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ABSTRACT

This paper describes a set of multi-pathway models for estimating health risk to lead. The models link
concentrations of an environmental contaminant (lead) in air, water and food to human exposure through
inhalation, ingestion, and dietary routes. Exposure is used as the foundation for predicting risk of health
detriment within the population. The process of estimating exposure using often limited data and extrapolating
to a large diverse population requires many assumption, inferences, and simplification.

This paper is divided into four section. The first section provides lead contaminant levels on obtaining
environmental concentration of air, tap water, and foods. The second section provides a discussion of exposure
parameters and uncertainty associated predicting human health risk of contaminants. The third and fourth
section illustrate lifetime average daily exposure (LADE) and excess cancer risk (ECR) based on exposure
parameters.

The relationship between concentration of lead in an environmental medium and human exposure is
determined with pathway exposure factors (PEFs). The calculation of LADE and ECR is carried out using
Monte-Carlo simulation with probability density function of exposure parameters.

Examination of the result reveals that, for lead exposure, ingestion (food) is the dominant route of exposure
rather than inhalation (air), and ingestion (tap eater).
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3 2 SR VY A 9P $LT 5
81t} (Goyer and Chisolm, 1972; Thatcher er al.,
1982). ub Algle] Aol BF, A&, 4Y
g FA ARAZF e FAEA e} WHoz
sz 9 o AHE 2 85 2AUE Y,
AW FA Aol F WA LA 5F 2 A
A Y A¥A £ FUHe Aes
2 9l (LaDou J, 1990).
AB72 =R Fol FALG g =2
AR THY 37, 2%, £ 2oz U3
AP ow, AFA WEVIAREE FE B
AR x=Z2H7 = o A Az B
Aol g GRS AT AN 2 (F
3) AMJEA o} SR E Foleds AT A
Holl g3 G35 Azrt H7= 8o Jntel] A
E, o SHAE, 7R R FY, A 2
A AAE A ME FEFo| =EA dendet.
FE58 AL A Yoz $EHE UEA B
2x=2] 9d9le] 7= 3} o} (LaDou J, 1990).
Qlzko] A&sh= AL Yy, 24, 5F A A
F 5 2 723 98 7 AR 4 9
= A ooz Eibslw, o|FA Hofit A
22E QA7 £9EAY x3HE A2y A
T =3HS =3 goksle 1 dARAE
7] W3 ojzich ol e} At BHLAE
A2RE TS 5 e Tl WF A7 e
Aol 7ystAl dF= 2 3lo} (Sexton er al., 1995).
A g7kx] vt Ae] e EAe] dE »
237} (Exposure Assessment)s= 7] ({55} A
£, 1989; o] 5 %, 1994), 4, 2ok AF (o]v]
o = 1996; YA =, 1996; A . 1985) %
#7324 FAAA AT Frprh A xEol et o
= dAdujA M2 xEHGrlo] e Awe}t o
T U U olE BiEle dAE FAe

o5
o, W

A 2 S
u

2 374S BE YA (receptor oriented)ol| A& vl
4 B2 dAAE =l z itk o9} 22 A
£ H2s8 Z 5 A= PP dAV L9 EA

»23d 4 ¥ oA Z (multi-route)} T
(multi-media)sll H& FHxE2H7E AAXFo=
A QAo djd kgt =2ARE ATl A

Vol. 14, No. 4

35 A= H(Risk Assessment)E £ E 5
AA & = A& Aeldh 939 As Az
Al A3 A7t wg FEsA APgEHT 3l
oo (ISEA, 1999; SRA, 1999), &lv}e}l 94| HZ
o #HAE Ztm FA el s Hrtel AT o
F7F A AT (FA T A T4, 1998).

weta] B d7E AL o8 Ho=
A% 7hsd ¢ F xE3A2E FHND =%
Aol 2 7 37 wjA M| 29=T A
3] T2 g F3 ol dig A FxEH
28 =E Frigtens 2107 A4 Gk} 9
A A2l 712 Anz AFA g

o Ty

1. T2 LFF20jMe] H 2LHE =A}
i

AFHE Sedeing #8733 F =
Zo] W QA x2%E Fre) S8 Hed
d dEAAGe s AegAdsd axd Nqe
2A 339 FRAAE HYoz AASg
A4 87 dAze A7), 2R AFos
Aysgon, 53] 2§ Aot ez od
8 =N A BAE =E 298 AR
Aoz A A Jhs AFA A
e Grlstdst ma felvete $E 4%
A3} aul7h AAzEe] Fol7} Fe] FEHA
fob 2 AFANE AFS B 3 222 A
3 2% Ade FrA g3 Hrhsede
A7) 9 SEpdAe F 2gse 9F WY
Aol A ZHsgen, AF F ¥ odE
= 7129 47 AsE5E A8 7 A8 A}
FAg 7Y 4939 2} B =27
7hell o] &-3adet.

