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Abstract

This study was conducted to assess the health risk of carcinogenic heavy metals, such
as arsenic, nickel, chromium and cadmium. Ambient concentrations of these metals were
measured bimonthly, during May 1987 to March 1988.

Respirable particle concentrations of As, Ni, Cr, Cd in traffic area(Shinchon) were
16ng/m?’, 43ng/m?’, 4.2ng/m’, 6.6ng/m* respectively, and in residential area( Bulkwang)
were 25ng/m?’, 32ng/m’, 4.7ng/m’, 8.9ng/m’ respectively.

Carcinogenic risk of each metal was calculated by multiplication of ambient concentra-
tion and unit risk of the metal which was referred to recent version of Integrated Risk In-
formation System(IRIS). Sum of the risk from these for metals was 9.8 X107® as individ-
ual risk in traffic area and 13.9 X 10~* in residential area.

These values are above the level of acceptable risk, therefore, efforts should be made to
make regulatory standards and reduce the ambient concentration of these heavy metals.
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ir)e g3} sighziel FAAML dul AFFDL
2 3 g 93d AFes] FHseld gt
(Cederlof et al, 1978; Doll, 1978; Speizer, 1983;
Matanoski et al., 1986). At 53] AQLE F
Aoz 3 97 AT dHrF FEE53 gl
W3 #FRAL A4 skl vH( Mancuso, 1975; Chovil
et al, 1981; Enteline and Marsh, 1982; Magnus et
al, 1982;Brown and Chu, 1983; Lee-Feldstein,
1983; Peto et al., 1984; Thun et al., 1985; Higgins,
1992). S-gjvete) A A&L AlANA AUAR

Wrledo] AR =A2 AAHE v} 9l (UNEP,
1988), =¥ 2 104937 sigke 7E3] F7ls)
o oto2 QY APPAUF A AXE Hald
cHEA 3, 1991).

ZF4L P Ay 4EA SAERARA,
Z71&30 U2F o 80Ny Ay} S5 &
FEv 25 oF 307X F40] AgelA 5S¢
P A2 d8A sl 1F dF FI5e B
A& 7R Qo) =23 FFELE 23N 259
A4 Wi 2 #7143 HFEAC diE &2
A|(Promotor) £+ 3% #%449(Cocarcinogen)2
2% 4% 4 sJvK(Klaasen et al,, 1986).
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u3 #7  ¥.3 X(Environmental Protection
Agency, ©l3l EPA)dME di7]legdEd o]
2ageA slAd Frhol Yo HEAS Ao
F 5 A 12§(10%), A 2251155334 =
&), 2=z Al 32F(20F)e2 EFsla, o)
Wbk Ade]l A drledEA 208 (w4, WY
F, UA 59 235 L)) dd &9 Y8z &
AANE AAHAED olFo] dF Ww JEXNE A
3l 9drH Anderson, 1984). AAR A7) 7
FE 7714 29EAY Fo14 2QdERA(vA, 7}
=§, 28, 4 P, 78, YA, vEn e 3
5 Z3H)E EHFE F A4 Wbl szl
7 BAd d¢ dAx JEAE Atz Ud
(WHO, 1987).

Selvtete] AS-e SARAYA 771 A7)y
AL FANL ey olF FF&L ¢ Wi
Ak x3s]e] qlvh(#H7d A, 1992).

mebd E dFe el dFEAGelA g
FAF FF5] Ay 2 FE AWy
o @& &3 dohES AbAsl, ojF £
A Ax 71EA olhde AP 7|2ARE AT
A FPHG e n AT AR B4 o532 e},

A, 2t A Qe A UG FFEY LYEE S
Aelar,

4, o]F A Bl gy dY x23e 4
Az, 29 A FAANE =434

A, xZo| ME Zzo] EAlo) o 23} e}
Adxe} 2ANEE AP

2. A7 gy

21534 5 3

A x| W =Ab2|2H

EA18 dEAHQY Fe2A A R 2EERRY
d AxFH FeA G EFF F AYGedA A
EE A

ERAEAHA 7] 1987 54U2E 19884 347tx|
2 slgen o] 7|tF E4EE uAdo Ry
A RS A3}
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FRX AL high volume cascade impactor air
sampler( Sierra- 352, US)Z& AMg-3lglon, #32
0.57-1.13m*/min®.2 3}¢c}.

