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JITLADA CHIMMALI : EXPOSURE ASSESSMENT OF POLYCYCLIC
AROMATIC HYDROCARBON (PAHs) IN CHILDCARE CENTERS OF
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EXPOSURE ASSESSMENT/POLYCYCLIC AROMATIC HYDROCARBON
(PAHs)/INDOOR TO OUTDOOR RATIO/GAS PARTICULATE PHASES/

CHILDCARE CENTERS

This study aimed to investigate airborne 16 PAHs carcinogenic group
including Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene,
Anthracene, Fluoranthene, Pyrene, Benzo (a) anthracene, Chrysene, Benzo (b)
fluoranthene, Benzo (k) fluoranthene, Benzo (a) pyrene, Benzo (a, h) anthracene,
Dibenz (g, h, i) perylene and Indeno (1,2,3-cd) compounds in both gas and particles
phase in outdoor and indoor air environment. The study of cancer risk from 16 PAHs
exposed to child in childcare centers in the urban and rural area of Nakornratchasima
Municipality were also in investigated. All 16 PAHSs species in the air of urban and
rural area were detected. PAHs were found in outdoor rather than indoor air of each
child care center. The distribution of PAHs was presented on particulate (56.85%)
higher than vapor phase. In the urban area, Chonpratansongkroeh child care center had
which are found the most PAHs Indeno(1,2,3cd)pyrene Benzo(a,h)anthracene as well
as Benzo(g,h,i)perylene and Benzo(a)pyrene; at 2.02 2.00 1.78 and 1.59 ng/m’
respectively just like another child care center in urban where found Benzo(g,h,i)

perylene Benzo(a)pyrene Benzo(a,h)anthracene and Indeno(1,2,3-cd) pyrene 1.55 1.55

1.30 and 1.13 ng/m? respectively. The lowest PAHs of naphthalene compound found



in urban and rural area were 1.00 and 0.75 ng/m® respectively. PAHs level in air of
child care centers in the urban area was 1.3 times higher than rural area. Results found
that the cancer risk from 16 PAHs exposure through the Inhalation pathway for
outdoors higher than indoors environment. The most cancer risk from PAHs exposure
is Benzo (a) pyrene was 1.75x10° and 1.35x10° in municipality and outside of
municipality. The cancer risk of Benzo (a) pyrene were only exceeding the acceptable

value of the United States Environmental Protection Agency.
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NU1: (Howard et al., 1991)

[ I~ ] 1 [ =Y [

AIUANUANTNAADET PAHs uana1anu llauwiia 1y Phenanthrene, Anthracene,
2-Methylanthracene 2-Ethylanthracene Benzo (a) pyrene A91UA 1015 alumsazaisazanas e
<3 A 2 [ A 2 4 a
mmmmwaﬁu LWIGI,L! Benzo (a) anthracene mmmmmiumiazmmwﬁmﬁaﬁmimnmm

] . . Y a a ]
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{ < { < 3 A Ao
Tuvamzhanuauimsnasulasiisaanios Tasmmwiz luihAtigug U (Gary and Sam,

1995)

Ms19f 2.1 Taseade guauiiamil 1azn1ean1enInved PAHs

¥HA gN N Aazay 0 anuele
wy  Tawana i Haeutal  at25°C
gy (mg/L) (°C) (mPa)
Naphthalene (Nap) 2 128.16 31.7 80.5 11.96
Acenaphthene (Ace) 3 154.21 3.42 95 594
Fluorene (Flu) 4 166.00 1.98 116.5 94.7
Phenanthrene (Phe) 3 178.24 1.29 101 90.7
Anthracene (An) 3 178.24 0.045 216 25
Pyrene (Pyr) 4 202.26 0.135 156 91.3x10"°
Fluoranthene (Flr) 4 202.26 0.26 111 132
Benzo[a]anthracene (BaA) 5 228 0.0057 162 14.7x10°
Benzo[a]pyrene (BaP) 5 252.32 0.0038 179 0.37x10°
Benzo[b]fluoranthene (BbF) 5 252.32 0.014 168 0.13x10°
Benzol[/]fluoranthene (BjF) 5 252.32 0.0052 166 0.19x10°
Benzol k]fluoranthene (BkF) 5 252.32 0.0043 217 2.8x10"
Indenol[ 1,2, 3-cd]pyrene(Icdp) 4 276 0.00053 164 1.3x10°
Chrysene (Chy) 4 228 0.068 198 80.3
Benzo[ghilpyrene (BghiP) 6 276 0.0049 145 92.5
Benzo[e]pyrene (BeP) 5 252 1.05 124.5 126

117 : (US-EPA, 1998)

' ] 1A
ﬁ]’]ﬂﬂ”lﬁﬁﬂﬂ”lﬂl@q Robin (a2 Jose (2004) WTJ?”Iﬂ’JT?J!ﬂlIfIWﬁ@]@ﬁ%ﬂﬂé}@uﬂq\iﬂglﬁ

=t I Y ' = ' g 2 a ] Y Aa
WY NUDY LL@]%S‘JJWa@]i’)ﬂ15‘]J‘L!L‘IJFJumﬂlﬂﬂﬁnﬂﬂTﬁllﬂaU"MHTWH (run off) NNUUUN NN

J 4 Y
AZNDUNVANIINUITYINIA (atmospheric fallout) NITTIVDIUINU (oil spills) MITTUIUTY

(sewage discharge) IagNa13 PAHs a2 laen1500nd lad laguad (photooxidation) @4

adeniinanemsaaten Iagues (photodegradation) ¥09815 PAHs A0 9Nl (temperature)
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<3 a ! o Aaaa a 4 {
AMUIAY (salinity) Az FUAVRIENT PAHs N11RAT01n15000T lad Ingudevesals PAHs 0
= A a 9 ' A A T A A Yy
imsunuivedulasauazasnnlunsaiilulinsunuiivedlulasou wailaoin
1§30 photooxidation 32YNOUNIAVBIAUAZNOUAATULAZIADETOY IUOUNA 1DIARIAL
3 o ] ' . o 3
PAHs muumuﬂmaqa #INLLA Naphthalene D Dibenz (a) anthracene LLZ%}’BJWH Gl“l’sijﬂfﬂﬂl‘ﬂu
1 Y1 ~ [ c;y/ I o
1o w91 Naphthalene 5z1veldd1eiiga asiuanuawsalunsnatetulevzulswniu
v 3o g 4 v
duhminTwana wazauanuawisalunisazarnindoandonUHanN1SANEIVD
U v v oA < { 1 H
Breedveld and Karlsen (2000) W11 @13 PAHs d10159330A0UAU PAHs L‘}Jumsﬁ‘lwaum
' ~ Y < = o A A a Y 2
masinmyazarwlui-oannuoags 1TANIZAUOUNIAVOIAUHIOAUAZNDY |AR TINVNIS
dy a [ 1 9 a g’/ 1 dy [ g’/ a
Yuddouluninadinanlags msnszneludusuaiedunvyinaves Tuananas suan
Aa =y = Y K A 3 ya v A
PAHs NUI00UEY 2-3 23 uua Tuysznumn lusuveansieusnailaau @au PAHs 1Y
= = Y A 3’_, A Aa a A J 1 dyd Y
UVUGY 5-6 29 W Tuunezny luruvedunLasduNnIsuIn uag PAHs ma1uinu 11y
' = A Y
wyndosdaslaonuaiie laen
< a 7 s {
@13 PAHs 1fluasdsznevdunislsznnais lalasaisueui Inssadreluana

Y 4 v
Usznovdrvramuuduaua 2 29vu hloud 6 2unudu dwaadlugli 2.1

d
23 msIvalsaanezlsinanlalasmsveulueimea
= a a o ~ ] 9 g‘/ 9
a5 @ lwndnez Tsnanlalasmsvounegluussenmavzwolanaluaniugne
9 b rd
HazeRNIA TAIzIUNUQUUANVBIUTTHINIA ANUFUTUNNT guauianiuaiinignn
sEAUANUITNTUYDIES PAHS tagm3vinlgnseuaiinuaisouluussernia (Bostrom et al.,
o Y ~ A o = 1
2002) Taena1duar a1s PAHs Awulue1mialisnuay 2 99 3 29UHIU 1¥U Acenaphthylene,
< Y Y ) ) =
Naphthalene, Phenantrene Wuausgny1d luaniugmes a1y PAHs 1IN 5 D4 6
] I
1% benz[a]pyrene, benzo[b]fluoranthene, benzo[jlfluoranthene 8¢ benzo[k]fluoranthene 13y
au szwp 1@ lugveseynma anmsdny1fsuiaeas PAHs Tueimavesiszmealneg wo
szauANuNTuYeIEs PAHs Tuoimaludiniangunwuviuasiinieglusag 0.21 84 5.61
Nadniuaen lansuAuazood (Norramit, 2005) 19azBeAUTAIIUAIT19N 2.2 HAaZMTTIUN
{ @ g’/ 9 1 T W o
a0uzY0daE1s PAHs iasavialansluaniugmauazounialinuniny 55 uaz 40 u1lunsuy
[ o =N & Y U 9 4] 1
AvgNIIANINATYOILS AT IMATIAAL RTLI aznDa1s PAHSs 1A Tudniugmaninnai
\ 4 [ c&’ { 1 U 1 =Y
Tuduazeos (Krugly et al., 2013) nazilonfSouiisuanyuzyosnunogeoidonua Usuiu
1 1 1w o w 3 1
#15 PAHs 119171309018 UBADIATHAUNINY 0.30 ag 0.19 aud1ay uaaaliimiudi

UYsuaens PAHs M181u01A15g9n11018UBN01ANT (Edvinas et al., 2013)


http://th.wikipedia.org/w/index.php?title=%E0%B8%94%E0%B8%B4%E0%B8%99%E0%B8%95%E0%B8%B0%E0%B8%81%E0%B8%AD%E0%B8%99&action=edit&redlink=1
http://th.wikipedia.org/wiki/%E0%B8%97%E0%B8%A3%E0%B8%B2%E0%B8%A2
http://th.wikipedia.org/w/index.php?title=%E0%B8%99%E0%B9%89%E0%B8%B3%E0%B9%83%E0%B8%95%E0%B9%89%E0%B8%94%E0%B8%B4%E0%B8%99&action=edit&redlink=1
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= =y 1T A A 9 9 d' 1 [
MNMsAnEIUTuaans PAHs Tuoimanunidsuaanududuinuana1eny lag
= 1 (% @ 4 9 o = =S a
MIANHIVDL FIUN TNEIMTNE (2550) TavhmsanpigluuvvesasisznonIng landnes
a 4 1 a
TsindanlaTasasveuimzuueymalueimauinalndifeslsedliihlulszmalnelae
<3 Y ] 1 T a a 1 .
msinumesduazessvialimu 10 luaseunin 5 98 vsnalndifealse Iuihuvaniialu
1< o 1 A o 1 A = a 4
Ysznalne TaoNuA0819AD UAZATITEUIUABUNNTIAN DINTNYIAY 2549 LAZAATIZH
Y )
A5NDIOYNA 16 WA AI8ATO Gas chromatography mass spectroscopy (GC/MS) Taga13aeas
Y
YINITAUNAVOETUFIN 85-90 WU AIANMTNTUTINYDINIDLDFNI 16 Fiia TA1 0.2-8.0
[ 1 o a { 1
w1 TunsuaegnuAnuas uazyiaued PAHs Anuwiniiga luusse1nianieueneins fo
Benzo[alpyrene (BaP), Benzo[b]fluoranthene (BbF) ti6ig Benzo[gh,i]perylene ANAINY LA
M3ANEIVDI Krugly et al. (2013) NymsanelSunaans PAHs lueinie 2 aa1de laun a1s
) )
PAHs Tudazayniatazan1izmMsussoImaninieslutaznisuensinis lulsaFeou
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1 1 1 <3 1 [
Melue1n1sAoNeuoNo1ATUAININAI 1 Llﬁﬂﬂiﬁjlﬁi‘l’ﬂ’d?i PAHs UMINTZIUAINN

MmyluoimsoongnieusneIng

M9 2.2 Ysuaens PaHs inuluduazessluoimauaiiowngunnumuns

PAHs Heydnyol ANMTNTY (mg/kg,, )
Fluoranthene Flu 5.61
Phenantrene Phe 3.72
Anthracene An 0.38
Benzo[e]pyrene Fl 2.86
Pyrene Pyr 5.04
Benz[a]anthracene B(a)A 1.89
Chrysene Chry 2.53
Benzo[b]fluoranthene B(b)F 1.25
Benzo[k]fluoranthen B(k)F 1.57
Benzo[a]pyrene B(a)P 2.38
Indeno[1,2,3-cd] pyrene D(b,c)F 2.87
Benzo[ghi]perylene B(g,h,i)P 3.55
Dibenzo[a,h]anthracene D(a,h)A 0.21

A11: (Norramit, 2005)
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o5 laeldiu tazo1u WuaISPAHs 0glusag 100 89 1000 w1 TunSUABNLIANLAT
{ a { [ J a ! {
TuvagnusnunimMi st 20 11 TUATUADYNINANINAT LA UTNUNNMIGUYHITN PAHS
=3 o 1 J A 1 o A 9 Yy 1
20 83100 W1 TUNFUADGNUIANIUATALS PAHs Rluvasnuilan1oinnsm 1l Taun Benzo
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1 o % % 4 ’3 L% @ ! g
Tnaiu191nm135521Ma Msvn veuhiuanaweuEousINNITY MITINALNUYAIZI
) 1 = ' v Y & = 1
U wazmsdassveudeninlssnugamvnssuasguranit deez llinansznuaesz vy
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HnaAtaz@alyIaluuvail NINyReUNANLazIEG05  Tailuaisnenzisaay
' o ' { A A J
nlasuntlaawugnasy amIaulszianued PAHs MINAINNINITTUNYHEAINNTEUIUNT
a I 1 A
naveniiu 2 uradlug Ao
A A = . A A A D) o
2421 @13 PAHs 1119101 Tnst@en (Petrogenic PAHs) D @139Ng7U0301
a a o J a % @ o w < i 1 [
Vlasdennionaanuanninl Iasden Felanvuzdiayne 1uarsilinguluananan
(Parent) U84 PAHs #41/52n0UA89MHIMLUUFY 2 D9 4 29 1Aun Naphthalene Fluorene
Phenanthrene Dibenzothiophene 18 Chrysene nuUNgunNvigoanawwnunluluana lag

[
a ~

wuSinavesssnguiifinysarauumuiitneziUS e mnnniinguudn
2422 @13 PAHs fnainnisten Inffve udfernas i druiiu vhaiu nazen
T lnfth Taonwn Tuanadszinn unsubstituted PAHs 3983aumuiuudu adaus 3 895 29
‘ﬁ‘W‘UﬁJ”Iﬂ 1414A Fluoranthene tag Pyrene
undsrfiavesds PAHs finonainmsen Tvdfa iy mswdaciulan ms
ez M 1l 1azn1590UATIMNITH WS PAHs Haeyia muiszinnueanismn

Tvsd 15 Naphthalene, Fluorene, Phenanthrene, i8¢ Benzo(a)pyrene, Wuduuaaaluasiai 2.3

5197 2.3 urasnulaveas PAHs

uraei1in ¥4a PAHs
mnm"lwﬁ'ﬂ'mﬁu Fluorene, Pyrene, Phenanthrene
MmIwaan1uIan Benzo(a)pyrene, Anthracene, Fluoranthene
NITINIVYS Fluorene, Pyrene, Phenanthrene
9
M3 Inal 1 Benzo(a)pyrene, Fluorene

D) vy o
ﬂﬁmﬂ‘ﬁllunluiﬂﬂiiﬂﬂu’q%ﬁTﬂﬂiiM Fluorene, Pyrene

N (Kulkarni et al., 2000)
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Llﬁﬁi\iﬁ"llaﬂsllﬂﬁﬁ"lﬁ PAHs ﬁLLﬁQ@]TN%ﬁﬂﬂJ@QLﬂ%@Qﬂuﬁ’ szﬁummﬁfmi’u

VY0913 PAHs Nuana19ny Iaeais PAHs Anu'ldun Acenaphthylene, Fluorene, Phenanthrene,
Y

Anthracene, Fluoranthene, Pyrene, L181¢ Benzo(e)pyrene NANWTUTUAULA 141 D9 488 W1 TU

nfunpiiaaniuduazeet Awaaalumsen 2.4

Y a { a 4 14
Vni"lﬂﬁ 2.4 15ua15 PAHs ﬁWUﬁWN‘Buﬂﬂl@ﬂLﬂ%ﬂﬁﬂuﬂ

FUAT U UL Bia PAHs (ng/mg %A PAHs
AFINAY dust)
30 lneasvualvg) Alya 181 Benzo(e)pyrene,

Acenaphthylene, Anthracene,
ETLR Gasoline 141 Benzo(e)pyrene, Fluorene
FAIATHIUBUA 2 TINIL Gasoline 488 Benzo(e)pyrene,

Acenaphthylene, Phenanthrene
FOINTOIUEUA 4 9972 Gasoline 192 Benzo(e)pyrene

IASDUA Gasoline Gasoline 164 Anthracene, Benzo(e)pyrene

N (Thongsanit, 2001)

Y o Y
VINMSANYIVDI Ospar et al. (2003) 1A311MTTIVTMTOYaN M IWATILAZNIBNIN
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msneuzizeludainaassazluud Idunznonzis lunyud @15 PAHs Hunasnuion
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HANMINNIZVIUMINIGAEHNTIN Idn Mskaan1ulan mskanezgiition msw Tniiain
a 1 =Y o Yy 9 1 1
nanssuTuguau Tih mseses wasliszavanududuvesars PAHs lueimsoglusia 1
= Y o [ 4 = o a d A Y=
faratefeu TunSuaegnuIANNAS LazMIANYIV0Y Ay Andual (2551) TAdAnyINg
) 1 o Aa a a a 14 Y] L% 1
Swunurasiuiavesaswed lananes Tsinanlalasmsueu (PAHs) Tudainiaiaan wumn
Yy v a 1 1 ' v 1 a a o 1
ANWTNTUIINVDIAT PAHS 13 yilalaieglueie 11.9 89272.0 wilunsudeiadnsudu

a

Y ' 1 o A a
BBRRN uazﬁgﬂgmumiﬂszmﬂmmmi PAHs uaﬂﬂ,wmuaummmmmlmmiwaallcmaﬂ

Y
°

s A 2 Y A A )
Ulaiﬂ‘imiuaualumnmummﬂm‘imﬂwm IHDIVINNUNITNTZANIUDITTT PAHS NUUIHUN
a A A4 A
Tmaqaqa ('J\?LLTT'JH!UH%H 4-6 'N) GluWHﬂﬂWUﬂTiﬂulﬂﬂu%ﬂﬂﬁ?i PAHs f,;N NUNIINITSANY

'd %:I Y = ' o a v !
UDIT1T PAHs ﬁnumuﬂimaqaqq I ULU 5-6 W) ‘Uﬂﬂﬁﬂllﬁﬁ\iﬂ'lluﬂﬂﬁﬂﬁﬁiﬂ%'lﬂ



22

Y 1 (%] 1
nsw Tndvesiidunazduainnisesiesououu Tasnmslddasidiunarjduuy
4 A v 1 o a 1Y dd’ 1 =
93A132NOUYDIA1T PAHs JUSULNAIAUTANANUNLIIN AUDUY HAZNITANYIVD
Aa 1591 W iuavan (2549) WUIPITUNTNTEOUD Polycyclic Aromatic Hydrocarbons (PAHSs)
a 1 a3 [ Aa { I~ 1

Tuussome a vsnaanivudnsld WumsasviamiSnaeymanivnaanni 2.5

a <
luaseu wazmydsuw Polycyclic Aromatic Hydrocarbons (PAHSs) Tuvssernia Tagnsiny

%) ¥ A A Ay daf Y A Aa I @ =
PAHs lugimaldinsesdofaievunas ldiumsnaass dsz@nsamlunmanunn Tasling
A a A I o = Yy 9 1 A a =< A

Managouas Usz@nsnnmsinunn PAHs Ianuiutugalugiufoungaanieudufou

=TI 2 A A 1 A 9 A A A
UNIAVVRIF NN UMITITYTINUMIUNINTZMEg luTINedeN taz s uuganIuile
= o ] ) Yo <3 o ] A ] [ A
MeunusNgeiou Taslsiaglumanudlodisans PAHs Tueimanegluaniugmano

a { < Y
Polyurethane Foam (PUFs) Uag¥UAN1T PAHs Anulunanae Anthracene 1@ Benzo (a)pyrene
a a d Q‘
2.43 MaunInszgvedlna lsnanazlsinan lalasmsveuluaunaden
= a a J

Tndalonanez Isuanlalasn1suen (Polycyclic Aromatic Hydrocarbon, PAHs)

Wi 3inAuAlu¥eved Polynuclear Aromatic Hydrocarbons (PNA) 8135 PAHs viangdailuans

' < L. vy 1A g 2 a
NOULLIY (Grariviat, 1999) ﬁ']ll']jﬂl,LWﬁl,GU'lﬁﬁ\?!L?@gauqﬁjﬁa']flﬂ'm MINWNUT 91N Haga

U

o o o v A o ' ' 3 3
ﬂ’liijklﬂa"ll’f]\iu'lllUL‘]Juﬁ'ILWﬁ]ﬁ'lﬂﬂl‘ﬂﬂ'l thfj PAHs LN ﬂ33ﬂ’lﬂaﬂquﬁaﬂu’]%ﬂuﬁgu'lﬂglﬁ

g

ﬁ1ﬁﬂd1uﬁjllﬂiE)Q’?fﬂl,mﬂﬁ}ﬁmsumﬁﬁ%gﬂm§m (The U.S. Environmental Protection Agency:

=

3 a <3 a o w { 1 @
EPA) lanmualias PAHs 16 wila ilumsuanydidunanssesninngulangiinuag

o 1 g ya < @ ¥ 14 v Y Y
”lm&n”luwmimaclmﬂﬂmgiﬂumgm ®15 PAHs fﬂllTiﬂL%Wﬁjﬁ\‘llmﬂﬁﬂhqﬂﬂﬁﬁlﬂﬂ NN
a o 4 A a a 1 % v A
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uana1enu netunuTaafiwn lnl PAHs Nuwsnszaeludunadeuiiliiiail
. .
2.43.1 mgmﬂclumimmﬁ (Airborne Particulate Matter) Lﬂuaumﬂﬁﬂizﬂ@u
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2 . = dy a a Y 1
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% v o [ Ja [ a % 1
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= A ' a a H ]
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=1 o 9 a a EY I @
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3) Adu (Rain) Huflanaswszaieszdrauorasanlsniivaruasesuazaz aylumu
! ) Y ldy a 9 %’ I ) Aa
V5501 dawarimans PAHs Tianasngiuaula idwiludaiiazaiehd (Solvent)
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dy .. a A dy o Y a v v '
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NU1 : (Kim et al., 2013)
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Polyimide polymer ffagiiuniiaaiinoauii Idiima TuTagmsnaanlinamwganiunudu
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<::< Injection port
— >

