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2l A3 (Risk) j All Around;

Environmental
Process Risk

Environmental
& Health Risk

- Project Risk

I}

Financial Risk

Enterprise Risk




2| A3 (Risk) ?

7l el & (hazard)

Effect(Impact)
PEME &
2A4=F=2E 0=

2t M St = (Probability)

James Kimmance, 2005

U.S. EPA, 1997
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F&l A (Uncertainty) vs 2l A3 (Risk)
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Data Collection and Evaluation(:f3sH& =2l
ZtH X| Y data =7 21 2 A4 (Gather and analyze relevant site data)
Eild o=z 235 = 2E=F ZF2l(ddentify potential chemicals of concern)

Exposure Assessment('==E7}H)

odgetE = 2 AM(Analyze contaminant releases)

L &=Ql7 EFQl(Identify exposed populations)

A =3 2 =Ql(ddentify potential exposure pathways)

CIOHAN| B 20| CHet =FE=s==2| =7 (Estimate exposure concentrations for pathways)
CtOHAN| 220 CHTF @2 E =2 2 F =T (Estimate contaminant intakes for pathways)

)YToxicity Assessment(EZ-8+SHEH7, S EHTD

Hergl HA™ =SA4F™ ==&l (Collect qualitative and quantitative toxicity information)
H STt =E4dZtf 2738 (Determine appropriate toxicity values)

Risk Characterization(&|sl= Z23)

Lo U= HAZrEre| BExr20| el B XA A 25 Z E(Characterize potential for
adverse health effects to occur)

2rel 2|8 = == (Estimate cancer risks)

H| &t 2|3l = =7 (Estimate non-cancer hazard quotients)

£l HIH(Evaluate uncertainty)

HE 2 2F(Summarize risk information)

I
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o
CEANLZIL0 TE Kot 85, Bl £ SYLE 3JHA &8 A(USEPA, 1996)
A = =0j ot 443 (Ingestion of Groundwater)

C: chemical specific concentration in drinking water(mg/L)

IR: water ingestion rate(L/day)
C}{ .I!rH s AAF}{ EF}{ ED AAF: chemical-specific oral-water absorption adjustment factor (mg/mg)
EF: exposure frequency(event/year)
BW}: AT}{ 365 Iiﬂ ED : exposure duration (years)
BW: body weight (kg)
AT: average time (yrxday/yr), 70x365(carcinogenic), ED x 365(non-carcinogenic)

A1 =0 9|8t 424%] (Dermal intake in the Shower)

ADD=

C: chemical specific concentration in drinking water(mg/L)

G}‘: SA ko AA_F}{ ET}{ FG}‘: EF}‘: ED SA: total skin surface area(cm?)

AAF: dermal-water chemical specific adsorption adjustment factor (mg/mg)

BW:J‘: AT.\;‘: 365 dﬂ Ear ET: bath or shower duration (hr/day)

PC: chemical-specific skin permeability constant (em/hr)

ADD=

o =0 eJst 443 (Inhalation in the Shower ) (McKone, 1987; Foster and Chrostowski, 1986)

C: chemical specific concentration in bathroom air(mg/m?3)

G}‘{ _,!Tﬂ hR}{ AAF}{ ET}{ LRF}{ EF}{ ED InhR: inhalation rate while showering (m3/hr)
ADD = ET: shower duration (hr/day)
BW:{ AT:’: 365 ﬂ:ﬂ ear AAF: chemical-specific inhalation absorption adjustment factor (mg/mg)

LRF: lung retention factor (dimensionless)

e SEMNAH =&
L A2 E (Target risk) : TR <10-6(10-5, 10-4) (& = H3IEXI(RME) TR<10-4)
HZ2 =2 (Total Hazard Index) = HQ, + HQ, + i . <1
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SHIZIE=Z
AlZdol&
Monte Carlo
Analysis

