Naar een correct, kosteneffectief en
communicatief alternatief voor de
EN689 (5.5.2) preliminary test



Conclusie 2022 Sessie T

* Cy5 509 beOOrdeelt het blootstellings risco beter

dan de preliminary test

Voor blootgestelden en opdrachtgever
—voorN=3,4,5

De uitleg van de statistische test in EN689
Annexen E-H is beroerd

Communicatief inferieur t.o.v. Preliminary test



Three consecutive inhalable dust measurement
OELV 5 mg/m?3/8 hours

result 0 Preliminary Statistical test 5.5.3
(mg/m?3/8hr) % OELV test GM GSD Cos,70% Confidence Cg55,<OELV
0.76 15.2%
1.52 30.4%
0.81 16.2% no decission 0.98 1.47 2.87 85.0% Compliance

5.5.2 Preliminary testa) 1)
Compliance if all results are below 0,1 OELV for a set of three exposure measurements

5.5.3 Statistical test
at least 70 % confidence that 95 % of the SEG distribution is at or below the OELV

NB: Meetonzekerheid is hier niet in meegenomen



4th consecutive inhalable dust measurement
OELV 5 mg/m3/8 hours

Statistical test 5.5.3

result 0 Preliminary ) ) N
(mg /m3 /8hr) % OELV test GM GSD Cos,70% Comp)l(l_ance if Cx05,70%=0ELV
0.76 15.2%
1.52 30.4%
0.81 16.2%
0.6 12%  no decission 0.87 1.49 2.29 92.5% compliance

5.5.2 Preliminary test a) 2)

Compliance if all results are below 0,15 OELV for a set of three exposure measurements
5.5.3 Statistical test

Less than 5 % of exposures in the SEG exceed the OELV with at least 70 % confidence



Example

5th consecutive inhalable dust measurements
OELV 5 mg/m?3/8 hours

Statistical test 5.5.3

(mg?e;g;;hr) % OELV Prel::r(;n;: ary (log)normal GM GSD Cos,70% Comp)l(i_ance if Cx>95,70%=0ELV
0.76 15.2%
1.52 30.4%
0.81 16.2%
0.6 12%
0.28 5.6% no decission logNormal 0.69 1.84 2.79 88.4% compliance

5.5.2 Preliminary test a) 3)

Compliance if all results are below 0,2 OELV for a set of three exposure measurements
5.5.3 Statistical test

Less than 5 % of exposures in the SEG exceed the OELV with at least 70 % confidence



6th consecutive inhalable dust measurements

result
(mg/m®/8hr)

0.76
1.52
0.81
0.6
0.28

0.54

% OELV

15.2%
30.4%
16.2%
12%
5.6%
10.8%

OELV 5 mg/m3/8 hours

Statistical test 5.5.3

PreI;:‘:tnary (log)normal GM GSD  Coss70x  Compliance if Cxsos 70%=OELV
X=
~ lognormal 066 1.74  2.23 - 94.6% compliance

File Stastistics Lognormal frequency distribution  Help
27

Start I Raw datal Lirmits ] Descriptive statistics | Plot Compliance l Mean UCLI Cumpﬂre]

Descriptive statistics of the current data
Name CAUsers\TS_com\Organisatiéswerenigingen\N\V W A\sympo

Sample size M= & samples of / 3 hours

Degrees of Freedom df= 5
mg/m3

GM maximum likelihood= 0.€625
GSh= 1.742
Statistical test: ENGB9 (2018) clause 5.5.3 & BOHS/NVvA (2011)
Occupatienal Exposure Limit Value OELV=
Confidence that le=s than 5% of the exposure distribution exceeds OEU e Compliance
The 95%-tile upper tolerance limit with 70% confidence =| 2 2331 mgdm3
The population fraction < OELV with 70% cunﬁdence| a5 _ 7351 %

The test shall measure, with at least 70% confidence, wheter less than 5% of the exposures in the SEG exceed the OELY (ENG89-2018 clause
553 BOSH/MNWvA 2011).Compliance decizion (883 Annex F.3) iz calculated with the non-central Student distribution using the algorithms of Owen

(1968 p4B4_465).

