI'Wll1ml i1Aif.)'V} '", trl'd'kl "lVlLn 'Ll lYl f.il"l'fJI nl f'l\1'W'UJ'J'mn1p\"'l:;i-l'tl~ nJ'::::"'lltJ~1 
'\J ~ ~ LI 
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~'V'J'V'J~'V'lbb'ilmtl~'tlf~~~tI~A'Jl~'6'h'ltl~~J-J1ru 
CU QJ 

2-3 b~!?l~ btltJb'J~l 8 i'J'[l~'l t?l'l~tl vf'ltf1'W-n~-n'W cu q 

" " ~.QI ,~ 4 ,IV IV ~ 'V~ Q..I c:; IV I 

f'I~'el'lb!?ltl ~'\AJ'W'Vl~m~l 51~-n'WtI'tltl (9l'l'W'W'Vl~~p'"ltl ~::::bnUI?l'J'tlm'lmnl ~1J-1 "Jl 'W~:::: 3 '11tl1 ~:::: 2 

!9l'J'eltil'lb~'ell,tl'Wnl~!?l~'J"'l~'elUml~()n~'el'l"ll'el~mn1~~l,nU~11'Wul'l ~ ::::'"l1tl :i'':l~i'li'W 15 '"l(9l l'l'E)
'lJ • q 
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1 ,2,2 fliJ'A r?l'EltJ mrubn'LJ!9l'd'Elth'l'El1 n1 Vl11'WJ' ~~'LJ'LJ f1 A'i'l 
q q 

" 
n1Jbn'LJ!9l'd'Elth;j'i'11J'~'W'VI1i1J~bVltJv1'1 4 ']Ur?l1'W J'~ ~'LJn1J1,.n tJ196jJ'El'lA'W (Inh lalion zone) "l~Vl l 

b!?ltJ A(?lVl'i'l'El(?l~ ww~]h'l bb']jmtJl:'l'Elf~ !9l'd'LJ Arl'i'l (Personal sampling) 1I.JJ~~'LJ rl'dl:l.J 'i'1 'l"ll 'El'l nl J~ (?l
"q " 

tJJ~:l.Jl rw 150-175 b']'WAb:l.J!?lJ' "11'El'ln~:l.JtJJ~,]l nJ~n~n~H~~ !?ltJJ~~li'\.J?h'W1V1ru'EltJlW'LJ1b'd rw 
q ~ " 

~'~~~m:'l'l dJ'Wb'dl:'ll 8 .ft''d b:l.J'I 

http:tJJ~:l.Jl
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1.3 m~bl9i1t1~VI'i'l'e)!?lbnUrl'J'e)£h..:J 

VI'i'l'e)!?lbnUrl'J'e)til -.l9~ ~'e)..:Jnm~ Conditioned Tube ri 'fl'W n1 J'H'l l 'W~ f..:Jbbm ~b'i'l~b~'e) '"l~\n ~lH 

..:Jl'W1'Wrrf..:J ~'e)"1 hh~~'e)..:J~ fI1J'Vl1 fl'Jl ~ ~~'e)1 !?lVl~'e)!?l dIu rl'd'e)t.ll..:J'VJ nrri..:J ~'d'(J bfii-'e)..:J'I11 ~'d 1 ~~::: 'e)1!?l 
VI'i'l'e)!?lbrliJrl'd'e)t.ll..:J Dynatherm Analytical Instrument (USA) Model 60 six-tube conditioner (C91..:J 

Vlinf11~r11 ~'Jl~~:;'e)1 !?l Vl'i'l'e) ~ bnuvl,)'e)U 1-l9::: ~'e)-.lt~ Lbn~'l 'W Lt?I:i'b'~ t~lH~ r·ll u \~'!')'e) (91 bVCl ~'~01'J '1 d.J~,tl U 

b~'tll~ VOCs ~~(9) ~l ..:J'e)ti~ Sorbent 'fl'e)nli1V1~I (9) L(9)tI'e)n.!VlJlii'lJ'fl~Y'I 'II~~'fl'W~1ii:n"'W'e)tirlU"llU(9)"lJ'e)-1
"U '\ <to ~ 

