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Worked Examples

* Data Sets with solutions for
those seeking more practice.

 Slides can be used by instructors
seeking examples / problem sets that

they can use with their students. [ IHDA Results \ mixpostats Results \

Example C IHDA Expostats
Par Estimates* Pa Esti e H
I OEL = 100 ppm GM:{ 15.3 ppm 95%ile;{ 30.3 ppm GM: 15ppm 95%ile 36.4 ppm SEG EXpOSU re PrOflle
Sam ple Data Sample Results GSD{ 152 ULy, ged| 87.9 ppm GSD: 17 | UTlooed 99.9 ppm Parameter Estimates
a n d O E |_ tppm} |_*IHDA Uses Traditional / Frequentist Calculation Methads **Expostats Uses Bayesian Analysis Calculation Methods
23,2
9.0 g
10.7 g0 =
[ ’ L
o § 0] i, BDA Charts
g i " _:;,.—4"'_‘-‘ ABHA Varsion Exposure Rating L " anl s
. z E T Category 2 (Moderate Certainty) Category 2 (Moderate Certainty) .
PIOtS fOI’ Evaluat|ng s esanss — \ Category 4 (0.05 to 0.3): Tolerable ESSW‘ Qtegon,rd{ﬁ%}: Acceptable / SEG Exposure Rat|ng,
. o e SEG has a required monitoring plan - .
Goodness of Fit From ——— Certainty Level, and
IHDA and Expostats g1 o e Acceptability Decision
Eol- E H4 Required Exposure Monitoring, Workplace Inspections to Verify
&5 7 work Practics Controls; Medical Survelllance, Blological Monitoring
[+ Implement Hierarchy of Controls) Manitoring toValldate
"""""" [Respirator Protection Factor Selecgon.

Follow-Up Actions Based on Likely
AIHA Exposure Control Category 12



Reminder: Steps in Data Analysis and Interpretation™

1. Enter Data Into Appropriate Statistical Tool *After Executing a Carefully

2. Evaluate the Goodness-of-fit Defined Monitoring Plan:

e Defined decision statistic

Review Descriptive and Inferential Statistics
* Well defined SEG

Compare...
* the “decision statistic” (e.g., sample 95t percentile) to the OEL. * Appropriate OEL
e the 95%UCL to the OEL. * Well described exposure question
4. Assign a Final Rating and Certainty Level * Appropriate sampling strategy
* Final Rating: Compare the sample 95t percentile to the Exposure * Valid and appropriate monitoring
Control Categories (ECCs) and select a category. method
* Certainty Level: Compare the 95%UCL to the ECCs: * Validated analytical method
* Low certainty if > 2 categories above the chosen ECC
Hewett’s . . . }
ROT * Medium certainty if only 1 category above ——
* High certainty if within chosen category }

5. Document the Analysis and Recommendations |

Recommend controls and/or PPE; work practice evaluation; ) ) &
additional sampling; surveillance sampling, etc. [ 1 |




Reminder: Steps in Data Analysis and Interpretation™

1. Enter Data Into Appropriate Statistical Tool
2. Evaluate the Goodness-of-fit
Review Descriptive and Inferential Statistics
Compare...
* the “decision statistic” (e.g., sample 95t percentile) to the OEL.
* the 95%UCL to the OEL.
4. Assign a Final Rating and Certainty Level
* Final Rating: Compare the sample 95t percentile to the Exposure
Control Categories (ECCs) and select a category.
e Certainty Level: Compare the 95%UCL to the ECCs:
Hewett” * Low certainty if > 2 categories above the chosen ECC
W
RgTe y * Medium certainty if only 1 category above
* High certainty if within chosen category
5. Document the Analysis and Recommendations

Recommend controls and/or PPE; work practice evaluation;
additional sampling; surveillance sampling, etc.

