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

Objective : This study was conducted to quantify chronic
lead exposure from various media(ie. working environment,
food, ambient air), and to certify the usefulness of exposure
assessment using Monte-Carlo simulation in the fields of
occupational health.

Methods : Data were obtained from Korean Industrial Health
Association, Korea Food and Drug Administration, and the
Ministry of Environment. Then lead worker's exposure was
estimated indirectly from various media and parameters (ie.
volume inhaled, body weight, dietary intake, etc.). Uncertainty
was analyzed by Monte Carlo simulation with Crystal Ball
software. Exposure doses and hazard indices were simulated
with various hypothetical scenarios including weekly working
hours and respiratory protective equipment. 

Results :  Without respiratory protective equipment, the total
exposure dose per kilogram of body weight of lead workers was

estimated as 5.45 10 3 / /day, and hazard index was
estimated as 2.26, and exposure contributions were calculated as
follows : working environment(82.42 %); foods(17.57 %); and
ambient air(0.01 %). But, if working condition has changed -
reduction of working hours and using respiratory protective
equipment, the total exposure dose per kilogram of body weight
was estimated between 1.34 10 3-1.49 10 3 / /day, and
hazard index was estimated between 0.56 - 0.62. 

Conclusions : This study suggested that occurrence of
hazardous impact(ie. increased blood pressure) through lifetime
lead exposure would be expected, and that the Monte-Carlo
simulation was useful for the fields of occupational health.

lead, Monte-Carlo simulation, occupational
health
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risk assessment
US EPA, 1989; Kofi, 1998

cumulative risk assessment

combined risk assessment
2001

US EPA, 1992; Page, 1994

TLV : threshold limit value

ACGIH, 2001

IPCS, 1989, 1995
Buchet

1983; Bono 1995; Ikeda 2000b

Glorennee, 2006
1999 1999

Monte Carlo simulation
hazard index

Monte Carlo simulation

1
4

scort LC
sampling pump MSA, USA

atomic absorption
spectrophotometer, G&G Korea, ANALAB 9200

2

1992 1998

1999

3
2001 2003

4

2000

2003 SAS 8.1

1

SAS 8.1

2 exposure factors

Table 1 US
EPA, 1989, 1992; Kofi, 1998

0.45 /hour
1.2 /hour ICRP, 1981
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FC : fraction of intake from
contaminated source 0.1 Nicas Neuhaus, 2004; Martyny 
2002

g/day 2000
Table 1 Crystal Ball

software best fit distribution
Crystal Ball , 2000

Monte Carlo simulation
percentile 

RfD ; reference dose 1 ADI ; acceptable
daily intake cancer potency ;
q1* US EPA, 2002 US EPA IRIS Integrated Risk
Information System US
EPA, 2003

1999 RfDBMD 2.41 10 3

/ /day
RfDBMD hazard index

RfDBMD 2.41 10 3

/ /day 1.5 /

3.5 2 1
10 6 Table

1

raw data 0.018145 0.016966 ppm
0.016973 0.001623 ppm

p 0.05

Inhalation ( / /day) =
C IRi ET EF ED FC

BW AT

Food intake ( / /day) =

C : concentration in media ( / )
IRf : ingestion rate, food (g/day)
IRi : inhalation rate ( /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( )
AT : averaging time (days, equal to exposure duration)
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Human exposure factors

Concentration in media(C : / )
Contact rate
Fraction of intake from contaminated source
(FC : dimensionless)
Exposure frequency(EF : day/7days)
Exposure time(ET : hour/day)
Exposure duration(ED : year)
Body weight(BW : )
Averaging time(AT : days, equal to ED)

*

70
65

25,550

0.45 

7
14
70
65

25,550

1.2 

0.1

6
10
40
65

14,600

Value

Food intake Ambient air
Working

environment

First year  (n = 29)
Second year (n = 28)
Third year  (n = 24)
Fourth year (n = 10)

0.0161 0.0135
0.0155 0.0139
0.0218 0.0216
0.0225 0.0226

(ND 0.045)
(ND 0.045)
(0.0006 0.080)
(0.0005 0.057)