Sorbent ~ 'l bbl'l'i'l :::-n'W!?l"'l::::'Vl'W'tl OJVlJlii ~-:J ~ (9) l'il~ n'W Lb~:::J':::;tI:;l':l~ 'l1'Un '1 J'vh f),)'l:l-J ~ ~'e)1 (?lVl~'fl!?l bnu 
" .:u 'U 9 

~1'e)t.l 1'1~"'W'tlti n1J n1 J'1~ -.l1'Wbb~:::Y'I 'J '1 d.J~ mJm"tJ'tl-.lVltl 'tl (9) bnu ~'J 'tl £11 1 
'OJ 

Y'I:i\~nl)'d'btJ'Wn1J'bnU rl'J'e)ti 1 -.l 'e)1 n1f1 BTEX (Benzene, Toluene , [thylbenzene, and Xylene) 
, , ... 
~'HU'WVl v'-.l1'W~1 ~~ihJ'Vl1rJJ':::bVl tI~l tI (VOCs) ~':l't!'WJlI til'WVI'i'l'tl ~ ~n LI !9i1'i:lm-l i ,-,orbeflt lube) ~'1 

!/

un'1Vl'J tI Carbopack B 
I 0.- CV' <i'

Carbopack 8 b'l'11 n U 60 °C / 6 "ll(h~N 

http:HU'WVlv'-.l1
http:VI'i'l'e)!?lbrliJrl'd'e)t.ll
http:rl'd'e)t.ll
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Static Dilution Bottle (3) Gastight Syringe (4) fnU~ U;Yflf (5) tV1 1'e)tJ~~llJl:i'n~r;)1J~lJ'e)ru'j..wlJ 
" 'II 
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, , 
.::::!iI cr ~ <V 

14.2 b(P1~'fl'lb'V1m:W'fl'i:'l(?l "1!'fl ~"1! 'W 

1.4.3 bFi1''fl'l nl''1!tm:l-J1 t!?i nn~ - bb:J.J~~ bUA'[I?l ~n ll?l'flf uJ'~n'fl'lJ~'JFJ I'll tl 'i:'l'i:'li'fi'l 'fli:J.J11" SPB 

lM624 i'l'Jl:J.JtJ1t;J 60 b:J.JIWi' b~'We.h' ~'W6n'i:'l1'lJllt1l'W (10) 032 ii~~b:Wl?l:i' A'11:WV1 'W 1"l1 'fl"~~:W 1.8 
'" 

t:J.JAJ''fl'U l(?)tll~nl'l!eH~m..)d~h-lC>lrl'Yn (Carrier <;las) 

.d
1il 1 bA~'fl"''Lh': j.jrj~/I {'l 

iOll ni'W"v'iln1'i'(hf'lll~ ,xwnlhn ru'lJ'fl~~'I'i''fl"W Yi'hh'~'~""!1'1i~ 1-nv,{j1 ~~ m'Vl f'lUf'ln1"litf'l'i':J.Jl 

1\111-[\11>
(' 

(l l' .' l 

Mb Mass r) analyze v,hich is r..:lesorb8d fro 1 bIClI~. I ~l)' 

u~ Difrllsiorl 'Iptake rale (WJPfilPI 'min ') 

F,xposurL time (nm) 

http:f'lUf'ln1"litf'l'i':J.Jl
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~ ..::::::t.. (/ QJ' I 1Oo'¥
2. nT:! bn'iJ U6'l~'J b~'il~~ f?l ';l'£l tll~lJ~ ~l'J~ 

vh.J ~~~t.J'vh n1 JbntJ !?l'd'El~ 1"1 U~ ~1 'd~"'11 n n1:'1:W !?l'd'tl t.h "I b~m ntJ 111 :l'ln tJ !?l'd'tltJr"l'El11l1 ~ ~(?1 tJ 
~ . 


, " 
muconic acid ~''Hu'W!?l'd~i(?1 n lJ'i:w er~~IJ'th~n'EltJ btJ'W~hJ bb'i'l~iJ r11:W1171J'''11'W1'Wrl'WU n ~ U'tItJ n~1 

6.' 

