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= Abstract =
Health Risk of Organic Pollutants in the Suspended Particulates
in a Traffic Area of Seoul

Dong Chun Shin, Yong Chung, Jong Man Kim,
Seong Eun Park, Yong Wook Lim

Department of Preventive Medicine and Public Health and Institute for

Environmental Research, Yonsei University College of Medicine

Due to rapid industrialization and economic development since 1970’s, Seoul has
become known as one of the most heavily polluted cities in the world. This is especially
because of its air pollution.

This study was conducted to characterize the cancer risk from organic pollutants in
the suspended particulates of Seoul.

Extractable organic matter (EOM) and PAHs in Shinchon, a major traffic arca, were
measured monthly in two periods of Aug. 1987~Sep. 1988, and Sep. 1990~ Aug. 1991.
While the differences both of EOM and benzo (a) pyrene concentrations between these
two periods were not significant (P> 0.05), the differences between heating and non-
heating seasons were significant (P < 0.01). The estimated mean concentrations of EOM
and benzo (a) pyrene in fine particles in non-heating season were 3.98 g/ m3 and 0.51ng
/m? respectively, and in heating season were 6.75 4g/m?* and 2.96ng/m? respectively, in
these two periods combined.

The calculaled risk from EOM was compared with that from benzo (a) pyrene and also
these values were compared with the level of acceptable risk.

Key words: health risk, air pollution, organic pollutants
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A 1=

197000 o]Fo] AT AA WL TR
3 Age) A7) g A A gt =3
Fd3 gyl ede] FaYdoeg AztsEE Y
o] whgo] At Azt Al Frlste] ¢t R
g Apd el e A 35898 AAIE AL sl e
oz o] 71 Aol (FA A, 1991).

7] 293 sjotrle) FRAL B At A
o| A] o] F-o] =] gkr}(Shy, 1976; Cederlof 5, 1978
Doll, 1978; Speizer, 1983; Matanoski %, 1986).
EA] AFALY] Hot AR FE AF A v
3 A A 9 Buell, 1967), o1& A7)
FE HAEH 2484 FAE AR A
g g qloy Fduteze EXAAFRLY] £
ok U AHYE T AUk (Stocks, 1955;
Stocks, 1966).

] A7l o3 upsks £ (polycyclic
organic matter; ©]3} POM)A ¥-5-2& v}=f 233}
Jglen, F2 gt U S-S Hols 4] i)
v A A s o9} FAME POMAEES
23k glv}. o|#F AES Aol Bl
A3} A7) A¥aAE sl gt A
TES  Agegles 2-438hglv}(Carnow of
Meier, 1973). 12ivt duba] Q173 che- tjake
2 3l o8 dFH Iz =EY7Hexposure as-
sessment)®} A Bl Ao] ejy EhES] A
deog A o] ksl U A3} A+
Seto] Ak Aol Flojste AATH e
%% /1% benzo(a)pyrencell sl HAlsksdE
¥ POM 5 Edwo|AA T T2l A9 Tt o]
234 g8 295« #F Aol ¢t
(Matanoski &, 1986). ¢]2]38t &34 ¥ (complex
mixture)®] o]3}sbd &qly) 3 Hg=e] F=
Aol FEEolol o] F AR tfr] LG QI
A A= FrE F o gRANUA & 32
22}t Azt

FEAYAR = RN FEdTE

o]-4-3}o] FalgHA ol &I = Ut ATF
<o) oA $l =g 7hgH o2 9r}Etr] 95k
wAEo]E W Eo| 717 fsiA B 7} (health
risk assessment)2A] v 373 X374 (Environ-
mental Protection Agency)-S B]E3F oj=] 7] ako|
A A g-=le] A AL gl ek

7] 3= A" A& Brike AN E
Aol & FEAFARE o] &3l A =
£ d &8 gou, 7] Sl & B2 3§HE]
EAsER o] & 33HEZY A8 we AbeaE
& s A2 412 do) ot welA A
NS rledEAed vigh flsiAgd Frp Forg
s Ae ks A, ] eds fHE f3)
gL TP oz Heotslr] YAle FEEA
(complex mixture)el] gt ¢ &)l A 717} o §e
Aol oAF wigko 7 wuix] o]z} (Santodonato
=, 1981).

