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A Study of Emission Characteristics of

Polycyclic Aromatic Hydrocarbons in

Emission Gas from Crematory

Seung-Jin, Youn

Graduate School of Earth Environmental Engineering, Graduate School,

Pukyong National University Busan 608-737, Korea

Abstract

Polycyclic aromatic hydrocarbons (PAHs) are serious and ubiqitous
environmental contaminants. Besides some of PAHs, including
Benzolalpyrene (BaP), were indicated mutagen and carcinogen, namely

Endocrine Disruptors (EDs) in view of the environmental toxicology.

This study was carried out to examine two topics. One is about a
variation of the concentration levels and the distribution
characteristics for polycyclic aromatic hydrocarbons(PAHs) compound
in emission gas from crematory. The other is about estimated

emission amount of PAHS in environment.

In the result, show that the wide distribution range of PAHs

concentration’s between 3.3 to 284.64g/Sm’ in the emission gas of crematory.



Compounds of 4Ring and 3Ring were 41%(20.9ug/Sm'), 2996(14.7¢g/S
m'), respectively. The Concentration of Pyrene(Pyr) is occupied
highest proportion amongst emission gas from crematory plants.
Naphthalene(NaP), Phenanthrene(PhA) and  Fluoranthene(FluA)
showed relatively high contribution. The concentration of Carcinogen
compounds of PAH(XPAHcarc), such as Benzo(a)anthracene,
Benzo(b)fluoranthene, Benzo(k)fluoranthene, Benzo(a)pyrene,
Dibenzo(ah)anthracene, Indeno(1,2,3-cd)pyrene, is between 0.03ug/Sm’
to 15.7ug/Sn'.

The released amount of PAHs and XPAHcarc from crematory can
be estimated as top down approach. Total PAHs and >PAHcarc
emission factor ranged between 31.8 mg/body to 638.7 mg/body and
from 0.3mg/body to 61.5mg/body, respectively. Emission of PAHs and
2>.PAHcarc from crematory are 32,513g/yr and 1,992.5g/yr.

In this paper, it is confirmed that basic information about the
characteristics of the environmental concentration of PAHs from

crematory and useful to reduce them to the Stockholm Convention.

Keywords : PAHs, 2PAHcarc, Emission gas, Crematory, Emission

factor, Top down approach.



Al1Zd A

AFA 7712 95 F (Persistent Organic Pollutants: ©]38F POPs)2 4F
el e gEo] 48P Wt o5 TAE HFHAE T
2 A543 A AEAC 49FE v Bdoln. I - 35t
A 3ol ¢AH Jde FUIEEE 87 oA AFA] dx
A& %4 @4 (Bioaccumulation)©] YERY HojAlEe] HAF9H £& <
BFAAE =2 FYEE, A9AAY] g 2 FFAZA E4E =
et WEAHe FAFAEAolth AFAd Q1% FAY o]FEH L
2 & 37t EARR olyd ZAAHRJA FAZ dFH 2 gFAled o
3 TFx=e] BA3] a7Hz gt ol ded ¥§3td UNEPE
AR 2001959 255 okl A= oo A e so] FAH <l
tf-§eto] 3 ) (UNEP. 2001)

ole gt viFstell A WEHA FAEd R FANILIER T 3t
2l O3hitEEs @3l A (Polycyclic  Aromatic  Hydrocarbons, ©]3}
PAHs)E A7 29 A0 A FA HEHe ozt POPsE M F
A ERE1 9tk 53], UNEPE 12%9 POPs &3 o]9d PAHsE

NEg gEoz 2718 B33 E31 gon, §8S FHoZd &
HAdG=7 el oA old sty ASHYI AT FHgsta o

TolA HZska = PAHsS AF $EFASAYN #HAA
ol ko] #F A7 AV Bol RiuHI Jown, 53
PAH % Benzo(a) anthracene (BaA), Benzo(b) fluoranthene (BbF),
Benzo(k) fluoranthene (BKF), Benzo(a) pyrene (BaP), Dibenzo(ah)
anthracene  (DbA), Indeno(1,23-cd) pyrene (InP) S tjstd]



IARC(International Agency for Research on Cancer)o]l ¢j3} 2dA &
==
[e)

2 (Carcinogenic PAHs)2 R 151 gth o]l F B

&
1o
ox
o
2
e

Eold 7t RE AZE B3 ¢4 dodle EHE FEHI 3,
&8 A o gE 2 (Endocrine Disruptors : EDs) &, 3733224 23
9 stuz AAHT TR T HEE, 1989).

PAHs® 44 € 492, o WAL ©as $42 748 230
2o ARAHE Y £ 2gHALdAN T AR, AR
ot AAAHRTHE Az BFo| V1A RE AR delA

i ™. PAHs= ugd 425 Tl &4 F HEs 1 glow,
T8 WALLE M, HFE dRsHE 4day BEgd daAAHd 9

b Aoz PG, EHas 4F APAAE Fol AFEL ArHLee
et al,, 1976, Chander et al.,, 1994, Crispin et al., 1994). 3%+ 2}5 2 v
A7bE 5 BES AEES VMR AR diEde, 2847 A4 F
AMe E4H AdhAox viEEo AERA JFgS vy B
H 31 JHBruce et al, 1989). ©1¢] 7]|E HjEHoR2E dFuF Ax
A, AHE, &7 Fe st ok2BE AxFAY, AEFY xE, Fuid7]
o B¢ dAiTt dojve A FoA X PAHsY A4S &g A
o2 XA H(Westerholm et al., 1991; C. J. Halsall et al., 1997 ;
Diane M. Wagrowski et al.,, 1997).

2 A7 gF2 e Y AF AHARE 982 AHESEHY
AlRlE darle ARAQ d49 F4o)n, UNEPdA = F8 POPs
=4 WEdFY stuE A48k, old iz WA A B AZS
A HA7HE71=(BAT)S =43 H A @2 WHBEP) nl#o] Q7511
AT (UNEP, 2001)



e SAEse A Awdse] HEo o 4L vnjsd
HRE E4e] F4e i Agoldoy, A4, Aol A% 4
Feig A 220 uhe shgel Y I A4 FUA TPt Y
AEATh 1971d  7.0%, 1980 13.9%, 1990 17.5%, 20000 33.7%,
2002 426%2 HFEY AEH FAFAE el Qow, A F
A4 e 15723372003 o 23 Utk (53, 2003)

Mebd, B ATlAE 3ol o] Foz EH: shae X
go] 9l 1659 PAHsol thg 5% ¥ g ZAstn, EARAS Ea
o WMEENE welstma sul, PAH WEEse sut7d 9 %
POPs 27 WEA7T 2%EE AUt 152 s Haol
Aol PAHs W& #e FHstax @},

l



A 2% o]&F w7F

A 14. PAHs® E# - 3514 54

g3t ad &5t gdas FAEY Y EFoA g g
gslrh 33HEY Afde Fdx, F A 5 e Y4ixE
PAH ring7%¢ EAE%E ¥8¥o2 ¥§sta Yot

