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Abstract

Airborne suspended particulates were collected at Shinchon by a high volume cascade
impactor from Sep. 1990 to Aug. 1991. Organic matter was extracted from particulates
and fractionated by liquid-hquid extraction and thin layer chromatography. Substances in
the PAHs and nitroarenes’subfraction of neutral fraction were determined by capillary
gas chromatography. Based on unit risk estimates by multi-stage model of benzo[a)py-
rene and the results of exposure estimates, cancer risk was assessed.

The annual average concentration of total suspended particulates was 201.77g/m". The
percentage of fine particulates was 57.40. The concentration of total suspended particu-
lates showed seasonal variations and was high in winter and spring. The average concen-
tration of extractable organic matter was 8.12g/m® In all, 21 PAHs were identified and
quantified. The annual concentration of fluoranthene was 2.38ng/m? and that was the
highest value of all PAHs. A carcinogenic compound, benzo[a)pyrene, was at a concen-
tration of 1.84ng/m® All the 10 nitroarenes were also identified and quantified. The major
nitroarene in the Shinchon area was 2,7—dinitrofluorene. The annual concentration of 1—
nitropyrene was 1.56ng/m?® Concentrations of PAHs and nitroarenes were high in winter
and low in summer. The life time excess risk estimates of benzo(a)pyrene was calculated
as 0.96 persons/a million population in this experiment. In the rank of relative potencies,
carcinogenic effects of the other PAHs were calculated as 0.004-0.108 persons/a million
population.

LM g A7}y =7] dFel 2 slshvh el §- "ol Bals

o {7155 %] & A (Sasaki 5, 1987)7 o
HaEae fefvel drleded A & d e gz AH(Carnow®} Meier, 1973)ellA] sl b=} At
v 29le 2 e (AHE 5, 1986), 1L AR AzE algel #wEA e 7hed fiveeldx
X iAol s 2 % ohet thE 2 EH S wiA) dotoz 1&g gl Atutgo] wld F43] Frhsl

— 247 —



248 DFERE

Qe (FAA, 1991) 22 Astse] 7kx 9=
7] 2.edo] aizle] AL ZA A¥I}T ASE
fr38 & 5 qlrh

715l e oF 2,800 atEAe] Exjaie 2
Z 3004F o]Atdl disl MEFFol AAHULG
(Graedel %, 1986). 538 £34 izl A
A5l o g e 3leAF (polycyclic aromatic
hydrocarbons; ¢}3} PAHs)¢} 2 nitrod} &= 313}
E(o|3} nitroarenes) 2 A= i gE {7
£ (polycyclic organic matter; ©]3 POM)ej ¢}
g A dbgted e ou] 1847)RE] AU o]
Qg Q37 AAH R gus] A= gl ol
g HPEEL F2 XA ZEIH, A, A7
Al Zoll A &= +=d], NAS(National Academic
Science)®] B.i(1983)c) w2w TA|R]HolX =
ko] wj$- Fa g egdog g

IARC(International Agency for Research on
Cancer, 1983)el A+ benzo[a)pyrene(¢]3} BaP)
< 2 29 PAHsE Apol g §3 3H(prob-
able) =& 7Fs%H(possible)dERE FH3I
gler], PAHsE 3l sle Za YA E, &
a7, g2 Fd diside ARt W@ wetEA ol
23 4 sl wesix ok

sy $2ldelelA] elzig Ead dig pele}
Aeole A3 o]F2x g gled, FelE HY
87 71E4R e TAR ARGl A s 3)
= )l 7} (risk assessment)uPH o] T4l
AE 2Zelch. 1% NS HrbEr] S8 &
FEE 712" A2, o dF7) Rase]
gto ) (AN S 1988; A&, 1989, FAIF,1990)
d edxe] oA fsAde] FER AL dF
oA () Eubzt L, 1992)F A3k A W
A A glch.