*After Executing a Carefully
Defined Monitoring Plan:

* Defined decision statistic

Use BDA to Further Inform Final
Rating and Certainty Decision
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53.4%

60

Probability

36.2%

40

10.3%
0% 0% ]

A% 1-10% 10-50% 50-100% >OEL
OEL OEL OEL OEL
Critical percentile category

20

0




Reminder: Steps in Data Analysis and Interpretation
BDA Charts to Assign a Final Rating and Certainty Level

* Final Exposure Rating
* Exposure Control Category (ECCs) = category with highest bar

* Certainty Level Rules of Thumb Rules of thumb
* Low Certainty — decision probability is < 0.5 are guidelines,
* Medium Certainty — decision probability is between 0.5 and 0.75 not bright lines.

* High Certainty — decision probability is greater than 0.75.

100

Category 2
(Medium Certainty)

80

53.4%

Probability
&0

36.2%

10.3%
0% 0% 8-k
<% 1-10% 10-50% 50-100% >OEL
OEL OEL OEL OEL
Critical percentile category

40

20

0



Reminder: Steps in Data Analysis and Interpretation
Checking Likelihood of Category 4 (95%ile > OEL)

* If ECC < 3, check Category 4:

* Large Category 4 decision probabilities indicate that the true 95th percentile may
exceed the OEL and therefore should be a cause for concern whenever the SEG is
unlikely to be reevaluated for an extended period.

* As a rule-of-thumb, Category 4 decision probabilities up to 0.30 are tolerable,
provided the SEG is regularly checked as part of an ongoing monitoring strategy.

* <0.05 - acceptable
e 0.05-0.3- , assuming the SEG has a required monitoring plan

e > (0.3 — problematic, particularly if the SEG has no monitoring plan.

i Category 2

N 5349 (Medium Certainty)

s s- 470

2. 36.2% assuming
2 103% SEG has a required
- 0% 0% #EEE  monitoring plan

1-10% 10-50% 50-100% >OEL
OEL OEL OEL OEL
Critical percentile category



Example A
OEL =500 ppm

Sample Results

IHDA

Expostats

(ppm)

292
53
34

210

les {standardized obs)

Log-probit

1,000 §

100

Concentration

10

-3
AIHA Version

T T T T
-2 -1 0 1
Probit

T
2

3

IHDA Expostats
Parameter Estimates™ Parameter Estimates™*

GM: 103 ppm 95%ile:) 570 ppm GM: 100ppm 95%ile:| 547 ppm
GSD: 2.8 UTLggy, 55| 21,900 ppm GSD: 28 | UTLyy, ocy | 3450 ppm
*|HDA Uses Traditional / Frequentist Calculation Methods **Expostats Uses Bayesian Analysis Calculation Methods

Likelihood -
g 1
S 0.8 g
Q 7 >
e 0.6 o
o 1 2
.§ 0'4_: & g 35.5
v .
9 0.21 @
Q 0 A e ° 9.65%

1 2 3 4 - 0% 0.004%

AlkA Version Exposure Rating ot

Category 4 (Moderate Certainty)
Unacceptable

95th Percentile

Category 4 (Moderate Certainty)
Unacceptable

ECC Recommended Control

No action

Procedures and Training; General Hazard Communication

Monitoring,

+ Chemical Specific Hazard Communication; Periodic Exposure

3 [ Required Exposure Monitoring, Workplace Inspections to Verify
Work Practice Controls; Medical Surveillance, Biological Monitoring

+ Implement Hierarchy of Controls; Monitoring to Validate
Respirator Protection Factor Selection.