Column

3 C Detector

= = =

] $ Gas Chromatography Mass Spectrophotometer

<.‘:II Carrier gas

A

|
<::: Recorder

517 2.4 a1u1/52nOUYDN Gas Chromato graphy Mass Spectrophotometer

Y

=

r'd
N : (i PUIANT, 2552)
] 4 A A A 91& =\ 6”/ A 3’, T 6’5
Agudnatanelunazanuruivesildunmaon lasalinuuy Phase Nlvauag lulian
% /A A [ -4 [ 4 Aa a
AvaNUNHAAaNYMZHTIN1NE1 10-100 WaTIFUFIgUINA19NIe T 0.20-0.35 Tadwasuaz
148051035 1aved Carrier gas 2-5 ml/min
= 4 = d I v ~ (B o 4
2.4.52 AMAMDS (Detector) AMANDT W UAIUNDYADIINN1DDNUYDIND AN
o Y A [ 4 [ % [ ~ A A [ 4
MuINes1Ine9Alseneua1ee vesasaled Uy Na1snaaUNNILeaNNIINADA NN
{ s N ' 4 o o < °
Tasnamamesozdoaliinelife Carrier gas ofmames asivineenilseneuvesas 9z
v K =1 [ o Y Y- = P PR
mMsuiamadieununal 197 18 1asu1 Inunsy (Chromatogram) AmAmas niin1s 190 uun
9y J L% . . =
1&un wlsu'loon luiHu (Flame Ionization Detector: FID) uuaadnInsmuas (Mass
4 v Aan .. ad
Spectrometry: MS) (N9 3 UPANDUANNIA (ThermalConductivity Detector: TCD) (g ®tanA 9

HANLDS (Electron Capture Detector: ECD)
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= J v . . . = J
1) amawosuuumsyloos sy (Flame ionization detector; FID) QINALND T Y
a t:y [ [ dy [ td' [ 4
Hall ederanmisnugiuvesnisduatl levesarsioanuininaeauilularlvves
o A a 49! J A A v Jd A A
laTasu nazinlessuitnatuninesndseneuussiin Neenu1naeau YSuananise
[ 'o .. . 4 T W - [ v
M132979719A (Minimum detectable quantity: MDQ) TagAnames FID tN1AU 10 nTULAZHIN
Ad 9 s 1R = Jd A gd
wvounTasgunuduasadiaing 107 msneuduoIveIAMAmB TGN TAT TN
an <Y a a 4 ] . . & ] 9
unsuLEaIRanIIATIZYoya luFInunnInI 1210 11U 31U Retention time F9ADUYI
o [ 1 J a = a d ¥ 1
wmwnzdwmivunarmsdudoyaalsunainigieglugdvesiuildiia (Peak area) Tng
Tasun Inunsuiinanindulsa e suguugll 65115 1Maues Carrier gas Haz¥HAUDI
[ d I Y 1 dy o VoA ) A A P
AW UAY Parameter tMarHa1uIsavzAIvIAIAINMIEa laNen15 AT IE T
Y
dszaniamular Iinevulasmswnlalasnulueimavso luoendnuuas loooulszyau
i a 2 @ [ 2 @ 14
Anavunnmsduatauisoszdadsunalalasns lguseau Inihvuia 200-300 Trad i
o a 1 v Aa I
8§49 Collector clectrode 1ladlaTasnunan loseould hivninaadunszuadssuia 10-14
4 v A a o o a 3 =Y
wenutlsuaiieliansszneudunsdezin i lesownavulsuaunuienszua luihe1all
= - o { @ 1
YSuada 10 weulSansyszneuiazasiniaaie FID 1avzdosannsamunszuiums
Y v Y
panFadu lan1snouauesues FID Yunusiuiu lessuimatunnuaazanslseaeums
Y
aouauestuana iy lilszninaslsznounaaz nqud11isy Flame ionization detector
= J ~
2) amamesuuuuNaanInsiuas (Mass spectrometry: MS) ATLUIUNT I
= ] Y I A o . .
wuaadnInswas aunsaussean laiti 2 nszuiunisne leoe luwsu (Tonization) Lagms
o I o a 4
18NUIA (Mass separation) 35113 1908 11 (Tonize) Wumsihliinalesou e Tuanagnle
o AN o 1 v a é’ A
oo luglu gy rme nquiianyazmmezvedloesuvoinianiee NuAIZINAYY ioun
1 o v 1 o < o
loooumarHMANMUENHUTIZ1I14 Relative abundance tReuiuula nagldunamnasy
Y] (] dy U 1 1] 4 Y
(Mass spectrum) @t nasumanil ansolglumsteenenanyaived luana 14
2.5.6 MSMUIUANNVUTUVDI PAHS
Y 9 J o 9 9 a o 9
ANUTUIUYDY PAHs Uaazad1 1901015 19nAatia External Standard %1114
TasRaa1saza1ou1nsgIu  (Pure Standard) ANUSwaaredn e comMs ie'la
Y v Y 1 '
Chromatogram 33 195108 ldns vl hnunldnsndld I @eunsiieunvdsunm
A = (% a 9y < Y
YOIATNINTT I HIoReunuLSuIasvesmsuassu o lanslnasguiluduase Tae
1 . . & w
FITUINIIN Response Factor Lag Peak response 14 Calibration Curve HudnSouReuniany
WY Ia3AI061ul015 1MUY NIATHAINAKIUNTZUIUMS Evaporation L& 111TAN
YSuauesans PAHs 14 usvzdeslimsfSeuounulsuavesa1suiasgiu (nternal

Standard) 1AMsFPTe (Loss) b lsiiverhindumidiuiunilsuimves PAHs lu
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a T A A 1 9 [ = v Aa A (% d'
350139 NNYSaum’ls TaserdeslSuReunuilse@nsninvesdl PUFs Nauise
< v o R Y A A LG
U1 PAHs 18 Tuuaazdnteag ldSinantiegesslunssena
INMIANBIVO Meng Yuaru (2005) WUNANUHIz Ay IUnIsIe5oua10819
a 4 a 1 4
AnszfSumes PAHs luoymaduazo091non309i0 Gas Chromatography Mass
o ] { 4 a s 1 <3 o 1
Spectroscopy A3 UNTIATNAIDEN MU AUINONITAATIEHAWANTZUIUNTINUAIDE
9 a . [} [ 1 9
92 1¥n32A1YNIT09F A glass micro filter TUNITANTUBUMIANUAZ DD uaz vz 1HaIs
I o e o ] 1 )
Anhydrous Sodium Sulfate 1Hum1sgagUANNIUONIINAIDEALAZ D LAz Fdhazate
I A 4 4
11U a5 ¥9ia Cyclohexane @281A5094® Soxhlet Extractor MALTN1ITVDIATDI Gas
1 { a 4 o a
Chromatography Mass Spectroscopy Mtu1zau 14 lun1sinsiziaisimuanegungiives
a a ~Aq Ya SA A o ' Yo o A o
Oven 50 eerugaFod Usuiasnlsiasizviae 1 lulasansaledis Iniadinife nwy
a2 A = o &Y I a Aaa ' = = v I a JA .
didew Uoas1ms Ivavesmanilu 1 Jadansroui uaziineduinlylumsinsiziae Perkin

A A < A A v 1
Elmer-(30 tu&15 x 0.25 Uaaas x 0.25 lllliﬂﬁlll@]ﬁ) FUUTN VO UATOINNTOUADNS

AnT1eWS a3 PAHS

a a d v
2.6 wansznuvesnslnaleaanezlsin@nlalasmiveunagumn
2.6.1 MSUNINIZY PAHS 191g3193M8
PAHs @11150141g3519010 1aN9Mm19a 53 151 91nn1snielawe1e1naidl PAHs

v W

k4 H A H
Yudlowanld niomsdudainghil PAHs Uuilouoglualsuiuge wu mdudaauni
A 4

A& ] a Y Aa E ' Y 1
PAHs YuiJousd nN13nU H30n13ANUINY PAHs Uuiloueay 15 PAHs 1013019131908

Y- [ 1 ~ 1 4 Lﬂy A o 1 [
1aTagn19ihn wunuaiuves PAHs 7 lignwen Tuladazgitiende luduludiuaie veq

' 9 vy
ST =

] 1% 4 ] 1 { I o
s19meiven 13 1o PAHs ru 1 lusrenmeszgnulaeuldnaredluesadiaanaiu wu
=2 ~ D) A Y ' o 3 o A A
WHNBDII WUMIUIUUFUYOS PAHSs 92A09gniAuaIovy OH Tasauazilueieizidaiense
{ 1 % 1 < v Aaan a
nasunlasTuanaves PAHs launiiga asaanarei ldilueywus ves PAHs Ufnsenan
[} o T o I 1 Q’ﬂ 90’ o Y
vy OH odemstsauoaeu laian luTas law Huas Tudvadsazareldaluiniunas lui
[ 3’/ = o 1 Y @ 1 9
aviudsazaululvduvessremeldiunaiiu vazgnivesnainiienmeldernuin
4 o o a 1
wonnnazgna 1u laduazgnih a1eTasuuiunsh alea1sWevee319018 @15 PAHS Tu
dy d’ o " o Yy a a [ v 1 L 9 1 4 ] dy
oo Tuiiue1s luvh ThiRaideaes19n1e sundniuazidn lgiwad ua PAHs Hervazawy
2 4 4 . 1 ] H an
18 Turugoduaad (Cell Membrane) vdulvajsznoudrevuussrloaInaila PAHs i
I a o a X as IR A ] G
anudlunyluszanTuana madu Taswa Tuadu luaad Fadl 2 Tuaou (luas, 2532)
] Jd o a a o
2.6.1.1 o 'land (P-450 Cytochrome) 1 Trinaoondiatu nazlaason

a o @ { g R g a 3 ' ] aaa v A
Fratu laesaanaresiilu Phenols FudunnvirouswaziduasnovziGlgnseninnaluy
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a A a ' . ' Aa =2 Yy 1!
UsnuNEenn (Bay Region) 99Ny PAHs f1l29u1Iu 3 99 5 29 laun Anthracene,
! { I~ o ¢ A =
Phenanthrene, Chrysene, Benzopyrene 11591 PAHs gnilaesuiluoywus tioq fdlunalnves
a <3 A o gd 1 = = o o
MINANLITI 119N ATAINANUTANNIBI INFUAT A NIT0TINAMVUNUTE TAN
) YA o 9 o 4 a 4 3’, a 9 L] a
auvilgany DNA ldeywusesndladues PAHs WU waze19gnANAI8HyINTa
[ I v J a I o .
(Omethylation) Ao 1U8niluoyiius Methoxy 18 ailu (PAH-DNA) s ldimaalinisuila
samaiugnssuAnynd luaziimsnaieug 14 (Mishra, 2003)
TAAUWUE 19 (Mishra, 2003)
2.6.1.2 MIMIANY Epoxides 1182 Phenols Tao1lfnsennsuginsunua1son
: : y
1%U Glucoronide, Sulfate, Glutathione 1@e15ABUYNA (Conjugates) FIa1WIT0AzA 181U
¥
wazgnrzWIoen lmuia gansy nazilaany
2.6.2 aNiuiyves PAHs
a = [ o v J
WReUNaUUeI PAHs lunyudiazdainaaes 1100 15ANYINY Anthracene
£ Y Y I 1 42 P = o Y a
gnslunisnszaulisanienyudinaiu laaenaauiniiu (Photosensitivity) Unavi1lding
pIMsAalnAveIAIMIIAe Lauau AU HAZiiD1N13TEA1UIADIVDUTDYA LA HADAALAIY
wazlumsihe Chrysene VuAIMITIVOINY (Mouse) Tuil3um 0.0125 Hadnsuaoa1319
a g‘/ 1 [ < [ o a v A I A = A 2
wuAas 2 aseaeiu Wunai 2 W MIRRmisTsad di (Melanocyte) HI1UIUNNYY
3 9 o q ¥ a a A 2 A . .
1@n108 Naphthalene 111 1¥nan112 latinvaiosniniiaaeniaduan (Hemolytic Anemia)
9 Y Y 9
HATABNIZAN (Cataract) ANUAAUNANY 2 peatlina lanuReUNdULALITDITI UMTUNTAAD
<3 a g}/ =
Vo uliAeAY1I VA (Polymorphonuclear Leucocytes) i8¢ (Lymphocytes) niounadinis
~ o Y dy = A Aan <3 Aaa
nasuudasveslviiuluwaday wonvnildslisienumsdeiinveuanesiy 6 Unnu
Naphthalene 11110 2 A51 91AMTAIUIUNUI US40 Naphthalene N9 1¥iAuFeFIn
Y~ = A Aa w 1A Y] %1 v oow a Ao g Y ~
lasivune 71.4 9a214.2 aansuaen lansuiminga TasAannaunltimindunaes 70
n1an3u uag Pyrene 1 1¥inAnsonay UanLasueIdIviie launiga (US.EPA, 1998)
a A v d o d
2.6.3 Tiw5053v03 PAHs Tunywdnazdninaaes
<3 ) a <3 (%] 1
15 PAHs a1imJumm@mﬂﬁﬁﬂﬂmuwmam 1% Benzo (a) anthracene,
Benzo (a)pyrene, Benzo (b) fluoranthrene, Chrysene, Dibenzo (a,h) anthracene (181¢ Indeno (1, 2,
I a g Y a oA Yo o
3-cd) pyrene HuaumguoImanaiiosan nmnaasdluneslfiiamslaslidainaaes
a o Aa Y] A A 1 dy ) I ) [ L
AuFunAImE vsemelawiomanlasmartin lhiluszeznatnu dwsuuyued
2
] o 1 a Aa v v o @ <3
51801 NMs lasuasmart Tasmaaumelavserdmiaduianuaiswanye PAHs (ily

o a 3 a & o 1 J o J
I2YSLINTUIU ’E]”Ii]‘i/]ﬂﬁ}!,ﬂﬂilzliﬂllﬁj WHLTDIIVUDY PAHs Q19U YHIUASTAINADDI d1015D

o Y v dy
uun laasil
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< ' < [ T < 1
2.63.1 Msua1snanzisy (Carcinogenicity) 3A4413 PAHs Ny 2 nay A1y
' g A VoA 3 oAy v 3 9 A o
ﬂ’JHJﬁTJJ”ISﬂTHﬂﬁﬂ@iJ%LN o ﬂqwﬂamwmazﬂaqw"luﬂ@m!,iﬁ VOYANUAAIANYNIN
' < J v o Y Ao ' A A [ Y 3
‘lJ@QﬂTSﬂ’t’)‘JJ$L§Q1uuuyﬂlla$ﬁﬁﬁﬂﬂﬁﬂﬁ LﬂuﬂUTﬁQLﬂ@’Jﬂllll PAHs ’dﬁcl.ﬂ‘ﬂ IARC ﬂﬂ”lmﬂu
1 I Y I 1 < v I
ﬁ”l'iﬂi’]llgl,iﬂ(luﬂu (Group 1) 13731 PAHs ‘Hﬁ1ﬂﬁﬁlﬂuﬁﬁﬂ@ﬂ&iﬂuﬁﬁﬁﬂﬂa@ﬂ 1w
U ] AN Yo A o a Y 1 g A A o Y
ﬁ’)u‘ﬂﬁzﬂ@‘]Jf]Qﬁlu?ﬂiNﬁil“l/lulﬂiﬂﬂﬁfmﬂl‘mNSZUWQ’J‘I/IEH Lmeﬂummqmemmum Glﬁ

v o Aa ]

a <3 1 % { 9o’ [ 1 a 1
inanziGaluay muu‘lﬁ WITUAY 31 ATUIFIINAUNIDTUTY ﬂ%’ﬂﬂ"lﬂ“l/]’f)llﬂlaﬂ

A @

s A < A a A ) ' ~
508U 11999100 UMTIINNITATIVBUGUYT VI UNTOA NI NI UUYES PAHs UuAaza1sh

Yo =t 2o~ ' 3 A ' o vy
wypdlaFunnmanaumaril uvenaniidalimsnouziFioun delusglumsnaudinande
(NBIIANTAITOUATIVUALNNVDAUTY, 2543)

2.632 WANOMIWAIUIVBIAI09Y 1MTTIe U lunUNaued PAHs @913

@ (A IS A o o’g Y 1 3’_,
Wan@vou Iuuy g WNBIT18UNAYD Benzo (a) pyrene TUdAIR89gnA8UNINITY Tag

1 a

d' Yo 1 g’/ 9 o 9 [} % a = [
‘Vi‘lalWl"lﬂiU Benzo (a) pyrene 3¢ HINNITAINDI NN 1ﬁﬂ1§WﬁJu1ﬂl@Q§]3@ﬂuWﬂﬂﬂ@ﬂﬂ 19 A3

v
AAAA U

a } A X 3 o
mii@ﬂ%’mm’ﬂﬂgﬂﬁg!ﬁ@ﬂa@ﬂaﬂaﬁ ﬂmwuﬁummumuﬂm@qgﬂwgmmmaﬂm NITNAU

& v A

! v @ 1 a a A I o I U a A X a A
szuuauwuﬁmmma@umﬂﬂﬁ o waaﬁuwu‘gugﬂinwﬂﬂﬂ@] %QLN@QﬂﬁHLWﬁTHMUI@]
3 A t4 (] @

AUN ANNTUYITUNUNAAADT ez u1eA AT urau
a au A '
2.6.3.3 mmmﬂﬂ@mamsﬁuwu’q (Reproductive Toxicology) Tsinusieau

o

I a A A @ o = ! v & da
AN UNEU09 PAHSs mmaizuuﬁuwuﬂumya 1agd PAHs W83 2 19MIUU NUITIENTU

£l q

1 o a a a [ 4
mn V]Wﬁlﬁjl,ﬂﬂﬂ’l”lllNﬂﬂﬂ@ﬂl@ﬁizuuﬁﬂwuﬁ ﬁi’) Acenaphthene (181¢ Benzo (a) pyrene NINATDU
< a =
ANUYUNRBUDI Acenaphthene lumny mouse 119 2 tnsl 1aen151¥ Acenaphthene 1919119
2 1 A Aa o 1T A - 2 v v 1w A LY
ATLIMIZBIMIT IHYUIAAILA 0 D4 700 Hadnsuaen lansuiiviindineu aaaenuulu 13
[ 4 v = A a A v a A A Yo
dad wudmymag lidianuaailnaleq vesszuuduiug luvazinymenileon 145
a =) (-3 1 a % %I o % T % %I %3 (%3 L} ]
Acenaphthene U119 700 Haansuaen lansuiimiinainedu Jiiniinvesslvanasedn
APANRDINUNITAAAIUDINTINNUYE95 lutazuagn (US-EPA, 1989)
2.6.3.4 ANUAAYNANUNITA (Teratogenicity) THHTBNUANUAALNAIINPAHS
AAa o A = v J
maanuMIn luuyyd N31euuaNed Benzo (a) pyrene Tudainaany
v Aav o 1 { o
NAHANTANEIVDY d01TUIV0RIATAl (2550) WU D1MTINAI520
A (A oA 9 ~ Yo v @ =) a a 4
snlgianinvuouulungunna Idsodudaans Tnd lvadn oz Tsinan leTasmsvon
[ d o o { 1 a
(Polycyclic Aromatic Hydrocarbons: PAHs) 31ane laid@asasusd i litensuasenensnalsn
a A <3 1 o ~ a ua Y A 1 ) Y] A A
szruumuauniely vieuzisaleaganndisiandgianiinedludninaiuni
130905V INS HagdoyanuIseneInUguA MG Ia lumshauvesninauiuso Taods

' ' = ' = = o U 9 '
UDIN UGN UVUTIVIAFUNTIUNN FIWUIN Glu’ﬂ“l"l.ﬁ. 2544 quﬂ\ﬂuﬂﬁﬂﬂ’wiiﬂ@ﬂ\‘l 9
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o kS I PA a ~ o A =
911U 10,180 318 Hwiludihelsamaaumglannigad i 1,919 518 TuvazAimsany,
Y99 IFY INBTIAYY (2550) WUNANUAALNAUBITTUUNINAUIe I INMITUFUATENS
J [ dy = o 3 = =
PAHs Mnoymarua i luiunmsmaulueinis 1.835-23.250 ngm’ Tagaisnnuniniga
Y
9 Benzo (a) pyrene 911915 PAHs MNH1UA 16 yialuemea
= a a s A Y 11 A Aaaa
a5 Ind lyndney TsunanleTasmsven eogiranievesdslizia
9 Q‘{ g’/ = 1% g (% dsg v [y [ %
HAILDONONTNAURIVNAULAZITOTI Tasvunuszezal lumssuduraans PAHs Tugduuy
o o ] ] gi o ] v . g‘/
voamssuduialuganadugrsesudumiluszeznay Fwansenuluszozdue1al
A =l ~ = 3 9 U 1 <3
91M155LABNDIA NN NeUATHY 91Ul udYn drunanszny luszeze1I919no 1sANLIEY
a o I~ o % ] ] Y] I
Al wziGeea nsgiiatedy o wagmsduvainiawugnssy Wudy (Kim et al., 2013)

aaaaalugii 2.5

Polycyclic Aromatic Hydrocarbons
Short-term Health Long-term Health
Effects Effects
Eve and skin Skin, lung, bladder, and
— yirritation i ] gastrointestinal cancers
L) Nausea and . DNA, cataracts, kidney and liver
vomiting damage
L) At It L) Gene mutation cell damaging
and cardiopulmonary mortality

519 2.5 HanIENUNANTTVFUNTAT PAHS

Y

=

NN : (Kim et al., 2013)
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2.6.4 A