mebd B o dpe e Al A5 F
Ag WALE O edyad AYEY BiE
of ggasel sde o PRH {FrEAY T
gtetate] o]Z g QA9 Lt A Yo
(cancer risk assessment)3}iiz} slgdct. ol T
Hom MM BfpAes Ag A A% o
A AbsgE AAsE Hols wriEe ol
2954 Hriel 7F HA A B 2L
AR AHgEed 53] olrt

o
R
2

]

i ofy e

2. A7 e

2.1 ZAPIZE W BEHH
AgAle) AEAGeA 19904 9YFE 19914

8Y7x] 48 m= 72 A7ME F7E did AFATE
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Table 1. Analytical conditions of gas chromatogra-
phy for the determination of PAHs and

nitroarenes.
e Conditions
PAHs Nitroarenes
GC Shimadzu GC-7AG(Japan)
Detector FID(Flame lonization Detector)
Integrator Youngin D510 B
Flow rate 35m¢/min
Altenuation 4
Chart speed Smum/min
Inpction volume 2%
Column BP1 PTE-5S
(25m x 0.33mm, 0.25m) (30m x 0.25mm, 0.25m)
Inpct. temp, 270C 300C
Detect. temp. 70C 300
Oven temp. 130°C(2mun} ~270°C (15min) 140°C (4min) -+300°C (15min)
Temp. rate 27C/min 2°C/min

o] MAY FERA £ dabdl 2l (multi-
stage model)&- o] &€ 9 Al(extrapolation)-& %3}
o] 95% AlZ]@A 2 upper bounde| 4 5.2x 10 &
4h& gtelsdoh

=3, BaP 1007}4] o] 4] PAHs% 7}% me
AF7 o2 wed ANHEA2A BaPE& o|43t
PAHse] &9 A% 29} (rank relative carcin-

ogenicity;Clement et al, 1988)¢ <42 o}& (1)
(2)A] 3} o],
Epp(per 10°) =Cy,p(ng/m’) - u (1)
EMMs(Per 10%) =Euup + RRpuus (2)

(1) Egp : The life time excess risk estimates due
to BaP
Cpa» : Concentration(ng/m?) of BaP
u: Unit risk estimates(5.2x1077), upper
bound estimates by multi-stage model

(2) Epans : The life time excess risk estimates
due to PAHs
RR:yus ¢ Rank relative carcinogenicity

dedx FollA PAHsel o 23 et g5
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1. Acenaphtylene 4P, 1 Pyrene aldehydeInt. std. 2)
2. Acenaphthene 12. Benzol b)fluocranthene
3. Fluorene 13. Benzolk Wiuoranthene
<. 4 Azalluorene(Int. std. 1) 14. Benzo{elpyrene
4. phenianthrene 15. Benzo(a)pyrene
5. Anthracene 16. Perylene
6. 9 Methylanthracene 17. Indeno( 1,2,3 cd)pyrene
7. Fluoranthene 18. Dibenzo(a,cJanthrancene
8. Pyrene t Dibenzo[ a,h Janthracene
9. Benzo[b)fluorene 19. Benzo(g,h.1}perylene
10. Benzola)anthracene 20. Coronene
11. Chrysen

Fig. 1. Chromatograms of PAHs standards and a
sample {raction.
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Fig. 2. Chromatogram of nitroarenes standards.
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Table 2. The monthly average concentration of air-
borne suspended particulates.

unit ; ug/m?d, ( ) . range

Month Total* Coarse( %) fine(%)
1990 Sep 102.15( 65.00-135.81) 45.52 54.48
Oct 163.88(117.87-198.99) 45.44 54.56
Nov 234.63(183.35-317.60)  46.79 53.21
Dec 231.04(175.87-315.78)  36.92 63.08
1991 Jan 200.61(159.79-266.63) 42.53 57.47
Feb 277.13(243.48-307.05) 25.16 74.84
Mar 205.50(182.54-241.27) 43.69 56.31
Apr 331.07(216.42-424.27) 41.02 58.98
May 229.72(181.37-256.79)  49.03 50.97
Jun 195.59(157.74-217.22) 49.53 50.47
Jul 131.33( 84.86-163.01) 48.71 51.29
Aug 118.53( 57.01-177.11) 52.06 47.94
Mean 201.77( 57.01-424.27) 42.62 57.38