Seltelol A 7] FGEzIFe) WUt EA
ol {3 AT AEFE 5 (1978)el o) M F o=
AEA] 7]% benzo(a)pyrene 2P =7t A=
AE Azt 2, A g7l g g Eiuo]
LAl FEE ZAH(xIAE S 5, 1983), A 8-(1987)
of & RF F7[EHe g EdwoidA
A7} Afed (1988)3 AlEA 5 (1990)e) 2] 3
t}shurakE eldl= 4 (Polycyclic Aromatic Hy-
drocarbon; ©]3} PAHs)ol| it di7|5 =x <
FawelAAde] ZAMEIA L, 2AE(1990)9
& nitroarenes ¢] #ele} T g A7} 9l
g} =& FHZ of7]FE benzo(a)pyrene 2 & Al
gt 23 I =5 AbEskd (R E, 1991),
EdHo|AAE o) &3 7|5 ek st
AR v sl ol #IF oI (A2, 1992)
5 W7F FHERF 1 ed Al i &
el A77) FE3] S Yot aeba §
giviele] A$E dirjegEAe] B ¥ FF
18] 3L benzo(a)pyrene TAEA | gk ¢4
F7Feche H7l gl o QA G3}S FHH
22 Fristr] A EgAd AEEH F A7)

it
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FHEAF BRI g B4 g YA 3
7t B2 A1 A 9ol

aHBE o] AT H7F F71edEA
of 2% A HsiAdE eEE A AR
AHEslaa) ol o} 22 Al E-EH S 7A) aL A8
=)

A, ] F gl glel, F 24zt
(19873 ~1988d 3 1990 ~1991 d)Alolell, 3
Z%7] 8 (Extractable Organic Matter; ©]3}
EOM)3} benzo(a) pyrene 8] 55 vlusly, &
A, wdnkr] @ owhdarlel] gled, EOM ¥ benzo
(a) pyrene 2.2 I} W<t =& A&, v 23}
o, AR, 715 F71 LGB E Qg 23} uet
A =F 4AHEs)7] A% el A e SAREE
A5l glo}.

1) ZAF 712 R 2T T

A-gA] AlEA] el A 19873 8 Y H-E 1988
997kA 222 19903 9UHE 1991 847}
A, T 2A7)EE 48 A7 T 122 e 3
2 ool dFU7 23 0.57m3~1.13m3 &) fF
L2 A85E AHFstg)

ol ¥z MFHE s high volume cascade
impactor (Sierra-352, US)9} &gko g AzxA|z)
Fel Ao X (glass fiber filter; General Metal
Works, US)& o] &-3tdet. = £ 734 o
AR ZAsE.e0, 31 9]7e] 2.1 smo]Atal
&t ¢ A (coarse particle)2} 2.1 pm w)=k]] w]4) 3]
2} (fine particle) 2 2573l 23 2o} 9w
FA o= vlAIY A FETE AR sl

2) 20 EOM B =

Ffagle] ZHR A28 A Bt diet-

hyl ether 2} cyclohexane(8:2, V/ V)& 7}3F & 2
=% 2234 S 2084 2~33¢ AX f71F
+ FE3dh FE9L 34 AF 527 (ro-
tary vacuum evaporator)g o] &sl] ¥ F
AF Az7)d) AZAA FAE 238 F 371
RS et T A D T @
Abshatt.

