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Exposure and Health Risk Assessment of Lead Workers using Monte-Carlo Simulation

Jung Ho Youm - Keun Sang Kwon + Ju-Hyoung Lee - Joo-Won Jeong

Department of Preventive Medicine and Public Health, School of Medicine Chonbuk National University

Objective : This study was conducted to quantify chronic
lead exposure from various medialie. working environment,
food, ambient ar), and to certify the usefulness of exposure
assessment using Monte-Carlo simulation in the fields of
occupationd hedlth.

Methods: Datawere obtained from Koreen Indudtrid Hedlth
Association, Korea Food and Drug Adminigtration, and the
Minigtry of Environment. Then lead worker's exposure was
estimated indirectly from various media and parameters (ie.
volume inhded, body weight, dietary intake, etc.). Uncartainty
was andyzed by Monte Carlo smulation with Crystd Ball
oftware. Exposure doses and hazard indices were Smulated
with various hypothetical scenarios indluding weekly working
hours and respiratory protective equipment.

Resuits: Without respiratory protective equipment, the totd
exposure dose per kilogram of body weight of lead workerswas

I.ME

estimated as 5.45 X107 ng/kg/day, and hazard index was
edimated as 2.26, and exposure contributions were calculated as
fallows : working environment(82.42 %y); foodg(17.57 %); and
ambient air(0.01 %). But, if working condition hes changed -
reduction of working hours and using respiratory protective
equipment, the total exposure dose per kilogram of body weight
was estimated between 1.34 % 107%-1.49 x 10" mg/kg/day, and
hezard index was edtimated between 0.56 - 0.62.

Conclusions : This study suggested that occurrence of
hazardous impect(ie. increased blood pressure) through lifetime
lead exposure would be expected, and that the Monte-Carlo
smulation was useful for thefields of occupationd hedlth.

Key Words : lead, Monte-Carlo simulation, occupational
hedth

e vastar glof, A4 e ARSI} 27l 9 el
of 7z} vjAlo] wE Ae)7]ed 4ol e
37l Bl 715 e etel glof, wherd] Rkl S

9oL A Thed AA Gl oSt ABA L FH e o

“% 0] 12 2004d ~2005\ A%t s 2] AT A 2] 3] o] Lol H S

99 12006 1190 10, AjEle) : 2006159 1)

=
T WAL ALY (AR AFA YR Sk AF2-20 A5 o] oelst wd,
Tel : 063-270-3137, Fax : 063-274-9881, E-mail : drkeunsang@chonbuk.ac.kr)



H‘.L

g2 3§ 7hsd LTS AT D eAol
A3 37} (risk assessment) 7} o]of AFS-3h= 1)
QITHUS EPA, 1989; Kofi, 1998). & =2] %3]
g 7 B4, od 7Y AEE T8 sA=EE}
(cumulative nsk assessment), &= thij A 874 &0 4] s
/H 01 rE 1_2/\1—51—_‘:_7 j_rgz] 6]— E_/\] u}%i%ﬁgﬂ.
(comblned risk assessment) o #31o] A5 ¥ = (o] & w
5,2001), =EA R Y A 72, B 7], 43 5 E9
AFAG ARG A1) =F Bgk g E oo st A oE &
#7 9lo] (USEPA, 1992; Page, 1994), Qw337 9 %
AN 4] FATHE wE dlgh 1erF dagh Ao
th

A = A9 U faEL dsiAE deF
(TLV : threshold limit value) 7} A-g-% 31 9)=d], o] 72t
the 224 A7 2ok vud v & = A%
B E WA o JoE FAHE A9 W fELY
FEE v (ACGIH, 2001), AFietd B A W o & A5}
01 welE o Qo 8 AN g A S o7, 74, EY Y
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B 1995 lkeda 5 2000b azoﬂ S FESt]
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olef & AFeA = e Awste AeEE d AFEe
TEAE doR, A, t7], B 5 UGS oA
=27 gE] TPV 9. & A 8¢k A S ol A o] St
&S 1H3 F wE%S Monte—Calo SmulaionS: ] 83
o] Pristal, ol EdlE $3A S (hazard index) & A= 8
owM, g HAFFEAY AGMA @ A S oA
Monte—Carlo smuldions- o] -4t =23 712 F-84&

st Stk
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2 x}2] Monte —Carlo simulationg- ©]4-3+ =% W 77 ai)5 7} 111
1.4 QE T TA

