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An Assessment of the Long-Term Concentration of Heavy Metals
and Associated Risk in Ambient PM-10
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Abstract

In order to assess the long-term airborne concentrations of 6 metals such as Cr, Cd, Pb, Zn, K, and Na and
the associated health risk, a great number of PM-10 samples were collected and analyzed in Kyung Hee
University-Suwon Campus for three years from 1991 to 1993. The 3-year average concentration of Pb in
respirable particulate matters was 142.6 ng/m* while that of Zn was 1,210.5 ng/m3. The corresponding hazard
index from Pb and Zn for the inhalation route was estimated to be 9.5 x 1072 and 3.5 x 1077, respectively.
Therefore, it can be said that there was no adverse chronic health effects by airborne Pb and Zn.

However, the 2-year average conceatration of Cr(6) was estimated to be 1.3 ng/m?® while the 3—year average
concentration of Cd was 3.1 ng/m®. The total cancer risk by these two metals for the inhalation route was
estimated to be about 7.2 % 10°%. This order-of-magnitude risk estimate suggests that the inhalation risk in the
study area from all carcinogenic metals including As and Ni (subsulfide) might exceed the acceptable risk
criteria of 10~ 107 by U.S. EPA. For a better risk assessment in the future, atveolar deposition of PM-10 in
the study area were also discussed and an assessment was done.

Key words : toxic metals, PM- 10, carcinogenic risk, non-carcinogenic risk, alveolar deposition.
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2 olste] ulM YA (fine particle) & A53, EH,
wag) 72 o) edYst ek T4 HI 2 1A
294 Y F2 Q22 9Edo} (Hernandez
et al, 1992). £39 Al 10pm 2o & UAke
3FA Tt ZelA AFE AR A, 10um Re
2k QAtE 3EF1HE Ed Z1RAN w9 el
PR ARsle Aol Qlot = FAL YA A
7174 Z+S $8 AlA g EdAe] Frlsted 7 &
243 f3 g7 edE2te] Fio] Solsted Aol
o) oted S 71571 e (Simpson, 1992; John
et al., 1990; Hindy, 1982).

B dFE £44 dF AYeM 5FA #3149 PM-
10 & 67} 24 (Cr, Cd, Pb, Zn, K, Na)9 4
Ay, A5y 53} F0)E gotsly, ofd FF
o) % A2E E3 A A=E Hrlele d 2
Mol glet, FF49 FEH/NE H3hd 19919FF
1993497}7 PM-10 high-volume air sampler& A}
Lale] A& ¥Hstg o AAEFFE7] (atomic
absorption spectrometer) & o] &3l T 5 £
%=t

AT A FF45 UehEFS F /A qEHe 2R
AAQ U.S. EPA (U.S. EPA, 1986a) AA s
IARC (IARC Working Group, 1980) #A % EPA
ERAAZ gt EResich o] F ERAAE A9
#4151, o)+ EPA EFAA 7 IARC £5AAE A
o] Aest Zoly] wWEo|c}, v} EPA EFAAE
IARC EFAA 2}t Aol St wek4l F7] (carcino-
genic evidence)el © B]FE T3 slvhs AHoA ohi
zZtel7} glgt. A YsiE HpA GG FIF4EQ AE
gl Q=2 Yrlelx, uust FE4 AF 49Y =
Z9< Hrisle 71F A8 (RfD:Reference Dose)
o) vlEx ol YA FE (Hazard Index)Z u]'#gt 9
| =2 713t} (Asante-Duah, 1993).

Loz ¥ YE Frle EHUAE o7 33l
cascade impactorE& AHE3le] W ¥ Fx ¥
T2 a3 wlmd EpHe vdqd ACGIH xd&
o] &3} A HA9 HE AHEE Hrlelsdv

b

2. AEUY

2.1 A|REFEA

Balo] £ 1991y 1448 19939 124714 34
7+ AZIE QAo 9Hg A SR A
o)Folzict. AIWIGRE AFuLER AAAFAN

g 71 RAEHR) A12Y A5 F

MEF22 oF 2km, PN 522 10kme] #73)
Qe QA2A el 231 hao) A2E57L A gl
o, a3 AL A RG]l ATAA AA 3
o B dPAEE A2 AFA 3 J3t Al
oA g JFE TAY £ e AL AU 9led,
Aol GBATHE § AEA o] B3 A
=3 9l