500 ugig creatinine 1'Wnl:nntJ A'd'Elti 1"1 U'i.'i'i.'iI'd ~'"l ~ ~1 d:J.tJ1l1 J'1'W'lI ru~~ n~:w 19htltil"1:W1 ftJ n1J' 

bl'El!YHntJbAi'tl"l~'tId:h..li?l'd'El~Jr~'tI11l19li 111t..1V1~"I 8 i';)hN i?l';)'tIth"lUM~I,;)~'"l~blmntJfmn1~1'Wn1:'1't1~
'" , " , 

~'r'i:WVltJ J'J''''1 'l.~1 bb ~"I bb~~ bYl'tll.J'tI~ n 'Wn 1J'J'~ bVi tJ"lJ 'El.:J \,'ill J'~ ·i.J'VlhJJ'~ bVi tJ~1 tJ"'11 n A'"J'el ti I.:JU ~ ~1 ';)~ "lJ ru~ 
q 



e-J ~ n ld~d'd~~ bV1dl~~t9l'drel tJ 1 'lrel 1 nl (P\ bb~ ~tr~~1 'd ~'V11'l 


~rel~tJB~nld (b1),'\"ll~n~~J(~r'dreltJl 'l~ilfil tt-MA > 0 ug/g creatin ine) 
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Statistics 

Benzene1 Toluene1 Ethylbenzene1 Xylene1 ttma1 

N Valid 

Missing 

Mean 

Std. Deviation 

Minimum 

Maximum 

16 

0 

2.9519 

1.11648 

1.60 

5.20 

16 

0 

12.7125 

11.77115 

5.50 

55.10 

16 

0 

4.2669 

10.37110 

1.09 

43.11 

16 

0 

7.5438 

1.55096E1 

2.62 

65.50 

16 

0 

2.1331 E2 

1.66492E2 

32.00 

615.00 

Frequency Table" 

Benzene1 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.6 1 6.2 6.2 6 .2 

1.77 1 6 .2 6.2 12. 5 

1.82 1 6.2 6.2 18.8 

2 1 6.2 6.2 25.0 

2 15 1 62 6.2 31.2 

2.17 1 6.2 6. 2 37 5 

2.24 1 6.2 6.2 43 8 

2.41 1 6.2 6.2 50. 0 

282 1 6.2 6.2 56.2 

3.13 1 6.2 6.2 62.5 

3.4 1 6.2 6.2 68.8 

3.65 1 6.2 6 .2 750 

4 08 1 6.2 6.2 81 2 

4.36 1 6.2 6.2 87.5 

4.43 1 6.2 6.2 93.8 

5. 2 1 6.2 6 .2 100.0 

Total 16 100.0 1000 
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Toluene1 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 5.5 1 6.2 6.2 6.2 

5.71 1 6.2 6.2 12.5 

6.83 1 6.2 6.2 18.8 

7.54 1 6.2 6 .2 25.0 

7.55 1 6.2 6.2 31.2 

7.89 1 6.2 6.2 37.5 

8.3 1 6.2 6.2 43.8 

10.37 1 6.2 6.2 50 .0 

10.47 1 6.2 6.2 56.2 

11.01 1 6 .2 6.2 62.5 

11.33 1 6.2 6.2 68.8 

11 .79 1 6.2 6.2 75 .0 

12.04 1 6.2 6.2 81 .2 

13.55 1 6.2 6.2 87.5 

18.42 1 6.2 6.2 93.8 

55 .1 1 6.2 6.2 100.0 

Total 16 100.0 100.0 
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Ethylbenzene1 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 1.09 1 6.2 6.2 6.2 

1.16 1 6.2 6.2 12.5 

1.27 1 6.2 6 .2 18.8 

1.41 1 6.2 6.2 25.0 

1.45 1 6.2 6.2 31.2 

1.49 1 6.2 6.2 37.5 

1.5 1 6.2 6.2 43.8 

1.53 1 6.2 6.2 50.0 

1.6 1 6.2 6.2 56.2 

1.62 1 6.2 6.2 62 .5 

1.64 1 6.2 6.2 68 .8 

1.88 1 6. 2 6.2 75.0 

2.02 1 6.2 6.2 81 2 

222 1 62 6.2 875 

3.28 1 6.2 6.2 93.8 

43.11 1 6.2 6. 2 1000 

Total 16 100 .0 100.0 
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Xylene1 