3) EXIE benzo(a)pyrene 9| @YUT =F

F2%9 F71EL 971449 2N-NaOH)<- ©]
S5ted A ## (acidic fraction)S 5313, 4+
438 (2N-H:804)E o] 83t 714 £ (bas-
ic fraction)& 2% ¥, YA FA4F-¥ (neutral
fraction)-S 33t}

ZA B3 PAHs & £2)8}7] 918} thin lay-
er chromatography & o}-8-3}% 20, o] w 33
Ao 2+ silica gel G-60(0.5mm 20cm X 20cm,
Merck) & 41831922, o] X422 n-hexane:
cyclohexane: toluene : benzene(8:36:4:53, V/V)
& A}g-steich £2® PAHs 2 benzo(a) pyrene
< 714 azntEaes]E 0|43t A - AY
stk (Fig. 1).

2. EOM % benzo(a)pyrene2| TR F

w3t SAEE Bolep) 99 oo B A
2ol o8 428 FYIA AT 2AAE AH43)
Ac}. 7H7ke] wpg e ohg} 2k,

1) 2fotsd H|m AHES (comparative potency
method)

F2 B2 JF Y ez FA45 Ak
E3t=d] o] 4% 5 gl ol dl & 5o F
o)} coke-oven ZZAtN A2} ZFo] A FHE
At dFATNA AHEE ST A H
£ o]&3le 3ty AP ESE3) Yl B
22 AAHHNEF FAH 3= o]}, o] uf ]

xR BE 245 FTEAIAR, @154
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Dust filter samples

+ diethylether + cyclohexane(8:2)
Ultrasonic extraction

Filter Ether extraction
cake
Rotary evaporation
EOM
+ 50mil of D.W.
+ 2N H2S04
Ether layer VWater layer
+ 50 ml of D.W. + diethylether
+ 2N NaOH + 5N NaOH
Ether layer Water layer Water layer Ether layer
+ diethylether
+ BN H2S04
Neutral Basic
Water layer Ether layer
TLC
1
I l |
Aliphatic PAHs POCn
Acidic
Fig. 1. Flow diagram for the seperation of organic compounds.

Al gEo] F83] glofok 3l HAAE E
gate] ol AHA o] A7t 7Hde] ¥
5] ojof &t} (Lewtas, 1992).

2 23N B2-BIS RYS 01T HIAYIGHT

FHIK

"k

5% A7 ¥

2

dojxl fapug A8

£ o]&ate], Aty At AAES FH3}] 4
HAE FTEAHAA AHEE $3E Al A
3} £-2F(human equivalent dose) 2 2 HF3}=
HA 3} TEAGANA AR LFEE A
27153 8729 A2 94t (extrapolation)
e AL ez g FR o] FHIE F
d DS E FAAE A&} (Fig 2). ©] A
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Carcinogenic chemicals

!

Experimental animal
data selection

!

f

|

]

Extrapolation from animal to human

. Exposure pathway
. Unit of concentration

and magnitude
. Life expectancy
. Surface area

. Exposure frequency, duration

}

Extrapolation model

from high dose to low
dose

.Linearized multistage
Multistage  .Maultihit
.One-hit .Weibull
.Logit .Probit
L

L

!

|_Estimation of unit risk 1

Fig. 2. Animal to human extrapolation for carcinogenic chemicals.

TF-oll A AFS-E el = FAR = S5 A
AFEAAE 2R, Ao i Ay o
A 249 (linearized multistage model)& o] £-3}
o] A& 95% AFgF3E (upper confidence limit)e]
t} (Collins =, 1991).