(J

A7

] = = a a d
HamarImwuasasInaleaanazlsanan lalasmsveu

= v o W = a a 4 A
mmqmmwmaqmﬁuamﬁmﬂwa”lemaﬂ@ﬂimm”laimmsmum

e Re Rle

' Y Y
agludunadeutiudgsame taznamsvuoenaINg 19N aunsoia laadreassianaii

(Bostrom et al., 2002)
2.6.4.1 Urinary Metabolites M35UdUAT A5 PAHs 910 F44IAR 03418519718
Y

q
@ A [ [ I Ao o o A
L!aggﬂmﬂ@ﬂﬂﬂTQﬂﬁﬁ']jg A9 N13INTTAVVON 1-Hydroxypyrene Wuamind, UNFTAVD
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9 v
Pyrene a1M150u0n laniiUSumundedesas 2-10 ¥99ens PAHs navnansududaing
1 < A 1 ] 1% ' A Y I o dy 1 =
3191859999108 TudAI1dIUN G 1-Hydroxypyrene 1511 4AIFUIN19FIN 1NN 1-
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YA A dy I J Yt ] ~ Y I @ dyw
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2.642 DNA Adducts M3UUG1I19N18Y0I815 PAHs NATUNTZUIUNITUDI
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A o 4
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NIZUIUMIUAVOATNUBITIINY

2.64.3 Protein Adducts M35UANAAET PAHs 91nda0adouangs19n 1ol
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Aan 1 o =1
UgasenuTisaulusiameszgnialalumadilaiaoaias (Hemoglobin and Serum Albumin)

Y
v A o
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A8 @153IANIFININHAIUAINITOUATICH lan281AT 09 High Performance Liquid

Chromatograph (HPLC) 11304 Gas Chromatography Mass Spectrophotometer (GC/MS)

a a
2.7 mﬁﬂﬁzmummmﬂmaqﬂlmw
I V-
2.7.1 ANNHNEMIUTLRUANNFLINTUNN
a A 1 <
MU ILHUANNTEIADGUNIN (Health risk assessment) 1IUNITIIVITINLAE
a < 9 [ @ [ a = P 1 A [
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{ v Y 1 % @ { g}J
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quoted in Janhua and Wichitra, 2012) YuaouueImsdsziiiuanudssaogunimilsznonly
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Useumssuduia aanaaaluzii 2.6

MTOTUILAINIT

(Risk Characterization)

Mslsziau

Y
AFUIFDUNT Y M3Useiumssudune

NIIADUTUD

(Hazard Identification) (Exposure Assessment)

(Dose Response Assessment)

a y A A
TIJ‘VI 2.6 mu@aumiﬂizmummmﬂmaqmmw

11: (USEPA, 1999)

9
2.7.1.1 M3%190UATIE (Hazard Identification)
A o < Y a a 1
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Bangkok, Thailand 14.7-43.0 BaP, BeP 1997
Bangkok, Thailand 6.5-58.0 BeP, Ace, Acy 2001
Bangkok, Thailand 5.0-74.0 BaP, Pyr 2003
Bangkok, Thailand 13.0-77.0 BeP, Ace, Acy 2004
Jakarta, Indonesia 13.3 Ace, BeP, BaP 2005
Darwin, Australia 77.2 NaP, Ace 2005
Mumbai, India 36.8 Nap, Acy 2005
Naples, Italy 24.5 BaP, Pyr 2005

N (Thongsanit, 2007)
UYL NaP Ao Naphthalene
=
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13199 2.7 A1 Cancer slope factor (SF) A1UN19M51i1810 Y09 PAHs
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W7 : (US-EPA, 1998)
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Dose dmsnlsziiumsSuduiansaiilumsneuziauaumsnms el (aumsi
2.2)

ADD =[C x CR x ED x Fl/[BW x AT] 2.1)

LADD =[C x CR x ED x FJ/[BW x LT] (2.2)
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MIanaLaz AT IZHA96190 13T NTUIATFIU Method 36208 (US EPA, 1996) L1az1AT04i0
[ 9
M1 lunsIns12rSuaens PAHs Method 8270C (US EPA, 1996) 15 18az08adail
o PR
32.1 Jaq giUnsalinueynn
. Y ' 4 Jya v N
NTAIENTON Quartz Filter \dUMIUAUINA1 37 mm. Tl udunvoymiady
AYD04

322 ginsaitnudedeans Ind landney Tsmnanlalasasueulueinia uaziiaa

nufAAABHD AIRCHEK SAMPLER §1 Model 224-PCXR4 #1331/1 3.3

! J o 1
31N 3.3 g1lnsalinuAI9e19815 PAHs T401MA 111 Active Sampler

[ C] @ 1 [+

323 Jaq gilnsalinudieganes
Y o w = g Y Aa

1) a9aLNITIMIVUITY Poly urethane foam (PUFs) FauilurasaunInivuie
durgudna1e 20 Tadwas naze1n 75 Naawas

2) Polyurethane Foam (PUF) PAUHUIUY 0.020-0.021 g/cm3

3.2.4 @5l ey 13952180199 1U PAHs
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1) @271a2a18 Methylene Chloride 11a2AIM1AZA1Y Acetone ivoriudih
A2a18 PAHs inﬂéﬁ’e)thﬁzﬁuuazé’mqﬂﬂmf

2) 1592218013311 Mixed PAHs 16 ¥iia laun Naphthalene, Acenaphthylene,
Acenaphthene, Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene, Benzo(a)anthracene,
Chrysene,Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Benzo(a,h)anthracene,
Benzo(g,h,i)perylene 118 Indeno(1,2,3-cd)pyrene

325 ginsaioun
1) 1A309%4 5 @il 80 Mettler Toledo 31 AX105RD
2) Micro syringe Y119 20 luIasans

3) Soxhlet Extractor #¥0 Gerhardt :ju SE-416 LLﬂﬂQ@Tﬁgﬂﬁ 34

317 3.4 1A504 Soxhlet Extractor

4) GC-MS (Gas Chromatography/Mass Spectrophotometer) 1 umsTnsei
#15PAHs 391U32n9UA8 2 91 ADEIUVDUATOI GC (Gas Chromatography) AL AIUVE

4 o =
11393 Mass Spectrometer AN 1 3.5
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33 AsautiumsIy
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1uﬂ1§ﬁﬂﬂ1ﬂﬁglﬂJUﬂTllllﬁﬂ\?@@q"llﬂ'lw%'lﬂﬂ'li ATVAUNTT1T PAHS Glulﬂﬂlﬁﬂﬂll

1 Aa ~ d o < < A = o 4 =\
p1g L 5 Y quénaunanian luwameauiaiowass13TuIT 1IN 10 gud Taelinig
~ 1 g’; [
WFeuevdsuaans PAHs serNussenmamielutaznienono1nsnaluaniigmsuay

A A = A A ~ Aan o A
aUMA TUNUNVANAVIAUATIIFAN HASTUNUDNIVAMAVIAUATIIFANT WITAUTUNIS
= [ dy
ANYT Al

Y
IS} %

A A = aw 7 3 A
33.1 WuﬂGlUﬂ'liﬁﬂy']sU@\i\ﬂu')%ﬂu o f‘fl‘lﬂ Wu’llﬂﬂ!aﬂclulsll@]lﬂﬂﬂ'lalil@\‘]

)Y

4 J

uﬂﬁw%mﬁmau 5 ﬁugﬁ]'lﬂﬁ:\‘]ﬁllﬂ 8 f,fufl lmzﬁuEllﬁﬂlaﬂu@ﬂlﬂl@llﬂﬁﬂ'\ﬁuﬂﬁﬁWcﬁaNW 5
g{u&fmnﬁxwm 32 guifisunasinsidenngusiesa

332 MMIRURI961915 PAHs 13 16 wiialuene 1dun Naphthalene, Acenaph-
thylene, Acenaphthene, Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene,
Benzo(a)anthracene,Chrysene,Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene, Benzo(a,h)
anthracene, Benzo(g,h,i)perylene t48¢ Indeno(1,2,3-cd)pyrene Tag1435 Active Sampling 14
N32ATHNT09 Quartz Filter 1e1AUAI06190171A 1az1F Polyurcthane Foam (PUF) 153911
wasautdeiditudugaeinimitemudietieie uaziluae13n10Tuie i iina s

a 3 o ~ =] 3 o ° <
NINTINUUVBDUANLAN (‘Hﬂjuﬂﬂﬁliﬂuﬂlﬂﬁlﬂﬂmﬂ) Lﬂui$ﬂ$L3a1 6 me Tﬂﬂﬂ1ﬁuﬂﬂqmﬂﬂ
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% 1 A A g a T Aa 1 A v Y =% 1T Aa
are19ae gurienuan Ny 1.50 as szezieaniszgusomiaiosFou Tumu 2.0
1 Y
1@ (Titcombe and Simcik, 2008) LNOMTLAVANUAUTUUDI PAHs %14 16 ¥ia melueias
H A A g o 1 a 3 U I o o
HazgAunsolanUdles o IMAluTnuduanamiluszezinal 8 51 1ue Tasmriuaga
1< o ] J a 1o 1 ] .
nufee19Ae gunilonuau lidindn 1.20 wes szezM199IN01A15HOITEU 5-6 1MAT (Pendit
) Y
et al., 2008) 1H1DYNNMIMTLAVANUIUTUUBIAT PAHs 119 16 Bia MeUdNIANT
o ~ 9 [ <3 o ] < Ao 1 0 )
333 hnasa PUFs #lanasninmuaiedialiinuldlugaugiisinn 4°c i
ASYAIUATOIAY Polyurethane Foam 11a@iAfA18 Methylene Chloride Ta8iA304i® Soxhlet
o (% ] d' (% Y a 4 a 9 d‘ =
Extractor Maziia1sadeg1ananala lansizvimdsua PAHs TaelfiaTesle Gas
Chromatography Mass Spectrophotometer (GC/MS) 1agn15H1ANMY Nt UYIa15A19814 1aY
eunuesazaieasTIuInTIIuANUENIUALI LU MUITUINTFIUVEN TO-13A Method
(US EPA, 1999)
Y

33.4 imsdszdiums lasuduiaais PAHs 19 16 ¥ia fun1ansviiela uazi

a { ' v v W ' < <
ﬂTiﬂﬁzLNuﬂﬁTNL%ﬂﬂ@@qmﬂTWﬂTﬂﬂ]ﬁﬁﬂﬁﬂWﬁfﬂi PAHSs Y23nquianLan

< a d |
34 MIUNVUASIUAINISUAIDY
< a 4 3’; a ?f; ~ 1
NSNVLATNITUATIZHI AT PAHs N9 16 ¥UA Glummﬁm‘wagiugﬂﬁmuwmaumﬂ
(2 ~ o 4 ] <3 o 1 [ A
Hagney mﬁ@’qﬂﬂimua3615’;&1,’;@ﬂumim‘umaﬂwmgﬂﬂ 3.6
3.4.1 mssay Polyuretane Foam uaz nIzAHNIO NN LML
o o . I
NITMANVAEDIA Polyuretane Foam Tasmsananie Methylene Chloride 1Wu
() a . I o [ g o
AIMIANELD191A875 Soxhlet Extraction (111781 2 2119 1899101 UH1 Polyuretane foam
1 dy Y Y ==K o o
ll‘]_lclﬁ]l’ﬂuiﬂﬂﬂﬂ’ﬂ3J5D“Lli]ul!ﬁ\i!,m?lﬂQ%%MWNWUiiﬂﬁdiuﬁﬁﬂﬂ PUFs 4asUINITLATHN IO

{ a I @ 4 [ j‘ g}/
(Quartz Filter) TJoufigauninii 250°C iunan 8 $21us ievdaasduilousonldvuaainiiu

U

)}

< Y o ¥ v W & = v
lﬂﬂcluslljﬂllﬂ'Jﬁu']@nﬁ ﬂﬁﬂﬂ@ﬁ?ﬂqiﬂﬂﬂqﬂTﬁﬂlﬂQﬂN (Pump) Tﬂﬂﬂﬁlﬂﬂﬂﬂﬁﬂﬂuqmﬁﬂu

U

4 D e g e y A A a4
magveIoIMaluunazuliions1n1sgaoINAveItly (Pump) N2 Ansaauln Nan1dy
4 3 o . Y COR=] o ] A %
WINTFIU FIHUNNIEAIYNIDY (Quartz Filter) uadsznevginsalinudiedia atly
3 & g o ! & H o <

(Pump) gaemailunat 6 31 Tuenniuinszaiunsesd e llsnimninves uazino 13

= ﬂol <3 Ao 1 0 o a Y o 3 @ ] [+ ~

Tuvaadihaauaziny 1 uguugisind 0°c viwmaea PUFs 1 ldndsarninudlediesniai
~ . < Ao v o o

AAA150201001A5§ 10 (Mixed 16 PAHs standard) T1inu 13 Tugangiidina o°'c hnszanwy

N303Ulag Polyurethane Foam llefadae Methylene Chloride 1a87%5 Soxhlet Extraction 914U

6 $11uq iasazanenana la 115 medns Water Bath 60°C duasisSuiasilszana 2-3

1108803 (ml) (Hwantahla, 2007) uaziiiens lWanseimaSunaans PAHs 14 16 ¥iia Tagld
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In50930 Gas Chromatography Mass Spectrophotometer (GC/MS) TasnsmaNUEuTUUD
d13med IagfisunuaisazareuasgiuiniuaNmduduiwiueu (Method TO-13A)
a 4 2}, a 9 A A
MIAATIZHUTUET PAHs 19 16 ¥ila Taal41nT0930 Gas Chromatography
Mass Spectrophotometer (GC/MS) WIANMUITNTUYDIATAI0E1URIUNIAITAZA10UIATFIUA

NIUANUTUTUNUUUU MrUa R ITA1ZU09UAT09 GO/MS dauaadlumanun v,

A108199107

7o 2
maiu/maumﬂuawmmmmaﬂ

2UNA
v

iAUA15 PAHs Tugdaomzveseyma
Tael¥nsza1ynses Quartz  Filter
yuradurugudnaie 37 aawas
muﬁu@ﬂmmﬁ Personal  Air

Sampler

l

uanalaeds Soxhlet extraction
k) 9 I

@28 Methylene Chloride 1iluian 6
279 91017 (Water Bath 60 °C)au

maeaslszuia 3 ml

l

o AN Y a Y A A
Masnldudmsizialromnseiio

Gas Chromatography/ Mass

spectrophotometer (GC/MS)

9
%

Ane
v

iuans PAHs lugdaniuzvesiiy
Tao 1% Polyurethane Foam : PUF i

ANITUHUILUY 0.02 NTUABAITI

IHUALIAT

l

Wuanalaeds  Soxhlet exaction
@18 Methylene Chloride Funa 6
#2139 910111 (Water Bath 60 °C)au

maeaslszuiae 3 ml

i

o AW Y a s v A A
u1ﬁ15T]Vlﬂﬂ"l'fllﬂi"lgﬂﬂﬁﬂlﬂiﬂx‘lllﬂ

Gas Chromatography/ Mass

spectrophotometer (GC/MS)

a < a ¢ Y o
ETJ‘VI 3.6 VUADUNTINULASAUATIZHIA1T PAHS Glu’f]'lﬂ'l‘f”f‘i/]\ﬂugﬂ"ll@Qf]igﬂ']ﬂlmgﬂ'l‘;]f
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M3190 3.4 ANNITVBINITIUAITIZH PAHs 1A8iAT091/® Gas Chromatography Mass Spectro-

photometer (GC/MS)

Column

PE-SMS (30 m x 0.32 mm, 1.0 pm film thickness)

Injection Temp
Carrier Gas

Oven Temp

Injection Volume

Detector

250
He

2 Y 0 A g =3

3uaY 50°C AsElumal 10 uh

iNguvgdl 15°C /Andl audagangil 130°C
A & ~

Aanlunal 10 w1

NN 6°CANT aUDIgUNY 235°C
A =

Aandlunen 10 uh

NN 3°C/ANT aUDIgUNY 280°C
A g ~

ANl una 2.17 un

2 lulasans

Mass Spectrophotometer (MS)

nu: (Hwantahla, 2007)

3.4.2 MIMUIUANNVNUVUUDI PAHS

ANMUITUIUUDI PAHs ¥11a01nn31Hmaiia External Standard 114 Iagfa

@1522810 WIATFIU (Pure Standard) NHUTIA199 1911010 G/MS 1iie'ld Chromatogram

9 ] 9 ] ]
sz linsudanunldns iwunldnsnla l@eunismifeudulSuiaveaais

A A @ a Y 3 Y °
HIATFTU Wﬁ@WIEJTJﬂUﬂﬁﬂJTﬂimﬂﬂﬁTiﬂJ’]ﬁij’]u 5]31@ﬂ§’]1/‘lu’]@]3§1ulﬂutﬁu@iq IﬂﬂﬂTU'Jm

I o
910 Response Factor 1ta1ig Peak Response 14 Calibration Curve 1 udafFeuieunianuyutu

YOIAIA0E10H 015 1N 1UYTVIATHAIIARIUNTZUIUNIT Evaporation UAIFINITOH

151N2U99a15 PAHs 19 1ag23mamuiaanuiutuuedas PAHs luniisuiaaslsuing

AWTOMUIUAIMITNITUINTTIU Method TO-13A laeail #un15f 3.1 (US EPA, 1999)

C= AIV

1 X's ot

V.

1

D,

e C An ANUTNTUYeIENs PAHs 1101 A (ng/m’)

3.1
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g A Y J ' o o
o Nunlanslvesdindi @UIUUD)

9 US04 Internal Standard (11 Tun$/ 1y Iasaay)

—

= d
o YSumsoimea (Qﬂﬂ?ﬂﬂmﬁli)

D) D) D) D)

9 5masansazaredloss (lulnsang)

o < <

@ ] ] I
2 oI aIuM I (linsdenaliidu 1)

_.,
jmo))}

343 msmugu@mmwﬂszﬁuﬂmmw (Quality Control/ Quality Assurance)

@ a3 @ Il { ]
ﬂTiﬂizﬂutLagﬂTiﬂ’JUﬂﬂJﬂﬂ!ﬂ"lWiHﬂ"lilﬂ‘]J@]’JﬂEJ”l\iﬁ"li PAHs ﬁ’ﬂﬁﬂu@Wﬂ"lﬂ
A A < @ 1 o = o A o a ] a9 4
ATBIUDINUNIDYN V]Tﬂ"li’di’)‘]JWlfJ“lJﬂiJ@ﬂ’E]"lﬂWﬁ‘Vl@@i"lﬂTivl‘Vfa 2.0 905A0UIN ﬂ’JEJQTJﬂiL!

A0 UMNEUBNIINIIABINIAVDY (Personal Pump) 1Ae (Pump Calibrators)

o a 4 @ 1
fﬂiﬂi%ﬂuuﬁgﬂ"liﬂil‘]Jf‘]llﬂﬂ!ﬂTWIUﬂWi’Jlﬂin‘Vifﬂﬁ PAHs 1“@]3@81\1@1ﬂ1ﬁ
v | o 1 ¥ = %
AATDIND Gas Chromatography Mass Spectrophotometer (GC/MS) lalaenisifeuuass

v

V3ooazUeIMIAUNGUUDIEITA18NINTTIU (Standard Recovery) 1A1INNITRATITNIATIIU
A Y 9 ' Y q 9 A A P . L )
AnuaNMuEduTuiueud111AT09 GC/MS 2AT1ZHAT Detection Limit 1581501915911
H [ I~ a 4
PAHs Nnsuanududuninou umsdoufiouuazniunun1sinsIgials PAHs Tu
g’/ ' Y] % a 4 90’ o [
PIMANINAIUNTEATYNTDINAZAINAFY 11AZUATIZH 2 1 (Duplicate) YDIAIBEAITAZAY
v [] = [ U d‘Q 9 Y Y = a ¢§ v
AT 10 Medlunarfoany Taeamnansizy lavzaoslidulse@nsanuiuntls (The
a 4 g’/ 901 1 [ [P=N
Variation Coefficient of PAHs ) U89IN1TAUATISUNG 2 cﬁnmﬂmmu"lumu%'aﬂaz 10 (Wang et
al., 2013) @A NNVIZANVDUATOI GC/MS N1TATIVADUAIS 08aLVDINITAUNSY (%
Y
Recovery) UazNF1NLIATTIUYDIA1T PAHs 19 16 FUALAAIAINIANUIN .
3.4.4 NUIUAILBELNANS PAHSs lHe1ma
Y
=Y ] J v
msanfiuaens PAHs lueimemsntelunazmeuoneinisvosgudiam,
<3 <3 A 1~ =} a gj a J o < 3 A ]
@wnan ivefSeumeulSuiaais PAHs 19 16 silavesgudnauuananiognieluma
MALNANDIUATIIFAN 5 LW (MDD UUFUNRANNTNITIIITHU MU UADILDINAD AR
I 1T a d o < S A 1 A =l =
Wuszeznialinu 500 was) uazguena@naniogue NIUAMALIAN0IUATIIFANIDN 5
UAHIAER U (ManouUduan 1l 500 mwas) wienfSsumeuilatediuszeznianiicag
[ @ YR ° < o 1 g’J d v
ADMIFUTUAAAT PAHs 1Ag92311n1 3N UAI981991N1ANY Indoor/Outdoor YDINNFUHWAIU
: < ' /2 2 o 3 o ' o ¢ 3 o ' v o s
wnan Tagluuaazguaidnianiinisnudlada 1 da1n inudied e 1maluiuauns na
R o Y o v & ' ¢
MeluazMeusne1A1T INUAIE1INT 2 A01U (@D IUMSsIazoYNIA) AU Tuuaazgud
< < A o 1] ] o 1 = < @ 1 d v < < A 1
PNENIZUTIUIUAIDE 4 AI081 FUNVAIDE10INAVDIgUINAILUANANNBEN 18 TUIvA

] I o 1 < o ] o <3 <3
mﬁmmﬁmuﬂsiwﬁm 5 UHI5IUL U 20 @208 ngLﬂ‘]J@]'J@ﬂ?ﬂ@?ﬂ?ﬁm@ﬁﬂugwwu%ﬂﬂmﬂ
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{ 1 1 I (% I ) @ '

ﬁ@gﬂ?ﬂﬂ@ﬂﬁlﬁ!ﬂﬁ‘ﬂ?ﬁlﬁ@ﬁuﬂiii%ﬁ'ﬂﬂ 5 M5 Y 20 A20819 5’311%11!'31!9]'3’081\111&
= E @ T = ~ A a3 o ] ]

DITANHIUNNITU 40 AIDYN iiﬂa&@ﬂﬂuﬁﬂﬂju@‘nﬁNﬂ 3.5 IﬂEJ?JGIf’NL’JaTGlHﬂTELﬂ‘]JWTJ@EJNi’JQ
' o w ] 3 o ! Ao v 4

GlleGI)"N (Dry Season) HagUINIDYIIDINA Lﬂﬂiﬂﬂ?vl’?ﬁ@‘ﬂlﬁgll@nﬂ’ﬂ 4 @Qﬂ”ll“]iﬁl%ﬂﬁ L‘Wd@

o v W 1 a d A 9 A =}

i lanadediaaz nsiedsuaans PAHs 1ue1nAal81aTe9iie Gas Chromatography

Mass Spectrophotometer (GC/MS) o 11/

3 S o @ o 2 2
ﬂﬁNﬁ 3.5 7292 1NINUNIDYINT1T PAHS Gluf,ruﬂwmmmmaﬂ

d' S v v (% A =~ o Y |
aTHNMNUAIVY N N13IFIIVINA !ﬂ’ﬂ‘u/‘lj VTHIUAIDE N

< U U
(NUANIBDEN

TuameanaioauaITUAT YA

J 3 <
ﬁuﬂlﬂﬂlaﬂ%aﬂi$ﬂ1u Indoor/Outdoor air n.A. 60 4
4
AUATIEHT
3 <3 "9 .
grumﬂmaﬂwum"lwaam Indoor/Outdoor air n.A. 60 4
Ca I v A .
gruammaﬂamﬂma”lw Indoor/Outdoor air N.fA. 60 4
3 <3 1 .
AuyNEaNaIUHIOU Indoor/Outdoor air N.A. 60 4
CA=] < Y .
quammaﬂ DUAN. VITULNIE Indoor/Outdoor air .7, 60 4
FINIUIUAIDEN 20

‘LlE]ﬂLﬂlﬁ!ﬂﬁﬂ?ﬁlﬁﬂ\iuﬂiuﬂiiﬂf’ah1

I I

ﬁufﬂﬂﬂmﬂ 2Ue. g9 TR Indoor/Outdoor air n.A. 60 4
3 < .

guamnian aue. wumﬂg Indoor/Outdoor air N.A. 60 4
Ca < v A .