22 ANE2EXH % 2M9Y

AN F 78 FFE FEFolE AR HH
PM-10 high volume air sampler (PM-10 HAVS:
u]# General Metal WorksAh & 7V53ld A 2E X
sty en], HaFEg4e I3 E IAHEL Yrle)
71 918 992 cascade impactor (4 DylecA}:
model KA-200)F AH&stdeh. & 97 22 PM-
10 HAVSY ®AH2S 1.13m%/mine|n, XA %3
L 94 glass fiber filter (GelmanA}l: Type A/E)$}
quartz fiber filter (WattmanA}: QM-A) =2 A}
L30T oA 51Tl Y wAFe ma B oo
T-oll A4-5l cascade impactor®] Z} & 50% FEA
A7, ded A7 FVIEAALR 11, 7.0, 4.7,

with 3.8cm diameter

-
/

punching the filter
into Questron vessel

{

adding nitric acid 7ml and
hydrochloric acid 3ml in the vessel

'

punching the filter

heating the Questron microwave oven with power 8
for 5min, power 6 for 5min, power 5 for 5min

'

| cooling the vessel 1

'

filtering the solution
with 5B filter

'

mass up to 25ml
with dilution water

Fig. 1. Procedure for pre-treatment of samples.
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3.3, 2.1, 1.1, 0.65, 0.43, 0.08 umo]t}, 7} thej|
A48t 2= pore size 0.43pmeol™, A o] cellu-
lose ester?l membrane filter (9% GelmanA}:
Model GN-6)& AH3lg29, f2F 28.3//ming &
A 7|2 st ey 33 A EE 97 98 7
dollA] 309 A2 A5 B s, BE H$ o
Ay 2 AF 747h 39 o)A g, dgAld e gAA
olB] Woll EaAsig o 2 0.1mg? AAAL (A &
D Co. Ltd.:Model ER-180A)=% Azkslgc}. ojr)
F 349 2 24 A filter A 2}ol2 2 %
A2z o] AbEsiyo)

) Al TA Y PM-10 A2 2794 248 9
3] Q¥ HitachiAl?) AAS (Model Z-6100)E Ahg3}
Aot 7 2= 2% 3.8cm HA (puncher) & o4
dte] dAg 7|2 HASe] WA Ao AxEd
¥ Cr, Cd, Pb, Zn, K, Na7} A5 289
HAA2E v]F QuestronAt (Model Q15 microprep)
o] AAE] AAE ol 4t} AR M AHL 1
¥ 13 7

2.3 T Horwy

A7} FF45 F QAo uet =E ubtek uhy o
FE 427)= 22 Cr(6), Cd, Pb ¥ Zneld, EPA
FHAA A &g UtEFe X 139 2o} n) Ay
(Federal Register)e] 9|& EPA 5F £FH4H+ 5
7B 2F%2& vded, & Group A (¥HEA: hu-
man carcinogen), Group B (f3%& <la welia):
probable human carcinogen), Group C (¥X. ®kgt
£ :possible human carcinogen), Group D (u]%
F k84 not classifiable human carcinogen)
o Group E (v[®ttAEA: evidence of non-car-
cinogenicity toward humans)e]t}. Group B: &
M ¥2% &, Bly B2z TR, oF wetiel
Agtx oz ey Fo Bl 1Fo|x, UA Agxa
E EFEAN 2R3 53AY ARl dx $3e
B2 %ot EPA9) 25AAH | @da} Cr(6):= ol
WehgA, Cdel Phi #33 A Lohgds Axs)
A, Znd wpust 54 EAZ FE4d, Pb: &
el ola wehEAolaiut, AgkAel Wl Yaw Yy}
Al B89 Mgk-wrS 37} (dose-response assess-
ment)ell ols{A A F] AAE kol g} o=
Ag-dby G71E A Aekda AR HFe F2 7
gttt webd PbE olg Wl e dazs 2
A7)t ks, wdel fldl=E 7% A% (refe-

Table 1. Carcinogenic group, unit risk or reference
dose of toxic metal.