* No. of samples =3, sampling duration: 1 weeks
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=& 22 49080}
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By ql7 0.38umolste] #-Alo] 57.56pg/m'o 2
74 moka o) AA Fxke] 2853% E A
she ofolw 7}AF Mo FEBL 2.1-4.1ume| A5
7+ #3lelgich
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mass distribution)?]& o} &-3te] WA F
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BEs 42-10.1m ¥EolA A F7iEe] 2.1-4.
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Fig. 3. Normalized mass distribution of airborne

particulates in Seoul.
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Fig. 4. The seasonal variation of extractable organ-

ic matters.

Table 3. Extractable Organic Matters(EOM) Con-
centration of Airborne Suspended Particu-

F2A9 Frsl oahgy

lates.
unit : gg/mt, () %
Month Coarse Fine

1990 Sep 2.40(35.8) 4.32(64.2)

Oct 2.42(29.3) 5.83(70.7)

Nov 3.29(42.3) 4.49(57.7)

Dec 2.53(20.2) 9.93(79.8)

1991 Jan 3.25(27.7) 3.59(72.3)

Feb 1.21(25.0) 3.56(75.0)

Mar 2.99(34.1) 5.83(65.9)

Apr 3.23(30.5) 7.25(69.5)

May 2.74(36.0) 4.78(64.0)

Jun 3.68(62.7) 2.20(37.3)

Jul 3.79(54.1) 3.21(45.9)

Aug 1.88(32.8) 3.93(67.2)
Mean+S.D.  2.74(33.74) +0.70 5.38(66.26) *+2.24

99 zdl, 1094 vAdAE A BE oy H
52 w@sich

vl gl 2} 7}1e-dl benzo(b)fluoranthenee] o33 7
3.46ng/m’EZH 7} & F5E Yehigdew py
reneo| 2.20ng/m®, fluorantheneo] 1.96ng/m?® 19
o) chrysene, indeno(1,2,3-cd]pyrene%o] && 3
=& Hgrh %3 benzo[b]fluorene, benzol(k)fluo
ranthene, 9-methylanthracene So| A=A o g #
< FEE vepfd o218 5).

nparb 2z g) el =
m?, benzo[a)pyrenee| 0.50ng/m’, fluoranthene %
o] 2 ¥%F ilelWlon anthracene, benzo(b)
fluoreneo] & ¥ %2 el gich

A A 2.2 benzolk)fluorantheneg& #| &g &
PAHse] Fx+& vAld#A7E 2dldlA R 1.7-9.7
ol & e 2ok =3 o -2 PAHs7 A
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1. Acenaphtylene 11. Chrysene

2. Acenaphthene 12. Benzo{b]fluoranthene

3. Fluorenc 13. Benzo(k }fluoranthene

4. Phenanthrene 14. Benzo{e)pyrene

5. Anthracene 15. Benzo(a)pyrene

6. 9 methylanthracene 16, Perylene

7. Fluoranthene 17. Indenol(1,2,3 cd)pyrene

3. Pyrenc 18. Dibenzo{a,c) + [a,h)anthracene
9. Benzo(b]fluorenc 19. Benzo(g,h,iperylene
10. Benzo(aJanthracene 20. Coronene

Fig. 5. The yearly average concentration of PAHs.
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Nitroarenes2 1-nitroacenaphtylene-& #¢lg 9
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094ng/m'e. 2 7} =& E=5& Yehlgz, 1.8
dinitropyreneo] 7}A A& Frg 72AEFd o2
nitroarenes+= A & ¥]28 T2 R ¥ E ¥H9c)

2,7-dinitrofluorenee] <1 #H7# 0.43ng/m*e & =
HAAAHE oA 7Y e SRS chehd wol
1,8-dinitropyrenee] 0.35ng/m* 2.2 v|A|g] 2}l A] 2}
= g2 & 28 HEHUL
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2-nitronaphtalenes} 1,8-dinitropyreneg 3| 2] 8}
B2 vl Alql Al 4] oF 1.3-4.0w) =kch(AE 5).