A2 PAHsE A/Zejolm, o] 7322 H|H3} §Ho| ko
U 71kl v, EaE FUbe] wet 3 ve FEdEE JEie
Aol drbAl AFAoltt. PAHst o f718uld Sa=y, JFAo]
=2 gstE ol

Hd
ng_(:
e

PAHsE 3% ug7t 2~471Q A9 714 ®& 2
2 REESAR 57 ool HW F2 ;A FAY A EA )

58], AL vjEE 7] Fo ¥Eshe PAHE ti7]1338)st kg
o] doju T3k NO¢t ¥F2-3ted nitro-PAHs% o] AA &Y. (Brnson
et al., 1985)

16%2 PAHs standards(EPA Method 610)2] 22 - 333 =A4&

Table. 4°] Ye AT}



Table 1. The physical and chemical properties of PAHs
(Ming-Yen wey et al., 1998)

. - Vapor
. Melting| Boiling
Compound Abbreviation Chemical Molqcular Point | Point Pressure Structure
Formula| Weight (mmHg,
(T) (T)
25T)
Napthalene Nap CuHs | 1816 | & 218 | 7.1x107 |
Acenaphthylene AcPy CioHs 152.20 93 215 6.7x107 (ij
Acenaphthene AcP CoHo | 1421 | 9% | 279 | 22x10° | ¢
Fluorene Flu CuHi | 16622 17 | 295 | 60x10" | T
Phenanthrene PhA Clho | 17822 | 100 | 340 | 12<07 | ~ '
Anthracene AnT ~ | CuHp | 1822 | 218 342 | 60x10° | CCO
Fluoranthene FluA CeHio | 202.26 110 3B | 92x10° | X Q'ﬁ
Pyrene Pyr CoH | 20226 | 186 | 404 | 4540° | A
Benzo(a)anthracene B(a)A Cigty 22829 159 435 2.1x107 S '/:
Chrysene Chr Catly | 2282 256 48 | 64x107° oé”
\ Y
Benzo(b)fluoranthene BbF Cotly | 25232 | 168 | 33 | NR CC? N
Benzo(k)fluoranthene B(kKF CxHi2 252.32 217 480 96x107 | OO gﬁ
Benzoa)pyrene B@P | CoHy | 2232 | 17 | 4% | 56407 | o~
Indeno(1,2,3~cd)pyrene InP CxHi2 276.34 162 534 NR. On‘,
Dibenzo(a,h)anthracene DbA CoHyy 27835 262 53% NR. “? b
. ) _ Nyss!
Benzo(g,h,i)perylene BghiP (s 276.34 273 542 | 1.01x10 O

N.R. : Not reported



Al 24. PAHs9 &4

19A417] &9t A{AA T 283 HeAA FFo 2Fse 222
Zol i3 HRge] L FHEC] RuFdAXA, PAHs 8§Ed g &
Aol nxH7] AZRH.

PAHs®| &l & 49 Table 20 YebHAT

Table 2. Environmental source of PAHs

Primary Source Secondary Source

- Incomplete combustion of Petroleum,
wood, coal, and synthetic chemicals
- Gas manufacturing plants

- Wood treatment plants using creosote ) o
- Heavy oils containing PAH

- Food containing PAH
( cereals, vegetables, fruit,

- Coal-fired electric generating plants

- Municipal trash incinerators

- Asphalt, coal tar and production plant
) meats, beverages,
- Vehicle exhaust .
k ) chewing tobacco)
- Coking and aluminum plant

- Cooked food with charcoal-grilling

and charring

- Open burning
PAHs 8382 32, 287, BEAF o] da2 w 4+, &
Azl Mid FolME HAEHT JUTHWIild et al., 1992).
of FAEL 71Tl AAUYAS} AA AFsto 72 E EYoR
Hedh. PAHs stgE9 4L A, A, 7 5 982 294
g3t R (B00~800C)H4 F reactive free radical®] A4l
o APH=d FFAeE $5d TFX JPEES A Astd

w2 A AgsA "o (Badger, 1962).

I



HZos LA £5 o]&std AES & WY, 80 EHE
73 Fo PAHs 3§80 #4stE R o9, PAHs 3gE22 24949
EddA Aujd AFE F, 32, Ak, JLdES 2989 JEES HA
T FEEY 4, 1832 29 AMaY okAZ wEZ A - ZEE
AM%E PAHs 3§8c] A&
AEEF TAME FEH T UHATSDR, 1990).

o™, coal targ Ikl e A,

R

A 34. PAHs® 334 ¥ 9 Sy

31 PAHs®9 @734y &%

rlFel A #ZEE PAHs FE F FE 7tadoez EAse
Napthalene 3 2 bicyclic speciesZ5-€, YA EAd F+2 FZ5H
o] EA3t= coroneneXd 27] o] EE oY o WA E X}
T PAHs 329 3740 22X & A%+ 71F 8% B84 AAL
S714olt

dutH oz 25C9 o7l HPAe|ol A Napthalene 100% 7242
2 EAsta, v 5~671¢ WA 1 E 7tA 3 dE Benzo(a)pyrenet
718 PAHs SIHEES A4 2 dAsA 259 &A1
g3 3~474¢] WA e E HA 2 = PAHs SFEELS 724 T 4
Agoe gz FA EAIY. WriF<e PAHs 3%E2 long-range
transportell &3 W3LE AV A o] glo|] 433 W AAAE A
H}(Bjorseth and Olufsen, 1983).

3.2 PAHs 33&9 44U 5H
715 PAHs 3gEe Oz 93] wstdrh o7& ZeidA 019



ppm<] O30 =% ¥ Benzo(a)pyrene?] ¥F7+7]7} oF 40%¥ A xo]v(Lane
and Kats, 1977), Benzo(a)pyrene®} Antracenes 2| ozonlysis®l] €3k ub
#71e AdHez ¥undy FHo.  ¥Ad Benzo(b)fluoranthene
Benzo(k)fluoranthene2 7! Ho|¥, Benzol(e)pyrene®} Pyrened FI+H T &)
2 Ht} Benzo(a)anthracene® 73-%-, ozonolysisol] ¢l3F ¥t 7]&= 708 A=
o] B3 FAakste] oigh ¥rzt7|vF 128 AEZ FEEo] g MR
T 2 8ol i ¢srta & 4 tk(Kats et al, 1979).

) 715 o) A1 Napthalene, Phenanthrene, Anthracene® w¥+77]= 2ztzt
1271y, 8AIZY, 33Xt AEE 23R Q3 nitrationo] 9 FF
transformation®] F4171¢] F7tel]l ofs) AlAEHEd NOE ¥3stn Qe
7] F9 A= hydroxy- PAH, nitro-PAH 8|32 hydroxynitro-PAH %©°]
dAdHY T Hus 3 YJviBrnson et al., 1985).