Unit Risk

Carcinogenic Inhalation RfD

Toxic Metal

Group® (pg/m®)'» (mg/kg/day)®
Cr(6) A 1.2x10°2® NA
Cd Bl 1.8x10-3%¢ NA
Pb B2 NAP 4.3%x10-4h
7n D o 1.0x1029

a) Calabrese and Kenyon, 1991

b) Excess lifetime cancer risk associated with breathing
lpg of a chemical per m* of air over a 70-year life
span for a 70 kg human

c) The maximum continuous daily exposure of a chemi-
cal for the human body without experiencing chronic
health effects

d) U.S. EPA, 1984

e) U.S. EPA, 1985

f) Not Available

g) Not Available

h) RfD for adults from Health Effects Assessment Docu-
ment by U.S. EPA, 1986b

1) RfD from Health Effects Assessment Document by
U.S. EPA, 1986b

rence dose)o] F¢1x 7] W&o Hrg 4 g} 2
2|2 Znd WPl BB 9A) Foia 7]1F Hek
+As Frle,

o FE49] 23 el e ol 4 (1),
a3 P FE4e vt s R oz 4] (2)
of oJ3led 27t AAtfel, a2 s Frja) wg
A er 44 ST 23 BAge] 3FAH ala)
PM-10 W9 & ¥=& o422 Hoelsd, 2 off
29 H8E A7 BAENY gAY xx 2
of W& Jgzal ABel TAA 4% debA, A
H LR wE HE g 39 s Yoy A
o] oh7| ajfelv}. swoz wluqt fJajre] AL
SAEAY 3FA2e AT JA F5% (inhalation
absorption fraction)& 100%2 71Asl=d, o= o
Al 71E Ao} 100%9] A F4-8o] TA3 A3E
si7] wfEeldt,

LCR = ACxXUR (1)
o714, LCR = 23p3e} 9%

AC =54 $349 B5;

UR =9l falx.

Hl= — (2)
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7|4, HI = Y& A%,
E =Xx%%
RfD = 7] & A&k,

oA kg Cr(6)9] w9 fslx FHAal 1.2
%1072 (pg/m*) ' chromate AARFAY 2H)ale
3EH2E £ 7F Mepe 278 Mancuso (1975)
o] ogtzA}atge]| M3 3HE (linearized) multistage
B9 A 4sle] Fab ooy g fH3 olA Wt
E29 Cdel 29 $el= FAA 1.8x107° (ug/
m®)'& Cd AFFT A4 2F H2E 53 9
= Mazdo] 243 Thun et af. (1985)9] oIgtz4} 2}
Boll A3 S8l = (linear risk) R2E& H4sld 78
Ztoleth. olek o] AE Halx 2wzt M¥3td multi-
stage ¥9S AMshe A2 g $EFsted, o
= Adgk-ukg a9 i}’%‘é‘ﬂl A sle] AE et
= $25 wiAElL ¥4 kS 3] QAE B
3o #A)olct,

2 A7 ME g3z}l A8 AE Hsls 7dy
A8 8E multistage 595 247 A 43 A& Cd
W Cr(6)9 4 HEHE FAAE Wt A= HoR
AME e, ool e AR getzal 2les)
qx, =4 = Tﬁl/\] AHEE BeEd A d
d FF=(20m¥/d), 79 Y71 (T0d), FT A
Z(70kg) 5ol el A Aol7} viA 7] WFolet,
o)} 72 o]fZ, Pbs} Znol g vt felw
7ol = EPAS 715 A% Y34 A4dd A&
A2 EPAC] o) Wzst 158 T3 dukle] &
MEA gt A FF F oju it o x viehix]
Fe AL JdEe Y SAFHY oz Ao
ot gl dA4g o2d 71E AF viute] 94 3

Zo| A4Y A4, i WA gl vheko]
Aoz WA &, S8 A%} 1 Bo fom B4
ARG WY 4 N2 HE ol ol A

Al e glg Aol

2.4 HE HAXNE HotYY

FF ez Hrio BHUAAE Fol7] S, £ A
T ZEA #A9l PM-109 A3 FEEZ B
H ¥ AME (alveolar deposition)& H7psl=d, o}
&3l Frls vlmdy Badel el ACGIH (Ameri-
can Conference of Governmental Industrial Hy-
gienists) 2d@E o] 43sle] S¥c}(Hindy, 1982).
PM-109] 4738 #E HAHEE o] 2L o] fafe] v}