1) #4338 Wl & &
SRAE e iEHE uf Ak kel 47d e 2
ASE S AHE g = A *7?,0 Escort® LC
sampling pump(MSA, USA) £ o] 8-¢F 7IA 534 o]gle.
o, B AAFF RS EA( anmlc absorption
gpectrophotometer, G& G Korea, ANALAB 9200) & o] §-3}9i o}

DNEFTHF
AE T %203 AR %}iﬂ«li A E 2o} oyﬂ
ﬁé@dy_% FEE 424 1992 e 19984714 9] A8 &

B855I $E) A9 BAE AL 45, 209 A
o 7t Aol7h Fol FRAA W Bl Yol (8 F
1999) ¥ AT A= A7 FHARE ol §55ieh.
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o] 3 W9 Q95 2001 iE 20089 Y179
2 B4R BHRAAL 9L B FAIANA 54
sgom, A5 FAR 2 ol §esir)

4) v|ERR-A

A9 edEARY NS Y BAY AHE neS
Slato] HEREAS A (0] £ X % 2000) 715 AL Fa
AL, I 71E BEI} A Brel O TN 2L
AN 0w (a5, 2008), o] BE 714 SAS8LE o] &
st
2 &Y B
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Aol 9lom Ayl=SAS81E o] &-5lo] HIEEAS 319
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2) =% 212} (exposurefactors)

wlAE QA A e AE fslo] A7 )R e
obeff o} Zom, ARG =Z 1A} 7k Table 13} ) (US
EPA, 1989, 1992; Kafi, 1998). &<l &35t A3 oA H=E<l
SHFEX 7)ol 9 mFel A 045 mihour, 217 ol A
12 m/hourE- ICRR 1981) A g3l oM, R 5 283 4
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©= 018 BA3}7] Yslo] A3 & (FC: fraction of intake from
ocontaminated source) € 0.1(Nicas 9} Neuhaus, 2004; Martyny 5,
2002) = A g3kodeh, 1) 1 A EﬂAﬂL oA HEEal
A A% A F(gday) 2 oAl 5-(2000) 8] B An|H
s dg3elv(Tablel). 29 x} = Crysta Ball®
Lftwares- 0] 8-51¢] &]E,l‘i—jﬁ (bes—fit digribution) & =7 5}

o] 31 (Crygtd Bal®, 2000), 284 98% 422 9 o]
Monte—Carlo Smuldions A3} o, mj A QA -2

9] percentile gk& 7-3k31Ht.
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A Aol Fagh =4 gk 5 uietd el oid L
2] (RfD; referencedose) &=+ 19 3-8 =% = (ADI ; acceptable
daily inteke), TeFe el o gk b A= (cancer potency ;
gl*) (US EPA, 2002) & 5% US EPA 9] IRIS(Integrated Risk
Information System) o 4] A Ak Ak S Q18-8haL 9lchUS
ERA, 2003). Z22jut wel 9 FuA L AA A kot A
Toll A= ol &l 5-(1999) o] 4+=¢ RIDBMD = 241x10°
ng'kgday (543 FL7 1 PEE) & ol g3l o, 7w
% i%%u 37} RIDBMD €] 1131 9] 4|4 (hazard index)

et W A 2EAY] dddE AREE FHE
G mRo A AR Fanx] (RIDBMD = 241 <107

kgdey) = Ho] 71374715 A5 pgd m) 7 S 5E Y Bt
A& sl At Bl A E 25 A
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BoT A8 o gl AeJAt 2L ne @ 471 M
Al 2o whE =2 BIEE AASEL ofd uhE 91317
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JUel 2.5 4517 sl AAle

=+ 7]7]—0 351/:]0]1:% 2% 1JJ—EH4 xl(ﬁzﬂ];Hi o1o1 Jﬂ
T A AILEe] 104 7 529 3t 2] do] 6 o] 3lrh(Table
1)
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2 A7E Sstol $AH AR A% D BAA A
%Eﬁ&ﬂﬁ&ﬂﬂﬂﬂﬂﬂ M@#ﬂ@ 27 2%
9] 7% ¢l 215 (raw data) 0.018145 + 0.016966 ppm 3} 5.~ &.
3} 286 9% 7} 7 0016973 + 0001623 pom L F
S19.0m (006), 4F W 7] QA% A B5E A%E

Bo] =X S BHele 5= 99T}

C xIRi x ET x EF x ED x FC

Inhalation (mg/kg/day) =

BW x AT

C X FC X IRf X ED

Food intake (mg/ kg/day) =

C : concentration in media (mg/m’)
IRf : ingestion rate, food (g/day)