Frequency Percent Valid Percent 

Cumulative 

Percent 

Valid 2.62 1 6.2 6.2 6.2 

2.72 1 6.2 6.2 12.5 

2.82 1 6.2 6.2 18.8 

3.16 1 6.2 6.2 25.0 

3.17 1 6.2 6.2 31 .2 

3.29 1 6.2 6.2 37.5 

3.31 1 6.2 6.2 43.8 

3.39 1 6.2 6.2 50.0 
, 

3.48 1 6.2 6.2 56.2 

3.5 1 6.2 6.2 62 .5 

3.55 1 6.2 6.2 68 .8 

3.66 1 6.2 6.2 75.0 

384 1 62 62 81 2 

4.43 1 6.2 6 2 87.5 

8.26 1 6.2 6.2 93 .8 

65.5 1 6.2 62 100.0 

Total 16 100.0 1000 
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ttma1 

Cumulative 

Frequency Percent Valid Percent Percent 

Valid 32 1 6.2 6.2 6.2 

56 1 6.2 6.2 12.5 

65 1 6.2 6.2 18.8 

88 1 6.2 6.2 25.0 

116 1 6.2 6.2 31 .2 

120 1 6.2 6.2 37.5 

122 1 6.2 6.2 43.8 

141 1 6.2 6 .2 50 .0 

146 1 6.2 6.2 56.2 

I 205 1 6.2 6.2 62.5 

237 1 6.2 6.2 68. 8 

286 1 6. 2 6.2 75 .0 

292 1 62 6.2 81.2 

411 1 62 6.2 87.5 

481 1 6.2 62 93 8 

615 1 6.2 62 100 0 

Total 16 1000 100.0 
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'enVll:rTI'l til'l ~~'eltiJ.Jl nl-J'lLJ1'W6JlJ.J6Jl'W V:h HhJ:r:::6Jll6Jl'W1'W'llJ.J'll'Wbl'el'El(?) A'i.'l'el'l ll?lLJ ~ '"' , 

t'elm~ il-ler~~1:r~'W'Vl1tT:r:::bVlLJ (BTEX) ~nl'LJbbutJ VI~'l 

http:eltiJ.Jl
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OP-EHSI-04 - Environmental, Occupational and Industrial Health 
Oral PresenlOrion 

~PpoJJ!f!. ,t\~~ess.~J....2.[l Volatil~..Qr~~~~PQunds (Benlene,Jolu!Ll1.e, .1!.bylbenL~, and ~ylene; BTW 

~..!s.2l.1!lu.f!1 People: 

Ratana Somrongthong, sratana3@chula ac.th 

Ratana Somrongthong, Piraya Aungudornpukdee, Sunanta Wongchalee, College of Public Health Sciences, Chulalongkorn 

University 

Abstract 

Objectives: 1) To assess BTEX exposure among Bangkok slum people and 2) To explore health problems related to BTEX 

exposure. 

Methodology A panel study was conducted In the biggest slum in Bangkok. A total of 572 subjects residing in the communities 

>5 years were randomly selected from 5 communities, proportional to size. In addition, 15% of subjects (87 cases) were 

selected for personal air sampling and biomarker testing for BTEX exposure assessment. 

Findings: From a total of 572 subjects aged 11-88 years (mean = 48), the majority (74.9%) were female. One fifth of subjects 

had chance exposure to BTEX. More than half were exposed to second hand smoke (53 .9%). Nearly half of the subjects have 

had chronic diseases. In the past 12 months, one third had experienced nausea, vomiting, nose, eyes or throat irritation and/or' 

poor appetite. Most (916% ) subjects had been exposed to BTEX, from sources including vehicle exhaust, residing within 500 

meters from the road, insecticide spray, hair spray, deodorant spray, air freshener, paint, lacquer and glue . Among these, the 

majority were exposed to mosquito spray. 

Eighty-seven cases were recruited for BTEX exposure asses sment. This was measured using a personal air sampler and trailS, 

trans·muconic acid, benzenea€'"s biomarker.The personal air sampling was collected in rainy season over 8 hours on a working 

day. tt-MA contamination in urine was found In 18.3% of cases , Almost all personal air samples were < 10 ppb . Among them, 

there was only one case which exce eded th e standard for biomarker but it was found that the subject had been exposed to 

cigal"rte smok" while carrying th e air sampler. 