ﬁuﬂlﬂﬂlaﬂlﬂﬂ$ﬂ§$%1ﬁ1mﬂﬂ Indoor/Outdoor air W.A. 60 4
3 < .

guamnian aue. Tannsia Indoor/Outdoor air n.A. 60 4
Ca 3 Y v .

guanian aue. STRRTNAYEY Indoor/Outdoor air N.fA. 60 4

FINTIUIUAIDY 20

3.4.5 mydszfiuanu@asnegumn

Y ' v
MsAnEIHIz Uz uANNIAeRD U NN IRS UGNAE S PAHS 119 16

v
=\

a v o W S 9 1 . v <3 3 A 1 a
FURA Iﬂﬂﬂﬁi‘ﬂﬁllNﬁ?ﬂimmsll1Ejiﬁﬂ"lfl‘l/n\1ﬂﬁ1ﬂfl(1% (Inhalatlon){ll!ﬂqmﬂﬂlﬁﬂﬂi\lﬂ1ﬂnllllﬂu
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= d v < 3 A = A s
57 quérian@nan luvamaI e IuATINFIU LASUBNIVANALIABIUATIIF TN
- - 4 o2
TasainmslszunNuaeIndtl
A { ] Y 1 a <
1) Mylsziuanudsannms ldsuduiaasno 1inan59 (Cancer risk) 1ag
Y a 4 o A a < 2’, a 9 o Yo o
ldaumsndgiamaas TunmsamuuanudsalumsimauziEaiune ldnaoaegisvesdduda
a a I a J a P o o [ a
Tagndazaailu 70 1 Tasmszvrmannaumsatiaaaasnlslumsmuradmsulsziy

mssuduiansandluasnonzSuaumMsaail (US.EPA, 1997) aumsh 3.2
Cancer Risk = {[C x CR x ED x F]/[BW x LT] } x Slope Factor (3.2)

) Y
ARVATEENLY
A = = 1] 1 4
C Av smnaresnll (N TUnSuARYNINANILAT)

[ U J 1w
CR  fio oanimamelasuensniingsiame (gnmnanwasaeiu)

ED  f9 szeznamssudusa @)

= =

[ % % = U =
F A9 ANNDVBINMTTUTUREETAN (YUAel))
A 3 YY) A < 3 d v < < a ]
BW R umuﬂmmaammmmaﬂiug{usrwmmmmaﬂ (ﬂjaﬂﬁJ)
A 1 d‘ ] [ v £ = = [ = A %
LT A0 AUNAYVINIAMITUFUNT 15N (2 ‘]J x 220 TLMB‘]J 139 440 IU)

Slope Factor 94813 Benzo(a)pyrene WIUN1NTHI810M1nU 1.39 x 10° (ngkg/day)”

fMeEafl 1 MIMUIUANUIEBINNMT 15 UFUAEANT Benzo(a)pyrene HIHUNIINT

v I 1 a < a J . .
wmelagailuasne iinauzise Tnel¥aunsasiamans Cancer Risk (Hongmei et al., 2013)

Tagguuanyuan C=1.135 ng/m’

Cancer Risk = {(1.135 ng/m3)(17 ms/day)(2 year)(220 day/365)} x (1.39)

(15kg)(2 x 365 day)( ng/kg/day)(10°)

Cancer Risk = 1.08x10°

a a 9 A 9 a g‘; = o a
Wi]”liilﬂﬂ’JﬁJ!’dimﬂﬂl@ga‘ﬂllﬂmﬂﬂWS“]JSzLNuVI\‘]W‘JJﬂ Taglnay luNITWaITaN
A = A A = ' < A ' -6 =2 -4 S
ANUTSUAZATUANVITI A0 NTUTTNDNLIETI ANMTEITLHIN 1x10° DI 1x10™ 1WuANWY
= =~ % Y = a ! 6 A1 oA = ' a < '
@oeoonsu 1a mnanudesliniuinni 1x10° denlinnudssnemsnanz3e liamise

gousu'ld
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a { v a < v o W J 1
ﬂ?iﬂﬁgmuﬂ’ﬂhlaﬂ\‘lﬁﬂfﬂ'ilﬂﬂllgL'i\i’mﬂﬂ"lﬁi‘ﬂﬁllﬂﬁfﬂi PAHs ‘l]Tﬂﬂ"IﬂTiGLGISf)ﬂT TEF :
. . ~Aq Y I ' o A ' a <3 @
Toxic Equivalency Factor ﬂi%tﬂuﬂﬁﬂiglﬂmﬂ1§ﬁﬂﬂﬂ"l‘1/‘lﬂ’ﬂlllﬁﬂ\1¢]i’)ﬂ?ilﬂﬂﬂ%!ﬁ\i’ﬂ"lﬂﬂ?ii’ﬂ
v @ A Y a ] a Yo o o o a J 9
dUNT 15 PAHs Vlﬂ’ﬂsl,‘mﬂﬂllgliﬁ @nllfnﬁ‘ﬂﬁ%&lll!ﬂ"lillﬂi‘ﬂﬁllNﬁIﬂEWI”Iﬂ"Iﬁ’JLﬂiTgTTNﬁGlGF

A [ { o { a <
quUMIAAAMANT LaaIaIaumIn 3.3 lumsmurannudsslumanauzs

D {BaPleq = > (C,x TEF) (3.3)

A . A Y g ' a 3
53] Ci A9 ANVLUVNVUUDINTT PAHS Glummmmawuw (mg/m )

LY H 1 a I~ 1 a
TEF, ﬁ’t’] AMANININANVTIIADNITNANSITIVOIETS PAHs e 10g¥UA

981N 2 MIALIUANUIFEINNT IASUTUEA AT Benzo(a)pyrene 11DINAN
<3 1 a < a o
Wuarsneliinauz5e Taeldaumsadiamans Y (BaPjeq (Hongmei et al, 2013) Tay

MUUAA1 C=1.135 ng/m’

Il

Z{BaP}eq (1.135 ng/m3) x (1)

Z{BaP}eq

TEF of Benzo(a)pyrene

1.135 ng/m3

msdsziums lasuduiaas PAHs uaazsiladigitanmerunianisnels Tagih

mMIaaziraldaumiadiamaasaail qunin 3.4
Inhalation Cancer Risk = Z{BaP}eq x UR{BaP} 3.4)

' [ a < 1

110 UR{BaP}f® Unit Risk Y09815 Benzo(a)pyrene ABMTINANLISIHIUNIINTHIE 1D
1ANNINY 1.1 x 10° (USEPA, 1999)

#0E19MIMUIUANNFEIINNT 1A UTURAA1T Benzo(a)pyrene M11UN19n15118 19

L g ' Aa <3 a J . .
Futlumsnolminanzse Tasldaumsadiaeaas Inhalation Cancer Risk

Inhalation Cancer Risk = (1.135 ng/mS) x(1.1x10° (ng/mS)_])

Inhalation Cancer Risk = 125%x10°



65

1NAIBE1INMIAIUIUAT (Inhalation Cancer Risk) 1m0 1.25x 10° H91A1M1NAIN
-6 A (= A [ a < 1 [ Yy
1x10 D9 NUANUITINNDNITNANSLI llllﬁ']ll"liﬂflf‘)llﬁﬂhlﬂ
Aa { [ a <3 [ [ 1 1
ﬂ']iﬂﬁgllluﬂ'ﬂllla'ﬂ\‘l@]ﬂﬂ']'i!ﬂﬂllgLi\i’ﬂ']ﬂﬂ”lﬁi‘ﬂﬁllﬂﬁﬁ']ﬁ PAHs ‘l]']ﬂ‘ﬂ”lﬂ']i(l%)ﬂ'] TEF :
. . Aq ¥ J o = 1 a <
Toxic Equivalency Factor nladumilseunumsdnenInaNudenoMsnaNIEe lagae
L] 1 o Y 1 VoA Y a <3 o Y T W A
LL‘]_NL‘IJ‘L! 2 f!ﬁll?iaﬂﬁ']ﬁ PAHs u],ﬂllﬂ ﬂquﬂﬂﬂﬁlﬁlﬂﬂﬂgﬁﬁfﬂgﬂ']“Viuﬂsh/iﬂ'] TEF 110U 1 AD@ET
Benzo(a)pyrene 1481 Dibenzo(a,h)anthracene (US.EPA, 1998) uazmwﬁﬂﬁuiuﬂfju PAHs 1

(BN a I~ o 1 3’, a {
TuneldinanzGaazmriualial TEF ¥99a15 PAHs 13 16 ¥ila uanaluaisnad 3.6

H 1 { @ H [ A <3
A1319% 3.6 A1 Toxic Equivalency Factor N1¥1521namsfnemmnanuidesnsmsinaugis

¥1ia PAHs A1 TEF (ng/m’)

Benzo(a)pyrene 1
Acenaphthene 0.001
Anthracene 0.01
Benzo(a)anthracene 0.1
Benzo(b)fluoranthene 0.1
Benzo(k)fluoranthene 0.1
Benzo(e)pyrene 0.1
Benzo(g,h,i)perylene 0.01
Chrysene 0.01
Dibenzo(a,h)anthracene 1
Fluoranthene 0.001
Fluorene 0.001
Indeno(1,2,3-¢,d)pyrene 0.1
Naphthalene 0.001
Phenantharene 0.001
Pyrene 0.001

7111 : (US.EPA, 1998)
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35 msaanzvideya

MsAATIEHYoYaIFISNIIVRIETT PAHS 14 16 %iia 141A Naphthalene, Acenaph-
thylene, Acenaphthene, Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene,
Benzo(a)anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene,
Benzo(a,h)anthracene, Benzo(g,h,i)perylene 182 Indeno(1,2,3-cd)pyrene ﬁ 2 gflu RN “Vi‘l ﬁ 0 gﬂu
sdvesmsuazduazens 1¥admFanssauur 1dun A1¥ovay (Percentage) A1A03
(Frequency) Aunay uazé’mgﬁmmummgm

MIIATIZRToYAIFIanA 1FaaAFIe YUY Independent-test 1Az 1Fa DA t-test Tun1s

1 =Y Y 4 =Y [} 1Y %
T]ﬂﬁ’f]“ﬂﬂ'ﬂllLmﬂ@']ﬂﬂl@\‘lﬂih'lﬂlﬂ’ﬂhleﬁjhﬂluellﬂﬂ PAHs Lﬁ@Llﬁﬁlﬂlﬁﬂﬂﬂ‘iﬂ'lmﬂ'liiﬂﬁmﬂiﬁ

Y H
A A

' 1 g A { o FY g}/ '
PAHs ‘izwmﬂqu%gawuﬂummmﬁmauazﬁu%uamﬂmmﬁmaﬁmnm%ium 2N

fvganszauANurN U pgaz 95 Tagldlasunsunaana (SPSS)
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ﬂ?mmnmﬁqﬂﬁami Indeno(1,2,3-cd) 14171 0.94 uTunsuaegnuIARmAs tazwusum
WougAAD Acenaphthene 11ag Naphthalene 1M1111 0.55 1A 0.56 U1 TUNTUABYNLIARIIAT
HEAAINIINT 4.10 uazuﬁmﬁ’egﬂﬁ 4.5.4) quiianiuan@naduniiounas 5) gudimuan
!ﬁﬂ DUA. ﬂ’mzmz NUA13 Dibenz(a,h)anthracene q&ﬁ’q{ﬂ UAZWUET Naphthalene ﬂ?mmff@ﬂ
figa uaaaRana1ai 4.11 Lgamamﬁ’qgﬂﬁ' 4.6 1tz M54 4.12 uammmﬁqgﬂﬁ 4.7
MRS AT PAHs 11 16 sialuermeanelunaaieusn
9113 Tagnngudianananluwamauiaszwuals PAHs n1ousno1a1sgeniinioly
9113 11101910 A1 1O ratio HAURAGMANY 0.72 FefiArein1 1 uaasd USuaans PAHs
meuenemsganinmelueins TiaeanadeatunsAnyIves Krugly et al. (2014) 718Ny
USuas PAHs melutaznisuenein1sved lsssousyuianulsuaans PAHs Wamaly
HagMeUeNeIAII Az NUTIIME1T PAHS Y09U3381MAN 181NN 110181 ue1a15
wazlunsAnildanudnit USuiuans PAHs awsuduiinulduiniigalueinisie
Dibenz(a,h)anthracene Benzo(a)pyrene, 8% Indeno(1,2,3-cd) éﬁﬁ@ﬂﬂé}ﬂdﬁlijﬂﬁﬁﬂﬂﬁlﬂd
Zhang et al. (2010) ladnufSuaas PAHs vSnasuounluvaguyuiiocluilszimaiu
(Urban Area) WU@13 Benzo(a)pyrene Indeno(1,2,3-cd) tt8g Dibenz(a,h)anthracene §f Q‘ﬁq alu
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4 a ¢ o 2
ﬂﬁNﬁ 4.8 ‘lJilﬂmfﬂi PAHs ﬂ1FJGL‘LlLm%ﬂTﬂuﬁlﬂ’éﬂﬂﬁ"Uﬂﬂﬁu&WﬁJuTLﬂﬂmﬂﬂfﬁﬂi%ﬂTu

AUn3129 IUUAMALIAUATUATTIF TN

Clatt) @13 PAHs 3unaas PAHs Indoor/Outdoor
(m'lfun%fwgnmﬂﬁmm) (I/O ratio)
NEUUDNOINII ﬂ1£lﬁl‘lr!®1ﬂ1§
du e ey
1 Naphthalene 0.53 0.47 0.41 0.33 0.74
2 Acenaphthylene 0.59 0.51 0.46 0.37 0.76
3 Acenaphthene 0.61 0.53 0.47 0.38 0.75
4 Fluorene 0.63 0.55 0.51 0.42 0.78
5 Phenanthrene 0.65 0.56 0.51 0.41 0.76
6 Anthracene 0.64 0.56 0.44 0.34 0.65
7 Fluoranthene 0.67 0.57 0.49 0.38 0.70
8 Pyrene 0.70 0.60 0.50 0.38 0.68
9 Benz[a]anthracene 0.87 0.76 0.67 0.54 0.74
10 Chrysene 0.80 0.69 0.63 0.50 0.76
11 Benzo[b]fluoranthene 0.98 0.85 0.68 0.53 0.66
12 Benzo[k]fluoranthene 1.00 0.88 0.62 0.55 0.62
13 Benzo[a]pyrene 0.86 0.73 0.62 0.47 0.68
14 Indeno[1,2,3-cd]pyrene 1.08 0.94 0.82 0.66 0.73
15 Dibenz[a,h]anthracene 1.07 0.93 0.68 0.52 0.60
16 Benzo[g,h,i]perylene 0.96 0.82 0.74 0.59 0.74

SUM of PAHs 12.64 10.96 9.25 7.37
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a -~ ¢ o 3 o A
M1519N 4.9 /5312 @15 PAHs ﬂTﬂiuLm%f’lwu@ﬂ@Tﬂﬁ"’U@QﬂHﬂW@lHHﬂﬂlﬂﬂﬁﬁJﬂﬂiﬂ]M 1u

WANALIAUATUATT BTN

Clatt) @13 PAHs 3unaas PAHs Indoor/Outdoor
(m'lfun%fwgnmﬂﬁmm) (I/O ratio)
NEUUDNOINII ﬂ12111!91ﬂ15
du e ey
1 Naphthalene 0.53 0.47 0.38 0.33 0.71
2 Acenaphthylene 0.56 0.50 0.41 0.35 0.72
3 Acenaphthene 0.54 0.48 0.47 0.41 0.86
4 Fluorene 0.63 0.56 0.52 0.45 0.81
5 Phenanthrene 0.62 0.54 0.41 0.34 0.64
6 Anthracene 0.64 0.56 0.40 0.32 0.60
7 Fluoranthene 0.63 0.54 0.44 0.36 0.68
8 Pyrene 0.69 0.60 0.45 0.36 0.63
9 Benz[a]anthracene 0.81 0.71 0.67 0.58 0.82
10 Chrysene 0.76 0.66 0.59 0.49 0.75
11 Benzo[b]fluoranthene 0.93 0.82 0.64 0.54 0.67
12 Benzo[k]fluoranthene 0.92 0.81 0.66 0.55 0.70
13 Benzo[a]pyrene 1.02 0.91 0.66 0.56 0.63
14 Indeno[1,2,3-cd]pyrene 0.99 0.87 0.60 0.48 0.58
15 Dibenz[a,h]anthracene 1.14 1.02 0.67 0.56 0.57
16 Benzo[g,h,i]perylene 0.84 0.72 0.75 0.64 0.89

SUM of PAHs 12.25 10.78 8.72 7.30
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4 a Jd o a3 < ]
m‘snﬁ 4.10 USumais PAHs ma‘luuazmﬂuﬁmmmﬂmg{uﬂwmmmmaﬂﬁuaﬂwé}au

luamauIauasuAs ¥

Clatt) @13 PAHs 3unaas PAHs Indoor/Outdoor
(m'lfun%fwgnmﬂﬁmm) (I/O ratio)
NEUUDNOINII ﬂ1£lﬁl‘lr!®1ﬂ1§
du e ey
1 Naphthalene 0.56 0.42 0.37 0.31 0.70
2 Acenaphthylene 0.55 0.48 0.41 0.34 0.72
3 Acenaphthene 0.59 0.49 0.47 0.41 0.81
4 Fluorene 0.68 0.57 0.51 0.44 0.76
5 Phenanthrene 0.62 0.55 0.41 0.33 0.64
6 Anthracene 0.72 0.56 0.41 0.34 0.59
7 Fluoranthene 0.62 0.54 0.45 0.37 0.71
8 Pyrene 0.69 0.53 0.48 0.39 0.71
9 Benz[a]anthracene 0.78 0.69 0.68 0.58 0.86
10 Chrysene 0.87 0.70 0.61 0.51 0.71
11 Benzo[b]fluoranthene 0.88 0.78 0.69 0.58 0.77
12 Benzo[k]fluoranthene 0.84 0.74 0.70 0.59 0.82
13 Benzo[a]pyrene 0.87 0.69 0.66 0.55 0.78
14 Indeno[1,2,3-cd]pyrene 0.94 0.82 0.60 0.48 0.61
15 Dibenz[a,h]anthracene 0.77 0.66 0.57 0.46 0.72
16 Benzo[g,h,i]perylene 0.84 0.73 0.68 0.57 0.80

SUM of PAHs 11.84 9.92 8.69 7.27
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4 A d o <] < [
m‘snﬁ 4.11 suens PAHs ﬂTﬂiutLﬂgﬂWElu'ﬂﬂﬂ1ﬂ1§ﬂlﬁ]ﬂﬂuﬂW@JuuﬂﬂLaﬂﬁﬁu‘ViNE]L! 1u

WANALIAUATUATT BTN

Clatt) @13 PAHs 3unaas PAHs Indoor/Outdoor
(m'lfun%fwgnmﬂﬁmm) (I/O ratio)
NEUUDNOINII ﬂ1£lﬁl‘lr!®1ﬂ1§
du e ey
1 Naphthalene 0.50 0.45 0.36 0.31 0.71
2 Acenaphthylene 0.55 0.49 0.36 0.30 0.63
3 Acenaphthene 0.54 0.48 0.42 0.36 0.77
4 Fluorene 0.61 0.55 0.50 0.43 0.80
5 Phenanthrene 0.71 0.64 0.38 0.31 0.51
6 Anthracene 0.65 0.58 0.36 0.30 0.54
7 Fluoranthene 0.67 0.60 0.41 0.34 0.59
8 Pyrene 0.80 0.72 0.37 0.30 0.44
9 Benz[a]anthracene 0.77 0.68 0.63 0.54 0.81
10 Chrysene 0.70 0.61 0.54 0.46 0.77
11 Benzo[b]fluoranthene 0.72 0.63 0.64 0.54 0.87
12 Benzo[k]fluoranthene 0.74 0.64 0.70 0.61 0.95
13 Benzo[a]pyrene 0.76 0.67 0.62 0.52 0.80
14 Indeno[1,2,3-cd]pyrene 0.78 0.67 0.67 0.56 0.85
15 Dibenz[a,h]anthracene 0.87 0.76 0.65 0.54 0.73
16 Benzo[g,h,i]perylene 0.74 0.64 0.68 0.57 0.91

