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Fig. 1. Components of health risk assessment process
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Tuble 1. IARC grouping of PAHs and of mixture containing PAHs

Group 1 Group 2A Group 2B
Coal tar pitches Benz[alanthracene Benzo[ b]fluoranthene
Coal tar Benzo[a]pyrene Benzo[ j]flucranthene
Coke production Cresotes Benzo[ k]fluoranthene

Mineral oils
Shale oils
Soots

Tobacco smoke

Dibenz[ a, h]anthracene

Carbon black extracts
Dibenz[a, e] pyrene
Dibenz[a, i]pyrene
Dibenz[ a, h]pyrene
Dibenz| a, l]pyrene
Indeno[ 1,2,3-cd}pyrene
5-Methylchrysene
Dibenz[ a, h]acridine
Dibenz[ a, j]acridine
7H-Dibenz|c, g]carbazole
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Fig. 2. Structure interrelationship of PAHs encounterd in the environment.
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(Compounds with asterisks have been clearly demonstrated to be carcinogenic, while those with ques-

tion marks are marginally active)

qE 228l sl 2% soxhlet, sonication,
shaking ®WHi-& o] 4&vh F&e ALgste 5400
2 ’:‘15‘1'1« F-Aof ololM o) §- F83Hd, Ao
dichlorometane, acetone. benzene, benzene ! metanol
4:1), cvclohexane / dichloromethane / acetone, di-
ethylether : cvclohexane(s : 2), cyclohexane && *}
8o}

wagael A 3 E4e S ¥8E s A
25 gHle g 4324 (solvent extraction),
e = zvlE 18] (column chromatography), PC
(Colum Chromatography), TLC(Thin layer chro-
matography) 52 wh§g o] &%k o|wf Full &oi
2 methanol / water, tetramethyl uric acid/me-
thanol, acetonitrile, dimethylformamide, nitrome-
tnane, DMSO Z-¢] 9129 column chromatography
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o AHeH e 22T BE alumina, silical gel,
florosil, cellulose acetate, gel materials 5] glt}.

POME A2 ZH3 71 24, A4, 44
2o AFE o33 A

%+ #3%(Neutral fraction)
— saturated hydrocarbons
— unsaturated hydrocarbons
— benzene, naphthalene, and their derivatives
— polycyclic aromatic hydrocarbons
— pesticides
~— oxiganated neutral compounds
~— n-Nitrosamines
4H4 53 (Acidic fraction)

— nonvolatile aliphtic and aromatic fatty acic.
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Tuble 2. Physicochemical characteristics and carcinogenicity of nitroarenes

chemical structre M.W. M.P./ carcinogenicity
B.P.(C)
|-nitropyrene NN 247.25  151~152/ — sarcoma
;:[/J (rat)
1, 8-dinitropyrene PPN 292.25 299~300/ — -
D-nitroacenaphthene > 199.21 100~101/ — Distal tumors
(hamster)
N
. 4o
9-nitroanthracene 223.23 - -
2-nitronaphtalene b 180.20 - Bladder tumors
R (dog, moncky)

1-nitroacenaphthylene 173.17 59~60 /304 -

g,

211.22 - Distal tumors
(rat)

225.20 220~225/ ~ -

2-nitrofluorene

e
o

3-nitro-9-fluorenone

%
=
XV,

2, 7-dinitrofluorene 270.20 - -
~ 300
2, 7-dinitro-9-fluorenone ” | 256.22 - -
— nonvolatile phenols
sample collection — polyphenols
7143 3% (Basic fraction)
— azaarenes
N — nonvolatile amines
solvent extraction
4. th7| BollMe] ciEit g R RI2HBae 24
L High volume cascade impactor(Andersen Sierra-
352, US)ell &ekoz HAzA7) Felid °°=lZl(glass
fractionation fiber filter : General metal works, US)& A}-4-3}o
ERF F41-& o] 21 & 2o 3] %} coarse particulates)
i o} wi4 9 2} fine particulates) 2 ¥ 6‘}04 diethy]-
ether : cyclohexane(4:1, v/v)& 7}sl, 223 22
chemical analysis 712 FE¥ FE" /1% Qrd a9
(ZN-NaOH)2 44 AHES Sl 44 29
(ZN-H:80:)2 7] A8 FEsto] Felsls apy
Fig. 3. General procedure of POM bioassay (liquid-liquid extraction)& o]&3ted 4 Rz
analysis (neutral fraction)% F3ghch 4 3% = PAHs¢}
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"Table 3. Analytical conditions of gas chromatography for the determination of PAHs and nitroarenes.