R!Sk = Ringestion N
Risk = Prob(U, V) , U= & Bl V:BIO|&(BI=4) 8=

H
= Prob(U= '=5, ,V= 23 BI85, 012 ET, ED, WB,

+ Rinhalation + Rdermal contact + [

4 Bogen and Spear, 1987; Cohen et al., 1996)
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[:I 2N =HE It 24

Risk =
( Conc. *IR/BW ) = SF

l

s, . : -

2.00E-03 | 65862 1634 (550E-02 |497E-04 = = e o UA
9.28€-04| 53.42 19.18 (5.50E-02 |333E-04 =2

=ul 1.14E-02 | 5677 2403 (550E-02 |485E-03 — EHBI-EE o ='(Nlonte Carlo methOd)‘— =T

=

=Yl 521E-03 | 53.44 1597 (5.50E-02 |142E-03

= S {2 T= AT|XN UH =
- 2.78E-03| 61.36 19.99 (5.50E-02 |908E-04 ( ) =

462E-04| 70.71 16.51 (5.50E-02 |108E-04 random number = 0 '—Iﬂa T Txl_‘ == Olo
2.49€-02 | 59.35 2835 (5.50E-02|119E-02

Databases

e Calculate Individual T = =

e Reci pe/ Food Dlary

Exposure/Dose Profile
Inhalati 3
Exposure Factor Y | = Population Dose
Distributions g ‘ e
L TimEe €, | 571 — N
Ingestion Dermal = —
A |l S LR ;| ,
’ AV N gL i B ! T e "
o yame B .  TImEe e

Guiding Principles for Monte Carlo Analysis (EPA, 1997), EPA, 2001)
Policy for Use of Probabilistic Analysis in Risk Assessments (EPA,1997)
Suppl. Guide to RAGS: The Use of Probabilistic Analysis in Risk Assessment ? Part E



&£ 4 (Sensitivity Analysis)
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F=EEX+E 0|28 2X3 AlEd0|&
(2D Monte Carlo Simulation)

OO T

BW, ED FT FF Conc

IR(ora
SA(der

SSUM g HEN BA

\_/

Rank Correlation

P

Yot Lem
Health Risk (Y

— Critiral ( D)
seay
NE4o|M
(outer loop)
s L= O

Risk = R,

ingestion

+ Rinhalation + Rdermal contact

(Inner loop)



[6]-2. 2Xt& Al2dI01&0 HE CHet ==L 2 Zulgt &

Risk(1) Risk(2) Risk(3) Risk(4) Risk(5) Risk(6) Risk(7) Risk(8) Risk(9)

Benzen (After) Health Risk (Y)
5.01E-07 1.47E-06 1.82E-06 2.06E-06 0.0000023 2.38E-06 2.68E-06 2.98E-06 3.00E-06

BW (X1) 80.6 67.3 63.6 72.5 59.2 92.9 43.5 57.6 64.1
ED (X2) 10.78 5.02 9.50 14.71 7.07 18.44 10.14 15.06 9.21

VETEL S
EF (X3) 191 233 301 242 305 332 334 294 251

IR(oral) (X4) 0.345 2.007 0.876 0.912 1.462 0.764 0.723 0.804 1.952
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RISK(Y)

Q
o P R
0.000007 A
0.000006 - ®
0.000005 -
One factor at
0.000004 -
_ @
0.000003.\.._/
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0.000002 - ® e
o
0.000001 -
e ® ®
0.000000 -
Q 1%} Q Q Q
(%) A ,\/0 o) ,50
BW (X1) ED (X IF(X 3) IR(oral)

(Bodyweight; X,) = 81.5 kg
ED(Exposure duration; X,) = 13.5 years
EF(Exposure Frequency; X;) = 283 event/year

Mngestion rate; X,) =

—’T—(X)Q} éﬂr(Y) 474]2 B4l x| o;] 5]

EE 8FTE LABA AA SR =T
o] 1YL BT BT ANFHE 5 LFS WHT Ue




ED(X2)

EF(X3)

EF(X3)
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Stationary point

X, (BW) Coded Radius Estimated X, X, X5(EF) X4(IR(oral)
Response [event/yr] [L/hr]
K 0.0 2.895E-06 . . 262.5 1.790
0.1 3.166E-06 . . 258.9 1.840
(ED) 0.2 3.737E-06 . . 256.3 1.842
i 0.3 4.640E-06 . . 253.8 1.844
0.4 5.877E-06 . . 251.4 1.845
X3(EF) 0.5 7.448E-06 . . 249.0 1.846