The repea'.ull eCling o f personal arr samples and ufln ..· ,,'mples during two other seasons (winter and summer) Me nN 'oed t", 
valrd ,lt lon of th., findings all year r'-J und 

Acknowl~deen1Pnl National R<> scorc lr Cou n,-r! 01 rh arland 

OP-EHSI-05 - Environmental, Occupatjonal and Industrial Health 
Oral Presentonon 

Cost -Effectiveness AnalysiS Of Pesticide-Treated And Untreated Application In Rice Field, Thailand 

Supaporn Chaigarun , s_chaigarun@yahoo .com 

SU(laporn Chaigarun, Sungwarl Somboon , Sarllart Wanchana , Nusaraporn Kessomboon , Pattapong Kessomboon 

Abstract 

Pestrcides are commonly used in fhal ncc frelds . The adve rs~ effects of pestiCide s arise frOIll various CIrcumstances, both direct 

and indirect human contacts . The quantlt.1tivc estrmation of adverSe impacts of pesticide on human health , natural resources, 

food chain ,lfl,j pr o duction losses shows substantial cmts on soci ety . To distinguish benefits of re sticides in terms of drrect 

returm J !!. j "ldir' ~' :t environm,"ntal and economrr ( ,,; t 5, the Incremental Cost ·Effectiveness RatiO (ICER) between p~ sticide · 

treJ t ~ d anel ,,,,l r" ated applica tion s In rr ,:e fi c ici , was compared. The experimental sites were in the two provinces, Khon Kaen 

and KJla 'l n. fll NOn.lt"dSl n'diland rite hlo rl,vc:rsrl.y Index of ins", t s in the rice fi elds was calculated baSed on the exponential 
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ADDENDUM 
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hourly air pollution levels. Annual air pollution levels 
_of traffic sites (Jnongsharr,Sorrgshan) were found 
signi ficantly higher than urban site (Shihlin) and 
background site (Yangming) for CO, N02, PMIO, 

-PM2.5, and S02 .And their traffic site/urban site 
concerrtratiorr ratios were between 1.28- 1.58, while 
traffic sitelbackground site concentration ratios were 
behveen 1.77-7.60. After adjusting for wind speed, 
hourly pollution levels of CO and N02 at the 
Jhongshan station were positively associated with 
hOllily traffic counts of either buses, cars or 
motorcycles on the major road, with R2=0.54 for CO 
and R2=0.42 for N02. Our multiple regression model 
predicted hourly increase in 0.22 ppm of CO and 6.55 
ppb ofN02 per 100 buses increase per hour. 

Oral C4.f ,.'.\.(\ 
Pesticide Exp.osure, Safety Behavior And Acute 
Pesticide Poisoning Among Rice Farmers In 

lkhothai Province, Thailand 
t'iwtarap/ton Markmee, Surasak Taneepanicftskul, 
Robert Sedgwick Chapman 
College Of Public Health Sciences. Chulalongkorn 
University. Thailand 

Thailand , most pesticides a.re used in rice farming. 
The objective of this cross-sectional analytical 
research was to ascertain relationships between socio
demographic factors, pesticide use h.isto[~y, safety 
behavlOis and history of acute pesticide poisoning 
3moug 325 rice farmers in Kongkrallat District, 
SukbOlhai Pro vince, Thailand. The data were 
collected using standardized, pre-tested 
questiotUlaires in December 20 I 0 - January 20 II. 
Subjects were selected by multi-stage random 
"a.mpling. Dr$_GripJL'{e}?Jiltistics presented as 
.'ercentage, mean, median, and standard deviation 
(S .D). Logistic regression statistics were calculated 
to assess relationsh.ips between independent and 
dependent variables);tudy results showed thal 59.7% 
of subjects were male, average age was 46 years, 
84.9% were married, 76.6% had education level at 
pt'imary school , 788% had family' monthly income ~ 
20,000 baht, average farnl size was 17.8 acres , 92.3% 
had never been trained in safe use pesticides, average 
number of year mix or apply pesticide was 18.7 years , 
920% used peslicides > 7 days ill la st year, 59.7% 
used pesti cides at rCCOIlUllended concentrations. 
Duration of each spraying ave ragt d ) I S hours. I11::tJor 
/T1 c tllO cl of applica lion ,vas both llll X. tn g and spraying 
(G9 .50/0), 96J% mix.ed pes ticides ~J kinds. 7 5 .4~ o 

