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Abstract

Health risk assessment is applied to streamlining LCA(Life Cycle Assessment) using Monte
carlo simulation for probabilistic/stochastic exposure and risk distribution analysis caused by
data variability and uncertainty. A case study was carried out to find benefits of this
application. BTC(Benzene, Trichloroethylene, Carbon tetrachloride mixture alias) personal
exposure cases were assumed as production worker(in workplace), manager(in office) and
business man(outdoor). These cases were different from occupational retention time and
exposure concentration for BTC consumption pattern.

The result of cancer risk in these 3 scenario cases were estimated as 1.72E-4
1.2E+0(production worker; case A), 9.62E-5 + 1.44E-5(manger; case B), 6.90E-5
1.16E+0(business man; case C), respectively. Portions of over acceptable risk 1.00E-4(assumed
standard) were 99.85%, 38.89% and 0.61%, respectively. Estimated BTC risk was log-normal
pattern, but some of distributions did not have any formal patterns. Except first impact

*
*

factor(BTC emission quantity), sensitivity analysis showed that main effective factor was
retention time in their occupational exposure sites.

This case study is a good example to cover that LCA with probabilistic risk analysis tool can
supply various significant information such as statistical distribution including
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personal/environmental exposure level, daily time activity pattern and individual

susceptibility. Further research is needed for investigating real data of these input variables and

personal exposure concentration and application of this study methodology.

Keyword: Life Cycle Assessment, Probabilistic Health Risk Analysis, Monte Carlo Simulation,
Latin Hypercube Method, Daily Time Activity Pattern
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Goal & Scope Definition
Life *
Cycle .
Inventory Analysis
Assessment
Process * o
Impact Assessment Hazard Identification
DosoR * A Health
ose-Response Assessment Risk
V Assessment
Exposure Assessment Process
Risk Characterization
Fig. 1. Framework for risk analysis in life cycle Assessment
Table 1. Applied techniques in this LCA case study
Applied Technique Criteria Description
Primary Exposure patterns in consumption process
Focal zone* Secondary Exposure material in consumption process
Non-focal Other process
Streamlining method** Method D Removal of up- and downstream components
Scenario*** What-if Case worker(A), manager(B), Business man(C)

Probabilistic simulation**** | Monte-Carlo 100,000 random sampling/probabilistic distribution

To consider parameter uncertainty, variability in objects/sources

Scenario modelling™**** Multi-case Exposure concentration/time distribution type

To consider uncertainty due to choices, Temporal variability

Multi-media modelling**** | Multi-case Multi-raw material/occupational space

To consider model uncertainty, Spatial variability

* Trinius et al., 1999'7 #% Hunt et al., 1999'Y

#% Pesonen et al., 2000' %% Huijbregts, 1998'"
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Hazard Identification

BTC* Unit Risk(ug/m®)

v

Air dispersion modelling

BTC Concentration(ppm)

v

Daily Time Activity —> Exposure Anaysis <

Site charaterization

Consumption Pattern Monte Carlo Simulation

Indoor, Outdoor

v

4

v

Probabilistic Risk Anaysis Probabilistic Risk Anaysis

Probabilistic Risk Anaysis

Risk Distribution of B** Risk Distribution of T***

Risk Distribution of C*##%

Y

Risk Characterization

Additive Risk Distribution of BTC

Fig. 2. Research process in LCA using probabilistic risk analysis in this study

* BTC : Benzen, trichloroethylene, carbone tetrachloride mixture product *k B
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Table 2. Inventory for BTC case study

. Emission** Property** Carcinogenicity Unit risk*
Raw material . T Model* 3l
(kg/capita) (%) EPA criteria* (ug/m’)
Benzene 0.0025 50 A One-hit 8.30E-06
Trichloroethylene 0.0015 30 B2/C Multistage 2.52E-07
Carbon tetrachloride 0.0010 20 B2 Multistage 1.98E-07
BTC** 0.0050 100 Unknown Unknown Unknown
*Chungetal.(1997) ** assumed
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Table 3. Assumed exposure scenario factors of BTC

Indoor(office) Indoor(workplace) Outdoor(ambient air)
Case* Conc ";* Time*** Typetssk ConcS. Time Type Concé Time Type
(ug/nr) (hour) (ug/nr) (hour) (pg/m) (hour)
A 20+4 1 Normal 50+10 6 Log-nor. 10£2 1 Normal
B 20+4 6 Normal 50+10 1 Log-nor. 10£2 1 Normal
C 20+4 1 Normal 5010 1 Log-nor. 10+2 6 Normal

* Case : A(Production worker), B(Manager), C(Business man)
*#* Exposure time

** Exposure concentration
¥k Exposure distribution type
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R TH(Table 1).

RN AEE RAE AR time
weighted average, TWA)2]S o] &3¢t TWA
B A (D)3 2k

TWA =X [ Conc, x Time; ]/ ¥ Time @)

here, Conc.i : Exposure concentration at ith site
Timei : Exposure time at ith site
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Individual Risk) & 8FATH2] 2).
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= Exposure Concentration(u g/m3) X
Unit Risk(ug/m?’)!