IRi : inhalation rate (m'/hour)

FC : fraction of intake from contaminated source (dimensionless)

ET : exposure time (hour/day)

EF : exposure frequency (day/7days)

ED : exposure duration (year)

BW : body weigh t(kg)

AT : averaging time (days, equal to exposure duration)

BW X AT
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AT OV A GE FAA AxFFoE TARFY -
CRS - &% — =X — A7 (STACKER) — 7% — 2§ -
S =z

[ele}

Absha 9JQlvh A3 Ul W 29 E& 0018145 +
0016966 ppm 2.z A1%¥ Aol 13l o (Tale 2), Crystd
Bdl“sftware s o] §-310 HAEXLE 5743 A3} Weibull &
¥E Hovh(Fg.1-a). 375 F45A g2 Az 59
B0A7He] FE27Q A A9 Ul 3o dA EFE
A3 A3}, W3 &S 439 x10° + 00048 nglkg/day ©]
Qo ZFokzke 268x10° ngke/day, 95th percentile 7k&
1318 %10 mg/ kglday ©] 1t} (Table3, Fig. 2-a).

JAFUH A=Y &

B Ao A= S u R F 4759 2% ts] 2
EE AR A% F HY SdkE #0003, il
0.71 ngkg *HJo]31 o, exponentid didributionS H.o]= X
2], A, A, 974 0] 9] 9] AL extremevauedisributionS
BT} A wEHE AEG A3 AEo] JT F Y
& 106x10° =+ 0001 mg'kgday o]l om, Zzhe- 108

10°* mg/kg/day, 95th percertile 7t 1.54 <107 mglkglday ©] 3]t}
(Teble 3, Fig. 2—b). wgt A58 a3 57140205
TP ESkom, AR, S, Aaw, T dAE YT

o] it (Tabled).

H7l Fg P Dz

t7] % we] 995 0067 + 007 ug/m' .2 S o))
£ 71521 15 ppm o] sfolglor, lognormd ¥ ¥-5 1gir}
Fig 1-b). 18] =2FS 2T A3k BT =2 03%
10° + 00008 pgkg/day ©1%10.H, FF ke 0223107 pg/kg
[day , 95th percentile 712 081 x10° yglkg/day o] 1tH(Table 3,
FHg.2-c).

5 F =% YAl i)

REFE AG5A g2 AEE T 60417 Sz
Q1 A9 g At F =& 545x10° + 0005 ng/kgday
ojglom Zalzke 375%10°° nglkg/day, 95th percentile 7t
14310 nglkgday o|Sit}(Tebled). & =Z ol digh 7}
A w70 E AEd daf A gAY mFo
42 % T 717 =gron] A% 1757 %, t7] 0.01 % 409

Table 1. Human exposure values and equations used in exposure quantification human exposure factors

Value
. . : Working
Human exposure factors Food intake Ambient air environment
Concentration in media(C : ng/ ) - - -
Contact rate * 045 127
Fraction of intake from contaminated source _
: : - 0.1
(FC : dimensionless)
Exposure frequency(EF : day/7days) - 7 6
Exposure time(ET : hour/day) - 14 10
Exposure duration(ED : year) 70 70 40
Body weight(BW : kg) 65 65 65
Averaging time(AT : days, equa to ED) 25,550 25,550 14,600
* ingestion rate, food(IRf) : g/day
" inhalation ratc(IR1) : m’/hour
Table 2. Lead concentration in the working environment
Pb (ppm)
Firstyear (n=29) 0.0161 + 0.0135 (ND* —0.045)
Second year (n = 28) 0.0155 + 0.0139 (ND — 0.045)

Third year (n=24)
Fourth year (n = 10)

0.0218 = 0.0216
0.0225 + 0.0226

(0.0006 — 0.080)
(0.0005 — 0.057)

T ND : ron detectable



N4 445 - A2 1578 - 454

th(Tabled).