attitude irr safe use of pesticide and 61.2% had 
moderate level safety behavior. Most of the farmers 
did not use any personal protecti ve equipment during 
pesticide handling. Only few always used goggles 
(21.8%), gloves (37.2%), boots (48.3%) and hats 
(51.4%). History of acute pesticide poisoning Vias 

symptoms at least one that had ever during or within 
24 hour and divided into 5 organ systems: 
neuromuscular, eye, respiratory, digestive, and 
skin/nails. 68.3% of subjects had history of acute 
poisoning. Major pesticide class caused symptoms 
was insecticide (89.1 %). Marital status and number of 
year applied pesticide were associated with history of 
acute pesticide poisoning. Especially, safety 
behaviors including wear hat during the spraying, use 
mask to cover and mouth, and wear boots were strong 
association with acute pesticide poisoning. Findings 
suggested that the authori ties in occupational health 
and health p'romotion should be concerned about 
safety behaviors and pesticide applicators in the rice 
farms need intervention to improve safety behaviors 
and reduce health risk both acute and chronic health 
effects 

Environmental Health II 

Oral CS.a 

~~ll..~p.adlQJLQL!:;.~p..Q~,!U$,." 
.Asst:§.m1W1QR GII~:O;-j),v.gU}gR,~Ugl(P-K 
§lUl!l .p~Q P1~o 
PiraFa A LlllUdotJpukdce2, Ra/(lfw Sotil1'0 IIgtfwfig /, 

SUf1all to WOflgclwlce l 

I. College ofPublic Health ,'>'cicilces O llIlcdo /lgkoll1 

Univcrsity, Thailand 

2. Faculty ofPublic Hea/IIl , Nm CUS LIClII Uni\' cn ily 


Thailand 


This study aimed lo measure and compare the 
concentrations and average dally dose (ADD) 
received of Bemelle, Toluene, Ethylbetlzcne, and 
Xylene (BTEX) among Bangkok slum peop le in tainy 
and winter season. A panel study was conducted ill 
Klong Toey slLUn which is th e larges l and oldesl slwn 
ill BaJlgkok, located lIearby oi I refinery. 572 subjects 
residing in tlte conunutlicy >5 ye ars wele randoml y 
selected [rom 5 communiti es . proportiomllo SIZC, . 

Fi '-teen percenl of subj ects (66 cases) Ilere sci<::clcd 
i ~) r personal air sa.n11)ling 0r8 TEX e\I·1(l sti IC 
assesstnent in rai l\)' :'U1c1 Il lilter S c.:aSO II~ \ \/t,-) ii (l ll c' J 
ovel 8 hrlUrs Oi l \\ ;;(J:d:JY . The re sul ts IIl Ji c,ik'd Ih:u 
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. years, 89.6 % were female and living in the 
community average 3 L.l yea~s~The duration of 

-BTEX exposure of the subjects was 23. L hours/day, 7 
days/week; 50 weeks/year.,The analysis of air sample 

-showed that the average concentration of Benzene, 
Toluene, Ethylbenzene, and Xylene in rainy season 
were 2.56+ t.J 9, 11.50+7.99,2.31 +4.61, and 
4.55+7.18 ppb. The average concentration of 
Benzene, Toluene, EthyLbenzene, and Xylene ill 
winter were 3.89+1.93,18.72+16.70,1.70+0.71, and 
5.62+ 1.25 ppb. The ADD in rainy season were 
Benzene (2.68 ug/kg-day), Toluene (14.21 ug/kg
day), Ethylbenzene (3.41 ug/kg-day), and Xylene 
(6.66 ug/kg-day). The ADD in winter we re 4.06, 
23.06,2.42, and 7.97 uglkg-day for Benzene, 
Toluene, Ethyl benzene and Xylene. £n addition, the 
cancer risk estimation' of Benzene in rainy and winter 
season were 1.17 and 1.81 ug/kg-day. There was 
statistical difference (P-value < 0.00 I) behvecn the 
. I)D of8enzene and Toluene in rainy and Vvlnter. 
, ae HQ for non-cancer of 8TEX in rainy and winler 
season were < I. It is belicved that there is no 
considerable risk that non-cancer health. effects will 
occur. However, it is recorrunended to conduct data 
collection in the sultuner for validation of the 
findings. 