A2 7| BAIA 12 A5 Z

23 o] AT, $4, cascade impactorE o] &
o] ¥ BaASg Fain, o EAAgks B
AFeko g 1ppo] AgLES A 7 347 o
3} 3&A E-& (respirable fraction)- ofz§e 4 (3)
£ Alg-3te] A Ak (Reist, 1993).
RFl—AC(‘.IH — 10(0_325-0_ 183d1) (3)
3714, RFi-acom =47 99 i9 384 £&
di= 47 <39 19 HF d73.

oleg Aeeed sFY &S Faw, o gl
24 A AR AE AHged HE 4 gl
U}

FHaL, ZsE, V| SEERAES AEE R Hlm}ai
o, 2% 2% 1991¢7F 1993474 A sta 54
A AolA TR PM-10 & Cr, Cd, Pb, Zn, K,
Nag] ¥=g 942 TA)g Flo|o},

Cre] $8 o949 Axaal, AHAd F444, v
Afd 54 52 £ 4 Ak =3 AFA B9
a gl wlr 94 Cro 29 e2 2 2 o
(Hopke, 1985), 1% 29} & 20 9|5} Cro) 9497
Fex 199149 9.2 ng/md, 19934 16.8 ng/mde}g]
o}h 1992\e= HAH AR £A} HI A1FA
wrol ¥ T AHsict, =3 Cro AAE ¥

= 2% 7bSAC HIAE BRgod, AL & o
E wollrh. 2 AT AR o] fAAY nerR e o
sl ole] ek oF g 27 Hekg Aoz 4
BEA W £TT Ferl 1S £ 2

7717 Fek, Cdo Ad 99T TR 19934
5.8 ng/m°o)glor], FHA AFPF HEE 19924 1.2
ng/m*elglel, =3t & 26|M B wis} o] 712 F
dxd HuAe 199149 9.8ng/m®, 1992 4.3
ng/m? 199349 5.7 ng/m®elgltt. Cde =2+ AA
W2 78] glglon B 7LHe) JEH ALH
3 wlwatd 2pE2 RaAbEd F3E AA Yz
A B71FE Cde s HE 3.6~-20ng/mE X
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23 v ook (Hutton, 1982), $#4x4¢) g7]% Cd
o Hatzh, Fg LA ZE7L o ¥ P S3)
I o], F¥9AYY Cd T2 HA F2 9uk 24
A9E fE3Es FxE Holz sld H71F Cd v=
of E 9FE v]AE i"é"li Bl AR A7A

52 5 4 ood, =3 Mudgd A 7EdR
o A, 27 a7t FE AGU GFE wAqg
(Hopke, 1985). 13 244 Cde] ¥=%= 199297}
A AgAd HA3AE BT, 7S el da ¥
srom o Edel HAAE Bech aetd B d7AY
AM Cd9 TyEe 74F dBAECE opld Aoz
ARE o FA AeEs edgEY A P A3
Aoz A7k 4 ook kAR 19939 Absel| fjshd,

AgAd & 7hAL 98 A usnd TERS B
o} o §Ael 939 7ol HIAE Ryed, olx A
AHez Ay Ay Gars F edYugE 29
7] aztolvt xA 27 B3 S BEA eHYoR of
719 dge Abadd

Pbi= 2tE Abelel o] &3] 53] frAdftfe) dn
o 8 eddeE AFHT gl vSdME

19209l 713 FAiERrt e e A3l 7]
g o 90l T FaIERe] ARAYes
35%2 7rAastdeh (Alloway, 1995). $eluel o4
Ttz A fAHLH g2 2L 5 /b
A Yoz F&£3) Fase], A fFdIdie A
452 A oo, a2 29 F 40 o, g dF
7 5= 19919 118, 4 ng/m®, 19921 109.1 ng/m?,
1993\d¢]l 200.2 ng/m*Z 1993de}} FIAES Ry}
o] d)7]874 7154 1,500 ng/m3/3 month & ¥ ¥E
) 2% JEXE 28R g i FEelgeh =
& AdY g £FL ALAH HY FEFL Rejn
glglen, B3 7FEAdE v&d aFEY FEE Ry
2, JEHe = A TS B ey A
f29 Azl gise] 7l AJA 1993419 Fx7}
19914, 1992y R} =obd el 1993 749l uj
& F2 X7 FEEHA] FEoloh 19939 of B
AS¥ Sopalgke Fn) el A, Cdg H
3 oje] FF4 £3 AFEE A5 5 Y
of Zaj7FsA ) TU