Example B

IHDA

Expostats

OEL =20 ppm

Sample Results
(ppm)

0.35
0.59
0.48
0.35

Log-probit

0.1+

Concentration

-3 0
AIHA Version Probit

IHDA

Expostats

Parameter Estimates*

Parameter Estimates**

GM: 0.43 95%ile:; 0.66 ppm

GM: 043 ppm 95%ile: 0.86 ppm

GSD:  1.29 UTLygy, 050l 1.61 ppm

GSD{ 145 | UTLy, o, 2.49 ppm

*|HDA Uses Traditional / Frequentist Calculation Methods

**Expostats Uses Bayesian Analysis Calculation Methods

0.93
hood
2 19
2 0.8
2 1
e 0.6
[~ 4
c -
2 0.47 0.069| 0.001
[a) 1
0- L L B
0 1 2 3 4
AIHA Version Exposure Rating

Category 1 (High Certainty)
Category 4 (<0.05): Acceptable

100

92.1%
o.
2
Frd
= o._
38
@
a
[
o o.
T
o.
o
7.46%
0% 0.252% 0.224%
o
1% 1-10% 10-50% 50-100% >OEL
OEL OE OEL OEL

95th Percentile

Category 1 (High Certainty)
Category 4 (<5%): Acceptable

ECC Recommended Control

No action

Procedures and Training; General Hazard Communication

+ Chemical Specific Hazard Communication; Periodic Exposure
Monitoring,

3 [t Required Exposure Monitoring, Workplace Inspections to Verify
Work Practice Controls; Medical Surveillance, Biological Monitoring

+ Implement Hierarchy of Controls; Monitoring to Validate
Respirator Protection Factor Selection.




IHDA

Example C Expostats
Parameter Estimates™ Parameter Estimates**
OEL = 100 ppm GM:{ 15.3 ppm 95%ile: 30.3 ppm GM: 15ppm 95%ile:| 36.4 ppm
Sample Results GSD: 1.52 UTLgg oss| 87.9 PPM GSD{ 17 | UTly,, g 99.9 ppm
(ppm) *IHDA Uses Traditional / Frequentist Calculation Methods **Expostats Uses Bayesian Analysis Calculation Methods
23.2 Likelihaad "
9.0 E. 1 E 0.744 ?
Qo - 3 74.8%
10.7 R .
= 06__ % 3
18.5 a 0.4 >
20.1 D =
g 0'2_: o 20.2%
0 [ —— =] = 4.99%
Log-probit 1 2 3 4 e ! : L i ) ; _
; AIHA Version Exposure Rating £ e e e am
<DE E / 95th Percentile
L § Category 2 (Moderate Certainty) Category 2 (Moderate Certainty)
S ASassasnase nans e e Category 4 (0.05 to 0.3): assuming Category 4 (<5%): Acceptable
Proni SEG has a required monitoring plan
ECC Recommended Control

Expostats

Quantiles (standardized obs)

0'0
Quartiles (lognormal dist)

No action

Procedures and Training; General Hazard Communication
+ Chemical Specific Hazard Communication; Periodic Exposure
Monitoring,

3 [t Required Exposure Monitoring, Workplace Inspections to Verify
Work Practice Controls; Medical Surveillance, Biological Monitoring

+ Implement Hierarchy of Controls; Monitoring to Validate
Respirator Protection Factor Selection.




Example D

IHDA

Expostats

Quantiles (standardized obs)

OEL =

100 ppm

IHDA

Expostats

Parameter Estimates*

Parameter Estimates**

Sample Results

(ppm)

86
24
438

Log-probit

100§

Concentration

-3
AIHA Version

T
- 0 1
Probit

Quaniiles (lognormal dist)

GM: 46.3 ppm 95%ile:; 132 ppm GM: 46ppm 95%ile:] 156 ppm
GSD: 1.894) UTLy,, ocyil 6160 ppm GSD:] 21 | UTly, e 951 ppm
*|HDA Uses Traditional / Frequentist Calculation Methods **Expostats Uses Bayesian Analysis Calculation Methods

Likelihood 0797 8.
2> 14
= ] - 79.4%
2 0.81 ®
2 . 2z
e 0.6 3 e
o ] 3
.E 04-_ o g-
) ] | 0.004
.g 0.2_- _I - 20.2%
o ] S

0 ] ] | ] ] ] | ] ] ] ] ] OO/‘G an 0.424%
0 1 2 3 4 . i e e ‘
AIHA Version Exposure Rating oL "or "oEL” “oe o
95th Percentile

Category 4 (High Certainty)

Unacceptable Unacceptable

Category 4 (High Certainty)

ECC Recommended Control

No action

Procedures and Training; General Hazard Communication

+ Chemical Specific Hazard Communication; Periodic Exposure
Monitoring,

+ Required Exposure Monitoring, Workplace Inspections to Verify
\Work Practice Controls; Medical Surveillance, Biological Monitoring

+ Implement Hierarchy of Controls; Monitoring to Validate
Respirator Protection Factor Selection.