Oral CS.u 
Personal Exposure Measuremen t Of PfI12.S 
For Assessing Human Health Risks III 
Jakarta 
Budi Harranlo 
Faculty ofPublic Health, Universitas [Ildoncsia 

Background: Epidemiological studies have shown 
ong causal relationships between ambient PM and 

several adverse health outcomes, including mortality, 
reduction of lung function, exacerbation of asthma, 
and all increase in emergency room visits. EmissioflS 
of PM in Jakarta are expected to increase. Jakarta is 
frequently ranked amo ng the worst-polluted 
megacities in the world. Vchicular traffic emissions 
are obvious and major so urces of air pollulion. 
Objective: To determine the levels ofPM2.5 among 
commule workers in air co nditioned/non-air 
conditioned vehicles Metllads: A cross·sectional 
stud y desigll is implemented for assessi ng the PM2 .5 
cOllcentratiolls in targe ted population groups ill 
Jakarta 2005. Ten co mmuters v,'ith pri\'ate car and tell 
~on1ll1uters 1\1th public transports Me purposively 
1"1", ' .. ,.., f. ...... rl f) (' C'llh;,?-rt C' ~nd In r.... ~' lrrl)o.i ni..... rC'nn~ll\, (nr -; \" 

24 hours using PM2.5 real-time personal exposure 
measurements. Results: Concentration of PM2.5 
(average) of commuters with air-conditioned (AC) 
private car at home, on the road and at office is 0.13 
mg/m3, 0.14mglm3 and 0.15 mg/m3 respectively. 
For those with non-AC pri vate car, the concentration 
average of at home, on the road and at office is found 
higher, 0.18 mg/m3, 0.28 mg/m3, and 0.13 mg/m3 
respectively. It is also found that concentration of 
PM2.5 (average) of commuters with air-conditioned 
(AC) public transport at home, on the road and at 
office is 0.18 mg/m3, 0.31 mg/mJ and 0.11 mg/m3 
respectively. For those with non-AC public transport, 
the concentration average of at home, on the road and 
at office is found higher, 0.16 mg/m3, 0.33 mg/m3, 
and 0.13 mglm3 respecti vely. Conclusion: 
Commuters with both private car and public transport 
are at risk to have respiratory diseases, reduction of 
lung function, and exacerbation of asthma, especially 
when they Me on the road. 

Oral CS.c 

TCnD ADd Rapamycin Cooperativley 

Suppress C3hlOt1l2 Cell Adipogenesis By 

Restoration Of Cell Adhesion 

Suqillg Wang, Qiqiang He, Lihua Zhao 
School OfPublic Health. Wuhan Ullivenity, China 

Substantial challge:; Ill. e\ lrace llular matrix and 
llltraccilular adhesiOll compollwts have b Ct: 11 

observed io the first 24 hours after stimulation of 
adi pogenesis . We exami l\ed the role of adhesion ill 
C3 [( IOTLI2( lOT I/2, a pluropotent progenitor cell) 
differentiation dwing TCDD alld Raparnycill 
cooperatively administration. Adipogenesis or IOTlI2 
cells was initiatcd by Dexamelhasone and 
Methylisobutylxanthine (OM) witll unrcnewcd serum 

CURS) l,Vhich developed in our lab. TCDD ( [nm ) 

was added to CJHIOTL/2 cells 48 hours before 
induction alld replaced with fresh TCDD at tiltle 0 
Iv!lcn adipogenic stilllUlants wele added [n lbe 
experiments regarding TC DD and Rapamycil1 
cooperation, Rapam ycin (0.1. I , 10 ng/ml ) was added 
at time O. The OillZed 0 staini llg ofcclls fat li pid \13S 

performed aAer S day fu ll y dlCfaenlion The 
exprc:ssiol1s or ,-'\liJZ, PI'ARg. and Perilipin. \\'c:: re 
mcasured by realtime RT-peR a[ time 0 t' I?, 24 ':UlJ 

48 hours after ad ipo gen ic slilllulatioll, and ad hesion 
molecular paxil lill and rhalloiuin we re cXlIl1l1lcd by 
irtllllUnof1ullresl·c·I1C(: ,1l limc of 12, 2-1 and 48 Ih) lIIS . 
-rl 1 .~ ('\ " 1 • . 

http:23.06,2.42
http:3.89+1.93,18.72+16.70,1.70+0.71
http:11.50+7.99,2.31
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