Leidel/ENGS9(1995) Wilks | | ENBB9(2018NBOHS-NVA(2011)




IH-Aligner =

Expostats Tool1 Expostats Tool2

Rawdata  Compliance testing EN689 IHSTATS_EN689 ~ BWStat V3 IHSTATS_Bayes Hyginist

3

IHIDataAnalyst - AIHA 2022
Varsion 2022.01

BELGIAN BWStat

HYGINIST

H fGINIST version 4.4.1
for Windows 10

Copyright 1992-2020
Theo Scheffers Arbo Consultancy TSAC theo.scheffers@tsac.nl

EXPOSTATS

BAYESIAN CALCULATOR ———

Passwordl ¢¢¢¢¢

Programmer

STATISTICAL TOOLS FOR THE INTERPRETATION OF INDUSTRIAL HYGIENE DATA

Password [ 41282

31e NVVA Symp 4-4-2023 Robbie Emonds, Peter van Balen, Theo
13:00 -17:00 uur Scheffers



Three consecutive inhalable dust measurement
OELV 5 mg/m?3/8 hours

result 0 Preliminary
(mg/m?3/8hr) % OELV test GM GSD Cos,70%

0.76 15.2%
1.52 30.4%
0.81 16.2% no decission 0.98 1.47 2.87 85.0% Compliance

Statistical test 5.5.3
Confidence Cg5:,<OELV

Inhalable dust OELV 5 mg/m3/8 hours

EN 689 5.5.3 Non Central Student-t
Confidence Cqeo, =OELV
EZ HYGINIST version 44.1 Comparing the exposure distribution with the OELY a X Shou ld be at Iea St ?O%

File Stastistics Lognormal frequency distribution Help

Stant l Raw L‘-l‘.l' Limts ] Descriptive ltnmzn:al Pt Complance | Mean UCL] Compare a 85~D
Descriptive statistics of the current data
Name C\Users\Theo
Sampie size M= 3
Degrees of Freedom dfs 2 80.0 EN689 5-5 r3
GM maximum eihoods 0.%701 my'm3 )
GS0= 1.46€5 ® P(Cg5%=0 ELV)<30/(’)
&0
Statistical test: ENGS9 (2018) clause 553 & BOHSNVVA (2011) aL_-:
c
Occupational Exposure Limt Vakse OELV= 5§ =g/m3 =T}
Confidence that less than 5% of the exposare dstribution exceeds m'ﬁ Compliance = —
/ e
=
The 95%-the upper tolerance Imt wih 70% confidence 2.8684 mo/m3 (] 15.0
mmuwnhmn<0ELthTO%mmncﬁ 99.4136€ %
The test shal measure, with at least 70% confidence, wheter less than 5% of the exposures in the SEG exceed the OELV (ENG22.2018 clouse
5.5.3 BOSHMNVVA 2011) Complance decision (689 Annex F.3) s calculated with the non-central Student distribution wsing the aigorthms of Owen
(1958 peB4-46S)
[ enessoreyBonsnvvaRol)
<= OELV >0ELV
31e NVVA Symp 5-4-2023 Robbie Emonds, Peter van Balen,

11:30-12:00 uur Theo Scheffers :



Cgsq, CONfidence for inhalable dust
OELV =1.25, 2.5, 5 & 20 mg/m3/8 hours

Inhalable dust OELV 5 mg/m3/8 hours Inhalable dust OELV 2.5 mg/m3/8 hours
EN 689 5.5.3 Non Central Student-t EN 689 5.5.3 Non Central Student-t
Confidence Cosy, =OELV Confidence Cogy, =OELV
should be at least 70% should be at least 70%
85.0
100.0
80.0 63.2
EN689 5.5.3 EN689 5.5.3
. P(Cogy=OELV)<30% - . P(Cogy=OELV)<30%
E 15.0 g
“9 5
<= OELV >0ELV
<= OELV SOELV
31e NVVA Symp 5-4-2023 Robbie Emonds, Peter van Balen, 9

11:30-12:00 uur Theo Scheffers



AIHA EXxposure categories

Occupational Exposures

31e NVVA Symp 5-4-2023
11:30-12:00 uur

QAIHA

Robbie Emonds, Peter van Balen,
Theo Scheffers
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Assessing and Managing
Occupational Exposures