Pb (ppm)

2

CRS STACKER
114

0.018145
0.016966 ppm Table 2 Crystal
Ball software

Fig. 1 a
60

4.39 10 3 0.0048 / /day
2.68 10 3 / /day 95th percentile 

13.18 10 3 / /day Table 3, Fig. 2 a

3
47

0.003
0.71 / exponential distribution

extreme value distribution

1.06 10 3 0.001 / /day 1.03

10 3 / /day 95th percentile 1.54 10 3 / /day
Table 3, Fig. 2 b 40.2%

Table 4

4
0.067 0.07 /

1.5 ppm lognormal
Fig. 1 b 0.3

10 3 0.0003 / /day 0.22 10 3 /
/day 95th percentile 0.81 10 3 / /day Table 3,
Fig. 2 c

5
60

5.45 10 3 0.005 / /day
3.75 10 3 / /day 95th percentile 

14.3 10 3 / /day Table 3

82.42 % 17.57 % 0.01 % 
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Table 4

6
10

6 8 5
4

1 6 1 10

5.45 10 3 0.005 / /day 1.49 10 3 0.005 /
/day 1 5 1
8
3.98 10 3 0.004 / /day 1.34 10 3 0.001 /

/day Table 5

RfDBMD 2.41 10 3 / /day
60

5.45 10 3 / /day
2.26

50th percentile

(a) working environment ( / /day)

(b) ambient air ( / /day)

0.8

0.6

0.4

0.2

-0.00                                        0.04                                   0.08                                    0.13                                        0.17

Pr
ob

ab
ili

ty

0.38

0.29

0.19

0.10

-0.00                                   0.15 10 3 0.29 10 3 0.43 10 3 0.58 10 3

Pr
ob

ab
ili

ty
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(a) working environment ( / /day)

(b) food ( / /day)

(c) ambient air ( / /day)

0.047

0.035

0.024

0.012

0.000

0.00000                          0.00438                        0.00875                         0.01313                         0.01750

Pr
ob

ab
ili

ty

47

35.25

23.5

11.75

0

Frequency

0.037

0.028

0.019

0.008

0.000

0.000                               0.001                               0.001                               0.001                            0.002

Pr
ob

ab
ili

ty

37

27.75

18.5

9.25

0

Frequency

0.036

0.027

0.018

0.009

0.000

0.00                           0.28 10 6                                      0.55 10 6                                      0.83 10 6                                1.10 10 6

Pr
ob

ab
ili

ty

36

27

18

9

0

Frequency
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Mean
percentile
10th 
25th  
50th  
75th
90th
95th

Exposure
contribution

5.45 10 3 

1.44 10 3

2.15 10 3

3.75 10 3

7.48 10 3

11.18 10 3

14.29 10 3

4.39 10 3

0.39 10 3

1.07 10 3

2.68 10 3

6.36 10 3

10.24 10 3

13.18 10 3

82.42 %

1.06 10 3

0.76 10 3

0.87 10 3

1.03 10 3

1.20 10 3

1.40 10 3

1.54 10 3

17.57 %

0.30 10 6

0.08 10 6

0.13 10 6

0.22 10 6

0.39 10 6

0.62 10 6

0.81 10 6

0.01 %

Total
Working 

environment 
Food

Food group

Cereals
Fishery products
Meets
Vegetables
Legumes, nets, seeds
Potatoes
Fruits

Total

382.0
86.0
63.5

341.8
29.0
26.6
116.5

1,045.4

0.366 10 3 

0.282 10 3 

0.099 10 3 

0.073 10 3 

0.035 10 3 

0.032 10 3 

0.025 10 3 

0.910 10 3 

40.2 
30.9 
10.9 
8.0 
3.8 
3.5  
2.7 

100

Consumption rate
(g/day/person)

Exposure dose
( / /day)

Exposure
contribution(%)

Assuming that working condition has changed
Current (60hours per week)