_10..



Al 44. PAHs 9 Q1A 934

PAHsx EdlA 9 &7t ¥ {7]&ujalAe &aj=rt &2 A
SAERE A olFd AT AFFFE THEsd, FE O EAA
PAHsE 1 #AA9 @2 F7|gez JAE 2 FFH] A=z #4
"ot o] A¢ dizidare) Av)el] 9%S wedH, 53 PAHs 5 WiR&
9] Benzo(a)pyrene< 2.0umol3}le] 22 JAd B FFFo] o=
2, A ARZ FRHI, AR B EHo IFVAZA R vESF
t}(Migual and Friellander, 1978).

4.1 PAHS9 A4 7|A

PAHsE AAWAA tiAtd W 47 EFo EARFEZ A3 AAH
v THEAR diol epoxide®] ol Z A7 PAHs /49 AJNEAE ¢
HA e E3| Benzo(a)pyrene WAFEEQ 78-diol-9,10-epoxide
PAHs tAlEd F 71 S5Ao] #3gt Aoz HuHE QA (Ushar,
1989).

PAHE A AWl A conjugation©lY} oxidation®] #HAES AA Ao
A% FEAZ ArEY FFoly &k, o g wjAd P h(Falkemd, 1963).

I AGAZ Cytochrom P-450¢] ¢]&Ad (mixed function oxidation)ol
9}d A3 E epoxide 3L arene oxideE FASch E<kAF Abed
arene oxidex T2 37}1K] 9 7|Ao 2 RAPE =d, AAZ 2 phenolz
A& AU, epoxide hydrolase®] &A%8 07 dihydroxydihydro
compound(diols) & dA3t}t & tE sy glutathione-S-transferase(GST)
AT Ao}, MM ABHoR dojuE 7)1H glutathiont €]
conjugation®]t}. ©] GST conjugatest mercapturic acid®] F&4 A+

B4R dury AJ 71d EdZ A Hn, 34 dE"E phenols$t

-11 -



diolsi= ZtZ} UDP glucuronyl trasferase(UDPGT)el 93 glucuronic
acid® conjugation® A4, sulfo- trasferasecl 93} sulfation®A-& # A
F844 UAERA=Z A"y (Dipple, et al, 1984). o] #I}A F
7-hydoxy—methyl benzo(a)anthracene®] surfate esterE3% & Uy
sulfate conjugateE-2 bacterial systemolA E@®ole] flo] HIE
gctH(Watabe et al., 1986).

Dihydrodiols®} phenols®] = ©& 7|HO & oxidationol <%
multiple hydroxylated %= #)E (tridiols, tetrols)®] 34 o] 2 tHGelboin
& Ts's, 1981). oluf, o]& EA P9 A dAANAN #dAd dAA<
“bay-region diol-epoxide”7} FHEAZ AAE =, o] EFo] Tz,
RNA, DNAS# 22 AlZU AdEAEDG 4528 slez XS
culturedl M &] HE FARo], FEANAN FTLE HFEAIA "G
(Harvey, 1985; Thakker et al., 1985).

42 J4574
Benzo(a)pyreneS 0.1%(1000ppm) s =2 B =& AIHAS o, A
ZAA 357 RaEl 1z QQYH(CHEMINFO, 1996). Benzo(a)pyrened E7¢ U
2 F93L A-$ micedl A 250mg/kg, H 5ol AL ratsol A 50mg/kg
9] LDsogtol &A1 JHCHEMINFO, 1996).

43 A=A

PAHsol 4713 =22 A3be] o] J&o] = Aoz HaFH
i, 2 8o AEFEAME MZ & 7o 4Fs e Ao B
153 JATHACGHI, 1991).

o] 7kA 2] miceE UF2ZE 67093 2 o]F Benzo(a)pyrene 120mg/

- 12 -



(aplastic anemia, pancytopenia)E X.o|® 4F<ke)] AR 1, v X
FoAMe od = BFHA &de o2 BuHu Jvh(Rubinson,
1975).

AR AR FFAAE dFed I ATNAE 1% Benzo(a)pyrened
< WY V1€ ZEol A HAFAA HEARE o, 4702 Nl redness,
pigmentation ¥ IF<¢F T&@ FAZE YdEvr] AR ov, FEHEE
TET A 2~37/44 Qtell FA] I EHAH(Cotini et al, 1939). o] ¥idl
L A4 PAHs7F /¥ B ASHoz y¥wE dH AL
pigmentation¥} 3 &#HZ7|7F 4 AT UYTHNAS, 1983).

44 Hol=Ada H71IA

Benzo(a)pyrene®} EfRF Hol= ZH e} A FAle] 93t 4 ratss}
micel A HIHUT. o] A4 &Folvt FIF Aole oy HeolEA R
713 do] HFHAY. micedl Al YAl 7~169 71FF Benzola)pyrene
10mg/kg/day & 27 F3 APAA Hote] AFda D AAHY T
Aart JGeEb o (Mackenzie et al, 1981), T T2 AZAxE
Benzo(a)pyrene®] A7 HFAE 22 F9 rats® micedl A FAE 713

59 28 ®Bista AQuh.(Legavernarend et al., 1984).

45 A=A
Benzo(a)pyrene®] 775+ AA5AHE Yl 53], miceol A
WA Ao A, EAVITY A7H)E Holed, YA 7~16¢
7]17toll &8 2d ] Benzo(a)pyrene(10, 40, 160mg/ke/day)S 77+
Fo3& W, Benzo(a)pyrene 10mg/kg/day #1-&e} A5 th3Ade] A

L
o
Y

E

_13_



AFE Hago] & - 5 BEFA ZHAFHAIL, Benzo(a)pyrene 40mg/
kg/dayd &2 thHtiE A9 diFfe] EAFELe] RudAt
(Mackenzie et al., 1981).

o

46 =AWl A4

PAHstE 2% 3FEHd did T3 7 S0 do] RuF
Ao, FAME Yeiye Ed¥olAdY A3S Table 6 3 2ot

Table oA Yetd AEL 4T 4] dAHE el F2 &
a9 EF=2 FF¥ PAHs 3gEolt.

Jerina 5 (1978)° 9J3t™, 919 At S47]AANA AFE viep 2o
Benzo(a)pyrene, Benzo(a)anthracene, Chrysene, Dibenzo(ah)anthracene,
Phenanthrene % “bay-region” T%Z Ad EZA SdHAAS
Hetdle 543 53& 2t A2 AHsta Uk

£3], Benzo(a)pyrene2 2 712 @7]4d o= DNA binding,
DNA repair, sister chramatid exchange(SCE), chromosomal aberration

5ol RuE 3 2 (Osborn et al., 1987).