AIHA Exposure categories
A Strategy for

G AIHA e

Steven D. Jahn, CTH, MBA
William H. Bullock, DHS¢, CIH, CSP
Joselito S. Ignacio. CIH. CSP. MPH. REHS/RS

Management and Exposure Control Categories

SEG Exposure Control Applicable Management/
Category™ Controls
0 (<1% of OEL) no action

1 (<10% of OEL)

procedures and training,
general hazard communication

2 (10-50% of OEL)

+ chemical specific hazard
communication, periodic
exposure monitoring

3 (50-100% of OEL)

+ required exposure
monitoring, workplace
inspections to verify work
practice controls, medical
surveillance, biological
monitoring

4+ (>100% of OEL,
Multiples of OEL; e.g., based
on respirator APFs)

+ implement hierarchy of
controls, monitoring to validate
respirator protection factor
selection

*“*Upper Tail Statistic decision = 90th, 95th, 99th percentile

Basic Characterization <

Start

!

!

Exposure
Assessment
¥ ¥ v
Acceptable Uncertain Unacceptable
Control s
Further Information
Gathering
v
Reassessment

Chapter 1: Introduction ................2
By John Mulhausen and Joseph Damiano

AIHA (NIOSH 1977 p118) objective: “Employer should try to attain 95%
confidence that no more than 5% of employee days are over the standard”

Robbie Emonds, Peter van Balen,

31e NVVA Symp 5-4-2023
11:30-12:00 uur

Theo Scheffers

Confirm
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AIHA EXxposure categories

Statistical test 5.5.3

Probability

result Preliminary
% OELV GM GSD Cos,70% Confidence Cy54<OELV
(mg/m?3/8hr) test S 95%
0.76 15.2%
1.52 30.4%
0.81 16.2% no decission 0.98 1.47 2.87 85.0% Compliance
Probability distribution of C95% overthe 5 AIHA exposure Catergories Management and Exposure Control Categories
SEG Exposure Control Applicable Management/
Category™ Controls
80.0 ] 0(<1% of OEL) no action
1 (<10% of OEL) procedures and training,
629 general hazard communication
: 2 (10-50% of OEL) + chemical specific hazard
50.0 communication, periodic
' exposure monitoring
3 (50-100% of OEL) + required exposure
monitoring, workplace
inspections to verify work
40.0 practice controls, medical
surveillance, biological
monitoring
4+ (>100% of OEL, + implement hierarchy of
Multiples of OEL; e.g., based | controls, monitoring to validate
20.0 on respirator APFs) respirator protection factor
selection
0.0 _