1) S CHAE X AR 35 AT

A=A Agosa] X937 1xEAHes
A FTE TD AGE AR en, =] A
Aol 32 HR FF AGelA 4xHE Am A
H Adez AR Ala A 19974 24
(). 44D, 74 (99 2 NL )9 AA
Wz EAsgen, Ag AF 72 4 AAH
A dFdR A s

o o

O

to 5



December 1999 Chung et al : Health Risk Assessment of Lead Exposure through Multi—pathways in Korea 205

2) A|ZAHF g

$54 F 3e 2437 Pstel A4 2000l
7} &9 200ml PTE bottledl] $=45 715 A
& 3 o nplE & el %4 YR 4°C
oJate) £EE $A5R APUZ e F £
A& w7bA] Basket

Aol = Ay 27l F P& PMpE Mini-volu-
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3} Flameless~AAS)E A=k BAslgoH(2d 13
2).

‘ Sampling ‘

0.5 ml Conc. HNO5/200 ml sample
Preservation at 4°C
Within

| Digestion ‘

Microwave vessel

50 ml sample

10 ml Conc. HNO;

10 min. at 545 W and 5min. at 344 W
[ Flitering _’

47 mm cellulose filter

[ Flameless-AAS —’

Fig. 1. Analytical method of lead in tap water.

Sampling J

PMip Minivol sampling for 24hr
With cellulose membrane filter
Preservation in the vacuumdesicator
Within 2 weeks

Digestion _J

Microwave vessel

Sampling filter

10ml Conc. HNO;

10 min. at 545 W and 5min. at 344 W

’ Flitering ‘J

47 mm cellulose filter

A

[ Flameless—AAS J

Fig. 2. Analytical method of lead in air.
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Table 1. Flameless~-AASE o] 43 54 4 o7 = 3 24 =74,

Element Lamp current Wavelength Slit Ashing Atomization
(mA) (nm) (nm) Temp. (°C) Temp. (°C)
Pb 10 283.3 0.5 300 1500
Table 2. 5349 344 23
Sample Spiked (ng/L) Found (ug/L) Recovery (%) RSD (%) (n=5)
Distilled water 100 93.71 94 3.78
Cellulose membrane filter 100 97.09 97 3.37

2 YA 53] 74 37 viA e &g
49 Aol AU S84 AAFIH, 7]
% B% o2 AzdNE 9Y 558, 5 3
ol Y AE A Hek 459 Y A
E QA% $U AREY F2 4Ase
5, Ao, Fd7F N7 4 2Fo= o],
AAF 2 53 2d= AulMe 2qxE
& 3eistel AAstact

Crystal Ball (ver 4.0C) = 2 73] © 2 Monte—Carlo
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AAET} 2% =] BEE oj&std YHIY
ot
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TE% ot

AT A AGelMe s, AW - 9 by
2 AF 3 9o e9=E wEes 3ol ve
A ARz 2328 5T dd F QA =27
< H715l7] 98 pathway exposure factor ()3}
PEF)Z o]£3}%= Mckones} Daniels (1991)2] 1}
A& A 43190k

CRi EFXED

PEF = — x
BW AT

where CR; : daily contact rate

BW: body weight (kg)

EF : exposure frequency in days per year

ED : exposure duration in years

AT : average time in days

2 >% 7A2AAM9 49 AdA =23, CDI
(chronic daily intake, mg/kg/day)¥= o}-g-3} 2+-& u}
Al oo A2, 3 9d QA =EFe 2

XZ 7 =2eA ] CDIE FAkste] A2shon).
CDIL = PEF\ x Ck

where PEF : pathway exposure factor in the env-
ironmental medium, k
Ci : concentration in the environmental medium, k
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Individual excess cancer risk =

Contaminant leval (ug/L, ug/ni, mg/kg) X Unit risk
[(ng/L, ng/m? mg/kg)~'] or Daily human

exposure (mg/kg/day) X Carcinogenicity potency,
qi* [(mg/kg/day)]