3.4 B2TE PAHs2| del|s|yd

195 349 #2435 U934 PAHse zb o
T =9 BaP& 7|&F28 0.004-1.119 H9g =
L7 PALSS) SRS A2 23
HeHEE T AT ARbelA Aol $HT etz
(probable human carcinogen) & <#{xl BaPe] 2]
AAe mEAF wgd 0,969 EopueteE e
vehl= o AEEdoh w8 AgelA vheg
(possible) ®eFE-2 g <t#]zl indenol1,2,3-cd )py-
rene, benzo[b]fluoranthene, benzo(k )fluoranthene,
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Fig. 6. The seasonal variation of nitroarenes concentrations in coarse and fine particulates.
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Table 4. The seasonal concentrations of PAHs in coarse and fine particulates.

unit; ng/m’
Season* Spring Summer Autumn Winter
PAHs Coarse Fine Coarse Fine Coarse Fine Coarse Fine
Acenaphtylene ND ND ND ND ND ND ND ND
Acenaphthene ND ND ND ND 0.02 0.03 ND ND
Fluorene ND ND ND ND 0.03 0.07 ND ND
Phenanthrene 0.03 0.39 0.05 0.10 0.31 0.14 0.10 1.94
Anthracene 0.08 0.48 0.02 0.06 0.10 0.09 0.20 0.21
9-methylanthracene 0.02 0.35 0.19 0.34 0.13 0.39 0.19 0.71
Fluoranthene 0.19 0.71 0.13 0.12 0.22 0.52 1.22 6.50
Pyrene 0.10 0.98 0.05 0.11 0.05 0.27 0.94 7.43
Benzo[b}fluorene 0.08 0.51 0.05 0.12 0.14 0.08 0.13 3.03
Benzo[a)anthracene ND 0.70 0.25 0.42 0.15 0.67 0.81 343
Chrysene 0.33 1.60 0.19 0.22 0.15 0.70 1.59 4.54
Benzo[b)fluoranthene ND 2.44 0.21 0.76 0.65 1.54 1.58 9.09
Benzo[ k)fluoranthene 0.13 0.57 0.19 0.26 0.04 0.22 0.83 ND
Benzo[ e)pyrene 0.15 0.68 0.40 0.26 0.47 2.19 0.10 3.44
Benzo(a)pyrene ND 0.88 0.49 0.56 0.35 0.52 1.15 3.57
Perylene 0.11 ND 0.35 0.37 0.25 0.43 0.34 1.00
Indeno( 1,2,3—cd)pyrene 0.13 1.12 0.30 0.74 0.39 0.44 0.66 4.61
Dibenzo(a,c) + (a,h Janthracene 0.12 2.29 0.34 0.49 0.39 0.08 ND 242
Benzo( g,h,1}perylene 0.14 0.87 0.08 0.11 0.06 0.51 0.72 3.14
Coronene ND ND 0.17 ND 0.20 0.17 0.13 1.68

* Spring: 91. 3-5; summer: 91. 6-8; autumn: 90. 9-11; winter; 90. 12-91. 2, ND; Not Detected

Table 5. The
nitroarenes.