IHDA Expostats

Example E
Parameter Estimates™ Parameter Estimates™*
OEL = 50 ppm GM: 1.26 ppm 95%ile: 5.14 ppm GM: 11ppm 95%ile: 5.71 ppm
sample Results GSD:  2.35 UTlggy 05| 877 GSD: 28 | UTly, o5 61.5 ppm
(ppm) *IHDA Uses Traditional / Frequentist Calculation Methods **Expostats Uses Bayesian Analysis Calculation Methods
TIHDA-AIHA CDA used substitution with DL/sqrt(2)
1.14 Likelihood ﬁ
<0.8 2 17 2
3 i; 0.8 £s
3 0.6 - e " el i
E 0.4
@ 1 | 0.000 8-
g 0.2 . — 5.32% 6.1%
a 1 ) 0.072% _
Log-probit 0 = o o o - . . . . :
104 <1% '\-‘C\"‘: 10-50% 50-100% >0EL
< < 0 1 2 3 4 OEL OEL OEL OEL
(o) H AIHA Version Exposure Rating 95th Perc.enlile
T § ! Category 2 (Low Certainty)
. N Category 2 (Low Certainty) Category 4 (5 to 30%): assuming
wvesion 7 g 0 Category 4 (<0.05): Acceptable SEG has a required monitoring plan
ECC Recommended Control
Measurement type ® Censoed @ Detecied NO aCtion
_ltg Procedures and Training; General Hazard Communication
© H + Chemical Specific Hazard Communication; Periodic Exposure
+ H 2 o
8 H Monitoring,
o ¥ 3 [t Required Exposure Monitoring, Workplace Inspections to Verify
l.|>j : Work Practice Controls; Medical Surveillance, Biological Monitoring
| : + Implement Hierarchy of Controls; Monitoring to Validate
Cuantesfegramd o) Respirator Protection Factor Selection.




Example F

IHDA

Expostats

Quaniiles (standardized obs)

OEL =500 ppm

Sample Results

(ppm)

7.6
<3
4.9

IHDA

Expostats

Parameter Estimates*t

Parameter Estimates**

GM:

4.3 ppm

95%ile:

12.5 ppm

GM:

39 ppm

95%ile:

15.8 ppm

GSD:

1.9

UTLys0; 959

614 ppm

GSD:

24

UTLys0; 959

143 ppm

*|HDA Uses Traditional / Frequentist Calculation Methods

**Expostats Uses Bayesian Analysis Calculation Methods

Log-probit

Concentration

1

-3
AIHA Version

T T T T
-2 -1 0 1
Probit

T
2

3

easurement ttype ® Censored @ Delecled

00
Quantiles (lognormal dist)

TIHDA-AIHA CDA used substitution with DL/sqrt(2)

Decision Probability

ood
14
0.8-;
0.6-;
0.4 -
0.2 Eom_4.| — CO(ﬂl @
DR A — - —_
2

AIHA Version

Exposure Rating

3

4

Category 1 (High Certainty)
Category 4 (<0.05): Acceptable

Probability

40 60 80 100

20

1.49%

<1%

OEL

11.5%
1.31%

10-50% 50-100%
OEL OEL

95th Percentile

Category 1(High Certainty)
Category 4 (<5%): Acceptable

Recommended Control

+ Required Exposure Monitoring, Workplace Inspections to Verify
Work Practice Controls; Medical Surveillance, Biological Monitoring

+ Implement Hierarchy of Controls; Monitoring to Validate

ECC
No action
Procedures and Training; General Hazard Communication

2 + ChgmiFaI Specific Hazard Communication; Periodic Exposure
Monitoring,

H

Respirator Protection Factor Selection.