3) Aot AT ENE Ol HRRIGHE F=AIK

Redmond(1976)¢8] <&gATE EdZ vl
EPA (1984)°l 1= 7H¢ B4l dql A8 o
A & o] 83lo] coke oven TEALS] Afal
=EY3 3F7A Abgo AE S
q714 Bl Bdolelghe o 1sdt 5
2 geFukg Bl e 8804 22 Y
5 e ®9-8 2gkc}(Paustenbach,
1989).

e} 2 HIel o8 A= dEle

=

T

A& o]438o] EOM 3} benzo(a)pyrene &
el B 23 U ANEE At

oo

3 QU5 XIgO| EH2A

oAx (1987~1988 3 1990~1991), A A7 (G
u}7]12} vyl 7))ol benzo(a) pyrene ¥ EOM 2

EE Aozl UAEAE AHFE]) SAsA
BMDP5V puackage 5 ©]-83}e], it A5

o] HAEA (repeated measure ANOVA)-E Al
skt
4 =
1. EOM % benzo (a) pyrene 2| 28E

1987~1988 17} 1990~1991d 5 7|7}l H A
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EOM ¥ benzo(a)pyrene?] F:5 FA3 A}
E Table 1, 29} 7t} EOM 9] 5571 F 244
717kl A o2 {4t Afolr} flof (P>
0.05), 7717k} 435 shte] dEA 2 vepd
A4k 2EY 9 vl o = EOM
9] FExdlE Fo7t zlo]7} el (P <0.01) ZHzt
9 FAFEod oy Z4-g FA3A0 F3d
EOM 9] HHFEE Wi7)et vpdulr]ed gled
7}7} 6.75 ug | m3, 3.98 s m3 0] ST} (Table 1).

T3} BaP F% 9A| F 717t f47 A
o] % “EhA] dgtovt (P> 0.05), AldiddlE
Fo3 2] o] (P<0.01) Zhztel] s
HAFrEe i 24E A st et 4 H ben-
zo(a) pyrene & HAFE 7|9} v yhi7] o
gle} z+zr 2.96ng/m3, 0.51ng/m3 |} (Ta-
ble 2).

2. th9l 2l = FAHIR| Bl

EOM 3} benzo (a) pyrene &) Wt 9l sl = H71E
93l ole} gl OB ATES HEI F F
Aty wdsEE ZAE Q83te] a9ostH
Table 3 3} 7}

A benzo(a)pyrene 2} 3% A x| Abghzh
(upper bound unit risk estimates)-& o] BUEH
o i3t EEAPYALEE ©])43}4] linearized mui-
tistage model 2 ¥-€] AFE 5= 95% Abgrakelt}.

2 A xE2A2E w7l FlxE
2 7|l AR FUY FEARE o] &3l A
9 1.1 X 107° 3} 4.4 X 107& A3} e}

EOM & #7129 &4 Eihdlo] gl o9
A= FAAE W71E5 EOMo] 1 pg/m? EA)
T o olZ gIjk Z¥pdgd $d =2 A coke-oven
2 Aol g G A7 ¢ uek vl AE
22 HE Az olzl gtolrh £ adT-ellA Al
g g e SA1A, 6.2 x 107 At A A%
AFARE o] 8-3}] ARt oA EHEE F
e AHE¥ gholth 1.9 X 107& i} vl A&
o o) 7i&glxete] wi&EA ol 3k The] 4] 4
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Table 1.

The atmospheric concentrations of extrat-

able organic matters in fine particles  (unit: xg/m3)

Season Month  87~88  90~91
4 - 7.25
5 1.39 4.78
Non- 6 - 2.20
heating 7 0.39 321
8 5.55 3.93
9 2.97 4.32
10 5.94 5.83
Mean 3.25 4.50 2=3.98
11 7.18 449
12 6.61 9.93
Heating 1 5.01 8.59
2 10.02 3.56
3 6.23 5.83
Mean 7.01 6.48 £7=6.75
All 513 5.33 n=524

. 1987~1988 vs 1990~1991: p > 0.05
. heating vs non-heating season: p < 0.01

Table 2. The atmospheric concentrations of benzo
(a) pyrene in fine particles (unit : ng/m3)

Season Month  87~88  90~91
4 - 0.77
5 —_ —_
Non- 6 - 0.41
heating 7 0.27 0.57
8 0.56 0.72
9 - 0.96
10 0.35 N.D.
Mean 0.39 0.57  4=0.51
11 4.79 0.59
12 228 7.64
Heating 1 2.69 2.02
2 291 1.06
3 4.65 0.99
Mean 346 2.46 «=2.96
All 2.31 1.45 2=1.80