& 3& TOX-RISK (ver 3.1)o] 449 3o £
EAYARE Jepligloh E& USEPAS] 374
A 71535 QAder-EA (Probable human car-
cinogen)ql B2 1§22 RFEHo] glov} el 9
g At 3] 3 29 Y& = (unit risk) =
A AR kst gloh dAIRE B AT e o
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22 QT N2 QA7) A3 Azar 5(1973)
o] AT FEALE ol gt $F-VYANE
shieh. o ARE # Ransh 47 Mouse)el 4
BAoA FAGo2 fol5h AP Renal tu-
mon)e) Z7HE el Sa ARHelle st &
¥e seAad 2Astn Yok e S
ARNE 7 AGATNA FAYE TRl
de nslow A U BAY FAL B
2331} (IRIS, 1999).
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A4Y A28 w249 LEFE Ag3haleh
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ughez =7l @A HAE2F%e 32AY 94
oJE2de] 6.67pgle= 7H4 Egton E(1.00
uglhel 744 e =8 Bych Az FUA
g wmsl e AAHoz S4SeMe F
st a5 2 Aele ueld 2ed & 4
Ao Ag-d FHAGeM w2 s=o A
23 HAE B WA & 29FET B
3 =& 4.

Table 3. Experimental animal data applied to TOX-RISK (ver 3

US EPASIA ¥ k& Wit 71&¢ B4 3%
2L9) £-843} 65g9) oI FE AAT A 0.05
mg/l2 33 glont ogd £FL 98 o9
M9 xEE FFetste] efo}(fetuses)t oM o]E
oAl otAR] B3l AlZhe] 9l (NAS, 1983).
u}e}r] US EPAE 2ol -840l A MCLG (maxi-
mum contaminant level goal)& Omg/leE &1
MCL (maximum contaminant level)2 0.005 mg/l&
2 8 A& A7stgch(US EPA, 1988).

W1 ZM Y F e AFRE AL $3
(0.15pg/m*) 3 QEA (0.17 pg/mY) ] F4 2 5
=2 ZAEHAJon, FEAYL ALH (0.80ug/
m?), EH0.75 ugmd)lM A FHEHAPE AA
Moz FRAYGe] MEgAduc Yt A
AEHE A & =& 5). US EPA2| NAAQS
(The national ambient air quality standard)ollA] H32
3= AALG (ambient air level goal)2 1.5ug/m 2
24 3G BA HAdyezA A1 J|E
& AIEE nyom v AAH AHANME
1z] ekolr} (Calabrese and Kenyon, 1991).

AFF F29 =% v AHEEY F=
AR F7, AaF AYF, A7 4 152
2 o] AFHge] E FZH ©d AEFNAMY
295 =8 a8 AANAG FHe 23 B
g ez sgon ol HA FF AAY
F 84%% AAEE Foldleh ALF HA Wl
2 (8%), F(17%), 716t (30%; 25, &4}, A5 2

1

EPA category Test animal Route Administed Dose Tumor Incidence Tumor type Reference
(ppm)
, 500 5/50 Azaretal,
B2 Rat/male Diet 1000 10120 Renal tumors 1973
2000 16/20

Table 4. The Lead concentration in tap water unit : pg/l
Spring Summer Fall Winter
Area Mean=SD Mean=+SD Mean=+SD Mean+SD
(Min~ Max) (Min~ Max) (Min~ Max) (Min ~Max)
Seoul 0.90+1.58 827+243 1.50+£3.34 2.78+5.38
(ND] ~8.05) (ND~15.02) (ND~7.59) (ND~ 15.00)
. 1.00+1.14 6.67+8.18 2.42+0.92
Industrial (ND~5.00) (0.16~34.58) - (0.95~4.82)
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Table 5. The Lead concentration in air unit : ug/m?
Spring Summer Fall Winter
Area Mean+SD Mean+ SD Mean+ SD Mean+SD
(Min~Max) (Min~ Max) (Min~ Max) (Min~Max)
Seoul 0.15+0.08 0.17£0.05 0.12+£0.04 0.03+£0.02
(0.05~0.34) (0.11~0.25) (0.08~0.17) (0.01~0.06)
Industrial 0.75+1.40 0.231+0.25 _ 0.80+£0.32
(0.02~4.66) (0.03~0.79) 0.24~1.16)

o], 3h AlFA)E Aoz son, AAFE Al
AT AA H2FF 55%F A el
FARE FQ@3%), AT @0%), $utE} Bgolg
ez stgled AA ALFF 64%8 3T
Foldwt. A Fe BA), ), 25, 27] F 16
F& W4z AUT AR 2 F 5%
o]t

7t A gelMe] s=8 AFEE oA FeolA o
F (026 mg/kg), H 7 (0.36 mg/kg)2. 7H ¥ &
HE=F% Biow, & FHM #(0,12
mg/kg), 22 (0.10mgkg)2 F=7} Fdeh Aiel
Fd i T Ld¥EY 4 255 P R
TEE A& 6).