Conditions
Item
PAHs Nitroarenes
GC Shimadzu GC-7AG(Japan)
Detector FID(Flame Ionization Detector)
Integrator Youngin D510 B
Flow rate 35 m// min
Attenuation 4
Chart speed 5 mm/min
Injection volume 2ul
Column BP-1 PTE-5
(25¢m % 0.33mm, 0.25um) (30cm X< 0. 25mm, 0.25um)

Inject. temp. 270¢C 300
Detect. temp. 270¢ 300¢C
Oven temp. 130 (2min)—+270°C (15min) 140°C (4min)—300C  (15min)
Temp. rate 2¢ /min 2¢ /2min

nitroarenes & H-2]&}7| ¢|3led wtE mFEvlE¥ gy
(Thin Layer Chromatography)¥-& o] &3}, ] o
AAAe 2+ silica gel G-60 (0.5mm, 20cm X 20cm,
Merck) & A1-43l1, o]lgAd e 2e
hexane : toluene : benzen (8:36:4:53, v./v)& Ah&
gt} PAHs #3828 R EFEA 4-azafluorened}
1-pyrene-aldehydeZ #7}3} benzene 2. &2 &3 A] 7] 1
nitroarenes ¥-3-2 PAHs 734 ©] i3] wE o322
A7 g zhan glem A s FibAiol ¢li= anthracene-
WhgsE = 3l 7ld =zErE23(Gas
chromatography : GC)2 F& % Hekitr} o] oig
GC ¥4 2718 Tuble 34 veh i},

B Al 3E-& POM 7H&d|, 54 Axe} ]
z Byake palsled PAHs 212 (Supelco, USA)3%
nitroarenes 10 (Supelco, USA)& AA sty ow, 7+
E25EAT AN BAM Z2d 2202 0P-S Fig.
4oll, Fig. 5~72 54 € =& 2o Frf

n-hexane : cyclo-

5. B0l claty s stibr A R(polycyclic
aromatic hydrocarbons; PAHs) 24

Fo5old AAHE B2 e ode) Hrhe
WA 27 Fol LZshE PAHsRe] 1% F£0]7] o

ol w5 e 71AE AP FE AA2 A7ke] o
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1978'd Basu®} Saxena®] A7 A A& w7 &8
4~ %9 benzo[alpyrene, ¥ PAHs®| -5X7} O
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< o 0.0011ug, 0.0027uge] ek stk {4 &
T E 284l PAHso| % 934 o7& ¢l
%21t Poel(1963)2] Aol vl& AFxo]z|qt
8575 2% whAd PAHso| Al F2 &= 34
H e HESR dokm AHsgch € Fe
PAHs® Auklge] 142 das]o] tfr] Fof £
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5~10000] o] 4 ¥& FEE A% Aot 231
s 7} opA] Al o 2 A2t} Borneff(1977)+
LOpg /! o142} PAHs& 73 ¥+ A= Hilx
SE&FRA AR FEola sk ch
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1. Acenaphtylene <>, Pyrens—~l-sldehyde{Int. std.2)
] 2. Acenapirthens 12, b}£1uoranthece
oy 2 3. Flworens 13, 1£1
<, 4-dzaflucrene{int.std.1)  14._Benzo{e]pyrens
1 » 4. pheranthrene 15, benmo{a]pyrens
- s. 16. Ml“
3 6. S-Methylanthracene 17. Indeno{l,2,3-od]pyrene
s 7. Fluorsnchene 16 18, Dibemzola,c)anthrecens
a 8 Dibensola, h]sathewoene
s 9. Benmo(biflucrene 19. Bemzolg.h, {1perylene
10. Beramo[s]anthrscene 2 20.
11. ~a 17
<>
4 = e
s 1 bl
w0 ‘
N =
3
20
E&, = < = = o 2 5
<«
8
7
<
m 2
w0 1a 19
9 -] 17
At
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20
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Fig. 4. Chromatograms of PAHs standards and a sample fraction

= A Hg B£A7]7| 2 PAHsolA] 7} o] AN SE & PAHs®| o2 ol §- 2 7] o Fol] g PAIHHE A
glehe Aolch WA f71 89 AL H A media A "k AT g1 BL e 4o 2ME E
Al o8t w& uh e g shgsle 249 R71E 3t Felst 34 F8 Fo we)E AL TLC(thin
> A, @74, B4 Bgog gzt ureixlEd, layer chromatography) 2. th - | A gc}.
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Fig. 5. The seasonal variation of PAHs
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ng/m-3 1. Acenaphtylene

4| 2. Acenaphthene
3. Fluorene

3.5f. E coarse particle 4+ Phenanthrene

tine particie 5- Anthracene
6. 9-methylanthracene
7. Fluoranthene
8. Pyrene
9. Benzo[b]fluorene
10. Benzo(alanthracene
11. Chrysene
12. Benzo[b]fluoranthene
13. Benzo[k]fluoranthene
14. Benzo[e]pyrene
15. Benzo{a]‘pyrene
16. Perylene
m Ner l 1A }7. Indeno(1, 2, 3-cd]pyrene
1 2 3 4 6§ 68 7 8 9 10 11 12 13 14 15 16 17 18 19 20 18. D‘beﬂz‘)[ac} +[a,h]
PAHs : . anthracene