6) 73]kl o] et g 71

A FF AYAL L FY BT AU
901 84105k 592 29 71 Ake
T 5 o] TR AL ¥ 5 47
F& ulwsisieh @A A2, $156219
B AYXUAN BETE AS AAE F w
545x10°+0005 ng/kg/day =, 2§ A] 149 <10 +0.005 mg/
keldayel Hlslo] & SE S wole Aezio] 17 59 1
ABANLOE 2ANL S F =EFE BET IAE
A 398 %10 +0.004 ng/ kg/day, 28 ] 134 %10 + 0001 ng/

N
5
5
>

b i

w2

AP
Ao, mpk

4o fol

'_\
N

2w
rlo offt my ol &

r '5‘

I‘E‘l'ﬂ TEAE glo] AARF A HE] A%, d7] &
ko] TAEE el A Bluet 54 S8 4
@0}7] 9]3}o] RIDBMD 241x10°° ng/kg/day 9} B35 2
831 e AHE FYE0ALY 2229 B399 9UA
% =23 545 x10° ngkgday 2] v|Q YA FE FH 4
H2260% fal| 9, & Aol dHN e, 53] F
°J%l°d 50th percentile o] 43| A 9312|427} 18 228190t}
T 7P AUE] 29 wEHU) A3 RETE 451

kg/dey = 57 ¥ 31tH(Teble). s Afele AR G elE Eeta Bt HEAF
0.8 |
0.6 -
z
B 04-
o
X
0.2 -
4
000 04 008 013 017
(a) working environment (mg/ kg/day)
0.38 |
0.29 -
=2
8 019 -
[=]
X
0.10 1
' ' 4
000 015x10° 029x10° 043 x10° 058x10°
(b) ambient air (mg/ kg/day)

[g. 1.Lead concentration of working environment and ambient air.
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[g. 2. Distribution of lead exposure using Monte-Carlo simulation.
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Table 3. Comparison of lifetime daily exposure using Monte-Carlo simulation

Workin
Totd . orking Food Ambient air
environment *
Mean 5.45x10°3 4.39x10° 1.06x10°3 0.30x10°
percentile
10th 1.44 <10 0.39x10°® 0.76 <103 0.08x10°"
25th 2.15%10° 1.07 x10°® 0.87x 10 0.13x10°
50th 3.75x10° 2.68x10° 1.03x10°3 0.22x10°
75th 7.48 %107 6.36 107 1.20x 103 0.39x10°
90th 11.18%10° 10.24 x10°° 1.40% 10 0.62x 10
95th 14.29x10°® 13.18 x10°® 1.54x10°? 0.81x10°
Exposure 0 0 0
contribution 82.42 % 1757 % 0.01 %
* unit : mg/kg/day
" working condition : 60hours per week, no respiratory protector
Table 4. Chronic dietary intake of lead estimated by food group
Food Consumption rate Exposure dose Exposure
ood group (g/day/person) (ng/ ke/day) contribution(%)
Cereals 0.366 <10 40.2
Fishery products 0.282 %103 309
Meets 0.099 %10 10.9
Vegetables 0.073x103 8.0
Legumes, nets, seeds 0.035x10 38
Potatoes 0.032x10° 35
Fruits 0.025 %10 2.7
Total 0.910 %10 100
Table 5. Amount of total lead exposure according to various hypothetical condition
Assuming that working condition has changed
Current (60hours per week) After (40hours per week)
Respiratory protector Respiratory protector
do not use use do not use use
Mean 5.45x%1073 149 x10° 3.98x10° 1.34 %103
percentile
10th 144 <103 0.93x10° 1.29x10° 0.89 103
25th 2.15x10°® 1.11 X103 1.77 <103 1.04 x10°®
50th 3.75x10° 1.38 x10°3 2.85x10° 1.29 x10°3
75th 7.48 <10 1.77 X103 5.39x10° 1.58 1073
90th 11.18x10°® 213 %103 7.81x10° 1.86 x10°3
95th 14.29x 1073 2.46 <107 9.91x10°3 2.08 X107
Exposure 82.4% 31.9% 758% 238 %

contribution®

* unit - mg/kg/day

" exposure contribution = (amount of lead exposure from working envionment) / (@mount of total lead exposure)
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7} 18 233190 a1, F9kgkel 50th percentiled] A & 18 %7} g A7 74 (unjustified overconfidence), 2 risk
SRgith. 2ev dAl9f wAe AAA LN BEFE 2 communicetion?] & 3-8 o] A7| A QAN US