yearly average concentration of

unit; ng/m* - (), range
Nitroarenes Coarse Fine
1-nitroacenaphtylene ND ND

0.18(ND-0.61) 0.16(ND-1.45)
0.09(ND-0.23) 0.36(ND-1.54)
0.10(ND-0.60) 0.37(ND-1.35)
0.24(ND-0.26) 0.32(ND-2.19)
0.12(ND-0.60) 0.27(ND-1.14)
0.14(ND-0.63) 0.43(ND-1.73)
0.41(ND-0.41) 0.51(ND-2.34)

2-nitronaphtalene
3-nitro—-9-fluorenone
5-nitroacenaphthene
9-nitroanthracene
2-nitrofluorene
1-nitropyrene
2,7-dinitro—
9-fluorenone
2,7—dinitrofluorene 0.43(ND-1.38) 0.94(ND-3.31)

1,8—dinitropyrene 0.31(ND-0.17) 0.13(ND-0.56)

* ND; Not Detected

dibenzo—(a,h}anthraceneel] oA+ z+z+ 1.08, 0.3, 0.
018,0.98% o] Z=3} wte} #H-go] AE=HAUCHA 6).

4. 1 £

Ago AzAgeAd 147 AT BKEA e
AYF FEE 201.77pg/m*e 2 Sl djzjs
7 71%9) 150ug/m'e VA zisls £Fo|Ac)
E3] 10pumol3te] ZFA ¥ (respirable particu-
lates) & & Fx9 82%-l s|=dsl= 167.13pg/m

22 o]l& TSug/m'E WA A& vFe #7Y
71F FEE WN A5 sEeldnh =3¢ &3
o AR ELE AAIANA DY d7ADF FERE 9
s} B el Agt A (2ume]sh& HA S 94% 5 A
A8k glsdet. olelgh eqdofatel niFe] & o
E 29y e ¥aede m$ Aldg Ao
2 Ad=Eglor Feddogs wiErie dAx
Wl &8 Ao FE2Ho a3y FHEAsE
o} mEFe] FAHA AR wFEFAY 8
7F ol BA7) dE 3 ¥ 5 gddd

2E5HFE POMY Fxo} Aol £ g3k v
Ach(Jar, 1988). A}5-3} AA &8 FF F£F
oA ¢h& FAlFI di7] FREalel eljh obt
Aol £ 89loz zhg-3o] o]u] Bt 53| &
Fatee] A4 wEE 7led O 75%E A En
= FAARF9] PAHSs, nitroarenes, azaarenes
5ol <A g foitshes ez oA g
(Crebelli, 1988). & AFA Aol A% Zch e} a]4df
A FAEGoe] AA {718 70%e]4-& AR
ol 25 20%F2] PAHs®} 9%2] nitroarenes7}
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Table 6. The life time excess risk estimates due to BaP and other PAHs in ambient air of Seoul.

Concentrationen Rank relative Excess risk

PAHs . . . )

(ng/m?*) carcinogenicity estimates(per 10°)
Benzo(a)pyrene 1.84 1.0 0.960
Indenol( 1,2,3—cd Jpyrene 2.04 0.232 1.080
Dibenzo(a,hJanthracene 1.68 1.11 0.980
Benzo[g,h,i}perylene 1.34 0.022 0.460
Benzo(b)fluoranthene 4.00 0.141 0.300
Benzo(a )anthracene 1.54 0.145 0.116
Pyrene 2.48 0.081 0.100
Benzo(k)fluoranthene 0.54 0.066 0.018
Chrysene 2.16 0.0044 0.004
Benzo[e]pyrene 1.90 0.004 0.004

¥ zalllA AR BaPyxEe} COFZ(37 4,
1991) 8 o] 43 23S S8 v A5z W&
AaFd s 2%l dj7j= BaPel ¥ CO¥
Zul7 W AL & AR Yehdoe
Grosjean(1983)9] o-7Aze}l A& (AL 2.24,
o Z 0.72) 25 3%o] PAHsS #-93 il
8985 o 7 At

gl 2t POMoll 9] &2 & vidaizAd 74, 7
ol 58 271wl (NAS, 1983), BaP}
ZFe d7led e lug/m'e] F7le AP
5%%71*%lch. BaPe] Fe 4l tjo]Al xjapu)
8o o A gy HEs vFHEA AFAE
A A eyt 59 Frb ough AptEES
dehfe e A7l v gloh(Cuddihy, 1984).