_14_



Table 3. Mutagenicity of PAHs

PAHs

Mutagenicity

Benzo(a)pyrene

-DNA damage, reverse and forward mutation in

prokaryotic assays

- Mammalian cell culture assay

- DNA damage, forward mutation, chromosomal
effects, cell transformation

Benzo(a)anthracene

- Mutation in bacterial and in mammalian cells
» Transformed mammalian cells in culture

- surian hamster embryo cell, mouse prostate C3HGZ3
cell

» Forward mutation in Chinese hamster cell, V76 cells,

mouse lymphoma L5178Y cells, and rat liver epithelial
cell

Benzo(b)fluoranthene

- Positive  results for mutation in  Salmonella

typhimurium TA9S

- Negative results in Salmonella typhimurium TA100

Benzo(k)fluoranthene

+ Reverse mutation in S. typhimurium TA100 and TA98

Dibenzo(a,h)anthracene

- DNA damage and mutagenicity in bacteria

- reverse mutation in Salmonella typhimurium strains
TA100 and TA98
- forward mutation in strain TM677

- DNA damage, mutagenicity and cell transformation in

mammalian cell

Indeno(1,2,3)pyrene

- Reverse mutation assay in Salmonella typhimurium

TA100 and TA9

Benzo(g,h,i)perylene

- DNA damage in chinese hamster ovary cells
- Reverse mutation in Salmonella typhimurium

Chrysene

- Chromosomal abnormalities in hamsters and mouse

germ cell

- Bacterial gene mutation and transformed mammalian

cells

_15_



£7Z2] Benzola)pyrenev= 79 RE TEE
oA ZHEES HeA ol AAE JEAEE FEA AW FEA
A F 353 Benzo(a)pyrenedl =Z 9 AlFoA slR o] WAHQY L,
HEAR 32 A4S od(Fld7], AEEE pitch)© 2 Benzola)pyrene
o =2d JAddA #H, A7 g T dEMo] Frlgol BuE nf
ATHIAPC, 1972).

PAHs % 4% EZ& 3dME& el (weight-of-evidence
classifi- cation : B2, IRIS), & w¢E 22 Benzola)pyrenes 1}
ol g FEAEE Table 73 2},

Benzo(a)pyrene> PAHs ¥ @522 o4& dAA7+= Ed 52
% mice, rats, hamsters, guinea pigs, rabbits, monkeys 5 A& RE
SELYAAM 7 BE AEZE B9 48 #AANEd, @ Aeds
e FEAME ¢ ZAo] A (inhalation 9.5mg/m'; skin 1.7ug
/day; oral 5.2mg/kg/day; skin injection 0.062mg). Benzo(a)pyrene ¥ &
o] = FE A7E AR} HE HolF Fodr A3U|A AR #
ZHE ) g A #Fe =24 Budu Yl gdRHete] AL
rats, rabbits, guinea pigs 9 FEAHAA FZHY miceolH 71F
DastA vede ez dEAlx JrHCHEMINFO, 1996). US.
EPA(1994)ll ©]3l®¥, hamsterg ©]8 3 Benzo(a)pyrene® &3 xZ o)A
TEZIAS A AsANNE SFo] wE FUo o] #EAFY
al, 4% miceE ©] &3 Benzo(a)pyrene® A olF Fofor, Fofw}
Hlefste] 9173 Aol &= QCHIRIS, 1994). PAHs 3159 w4
°of % A8 Table 4.9 HERHATHIARC, 1995).

_16_



Table 4. Cancer incidence data for Benzo(a)pyrene

Experimental design

Cancer Incidence

Source
Species| Routes Tumor site] Dose Response

20 ppm 1/23

30 0/ 37

Neal and Rigdon ) b 1/40

1967 mice | gavage |forestomach 45 4/ 40

50 23/ 34

100 19/ 23

250 66 / 73
Untreated | 3 / 64(129)
forestomach| 0 mg’kg | 6 / 64(102)

Brune et al.

1081 rats | gavage | esophagus 6 13 / 64(112)
laynx 18 26 / 64(113)
39 14 / 64( 87)

0 mg/m' 0/27

respiratory 2.2 0/27

tract 95 9/26

Thysslegesnl et al hamster |inhalation 0 i/sm’ 13 j ;,?

digestion 2.2 0/27

tract 95 7/ 26

465 14/ 25
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Table 5. Classification within carcinogenic for PAHs(IARC)

Group Item
Benzo(a)anthracene
Class 2A
(probable b ) ) Benzo(a)pyrene
u en
probable fiiman carcinog Dibenzo(a,h)anthracene
Benzo(b)fluoranthene
Class 2B Benzo(k)fluoranthene
(possible human carcinogen) Dibenzo(a,e)pyrene

Indeno(1,2,3-cd)pyrene

Class 3 Chrysene
(unclassifiable as to carcinogenicity to human) Dibenzo(a,c)anthracene
Pyrene
i . Fluoranthene
Co—carcinogenic PAHs
Benzo(e)pyrene
Benzo(ghi)perylene

Salmonella typhimurium Ta 1007 3(E#)

2-methyanthrancene
Perylene
Benzo(b)chrysene
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Fig. 1 General process of crematory
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2.1. 3kF=29 $AxA
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HRE da WEVEE FAHY A Wt 2F

daztae) A Fejo] me} WAAde] gl 25 (Type A), 7]
24 BAAMAE 9 2E(Type B), ARAA7] =& A7|HAVE +
ez AAgte &8 $Y 25 (Type O EHsAdd. 424 ¢] B89
d davks AYde] @F2 Fig 2. o 24
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600-
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Fig. 2 Crematory process of each type

A 33 AsAF 33

31 AsA3 9y

8 A (Batch Type)#2iel F2olA AJAl 136 thdF ALAZHE
B 60~90min Helojeh YL wgoz APRe ARE o=
stdch AR UteA FFYsEHdEZE =4 A8 FHFAF
F 5ol = Y}
2 AFAAE AAEY F 22 A28 HU(EE 12 dAE8HY) F
FAFH AEAHE DA, siyrtEe]l SAHE AlE7HA 1 batch

oA AFRe Al FEEACZ ABARE LAk
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Fig. 3 Procedure of crematory operating
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Table 6. Equipment for PAHs sampling

3 k:] T 3 (x4d)
Stack Sampler Apex MC 572
Gas Analyser Green Line

A EH L3y

B MEs 559 M AR AEE Aeisha

C FA N REACIA

D58 HES# O F z3dB

B odox) &) P: wholal 2

Fads exd Q BB

CEE! R eEA

Ho QB AE) S A4 Fhade

A (EY) T eama

JERe U 2e)3s vl

K dAaAMIgAR2) Vv WS shooe
R

Fig. 4 Diagram of sampling equipment
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Fig. 5 Flowchart of sampling
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A 438 FAUE

4.1 AA =3

ANAED A5 F IAEANEE 1 L S99 54 ¥ F289 593
oAES 31 HIEE ¥ 3¥cl A - F2& e, A AFH
A YA AlEE EF9 200 mLE 1647 ¢ £4 58 s

FZ29 ANEE FF9 25F 41~43CE 349 A &% 7] (Rotary
evaporator : EYELAj)E o] &3t AlsxdAe Fu7t o 10m7F HE
g FF39H. o] T 1m(2g ¥3)E 33t PAHs 42 f4% A8
2 st