19, Benzo(g, h, i lperylene

20. Coronene

Fig. 6. The yvearly avarage Concentr?tion of PAHs

ng/m-3
i
j 3 coarse particie
0 BL' Hl tine particle
e 1. 1-nitroacenaphtylene
| 2. 2-nitronaphtalene
3. 3-nitro-9-fluorenone
4. S5-nitroacenaphthene
5. 9-nitroanthracene
6. 2-nitrofluorene
7. l-nitropyrene
8. 2,7-dinitro-9-fluorenone
| 9, 2,7-ditrofluorene
10, 1, 8-dinitropyrene
7 8 9 10
nitroarenes
Fig. 7. The vearly avarage concentration of nitroarenes
PAHs+ i8] 22 o= P 8= HE 722 dutd B4 v 8= Fig 83 21}
ol A B4A B4R, 2 $7F el uhet ¥ ¥ % PAHs %ol A8 4%]+= polystyrenedi-
ubddo] 82 5}A) wrobal = Mzl w) o gl AbAb B3} vinylbenzene copolymer resin, XAD-20] 'dg] A}
slediglm] PAHs 318H29] 1/38 & 8 Rbel A, o ghem, 2l 713t Bqt A stelE Ao) ZE o]
1/38 oA Fakglzlol 4, 1/3& &%l sjef 2 E ) gt AF8-3l7] Hell @A 81A1%] Amberlite XAD-2
gk, E-Ef?} 22| A8 7batA Fpshad g 43S (20~60 mesh) =25 A& &3 Y $71E2S &
uhahis B3 7plal olel o)#ijt BEHEE 4% A FEA7)7) % AR Fig. 9ol vheldl npe} o]
vlgk Bad uiil g 2 4514 glol, A FEo2 vreld
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Water sample

Concentration

Clean-up

N
Analysis

#7194 89) 4

Grab sampling
Mega sampling

Liquid-liquid extraction(EPA 500)
Liquid-solide extraction(EPA 525)
XAD-2 resin
Cis catnidge

solide phase extraction tube

GC/FIDMS
HPLC

Fig. 8. General procedure of POM analysis in water
() 1-liter reservoir

(B)  24/40 joint

(¢, E) silane treated glass wool
tD) XAD -2 resin colum (0.3em-1. D 10cm)
(F) teflon stopcock

Fig. 9. PAHs adsorbtion apparatus

Juhle 4. The comparison of upper bound unit risk estimates

35A

1 BaP EOM

Method (ing/m’) (lyg/m'%)
Animal 1.1 x107° Inhalation

study by 4 x107" Intratracheal
Human %.2 x1071 Coke-oven

study emissions
Comparative 4.2 %1077 Automobile(gasoline)

potency 23 %10 Automobile(diesel)

method .9 x107 Automobile(Seoul)

"+ Collins et al.(1991)

g 3 - . . .
: Continuous exposure to lug/m” of benzene-soluble compounds of coke —oven emissions in ambient air,

EPA(1934)

: gasoline, Lewtas(1992)

. diesel, Lewtas(1992)
: 212, gasoline, 79% diesel emission in Seoul, 4.2Xx 10" "< ((.21) +2.3x107*%(0.79)=1.9x 107"
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Heating season Non-heating season All
102 °
EOM
EOM
EOM
1072 °
1074 °
sl BaP BaP
10
BaP
107°
1077
Excess cancer risk
Fig. 10. The camparison of excess cancer risk between heating and nonheating season
IL Eeb2ag Aelel AAND F 2H5F Bebs #nes

ol g FH 2328 9o 3 bed vol/min®] FH2E
g8 234)7) k& acetonitrile, diethylether& ©|
£5to] £%4]7) 3, L-L extraction, TLCE AH&8}o]
PAHs 832 o1& Fo GC2 HaFtMEctk £ F
= 1.8 7} 1 gl PAHsS 544 11579 2EE
o] ¢ molo} stmE 1R F¥& 7kl glis FID7}
t] 4 Agtsled FIDi: of 32 PAHsel Hsjef 24
o) chopgt E2ql Wl zH Al o ke A it

6. R71ABAON cHet Wt iaiA Bt
sl 4] & st zto] ule) HHUe A WA
A o) o 3£.4) 298 EOM 2

benzo(a)pyreneol] ¢j& aldl2| gls)4d& Hrsll &

2

3l #e ok

elr). o] w| Ap&%F 4 gli= ukgl glAlE FAIA=
Table 49} ZFowi, =A% sjsfxeol # 91 Fig. 1034
[ig=3
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