. 1987~1988 vs 1990~1991: p > 0.05

. heating vs non-heating season: p < 0.01

N.D.: not detected



Table 3. The comparison of upper bound unit risk
estimates

Bap EOM
Method
(Ing/m3) | (1 4g/m3)
Animal 4.1 x10°° Inhalation
study %44 x107¢ Intratracheal
Human %6.2 x107* | Coke-oven
study emissions
Comparative 942 x107° | Automobile
(gasoline)
potency ©2.3x107* | Automobile
(diesel)
method 1.9 x107* | Automobile
(Seoul)

a~b: Collins et al. (1991)
¢ : Continuous exposure 1o 1 g/ m3 of benzene-soluble
compounds of coke-oven emissions in ambient air,
EPA (1984)
d: gasoline, Lewtas(1992)
¢ : diesel, Lewtas (1992)
: 21 % gasoline, 79% diesel emission in Seoul,

42X1073 % (0.2)+23 X 1074 % (0.79)=1.9 x 10~*

-

X AR 42% 10705} tjo] A xjekel wlEEA
off thgt ST =A% 2.3 X 1078 24|
e AAsA =g, AT F A |
7l Bf2AlF tlo]lAd gl oF 7 =g of
9% 2 7Pt (@7, 1987), veAl skER
Apegol] o 7| TE 21 % 2 71 SIS, 0] 5 &
H7} A Lol A A7EAE 4l (additive) 2 2] & &
o] 74P R 1.9 x 10722 FA3ledc)

3. EOM % benzo(a) pyrene 2 7|Q1st =1 &
of o5 E HA

] o} ulid
& Z3 wet -rlﬁﬂ - 545 EOMA 5ol
coke-oven TE2}2] & ol ol A ’fl‘i% ©lg)
A= FAANE HEF 35 474 42x107
25X 107’ 2.2 4b&=| ¢l o} (Table 4).

FH

2) benzo(a)pyrene CIE S2E XEZS =1}

2 Pl =N

k] gl wlkalbslell 9led benzo (a) pyrene 2
Xk Fo g Z3} et 98 & benzo(a) pyrene
9 2gdEEe FY xF 5FE ARAA AEE
=4 A e FAAE AL A 33 x

107, 5.6 X 107722 A4tslglon, 7|zhy AA
z"d TE AZAA EE FS] HeE FAA
£ 43¢ A5 A4 13x107°, 22X 1070 &

A& cH(Table 5).

w=g b v W AWl e Ak o)
A= FAXE 2 &3l EOM ko ot 2
WS T E ARt Tl W) o) vy
TEL JFEEole 2 43hx) gglen, =
ARE 3 FdFnel H8st Axstdst
(Table 6).

Wbzl o vl & 3hA Q17ke] HA k2]
o] gto] A FES FA3PH EOM Q] #4$ o
g 1~3X107°, benzo(a)pyrene S XX & P&

Ne

)

Table 4. Excess cancer risk due to extractable organic matter of ambient air in heating and non-heating seasons

Conc.” (ug /m?) Upper-bound unit Excess cancer risk (10™)
Season Mean SE’ 95% CI° risk cstimates Point 95% CI
Non-heating 3.98 0.59 2.80~5.16 62X 107" 24.7 17.4~31.9
Heating 6.75 0.86 5.03~8.47 62x107* 419 31.2~52.5

* EPA (1984) : coke-oven workers
alconcentration, standard error, “confidence interval
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Table 5. Excess cancer risk due to benzo(a) pyrene of ambient air in heating and non-heating seasons

Conc.” (ng/m?3)

Upper-bound unit

Excess cancer risk (107°)