31e NVVA Symp 5-4-2023
11:30 -12:00 uur

<0.01 *OELV 0.01->0.1 *OELV 0.1 ->0.5*OELV 0.5 ->0ELV >0ELV

AIHA Exposure Categories

Robbie Emonds, Peter van Balen,
Theo Scheffers

https://real-statistics.com/students-t-distribution
noncentral-t-distribution

REAL STATISTICS
USING EXCEL

12



AIHA Exposure categories inhalable dust
for OELV 1, 2, 5 & 20 mg/m3/8 hours

Inhalable dust OELV S mg/m3/8 howrs

Inhalable dust OELV 20 mg/m3/8 hours

Probability distribution of C95% over the 5 AIHA exposure
Catergories

EN689 5.5.3
P(Cys5,=OELV)<30%

=

Probability

115
i
<0.01 "0ELV 0.01->0.1 *OELVY  0.1-»D.5"0ELV 0.5 -=0ELV =0ELV

Inhalable dust OELV 2.5 mg/m3/8 hours

Probability distribution of C95% over the 5 AIHA exposure
Catergories

EN689 5.5.3

Probability

<

50
0.0 '
A— A
<0.01 *0ELV 0.01->0.1 *OELV 0.1 ->0.5*0ELV 0.5 ->QELV >QELV

31e NVVA Symp 5-4-2023
11:30-12:00 uur

P(Cysy,=OELV)<30%

Probability

@
=
=1

Probability distribution of C95% over the 5 AIHA exposure

Catergories
629

<0.01 *0OELV 0.01-»0.1 *0OELV ~ 0.1-»0.5°0ELV 0.5 -=0ELV >0ELV

Inhalable dust OELV 1.25 mg/m3/8 howrs

Probability

Probability distribution of C95% over the 5 AIHA exposure
Catergories

S0

0.0 0.0
P A '
<0.01 *0ELV 0.01->0.1 *OELV 0.1 ->0.5*0ELV 0.5 ->QELY >0ELYV

Robbie Emonds, Peter van Balen,
Theo Scheffers

EN689 5.5.3
P(Cyss,=OELV)<30%

e
.

EN689 5.5.3
P(Cys5=OELV)<30%

13



Numerical method & applications (1)

* |H-Aligner using
— HYGINIST or S ——

Name C\UsersiTheo
Sampie size U=
Degrees of Freedom df=

— ‘RealStatistics’ Excel addin == . -

Statistical test: ENGS9 (2018) clause 5.5.3 & BOHSNVVA (2011)

Occupational Exposure Limt Vakse OELV S =g/m3
Confidence that kess than S% of the exposare Gatrbution exceeds oe;% Compliance

The 95%-tie upper tolerance kmt wi 7o%<onroenu1 2.0684 mpimd

Probability distribution of C95% over the 5 AIHA exposure Catergories
The population fracton < OELV with 70% coafidencs 1 oA g
Yh test shal measure, vd least 70% confidence, wi Mk than 5% o exposures in the SEG exceed the OELV [?MQ-ZO 8 clouse
3 _BOSHMNVVA 2011 whuccuv (689 Annex F 3) & calculat td E\NMW 8l Student “MNM the sigorthms of Owen
%89‘64465

3 No689 https://real-statistics.com/students-t-distribution
3 0% /moncentral-t-distribution/

| Alhl i REAL STATISTICS
o, USING EXCEL

Confidence=NT_DIST((In(F.OELV)-LN(GM)/In(GSD))*SQRT(N);N-1;SQRT(N)*NORM.S.INV(0.95))

31e NVVA Symp 5-4-2023 Robbie Emonds, Peter van Balen, 14
11:30-12:00 uur Theo Scheffers



Bayesian/Monte-Carlo applications (2)

11:30-12:00 uur

Theo Scheffers

" Fosterior
9 4 = 1
— 7 =
e ; 2 0.8 0.521
-]
2 0.6
%
S 0.4
* |HDA-AIHA 2 . |
. ¥ 0.2
e Qutcome depend on prior &
settings 0 1 2 3 4
AIHA Version Exposure Rating
| AIHA: Exposure Categories Distribution (95" perc)
 |HStat_Bayes ° '
NL version!
e Varying Outcome (MonteCarlo) '
. A A
) <1% [ 1-10% ] [ 10-50% | [ 50-100% ] > OEL
31e NVVA Symp 5-4-2023 Robbie Emonds, Peter van Balen,

15




AIHA exposure categories

Advantages Disadvantages
 Professional looks/ e 5 cat#is not EN689 and
Impressive overdone

* No formal compliance level
 Complex within Excel
e Complex installation IHStat

Does this improve risk communication with stakeholders?



EN689: two & three categories
~ 5.1.5 basic characterization

Cyso, <<OELV

Cyso, >>OELV No sampling
Cyso, <OELV

No decision=>

Cax < fr(OELV) C95’70% <OELV

Cax > OELV Non-compliance

fr(OELV)<C, . <OELV Cys, 705 > OELV measurements or
Exceedance

31e NVVA Symp 5-4-2023 11:30 - Robbie Emonds, Peter van Balen, Theo

12:00 uur Scheffers 17



EN689 exposure categories inhalable dust
for OELV 1, 2, 5 & 20 mg/m3/8 hours

3 metingen inhaleerbaar stof OELV=20 mg/m3

3 metingen inhaleerbaar stof OELV=5 mg/m3

Adjustment scenario 3: Probability distribution of C95%
over 3 EN689 based exposure risk catergories

Adjustment scenario 3: Probability distribution of C95%
over 3 EN689 based exposure risk catergories