Stagee] W& <JAte] AL E 13 oy
stage 1o} sigdshe 10.2imo)Ate] A2 v EFA
FR22, stage 2~B.Udl &3t 10.1umo] 819

AF-dd s

Table 1. Size characterization of suspended particu-

lates.

Stage Size( ym)
1 10.2 |
2 4.2 ~10.1
3 21 ~ 4.1
4 13 ~ 20
5 069~ 1.2
6 0.39~ 0.68
B.U* { 0.38

*B.U : back up

A& 548 Aes FEHAHE 1)
FAXF | A7 filteri= glass fiber filters 2
A7)+ stage 1-6& 5.625” x 5.375"¢]9 back up
filter= 8” x10”& A&-3}gch. B2 BE TAFA|
Aol A 48-724)7H8 FHZE 15497 X435

3% s 2MYY .

Glass fiber filter& 105°C dry ovendl 4] 24j7}o]
A B2 A7) F CaCly{50% soln) desiccatorl &l A
24217 B} F 0.01mg7hA] HEFslgic). $gko] R
A& sgAYes FAE A F FIXAI
ZAxn & AFsihon AHAY 9AE 1) @
gogslg d, ¥ RAXNE EAFEE A9
. o] |AF E¥sle 3I3}Rex] 300-350C 9]
A& 2EE ). 23R A&l HNOE 4=
7185 243 Edst 5% olsle] AFES +
Aslden HIAMNEE Dol WL X5
dol. Ase] Af= HAHHE sy F4 7}
T8yl oet SAscH Y93 P4, 1989).

As, Cd, Cr 9 Ni& 9AE335=A(atomic
absorption spectrophotometer, Shimazu model AA-
650, Japan)2 ¥X& &A 3o} glass fiber filter
o) i3 blank teste 53jol AX AAslger
e 7ML BA s

2.2 98y #el
2y 2ol
EqTF A FEAGAN @ 9% dF 2}

EE FHIAY F EPARFHFE 7|Fo2 we

A& A3 Bgkth Crf* 9 Nig] A= 58 9

el 9o kAol oiFt A¥r} FERIgern

A, Ast FE gl UtAd g FAE gle

v Abgel gle] Frlv) EFem A Cde FF

ol slel watAdel tid A FEIY A ¢

o] AYY FAE Jtie24 Bleg EFIAAGY
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Table 2. Tlustrative categorization of evidence for carcinogenicity based on animal and human data’.
Animal evidence
Human evidence Sufficient Limited Inadquate No data Evidence of
no effect
Sufficient A(Cr™, Ni) A A A(As) A
Limited B1(Cd) Bl B1 Bl Bl
Inadequate B2 C D D D
No data B2 C D D E
Evidence of no effect B2 C D D E

a US EPA, Federal Register 51, 1986
% Group A—Human Carcinogen
* Group B—Probable Human Carcinogen

(£ 2). £74 o] 244 F555 ez
A Y FEe A PG AR gl Fde] A
AL BEA YRE 23 okF FHIEA AA
Sl disl A=

& ¥t

UHEAZ LY FESo o FL 4R P o
J9E AT, 4FHhe) FE £3 L nlasie
o A x2HE oldlsh e PP T HE s

% Group C—Possible Human Carcinogen
* Group D—Not Classifiable as to Human Carcinogen
% Group E—Evidence of Non—Carcinogen for Human

dUxEP(pg/day)=F3% FE(ug/m’)x 4
A3 FE(20m’/day) X &
714 A}E =& F5E&

2.3 ¢t QS FAHIX| £&

webd Bl oy 4 sz FA A (unit
risk; 70kgel A7 Adgle] oW spetEy el o)
5, lug/m’z 2499 P18 704 HYELG &
Jslde A%, LANET 2ddSE)s RIS

Table 3. Ambient unit risk estimates of carcinogenic metals.

