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This is draft guidance produced by a joint Working Party of the British Occupational
Hygiene Society and Nederlandse Vereniging voor Arbeidshygigne (the Dutch
Occupational Hygiene Society). It is made available for trial and comment, but no liability
is accepted by either organisation in connection with its use. Comments should he sent
to nvva@arbeidshygiene.nl by 31 December 2009. Comments based on practical
workplace trial are particularly welcome.
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Agenda ROYAL ﬁAIKOHIHG

 Introduction
e Goal of the NVVA BOHS initiative
e existing exposure assessment documents
e Content
e Approach
e Improvements on the current approach:
« Between and within worker variance
e Undetectables
* Unbiased estimators in small sample series



Goal of the NVVA/BOHS document o
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Trevor Ogden wrote (100317):

BOHS/NVVA request : “to develop practical guidance for their
members and others. The document should focus on
measurement strategies for compliance with occupational
exposure limits (OELS) for chemical agents with acute and/or

chronic health effects. “

= What is the additional value of the new document compared
the existing documents/standards?



OHS document? .’.:..(........a
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Why a new NVVA/B

Some existing exposure assessment documents
with a focus on the Netherlands and the EU
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Beoordeling van de blootstelling
aan gevaarlijke stoffen
en het

foetsen van de meetresultaten aan
luchtgrensgrenswaarden

INHOUDSOPGAVE

1. INLEIDING




Enforcement instruction

Labor Inspectorate
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http://www.arbokennisnet.nl/kennisdossier_gevaarlijke stoffen.html
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EU/ CEN 689 Sampling Strategy: outdated since 2005 ——

Quantitative assessment

= Chapters 5.2 through 6

= Eight annexes A - G
(informative, not part of the
standard)
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EUROPEAN STANDARD EN

NORME EUROPEENNE

EUROPAISCHE NORM February 1995
1C5 13.040.30
Descriptors: Air, guality, ar N, ERpOSUrE, . Maxamurn vabue,

MEAIUTEMENTS. SCOdent prevention

English version

Workplace atmospheres - Guidance for the
assessment of exposure by inhalation to chemical
agents for comparison with limit values and

measurement strategy
Atmosphéres des lfeux de troveil - Conseils Arbeitsplat zatmosphare - Anleitung  Zur
pour 'évaluation de |'expesition aux agents Ermittiung der inhalativen Exposition gegeniber
chimigues aux fins de comparaison avec oes chemischen  Stoffen zum  Vergleich mit

valeurs limites et stratégie de mesurage GrenzWerten und MeBatrategie

This European Standard was ﬁwﬁ by CEM on 199%5-02-17. CEN members are bound to comply with the CEN/CEMELEC Internal
Regulations which stipulate the conditions for giving this European Standard the status of & national standard without
arry alteration.

Up-to-date Lists snd bibliographical references concerning such national standards may be cbtained on application to
the Central Secretariat or to any CEN member.

The Europesn Standards exist in three official versions (English, Fremch, German). A version in any other language
made by transiation under the responsibility of o CEN member into its own language and notified to the Tentral
Secrétariat has the samé status &3 the official versions.

CEN members are the national stardards bodies of Austria, Belgium, Dermark, Finland, France, Germany, Greece, lceland,
treland, Italy, Luxesbourg, Metherlands, Worway, Portugal, Spain, Sweden, Switzerland and United Kingdom.

CEN

Comei ttee for Standardization
Comité Européen de Normalisation
Eurcpaisches Komitee fibr Normung

Central Secretariat: rue de Stassart, 34 B-1050 Brussels

& 1595 ALl rights of ipn and commnication in any form and by amy means
reserved in all countries to CEN and its members.
Ref. Mo. EN 689:1995 E
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EU Chemicals at work directive 98/24 AL oG

Dok. 2261-00-00-EN final

DE SEGURDAD E HIGENE
EH ELTRABALD

nﬂﬂ'ﬂﬂﬂ'ﬂ'm

IPRACTICAL GUIDELINES

OF A NON-BINDING NATURE ON THE PROTECTION OF THE HEALTH AND SAFETY OF
WORKERS FROM THE RISKS RELATED TO CHEMICAL AGENTS AT WORK

(Articles 3, 4, 5 and 6, and Annex II, section 1, of Directive 98/24/EC)

ANNEX 2: Simplified risk assessment methodologies

ANNEX 3: Application examples of the principles for prevention and specific measures in two
industrial processes

ANNEX 4: Quantitative evaluation of exposure to chemical agents

ANNEX 5: Measurement methods for chemical agents in fthe list of indicative limit values in
Directive 2000/39/EC
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BECHA RECHA
. ] ] ] Guidance on information
Guidance on information require- requirements and chemical safety
ments and chemical safety as- assessment
sessment Chapter R.13: Risk management

measures and operational conditions

Chapter R.14: Occupational Exposure Es-

g - ot
timation

December 2009 May 2008

(version 2 Rev.:1.1) (version 1.1)

Guidance for the implementation of REACH Guidance for the implementation of REACH
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Content of the current BOHS/NVVA draft s R

Testing compliance with OEL

= Chapter 1. Conducting a survey for exposure evaluation

= Chapter 2. The problem of variability

= Chapter 3. Recommended method of measuring compliance
= Chapter 4. Shortcuts and their limitations.