100.0 80.7 1000 84.8
Al <l

80.0 EN689 5.5.3 0.0 EN689 5.5.3
£ P(Cq50,=OELV)<30% 2 P(Cys5,=OELV)<30%
£ a0 146 ¢==—— E I o ]

4.7
20.0 ‘j 20.0 0.3 -
oo a A
<=0.1 *OELV 0.1-» OELV >0ELV e <=0.1 *OELV 0.1-> OELV >0ELV
Fxposure risk categories Exposure risk categories
3 metingen inhaleerbaar stof OELV=2.5 mg/m3 3

Adjustment scenario 3: Probability distribution of C95%

metingen inhaleerbaar stof OELV=1.25 mg/m3

over 3 EN689 based exposure risk catergories

Adjustment scenario 3: Probability distribution of C95%
over 3 EN689 based exposure risk catergories

95.0
80.0 63.2
100.0
- EN689 5.5.3
60.0 _ G 80.0
Z °:> 60.0
3 w0 & -
2 2
2 0 40.0
20.0 5.0
0.0 20.0 0.0
ANy P ‘w
0.0 0.0
<= 0.1 *0ELV 0.1-> OELV >0ELV <=0.1*0ELV 0.1-> OELV >0ELV
Exposure risk categories Exposure risk categories
31e NVVA Symp 5-4-2023 Robbie Emonds, Peter van Balen,

11:30-12:00 uur Theo Scheffers

EN689 5.5.3
P(Cys5,=OELV)<30%

=

18



EN689 & AIHA IHStat combined

Testing the AIHA, NIOSH & EN689 Cygq . €XpOsures
metrics against the the OELV
linear scale

— OELV 5 mg/m3

2

18
16
14
12
10
8
. {20}
4 1.8 | ==
: [13]
0

C95%,MLE C95%,70% €95%,95%
NIOSH (1977) ENG689:2018 AlHA(2015)

Testing the AIHA, NIOSH & EN689 Cgsg .. €XpOSures
metrics against the the OELV
logarithmic scale

m—(OELV 5 mg/m3

10

2.9
=
1
CO5%,MLE C95%,70% C95%,95%
NIOSH (1977) ENG89:2018 AlIHA(2015)

Decision

ENG689 C95%,70%
Compliance

Preference is
log-normal distribution

Compliance to EN689 with periodic monitoring in 24 months

31e NVVA Symp 5-4-2023
11:30-12:00 uur

Robbie Emonds, Peter van Balen,
Theo Scheffers

https://real-s
/moncentral-=

AIHA (NIOSH 1977
p118) objective:
“Employer should try to
attain 95% confidence
that no more than 5%
of employee days are
over the standard”

19



Vier uitkomsten

Testing the AIHA, NIOSH & EN689 Cygq, .. €XpOSUres

metrics against the the OELV
logarithmic scale

e O ELV 20 mg/m3

10

1
C95%,MLE C95%,70%
NIOSH (1977) ENG89:2018

€95%,95%
AIHA(2015)

Compliance (NIOSH
employer aim)

Testing the AIHA, NIOSH & EN689 Cys¢; 4 €XpOSures
metrics against the the OELV
logarithmic scale

m——OELV 5 mg/m3

18.4
10
1
3] =
1
C95%,MLE C95%,70% C95%,95%
NIOSH [19??] ENGB9:2018 AIHA{ZMS]

Compliance according to EN689 and NIOSH employers aim. Reconsider performing

measurements in this SEG.

Testing the AIHA, NIOSH & EN689 Cgyqy ., €xposures

metrics against the the OELV

logarithmic scale

e OELV 2.5 mg/m3

|1.a!

C95% MLE C95%,70%
NIOSH (1977) ENG689:2018
Controls or

more measurements

C95%,95%
AIHA(2015)

ENG689 (C95%,70%
Compliance

Compliance to EN689 with periodic monitoring in 24 months

Testing the AIHA, NIOSH & EN689 Cysy, . €XpOSures
metrics against the the OELV
logarithmic scale

O ELV 1.25 mg/m3

10

1
CO5% MLE C95%,70% C95%,95%
NIOSH [19??] ENG89:2018 AIHA{ZD 15]

NIOSH C95%,MLE
Exceedance

C95,70% exceeds the OELV. Apply control measures or add 16 measurement(s) to proof

compliance.