1.65%

>OEL




Example G

IHDA

Concentration
.
I

Expostats

Quantiles (standardized obs)
00 5 1

OEL =100 ppm

Sample Results
(ppm)

11.80
4.77
5.93
5.18

Log-probit

1004

1

- -2 -1 0 1
AIHA Version Probit

2

3

IHDA

Expostats

Parameter Estimates*

Parameter Estimates**

GM: 6.5 ppm 95%ile:| 12.7 ppm GM: 64 ppm

95%ile:

15.9 ppm

GSD: 18

GSD: 1.5 UTLys,, 950f 53.9 ppm

UTL

95%,95%

54.4 ppm

*IHDA Uses Traditional / Frequentist Calculation Methods

**Expostats Uses Bayesian Analysis Calculation Methods

.

X
Quaniles (lognormal dist)

LikeIiH 0.838 _
2 19 =
2 0.81 &
2 ]
e 0.6 £,
s 04 | g
) 4] 0.102 g
@ . 0-049| 0.011 | s
S 0.2 o]
a ] _
0 —_——— -
0 1 2 3 4 _ 0%
AIHA Version Exposure Rating i o
OEL OEL

Category 2 (High Certainty)
Category 4 (<0.05): Acceptable

ECC Recommended Control

No action

Procedures and Training; General Hazard Communication

+ Chemical Specific Hazard Communication; Periodic Exposure
Monitoring,

3 [t Required Exposure Monitoring, Workplace Inspections to Verify
Work Practice Controls; Medical Surveillance, Biological Monitoring

+ Implement Hierarchy of Controls; Monitoring to Validate
Respirator Protection Factor Selection.

85.6%

3.9%

10-50% 50-100%
OEL OEL

95th Percentile

Category 2 (High Certainty)
Category 4 (<5%): Acceptable

1.83%

>OEL




IHDA Expostats

Example H
Parameter Estimates*+ Parameter Estimates**
OEL =5 ppm GM: 0.771 ppm 95%ile:| 3.34 ppm GM: 0.75ppm 95%ile:| 3.3 ppm
Sample Results GSD: 2.438 UT|.95%'95%: 32.7 ppm GSD: 25 UTL95%,95%: 16.1 ppm
(ppm) *IHDA Uses Traditional / Frequentist Calculation Methods **Expostats Uses Bayesian Analysis Calculation Methods
TIHDA-AIHA CDA set at LPR (log-probit regression)
<0.4 Likelihood &
1
2.3 E 1 8-
9  0.87
E 0.6 5"
0.8 E 0'4_; . a 21.0% . 28%
0.5 £ 0o @ @ 8
o ]
0 LA N B R B R 0% 0%
) 0 1 2 3 4 - = = == SEL
10 Logpron® AlHA Version Exposure Rating OEL o8 R *oEL e
E 95th Percentile
< £, (Low Certainty) (Low Certainty)
T § Category 4 (0.05 to 0.3): assuming Category 4 (5 to 30%): assuming
0.1 e . . . . . .
s 2 01 2 3 SEG has a required monitoring plan SEG has a required monitoring plan
ECC Recommended Control
. Measurement type @ Censored @ Delected NO action
_.tg EZ' Procedures and Training; General Hazard Communication
w3 . + Chemical Specific Hazard Communication; Periodic Exposure
- 2 o
8 ; Monitoring,
o ; 3 [ Required Exposure Monitoring, Workplace Inspections to Verify
l.|>j c Work Practice Controls; Medical Surveillance, Biological Monitoring
+ Implement Hierarchy of Controls; Monitoring to Validate
S ey Respirator Protection Factor Selection.