AR Z4HE EHA7)7] 998t A5 1méol]l Keeping solvent® A A ¥
n-Nonane(Fluka jit) 300u4& #H7FgF & A 294 Tolueneo] £33 81

ol

™
o

o] A wj7bx] AANy) 7}AE purge AlZl 3, n-Hexane(].T. baker jit,
AFFdEA )R SmAg

Age AAE FA4 Silica gel(Merck jit, 70~230mesh, Art. 7734)%
600Ce] AZIZ oA 243 5 E4stste AF diAAlolHo 23
d AL 15cmx25cm 8 # Columnol] A3t FAsdn. FA¢M =
Toluenee 2 MA - Axd gAY, FFFAYEEF lem, 600TAA 24
7t #A43) 3 Silica gel 5g, F5FMIEE Ilcmd £22 FAF

B Ao A8 Cleanup Column Chromatographys Fig. 6° Y€}
yaloew AJ89 Cleanup up ¢ &8 Fig. 79 Yeb g}

Alg e AA= Silica gelg 5213 ZYE n-HexanelZ AA% F
AFE  Columndl A5& ¥i && AT &EEAE 1st fractiond
n-Hexane 6mE iz 1%He9Y {F&5£032 823593, 2nd fraction
10%¢] Dichloromethane(Yakuy pure chemical, %t <FE4]&)/n-

Hexane 50mlE &% A17] ¥ 2nd fractiong o} Rotary evaporator®
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purge & ¥, HF FFFE 20002 3+

Na2S0O4 anhydrous lcm

Xhvated Silica gel 5g
For 24 hours at 600T

NayS0O4 anhydrous lcm

Rre_wash Absorbent cotton

Fig. 6 Silica gel clean-up column.
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Samples

Soxhlet extraction Liquid/Liquid extraction
- Extracted with toluene for 24 hours - Extracted with toluene
Concentration with evaporators Concentration with evaporators
Transfer to n-hexane Transfer to n-hexane

L |
[

Activated silica gel column chromatography
5 g of Activated silica gel at 600°C for 2 hours
- Elution with n-hexane/DCM (9:1) 50 mL

Concentration and purge of second fraction
- Final concentration volume : 50 pL

GC/MS SIM analysis

Fig. 7 Flowchart of sample cleanup.
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42 GC/MS ¥4

2 dFtd A}8-® 16% 9 PAHs standards(EPA Method 610)9 &
g - 38td 542 Table 49 ojn YeElAdew, ¥ A&d
GC/MS¥E  HP6890 series/HP59730] 3, AH8¥ Columng HP-5MS
Columne] ¢},

16% PAHsol| tid GC/MSe] ®41x7-& Table 109] YeEpAT £
Aol A A 16%9] PAHs EF 849 AZulE 1%L Fig. 8o U
Bz, E8ix| oA aZntE1#L Fig. 9o YAt

Table 7. Analysis conditions of GC/MS

Item Condition

GC HP 68%0series

MS HP 5973

Column HP-5MS (30mx0.25mm*0.25¢m)

Interface Temp. 280°C

Injector Temp. 240TC

Carrier Gas He (1.2m¢/min)

Injection mode Splitless

Purge on time 1 min

Ionization mode EI mode

GC Program

Initial Temp. 80T (lmin)

Program rate 7°C/min—240°C (2min)
4°C/min—280C (2min)

Final Temp. 280C (14min)
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Fig. 8-1 Chromatogram of 16 PAHs standard.
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Fig. 8-2 Chromatogram of 16 PAHs standard.
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Fig. 9-1 Chromatogram of 16 PAHs sample.
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A4 A3 @ a1 F

A 1d PAHs W& % 2 &%

1.1 PAHs® =5

A S R A Y A dHE A glo] dF
Aol wet FFeg AL low, By FAFAL, 7] FUd& T
71€4 8 FAWFES 37 @A FdAs AR Q)
Aol Fuel durg oz HAF o gl 50~80 kg/hr W] 33
29 AS &/t H9E 2174 Sm/hr~11,894 Sm'/hr o] Qo9 &
& 17 gl wlEE s 7FA%e 2155 Sm/body ~10,407 Sm'/body 2.
2 3 AR wEvbaFe Axist AEA Jebg

2 AT E IEE WE7tA Fo PAHs 558 EE ZAE] 9
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Fig. 10 Concentration of 2ZPAHs of each crematory
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Table 8. Concentration of compound each crematory

FE99

T (H2 ~ FHu) ot EFHAE
Nap 23 ~ 493 96 14.2
AcPy 01 ~ 312 44 9.6
AcP 00 ~ 0.2 0.1 0.1
Flu 00 ~ 31 0.7 0.9
PhA 04 ~ 361 9.0 115
Ant 0.0 ~ 26 0.4 0.8
FluA 02 ~ 391 8.2 12.8
Pyr 0.1 ~ 820 11.8 25.7
B(a)A 00 ~ 12 0.2 0.4
Chr 01 ~ 25 0.7 0.7
B(b)F 00 ~ 29 0.7 1.1
B(k)F 00 ~ 25 0.6 0.9
B(a)P 00 ~ 19 0.2 0.6
Inp 00 ~ 84 1.2 2.7
DbA 00 ~ 00 0.0 0.0
BghiP 00 ~ 241 3.0 7.6

Fig. 9 o Yeld wpe} Zo] sl wiErt2olxe] FEeFE2 33
pg/Sm ~2846 pg/SmE el b 3o 3PAHs B2 & AHR
d A A9 ARl B A vetwen, Ald J 3] M v
< FES e ey, 5 E5FFE S 510 wg/Sm'E FZALEA Y.

sH wlE7F2d A 9] PAHs9 profile EEEA L AAZ oz {AE
Ej2 Ho]n Napthalene(Nap), Phenanthrene(PhA), Fluoranthene(FluA),
Pyrene(Pyr)e] A%t 435 Vet dTh

s wiE vtz A 9] 16%F PAHse Has® 2 7b sgagd A
N2 Fig. 11. 9 2k

_35_



o
~

w
)

w o

o 0w o
®oN N

(ws/f7) "ou0D

diuog

vaa

duj

d(®)g

3008

E1C): |

Mo

v(®)g

JLE]

vni4

wy

vud

=]

dov

Adoy

den

100

o o =]
© © <

(wg/67) "ouo)d

20

drudg

vad

d(e)g

18

()8

4o

V(e

1Ad

whid

juy

vud

nid

4oy

Adoy

daen

(M m\gv elVlelg}

dudg

vaa

dy|

o

v(e)g

1Ad

V04

uy

Vud

nid

doy

Adoy

deN

o
=}

o =3 =3 =}
© © - o

(wg/67) ouod

dlytg

vaa

d(e)g

4018

d@a

4o

v(e)8

1Rd

AALE]

wy

vud

nd

doY

Adov

deN

Fig. 11-1 Profile of PAHs compound each plant

_36_



(g/87) "ouoy

dlubg

vag

du|

d(e)g

4018

4(q)a

o

v(e)g

Ad

Yni4

wy

Yud

ni4

dov

Adov

deN

(Wws/67) “2u0)

diog

vaa

dut

d{e)a

40h8

J(a)8

ud

uy

vud

ny

EEL

Adoy

deN

2U0)

diuog

vaa

du|

d(e)g

4008

EIC):]