31e NVVA Symp 5-4-2023
11:30-12:00 uur

Robbie Emonds, Peter van Balen,

C95%, ML exceeds OELV. More measurements will not lead to EN689 or AIHA
compliance, Apply control measures.

20

Theo Scheffers



EN689 & AIHA/IHStat combined

Advantages vs AIHA
+ In IH-Aligner Disadvantages

* Makes decision * Less impressive?

* Combines EU & US
* Normal/Lognormal
* Periodic monitoring
* No ‘RealStatistics’

* No Monte-Carlo &
Bayesian priors

* SER feasibility



Expostats

https://lavoue.shinyapps.io/Tool1v3En/
Tool1: Data interpretation for one similarly exposed group

Overexposure
Exposure limit  risk threshold

5 30

Exposure limit Data
multiplier

0.76
1 15

Credible 054

interval
probability

90

31e NVVA Symp 5-4-2023 Robbie Emonds, Peter van Balen,
11:30-12:00 uur Theo Scheffers



ENG89 vs Expostats C,,, confidence

3 metingen inhaleerbaar stof
OELV=20 mg/m3

1
\\“\ g,

20% 25%

3 metingen inhaleerbaar stof OELV=5 mg/m3 |

/4

e L
vy \ lvay,

20% 25%

Inhalable dust OELV 20 mg/m3/8 hours |

|Inha|able dust OELV 5 mg/m3/8 hours |

EN 689 5.5.3 Non Central Student-t
Confidence Cyq,, =OELV
should be at least 70%

95.
=
u
c
]
=
= «
[v]
47
<= OELV >0ELV

31e NVVA Symp 5-4-2023
11:30 -12:00 uur

EN 689 5.5.3 Non Central Student-t
Confidence Cygq, =OELV
should be at least 70%

85.0
10

®

W 600

8

i=

5

=

s 15.0
2 .

<= OELV >OELV

3 metingen inhaleerbaar stof

OELV=2.5 mg/m3
4

IR
\“\ I,
\ /
\

|Inha|able dust OELV 2.5 mg/m3/8 hours

EN 689 5.5.3 Non Central Student-t
Confidence Cygq, =OELV
should be at least 70%

63.2

Cnfidence %
5 a

<= OELV >OELV

Robbie Emonds, Peter van Balen,
Theo Scheffers

3 metingen inhaleerbaar stof
OELV=1.25 mg/m3

\“‘\H”I"’/

20%  25%

Inhalable dust OELV 1.25 mg/m3/8 hours

EN 689 5.5.3 Non Central Student-t
Confidence Cygq, =OELV
should be at least 70%

95.0

100

80
-
w ©
€
S
-]
&
T
<

5.0
0
<= QELV >0ELY
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[metingen inhalesrbasr stof OELVe8 mgms__|
- TR
My o\

Expostats Tooll o

\
Y '/
p p V4

Advantages Disadvantage
e Dichotome (like EN689)

e Online

* [ngrainged Bayes proir

may misfit your SEG
* Easy (if you know what to do)

 Speedometer looks nice

May improve risk communication with stakeholders



Boodschap 1

NVVA leden, arbeidshygiénisten en andere
blootstellingsbeoordelaars laten bij N=3,4,5
naast elkaar zien wat de uitkomst is van de
preliminary test en de statistische test

result Preliminary Statistical test 5.5.3
0,
(mg/m?/8hr) % OELV test GM GSD BT Confidence Co5%<OELV
0.76 15.2%
1.52 30.4%

0.81 16.2% no decission 0.98 1.47 2.87 85.0% Compliance



Boodschap

Er zijn voldoende eenvoudige en visuele Apps voor de
EN689 statistische test (online, Excel, .exe) vanaf 2 metingen

e Sound science

* Bruikbaar vanaf N>3 Ve R i
* AIHA:5 categorieén =teveel |l 1. 1,
e 1®voorkeur: - - 1 2¢voorkeur: beide in IH-Aligner

* Internationaal uitdragen via EPOH

[H-Aligner =
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