2 Time : Total exposure time
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Forecast: Risk of benzene in case A
100,000 Trials
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Frequency Chart 371 Outliers
203

Probability
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Forecast: Risk of tricholoethylene in case A

100,000 Trials Frequency Chart 390 Outliers
202

Probability
Aduanbaig

a

93566

1HEE  2MES 41368 50068

100,000 Trials Frequency Chart
| ees

Forecast: Risk of carbon tetrachloride in case A
830 Outliers

Praobability

(a) Case A(Benzene, Trichloroethylene, Carbon tetrachloride)

Forecast: Risk of benzene in case B
100,000 Trials Frequency Chart 174 Outliers
an 204

Probability
Aauanbary

Forecast: Risk of tricholoethylene in case B
100,000 Trials Frequency Chart 405 Outliers
s 220

o9

Probability

(b) Case B(Benzene, Trichloroethylene, Carbon tetrachloride)

Forecast: Risk of benzene in case C
100,000 Trials Freguency Chart 1,026 Outliers
=

Forecast: Risk of trichcloethylene in case C
100,000 Trials Frequency Chart 534 Outliers

Forecast: Risk of carbon tetrachloride in case B
100,000 Trials Frequency Chart 326 Outliers
[ — S

Probabllity

Forecast: Risk of carbon tetrachloride in case C
100,000 Trials Frequency Chart 446 Outliers
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(c) Case C(Benzene, Trichloroethylene, Carbon tetrachloride)
Fig. 3. Cancer Risk of BTC composition material in each scenario case
Overlay Chart
Frequency Comparison
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Fig. 4. BTC scenario case A, B, C overlay chart
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Forecast: BTC total risk in case A
100,000 Trials Frequency Chart 609 Outliers
026 - . - 2608
= 0204+ « = = - o oo oo dUlEHEEIG - - - - - - . . . . L . E
| ]
= 013+ - - - - . - . . JiilHHREIIG, . . . L L L L L L g
. I |
ol L —
000 - b i t ! ! | —1. 0
7.50E-5 1.25E-4 1.75E-4 2.25E-4 2.75E-4
Certainty is 0.15% from-Infinity to 1.00E-4
(a) Risk distribution of BTC case A
Forecast: BTC total risk in case B
100,000 Trials Frequency Chart 242 Outliers
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5.00E-5 7.25E-5 9.50E-5 1.71E4 140E-4
Certainty is 61.11% from-Infinity to 1.00E-4
(b) Risk distribution of BTC case B
Forecast: BTC total risk in case C
100,000 Trials Frequency Chart 680 Outliers
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(c) Risk distribution of BTC case C

Fig. 5. BTC cancer risk probability and excess cancer risk of each case
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Table 4. Cancer risk distribution of BTC consumption exposure each three cases
Goodness-of-fit test
Parameter Under
Case Type ) i Kolmogorov | Anderson
() L0, 2 p-vaiue -Smirnov -Darling
A Log-normal 1.72E-4 + 12E+0* 0.15% 201.46 0.3987 0.0045 3.1727
B Normal 962E-5 + 1 44E-5" 61.11% 311.32 0.0000 0.0058 5.1119
C Log-normal 6.90E-5 = 1.16E+0 99.39% 628.38 0.0000 0.0018 31.6584
a Geometric Mean & Standard Deviation b Mean= Standard Deviation
Sensitivity Chart ~ Target Forecast: BTC total risk in case A

BTC concentration in workplace(ug/m3) 97 - . ]

Exposure time in workplace(case A) 17 i | .

Exposure time in outdoor(case A) -10 . .

BTC concentration in office(ug/m3) 07 . | | 5

Exposure time in office(case A) -07 ] .

BTC concentration in outdoor(ug/m3) 03 | '

Exposure time in outdoor(case B) -00 |

Exposure time in workplace(case C) 00 |

Exposure time in office(case C) 00 1

Exposure time in outdoor(case C) -00 | .

-1 05 0 05 1

Measured by Rank Correiation

(@) Sensitivity analysis of BTC exposure case A

Sensitivity Chart  Target Forecast: BTC total risk in case B

BTC concentration in office(ug/m3) 87 ; T R |
BTC concentration in workplace(ug/m3) 35 N
Exposure time in workplace(case B) 20 ' | ] ¥
Exposure time in office(case B) -11 , -
Exposure time in outdoor(case B) -09 . ] .
BTC concentration in outdoor(ug/m3) 07 . '
Exposure time in workplace(case C) 01 | .
Exposure time in office(case A) -00 | .
Exposure time in outdoor(case C) -00 . |
Exposure time in office(case C) 00 y | 5
o K] 05 0 05 I

Measured by Rank Correiation

(b) Sensitivity analysis of BTC exposure case B

Sensitivity Chart ~ Target Forecast: BTC total risk in case V

Measured by Rank Correiation

(c) Sensitivity analysis of BTC exposure case C

BTC concentration in outdoor(ug/m3) 61 | ]
BTC concentration in workplace(ug/m3) 49 L
Exposure time in outdoor(case C) -38 | '
Exposure time in workplace(case C) 33 — .
BTC concentration in office(ug/m3) 21 | ]
Exposure time in office(case C) 04 ]
Exposure time in outdoor(case A) -00 |
Exposure time in outdoor(case B) 00 |
Exposure time in office(case B) -00 i
Exposure time in office(case A) -00 ' | .

1 05 0 05 1

Fig. 6. BTC cancer risk estimation scenario sensitivity analysis
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