2. 33T TEYE o JEAXt it

EE97IA xE2AAEL] HFFhe] 2R
HE AAEL HdxES s 8 Aol
g2l H el #d =2 (RME; reasonable maximum
exposure)l] 483 & ARG =W HEA
B8 29 95th percentile kR o] Z x&

£ Hked3lA ®oh RME: eledsiA 2§ 4= gl
t FdxEe T3, o)d AMgHE HpES
Al Hw4r} ofn] RMES] 230 2o
A G2 HPEH yalste Roxe} g

HA =&l AHEEHE eSS A
HEE, % 7S St Fse 2 Q7w
M A S84 HAFo A Seluet Hal
9l dd 44 MHAHFL FT 1.26/day, 90th
percentile-2 1.98 I/day= H7}=l uw} g)ow (A
A SAFH AT, 1995), vl = Al HFgh(14
1/day) & 90th percentile (2.0 Vday)3} w8~ £-x}3}
Fd A& 4 4 AU (US EPA, 1997). & 7o)
A BE 7 d37)ambd 9o S84 A
Sageld 234 Aolg wolrle sht ol
AHF 2] A8 =39 B2 =39 &
280 T AR Fof ufE Aol wE A
4E& AEE 4 U= wEbA] 90th percentile Ftol
Al seviel #x1l ohde} o J]FeM = 2.0V
dayell 7M7h¢- Zh& Bel dd &4 AFge
o|7t& AHg-sksdet

+ME AT 4 2502 Y] 7 aF
2%z dd SAE A dF Ass
ZHA A A S Agsiae 4d A =
774 G2 AR TA (B EA ], 1997) A8 S

73 US EPA (1985)eA] Avje} A
38 AFAE T3t FF5Fd e g4
F dA T2l o Helel HE 3EFo e »
T8 v} gler} (& 8), §-23F 95th percentile -2
A AA AT A o] MM E &, &
T gEdde] dHAA guE 9 AS5HY =
243e] Hrtell 7)Ee] Hi Ao BT 49d

Table 6. The Lead concentration in foods unit : mg/kg
Groups Mean SD (Min ~Max)
Cereals
- Rice 0.12 0.12 (0.02~0.32) ¢l 4313}
- Barley 0.10 0.06 (0.01~0.25) 2359
=]
Vegetables
- Chinese cabbage 0.01 0.02 (ND~0.56)
- Radish 0.01 0.01 (ND~0.04)
+ Others? Point value - -
Fruits 0.01 0.17 (ND~0.41)
Fish and Shellfish
- Fish 0.26 0.97 (ND~1.87)
- Shellfish 0.36 040 (0.01~1.51)

* Custom value

3FE2A 20m¥YdayS Algtsta 913, 2ot (worst
case)?] FE-EF A4S $lAE= 20m¥day?] 1.5
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Table 7. The value of daily water intake of adults

90th

Institute Mean percentile (Min~ Max) Note
g‘:;g:rfhﬁ‘;v(;;‘;gl (ff;%) 1.26 1.98 (0.48~2.25) Including drinking water and beverage
US EPA (1980, 1991) 1.40 2.00 (1.24~2.73) Including drinking water and beverage
NCI(1987) 1.39 2.00 (0.80~1.96) The case—control study on THMs in tap water
US FDA (1983) 1.20 - (1.07~1.30) Including drinking water and food water
Gillson & Paulin (1983) 1.25 1.90 (0.26 ~2.80) Newzealand, 109 adult
ICRP (1981) - - 0.42~2.20) Including drinking water and beverage
NAS (1977) 1.63 - - Reference review (Including milk)

ulq] 30m¥dayE 2 =S AFsT ot o]of n)
& el ASde Ade 99 3EFE
#% ArEe 719 AFs AA e} upehA Yuk
A3l oz 37 H8 Ha Y 3FF

o
va e

2A 20m3¥/dayE A3}

T ARl A2 4 Y= Adree
A AAGE ASAIZHE e et SA o]
HAEd 2 o)t HEEd A

717k A& el 7] WEelth £ 4
Foll MY xZ52t AARZ FHY =S /A
I Crystal Ball package (Ver 4.0C)]| fitting3}<d 7}
3 Ay $TE Fgn 249 TR BE

(2

Table 8. Summary of human inhalation rates for men, wo-
men, and children by activity level (m3/hour)?