Respiratory protector
do not use

Mean
percentile
10th
25th
50th
75th
90th 
95th

Exposure
contribution

5.45 10 3

1.44 10 3

2.15 10 3

3.75 10 3

7.48 10 3

11.18 10 3

14.29 10 3

82.4 %

1.49 10 3

0.93 10 3

1.11 10 3

1.38 10 3

1.77 10 3

2.13 10 3

2.46 10 3

31.9 %

3.98 10 3

1.29 10 3

1.77 10 3

2.85 10 3

5.39 10 3

7.81 10 3

9.91 10 3

75.8 %

1.34 10 3

0.89 10 3

1.04 10 3

1.29 10 3

1.58 10 3

1.86 10 3

2.08 10 3

23.8 %

use do not use use
Respiratory protector

After (40hours per week)
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Mean
percentile
10th
25th
50th
75th
90th 
95th

2.26

0.60
0.89
1.56
3.10
4.64
5.93

0.62

0.39
0.46
0.57
0.73
0.88
1.02

1.65

0.53
0.73
1.18
2.24
3.24
4.11

0.56

0.37
0.43
0.53
0.65
0.77
0.86

Assuming that working condition has changed
Current (60hours per week)

Respiratory protector
do not use use do not use use

Respiratory protector

After (40hours per week)

1 50th percentile 1

0.62 95th percentile 
1 

0.56
95th percentile 1 

Table 5

hazard

hazard identification
exposure assessment dose response

assessment risk characterization

Environmental Protection Agency : US EPA Food
and Drug Administration : FDA

uncertainty

Monte Carlo simulation
probabilistic exposure assessment EPA,

l998; Nicas Hussband, 2003 Monte Carlo simulation

unjustified overconfidence risk
communication US
EPA, 1997, 1999; Vose, 2000

point value
Price 1996; Helton

Shiver, 1996; Kofi, 1998; Faustmann Omenn, 2001
Monte Carlo simulation

US EPA,
1997

US
EPA 1997

1997 2000

microenvironment

20 US
EPA, 1997
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1.2, 0.45 /hour ICRP, 1981

2 1

0.02 %
1999

Sanolo 1995; Moon
2003

1999, 2000,
2001 ; 1999 2000

1.06 10 3 / /day
1999 1.03 10 3 /

/day 1995
2003 Ikeda 2000a

0.331 1.855 / /day

80% 1999

60
82.4%

TLV
upper limit value working

day
Hewett, 1997; Whaley 2000

TLV

Castleman Ziem, 1988; Ziem
Castleman, 1989; Ruden, 2003 toxic threshold

Roach
Rappaport, 1990; Rappaport, 1993 TLV

ACGIH, 2001; Kotseva,
2001 TLV 

Whaley 2000

Monte Carlo simulation
60

2.26 50th percentile
1.56

0.62 95th percentile 1

0.56
95th percentile 1

23.8%

Wu, 2002 Muller Wening Repp,
1989 Taivainen 1998; Li 2002

Grammer 2002
Nicas Hubbard 2003

respirator penetration values
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100%
NIOSH, 1987

theoretical protection factor 10
Nicas Neuhaus, 2004; Martyny 2002

0.1 FC

RfDBMD 2.41 10 3 / /day
1999

US EPA
FAO WHO provisional

tolerable weekly intake : PTWI 25 / /week
JECFA, 1999

60
1.56 2.26

0.38
0.56

conservative

1999 RfDBMD

1990 2000

biological marker
10

PBPK physiologic
based pharmacokinetics model
Mukesh 2005

EPA, 1997

1.2, 0.45 /hour
20 US EPA 2002

60

Monte Carlo simulation

Monte Carlo simulation

60
5.45 10 3

0.005 / /day, 1.06
10 3 / /day 0.3 10 3 / /day 

4.39 10 3 / /day
82.42 % 17.57 %

0.01 %
60

1.49 10 3 / /day
40 3.98

10 3 / /day 1.34 10 3 / /day
RfDBMD 2.41 10 3

/ /day
60

2.26

1
0.62

95th percentile 1
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0.56 95th percentile 1

60

Monte Carlo simulation
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