Example |

IHDA

Expostats

OEL =50 ppm

Sample Results

(ppm)

32

IHDA

Expostats

Parameter Estimates*

Parameter Estimates**

Log-probit

10

Concentration

1

-3
AIHA Version

T
-2

T T T
-1 0 1
Probit

T
2

3

Quantios (legnormal dist)

GM: ? 95%ile: ? GM: 32ppm 95%ile:] 111 ppm
GSD: ? UTLyss, o506 ? GSD:] 23 | UTLy,, o5 3810 ppm
*|HDA Uses Traditional / Frequentist Calculation Methods **Expostats Uses Bayesian Analysis Calculation Methods

Likelihood 3.
g 1 E 82.2%
2 0.8 =
-] 1 z
e 0.6 33
& 5
S 0.4 g
S 0.2
8 ] &- 15.2%

0 =t 0.008% 0.124% 2.43%
0 1 2 3 4 | e - .
AIHA Version Exposure Rating OEL OEL e e i
95th Percentile

Category 4 (Moderate Certainty)
Unacceptable

Unacceptable

ECC Recommended Control

No action

Procedures and Training; General Hazard Communication

+ Chemical Specific Hazard Communication; Periodic Exposure
Monitoring,

3 [ Required Exposure Monitoring, Workplace Inspections to Verify
Work Practice Controls; Medical Surveillance, Biological Monitoring

+ Implement Hierarchy of Controls; Monitoring to Validate
Respirator Protection Factor Selection.

Category 4 (High Certainty)




IHDA Expostats

Example J
Parameter Estimates™ Parameter Estimates**
OEL =5 ppm GM: 0.4 ppm 95%ile:] 2.36 ppm GM: 04ppm 95%ile:| 2.17 ppm
Sample Results GSD: 2.9 UTLys,, 50| 1510 ppm GSD{ 23 UTLys,, 050f 19.7 ppm
(ppm) *IHDA Uses Traditional / Frequentist Calculation Methods **Expostats Uses Bayesian Analysis Calculation Methods
0.14 Likelihood o
2 17 :
0.39 = 3 i
< 0.87 b
2 . =
1.2 [ 0.6‘: =2 55.6%
o ] 8
S 0.4- £
] ] g-
§ 0.2- @ [o00r) g
(a] ] 8
0 1 2 3 4 e l ] I .
o Log-probit AIHA Version Exposure Rating OEL (‘EL ‘CEL :JO‘EPLJ >OEL
< § 95th Percentile
% ! Category 2 (Moderate Certainty) Category 2 (Moderate Certainty)
T , . , .
wl Category 4 (0.05 to 0.3): assuming Category 4 (5 to 30%): assuming
wpversin 7 g SEG has a required monitoring plan SEG has a required monitoring plan
ECC Recommended Control
No action
_.tg i Procedures and Training; General Hazard Communication
© ; + Chemical Specific Hazard Communication; Periodic Exposure
-+ H 2 q q
8 i Monitoring,
o - 3 [t Required Exposure Monitoring, Workplace Inspections to Verify
l.|>j K Work Practice Controls; Medical Surveillance, Biological Monitoring
. + Implement Hierarchy of Controls; Monitoring to Validate
e Respirator Protection Factor Selection.




Example K IHDA Expostats

Parameter Estimates™ Parameter Estimates™*
OEL =1 ppm GM:| 00013 ppm 95%ile:| 0.0055 ppm GM: 00013ppm|  95%ile]0.0056 ppm
GSD: 2.93 UTLyo, o59,:| 0-051 ppm GSD: 25 UTL,o, o59,:| 0-025 ppm
*|HDA Uses Traditional / Frequentist Calculation Methods **Expostats Uses Bayesian Analysis Calculation Methods

Likelihood

100

78.4%

80

o
(00]
I I |

Probability
60

40

|

I

I

I

Decision Probability
o o
> o

0.2 @ . 20.9%
Log-probit 0- L 0.536% 0.048% 0.048%

. 0.01 0 1 2 3 4 . ‘ . ‘ | :
g g AIHA Version Exposure Rating gEt 1-O1EDL’n 100-20\_ o 50~01EOEI Yo >OEL