Season 5 P ] -
Mean SE 95% CI risk estimates Point 95% CI1
Non-heating 0.51 0.10 0.31~0.71 1.1 X 1075 0.56 0.34~ 0.78
4.4 X107 2.2 1.4 ~ 3.1
Heating 2.96 0.69 1.58-4.34 1.1 x107° 1.3 1.7 ~ 48
44x107° 13.0 7.0 ~19.1
* inhalation animal study, Collins et al. (1991)
* intratracheal animal study, Collins et al. (1991)
aconoentra\tion, standard error, “confidence interval
Table 6. Comparison of point estimate of excess Heating scason Non-heating All
cancer risk between EOM and benzo(a)pyrene season
107 EOM
Season EOM (A) BaP (B) A/B — EOM EOM
Heating  42x107°  1.3x107°  32x10° 107} = ]
33x107  1.3x10°
Non- 25x107°  22x107%  11x10 107
heating 56x1077  45%x10°
3 > 5 BaP BaP
All 32x10 7.9%x 10 1.3x 10 107° H D
10X 107*  20x107°  1.6x10° ) BaP
* Automobile: comparative potency method 107 H
1077

739 2~8 x 107 o]2}aL £ 5 Qlch

715 EOM k-Zol upE 23 Ut A =7}
benzo(a) pyrene 8] THEXE2 I 3} U<t 9
=B} oF 100~1,0008]0]4} 3=otc}(Table 6,
Fig. 3).

il &t

A3A Hrk AW A2 dnkd] Fol Al W
A7Fs8F 33 Sl A A ARE A
F3ow ANHrS A3t 4 glABlAL oAk
E5 483 goded 2 Aol otk

o] Aol A W7 F hEAQ Wk BRI
PAHs 9] A %52 24] benzo (a) pyrene-2 A A&
o] o] B9 e Zo o 23 et 9=

Excess cancer risk

Fig. 3. The comparison of excess cancer risk be-
tween heating and non-heating season.

Z A slele) =3 PAHs & Zsle 53
72 QEAY kFo & FFAL H7HE A
EOM of tigt 23} 29} Yl =8 A3t &
B3 8708 iz 222 Hrle] ouje
A, EOM & o] 4-¢ $jsiA 37t Aol 287
ah zb e d B AEA el 2ln]el 4 benzo
(a)pyrene D=EAe] gt 2)s)A oy} Aol

43}t

) v]= EPANA Al = $A H
7}e] g2k 9]Ar R (dose extrapolation model)-
A8 3 biA 24 (linearized multistage model)
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o] of 7] A maximum likelihood estimation o] 2
s FaiA 71€719) 95% &S q*et shed i
9+#] (carcinogenic potency) 2.2 Ap&3}: gt}
(EPA, 1989). w}$] Sisix A5 2] o] q*3tel
oAt AEE ZolBR 95% Adghghe] Hrt
mreta] o] oA AtEd E3 Ut fldlEe
95% ~4&tgtol =, o] 32 Ao e} zje] 7}
Aot H3FA (point estimate)Brl 7] A%
=t} B 5135k ok (Wallace, 1991).

AN detdte AT ES T} dFE
o o3} dfrjeqd ez QlFt HoFrteg 5 X
107° WA 107 AE2 FA 3}tk (Cederlof 5,
1978 Doll, 1978; Speizer, 1983). o] -S| A
= HshtA ol 7l 54 dr| g EAH
g dgE gldden, A dr)|edEAdee F
A, AU & AYA =% F 22 938
(risk factor)Eo] FA]ol e gkl A%k
AL 7Ix 3 lev, tirjed ez qldt woht
A FEE Ao g A= 9n]7} gk
3 Eo}. w3}, Doll 7 Peto (1981)= u]=foll A oF
g o] dgle] Hl& 8917 1 7o &E AHER
AT A 7], FHed T FHLHd
2%k 71ojgo] 2% A xe} At v=Y A5
AA Falo] el o8 Absl= vl Eo] 22.5%
7} B 4= 9l o o} (National Cancer Institute, 1990),
e E 192% ¢l o] 21 v (FAA, 1991).
meba wlgel AR E o] &3t FAbsH, A
AP E B4 eFe 2 QI APEE 45x 1070 A
=22 A E g oled, diZ| e e Qg d
o] whAjo|ut AR oo I,