SUM of PAHs 11.12 9.81 8.29 7.00
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4 A 7 o 4 g
ﬂﬁNﬁ 4.12 ‘lJ’iiJ”Iil!i‘TTi PAHs ﬂ18114&@35118‘1!6‘?181?115%@@@[1!EJWGJJHWLﬂﬂLEIﬂ E)']JG].lTTL!Lﬂ1$

luamauIauasuAs ¥

Clatt) @13 PAHs 3unaas PAHs Indoor/Outdoor
(m'lfun%fwgnmﬂﬁmm) (I/O ratio)
NEUUDNOINII ﬂ12111!91ﬂ15
du e ey
1 Naphthalene 0.45 0.40 0.36 0.31 0.79
2 Acenaphthylene 0.53 0.47 0.37 0.31 0.69
3 Acenaphthene 0.58 0.52 0.43 0.37 0.72
4 Fluorene 0.63 0.57 0.44 0.38 0.68
5 Phenanthrene 0.59 0.52 0.38 0.31 0.62
6 Anthracene 0.60 0.53 0.35 0.29 0.57
7 Fluoranthene 0.60 0.52 0.39 0.31 0.63
8 Pyrene 0.65 0.57 0.39 0.31 0.57
9 Benz[a]anthracene 0.78 0.69 0.61 0.52 0.77
10 Chrysene 0.72 0.63 0.57 0.48 0.78
11 Benzo[b]fluoranthene 0.74 0.64 0.67 0.57 0.89
12 Benzo[k]fluoranthene 0.79 0.69 0.63 0.53 0.78
13 Benzo[a]pyrene 0.75 0.64 0.65 0.55 0.86
14 Indeno[1,2,3-cd]pyrene 0.93 0.82 0.78 0.67 0.83
15 Dibenz[a,h]anthracene 0.96 0.85 0.65 0.54 0.65
16 Benzo[g,h,i]perylene 0.83 0.72 0.74 0.64 0.89

SUM of PAHs 11.14 9.78 8.41 7.09
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= H a J o [~
ﬂiiJ'lmﬁ'li PAHs M3 16 %u&ﬂummﬁ maqquﬂwwmmmaﬂuamwmﬁma 5

SN Yy 1 o 3 g ~ a 4 a g
AUY ll@l,l,ﬂ 1) ﬁuawmmmmaﬂ DU, ’q‘iu1i Wﬂﬂi‘lﬂﬂ‘lﬁ'l‘i PAHs N 16 $UA Glummﬁmclu

U

1 4] ] 1 [ (4]
Auazooataymy wuedluaauesduazeoauinnnlunies wazwua1s PAHs 7ouane1nIs
WINNEs PAHs melueins TaenulSuaunigafioais Benzo(a)pyrene Indeno(1,2,3-
cd) Dibenz(a,h)anthracene 182 Benzo(g,h,i)perylene 9101 0.62 0.71 0.72 ag 0.73 W1 lunsy
[ 4 o o =Y { 1T o [ 1
ABYNUIANILAT MINE1AY wazWUUSu 1w loefigano Naphthalene 111111 0.40 U1 TUNTUAD
s o A Iy A J o 3 4J 1
QNUIANIUAT LAAIAIAITINTN 4.13 LazuaaInigli 4.8.2) guanamuanan eua. U3 lve wy
9
a5 PAHs 19 16 ¥ila 1agagnuails PAHs 21eUen01A1581nn1815 PAHs a1elu
1 = (% Ea] < d‘ g}/ o"d' [ [ [
91013 IFUABINVNNFUBIANAND U NI 4 gUINDIUDNIVAMALIA azwUogluaa Uz
1 (4] $ 1 [
A20ININNN UMY 1AsIENUAN5 Benzo(a)pyrene, 182 Benzo[k]fluoranthene 1J1ﬂﬁtjﬂ£1fl1ﬂﬂ
o 1 4 o a 1w
0.67 1ag 0.71 W1 TunSuABYNUIANILAT MNE1AY tazWuUSu1uiosfe Naphthalene 1NN
o s o ~ ) { J o 3 g
0.38 W1 TUNTUADGNUIANILAT HAAIAINITINN 4.14 Hazuaanig i 4.9.3) qudriauanan
Y
aue. Innnsdaliad vl wulSuiaans PAHs 119 16 ¥i19 1ag92WUa15 PAHs 218UDND1A15
1 (] 1 1 [ ] (% o
WA PAHs Melueins uaznuedluaniuzduazeaaninnnlumasu@einugud
o 2 & A a ~ A .
NAUUANIANDUC) T@aﬂzwuﬂimmmﬂwqﬂﬂami Dibenz(a,h) anthracene Indeno(1,2,3-cd)
" W [ 1 4 a
118% Benzo(a)pyrene 11111 0.63 0.68 1Az 0.58 w1 TuniuasgnuIAnwas taznulsuaiios
[} @ 1 4 [
qAAD Acenaphthene 1182 Naphthalene 11111 0.40 1ag 0.33 W1 TUNTUADYNUIANILAT HAAIA
A 9 A S o 3 9 ' Jd o 3
M13799 4.15 uazuaanagln 4.10 4) gudiamuanan eua. 11ulni uag 5) gudnmuuan
<3 v A .
navzlsesaidan nuais Indeno(1,2,3-cd) Dibenz(a,h)anthracene Benzo[k]fluoranthene
1182 Benzo(a)pyrene g4NGALAZ NS Naphthalene 13018100 gA LTAIAIA1T199 4.16
Hazaanagili 4.11 M15190 4.17 tazuaanagii 4.12
Y Y
M HNUUT a5 PAHs 19 16 wilalusimeaaisluuazaieuen
J o <3 <3 '
91715 TAgNAFUINAUUANIAN IUYAINAVIAIL WU AT PAHs NMIUDNDIAITFINIINIG U
91013 1119911910 A1 /O ratio VAURALNINDY 0.68 FINAIGINI 1 uaaad1 USuaais PAHs
' = Y ) = Ay Y=
MeUDNDIA1TFINIIN1G1U01A1T FIdoANG0INUNITANEIVEN Zhu e al. (2009) N TAANYI
Ysuaens PAHs molutazaousneimisvesiuiseulunvasyuyulszmauwoysuna
Y
@15 PAHs nanmelutagmeuene1nisuasnulSuiaans PAHs ¥091U558101AN18UDNDIANS
' = 2o a a A A o A A
gannmelueins wazlumsaneiidanudnn Usuues PAHs i lulSuadinga Ao

é 9 (% = .. YR =
©13 Naphthalene 5AT¥DAAADINUNITANYIVDY Martuzevicius. (2011) hlﬂﬁﬂ‘mﬂ‘immﬁﬁ PAHs
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TuduazeoaninouuasIIWUEs PAHs 16 wila luduazeossuouuios leazuzszmaqiju

1 9 { Y 1 a 4
LL@%%WUH@ﬂﬁQ@]ﬁﬂﬁ'Wi Naphthalene blu@'lﬂWﬁuE]EJﬂ’J'l’ﬁﬁ PAHs %uﬂﬁu

H a 7 o 3
ﬂﬁNﬁ 4.13 LLﬁﬂQﬂiNWﬂ!ﬁﬁ PAHs ﬂ181ulm%ﬂ1€luﬁ]ﬂ@Wﬂ'li"U’ENf[uEJWGMuHﬂﬂmﬂ DU,

FIUT UDNIANAUIAUATUATIIFANN

Clatt) @13 PAHs 3unaas PAHs Indoor/Outdoor
(m'lfun%fwgnmﬂﬁmm) (I/O ratio)
NIUDNDINT fnﬂﬁluﬁﬂﬂ'ﬁ
1 A Flu A
1 Naphthalene 0.40 0.34 0.24 0.18 0.57
2 Acenaphthylene 0.44 0.37 0.28 0.20 0.60
3 Acenaphthene 0.45 0.38 0.30 0.23 0.64
4 Fluorene 0.51 0.43 0.22 0.14 0.39
5 Phenanthrene 0.50 0.42 0.28 0.20 0.52
6 Anthracene 0.39 0.31 0.31 0.22 0.75
7 Fluoranthene 0.48 0.39 0.29 0.19 0.55
8 Pyrene 0.50 0.41 0.30 0.20 0.55
9 Benz[a]anthracene 0.66 0.56 0.40 0.29 0.57
10 Chrysene 0.55 0.45 0.43 0.32 0.75
11 Benzo[b]fluoranthene 0.64 0.53 0.43 0.30 0.63
12 Benzo[k]fluoranthene 0.66 0.55 0.42 0.29 0.59
13 Benzo[a]pyrene 0.62 0.51 0.47 0.35 0.72
14 Indeno[1,2,3-cd]pyrene 0.71 0.59 0.46 0.32 0.60
15 Dibenz[a,h]anthracene 0.72 0.60 0.49 0.35 0.63
16 Benzo[g,h,i]perylene 0.73 0.60 0.47 0.33 0.60

SUM of PAHs 8.98 7.44 5.80 4.13
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! 7w 3 g .
ﬂ151\3ﬁ 4.14 LLﬁﬂQﬂ?Mﬂ&ﬁﬁ PAHs fnﬂiuuagfnﬂu@ﬂ@TﬂTjﬂ@QﬂUﬂWﬁ!\lu']Lﬂﬂlaﬂ @'TJ@.‘]JEKI‘VIEUU

UDNIANALIAUATUATT 1T

SRLaNT] 13 PAHs USuaia13 PAHs Indoor/Outdoor
(un Tunsu/gnInARAs) (1/O ratio)
NYUDNDINIT ﬂ"lflil!f’)"lﬂ?i
Flu A Flu A
1 Naphthalene 0.38 0.32 0.21 0.16 0.53
2 Acenaphthylene 0.48 0.40 0.24 0.17 0.46
3 Acenaphthene 0.49 0.41 0.28 0.21 0.56
4 Fluorene 0.52 0.43 0.33 0.26 0.61
5 Phenanthrene 0.51 0.41 0.27 0.19 0.49
6 Anthracene 0.51 0.41 0.24 0.16 0.43
7 Fluoranthene 0.51 0.40 0.27 0.18 0.50
8 Pyrene 0.52 0.41 0.27 0.18 0.49
9 Benz[a]anthracene 0.61 0.49 0.41 0.31 0.65
10 Chrysene 0.61 0.51 0.43 0.32 0.67
11 Benzo[b]fluoranthene 0.67 0.56 0.50 0.39 0.72
12 Benzo[k]fluoranthene 0.71 0.60 0.48 0.36 0.64
13 Benzo[a]pyrene 0.67 0.56 0.46 0.35 0.66
14 Indeno[1,2,3-cd]pyrene 0.64 0.52 0.40 0.28 0.59
15 Dibenz[a,h]anthracene 0.67 0.55 0.46 0.33 0.64
16 Benzo[g,h,i]perylene 0.62 0.50 0.44 0.31 0.67

SUM of PAHs 9.14 7.47 5.69 4.15
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4 ~ o ]
ﬂ1‘§1x‘1ﬁ4.15 Llﬁﬂﬂﬂiiﬂmﬁﬁ PAHs maiuuazmau@ﬂawﬂwimaqﬁuﬁwwmmmaﬂ DUN.

Tannsadioa vy UoAAMALIAUATUATIIFTIN

Clatt) @13 PAHs 3unaas PAHs Indoor/Outdoor
(m'lfun%fwgnmﬂﬁmm) (I/O ratio)
NEUUDNOINII ﬂ1£lﬁl‘lr!®1ﬂ1§
du e ey
1 Naphthalene 0.33 0.27 0.19 0.14 0.56
2 Acenaphthylene 0.40 0.34 0.24 0.18 0.56
3 Acenaphthene 0.43 0.36 0.25 0.18 0.55
4 Fluorene 0.42 0.35 0.30 0.24 0.70
5 Phenanthrene 0.42 0.34 0.28 0.20 0.63
6 Anthracene 0.42 0.35 0.22 0.14 0.47
7 Fluoranthene 0.44 0.35 0.24 0.16 0.51
8 Pyrene 0.46 0.38 0.26 0.18 0.53
9 Benz[a]anthracene 0.58 0.48 0.40 0.30 0.66
10 Chrysene 0.59 0.49 0.38 0.28 0.61
11 Benzo[b]fluoranthene 0.62 0.51 0.47 0.36 0.73
12 Benzo[k]fluoranthene 0.58 0.47 0.38 0.28 0.64
13 Benzo[a]pyrene 0.58 0.48 0.40 0.30 0.66
14 Indeno[1,2,3-cd]pyrene 0.68 0.56 0.46 0.35 0.65
15 Dibenz[a,h]anthracene 0.63 0.51 0.43 0.31 0.64
16 Benzo[g,h,i]perylene 0.60 0.48 0.38 0.27 0.60

SUM of PAHs 8.20 6.73 5.28 3.89
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! ¢ o d :
ﬂ151\1ﬁ 4.16 l!ﬁﬂ\iﬂ%ﬂTﬂAﬁTi PAHs ﬂTﬂiuLlazﬂTﬂu@ﬂﬂ1ﬂ1§"’U'ﬂ\‘]ﬁuﬂwwunﬂﬂlaﬂ E]U@.fﬁubl‘ﬂll

UDNIANALIAUATUATT 1T

Clatt) @13 PAHs 3unaas PAHs Indoor/Outdoor
(m'lfun%fwgnmﬂﬁmm) (I/O ratio)
NEUUDNOINII ﬂ1£lﬁl‘lr!®1ﬂ1§
Ay e ey
1 Naphthalene 0.36 0.30 0.24 0.18 0.63
2 Acenaphthylene 0.41 0.33 0.23 0.16 0.53
3 Acenaphthene 0.43 0.35 0.24 0.17 0.53
4 Fluorene 0.45 0.36 0.34 0.27 0.74
5 Phenanthrene 0.45 0.36 0.24 0.17 0.51
6 Anthracene 0.42 0.33 0.24 0.16 0.53
7 Fluoranthene 0.44 0.34 0.25 0.17 0.55
8 Pyrene 0.42 0.32 0.25 0.16 0.55
9 Benz[a]anthracene 0.38 0.26 0.42 0.32 1.15
10 Chrysene 0.59 0.47 0.40 0.30 0.66
11 Benzo[b]fluoranthene 0.62 0.49 0.46 0.35 0.73
12 Benzo[k]fluoranthene 0.69 0.56 0.44 0.33 0.62
13 Benzo[a]pyrene 0.59 0.47 0.41 0.30 0.67
14 Indeno[1,2,3-cd]pyrene 0.69 0.56 0.49 0.37 0.69
15 Dibenz[a,h]anthracene 0.67 0.54 0.45 0.33 0.65
16 Benzo[g,h,i]perylene 0.63 0.51 0.46 0.34 0.70

SUM of PAHs 8.23 6.54 5.53 4.10
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H a o 3 o
ﬂ'li'lx‘i‘ﬁ 4.17 Llﬁﬂﬂﬂﬁlﬂmﬁﬁ PAHs maiuuazmaumamﬁmmqusfwwmmmaﬂmm

Uszmainn UoNUAMALIAUATUATI TN

ae @13 PAHs 33aa1s PAHs Indoor/Outdoor
(uﬂun%’u/gnmﬂﬁmm) (I/O ratio)

NYUBDNDINT maiumma

1 A Flu A
1 Naphthalene 0.35 0.29 0.23 0.22 0.71
2 Acenaphthylene 0.40 0.33 0.27 0.21 0.66
3 Acenaphthene 0.39 0.32 0.31 0.25 0.79
4 Fluorene 0.45 0.38 0.31 0.27 0.70
5 Phenanthrene 0.49 0.41 0.35 0.26 0.68
6 Anthracene 0.53 0.45 0.35 0.31 0.67
7 Fluoranthene 0.51 0.42 0.38 0.29 0.72
8 Pyrene 0.48 0.39 0.31 0.24 0.63
9 Benz[a]anthracene 0.62 0.53 0.45 0.34 0.69
10 Chrysene 0.53 0.44 0.40 0.33 0.76
11 Benzo[b]fluoranthene 0.61 0.51 0.43 0.32 0.67
12 Benzo[k]fluoranthene 0.61 0.51 0.41 0.31 0.64
13 Benzo[a]pyrene 0.52 0.42 0.38 0.30 0.72
14 Indeno[1,2,3-cd]pyrene  0.73 0.62 0.53 0.43 0.71
15 Dibenz[a,h]anthracene 0.68 0.56 0.46 0.35 0.65
16 Benzo[g,h,i]perylene 0.61 0.50 0.42 0.31 0.66

SUM of PAHs 8.52 7.05 6.00 4.73




95

13

9/

Y] =] =]
ﬁuﬁw&muuﬂ Aan auf. U

k)

Il Outdoor

Indoor

1.40

[PAHS]

1.20

mg/m3

1.00

auajArad[ydjozuag
auaseIue[ye]zuaqr
aualdd[po-¢“z‘1 Jouspuy
auardd[e]ozuag
auatpueronfy[yjozuag
Quatueronfy[qlozuag
auasiay)
suRorIpUE[e]Zuag
auaIlg

uatpuRIOn] g
QUADBIPUY
auanpueusyJ
aualon]J
auarydenaoy
auapAyydenaoy

auateqyden

vy

)
UIU

<

<3

JUIUT1T PAHs mmﬁusfﬁ'wmmmaﬂ DUA.

=Y

sUN 4.11 1

U

U

AIAN

21)52

=

=1

AUINANANIA AT

a

[l Outdoor

[PAHSs]

susfArad[iydjozuag
auaoBIUE[ [ B]ZUaqI(]
auardd[pa-¢‘z‘1 Jouapry
auaiddfejozuag
suaueronfy[y]ozusg
suayueronfj[qlozueg
auasAn))
SudBIUE[e]ZUsg
w2l g

auaIpURIeN] I
QUIDENMPUY
URIURU J

auaion| g
auayyden20y
auarAqydenasy

auageprdeny

=S

F1AUAR

vy

<3

<3

JUIUT1T PAHs m@ﬂﬂugﬁwu1lﬂﬂlﬁﬂlﬂﬁ

v
=Y

519 4.12 1

U



96

4.2.3 PSnams PAHs uaz anzdunadeslugudiandnén
< o 3 =
1. ﬁuﬂwmmmmaﬂcluwﬁmﬁmauﬂiuﬂﬁiwmn

= Y /3 @ A a ' a
amazam’maamlmg{uammaﬂﬂmwwamﬂimmmi PAHs 931N
AAa

=< 1 Jd o < < g}z 1 9}3‘/ 1 ,ﬂy a Y]
MIANHINUIT FUINAUUANIANTIN 5 ﬂu&ﬂuulﬂﬁ\?@QSlULGUGIWUVWINﬂﬁ]ﬂﬁﬁuﬂ’]ﬁwﬂhlﬁﬂ uag
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ANIMNNITITIVTUIIUGUIANLAN WUNFUINAUUANLANN 5 Uy 1ulﬂlﬁlﬂﬂﬂ1ﬁﬁﬁﬂ1w

A39519TAUUIU UL INIINTUT VU UWIULLINAIT 2,000 ALAB 6 ¥ 1N (NTUNIY

A A 7 o 3 < IR (A
Hnan, 2554) IﬂﬂW‘Uﬁﬁ PAHs NNNgAND f‘fuEJ‘WGJJL!H@ﬂLﬁﬂ%aﬂi$ﬂ1uﬁﬁlﬂ§1$1’i G]N‘ﬂiiﬂfl!

q

< A

{ ' 1 L= ' L=-D=]
mimmiﬁﬁmuuumamwg{uammaﬂauq Gluw@lmﬁma 2) 3$ﬂ$1’ﬂ\‘l€llf]\1ﬁumﬂﬂlﬂﬂﬂ1ﬂ
9 @ 1 d o < < g’/ (] dy AAA o oA g’/ 1 Y]
DUUIAUYIAN W‘]J’)Tl/lﬂﬁuEJWGJJ“L!1Lﬂﬂmﬂ@]\‘]’é)gﬁluwuﬂﬂhﬁnlﬁuﬂﬂﬁﬁﬁNl’lﬂaﬁnﬂﬂuui’ﬂﬂﬁaﬂ
9
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VIﬁVINaMWﬂﬂTﬂﬂqu%UWLﬂﬂmﬂ@fJﬂ’Qﬂuu
o < =
2. fjfufj’WGJluHﬂﬂ!ﬁﬂuf]ﬂlﬂlﬁlﬂﬁﬂ1ﬁuﬂ§UﬂiiW%ﬁN1
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WA UANIENURNIYAMALIAND ANINN1TIIIVTUTDUFUIANEAN WUNFUINAUUANANNT
s ~ A A A v L] ' Y
5 que Twamaal@nImmsITIsnNeuIlameunUguaanan luvamauia damaln
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Jd o
4.2.4 wamafSauevlf3nams PAHs vasgudiamidnanlwuamamanay
HoNIAINALNA
= ¥ a cd I ¥
VINMIANEINLAT PAHs 19 16 ¥ila Tugudidnannalumameniatazuan
wamaua Iaed1s PAHs Anuniniigaluwamerunafe Benzo(ah)anthracene, Benzo(g,h,i)
perylene Benzo(a)pyrene 118 Indeno(1,2,3-cd)pyrene (N1NYU 2.02 2.00 1.78 uag 1.59 w1 Iunsu
1 4 1 [ {

ADANUIANINAT wmﬁmﬂuuaﬂmm‘wﬁmaﬁwums, Benzo(g,h,i)perylene Benzo(a)pyrene
Benzo(a,h)anthracene (8¢  Indeno(1,2,3-cd)pyrene N1ﬂﬁ@ﬂlﬁ1ﬁu 1.55 1.55 1.30 uag 1.13

A a o 1 4 =) @ ~ =) §
HaansuaegnuAnuas luvaziReanueas PAHs inulSuaiiosiigadio Naphthalene Tu
1 1 a Aa o [ 4 @ {
WAMALIALAS U NIVANALIANANNT 1.00 LAz 0.75 Haansuaagnuanwas aduaaslugln

<3 1 = 1 [
4.13 nmsaneaas liirun Usiaas PAHs meueneiasganaielueinisveuaay
¢ o g = A, a Y1 A ¢
quéimuanan uaz lumsanmimuuadguuagiu1in Psaas PAHs Tueimavesgud
< < 1 a 1 a
wnan luameaagan U NIUAMALIA Han1INATEUANLAFIUNYI USuues PAHs
TuwamanaganNsuaais PAHs Uaniuamal1auasuAs s san oduisdaynszay
A 4 v Y = Yo = a