£ 0.001 3 95th Percentile

I P N Category 0 (High Certainty) Category 0 (High Certainty)
-3 -2 -1 0 1 2 3
probit Category 4 (<0.05): Acceptable Category 4 (<5%): Acceptable
ECC Recommended Control

) B No action
-& A’ Procedures and Training; General Hazard Communication
B éc 2 + Chemical Specific Hazard Communication; Periodic Exposure
8 s Monitoring,
o i 3 [t Required Exposure Monitoring, Workplace Inspections to Verify
u>j i i3 Work Practice Controls; Medical Surveillance, Biological Monitoring

e + Implement Hierarchy of Controls; Monitoring to Validate

. cunnion gl ) Respirator Protection Factor Selection.




Example L
OEL =50 ppm

IHDA

Parameter Estimates*

Sample Results
(ppm)

8.36
3.20
6.93
24.2
18.0

Log-probit

1004

10

Concentration

IHDA

1

3 2 -
AIHA Version Probit

GM: 96 ppm 95%ile:; 35.9 ppm
GSD: 2.23 UTLys,, 0508 281 ppm
*IHDA Uses Traditional / Frequentist Calculation Methods
Likelihood

2 1

S 0.8

e ]

e 0.6

o ]

§ 0.4

2 ]

9 0.2 @

(a] ]

0 T T | T T T I T )
1 2 3 4
AIHA Version Exposure Rating

(Low Certainty)
Category 4 (>0.3): Problematic to Unacceptable

Expostats
Parameter Estimates™**
GM: 96 ppm 95%ile:| 38.5 ppm
GSD: 23 | UTly, oy 151 ppm
**Expostats Uses Bayesian Analysis Calculation Methods

Probability

o
S-

80

60

40

20

46.9%
34%
19.1%
0% 0%
<1% 1-10% 10-50% 50-100% >OEL
OEL OEL OEL OEL

95th Percentile

(Low Certainty)

Category 4 (>30%): Problematic to Unacceptable

ECC Recommended Control

No action

Expostats

Quanties (lognormal dist)

Procedures and Training; General Hazard Communication

+ Chemical Specific Hazard Communication; Periodic Exposure
Monitoring,

3 [ Required Exposure Monitoring, Workplace Inspections to Verify
Work Practice Controls; Medical Surveillance, Biological Monitorin

g

+ Implement Hierarchy of Controls; Monitoring to Validate




Example M

IHDA

Expostats

OEL =5 ppm

Sample Results
(ppm)

<0.1
2.1
1.2
0.8

<0.3

IHDA Expostats
Parameter Estimates™t Parameter Estimates™*
GM: 0.50 ppm 95%ile:| 4.8 ppm GM: 038 ppm 95%ile:| 4.86 ppm
GSD:{ (397 ) | ULy, g 163 ppm GSD{ 49 | ULy, ., 63.1ppm
*IHDA Usesml / Frequentist Calculation Methods **Expostats Uses Bayesian Analysis Calculation Methods

TIHDA-AIHA CI}A used substitution with DL/sqrt(2)
GSD too close to upper

Space. Increase to 8.0.

Log-probit

Concentration

T T T T
-2 -1 0 1

-3
AIHA Version Probit

T
2

3

GSD
Ll iy

o1 001 01 1 10
GM

Quanties (standardized obs)
Y 0 05 '

Measurement type @ Censored @ Detocted

Quantiles (lognormal dist)

bound of Default Parameter

100

80

60

48.8%

Probability

40

28.4%
22.6%

20

0% 0.156%
10-50% 50-100% ~OEL
OEL OEL
95th Percentile

Category 4 (Low Certainty)
Unacceptable

<1% 1-10%
OEL OEL

Recommended Control

Procedures and Training; General Hazard Communication

Likelihood
2
8
©
a
[4
o
§
@ ECC
o .
2 No action
0 1 2 3 4
AIHA Version Exposure Rating

Monitoring,

+ Chemical Specific Hazard Communication; Periodic Exposure

Category 4 (Low Certainty)

3 [ Required Exposure Monitoring, Workplace Inspections to Verify
Work Practice Controls; Medical Surveillance, Biological Monitoring

Unacceptable

+ Implement Hierarchy of Controls; Monitoring to Validate
Respirator Protection Factor Selection.