4o

v{e)g

IAd

AALE]

uy

Yud

WE]

dov

Adoy

den

(=]
oy

%) o~ © -

(wg/67) "ouoD

diuog

vaa

du|

5o

v(e)g

IAd

vni4

uy

Vid

WE]

oV

Adav

deN

Fig. 11-2 Profile of PAHs compound each plant

- 37 -



(g/67) -ouoD

diuog

vaa

d{®)g

408

Jag

4o

v(e)d

144

vnid

juy

Vud

nid

dov

Adoy

den

(wg/67) "ou0D

duog

vaa

dy|

d{e}g

4018

EICH:|

40

v(e)a

1Ad

vaid

uy

Yud

WE}

dav

Adoy

(/) ou0d

diudg

vaa

dy|

d(e)g

408

Q)8

O

v(e)8

1Ad

vnid

uy

Vud

nig

9oV

Adov

Fig. 11-3 Profile of PAHs compound each plant

_38_



1.2 343 PAHs3FE 54
16%¢ PAHs &= 343 ¢

4 qlth @4 PAHse 2AL el e

Ringd =R ¥} A4 &S Fig. 12 o Jehidc.

Table 99

EE 7HAH 2~67FA9 EE EE

=4

Table 9 . Classification within ring—group of PAHs compound

3 Ring 4 Ring 5 Ring 6 Ring
AcPy FluA B(b)F InP
AcP Pyr B(k)F BghiP
Compound Flu B(a)A B(a)P
PhA Chr DbA
AnT

25

20

15

10

Conc. (ug/Sm*)

Aver.

2Ring

3Ring
4Ring
5Ring

6Ring

Fig. 12 Distribution of PAHs concentration by each ring group.
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Q
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(&} a 1] w O] T

'M2Ring [I3Ring C4Ring M5Ring M6 Ring
Fig. 13 Ratio of each Ring group.
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Fig 13°] Yeld vie} 0] 2~4 Ringel $A% A%< Jehulz ¢
o1, 5 Ring¥ 6 Ringe Zoixoz v Jeyo

°|% PAHs 3% % FluA, Pyr, B(a)A, B(b)F, B(k)F, Chr, B(a)P,
B(e) P, Inp, Bghip 53 2& Ex#Fo] & F - uny 332 A
AadEol osta YAHHE EFE s e F. Phrahl 5(1984)
o] A7 AF °JAFH 4~6 Ring ¢ PAHs7} A28 7]1d3st=
Ao Yeigon 2 A3 A3 A& Ring ¥ A6 &o] 4 Ring ) 3
Ring > 2 Ring > 6 Ring > 5 Ring 338 o2 234}

= ATAM AR Qe AT A AH AZE AYE BE A
AolA th712F HAMYE 75T Ao, o] A9 wAA M 9
sto] A=E Edol AAH wet 1A FEo] FAo AAH] A
ooz Auld e v ge] A4 Yeus Aoz Addr

1.3 PAHs 33235 ¢4 49 dd nZ.
Table 5. 94 AA"® 167} PAHs SFES L 4E2E2AB)A,
B(b)F, B(k)F, B(a)P, DbA, Inp2 Table 3°14 Yelz e 599

A2 gL F 2

A stgEEA gAY YPAHcare. $E¥ME 3T 30 pg/Sm
2 A& ANt H 157 pg/Sm’ +FE YERAG

7} 337 ZPAHcarc.d] Hd5 =9 2 E Fig. 14 o) Yehidoh

7 3ol Mol TPAHcare. 2AH &S A RW 08~96%9 WA

HER = Aos yehgon, st ] oMo A go] s vhe A

o8 ZAEAY. ZPAHcarc. 3HtEoA & Inpel it 416% o2 7}

o
=
tH
=
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=4 vElgton, dEAQ BeE A2 Ba)pd AL HT 76%E
Eluttt, 2PAHs ¢ 2PAHcarc®] 244¥]& 3 SPAHcarc33Ed L&
X Z Fig. 149 Fig. 159 Z+ZF vrebid ot
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Fig. 14 Concentration of 2PAHs and ZPAHcarc compounds.
PAH carc.
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Fig. 15 Concentration of each ZPAHcarc compound.
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A 24 A2t~ A PAHs WS 54

2.1 d&7k= A4ud PAHs M5

B drdaXe 3AE2E diV| @i AIEe] AX A3 wEt PAHs
HESA4S Botatr] At Ak AeAdn Jeo wat wAAA
o] Ax=o] A &¥& 1F(Type A, n=1), BEJRO|ZFENE AX .7}
%% Z25(Type B, n=5), BE|#o|Z &9 Fdo] Frp¥oa A3z
7l = A71FX71E A 2§ (Type C, n=4)& ¥3th

1) Q472 Aeduld PAHs Wl&5 %

Type ¥ 1 SPAHs W% %= Type A, Type B, Type C9 A%
Zvz} 2846 pg/Sm’, 34.0 pe/Sm’, 13.8 pg/Sm'E YElG T Type A9l 74
+ 16-PAHs ¢ & F57F 7Iek 1§59 vlste] ool A 212 =4
e Y. Type Aol 7H8 AleHA velves 33E-S Pyr® 3PAHs
&5k 288%E A8t Aot Type Be] A% 714 $-AsA vet
Ue 38gES PhaZ SPAHs 9 244%E #A|8t 9o} Type Co A
T 7 $ASA YEldE SEELS Nap2 SPAHs9 47%E A3
ot Type C9] A% WAAEY 548 443 B2 AALE°] A B
of Hlste FE sk, oo wat uu|HE3HEo] wiEH|&o] Type A, B
of Hlgtd w2 FHo &g Alg®d}. Fig. 169 zF 2E'H profileS el
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Fig. 16. Profile of PAHs compound each type