0.6 9.354E-06 : : 246.6 1.847
0.7 1.200E-05 : : 244.2 1.847
0.8 1.42E-05 : : 241.8 1.850
0.9 1.71E-05 : : 239.4 1.850

026 114 201 289 376 1 0

p: P

180 214 249 283 317

£
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Health Risk0i| CH

Health Risk(Y) =

-1.82E-05 + 2.37E-07X,(BW) + 1.77E-07X,(ED)

+ 4.36E-08X,(EF) + 2.95E-06X,(IR(oral))

- 4.45E-09X, (BW)™* X,(ED)-5.71E-10X,(BW)* X,(EF)

-3.72E-8X,(BW) * X,(IR(oral)) +7.44E-10 X,(ED)™ X,(EF)

+1.344E-07X,(ED)* X,(IR(oral)) (R2= 0.99)

—

Health Risk QI A2
(BTEX, TPH) HIH =

o
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Uncertainty

? Risk : probability of an undesired or
narmful event

? Decision of=0l /LHA SI0HLD =2 A,

otAlBt 22 ¥ =+

A
? Uncertaintye= LIS2] A== L=
? Bias
? Variance

P20 Jlx=et SHES
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H Ol (bias) 2t = = (efficiency)
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? BiasJl 001 2R g = 2™
(unbiased estimator) 2t
X

? ol 2x0)2 =8ole =

U= 8B 5 XY =42 ==

AOH 2 = (relative efficiency)2t ) St
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Case 1
Big bias

Small Variance

o
® o0
® o
Our Hope

Case 2

Small bias

Big Variance

0

Best Scenario!
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Nl JOHAl 24

? response = deterministic model

? response = deterministic model + error :
classical linear model

? response = deterministic model

+ stochastic components + error
. random effects model
? Bayesian model
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Common Problems

Uncertainty factor

Extrapolation models and prediction
Stochasticity

Model : relationships between variables
Decision making

Combining information (to reduce uncertainty)
Model uncertainty (Monte Carlo methods)



Uncertainty (safety) factor

Protection is ensured with high probability
? Acute to chronic endpoints

? Response on individuals to response on
populations

? A single species response to a response in a
group of species

? Laboratory to field conditions
? One to many exposure routes
? Direct to indirect effects

? A single location and time to multiple
locations and/or rimes

? A test organism to a human



Extrapolation factor 1

Uncertainty factors by developing a model to
extrapolate from one level to another.

Lower level2| uncertainty factorS L+E factorl
uncertainty

) pesticide to protect ecosystem

data from Ceriodaphnia dubia (a water flea),
minnows, brook trout

Each lab produces no-observable-effect-
level(Lowest-observed-adverse-effect level,;
LOAEL)
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? y=p,+BX deterministic model

? ¢=b,

? Mode

+bx  prediction
1) Random slope model

b, ~ N (1311612)

? Mode

2) Random slope and random

Intercept model b, ~ N(B,,02),b, ~ N(B,,52)
? Model 3) —Model 2 + two parameters
are correlated



? In a real situation, collect data and fit
statistical model y=p +px+&,¢~N(0,6%)

Table 1 Twenty-two observations used to model the
relationship between chlorophyll @ and total phosphoms
Values are log transformed

LLog total

Observation phosphorus LLog chlorophyll g
1.00 1.97 1.92
2.00 2.07 2.36
3.00 2.45 2.64
<4.00 2.55 1.17
5.00 277 207
6.00 2.93 222
7.00 3.30 3.78
S.00 3.60 6.30
9.00 3.65 4.59

10.00 3.96 3.02
11.00 3.79 6.30
12.00 4.23 5.64
13.00 4.43 5.78
14.00 4.65 7.00
15.00 491 4.67
16.00 494 7.40
17.00 S.18 6.80
185.00 5.52 5.75
19.00 S5.59 8.37
20.00 6.01 7.90
21.00 5.90 7.93