Metals Exposure source Study Unit risk Final estimats
unit risk
As  Anaconda smelter Brown and Chu, 1983 a, b,c  1.25x1073
Lee- Feldstein, 1983 2.80x10"¢ :l 256x1073
Higgins, 1982; 490%x107? 429x107?
Higgins et al.,, 1982; ( geometric
Welch et al,, 1982 mean)
Tacoma smelter Enterline & Marsh, 1982 6.81x107° :] 7.19x107*
7.60x1073
Cd Cadmium smelter Thun et al, 1985 1.8x107* 1.8x107°
*Cr**  Chromate Mancuso, 1975 1.2x107? 1.2x107?
production facilities
Ni Nickel refinery
Huntington, Enterline & Marsh, 1982 15%x107°~3.1%x107*
( refinery worker)
95x1076~2.1%x10"* 24x10°*
(nonrefinery worker) ( midpoint
Copper Cliff, Ontario Chovil et al, 1981 1.1x107°~89x10°* of range)

Clydach, Wales
Kristiansand, Norway

Peto et al, 1984
Magnus et al., 1982

8.1x107°~46x10""
19x107°~19x107*

Source; IRIS, 1993.

*Cr** was assumed to be one- seventh of total chrome( Mancuso, 1975)
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(Integrated Risk Information System, 1993)3 ¢
F2 AEZRAE Fd 9 #E olfFAHE
3). °]F 28 H8x FAAE 8 AFAEC 9
3 39 983 dF FREE EHRE US EPA
2] CAG(Carcinogen Assessment Group)elj4] A+&
g grEolrh

2.4 ZHYAHHE 47
TYH 234 xdd e 23 99 ddEs
chest 2k

ALY

23 PRE=FF5 F=E(pgm)x2H 4
Ax FAA[(zg/m'))

3. o &t o nF

3.1 585 24x

IFA 2D uEEA FAeR BRHsd Z47
AN 34 FES AHSAHE 4). FHEA
W 5384 FEd Uy ZFA F3(10.1mo}3}e
2|7 Yoll 2% 7] & 0] 80~90% o]} 2] 5}glc}.

Table 4. Mean concentration of heavy metals in the ambient air of Shinchon and Bulkwang areas during

May 1987 to March 1988.

(unit : pg/m?®)
Area* As* Cd Cr Ni
Shinchon NRP* 0.001 0.0005 0.0011 0.0066
RP? 0.016 0.0066 0.0042 0.0437
Total® 0.017 0.0071 0.0053 0.0493
Range* 0.013-0.020 0.0054-0.0096 0.0012-0.0123 0.0221-0.0854
Bulkwang NRP 0.003 0.0006 0.0011 0.0060
RP 0.025 0.0089 0.0047 0.0321
Toatal 0.028 0.0095 0.0058 0.0381
Range 0.021-0.038 0.0046-0.0242 0.0006-0.0147 0.0142-0.0718
'NRP  :non- respirable particle ‘Range( Min. - Max.) of total concentration
RP : respirable particle *Shinchon: traffic area, Bulkwang: residential area
*Total : non- respirable particle+ respirable particle * p<<0.05( Shinchon vs Bulkwang)

=3 BAZA A(v|Rg 7AA; Wilcoxon ¥3%
A73A, 2R t3A) Ase A A &
93 2ol & el A G ¥ &3}

3.2 34 gl U =FHI}

"l

ARL 222HO0tt et al, 1974; Tokudome and
Kuratsune, 1976; Axelson et al, 1978; Rencher et
al, 1978;Enterline and Marsh, 1982;Lee-
Feldstein, 1983), ¥®¢F A= 222} Mabuchi et al,
1979) 2 AR FH Fd AFss duilTF
Z<H Matanoski et al,, 1981 Jell gt & dFef A
F71 vlie} dAgate] BRAAHL 283 FHHAH
et

o ditie] 55 Ay date dfRAe] ¥
o oF Q7 ZAe] {-4-3cH Pershagens,
1982, 1984). =3 A8 I ook EH5E
AEJ A g He] P DNA repair 71529 A
& 22 HIARC, 1980 Rossman, 1981).

& F49 2 AR F9 2D AFeld F4

= ujae] oF 30%+% siel HHAPc} ol Fis
£ 829 Az A 9 e AgYPee] o2
tH{WHO, 1981). ¥4]€ vlAe F2 =& 53 =
2319 deh2 AR US EPA, 1984).

vlAe AldFed 371 @ 5719 ASLE Y2 &
Az, d7lF vldE F2 371 Aefe] AR
th 7S R7) vlad Zhsd L HYUES F5 A
A ¥4, 98 94 53 ASF 2=y a4,
FH(AZA, A3A)e Ao RE R
( Merican, 1984 ).