2) d47rx A94dud @34 PAHs 3138 54

g4 PAHs 3E9 wlE54<E Fig. 179 dveld uwke} o]
Type A, B 914 = 4 Ring > 3 Ring > 2 Ring > 6 Ring > 5 Ring 3}3}
ECoE HAsgen, B4 ME5A0] FAg AEE Rolm o
Y, Type Cal4+= 2 Ring > 3 Ring > 4 Ring > 5 Ring > 6 Ring 3}3}
T Tl 2 HjEo] HE AOo=E YEyT

da7ks Aedu)z A s QA & Type A9 4§ 4 Ring 3}
FEol 43%2 FAA AEHAow, 2uH 3FEQ 5, 6Ring 1A
o] HiEH &L 14.0%2 et YAFAAGN TS 2t 3 e Type
B9 7§59+ 4Ring 3}§Eo] AT 44%, 3 Ring 3t§Eo] H 33%, 2
Ring 3tsHEo] BT 12%% HEHAew, T d 315E< 5 Ring¥
6 Ring®] #7417} 10%2 HEHAL Type Co 2§l 2 Ring 3198
o] F 47% ol on, nu]HEFEQ 5 Ring® 6 Ring A9 wj&2
18%2 wuko 2 b}
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Fig 179 2 Typeel th@ Ring ¥ 3%2g vhehilch Typedel
MaAs A AE gl BE Qg BA ARGl ste] Fuuy

0

spE el Aol o]FojX 1 = Aoz ddET

Conc. (xg/Sm)

!E%Typec SType B -Type A ‘

Fig. 17 Profile of PAHs compound each Ring group

3) A4&7t2 A Adujd PAHs SI8EF 294 B2 &5

SPAHScarc® wWj&¥XxE SPAHO ¥Wi&¥s %9 ®lug A3 Type A
o] S 57%, Type BolA = 8.0%, Type CAAME 2% v &8 Ho|xL
Atk Fig. 17914 183 e wiEv|Eo] 10%°]ld o2 HEHd
Type A, BY 2% 244 E49 wiEs]&% Type Coll st Fdiy
o8 A% Aox FAE At PAHcarc 34E = Inpe 3% Type
AdlA CE ZFF wjEu]&o] F43HA Haste FFS Holn o
1, B(b)F2+ B(kk)F9 Z$ Type AdlA Type CE ZFE wEH] &0
S7veke AES UeEbdth SPAH® 3PAHScarc®] wWjEFEH| &2
Type ¥ ¥4 E29 wWjE&54 S Fig 189 et
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Fig. 18 Average concentration of SPAHs and ZPAHcarc
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Fig. 19 Ratio of PAHcarc compounds.
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A 3 A 333 PAHs9 FAEH

3.1 Q¥4

g wiESEE 1659 PAHsol thdte SPSS  (Statistical
Package for the social Science)E &3 8¢ %4 (Factor analysis)S 2
Algt A%E Fig. 200 YEAAT

16% PAHs® 8.&84 A3 A& stdE F AcP9t BaAg A3
UMz EREL BT 2480 % o] oz AdHy, HER
% PAHs® 2% WA Axd v, 8 A3S 71x= 59 6 ring3h gt
o A5 #BHFstd EAse 5L B

el By SFRAXRE ZEAAY AFAT #Hu, m29
AELEE /e FAEAHLR Ao noA FFE
welE o] AEA sFERS olFe] WA= AoE Hodrt EF A
Aojele] kg HFAF o 9|7 tkgel wa A®A
PAHs® %7} €2 54& Uehdie o2 #ddrn.
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Fig. 20 Factor analysis of 16 PAHs distribution for crematory in
Korea.
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32 #+3E4H

163 2] PAHsE wWi&3ts 1029 33l tisted SPSS (Statistical
Package for the social Science)E &% 3 &4 (Cluster analysis)&
AAS AHE Fig. 2101 Jepioloh

THEAN A BAANAEE A2 A e AAMY A9 #HE ¥
AatA] Rsln g slE5AE Hole vk A8 A AH(Cyclone)

B, C, D, E, F Ald3% 943 (Cyclone)® 33 7A14

(Bag filter) & =%3% G, H AAd34 243 (Cyclone)d 7] 324z
(Electrostatic Precipitator)& &3 [, J] Al A$ C AHE A3
AE FAR TS FAsn e Aeg EAFEAY

16% PAHs® FX& X Jojr= BxA]He] F5o diete] a3

3t
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Fig. 21. Dendrogram of gaseous and particulate phase of PAHs
profile in crematory.
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Al 44 33 WME7t2F PAHsO &3 43
41 WEF 444
At oz 2 FEAY wEF A ol &sHe WL dr|e FA &
7be B9 &%) 2HS REE  "The Load Orientated Approach;
W M EdolA 7l FAZ wMEHe Ad 2HE %F= The
Source Orientated Approach; oz IA EFE 5 UG-

FSource Orientated Approach; W2]2 8% % (the point of emission)
el wlE L FES BFde A #Ho] Jon dntz oz AH
FAd 71x&3 ol F3 wiEAdREH wWEFE Frigth wEF
A 7 EAAE Y wEATE VHAE Y H8715E TBottom up
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A ALY MEFE ZAEHE Zo] B7hsd B MEAT) 858
o] &3t HiEFS HEdte WHeR, AR A FHe] de w4
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R, = EFx A
A7|M, Rar : B4 F 22 WjE5HE PAHs9 A7+ vl &3 (g-TEQ/yr)
EF : PAHs W& A< (g/ton)
A Dz 5 = (ton/yr) ot}

42 WA

AT sl MiEEE PAHsHIE 2SS AES 23 AN 3
FAe Ao wjEF H9+e 31.8 ~ 638.7 mg/bodyel 3, H SPAH &
F2 2068 mg/body®E ZAMHATH WAAAHERE AHE ZAI Type A
¢] 739 6135 mg/T, Type BollA& 47.1~638.7 mg/7, Type CollA &
31.8~1014 mg/7T2 Type C¢ ZPAH #& %2 Type A9 12%, Type
B9 31% +F2o2 ZAMEAT Fig 2091 PAH 38" wEAFE= 3

PAH ¥l&5 =9 FAS 43S Holx
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900
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700
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300
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0

TP AHs

mg/T

Fig. 22 Emission factor of each crematory
ek B39 SPAHcarc. WlEAIFHY+E 03mg/body ~ 615
mg/body &2 A AT PAHS #ai4dS &AL POPs 2 F 3
el GolSalat vlaste) §1ste] 2,378 TCDDO 5A4& 12 7H3tA
< W PAH 57 diste] 34k A8 & Table 10,9 YR AT
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2 d7olXe 7 Ao A7 Z3EHN BaPol 7MY £& SAAT

1.
g vois

al TEI

4

A 6F9 LU PAHOl Wi 54 E57FE AAIZ Klimm et
EASHATE g83t9t. 24143 TEQ PAHY wjEAF
9= 00 mg-TEQ/body ~ 0014 mg-TEQ/body &2 ZA} HA}.
Zt g M e W EA T diste] Table 11 2 Fig. 23] Typed & 3
PAHs ¢} 2PAHcarcE ®|®3}e] JeERHA G

Table 10. TEF PAHs values proposed other studies

Willett et al. Clemons et al. Klimm et al.