? estimated model ¥ =—-1.47 +1.59x
a° =121

? Intercept N(-1.47,0.67)
? Slope N (1.59,0.038)

? Cov = 0.95 Eg

6.0 -

4.0
3.0
2.0
1.0
0.0 +——

3.0 5.0

Figure 1 Sample lines assuming uncertainty only in the slope



10.0
9.0 A
8.0 -
7.0 A
6.0 1

4.0 A
3.0 1
2.0 A
1.0 1
0.0 T r T

Figure 2 Sample lines assuming uncertainty in slope and intercept

10.0
9.0 -

7.0 1

4.0 1
3.0 1
2.0
10 1

0.0 v - v
3.0 5.0
X

Figure 3 Sample lines assuming uncertainty in slope and intercept with correlation



? BD==29] correlation=S I otAl 2 jUS

M (Figure 1, 2) -> &=0| S

M IH&CF.

? Correlation=s 1= M (=
reduced variation

= 3):
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& (fixed non-random)
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& (random)

oz HREE (X,Y)~BN(u,,u,,05,0;,p)

X |Y y |\I(:ux|y’0x|y
Y| X =x~N(u, o

ylx
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Mol Y e 4T 40 02
HU 3 o |10 A WY

g H=4
O 1I}stAF Sir Francis GaltonO| &t st
Hl 2tst A0 A HI =& QUL
Of A& M= AEEGI0| 2H2] A EO
H 2 X0l =H(revert)ot= %’S% =y
AL,

(revert)= 2| #(regression)& H 6t
ol A Ct.



=S A

?oAEAS JEls

A . =
Zaps SYHL DET0 QUL HISE

2= Z X (identically
=2 distributed)

(independently)



(Regression Model)
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Monte Carlo B &

? Crystal Ball= At= 10,0008 simulation

oces 7 276
oo 20 ,
§ 0.014 - “ “ 137 ; - o ' - —
(7, ¥ — - 69 2
i mwrl)wm mtmwHumwwu,l i ',, {,
250 3.63 7.00 0.008 - T P
Figure 4 Predictions for the simulation in which the slope va o‘oooJ H ‘ ' l l )H ' -
— . 4.00 531 5.75
Figure 6 Predictions for the simulation in which the slope and intercept vary and are comelated
go.ouw S I | s - ! asg
g 00124 I ‘ - 124 é
0.006 - . : : L 62
||| T
2.00 350 5.00 6.50 8.00

Figure 5§ Predictions for the simulation in which the slope and intercept vary but are uncorrelated

0.031 -
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Monte Carlo simulation

?E=EAE2 s SEOH)| Rlol H=
(random variable)= 0| &E0ot= AIAE]
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Assumption: Process Efficiency (Manufacturing)

AHE

Edit

View Preferences Help

500 Trials Statistics Yiew ModellN17
Statistic Assumption values | Triangular distribution
p Trials 500
Mean 20% 20%
~ |Median 20% 20%
Mode 20%
Standard Deviation 2% 2%
: Variance 0% 0%
Skewness 0.0018 0.00
Kurtosis 239 240
| Coeff. of Variabilty 01021 0.1021
| Minimum 15% 15%
M aximum 25% 25%
Mean Std. Ermor 0%

Minimuml 017 Likeliestl P17

M aximum I 017

1

500 Trials Triangular Distribution

(Assumption chart)

500 Displayed

S S | GO | S | S| SUSSY PN,

Probabhility

1 1 1 | | 1 1
15% 16% 17% 18% 19% 20% 21%

Process Efficiency (Manufacturing)

10

Aousnhaliy

N

y 0

1 | |
22%  23% 24%  25%

Minimum I—

Likeliest |=f

M aximum ﬁ




View Sensitivity
500 Trials

(sensitivity chart)

» Sensitivity: Cost of Poor Process

Edit

Preferences Help

Contribution to Yarance View

Process Time (Distribution)
Process Time (Manufacturing)
Process Efficiency (Distrib...
Process Efficiency (Manufac...
Process Time (Procurement)
Process Efficiency (Procure...
Sigma Level (Procurement)
Customer Demand