€ 9479 2A712 B¢ Aed vl 2dx®
= AlEAdelA 13-20ng/m’, BB e 21-
38ng/mPL ., 1977-1981\d Aol w2 dirley
v US EPA, 1984)¢]4 &#% ¥%, 26-11.0ng/
m'e} vz L 295E Jehiigdc dd3

E& 20m’/day, ¥]A29 E&7|4 AFES 30%
2 NM4stm, 354 EA02 38sld vy
A ZFaks AAlsid, HFgos AlEe] 0096 u
g/day, ¥2°] 0.150 4 g/day°l et o2 k3%
£ A% 249 ArdE AHe) 43 9LE
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¥ 5 o

l=E

N=g AdL: 2R 498 AL g3 A7
E(Armstrong & Kazantzis, 1983; Sorahan &
Waterhouse, 1983; Varner, 1983; Thun et al,, 1985)
& Aol glel =g sigate] FAA AR}
Z2A5L AAsdet. =3 FUYARE 5 FF
AYPA A et B FET FAE AR
t}( Takenaka et al., 1983).

b= 2§74 F4E 4 15-30%°9
(Dorn, 1976). sl¢] &F4% 7t=§2 4 I
2 metallothionein( A 2212 Mol =g}
& ARFHE 7HAY =gy 54 #de A
At g8)s Agste] Zhell AR el =
A AFe s olFsHn AR AHF 2 FE
Z Jebdich Airberg et al, 1974). ZtlAM Jt=F
o] A wgr)e oF 10del9 AR o
2 M Kjellstrom and Nordberg, 1978). 71=%2 A
rr Ar|xel Qe wWetA elgjdx FE T
A S84 #9148 9 §7F a8 A Ax
AL FUA

sl=f o Fo S5 F4 WA Adasde A
7l wE ol el o]l4EHoIY HelE ) &
2 A Lo o) 4Hu ojd A AL FAE
ol7|% sid}, zElm FHEAN, 7E 4=, o
o PAFAEe] F 2ot

2 AP} B9 249 Al=Ee] 2dE=E o
e AN 54-96ng/m’, EBAGHA 4.
6-242ng/m*e 2, 3 %A A 9(Lahmann et
al, 1986)e 4 &A9 ¥=4¥4, 1.0-500 ng/m}
o Z3s]slct.

QA5 FE 20m/day R TEFNA F5& 30%
2 AARsln 58 BADE nesld dd %
2ke AAtstd, JFFLR A&l 00404 g/day,
B3elA 0.053 ¢ g/dayelddet.

67} 38

2Ee x23 AgFHe] $3-ukg ABHLS W
& A3 9% dF(Machle & Gregorius,
1948; Baetjer, 1950, a, b; Bidstrup, 1951; Mancuso
& Hueper, 1951; Brinton et al, 1952; Bidstrup &
Case, 1956; Taylor, 1966; Bittersohl, 1971;
Enterline, 1974;Langard & Norseth, 1975;
Mancuso, 1975; Watanabe & Fukuchi, 1975; Da-
vies, 1978, 1979;Ohsaki et al, 1978;Sano &
Mitohara, 1978; Hayes et al, 1979; Hill & Fergu-

son, 1979; Alderson et al.,, 1981; Satoh et al., 1981;
Korallus et al, 1982; Frentzel- Beyme, 1983)<ll A4
ARAglE AAE JHAd Fooh F2A 371
9 671 2& AL o k3=, @4 67}
Aol FEAYA WS Jdehl7idE 6
7} AEWNe QA g B3R ERIE A4
(Laskin et al,, 1970; Levy and Martin, 1983). =3
in vitrodll 4] E o} YA (Petrellie and De Flora,
1977, 1978; Lofroth, 1978), DNAZAIS A %
42 Raffetto, 1977; Levis et al, 1978) 28l3 <
A3 o]AH Nakamuro et al, 1978)& #4A1e}.