7n9 F8 299 Mgt 9 s Edse] AHg, A A
R ARE FEAY, AFEA efele] viE, AFa} Heel
A gy wjR, -u‘%r° Zolt} (Hopke, 1985). 13
29} ® 20| Ry wis}k R, Zno| W FE:
19914 1,586.3 ng/m®, 19929 1,617.2 ng/m°®,

L)}m

19931 378.6ng/mol4ith. EAA Y] HF Zn B
= 100~1,700 ng/m*8) WS ¥l (ASTDR,
1990). 49799 1991WRE 199397} Zne| HF
FrE RAAYE dES $ e £FLE, Zn ¥E
= ARIA] o oFgRole Met 9 7[EdRY A4
I A5 B 2946l 7|dste AR Aadd.
wg ¥ 20] st ALH ¥ H3FE vehlo
Meb 9l 7|88 AN 9 AEA A e del F8
299 ez A=A, 19929 q2He] FxE %
¥ FEUE HolT glo] B} 22 HEA o
ddol & Hﬁ"d 722 gotge},

(=4

Ko 8 2d902x 5 A7 FHz
3, Mebe] d4, dFnE QA WY B2 5 4 d
(Hopke, 1985). 1% 29} & 29 2j3jd, K¢ <9

F =23 19919 2,857 ng/m?, 19929 2,038
ng/m®, 19939 1,178.6 ng/mde]gch. K2 A4
FEFEE AL HYAE Belon, dF, EF
o2 A Jepda, Bl FHAAE Rgel whel
2 a3 AdeMe kg S8 Mk dae] A4
of 8 294z AREH, 9 xAHLT FE A
ok 718 dhe ez Aledd.

Na® 8§ o294 &, 345 &7, %8 Az
9 5L 5 & olth(Hopke, 1985). 29 28} % 29
2l5tel, Na®fl 434 5+ 19919 5,461, 4 ng/m?,
19934 3,662.1ng/m*E ook, 19929 HMag
o 7} Ho] B dFME Adsch. Nad Ad¥
FEREE ASE AR & 4% 7+, AE $oR
e =xzhe B, 1991ddl: 543 7HSHo)
¥ ¥ Hyon, 1993do= AN FHe ¥
& =x7ke ¥odd, 1991499 F=9 199339 Na
FEE HIE o x> ovlad adte e By
o F31E 19919 199339 7)AFAAE uw)wshd
MEZA A ulgte) 19930 vla] 199199 $43 ul
=571 Usteh. Nad] 34 7|92 $4249E& %3]
of g RAA T, 2 dFRAAGeAM Nax Y, =
g gwazh, 4E dR8e] da 9 feldd 44
oA W&oty Abs ).

3.2 sz "I}

£7 wobeAy 23 ¥ dHEE 4% Y 5
29 F340) 047 £E3HAE A A AE
9SS, e Ao NeE 2 AN
728 4715 FE 427} BERold, 0], 24
AME 1 ARl ohlel A4 A A7 FES dE
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Fig. 2. Monthly variation of the ambient Cr, Cd, Pb, Zn, K, and Na concentration in the study area from 1991

to 1993.
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Table 2. Anthmetic mean and geometric mean con-
centration of heavy metals in study area
from 1991 to 1993.

(Concentration Unit: ng/m®)

Metal Year M SD GM GSD n
1991 14.6 10.7 9.2 3.4 14

Cr 1992 - - - - -
1993 18.8 7.7 16.8 2.2 18

1991 3.3 2.4 2.3 13.4 19

Cd 1992 1.7 1.1 1.2 2.7 39
1993 8.7 13.0 5.8 2.2 30

1991 205.8 158.3 118.4 4.2 19

Pb 1992 178.5 179.9 109.1 3.2 34
1993 377.2 478.2  200.2 3.6 19

1991 9,413.9 158.3 118.4 4.2 19

Zn 1992 3,868.1 179.9  109.1 3.2 34
1993 540.7 478.2  200.2 3.6 19

1991 9,747,1 10,851.0 2,856.8 6.8 20

K 1992 4,203.0 4,692.9 2,037.8 3.6 39
1993 1,539.6 1,092.3 1,178.6 2.2 30

1991 6,802.1 5,142.4 5,461 4 2.0 10

Na 1992 - - - - -
1993 7,750.5 10,205.5 3,662.1 3.4 30

M : arithmetic mean, SD: standard deviation,
GM: geometric mean, GSD: geometric standard deviation,
n : number of sample