AU 0.01 (P<0.01) AOAARBINUASANEIVBY Ospar et al. (2013) 1avnsany1suna

a &K A A A o X A A =
a19 PAHs Glulﬂlﬂ%UUﬂﬁﬁawuﬂu@ﬂlsUﬁlNfN (Rural Area) W]ﬂUﬂUWUﬂiuLﬂl@]lN@Qﬂiglﬂﬁﬂu

wulsuaans PAHs TumasuundindfSunaens PAHs Tuwaiiios

B Urban

B Rural

31U 4.13 151135 PAHs Tulwamenna (Urban) aguonuamaiia (Rural)
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Y Y ¢ o o
43 ANFaRegUMNINMslasuas PAHs lugudiandndniamaly

=
HASMEYHINUAUNAUVIAHATUAIINIV AN
431 ANMALIADFUNINIINMISUANATA5 PAHs Jaen1514a1 TEF : Toxic
Equivalency Factor lumsilszifiunnauges
a A 1 Yo I 3 A
M3UszIluAMITEIR0 gUNININNIT 1A UE1T PAHs TusimAveuanani
o ¢ w . o v R . ) a
mﬂﬂaq‘luquﬂwmmmmaﬂmu1iammm"lﬂmﬂmﬂsvm TEF : Toxic Equivalency Factor 1
I 1 @ H 1 a <3 1 { { o 1
115 umlszunamsdnenmanMuaenonsnauzse iinaianuasanaiun lanaiios
v - 1 1 H 1 a I~ @ [ o [ 1 g’/

A7 1.0x10° uaaa TilanudssnemMsnauzFnmssuduiaas PAHs aana1niy vinn
v a A o Y 1 ' -6 = Yo A 1 a <3
manuEsanauIn 1auaA 1NN 1.0x10° taaad U loma 145 uauaesnonIsnaNe

[ v W @ [ v a Y 1 a 3
1NMITUFUAAAT PAHs #39na17 (US.EPA, 1998) 4015152 unNuaeansnsinanzis
1Y) o % T3 1 1 4 1 1] o %
MNNssuduAaa1s PAHs utuilu 2 nau ldun anudesdeguaimaninmssududads
PAHs luvameaunavazuenvameaua
~ 1 Yo v W d v < 3
1. ANMTENOFUAINUDINS IAs UAUATES PAHs gudiimuuananlua
NALNA
a A U [ v W A Y a
Han13UsiUANUTINDGUNINIINNITTUTURT A5 PAHs Nna 1¥ina
< 1 o [ o g’;
yeiFarudun19ms 185 uduian1an1svi1ele (Inhalation pathway) ameluuazaieuen

o 2 < Y ¢ o {
91013 TugUaNALIANAN THUAMALIAUATUATIIFENING 5 JUE LAAIAINIT1IN 4.18, 4.19,

=

a 1 1 a < [ v @
4.20, 4.21 uag 4.22 Nﬂﬂ15ﬂ§$muﬂ]"lllLﬁﬂﬂ@lﬂq‘ﬂﬂWWﬂ@ﬂ']i!,ﬂﬂllgﬁxﬁnﬂﬂ1iiﬂﬂllWﬁfﬂi

[ o o 1

PAHs WUANMTNADFUAINIINMITUTUAAA1T PAHs MoU0n01A13ganatelueins
~ = = [ ¥ a1 1 o -6 2 A
LASWLUINNGTAADANUITEINNNITIVANNTT1T Benzo(a)pyrene HAUNINY 1.75x10 43U
1 g’; U $ a U 1 ] 4 a o s
MW @15 Benzo(a)pyrene M1iulimanuaeanumnesusyldvesesdmsnindduiaden
1 [ a { o 1 { 1 a <3 1T Aa - 1 o d o
UMeEHgoIE N Mruan AT Ao MINANTI TINY 1.0x10° RSN UFUIWAL
3 I o 1y ' Y S a ' a <
wnanaiaase v vued Indou aruniou aua. hwme ImanudssnemsnNaNesavod
15 Benzo(a)pyrene 110 2.13x10° 1.71x10° 1.58x10”° 11z 1.53x10”° @0ANR0INUNTANYI
YD Slezakova et al. (2013) N lAAnIANUABIRDFUNIMIINMTTDFUATAT PAHS Turu

¥ v

2099 1AL DINUANUITSINNNTTUTURA 15 Benzo(a)pyrene 1M1 3.7x10° 3

e

% a

v 1 ] Y
f’ﬂﬂ’ﬂllLﬁﬂQQQﬂQQLﬁ@LﬂﬂUﬁUﬁ15 PAHs 8NN3 15 ¥Ua l,!,ﬁgﬂTﬁﬁﬂ‘]eﬂqulﬁTi PAHs 9 15
¥iia'laun Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene, Anthracene,
Fluoranthene, Pyrene, Benzo(a)anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)

fluoranthene, , Benzo(a,h)anthracene, Benzo(gh,i)perylene (122 Indeno(1,2,3-cd)pyrene A

= 9 [ -6 1 a 1A ) 9 4 A v A 9 ' @ a
ANULFIIUD8NIT 1.0x10 thlﬂUﬂﬁflfJ@Miﬂhlﬂ"u@\i'ﬁ]\‘lﬂﬂ’liwlﬂﬂyﬁ\ul'c]ﬂa@Nl!ﬂ\‘laﬂﬁﬁaluﬁﬂ']
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ADANADINUNIANYIVDI Bostrom et al. (2012) N 1AANMIANUIEEIINMISUFURA AT PAHS

TUDT5MANDAINIUTE9UDI15 Benzo(a)pyrene, Benzo(a,h)anthracene 1@ Indeno(1,2,3-

a 1 ~ 1 2 A Y] Y ~ A A A A A
Cd)pyrene mummmmﬂmamgiwﬂamﬂﬂiummwmi PAHs NYiao¥UADUNATIAIY

@oelumnunnameousvula

3 { v v W g)} < o
ﬂ1§1\1ﬁ 4.18 ANUTEININANTTUTUAA 5 PAHSs T]Qﬂ']ﬂslu&agﬂ']ﬂl‘lﬂﬂfﬂﬂ’]ﬁcluﬂfifv!ﬂwmu'l

3 < = J o 3 J
@EN lUAMALIANATUATIIFEIN (FUINLIANEanYalsTMUaUATIZN)

a0y ¥HAT15 PAHSs AR e (Cancer Risk)
MYUHDNOINT ﬂ1ﬂ1uﬂ]ﬂ1§
1 Naphthalene 1.10E-09 8.16E-10
2 Acenaphthylene 1.21E-09 9.17E-10
3 Acenaphthene 1.25E-09 9.38E-10
4 Fluorene 1.30E-09 1.02E-09
5 Phenanthrene 1.33E-09 1.01E-09
6 Anthracene 1.31E-08 8.61E-09
7 Fluoranthene 1.36E-09 9.54E-10
8 Pyrene 1.43E-09 9.71E-10
9 Benz[a]anthracene 1.79E-07 1.33E-07
10 Chrysene 1.64E-08 1.25E-08
11 Benzo[b]fluoranthene 1.01E-07 6.67E-08
12 Benzo[k]fluoranthene 1.03E-07 6.42E-08
13 Benzo[a]pyrene 1.75E-06 6.00E-07
14 Indeno[1,2,3-cd]pyrene 2.22E-07 1.63E-07
15 Dibenz[a,h]anthracene 2.20E-07 1.32E-07
16 Benzo[g,h,i]perylene 1.96E-08 1.46E-08
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v v Y
M15199 4.19 ANNTIINANATTUTUNT AT PAHS mma‘luuazmauaﬂmmi“lugmffwmm

3 g = J o < < o A
mmaﬂiﬂtﬂl@L%ﬁ‘Uﬁﬂﬂ’iﬂﬂiiWﬁM (ﬁuﬂwwuuﬂﬂlaﬂﬁ']ﬂﬂﬂiﬂvlw)

a1y A3 PAHs MANEFES (Cancer Risk)
NN 5118111!91?]15
1 Naphthalene 1.10E-09 7.78E-10
2 Acenaphthylene 1.17E-09 8.43E-10
3 Acenaphthene 1.12E-09 9.67E-10
4 Fluorene 1.31E-09 1.06E-09
5 Phenanthrene 1.27E-09 8.19E-10
6 Anthracene 1.32E-08 7.90E-09
7 Fluoranthene 1.29E-09 8.80E-10
8 Pyrene 1.42E-09 8.91E-10
9 Benz[a]anthracene 1.67E-07 1.37E-07
10 Chrysene 1.57E-08 1.18E-08
11 Benzo[b]fluoranthene 9.63E-08 6.47E-08
12 Benzo[k]fluoranthene 9.55E-08 6.67E-08
13 Benzo[a]pyrene 2.13E-06 6.70E-07
14 Indeno[1,2,3-cd]pyrene 2.04E-07 1.19E-07
15 Dibenz[a,h]anthracene 2.38E-07 1.35E-07
16 Benzo[g,h,i]perylene 1.71E-08 1.53E-08
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v v v
M15199 4.20 ANVIALNNMITSUFUANA A PAHs mma“luuazmauaﬂmmsluqus‘fwmm

s a ¢ o g & "y
ANAN IUUAMALIAUATUATTITTU (quﬂwmmmmaﬂﬁuaﬂwa@u)

a1y A3 PAHs MANEFES (Cancer Risk)
NN 5118111!91?]15
1 Naphthalene 1.07E-09 7.51E-10
2 Acenaphthylene 1.14E-09 8.25E-10
3 Acenaphthene 1.19E-09 9.65E-10
4 Fluorene 1.37E-09 1.05E-09
5 Phenanthrene 1.28E-09 8.15E-10
6 Anthracene 1.41E-08 8.29E-09
7 Fluoranthene 1.28E-09 9.04E-10
8 Pyrene 1.35E-09 9.58E-10
9 Benz[a]anthracene 1.62E-07 1.39E-07
10 Chrysene 1.72E-08 1.23E-08
11 Benzo[b]fluoranthene 9.11E-08 6.99E-08
12 Benzo[k]fluoranthene 8.71E-08 7.12E-08
13 Benzo[a]pyrene 1.71E-06 6.65E-07
14 Indeno[1,2,3-cd]pyrene 1.93E-07 1.18E-07
15 Dibenz[a,h]anthracene 1.58E-07 1.13E-07

16 Benzo[g,h,i]perylene 1.72E-08 1.37E-08
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v v Y
M9 421 ANUFEIINNNITSUTUNT AT PAHs mﬂwiuuazmaummmﬂuquﬁ

@ <3 < 2 J o <] < '
W@uuﬂﬂlaﬂiuﬂl@tﬂﬁﬂ’]ﬁuﬂﬁuﬂﬁi]%ﬁuW (ﬁuﬂwmmmmaﬂmuwuau)

a1y A3 PAHs MANEFES (Cancer Risk)
NN ﬂ18111!91ﬂ1§
1 Naphthalene 1.05E-09 7.44E-10
2 Acenaphthylene 1.15E-09 7.23E-10
3 Acenaphthene 1.12E-09 8.63E-10
4 Fluorene 1.27E-09 1.02E-09
5 Phenanthrene 1.49E-09 7.60E-10
6 Anthracene 1.36E-08 7.28E-09
7 Fluoranthene 1.40E-09 8.27E-10
8 Pyrene 1.67E-09 7.34E-10
9 Benz[a]anthracene 1.60E-07 1.29E-07
10 Chrysene 1.43E-08 1.10E-08
11 Benzo[b]fluoranthene 7.44E-08 6.48E-08
12 Benzo[k]fluoranthene 7.60E-08 7.19E-08
13 Benzo[a]pyrene 1.58E-06 6.30E-07
14 Indeno[1,2,3-cd]pyrene 1.59E-07 1.35E-07
15 Dibenz[a,h]anthracene 1.80E-07 1.31E-07

16 Benzo[g,h,i]perylene 1.52E-08 1.38E-08




103

v v Y
M1 422 ANUFIIINNNITSUTUNT AT PAHs mﬂwiuuazmaummmﬂuquﬁ

o 3 g = J o 3 3 9
W@Juuﬂﬂ!aﬂiulm@tﬂﬁUTQUﬂ'iUﬂiﬁTﬂfﬁNT (ﬁuﬂwwunﬂﬂlaﬂﬂﬂlu!ﬂ'lg)

a1y A3 PAHs MANEFES (Cancer Risk)
NN 5118111!91?]15
1 Naphthalene 9.44E-10 7.47E-10
2 Acenaphthylene 1.09E-09 7.57E-10
3 Acenaphthene 1.20E-09 8.73E-10
4 Fluorene 1.32E-09 9.00E-10
5 Phenanthrene 1.23E-09 7.65E-10
6 Anthracene 1.24E-08 7.05E-09
7 Fluoranthene 1.23E-09 7.74E-10
8 Pyrene 1.34E-09 7.68E-10
9 Benz[a]anthracene 1.62E-07 1.25E-07
10 Chrysene 1.48E-08 1.16E-08
11 Benzo[b]fluoranthene 7.63E-08 6.78E-08
12 Benzo[k]fluoranthene 8.13E-08 6.35E-08
13 Benzo[a]pyrene 1.53E-06 6.55E-07
14 Indeno[1,2,3-cd]pyrene 1.92E-07 1.59E-07
15 Dibenz[a,h]anthracene 1.99E-07 1.31E-07

16 Benzo[g,h,i]perylene 1.70E-08 1.52E-08
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H 1 ] [ @ J v < <
2. ANNAsIRegYNINUeINI 1AsuduATals PAHs luguéiauuanidnuaniue
MAUI
a A 1 v o o A Y a < 1
HaN T UANUFSAOGUAINIINMITUTUREANS PAHs ne TiinauziTanu
9
[ v @ 9 o
idunams Iasuduian1en1sne1e (Inhalation pathway) Nanmelunazaeueneinis lugud
@ < < g‘/ 4 [ {
WAL UANANUONIVAMAVIAUATUATIIFANING 5 FUE UAAIAINITINN 4.23 4.24 4.25 4.26
a ~ 1 [ a < % Y %
wag 427 wan13UssiiuaNUTIINqUAINADNITINANLITINANITUTUAT AT PAHs WY
ANUABINDFUNNIINMITUFURAAT PAHs MoUoN01a15gan1n181ue1n13 uagwuuin
~ = = [ Y Jd v < < =
NgANDANNIABINNNISUFUHAAT Benzo(a)pyrene TUAUIWAILUANAN BUA. JIUTI DUA.
1 1 1 3 < o 1 T W
Uglnn) oua. Tannsradioly eua. thulnid uag guddniananzlszanaiag Jauniny
125x10_6 1. 35X10- 1. 17x10 1. 17X10 uag 104x10 AuaINL G]NiJm‘V‘H a9 Benzo(a)pyrene
mmuummmmmmummam‘u”lmjmmﬂmiwvmymLnﬂaammmmﬁiamsm i
fvuama A sIdemIRauzs 1y 1.0x10° 70AAd0aRUAITANEIUDY Fiala et al.
A Y= a ~ 1 [ v [ <3 <
2011) nladAnyInsUszidiuanu@esnogun MmN uduAaa1s PAHs ¥eanguiananiu
UITOIMANUANUTIIINNTSUTUATHT Benzo(a)pyrene 11aZa15 Indeno(1,2,3-cd)pyrene
H T @ - - [ 1 H [ a I~}
gagamny 0.22x10° uaz 5.5x10° Tuvuz@ernuaInNdesonIsINANZITIv09a1s
Y
PAHs 114 14 laun Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene,
Anthracene, Fluoranthene, Pyrene, Benzo(a)anthracene, Chrysene, Benzo(b)fluoranthene,
Benzo(k)fluoranthene, , Benzo(a,h)anthracene, Benzo(g,h,i)perylene NAINNUABTsN I 1.0x
-6 (=N oA % 9 o A v A 9 1 [ a 9 @ =
10° Tamuanoeusy 1aue90An T NINYAUNARDULHIAHTTOIIT N dOARREINUNTANEN

W94 Pongpiachan et al. (2015) 71 IAANYIAMMTEIINMITUTNATES PAHs UInquf 11igy
1 <3 < ~ A A Y] 1 dy ~ A 1 =
wagnguananlulsuseunnerdeegluiunuasunuazivaile e WUAINNUTEUDIAS
Benzo(a)pyrene 11101 9.46x10° 1Ay Indeno(1,2,3-cd)pyrene UAUNINL 1.86x10° 1AUAIANY
A 1 a 3 A o Y A ~ = A A 1
weapomsinanzsansonsy 1A v a1y PAHs Nivao¥Hiandu 19U Fluoranthene, Pyrene,

Benzo(a)anthracene, Chrysene i8¢ Benzo(b)fluoranthene idJﬂHﬂ’JmLaﬂﬂijlﬁuﬂ’jwﬁﬁ&lmﬁ ‘Uulﬁ
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M15199 4.23 ANTIINANATTUTUNT AT PAHS mma‘luuazmauaﬂmmi“lugmffwmm

3 g 2 J o 3 4 ~
NN UDNVAUNAVIAUATUAT IV (g{uﬂwmmmmaﬂ ’EJ‘]J@].QTTL!”IS)

a1y A3 PAHs MANEFES (Cancer Risk)
NN 5118111!91?]15
1 Naphthalene 8.22E-10 4.66E-10
2 Acenaphthylene 8.82E-10 5.28E-10
3 Acenaphthene 9.05E-10 5.79E-10
4 Fluorene 1.03E-09 4.03E-10
5 Phenanthrene 1.02E-09 5.31E-10
6 Anthracene 7.79E-09 5.86E-09
7 Fluoranthene 9.56E-10 5.30E-10
8 Pyrene 1.01E-09 5.56E-10
9 Benz[a]anthracene 1.35E-07 7.65E-08
10 Chrysene 1.11E-08 8.28E-09
11 Benzo[b]fluoranthene 6.44E-08 4.03E-08
12 Benzo[k]fluoranthene 6.68E-08 3.91E-08
13 Benzo[a]pyrene 1.25E-06 4.50E-07
14 Indeno[1,2,3-cd]pyrene 1.43E-07 8.56E-08
15 Dibenz[a,h]anthracene 1.45E-07 9.18E-08
16 Benzo[g,h,i]perylene 1.46E-08 8.80E-09
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M1 4.24 ANUFEIINNNITTUTUNT AT PAHs mﬂwiuuazmaummmﬂuquﬁ

@ <3 < a J o 3 3 ]
WAUUANNUD NVAUNAVIAUATUATITVEN (ﬂuﬂwmmmmaﬂ T?)‘]J@].‘]J?Glﬁﬂ]u)

a1y A3 PAHs MANEFES (Cancer Risk)
NN ﬂ18111!91ﬂ1§
1 Naphthalene 7.71E-10 4.05E-10
2 Acenaphthylene 9.71E-10 4.51E-10
3 Acenaphthene 9.84E-10 5.49E-10
4 Fluorene 1.05E-09 6.44E-10
5 Phenanthrene 1.01E-09 4.98E-10
6 Anthracene 1.02E-08 4.32E-09
7 Fluoranthene 1.00E-09 4.99E-10
8 Pyrene 1.02E-09 4.96E-10
9 Benz[a]anthracene 1.21E-07 7.87E-08
10 Chrysene 1.24E-08 8.23E-09
11 Benzo[b]fluoranthene 6.77E-08 4.86E-08
12 Benzo[k]fluoranthene 7.21E-08 4.61E-08
13 Benzo[a]pyrene 1.35E-06 4.47E-07
14 Indeno[1,2,3-cd]pyrene 1.27E-07 7.49E-08
15 Dibenz[a,h]anthracene 1.35E-07 8.67E-08

16 Benzo[g,h,i]perylene 1.24E-08 8.29E-09
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M1 4.25 ANUFEIINNNITTSUTUNT AT PAHs mﬂwiuuazmaummmﬂuquﬁ

@ <3 <3 2 J o <] <]
WAUUANADUDNVAUNAUIAUATUATI IV (ﬁuawmmmmam%mzﬂszm

aninf)
a1y 1A PAHs MANNIEL (Cancer Risk)
NN 5118111!91?]15
1 Naphthalene 6.62E-10 3.68E-10
2 Acenaphthylene 8.18E-10 4.59E-10
3 Acenaphthene 8.68E-10 4.76E-10
4 Fluorene 8.48E-10 5.95E-10
5 Phenanthrene 8.38E-10 5.28E-10
6 Anthracene 8.49E-09 3.98E-09
7 Fluoranthene 8.68E-10 4.39E-10
8 Pyrene 9.27E-10 4.87E-10
9 Benz[a]anthracene 1.17E-07 7.68E-08
10 Chrysene 1.19E-08 7.29E-09
11 Benzo[b]fluoranthene 6.24E-08 4.55E-08
12 Benzo[k]fluoranthene 5.74E-08 3.66E-08
13 Benzo[a]pyrene 1.17E-06 3.88E-07
14 Indeno[1,2,3-cd]pyrene 1.36E-07 8.89E-08
15 Dibenz[a,h]anthracene 1.26E-07 8.13E-08

16 Benzo[g,h,i]perylene 1.20E-08 7.17E-09
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M15199 4.26 ANNTIINANATTUTUNT AT PAHS mma‘luuazmauaﬂmmi“lugmffwmm

- = ¢ o 3 A
PN UDNULUANAVIAUATUATIIBTUN (quﬂwmmmmaﬂ aUA. 1ANNIIALLDY

Tvix)
a1y 1A PAHs MANNIEL (Cancer Risk)
NEUDNOINIT ﬂ1ﬁﬂuﬂ1ﬂ1§
1 Naphthalene 7.23E-10 4.59E-10
2 Acenaphthylene 8.10E-10 4.26E-10
3 Acenaphthene 8.61E-10 4.53E-10
4 Fluorene 8.91E-10 6.61E-10
5 Phenanthrene 8.85E-10 4.52E-10
6 Anthracene 8.28E-09 4.39E-09
7 Fluoranthene 8.52E-10 4.66E-10
8 Pyrene 8.19E-10 4.54E-10
9 Benz[a]anthracene 7.11E-08 8.20E-08
10 Chrysene 1.16E-08 7.70E-09
11 Benzo[b]fluoranthene 6.07E-08 4.43E-08
12 Benzo[k]fluoranthene 6.84E-08 4.27E-08
13 Benzo[a]pyrene 1.17E-06 3.89E-07
14 Indeno[1,2,3-cd]pyrene 1.38E-07 9.49E-08
15 Dibenz[a,h]anthracene 1.32E-07 8.57E-08
16 Benzo[g,h,i]perylene 1.25E-08 8.74E-09
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M15199 4.27 ANUNFIINNNATTUTUNT AT PAHS mma‘luuazmauaﬂmmﬂug{uﬁwmm