Example N

IHDA

Expostats

OEL =10 ppm

Sample Results
(ppm)

1.7
1.2
1.5
1.9
1.3
1.4
1.5

Concentration

All

Log-probit

10

-3 -2 -1 0 1 2 3
HA Version Probit

IHDA Expostats
Parameter Estimates* Parameter Estimates**

GM: 1.48 ppm 95%ile:] 1.92 ppm GM:| 1.5 ppm 95%ile: 2.21 ppm
GSD:| 1.169 UTLygy, o595 2-52 ppm GSD: 1.3 UTLyg,, o56,f 3-45 ppm
*|HDA Uses Traditional / Frequentist Calculation Methods **Expostats Uses Bayesian Analysis Calculation Methods
Likelihoo s 99%

217 ]
'z; 0.8-; j'
e 0.6 g 8
& 7 :

S 0.4 T o
P oo o
(o) 0 1 ~

1 2 3 4

AIHA Version Exposure Rating

Quantile-quantile plot

Quaniiles (standardized cbs)

o o
Quantiles (lognormal dist)

Category 2 (High Certainty)
Category 4 (<0.05): Acceptable

0% 0% 0.892% 0.084%

o o n T
A% 1-10% 10-50% 50-100% >OEL
OEL OEL OEL OEL

95th Percentile
Category 2 (High Certainty)
Category 4 (<5%): Acceptable

ECC Recommended Control

No action

Procedures and Training; General Hazard Communication

Monitoring,

+ Chemical Specific Hazard Communication; Periodic Exposure

3 [t Required Exposure Monitoring, Workplace Inspections to Verify
Work Practice Controls; Medical Surveillance, Biological Monitoring

+ Implement Hierarchy of Controls; Monitoring to Validate
Respirator Protection Factor Selection.




Example O

IHDA

Concentration

Expostats

OEL =5 ppm

IHDA

Parameter Estimates*t

Sample Results
(ppm)

GM: 1.82 ppm 95%ile: 4.46 ppm

GSD: 1.73 UTLysy, 950f 9-49 ppm

<1.3
2.4
1.63
1.35
1.92
<1.3
5.25
2.65
1.82

*IHDA Uses Traditional / Frequentist Calculation Methods

Log-probit

TIHDA-AIHA CDA used substitution with DL/sqrt(2)

Likelihood

2 17
S 0.8
Q 1
2 0.6
o ]
s 047
$ 0.2 @ @ (oo
o 1

O_--|"'I""'

2 3 4

AIHA Version Exposure Rating

Category 4 (Moderate Certainty)
Unacceptable

Expostats

Parameter Estimates**

GM: 18ppm 95%ile:| 5.03 ppm

GSD: 19 UTLys,, 9508 11.4 ppm

**Expostats Uses Bayesian Analysis Calculation Methods

100

80

=
= o
L ©o°
= 49.3% 50.6%
<]
a o
-
o.
o
0% 0% 0.1%
o
A% 1-10% 10-50% 50-100% >OEL
OEL OEL OEL OEL

95th Percentile

Category 4 (Moderate Certainty)
Unacceptable

ECC Recommended Control

No action

Procedures and Training; General Hazard Communication

Monitoring,

+ Chemical Specific Hazard Communication; Periodic Exposure

3 [ Required Exposure Monitoring, Workplace Inspections to Verify
Work Practice Controls; Medical Surveillance, Biological Monitoring

+ Implement Hierarchy of Controls; Monitoring to Validate
Respirator Protection Factor Selection.