67} ZEe] WetAde Vel 8 ¥4 7|WL
71 o]t WHO, 1987). 71=ulell &L A%
9 43 % ZFAH AR AR Fxe] sl
aA «48-g W=ci(IARC, 1980; Langard, 1982).
AEY F5e A A dgod, 92 F4R
age 4L & 5 F= v, 1 F F5
A Rg3d oF 50%7F 28 E3 wjAdsI dol
e AL F R zA e A4 AP ¥
el A o) A wWAd"HHUS EPA,
1984).

3% (2% sodium dichromate)e] F#8 $xX&
Aaggy, AY, EALE, FAET ¥ Bd2 F
9] R ARAE A ALuy, dr|F ZEFLS F=
AZA QA LA e, shet g JisEd o
gl FAMgdse wdr2¥e] SAAIHIARC,
1980).

2 A7z ot A" ZE 295 WY
= A&A "6 1.2-12.3ng/m, E3AGAA 06
-147ng/m’e. 2, Bowen(1979)8] =Aldl di=w,
o F7E d&8e A 2EY = ¥4, 200-
70.0ng/m*s} ¥lizsted chik ¥ FEE Jehigl
t} 2F9 3§74 A28 £= FHELE oHF 2
A A A ol Y=L AT & Ak

k-

YAAND -4 DA FA0 &8 22
Ao qlol #d R uled B Fo% S R
2R, o]3F YUAEL nickel subsulfide® &
2)# $toH( Enterline & Marsh, 1982; Magnus et al,,
1982; Roberts et al, 1982, 1984). &¢x2S 53
25 AgoAx Fo3 2o BAES Yehldct
(Ottolenghi et al., 1974). =% Algte] YA X
o] zpvf G BA (sister chromatid ex-
change)® DNA strand break® #2212}
(Saxholm et al.,, 1981; Robison and Costa, 1982).

v Akl e) v Aldzh WA s JFEL o 63



%2 B35 ¢]ZtH Natusch DFS et al, 1974). 4
Aol Z|#o] F4=HE G, ov|xat = T
Agelze}l s AN F4HHAAY =
E 5% wde A 4~5d A=xH A3
{Klaasen et al,, 1986). VA9 i x2% sig
9 djgtolsex FFg}, o, Az $F,
Ao S 2P ¥4 o] Frliches Alde] B
5ojx $teh Pedersen et al, 1976; Sunderman,
1981b).

o7)E AL Mebel} f-H9 A4, VA AR
g T S7)E Aoy 4" 9qF F
£ YAEL nikel sulfate2 A ol L84 P2
718 2YHERYH B AAHNZ e A
BZE 60~100% == 15~93%=F A A Henry
and Knapp, 1980; Dietz and Wieser, 1983).

£ drold 24b 72 UAe 29FE H4Y
= AaAYeA 22-85ng/m’, EFA A 14-
72ng/m*e. Lahmann$(1986)¢] §¥FEA =
AAGe A zAE  F=42(3.0-100.0ng/m*)9}
vl Zate] {ARRE FFolch

49 ¥4 20m’/day ¥ ZE71A JFE 60
%, 123 ZTEFA EXuE sl dd =5
£ A4, oo R AlEe] 0516 ug/day, ¥
o] 0.384 ug/dayE AAHKA} ol& JlE £
gA(AE, &, 37, Ed)ol 93 Adrig=E
A glel §-83 ARARE o149 4 girh

3.3 8228 ot
2 wEAN vy wii, Jl=F, 671 2
2 9 J#Ae] whebE[ carcinogenic potency; £-7F-

110 ANEA-A L-70E0.

2

45

W ZAo 4] AL AA 7170 At
oz wee (mg/kg/day) '] US EPAY
CAG(Carcinogen Assessment Group)oll s 37}
52719 et A9 1/4We &3k 2
o] BimH & EHTFoejr}

v, 7lEH, 671 2§ 2 YA 24 &=
Z2AX= 7 429%x1073% 1.8x107% 1.2x1072 ¢
24x107'e)5 wj&, 7k=F, 67} 2F 2D YAl
A% AAdez gAFsdn ¥ § Y F:
( Vertually Safety Dose; ¢]3} VSD: 9= 10°°,
wutgcl 19e] 23 dggEed HFsle 54
ol gro} &5 FEI 7 AP 7 Az
LAARER FAY S&€E)es 47 02ng/m, 0.
6ng/m’, 0.08ng/m* ¥ 2.0ng/m’e]c},