g 9ol = Fat YPATE 0620]9) 2.1, 9th percentile o] EPA, 1997, 1999; Vosg, 2000), A3t =& o] 9% £9] ¢
oA REL o8] APAGTE B o, AGATEe] 5 o Zh(pointvaue) AF8-0.% Q1gk @7 9 BjFA A F4 & 4
tEo] B35 288 Aol B 4dAFE 056 ©] astd 7 gle A S 1 st (Price &, 199, HeltonJJf
9l o 95th parcentilec] A = 1 7| 5Ee] 9@ A5& YERQ) Shiver, 1996; Kafi, 1998; Faustmann 3} Omenn, 2001 AT
tH(Tale5). A1 &= Monte—Carlo smulaion& A1 2] 5o ,‘:%%Wr “Hxﬂﬂé =1
LAY FXEGE A
== el QlojA 4, ti7], EYF 2 &4 5 ke =
V. o% $742E8 $39) Aol 4YTE 29EA) P A
Sg&E 7t AAMAANA Y Tk § 95T M F%
717 18 Brhe 17te] 334 919 (hazard) o] =25 Q0] A R o] g} tjEo] 7t mE WA oke] AHE, AFTIRT,
HE A LA 7bsd T Y e JFHow 343 A 59 =25 el dFS wA A USER,
T o= 939 =<l(hazard identification), =% 7} 1997). Wby Ak w2371 A= gy 9
(exposure assessment), 8- % — Ht-8-3 7} (dose —response 2 AU 2.9k =240 A o] M= ofof A5k o)A
asessment) 2 $8ll i A7 (isk characterization) 0. & -3 %] FU A= gEA 9 w2904 S AAHA 51l US
of glow, A9 o A7 # 5 V5 FAREH EPA (1997) 9] k& Qlgslar gl Aot} B dFoX =
(Environmentd Protection Agency : USEFA), *‘*4“? ’]% (FE 7] E49,1997), AEAF (o] g 5, 2000)
and Drug Adminigtration : FDA) 5ol & o] & slo] By 2o AAA 2AME FUYARE o] &31% o), ngrEA}
715=& AAEkAL Q= Aol o] F i%%:?U}L A3 g0l 3 o] g5t =EAY Q& dgsto] A W o] F =
gle EAo] vkt IAMAE S b mEEHE= ) =% BUH MBS ol Sigit £ 2EAVE
& AAste AR, w242 34 9 vheks =& 5= w48 A (microenvironment) & 2rls A W o) 7] 2 vk
71 Tl wet & 244 uncertainty) 9] o] eREE AR Egtel| whe} 71S, AR SolAe] =2 OHE 5
THE 259} 7o) st 4183 4 olvkd B84 Q= 7o) Qlnt a8 7R oy AFER R A o i @
BA S 9)5}o] Monte—Carlo smuldion S o] §-3F 284 % Ao Olak A sarg U AkE st 9lo), ZelaA ]9 e
3 7H(probahilistic exposure assessment) 7} 531 = a1 QIYHERA, RS 7124 AeA A B AAFAY. 38 55
1998; Nicas 2} Hussband, 2003). & Monte—Carlo smulaion©] F2 Al YA 9o 3 20 mE PAStr 9J o US
BT AaAo)A] gk Akg o] g A o]ef whE @ EMA, 1997), 713 AV 2, 5 A AIZES] Rigle] e w2
T, ATARE ol HETEE AE e W o7, FH4d F S Bletaal A v A Alto® st 4

Table 6. Hazard index of total lead exposure according to various hypothetical condition

Assuming that working condition has changed

Current (60hours per week) After (40hours per week)
Respiratory protector Respiratory protector
do not use use do not use use

Mean 2.26 0.62 1.65 0.56
percentile
10th 0.60 0.39 0.53 0.37
25th 0.89 0.46 0.73 0.43
50th 1.56 0.57 118 0.53
75th 3.10 0.73 2.24 0.65
90th 4.64 0.88 3.24 0.77
95th 5.93 1.02 411 0.86

* hazard index = (amount of total lead exposure) / RFDBMD
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) ZHAA 7 Eoko] FE -2 Adgko 7 dAdof 5}
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Cadleman, 1989; Ruden, 2003), =4 <3 ] (toxic threshold) x.t}
AAA, 714 Hol & npgow g 47 Fo7 Qo] 7l
sl e Algho] 2eEttE Bk gIgirtHRoache)
Reppaport, 1990; Reppaport, 1993). &3k TLV &= 79 B& &2
Aol glo 77348l 7F Gl vhg s AN 7] o5t
ek AR Y g 4540 Asfe] 25
A 27387 e o 9l (ACGIH, 2001, Kotseva,
2001), TLV 47 A 71 A7 wo] EEt T ol T £
Alg8 Wkl dasitte oA
W, =2G7 Al wE2FE G BE—E Hjgk -2 & gkel
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