Resting®  Lightt Moderate¢ Heavy®
Adult male 0.7 0.8 2.5 4.8
Adult female 03 0.5 1.6 2.9
Average adultt 0.5 - 0.6 2.1 3.9
Child, age 6 0.4 0.8 2.0 24
Child, age 10 04 1.0 32 4.2

(US EPA, 1996)

#Values of inhalation rates for males, females, and children
presented in this table represent the mean of values reported for
each activity level in US EPA (1985)

b Includes watching television, reading, and sleeping

¢ Includes most domestic work, attending to personal needs and
care, hobbies, and conducting minor indoor repairs and home
improvements

4 Includes heavy indoor cleanup, performance of major indoor
repairs and alterations, and climbing stairs

* Includes vigorous physical exercise and climbing stairs carrying a
load

"Derived by taking the mean of the adult male and adult female
values for each activity level

T o] 53 FErt REW AL 4 ¥EE
Crystal Ball =2 73 yoljA] F2t¢] =2 (randomly)
Aeste} Is}sic

x&n = (exposure frequency)®} x=27]7} (expo-
sure duration)®] AA-2 & xZX 7S A AS})
ok} 2oirled, o] War Aee w2
Helzlet o] W w3 EALA7) $-450H, =
Z A 7bol] )3t 95th percentile FH-& AM8-3}A|q}, 2
F2] A& S BpHom eldd(reasonable
conservative) & 2} A}-4-3k}. US EPA (1986b)
A4 & AFH Qo9 sl 90th percentile
%t (upper—bound value) == 50th percentile Ft-&
H7pell AHg-aka Sl

A5 (body weight)-& x=Z7)7bel] e A=
& sfulaie B xaol Hdsl Ty
3719 H@AFo] 2ejA o} g} wfelr EF
A 2E HAxES Y W 2E 930
Foll g A7 EHFXE A oF s 22}
AFA A HE5E ¥ (ratio)7h HA wl$- QAT
735 T0kge} AFE ARSI xE7)7b i3t
dA g A g FHAHor 20 QEd 2 &
E Aol 225 Heqd o2 Wl 3
A AEH el dFolvt. 2t 4T AFAS
£ FAAM AHgstmE oleldt o EA] s ¥
At 2 i7E F43E £ o HFAFo) =
A 98 WHeEs) 29 9 RMEY 7}
7 BT AAle] o|Feld £ Uk F, AF F
o] 5th percentile Zt2) A =3} 95th percentile 3t<)
A5 22 9 7P &5 IFY AFEE
w2 ke AAE s "o eAEkA
%2 s el el (resonable)o)E £o
t old A vHT 5 ook =3 AsugHo
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2 95th percentile 3t A=} 95th percentile 3t2)
A37h 929 A= 24 239 4GB B
o o] & AFel g HEE] viE A 4 9
7] W&ol o]F 7A-¢ Hdf (maximum)o]eh= £-o]
E ¥ & due Ao sEv=t AES
a3y JFAFS FAAFe) 68.35kg, JAAF
o] 549kge]|™, A FFL 61.65kge = 715
91t} (Table 9). US EPAS| Al 65~754) A}e]2)
FAAF 74.8kgF AXAF 66.6kg] HFghol
s Fsl= T0kge] H4-& At sle-

g A7k (Average time)-S 71 qAHEA L] &
Hazopgel Szdoz AYstd 9E S,
A=A B3 AAxEF 7 224N (F, 3

Table 9. Body weights of adults in Korea

Body weight (kg)
Age
Female Male

19~29 53.0+6.2 64475

30~39 55.3+64 67.0%£7.9

40~50 58.0%6.5 66.9+7.7
F 52 13 =%l diE el 28 Aat
HolA T, FASAEAY AeE wAE el
T 0E 7P B3 =270 AiF gl 23
AR o)A} verEAl] gt A7|Ae] xF