Cther

Sensitivity: Cost of Poor Process

-120%  0.0%
| |

120%  24.0%
! |

-14.0%




2l & & XtE(sensitivity chart)
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@ H 0l XtE(overlay chart)

el el U= ats sAltl =4

0= g2l Hlw
SAIO 6 He Ol=
3D cHE , 3l Jt=

» Overlay Chart |

Edit View Overlay Preferences Help
500 Trials Frequency View [~ Enable Rotation
Overlay Chart 1
500
400
T
300 <@
<2 | Il Cost of Poor Process
Ly 200 3 B Cost of Poor Quality
£ B Process Efficiency
0.80
> 100 []Pracess Ertitlement
% 060 . B Frocess Sigma Level
o [ Total Process Cost
S o040
O
0.20
0 -00 i A i i
60.0 0.0 1200




2l A = UO0IH 88
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? Ul Ol & (assumptions, decisions,
forecasts)2| = AL, €01J] L= &AHl JIs
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= Ml Xt E (trend chart)

ANAHAE SSA0 == A=

) Trend Chart 1

Edit View Trend Preferences Help
500 Trials Centered on Median View
Trend Chart 1
|
100.00
B Certainty Bands
80.00 ~ 1o
60.00 ”~ M 25%
” 50%
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90%
2000
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Optquest Z 1t

m

X off (status and solution)
|2 X (performance graph)
|2 X (bar chart)

- 2 ]I} & (optimization log)

o= & (solutlon analysis)

A0l = AtotJ](copy to excel)
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. quantile

Terminology




W
L

4. BEHET

=
L

I otollAel zgt

H1ZE 27 Zy H2ZE @7 AN
- - Zg
(@) = A= (B) (power)
0.005 2.576 2.813
0.010 2.326 2.576
0.025 1.960 2.248
0.050 1.645 1.960 0.05 0.95 1.645
0.100 1.282 1.645 0.10 0.90 1.282
0.200 0.842 1.282 0.20 0.80 0.842
0.300 0.524 1.036
0.400 0.253 0.842
0.500 0.000 0.674




P-value (1)
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P-value (2)
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P-value (3)

P-value = & & tto| HH0| €Lt JIEM=
[ K212 M2, E2 M X
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A2 p-value : ¥2 &&0| &L}
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P-value (3)

? 8K 22 p-value : & EHO B0 &
Cta) Dt EotH OEIJ MNEE 2SS ==
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?A(Z2 Ag) ->B (A70tE)

? -B -> -A

? ARIIA (-B) : & TS0l XHOIJF QiCH  (Ho)
? DS (B) : & & SOl XHOIJF QUCH (Ha)
? 2EQ QT 222 HRIES J|UE BHE

= Pr (reject Ho | Ho is true)
? 0|=Q @2 - ECl P2IIA =2 Bhols
= Pr (Not reject Ho | Ha is true) B
? Power = 1- 8, (J = X0 E &£AE &E)
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Likelihood and maximum

likelihood estimator

? Likelihood
=Pr(getting our data]|Given model)

2S 2RO 3082

Model : Y=100Y 2| At = SHAtCe| == At
Binomial (n=100, p)

ﬂOl'



Likelihood and maximum
liIkellhood estimator

P EHSUTES

=Pr(Y=y|Given model)= (130j p’(1-p)*™*”

Maximum likelihood estimator
== sdEa+S et AlHAZF== p

0] ZS MLES 30/100=0.3 212 E0{ = £
QULC. How ?




Likelihood and maximum
liIkellhood estimator

| =log(likelihood) o« ylog p+(100-vy)log(1— p)

> curve(30*log(x)+(100-30)*log(1-x), 0.1, 0.9)
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> f=function(x) 30*log(x)+(100-30)*log(1-x)
> optimize(f,c(0.1,0.9),maximum=TRUE)
$maximum

[1] 0.3000203

$objective
[1] -61.08643