o] Aol Azt GdA BEE o] &3
FAE 71 EA o7 2FVA 23 o
YA EE, F EOMo 23 A= 1~3%x107°
2.2 o] 3te] 95% A’A-& Frslizt ¢
A Aeg d7AFARY d& For, 7|5
Ex st WEHo] ) EL] 4 U F
FF %ol 4 & Aol2E ¢ 13t 1y
v} benzo(a) pyrene HUEH 2 7|5 it 930

A& HrRRH o) diwhs] fAgris oA
& 4 qlch wetA benzo(a) pyrene WU EA
o] &g H7tRct EOM 22 H7}sle 7o) &
stebaz Beod=)w] AA|gk-2 EOM o o] jF et 9
3 95% AP Bohe G W 9o &a)3}e e}
A 2yt

EOM ol 2|3k #7}7} AlA| 9} Apo]7} o = 9]
2 E g E olfE W] ¥FEAF &
715 (EOM)E =4 A4, 4714 2 348 8
22 ERE g et L9l vt 4 B
vlg o BE AR TR Hke] Aels)e)
(Stern, 1977). o] APdA HL4H AT
coke oven ZZE Aol ¥t AFEA =A] N7 F
EOM 3} coke ovenoll 4] A== EOM H+ A
T3 gkl ole] Aol A& A2 A4ECH

Feluete] dir) el = Adxle] el vzt
of dubd o2 Agzle g JAHT Y} Z-
@}2] benzo(a)pyrne 2] FE=E v a3}dH, 19603
o 8ol 22 =R A= d HTEETT
100ng/mP o] o2 W Eofouk 196613}
19703 ~te] m]== NASA(National Air Surveil-
lance Network)2 E-3) 2]zl x}Fol 2l&}d, &
B FE+ 196616 3.2ng/m3 oA, 1970 49
= 2lng/m3og 7}AFAE  ¥.gl(Faoro,
1975), 1970 3 of] = coke oven o] = EA| A
9 o YHAEFE7} Ing/m3e)dt2 Byl ul 3l
o} =3t SEdA G A= A 15437 10ng/ m?
o|3lZ, AW 2L F=9 WAl Ahd
3037 AlEHQ A AaFAE el 2 gl -5
8 tH(WHO, 1987).

v]=2] National Academy of Science(NAS,
1985)0l] &J3}e, 7] e dEAo] U AFL A
Slata =)t 20 o1 dFe } A 3] FAast glon
LqEAY A F A Er Wl 46
Atk Bastgict. ofef ubsle] -2yl o
71 2@ v 2A A Fol| v fAIE T Q)
Al der g o] o5 AT AIF v
s 7FsA o] £’

.
=
°
=2
3
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Matanoski S-(1986)0] o) 71 &35} #H<t=te] &
HAS FH3le 9y dFES HEY 23,
A3 A St 7| UdE dF ey W
el oiet, A3 5 Ede] 5FHEe] W3
sl gy 1Qle g 7] 9] Ve x W
& 4 glola g3t qlok weba] g fellA
LAY 5 9l EFAE i AEI I
THE B3 Fo] AukAal gt HA £l 7]
e A= g FA 8 of il 7rE3H o

webA, SeEvetlA AF7A e 58 AT
Ao 58 73] Boke F 83, ben-
zo(a) pyrene < E 33k PAHs 53 22 di7| 24
49 Fx& A3t vl wsted 9HE F4A
Auk, o g k& J5d ATFHGAA AA
rEES AL, 55 AdelY qetdTAs)
E 53 dolxl g-uks A E E3kd AA
FEETA B 75E 3 ke ke
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