A 7|3 BaPe vx+ 7hare) d7] e
Aol wel AAHog ZaFHe sdck(Peter,
1991). v EPA(1979)l A& 327} o]= EA]#]
ode] WF BaPel %7} 19661 2 3ng/m'ell 4
19700 ¢} 2ng/m’e ¥ Fo]E¢iciy R uslgdoh
B A7 BaPo] A7 B¢ 1.84ng/m'e| F5
2 el Bs5E 5(1978)e s MFow A
<A H71% BaP9 ¥x7} 5.02ng/m'o2 ZAAFH
olel 7te] AR ¥ FEWshe dAxwE
A sleti & 4 gk

a2 2|2 7o ostw PAHsYch o 7%
T Eoddie|dA BHelm FEAPCA iAol
ol %] 7 ¢l nitroarenesz} 22l 27 QA g
AsllE A oa gt 1E]l Selvie} wjvlE
Ao 1 egdpEE Ao wazAR 4 A=l
d] & A AT 4] v)gfo] 7] &} nitroarenes?}
HA2d AL B g gtoz ofd gt A7} A
w3 sl

o]l FEEH & fANA AsiA= 3

A gYrpgal S8l ke 2 B A (uncer-

tainty)e] =22} iAo}l Hy dedx EFsia
A A7 7o) AAgiere] 247} 5 ) §-
glitztel] o] ubEol Wig ATt AR e 3
Tog B dA+4An #£3 F BaPel 93 Helxe
AT WubH} 0.96 e 27 wtshER Al = o]
vlad e g g e glgdch o AbEel
o] g5 whe] s =A) & Collins% (1991)9) 342
of UAj frolgt grog wudsof ARg-sle]r)

a2y F31Fel = BaPol 8ol = 100717 o) 4o
PAHs7} &aale ol 5] Ealoll 9t ¢lsio] 715
€ e HElvh ol 9] HHEg sty
el AR =9 AT 4 (rank  relative
carcinogenicity )= BaPoll o] gt PAHs2] A&l
HtelAl o & (Clement, 1988; Krewski, 1989) o}=l7}
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el Aeg Ao ofE PAHsE o
Hep g AL 2o slok ok & A
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Q= e2 A BaPeol9el® t}& PAHse %
el et as nE ¢ dle Ao dehy
t}.
old olejgt 7zt B AF fSH=AE NEA
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A&EA d7E e 29 oF o3y
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1) 354583 295 Agd 207.77ug/mo]
dem oF 94% ol 4ol vlAUA HoE b}
ek 28] A gol F& 9dET Molon 2,
1-4.1mE ZAZ A3H EA1E of A ¥ (bimo-
dal)E Jehl ot

2y 4 #1389 FAHEYHE
PAHs 21%& ¥4% #As} acenaphtylene}
acenaphthene2 A ZA7] 7ol 4 ZH &5 = g9t
o, fluorantheneo] A4+ 2.38ng/m*= 7}4 =
2 & dveblAdrh =& gy EgkEaal
benzo(a]pyrene& 1.84 ng/m'e] Frxroeoen
nitroarenes®ol = 2.7-dinitroflucrenee] 7}3% &
T2 ZAEFgs WFEAH  nitroarenesy) 11—
nitropyrene2 A #F 1.56 ng/m'e %l o
AEe vt e FErh 2o A
2 AgAdo]

3) oA mde A dojal ko) w9} o4
o x4 E ENE 42X BaPel 93 &3 4
o AbE2 AT Wubedtd 0.96 e pE e vie}
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2 73zl 7+ PAHse] Z3bubet 552 0.004-1.08
go 2 viepyteh
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