€ A 9 =328 2ZV|7H (A B kA
ddx=Zghel g HFxEE ARl AAks)
I, UEA] A HA YL eEY 32
BAFF ddxZ3 g & =3 33 &
Zell 23] AArsie oj2st o] f-= US EPACIA
E uPUtEAL] A ATE 27170 §93)
A AFEsta, LrER] AsE Yy 70489
243131 3l (US EPA, 1989). ] & 7 &4
zg71H el dh2de el ANE z=g A
ozA, MgEAA HS B 77l A 14
F 222 YAgee BANY A4 x4
Abe-gteh= 7}A o) 7] 7 o]} (US EPA, 1986).

vl HF4ge 755903, $evtet AL
59 FF54He 735908 wuHm gloy
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Table 10. Expectation of lifetime in Korea

Lifetime (years)

Year

Mean Male Female
1980 65.8 62.7 69.7
1985 69.0 64.5 73.3
1990 714 67.3 75.4
1991 71.7 67.7 75.7
1995 73.5 69.6 71.4

ke = 110 Yepigie

3. Cidz2 &2 E8 deo| oY & 2
LT
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A& FE3A ol AHz v £+ ¢
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Aoz A2E 5T x=EF] /M w€sten
G2z o F, FUH FF ol 53 =
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v F-9-(radish)e} Zre] 2A A w99 =ofitd
A A EE BAZ S35 T F75 ol &
FE &4V G WA & 7FsAdel dx
Aoz AL Y FAME oF7l dFucl
oF 2] A= 2 AAEEFE B (E 12,2
g 3).

Mg FAAE 2FS 53 39 dAx=Z
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Table 11. The value and distribution of the exposure parameter

Parameter Unit Distribution type and Value
Body weight
Body weight? kg
Log-normal
Mean=61kg, SD=5.1kg
Mean: 345BMin; 150BMax; 365
Mean exposure frequency® Days/year
e s me mn = 208.00
Triangle
Min.: 180, Likeliest: 345, Max.: 365
Life Time2 Years Point value : 70
Averaging time Days Point value : 25, 550
Absorption Tap water % Point value : 10
rate Air % Point value : 40
Food % Point value : 10
Tap water I/day Point value : 2
Air m?/day Point value : 20
Cereals
- Rice
- Barley
Contact Vegetables
rate - Chinese cabbage
Food* - Radish g/day Point value
- Others
Fruits
Fish and Shellfish
- Fish
- Shellfish

@ Expectation of life time and average bodyweight of Korean, Ministry of Health and Welfare, 1997
b US EPA, 1996
¢ National Nutrition Survey Report in Korea, 1997

& 5o o 3, A% BAAE o 10 ¥ 4 OFE -ES S8 do| UY = Ass

QA -2eks Wl ow, QA 50~95th percentile F=Hd

UAT 2ol oF S, EHAME F 2220 ys EPAdlAL SereAs) e UeblA

M EE dAeETEe 29 of AT WA Hust d A o Sapou
- 22% M3} ohtAd 29 (Linearized multi-
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Fig. 3. Comparison of LADE for each food group.

Table 12. Comparison of LADE for each food group
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stage model) & o] §-3th 1 o] f= UIrIAE
S oz A wdsta glow, 23 ghibA e
At FHeA FAI7E AAA o e ¥
=& AF37) bt F& dAtes = F
BAtge] 3 4717 29 sl A2d 3
W7bs FAHA W 95% AFghge] ek
A HA=AE = 149 AASGL =) M
= (goodness of fit)E AT A} 7+ mde) o)
k53t fiting A7E Beoo AAz Y& A}
¢ ¥ojElz o2 22 ERv Multistage 2 o]

unit : mg/kg/day

LADE? :
Mean+SD S0th percentile 95th percentile

Groups
Cereals

- Rice 2.53E-7+1.89E-7 2.03E-7 6.22E-7

- Barley 3.85E-5+£1.95E-4 3.37E-7 1.57E-6
Vegetables

- Chinese cabbage 5.12E-8+2.71E-8 4.76E-8 9.62E-8

- Radish L12E-4+3.22E-4 4.04E-8 1.03E-3

- Others 9.11E-7+6.28E-7 6.87TE-7 2.31E-6
Fruits 1.78E-6+8.89E-7 1.54E-6 3.95E-6
Fish and Shellfish