< < = J o I I Y ]
PNEQNUDUVAUNAVIAUATUAT IV (ﬁu&W@MH’]Lﬂﬂlﬁﬂ @‘]JGI.‘]J"I‘H“IWN)

a1y A3 PAHs MANEFES (Cancer Risk)
NEUDNOINIT (ﬂ1ﬁﬂuﬂ1ﬂ1§
1 Naphthalene 6.99E-10 4.93E-10
2 Acenaphthylene 8.09E-10 5.32E-10
3 Acenaphthene 7.79E-10 6.18E-10
4 Fluorene 9.09E-10 6.36E-10
5 Phenanthrene 9.82E-10 6.72E-10
6 Anthracene 1.08E-08 7.24E-09
7 Fluoranthene 1.01E-09 7.29E-10
8 Pyrene 9.65E-10 6.05E-10
9 Benz[a]anthracene 1.26E-07 8.71E-08
10 Chrysene 1.07E-08 8.09E-09
11 Benzo[b]fluoranthene 6.18E-08 4.14E-08
12 Benzo[k]fluoranthene 6.14E-08 3.95E-08
13 Benzo[a]pyrene 1.04E-06 3.72E-07
14 Indeno[1,2,3-cd]pyrene 1.49E-07 1.06E-07
15 Dibenz[a,h]anthracene 1.36E-07 8.88E-08
16 Benzo[g,h,i]perylene 1.22E-08 8.09E-09

43.2 ANUALINBUMNINMISUTNATES PAHs Taen 31521549101 LADD :
Lifetime Average Daily Dose
a A ! Yo <3 3 A
ﬂ']'i‘lJ§'$LiJuﬂ’JﬁJlﬁ't’J\‘]ﬂﬂquﬂTWﬂiﬂﬂ'I'ivl,ﬂﬁ‘ﬂﬁﬁ PAHs Tueimisvea@nan
o ] J o < < o ' . . . g
mﬁﬂagiug{uﬂwmmmmaﬂmmm"lﬁ’waﬂmmmm LADD : Lifetime Average Daily Dose N1
[ 1 Aa A a’/ a é s 1 [} PR 1
A1 Slope Factor YD1 PAHs LA TUANNINUA 16 FUAGINAUANAINNY l¥dlumdszum
o = 1 a <3 1 A A o Y v 9 ' -6
NITANYNTINANULTIINDNITLINANSLIN ‘VHﬂﬂ']ﬂ’NllLﬁfJ\i“I/lﬂWH’JmulﬂiJﬂWMfJ‘(’Jﬂ’Zﬂ 1.0x10 " L4ereN
1 (=) { 1 a <3 [ [T o 1 g’; 1 { {
N llllNﬂ’ﬂm’?’fﬁl\iﬁ@ﬂTi!,ﬂﬂN%!iﬂmﬂﬂﬁiﬂﬁhwﬁﬁﬁ PAHs A4na19HU HINAIANMMITENN
o I~ 1 - 1 H 1 a < [ (% %
ﬂWH’Jmulﬁ}iJﬂWNWﬂﬂ’ﬂ 1.0x 10 ° HEAI UANTIIADNISINANZ5INMTSUTUNT A5 PAHs

o 1 2’, % a { 1 a < [ v W
ANNAIUU (US.EPA, 1998) %\1ﬂ'lﬁﬂ33!JJUﬂ'3111!aﬂ\WI@ﬂWﬁLﬂﬂﬁngﬁ\W'lﬂﬂWﬁﬁ‘UﬁllWﬁ?ﬂi
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[~ 1 1 H 1 LY [ %
PAHs LL'IJ\?LTJH 2 ﬂf}ll h],ﬁlll,ﬂ ﬂﬂWﬂJLaUﬂ@]@qmﬂ’lWﬂWﬂﬂ’liiUallN’(?f’(?f'li PAHs Glummmﬁmauaz
- A o A
u@ﬂlﬂl@]t‘ﬂﬁ'ﬂ’laiﬂEJ?JWﬁﬂ'liﬂigllluﬂQu
A 1 Yo LY d v < <
1. ﬂ'J'lﬂJLﬁEJ\W]'Oq"Uﬂ'lWeUi’]\iﬂ'lihlﬂi‘UﬁilWaa’li PAHs ﬁu&WGMU’IL@ﬂ!ﬁﬂiuﬂlﬁ
NAUIR
Han13lszIluaMudeI qUAINIINMITSUANATANT PAHs e ling
<3 1 o v o gl.;
PLIFRUFUN19M S 1A U FuAaN19n1511819 (Inhalation pathway) Hanmeluuazaieuen
J v <3 < gl.l 4 o ~
'Eﬂﬂ?iiuﬁule@luHﬂﬂlaﬂﬂluLﬂlﬁlﬂﬁﬂ'lauﬂiuﬂiiT“]f%iJ'lﬂ\? 5 ﬁut] LEAIAINTT NN 4.28, 4.29,
A $ [ [ a < [ [ @
4.30, 4.31 11ag 4.32 Nﬁﬂ'liﬂi%&llﬂﬂ')'llll%ﬂ\i@]fl’C:f(’llﬂWW@’E]ﬂ'lﬁl,ﬂﬂllgﬁﬂﬁl'lﬂﬂ'liiﬂﬁﬂWﬁﬁ1§
PAHs WUANMITEADFYAINIINMITUTNAAA1T PAHs M18U0N01A15g4n 11018 u01A15
{ ~ [ YY) d o <3 <3 v A
LAZWUNINNFANDANUIFBININMITUFUNAENT Benzo(a)pyrene YoIguHmuudnanaiag
A 1w 6= A v S A A a A o
'ﬁﬂl’lwuﬂ']wl'lﬂﬂ 1.84x10 HIWIRANWISTT Benzo(a)pyrene INMUHUATIANULITYUNUATNYDUIT U
4 Ao A 1 o a i o 1 H 1 a <3 [N
l‘lﬁ,"ll@\‘]f]\1ﬂﬂ'lﬁWWﬂyﬁﬂllﬁﬂé}@nuﬁﬁﬁﬂiﬂ@llliﬂ'l ﬁﬂWﬁuﬂﬂ1ﬂ'§’lil!ﬁd‘TfNﬁ@ﬂ13!ﬂﬂ§J$Lﬁ\1h13JLﬂu
6 1A @ J o < < J 'Y ' J
10x10 L%ulﬂﬂﬁﬂﬂﬁuﬂwwu'ﬂ@ﬂlﬁﬂ%ﬁﬂﬁg‘ﬂ'luﬁ\?mﬁWgW Wu@ﬁh]ﬂﬁ’f)ll AIUNUDU ngﬂUﬂ
Y] < < = H 1 a < " W
WAL UAAEAN BUA. TNUINNL AIANUIFENABNTINANZIT VD981 Benzo(a)pyrene 1101 1.51
-6 -6 -6 -6 Yy = Ay Y
x10 1.47x10 1.36x10 uag 1.32x10 @9ana9INUNITANEYIUDY Slezakova et al. (2013) cI/]ulﬂ
ANHIANVITBIAOGUNININNT T UFURAAT PAHs Tuduazeolumaguauiomunny
@BINMITUAURA 15 Benzo(a)pyrene 111101 3.7x10° FaliA1nNmdesgengaiioonny
Y 9
@13 PAHs 90914 15 ¥Ha 1agn15ANEINNUA1T PAHs 80 15 ¥%ia 1Al Naphthalene,
Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene,
Benzo(a)anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a,h)
anthracene, Benzo(g,h,i)perylene 18 Indeno(1,2,3-cd)pyrene Hanudeiooni 1.0x10° 1w
a 1 { (% 4 a o P 1 [ a %
Lﬂuﬂ’]ﬁﬂ@u'H"UU];@%IGUﬂﬁﬂﬁﬂﬂWiWﬂﬂBﬁ\unﬂ'gﬂNL!ﬁ\iﬁﬁﬁﬁ@!&lﬁﬂ’l ﬁ@ﬂﬂgﬂﬁﬂﬂﬂ15ﬁﬂy16\l@\1
Bostrom et al. (2012) 1 1AANB1IANWAB9IAM IS UTUATET PAHs IHUTTNNMIANDUAIANY
IHO9UDIET Benzo(a)pyrene, Benzo(a,h)anthracene (4% Indeno(1,2,3-cd)pyrene INUAINIY

A 1 3 A o U A A A A A A A 1a oA o Y
LﬁEJ\‘]GIE)‘NZLN‘VIﬂ@i]iﬂhlﬂﬁlusllﬂ!ﬂ]?ﬂi PAHs mmaa%uﬂauummmmm"lmnummmﬂ@m‘ullﬂ
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M519N 428 ANUIFEIINNNITSUTUNT AT PAHs mﬂwiuuazmaummmﬂuquﬁ

@ <3 3 a2 J o <3 <3
W@JHTLﬂﬂLaﬂiuLﬂlﬁLVIﬁUWauﬂﬁu‘ﬂii']ﬂ)'ﬁNW (ﬂuﬂwwmmmaﬂ%aﬂixmu

AUATIZH)
a1y 1A PAHs MANNIEL (Cancer Risk)
NEUDNOINIT ﬂ1ﬁﬂuﬂ1ﬂ1§
1 Naphthalene 3.48E-07 2.58E-07
2 Acenaphthylene 5.13E-07 3.87E-07
3 Acenaphthene 1.79E-07 1.34E-07
4 Fluorene 5.98E-07 4.69E-07
5 Phenanthrene 2.23E-07 1.69E-07
6 Anthracene 4.16E-07 2.73E-07
7 Fluoranthene 4.73E-07 3.32E-07
8 Pyrene 2.49E-07 1.69E-07
9 Benz[a]anthracene 8.67E-07 6.43E-07
10 Chrysene 4.18E-07 3.18E-07
11 Benzo[b]fluoranthene 4.88E-07 3.23E-07
12 Benzo[k]fluoranthene 3.47E-07 2.15E-07
13 Benzo[a]pyrene 1.51E-06 5.20E-07
14 Indeno[1,2,3-cd]pyrene 4.00E-07 2.93E-07
15 Dibenz[a,h]anthracene 5.34E-07 3.20E-07

16 Benzo[g,h,i]perylene 8.27E-07 4.16E-07
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M3519N 4.29 ANUIFEIINNNITTSUTUNT AT PAHs mﬂwiuuazmaummmﬂuquﬁ

@ <3 < = J o <3 < o A
W@uuﬂﬂlaﬂiuﬂl@tﬂﬁﬂ’]ﬁuﬂﬁt@iﬁ”ﬁfﬁﬂ’] (ﬁuﬂwwunﬂﬂmﬂﬁ'lmﬂﬂiﬂhlﬂ)

a1y A3 PAHs MANEFES (Cancer Risk)
NEUDNOINIT ﬂ1ﬂ11!ﬂ1ﬂ15
1 Naphthalene 3.49E-07 2.46E-07
2 Acenaphthylene 4.92E-07 3.56E-07
3 Acenaphthene 1.60E-07 1.38E-07
4 Fluorene 6.01E-07 4.86E-07
5 Phenanthrene 2.13E-07 1.37E-07
6 Anthracene 4.17E-07 2.50E-07
7 Fluoranthene 4.49E-07 3.06E-07
8 Pyrene 2.47E-07 1.55E-07
9 Benz[a]anthracene 8.11E-07 6.64E-07
10 Chrysene 3.99E-07 3.01E-07
11 Benzo[b]fluoranthene 4.67E-07 3.13E-07
12 Benzo[k]fluoranthene 3.20E-07 2.24E-07
13 Benzo[a]pyrene 1.84E-06 5.80E-07
14 Indeno[1,2,3-cd]pyrene 3.68E-07 2.14E-07
15 Dibenz[a,h]anthracene 5.76E-07 3.27E-07

16 Benzo[g,h,i]perylene 7.23E-07 5.46E-07
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M3519N 4.30 ANUIFEIINNNITTUTUNT AT PAHS mﬂwiuuazmaummmﬂuquﬁ

o <3 <3 = d v <3 I 19y
W@uuﬂﬂlaﬂiuﬂl@tﬂﬁﬂ’]ﬁuﬂﬁuﬂﬁi]%ﬁuW (quﬂwmmmmaﬂﬁuaﬂwa@u)

a1y A3 PAHs MANEFES (Cancer Risk)
NEUDNOINIT ﬂ1£ﬂi!ﬂ1ﬂ1§
1 Naphthalene 3.39E-07 2.38E-07
2 Acenaphthylene 4.83E-07 3.48E-07
3 Acenaphthene 1.69E-07 1.38E-07
4 Fluorene 6.31E-07 4.82E-07
5 Phenanthrene 2.15E-07 1.37E-07
6 Anthracene 4.47E-07 2.63E-07
7 Fluoranthene 4.43E-07 3.14E-07
8 Pyrene 2.35E-07 1.67E-07
9 Benz[a]anthracene 7.86E-07 6.72E-07
10 Chrysene 4.39E-07 3.13E-07
11 Benzo[b]fluoranthene 4.41E-07 3.39E-07
12 Benzo[k]fluoranthene 2.92E-07 2.39E-07
13 Benzo[a]pyrene 1.47E-06 5.75E-07
14 Indeno[1,2,3-cd]pyrene 3.48E-07 2.13E-07
15 Dibenz[a,h]anthracene 3.83E-07 2.75E-07

16 Benzo[g,h,i]perylene 7.27E-07 5.81E-07
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M15199 4.31 ANUFIINANATTUTUNT AT PAHS mma‘luuazmauaﬂmmi“lugmffwmm

s a ¢ o g & '
ANAN IUUAMALIAUATUATTITTU (quﬂwmmmmaﬂmuwmm

a1y A3 PAHs MANEFES (Cancer Risk)
NEUDNOINIT ﬂ1ﬁﬂuﬂ1ﬂ1§
1 Naphthalene 3.33E-07 2.36E-07
2 Acenaphthylene 4.87E-07 3.05E-07
3 Acenaphthene 1.59E-07 1.23E-07
4 Fluorene 5.84E-07 4.70E-07
5 Phenanthrene 2.49E-07 1.27E-07
6 Anthracene 4.29E-07 2.31E-07
7 Fluoranthene 4.86E-07 2.88E-07
8 Pyrene 2.90E-07 1.28E-07
9 Benz[a]anthracene 7.75E-07 6.25E-07
10 Chrysene 3.65E-07 2.80E-07
11 Benzo[b]fluoranthene 3.60E-07 3.14E-07
12 Benzo[k]fluoranthene 2.55E-07 2.41E-07
13 Benzo[a]pyrene 1.36E-06 5.45E-07
14 Indeno[1,2,3-cd]pyrene 2.86E-07 2.43E-07
15 Dibenz[a,h]anthracene 4.36E-07 3.17E-07
16 Benzo[g,h,i]perylene 6.41E-07 5.81E-07
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M519N 432 ANUFIIINNNITSUTUNT AT PAHs mﬂwiuuazmaummmﬂuqus‘f

o 3 g = J o 3 3 9
W@Juuﬂﬂ!aﬂiulm@lﬂﬁUTQUﬂ'iUﬂiﬁTﬂfﬁNT (ﬂuﬂwwunﬂﬂlaﬂﬂﬂlu!ﬂ'lg)

a1y A3 PAHs MANEFES (Cancer Risk)
NEUDNOINIT ﬂ1£ﬂﬂﬂ1ﬂ1§
1 Naphthalene 2.99E-07 2.37E-07
2 Acenaphthylene 4.61E-07 3.20E-07
3 Acenaphthene 1.72E-07 1.25E-07
4 Fluorene 6.08E-07 4.13E-07
5 Phenanthrene 2.06E-07 1.28E-07
6 Anthracene 3.94E-07 2.23E-07
7 Fluoranthene 4.28E-07 2.69E-07
8 Pyrene 2.33E-07 1.34E-07
9 Benz[a]anthracene 7.87E-07 6.06E-07
10 Chrysene 3.76E-07 2.94E-07
11 Benzo[b]fluoranthene 3.70E-07 3.29E-07
12 Benzo[k]fluoranthene 2.73E-07 2.13E-07
13 Benzo[a]pyrene 1.32E-06 5.65E-07
14 Indeno[1,2,3-cd]pyrene 3.46E-07 2.87E-07
15 Dibenz[a,h]anthracene 4.83E-07 3.16E-07
16 Benzo[g,h,i]perylene 7.17E-07 6.41E-07
1. ANuABIAeqUATNYIM 185 TR AT PAHS Tugudimuufnanuen
AN

namslszfiuanuidesdeguannnmssuduiaals PAHs fineliina
uzarinudumens1d5uduianianismels (Inhalation pathway) Wan1elunazaeuen
mmﬂug{us‘fﬁmuuﬁmﬁﬂu’e‘)ﬂmmmﬁmauﬂiuﬂﬁwﬁmﬁq 5 g LerAIRInNT 197 4.33 4.34
435 436 waz 437 namslszidiuanudedegunindemnauzd M uduTas
PAHs WUANMMITSIR0qUATNIINMISUAUAaeNS PAHs mouene1asua linuanudese
FUANIINMITUAUAT AT PAHs ma“luemﬁmmﬁuﬁﬁmunﬁmﬁﬂﬁ’ﬂ 5 quﬁéammﬁm

MNMISUFUATAT PAHs NoUBN01A15910815 PAHs ANUNINAGAADAINITEI91INNIT51
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Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene, Anthracene, Fluoranthene, Pyrene,
Benzo(a)anthracene, Chrysene, Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a,h)anthracene,
. ~ 1 ~ 9 [ -6 (=N 1A (% 9 4 a o 4
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WAUUANNUD NVAUNAVIAUATUATITVEN (ﬂuﬂwmmmmaﬂ ﬂﬂ@].fj"ﬁu"ﬁ)

a1y A3 PAHs MANEFES (Cancer Risk)
NEUDNOINIT ﬂ1fﬂuﬂ1ﬂ1§
1 Naphthalene 2.60E-07 1.48E-07
2 Acenaphthylene 3.72E-07 2.23E-07
3 Acenaphthene 1.29E-07 8.27E-08
4 Fluorene 4.74E-07 1.85E-07
5 Phenanthrene 1.70E-07 8.90E-08
6 Anthracene 2.47E-07 1.86E-07
7 Fluoranthene 3.33E-07 1.84E-07
8 Pyrene 1.75E-07 9.67E-08
9 Benz[a]anthracene 6.52E-07 3.70E-07
10 Chrysene 2.82E-07 2.11E-07
11 Benzo[b]fluoranthene 3.12E-07 1.95E-07
12 Benzo[k]fluoranthene 2.24E-07 1.31E-07
13 Benzo[a]pyrene 1.08E-06 3.89E-07
14 Indeno[1,2,3-cd]pyrene 2.57E-07 1.54E-07
15 Dibenz[a,h]anthracene 3.51E-07 2.22E-07

16 Benzo[g,h,i]perylene 6.16E-07 3.72E-07
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a1y A3 PAHs MANEFES (Cancer Risk)
NEUDNOINIT ﬂ1ﬂchlﬂ1ﬂ1§
1 Naphthalene 2.44E-07 1.28E-07
2 Acenaphthylene 4.10E-07 1.91E-07
3 Acenaphthene 1.41E-07 7.85E-08
4 Fluorene 4.82E-07 2.96E-07
5 Phenanthrene 1.70E-07 8.35E-08
6 Anthracene 3.22E-07 1.37E-07
7 Fluoranthene 3.49E-07 1.74E-07
8 Pyrene 1.77E-07 8.62E-08
9 Benz[a]anthracene 5.87E-07 3.81E-07
10 Chrysene 3.15E-07 2.09E-07
11 Benzo[b]fluoranthene 3.28E-07 2.36E-07
12 Benzo[k]fluoranthene 2.42E-07 1.54E-07
13 Benzo[a]pyrene 1.17E-06 3.85E-07
14 Indeno[1,2,3-cd]pyrene 2.29E-07 1.35E-07
15 Dibenz[a,h]anthracene 3.26E-07 2.10E-07

16 Benzo[g,h,i]perylene 5.23E-07 3.50E-07
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aninf)
a1y 1A PAHs MANNIEL (Cancer Risk)
NEUDNOINIT ﬂ1ﬂchlﬂ1ﬂ1§
1 Naphthalene 2.10E-07 1.17E-07
2 Acenaphthylene 3.45E-07 1.94E-07
3 Acenaphthene 1.24E-07 6.79E-08
4 Fluorene 3.90E-07 2.74E-07
5 Phenanthrene 1.41E-07 8.85E-08
6 Anthracene 2.69E-07 1.26E-07
7 Fluoranthene 3.02E-07 1.53E-07
8 Pyrene 1.61E-07 8.47E-08
9 Benz[a]anthracene 5.66E-07 3.72E-07
10 Chrysene 3.02E-07 1.86E-07
11 Benzo[b]fluoranthene 3.02E-07 2.21E-07
12 Benzo[k]fluoranthene 1.93E-07 1.23E-07
13 Benzo[a]pyrene 1.10E-06 3.35E-07
14 Indeno[1,2,3-cd]pyrene 2.46E-07 1.60E-07
15 Dibenz[a,h]anthracene 3.06E-07 1.97E-07

16 Benzo[g,h,i]perylene 5.06E-07 3.03E-07
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@ <3 < o 3 4
W@Jiﬂmﬂ!aﬂu@ﬂlmﬁlﬂﬂﬂwauﬂﬁuﬂ55']611?{111 (ﬁu&fwmu1LﬂﬂLaﬂ 'E)‘]J@.Iﬂﬂﬂi?ﬂ
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a1y 1A PAHs MANNIEL (Cancer Risk)
NEUDNOINIT ﬂ1ﬂ11!ﬂ1ﬂ1§
1 Naphthalene 2.29E-07 1.45E-07
2 Acenaphthylene 3.42E-07 1.80E-07
3 Acenaphthene 1.23E-07 6.46E-08
4 Fluorene 4.10E-07 3.04E-07
5 Phenanthrene 1.48E-07 7.57TE-08
6 Anthracene 2.62E-07 1.39E-07
7 Fluoranthene 2.96E-07 1.62E-07
8 Pyrene 1.42E-07 7.89E-08
9 Benz[a]anthracene 3.44E-07 3.97E-07
10 Chrysene 2.96E-07 1.96E-07
11 Benzo[b]fluoranthene 2.94E-07 2.15E-07
12 Benzo[k]fluoranthene 2.29E-07 1.43E-07
13 Benzo[a]pyrene 1.20E-06 3.36E-07
14 Indeno[1,2,3-cd]pyrene 2.49E-07 1.71E-07
15 Dibenz[a,h]anthracene 3.20E-07 2.08E-07

16 Benzo[g,h,i]perylene 5.29E-07 3.69E-07
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o <3 <3 = Jd o I I Y ]
WAUUANNUD NVAUNAVIAUATUATITVEN (ﬂuﬂwmmmmaﬂ 'ET]J@].‘]JWHGh’iiJ)

a1y A3 PAHs MANEFES (Cancer Risk)
NEUDNOINIT (ﬂ1ﬁﬂuﬂ1ﬂ1§
1 Naphthalene 2.21E-07 1.56E-07
2 Acenaphthylene 3.42E-07 2.25E-07
3 Acenaphthene 1.11E-07 8.82E-08
4 Fluorene 4.18E-07 2.92E-07
5 Phenanthrene 1.65E-07 1.13E-07
6 Anthracene 3.41E-07 2.29E-07
7 Fluoranthene 3.53E-07 2.54E-07
8 Pyrene 1.68E-07 1.05E-07
9 Benz[a]anthracene 6.11E-07 4.22E-07
10 Chrysene 2.72E-07 2.06E-07
11 Benzo[b]fluoranthene 3.00E-07 2.01E-07
12 Benzo[k]fluoranthene 2.06E-07 1.32E-07
13 Benzo[a]pyrene 1.14E-06 3.21E-07
14 Indeno[1,2,3-cd]pyrene 2.68E-07 1.90E-07
15 Dibenz[a,h]anthracene 3.30E-07 2.15E-07
16 Benzo[g,h,i]perylene 5.15E-07 3.42E-07
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V.1 ﬁﬂ]?%ﬁlﬂﬂﬂ%ﬁ%ﬂlﬂfi!ﬂ%ﬂﬂ GC/MS 1uﬂ153!ﬂ§1$ﬂ1’i1ﬁ1‘5 PAHs

1 ! 9
MINATOUHIANNENHUITANVD AT O GC/MS 1Uﬂ15ﬁlﬂ51$ﬁﬁ1ﬁﬁ PAHs N4 16

[

v v H Y
FUALTAIAIAIT 19T V.1 uazd1auea1s PAHs 119 16 "]ﬂ!ﬂﬁ’JLﬂﬁgﬁﬂlﬁ}LLﬁQWTNﬁ,Tﬂﬂﬂﬂﬁ ((GRERN

Nv.2)

M9 V.1 AL TUVBUATOI GC/MS TUAITHIa15 PAHS

a d
WINNADT

annie

Gas Chromatography

Column
Carrier Gas
Injection Volume

Injector Temperature

Temperature Program

Initial Column Temperature
Initial Hold Time

Program

Final Temperature

Final Hold Time

Mass Spectrometer

Transfer Line Temperature
Source Temperature
Electron Energy
Ionization Mode

Mass Range

J&W Scientific, DB-5 crosslinked 5% phenylmethyl
silicone

(B0mx0.32mm, 1.0 m film thickness) or equivalent
Helium, velocity between 28-30 cm3/sec at 250°C

2 UL, Grob-type, splitless

290°C

70°C

4+0.1 min.