Compound
1997 1998 1999
Benzo(a)anthracene :
0.000025 0.00001 0.000027
BaA
Ch :
rysene 0.0002 0.01 .
Chr
Benzo(b)fluoranthene :
0.00253 - 0.00038
BbF
Benzo(k)fluoranthene :
0.00478 0.05 0.00029
BkF
Benzo(a)pyrene :
0.000354 0.00001 0.0003
BaP
Indeno(1,2,3-cd)pyrene :
0.001 - 0.000086
InP
Dibenzo(a,h)anthracene :
0.00203 0.05 0.000078
DbA
Anthracene :
- 0.0001 -
AnT
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Table 11. Emission factor

of crematory

At

;r_L

W= A4~ (mg/body)

2PAH 2PAHcarc | TEQ PAHs

Type A a 6135 33.8 0.007

a 59.3 1.8 0.000

b 638.7 61.5 0.014

c 47.1 1.9 0.007

Type B d 181.5 10.4 0.000

e 239.7 12.3 0.002

o+t 233.3 17.6 0.005

a 85.5 1.3 0.000

b 69.4 19 0.000

Type C c 1014 15 0.000

d 318 0.3 0.000

o 72.0 1.3 0.000

ot 206.8 12.7 0.003

|MPAH OOPAH carc BTEFPAH |

1.0E+03
1.0E+02
__ 1.0E+01
g 1.0E+00
g 1.0E-01
T 10E-02
1.0E-03
1.0E~04

Type A

Type B

Type C

Fig. 23 Compare with each emission factor
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43 85 %
H Il 33d % 31488 Table 129 Fig. 249 Yehiich
e F3F&e 19973 7R 20% olstE A9 W3t gleu,
1998358 F43] F7hstr] A& A 2003l = 46.4%° Z3sta Qlth
AZ dxd g AFE 20009 81,2707, 2001d 93,4937, 2002\
105,10371, 2003\ 157,233 2.2 A& Q) F714< Rolx gt}

Table 12. Present state of crematory in Kora

A= EFPEICED
1995 53.9
1996 57.0
1997 56.9
1998 61.0
1999 74.7
2000 81.3
2001 945
2002 105.1
2003 157.2
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Fig. 24 Ratio of cremation between 1991~ 2003
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y = 2.0827x° — 8315.8x + 8E+06
R? = 0.9501

1995 2000 2005 2010
A

Fig. 25 Prediction of cremation until 2010

44 W EF 43

A BAFAFAA AAEL e U FFAHL g7 FAA
d Typedte F8HA FAZ AAHL ez wEd A4S 9389
Table 112} wWiEAl¢ F AA FF wWEAFTE o] &34

20039 = sPFAAS o] 8F A Ul sFF wiEstRoA e 3
PAHs$®} 3SPAHcarc, 3TEQ PAH.9] JdzF ¢azxe zZ+z+ 32514
g-PAH/yr, 1,993 g-PAHcarc/yr, 05 g-TEQ PAH/year & A=t}

2005 9] A A S 210,0007, 201039 43S 44000072 FA
dto] wiE & FA$ A3} SPAHs$ SPAHcarc, STEQ PAH®| d7hu)
%2 200539 43,435 g-PAH/yr, 2661 g-PAHcarc/yr, 0.7
gTEQPAH/yr, 201039+ ZPAHs$} 3PAHcarc, STEQ PAH.o A 7huj
=92 95986g-PAH/yr, 5576g-PAHcarc/yr, 1.4g TEQ PAH/yr& +3
oAt

als
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A5 A48 2 AA

2 A7AHdE S 32 ALTAHAA HT wiEsE divbzdA
o} PAHsHlZ 54 izt 1) 2+ 3334 PAHs 5% o+, 2) 348
PAHs 3l3E9] vl& 54, 3) 2 294 PAHs® £ PAHs9lo AaA

TAEAE A, 5) FauEAFE
& FAS FF FAYEF &L 9% 7
et olel distd B A7 Fa ARE gy 2.

D =W 378 wiE7t2el A9 SPAHs wWiE s =89 33ue/Sm ~
2846 pg/Sm’ 2.2 UElster, di7]e g WAAIH Y FiFo wel WA A
Aol flE 4 2846 pg/Sm', AAAZAEY] A 340ug/Sm', YRR
A Fee AR»ZY] F& AR HS 138ug/Sm' 2o A}E vE
Hol ti71 2@ AN dd & vjEsee] o7l & Aoz YEly

2) B3 gES LS ARy Type A9 Type BY Z$ 4 Ring 3%
20 1224 pg/Sm’, 15.0pg/Sm'2 AA w2 43%9 4% E A8

o2 Yo, Type C2 %9 2Ring 33gEo] 65 pg/Sm=E A A
HEFe 47%E AAstAT. 53, Type Co A% 1ud e
S5Ring# 6Ring 3t§E° §A7t 1.8% vlvte 2 vehgo

1

PN
re
-4
i
>

0

3) Benzo(a)anthracene, Benzo(b)fluoranthene, Benzo(k)fluoranthene,
Benzo(a)pyrene, Dibenzo(ah)anthracene, Indeno(1,2,3-cd)pyrene®] <t
dede T2y SFEZA FFZAAY TPAHcare. 5 EFES
0.03pg/Sm' ~157 pg/Sm's VYEPHATH 3 Ht SPAHcarc. 2%
EE 30 pg/Smo® el on BxAEe FHIZ Type A 790l
= 2ZPAH®] 58%, Type B¢} CE 7}7 8.0%% 2.0%2 e} WA A]
A Aelsdgd & zolzh FlE )
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A&z 33E F AcPS BaAE ALF vz BAEL BFE 2484
o3t gao] & o FuHW, AHEAF PAHse Z$ @A Axd

R, RS VA 59 6 ringdt@EY S LA EAse=

5) PAHs®] wWZA+32 31.8 mg/body ~ 6135 mg/bodyd HAES
7FA ), et E& e SPAHcarc. ¢ ¥WE A+ 0.3 mg/body ~ 61.5
mg/body®] ®HE YEtR o™ TEFPAHS 79 wEAFs #HY:s
0.000mg/body ~ 0.014 mg/bodyt}.

6) stF 2] PAHso ™3 Inventory B7HA3, = 334 v &
7tz A ¢ SPAHs, SPAHcarc 2 TEFPAH 9 JdzbdAd#e 20033 3}
dEFE Ve o R sl 47; 32514g/year, 1,993g/vear ¥ 0.4%4g/yrE F

el did AR AN A AN A g A I
of FF S FF&E b T Aos Aqidn

et 333 WEtS Tolle FF AR AUILHELRS A A
T PAHs7 b IR0 wjE 5o} = o] & A72AA= g
Ak weEbA sl fE HSHA A @] de o] 1o F
Aoz #Agdn

Ao R, & ATdste g A FAVIE 48 & FA4Y ¥
AE WES did AFEAE g2 BAT/BEP 75& #¥ 7%
AR 289 5 A& Aoz ADHY, voprhA N 848
2 WEH s PAHs W32 FA oot FF IFA4 frleded
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