3.4 2l HY

H|Ael] o3 &3 wtbdEo] A& Age AL
69x1075 2dxRde] 107x107°224 F =Y
25 o2 F50 % kg R =gt
7R} A gl 2dt & Ad s e A&
Ao} 9.8x107% HFR]go] 13.9x107°02 AFS
Hgler, o] AFAD e gaztd 4z
Almbedel 109, Almbged 1499 23 A Hs)
=& ZHAd AdEAe e HE54ES 107~
107%2.2 Boks ) AGFe] obde & 5 Utk
(& 5). 22t SiAd seisely AL &3} Wst
AT At ol4¥ IAANEE 95% AR
(upper- bound)el®], °]& FAldl= 2d AAE
X4 (conservative)ol 7] wlFoll 4714 AteE =

3 a3 AdEE Aol AYAL AN 4 AUk

Table 5. Excess cancer risk due to carcinogenic heavy metals.

Area As Cd Cr** Ni Total risk*
C 0.016 0.0066 0.0006* 0.043
Shinchon | UR? 4.29%x107* 1.8x1073 1.2%x107°? 24x107*
ECR* 69x10°* 1.2x107°® 0.72x107° 1.0x10°8 98x107°
C 0.025 0.0089 0.0007* 0.032
Bulkwang | UR 4.29%x107* 1.8%x1073 1.2x107? 2.4x107*
ECR 10.7%x10°% 16x107°3 0.84 x10°° 0.76 %1073 139%x10°°®

# Total risk was assumed to be sum of individual risk

* Cr®* was assumed to be one- seventh of total chrome(Mancuso, 1975)
'C : mean concentration{ ¢ g/m*), 2UR : unit risk, *ECR : excess cancer risk

43 B

AgA] g g4 1987 5UelA] 19889 3

47k WA F 3
=g AR A el
AL 233t EPAEYER Z7AAY B¢
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E4(A, B, B, C)& ¥33 3gE(As, Cd, Cr*,
Ni)& AR 7|5 Fxo BE k&3e AL
dgor, A 9% 4F AAE EdE 43"
39 dele FAXE AL, 23 dg) e
£ A4l # 978 53 94R A S
g2

1 did dFA g EFA AW 2P FF
9 HyF 29E P dd :FHL vl A
Z2x]Fel A Z}z} 16ng/m® B 0.096 1 g/day, =
A el A= 25ng/m* @ 0.150 4 g/day2 AR E
3, 7t=F9 A= A&AGA A 77} 6.6ng/m’
gl 0.040 z g/day, EFAGANXE 89ng/m® E 0.
053 1 g/day® AbAE L0y, YAe Afs A&7
Aol A] 27t 43ng/m* R 0516 4 g/day, £33
4+ 32ng/m* ¥ 0.384ng/day® AHA = 2
Z9 245 AEAANA 42ng/md’, B3A Yo
A 4Tng/w’e 2 FAEYR, &3S AU AF
F £ F78 A3 3P Ao} glopz 4
A 2 duich. olg) o] A xEFE 24
At} 71 =(relative source contribution) 4]
N&ARE AT,

2. A dF R HoA Ut FEE5Y =

£ dgseEe vlay Ay, AlE ¥ B3
oA 27k 69%107° ¥ 10.7x1075, 71=8-9
= 7 12x107° 9 1.6x107° 671 289
= 7247} 0.72x107% 2 0.84x107° zglx #Ae)
355 747 1.0x107° % 0.76x107°2.2 &3]
o}

3.8 FEE A F NANNEE G F
42 A fx9 goz Falw, A& HedA
98x10-( At of 1099 2= §F) 2
gz BFA e 13.9x107%(Alubdd o 1479
Z et ) o2 AP S )

dubgog 107°~10"F =9 Hs= WHAE 3
£ 93 X (acceptable risk)FE£o2 53 o, E
A7 A A AER Bty S5 93 F 4
HEE w3 AN £EL ojdZloR I
o}, @A B FIEI 22 varA 298
{nonregulated pollutants)sl] W& )77 715 0]
vl gle)zJo} gir}. o] velr} diy| e Pt
setate] ARFAES B} A3 wFHshriHNA
= F9¢ As7Y A5 v AP=res a3d

A4 Hrtell i AF7F 2SR

2

20 o e

e
2

of o X
4 o 2
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