10°C/min to 300°C and hold 10 min.
300°C

10 min. or until all compounds of interest have eluted

290°C or According to Manufacturer's Specification
According to Manufacturer's Specifications

70 volts (nominal)

EI

35 to 500 amu, full range data acquisition (SCAN) mode
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¥

@101 PAHs na T ¥HAYDI PAHs
1 9.82 1500087 Naphthalene
2 13.78 1338205 Acenaphthylene
3 14.24 1579310 Acenaphthene
4 15.46 1387792 Fluorene
5 17.72 1650760 Phenanthrene
6 17.82 1344952 Anthracene
7 20.56 1495646 Fluoranthene
8 21.07 1620670 Pyrene
9 23.95 1406783 Benz[a]anthracene
10 24.04 1423810 Chrysene
11 26.36 1241420 Benzo[b]fluoranthene
12 26.41 1308430 Benzo[k]fluoranthene
13 27.01 1104376 Benzo[a]pyrene
14 29.61 954814 Indeno[1,2,3-cd]pyrene
15 29.7 939783 Dibenz[a,h]anthracene
16 30.29 1206538 Benzo[g,h,i]perylene
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.1 NIIAIUANAUNN (% Recovery) sllE)x‘]’J?iﬂ"li’Jlﬂiwﬂﬁ’]i PAHs 6111!61?!1?!(31}’381

A A
IA999UD Gas Chromatography Mass Spectrophotometer (GC/MS)
I ¥ ad a 4 Y]
M35a32980UANNIF 1A (% Recovery) ¥99ITN1TIUATIEHET PAHs 1UB1NARLY
In5044/® Gas Chromatography Mass Spectrophotometer (GC/MS) 1o 1¥ia1uiesnsalums
9 [ '

lddoyaoTuiena Tasasosiuanlaaell (@umsi 1) uazwai 1an253A1 % Recovery 04
' & W ¥ 2
11497249 80-110 (Eurachem, 1998) Fawanisnagounnulyla (% Recovery) U93915 PAHs N3

Y v
16 UA LAAIAIU A13199 A.1.

% Recovery = {(C1 —C2)/C3}x100 qUNI5N 1

) Y
TAVATERLY

Yy 9 Ao yy o o VoA Y . .
Cl= ﬂ’ﬂlllfUiJGU‘Ll‘ﬂ’Jﬂllﬂsll@\i mm1mmmmammwﬂmm Calibration curve

C2 = anuuiuinia ldve sdyanauesiaediei bilaims spike M1 1@9n Calibration curve
Y Y a Ay Y Y oA o 1
C3 = anududuasanmivou (anududun spike Tuaao619)

(Eurachem, 1998)
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ABInT09iD Gas Chromatography Mass Spectrophotometer (GC/MS) HARNIAIATT 19N A.1

] Y
M3 A1 uaasnamsnaaauaNu il (% Recovery) Y9913 UATIZH A5 PAHSs 114 16

¥HUARBIATDI GC/MS

@19U PAHs BAv09 PAHs % Recovery
1 Naphthalene 105
2 Acenaphthylene 106
3 Acenaphthene 106
4 Fluorene 107
5 Phenanthrene 87
6 Anthracene 99
7 Fluoranthene 85
8 Pyrene 86
9 Benz[a]anthracene 102

10 Chrysene 97
11 Benzo[b]fluoranthene 94
12 Benzo[k]fluoranthene 96
13 Benzo[a]pyrene 85
14 Indeno[ 1,2,3-cd]pyrene 103
15 Dibenz[a,h]anthracene 85

16 Benzo[g,h,i]perylene 94
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HANINATOUANNAFIUIZAVANMNABINNMISVTNNAas PAHs 141n1Av04

d
ngaananluguaNaIANEn MYAIMAL AT HENIVAMALIAHATHATI VTN

1 9 AN Y (a [ g}.: A
‘1/]@’I;T'E']Uﬂ'J'liJ!WIﬂGnQﬂ'JEJI”]JiLLﬂ‘ﬂJ SPSS Naﬂllﬂﬂi]l,ﬁﬁ HO #9U5U HIUUAD AN

[ o %

L%ENGifJ’Qf"Uﬂ1Wi]1ﬂﬂ1§i‘UﬁﬂJW’(ff’fﬂ’i PAHs luvamauIauas o nuamaAuIa uAss1¥au
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1 o 1 A v o . 2 4
UANANWNNUDYWUUYTIANY p<0.05 (95% Confidence Interval of the Difference) HAN13UATIEH

g

Y H v
%’agmmmmﬁ (MI1N R.1 1AL MITNN R.2)

[ £

M50 .1 HANITNATOUANNLUANANTZHINAIILTEINNTSUTUAA S PAHs Tuiua
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MAUIaLas U NUAINALI ‘D'lﬂﬂﬁ‘ﬂﬁmﬁuﬂ’ﬂwL%ﬂﬂﬁ?ﬂ’)‘ﬁﬂﬁi%@h LADD

|y ¥UAA1S PAHs p-value HamInagoU
1 Naphthalene .000 WUANUUANA
2 Acenaphthylene .000 WUANUUANA
3 Acenaphthene .000 WUANUUANA
4 Fluorene .001 WUANULUANA
5 Phenanthrene 001 WUANUUANA
6 Anthracene .000 WUANUUANA
7 Fluoranthene .000 WUANULANA
8 Pyrene .000 WUANUUANA
9 Benz[a]anthracene .000 WUANUUANA
10 Chrysene 001 WUANUUANA
11 Benzo[b]fluoranthene .000 WUANUUANA
12 Benzo[k]fluoranthene .000 WUANUUANA
13 Benzo[a]pyrene .002 WUANUUANA
14 Indeno[1,2,3-cd]pyrene .001 WUANULANA
15 Dibenz[a,h]anthracene .000 WUANUUANAN
16 Benzo[ghilperylene .000 WUANULANA

Total PAHs .000 WUANUUANAN
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Abstract. This study aims to characterize airborne polycyclic aromatic hydrocarbons (PAHs)as
of particulate and vapor phases variation The samples were collected from the childcare centers
where divided into urban and rural areas in Nakhon Ratchasima Province of Thailand The
airborne samples were collected from five childcare centers during the dry season in the year
2017. The PAHs species were determined by the gas chromatography and mass spectroscopy
(GS/MS) method. Results show that the total concentrations of PAHs were higher than vapor
phase that both similar in urban area and rural area. The dominant PAHs compounds of both
urban and rural areas were benzo@pyrene, benzo@,hanthracene and indeno(l,2,3-cd)pyrene,
respectively. Furthermore, the concentrations of PAHs in municipality (urban) childcare centers
were higher than rural childcare centers area of Nakhon Ratchasima province. The risks
associated with exposure to PAHs were evaluated using the TEF approach. The estimated
value of lifetime lung cancer risks children in urban were significantly (p < 0.05) 2 times of
children in rural, thus demonstrating that exposure to PAHs at levels found at urban site may
be cause potential health risks.

1. Introduction

The problem of air pollution that affects human health from exposure to various pollutants in the air.
Particles of solid particulates are produced by the milling of both organic and inorganic materials
which, when released into the atmosphere, can float in the air fora certain period of time and disperse
[1]. At the same time, it also acts as a conduit for other substances that adversely affect the health of
the particle, such as heavy metals, organic matter volatile Or Polycyclic Aromatic Hydrocarbon
(PAHs). The United States Environmental Protection Agency (US EPA) has designated 16 PAHs as
important carcinogens are Naphthalene, Acenaphthylene, Acenaphthene, Fluorene, Phenanthrene,
Anthracene, Fluoranthene, Pyrene, Benzo (a) anthracene, Chrysene, Benzo (b) fluoranthene, Benzo (k)
fluoranthene, Benzo (a) pyrene, Benzo (a,h) anthracene, Benzo (g,h,i) perylene and Indeno (1,2,3-cd)
pyrene PAHs are caused by inadequate combustion of vehicle fuels [2]. People living in urban areas
are therefore more likely to experience high levels of PAHs. The condition is stable in both gaseous
and particulate state, depending on molecular size and atmospheric conditions. Normally, PAHs with
low molecular mass are found in the gas phase due to the change in vapor pressure and high molecular
weight PAHs are found in the particle phase [3]. PAHs enter the body through eating. Breathing and
skin contact, which PAHs in the air. Dust particles are absorbed into the lungs. Tissue, fat, and fat
accumulate in the liver, kidneys and fats. So long accumulated in the body., such as Benzo (a) Pyrene,

~| Content from this work may be used under the terms of the Creative Commons Attribution 3.0 licence. Any further distribution
: M of this work must maintain attribution to the author(s) and the title of the work, journal citation and DOL
Published under licence by IOP Publishing Lid 1
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Benzo (b) fluoranthene, Benzo (g, h, i) perylene and Indeno (1, 2, 3-cd) Carcinogenicity in Groups 2B
refers to a group that is most likely to cause cancer in humans. It can cause lung cancer and respiratory
system [4]. When humans are exposed to PAHs. Indoor and outdoor environments can affect both
acute and chronic [5]. Based on previous data, the health risk assessment of exposure to PAHs in the
Bangkok metropolitan area by Toxic Equivalency Factor (TEF) was 1.35 ng/ m’, which is higher than
the risk factor for carcinogenicity defined as 1.0 of Benzo (a) Pyrene. Norramit et al. [6] found that
PAHs concentrations were equal to 1.86 and 1.54 ng/ m’ in urban and non-urban areas. 3.46 and 2.70
ng / m’ in urban and non-urban areas respectively. Slezakova et al. [7] show that urban residents are
more likely to experience PAHs than those who live in urban areas. Out of town According to data
from the study of the concentration of PAHs inside and outside the school in Rome, Italy, the indoor
PAHs amounted to 1.15 ng / m® and the outdoor area was worth At 0.74 ng / m’ [8], it was shown that
those living in the building were more likely to experience PAHs than those living outside the building.
In Thailand, there are no studies on the health risk assessment of PAHs in young children classified as
"Vulnerable groups” [9]. Have high health risks. This study investigated the levels of both PAHs and
gaseous carcinogens. Both indoor and outdoor use, as well as the risk of exposure to PAHs in the child
development center between the municipality and the area outside Nakhon Ratchasima municipality.
This study evaluated the risk of exposure to PAHs. The data will be used as a basis to reduce the risk
of exposure to PAHs.

2. Methods

2.1 Sampling location

The sampling was during the dry season of May 2017 on working days. Daily samples was collected
for 6 h (from8 a.m. to 2 p.m.) that representing the spending time of children in childcare center. The
particulate (PM) and vapor phase samples were both collected. The sampling included locations at ten
childcare centers were divided into two groups (5 childcare centers in urban area and 5 childcare
centers in rural area) in the Nakhon Ratchasima province of Thailand. The sampling locations were
presented in Figure 1. All childcare centers environment had natural ventilation systems, the
classrooms were often ventilated by opening windows. The study locations were generally located at a
distance of 500 meters away from main roads. The study area of sitel- site5 was found with high
traffic volume and the ventilation through natural window and doors assumed to ventilation rate of
more than 20 percent of the area. The average of ambient temperature was 31 degrees celsius (°C) and
relative humidity was 58%. For the location of site 6 — site 10, the traffic condition showed with low
traffic volume. The average of ambient temperature was 32 °C and relative humidity was 65%. The
predominant wind during the study was presented from south and southeast wind.

2.2. Extraction and analysis of PAHs

The analysis of PAHs, air samples were extracted for 6 h with 50 ml n-hexane in soxhlet by TO13A
method [4]. The concentration —of ‘PAHs  were analyzed by gas chromatograph mass
spectrophotography (GC/MS) Agilent 6980. The used GC column was a 30 m DP-5 capillary column
(0.25 mm id., 0.25 pm film thickness). The column temperature at 80°C hold for 5 min and increased
to 290°C at 10 °C/min hold for 35 min . PAHs compounds were identified based on retention times.

2.3. Quality control

Target PAHs standard stock solution of 16 PAHs was used as a recovery standard for the measurement
of recovery coefficients from 80% to 120% that recommend by TO13A method. Known volume of
standard solutions was spike into the filters of the analysis procedure. This study spiked recoveries
ranged from 85% to 107% that indicated acceptable for all 16 PAHs.

2.4 Statistical analysis
For all data sample t-test was applied to determine the statistical significance (<0.05) of the difference
between the mean in both group ( childcare center in urban and rural in Nakhon Ratchasima Province).
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Figure 1. Sampling Location 10 sites of airborne PAHs in Nakhon Ratchasima province.

3.Result and discussion

3.1 Gasiparticle distribution of PAHs

The gas-particle phase of 16 PAHs in this study is presented in Figure 2. The phase distribution show
in the percentage of the concentration in both phases were naphthalene, acenaphthylene, acenaphthene,
fluorene, phenanthrene, anthracene, fluoranthene, pyrene, benzo (a) anthracene, chrysene, benzo (b)
fluoranthene, benzo (k) fluoranthene, benzo (a) pyrene, benzo (a, h) anthracene, benzo (g, h, i)
perylene and indeno (1, 2, 3-cd) pyrene. PAHs found in particles phases larger than vapor phase.
Amount of benzo (a) pyrene in particulate phase are 57% of total mass. For the Naphthalene,
acenaphthylene, acenaphthene, benzo (a) anthracene and chrysene compound have distribution at all
sites are same between vapor and particle phases. High molecule mass of PAHs were found in particle
phase than vapor phase. The PAHs phase distributions in both sampling sites of urban and rural areas
were similar [3]. This may be explained by the evaporation of PAHs in the room temperature
distribution from the outdoor environment to the indoor air. The study of Wang et al. [5] the PAHs in
air are divided between vapor and particulate phases depend on the ambient air temperature and

humidity.
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Figure 2. PAHs distribution in Particulate and vapor phase; concentrations of PAHs in urban area
(Left), concentrations of PAHs in rural area (Right).

3.2. Concentration of PAHs in municipality wrban) and outside the municipality «ural) childcare

centers of Nakhon Ratchasima province.

The concentration of 16 PAHs are showed in Figure 3. PAHs levels of urban childcare center ranged
from 1.00 (minimum) to 2.02 ngm’3 (maximum), while rural areas ranged from 0.71 to 1.55 ngm3 . The
results demonstrated that levels of 16 PAHs were significantly high in urban childcare centers area.
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The total concentration of 16 PAHs for urban sites higher 1.3 times than rural sites. These findings
concerned to children health impact from PAHs indicated to carcinogenic effects to body in benzo [a]
pyrene, benzo [b] fluoranthene, benzo [k] fluoranthene and dibenz [a, h] anthracene compounds [10].
The highest concentration of PAHs is Indeno (1, 2, 3-cd) pyrene at mean of 2.02 ngm™ for 8.6 % of
SPAHs. The dibenz [a, h] anthracene were second most abundant group of urban childcare centers
(8.5 % of TPAHs). 16 PAHs such as Benzo (a) pylene, benzo [ghi] perylene are possible human
carcinogens. The least compounds of PAHs such as (naphthalene), at the urban childcare centers site
less than 4.2 % of ZPAHs.
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Figure 3. Concentration of PAHs in childcare centers municipality urban) and outer municipality
(ruraly of Nakhon Ratchasima province.

3.3. Health risk assessment of PAHs in childcare center of municipality (urban) and outside the
municipality (rural) of Nakhon Ratchasima province.

The 16 PAHs are carcinogenic, and their health risks in human can be calculate by BaP-equivalent
([BaP] eq) were calculate from PAHs concentration with toxicity equivalency factors (TEFs) of
concentrations shown in equation (1) were multiply by UR [BaP] (unit risk) there are cancer risk
shown in equation (2), while unit risk of life time cancer is 1.1 x 10 of 70 years [4].

Y[BaPleq = Z(CxTEF;) (1)
Inhalation cancer risk = £[BaP]eq x UR[BaP] 2)

The results of inhalation cancer risks for 16 PAHs, this study are urban and rural site and health risks
of children in childcare center were found PAHs are presented table 1. The estimated of lifetime lung
cancer risks based on Benzo[a]pyrene at the urban area were 9.5x107° for PAHs in urban area, and 1.8
times higher rural area is 5.2x107°. At the urban area, the values of lifetime lung inhalation cancer
risks for childcare center in urban area were higher. The result demonstrates that urban area, higher
expose PAHs, and traffic emissions might be the potentially major pollution source of PAHs to
childcare center. The childcare center of municipality (urban) of Nakhon Ratchasima province close to
major roads this study 500 meter from major road and where emissions from vehicular traffic might be
significant effect to human [11]. This study indicated the influence of low temperature during
sampling effect to high concentration of PAHs the risks associated with the  urban area have
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significantly higher than rural area. Therefore a long distance from major road and traffic emissions to
protect human health to reduce exposure PAHs in childcare center.

Table 1. Estimated inhalation cancer risk to measured concentrations of PAHs in childcare center.

PAHs TEF Cancer Risk
Urban Rural
Naphthalene 0.001  6.38E-10+0.03 2.64E-10 +£0.10
Acenaphthylene 0.001  6.49E-10+0.05 3.08E-10 +0.04
Acenaphthene 0.001  6.71E-10+0.04 3.30E-10 +£0.08
Fluorene 0.001  6.93E-10+0.02 2.42E-10 £0.05
Phenanthrene 0.001  7.15E-10+0.03 2.53E-10 +£0.03
Anthracene 0.010  7.04E-09 +0.01 3.41E-09 £0.07
Fluoranthene 0.001  7.37E-10+0.03 3.19E-10 +0.01
Pyrene 0.001  7.70E-10 +0.07 3.30E-10 +£0.03
Benz[a]anthracene 0.100  9.57E-08 +0.01 4.40E-08 £0.12
Chrysene 0.010  8.80E-09 +0.06 4.73E-09 +£0.06
Benzo[b]fluoranthene 0.050  5.39E-08 +0.03 2.81E-08 £0.02
Benzo[k]fluoranthene 0.050  5.50E-08 +0.02 3.08E-08 +0.04
Benzo[a]pyrene 1.000  9.50E-06 +0.06 5.20E-06 +0.01
Indeno[1,2,3-cd]pyrene 0.100 1.27E-07 £0.05 7.48E-08 £0.02
Dibenz[a,h]anthracene 0.100  1.18E-07 +0.02 0.66E-07 +0.01
Benzo[ghi]perylene 0.010  1.06E-08 =0.01 7.04E-09 +0.05

4. Conclusions

The concentrations of polycyclic aromatic hydrocarbons (PAHs) in childcare centers during dry
seasons in Nakhon Ratchasima province of Thailand; the concentration of 16 PAHs in all sampling
sites were followed from Benzo (a, h) anthracene, Benzo (g, h, i) perylene, Indeno (1, 2, 3-cd) pyrene,
benzo [a] pyrene, Benzo (k) fluoranthene, Benzo (b) fluoranthene, Benzo (a) anthracene, Chrysene,
Pyrene, Naphthalene, Acenaphthylene, respectively. The distribution of PAHs between particulate and
vapor phases was similar to other studies, with particle phase higher than vapor phase. The major
sources of PAHs are the traffic emissions and distance of childcare center from major road. Health risk
assessment based on the carcinogenic that the concentrated in urban area were several times higher
than rural area indicating a causing PAHs is adverse health effects for children live in childcare center
in municipality (urban) Nakhon Ratchasima province.
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