g £ AEF o7 AFelefof & Aolrt. FAHEAY
QA fsl= A e AL A7F TEY &
A g Hobe A7 4 e A 5o Alges o
of FYelrs A o] Fojxl v} gleh B dTeA:
olgfdt A& T st oM nimH Z‘7I7P°la} ks
e 34y Hr1F FE4 vEE Mo
WA R FE2Z FFI el ‘ZW 27 AA el
13kl s gpo} A@A ol wepd Hdx Hrhe
el A7) (order of magnitude)E A A& g4
2 9wy} AT ot onle A= =4 FF

22 o)d) WerEA (Group A)Ql As#t Ni (subsulfi-
de)«l 5 A pYHA gtk AE E olRvt
e

LAl MhrEAlQl Cr(6)sh ¥ <A kel
Cdz <3 Hade] zshitet Sldl=e A7t &
gke) Cr g Cde x4 13.0ng/m*% 3. Lng/m®
of 25l 247 1.6x10 3 5.6 x 10522 3715
o, Cr(6)2 olg =3l sl Hrhxl= A Cr
2] o 10%7} Cr(6)eh= 714 shel H7HEA=. o 71

A4 Cr & Cr(6)9] B&ol Agt A5: A9 ¢lAT,
27tz 2HH WEHEe Cr F 10% ol3l7t Cr(6)9|

X (Jerry and Mills, 1988; U.S. EPA, 1986¢),
=9 F = 229 ulglel ® Mancuso (1975)9) <
gzl ® Cr & 1/70] Cr(6)2 7148 4} gl
tLo] UM Crol AujAel Hele Cr(3)ald,
a2 ol fe= vHA kA AlsE Fee)r] mFold
Cr(6)= ¥ WAZ A Heo|Adt f715e] ‘;1‘3}“3
2 Cr(3)2 As" 5 913, Cr(3): EPAY X7
AA e k2 Group Dol & wpiel SA4E3e £
FHoh gt H7)1F & Cre o 10%E Cr(6)et 7t
A e HAsivly A,

Pbe} ZnoZ Qg vyt $lelz: 7)E Mo o
Aol o)A 3= 9kA] ofeke] TATI HrIHF ol
AA) 3717 Tt A7 HT e 142, 6 ng/m®
9} 1,210.5 ng/m?sl A3 HrpEgiet. §riA L,
Pbel ZnoE Qg vk flsl=s HsiAErr A4
9.5x 1022 3.5x 1022 Ao b3S A=A %
3= Folh. Phel Wt $ejvtete] w718 7154
= 3709 HFA7) 1.5 pg/m?® °1%}°lﬁll o] Zkell ¥
&S 20m3/Y, A9 AEE 70kglZ 7R 8k
71E Mg Axeld w3 *EI°J°¥1 gk 71F Al
4.3x10"* mg/kg/day7} gl Shelld B nie} 3o,
ZAAE 2198 Y715 Pb FEE 3zt HA 9
ol 1.1pg/m*E 233 o] & Hx gS& & &
.

3.3 HE HXHE "I}

Aggt viel e HE AHE HriuhgS ol &3l
T8 4AY SE AHEe a8 33 A}, of 28dA
BXo) 0.5um Fuwal 0.43~1.10um Alo]ofA =2
ARES ol glom, AHS '?"J—‘li 7ol zta
Ex 271 o HE JHEo] ML i S
g 4 9ld. 28x ‘ﬂ?‘ﬂ"&ﬂl} 9] AARE o] &3}
1798 X AA & A3 gL T A, A @)
s} A 2AE 98§ ddd o) A2 heat
capacity model® EFQx}7te] 8.97¢]9 AdA 4
T 0.947 ¥ 2 kxg P elqdet. o] FAd
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