- Fish 8.93E-6+2.26E-6 8.77E-6 1.29E-5

- Shellfish 3.45E-6+1.09E-6 3.28E-6 ' 547E-6

Total 1.67E-4+1.42E-7 1.73E-5 1.08E-3

2 Lifetime average daily exposure

Table 13. LADE of lead through air and water intake in Seoul and Industry area

unit : mg/kg/day

Area Seoul Industry
50th 95th 50th 95th
Media Mean " percentile percentile Mean percentile percentile
Air 1.34E-5 9.19E-6 4.04E-5 5.76E-5 295E-5 1.93E-4
Water 3.41E-6 1.06E-6 1.30E-5 1.74E-5 9.35E-6 5.86E-5
Food Mean: 1.67E-04 50th percentile: 1.73E-05 95th percentile: 1.08E-03

Table 14. Cacinogenic patency and unit risk obtained TOX-RISK (ver 3.1)

Carcinogenic Potency Unit Risk
Model
MLE 95% UCL (q1*) MLE 95% UCL
Multistage 9.8010x 1073 1.1050 x 107! 3.4145x 1077 3.8506 x 1076
Weibull 3.5575x 10 6.6039 x 1073 2.8018 x 10710 1.4289 x 1077
Mantel-Bryan 8.4415x 1073 1.4312x 1072 6.2914 x 1078 2.1459 x 1077
Log-normal 5.9834 x 1076 1.9388 x 1073 9.9212x 1077 4.3625 x 10738




December 1999 Chung et al : Health Risk Assessment of Lead Exposure through Multi-—pathways in Korea 213

185 percentile/50 percentile #Mean

isk
1.00E-04 Excess cancer ris!
1.00E-05
T
1.00E-06 ——
1.00E-07 [I —le
1.00E-08
1.00E-08
Cereals Vegetables Fruits  Fish and Shelifish

Foods

Fig. 4. Comparison of excess cancer risk for each food
group.
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Table 15. Excess cancer risk of lead for each food group

Forecast: T_ECR Seoul
Cumulative Chart
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Probability

Fig. 5. CDF of total excess cancer risk for multi-pathway
in Seoul.

Forecast: T_ECR_ industry

10,000 Trials Cumulative Chart 159 Outliers
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Fig. 6. CDF of total excess cancer risk for multi-pathway
in Industry.

T AAFE BT o] ofEl: HellM A
W A3 dn o ¥ ill=E Y He=
d&H ol FF vl BgdEelol & oz A
Zrdo.

A& FEAEY] 7+ A2 ZIapigdds
£ Als] B, £4) (Mean : 1.06E-5, 95th : 6.72E~

E
CR Mean+-SD 50th percentile 95th percentile
Groups
Cereals 2.52E-6+%1.24E-5 3.51E-8 1.30E-7
- Rice (1.56E-8-4-1.16E-8) (1.26E-8) (3.85E-8)
- Barley (2.50E-6+1.24E-5) (2.11E-8) (9.85E-8)
Vegetables 7.15E~6+2.01E~5 5.45E-8 6.44E-5
- Chinese cabbage (3.14E-9+1.67E-9) (2.76E-9) (5.93E-9)
- Radish (7.09E-6£2.01E-5) (2.52E-9) (6.43E-5)
- Others (5.61E-8£3.93E-8) (4.09E-8) (1.46E-7)
Fruits 1.10E-7+5.44E-8 9.55E-8 2.43E-7
Fish and Shellfish 7.69E-7+1.61E-7 7.58E-7 1.05E-6
- Fish (5.54E-7+1.40E-7) (5.45E-7) (7.97E-7)
- Shellfish (2.15E-7+6.78E-8) (2.05E-7) (3.40E-7)
Total 1.06E-5+2.37E-5 1.07E-6 6.72E-5
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Table 16. Excess cancer risk of lead through air, tap water and food in Seoul and Industry area.
Area Seoul Industry
50th 95th 50th 95th
Media Mean percentile percentile MeanSD percentile percentile
Air 8.40E-7 S.67E-7 2.57E-6 3.53E-6 1.79E-6 1.18E~-5
Water 2.14E-7 6.49E-8 8.14E-7 1.08E-6 5.98E-7 3.49E-6
Food Mean: 1.06E-05 50th percentile: 1.07E-06 95th percentile: 6.72E-05
Total 1.17E-5 1.98E-6 6.83E-5 1L.52E-5 4.55E-6 7.18E-5
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