= Appendix 1. Reminder of statistical concepts

= Appendix 2. Calculating between-worker and between-shift
variances and group and individual exceedances



Ch. 3 Recommended method of testing compliance e
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= Stage 1. Three representative samples are taken and their
maximum likelihood 95th percentile is compared with half the
occupational exposure limit.

= Stage 2. A full monitoring program is used to estimate the
within-worker and between-worker variations, and to use
these to estimate

* (1) the percentage of exposures of the whole SEG which would
lie above the OEL, and

= (2) the percentage of the measured workers that would have
more than 5% of their exposures above the OEL.



Proposed NVvA BOHS scheme for compliance testing with measurements (Draft Oct 2009)

b

Stage 1
Perform 3 measurements S 0.5 OEL 2 YES
TWA B hrin a similar Leidel 85% ~ = .
exposure group
NO

h

Stage 2
Increase sample size with
between & within
(b &w) worker TWA 8 hr
measurements

erform One factor ANOWVA
Is there a significant difference
between workers?

> QEL &

FI;]rDup Leidel95%
fraction Hewitt, 95 % = OEL
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Implicit goals of the NVVA/BOHS document LI

= To provide enterprises, industrial hygienists and law enforcers
In Europe an updated and improved standard in compliance
testing now CEN 689 (1995) is more than 10 years old and
outdated.

= To gain acceptance for the stage 2 compliance testing of
group and individual exceedance, using the within- and
between-worker variances.

= Alink to REACH ART (mentioned yesterday)
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Improvements for stage 1 VAL IASKANTHE

Stage 1
Perform 3 measurements =) ~0.5* OEL ? YES
TWA 8 hr in a similar Leidel 85% . :
exposure group
Stage 2 | NO

= Include qualitative (RMM, OC) and semi quantitative (modeling, surrogate,
historical) decision tree (Stage 0) to exclude obvious compliance, to
prevent unnecessary measurements and to focus on worst case SEG.

* N=3 measurements is arbitrary/small

= Introduce a stage 1 compliance level (0,1 * OEL?)
" Pleidelosy >0.5* OEL: a biased and primitieve statistic.
PW"kS’gS% > OEL: an unbiased compliance statistic for every N.
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Stage 2 exposure assessment e

Stage 2
Increase sample size with
between & within
(b &w) worker TWA 8 hr
measurements

erform One factor ANOVA
Is there a significant difference
between workers?

> QEL &

Pgrnup Leidel 95 %
= QEL

indiv. fraction Hewitt 95 %




Historical context stage 2 individual testing  sova: uaskonme

= 1981: Every worker is unique! OH-Physician view

= 1985: Introduction HEG/SEG concept in many chemical
companies

= 1993: Workers exposure differ in SEGs. (Rappaport/Kromhout).
= Dispute 1995 American Industrial Hygiene Association J.



SEG’s with BW ratio>2 and their confidence interval!
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Historical context stage 2 individual tesSting  sova: uaskonme

= Rappaport/Kromhout: 85% of SEG have BW ratio>2 .
= Scheffers/Rappaport :15-30% significant BW ratio>1
= Scheffers: an additional 5% significant BW due to change.

Conclusion:
Workers exposure within a SEG may or may not origin from the
same exposure distribution.

Test if individuals deviate using single factor ANOVA, before
running BW models



£ | =(LN(T4)-(T23%1.645°T21))/T17

O LD D Pk R | Ped CPak |l | B P [ R e | e | R | g | e R | |
=BT R = YR R =R e R R R R R =

Wi0a =~ N D e

e beom Iow 1 oo b e L a l & I s IS
Joe Chloe irene Dean OEL 0.8
-1.34707 -1.71&4798 -196611 -0.69315 parameter 1 13113016
0.51083 -0.400478 -0.69315 -0.40043 fraction 1 0.094878
-1 05485 -0813015 -1.12445 -0.79851
-0.36122 -0.436034 -0.88302 -D.91629 parameter 2] -0.9056298
027444 -0.083382 -0456204 -0.18633

-0.5993 -0.743888 -1.19942 -1.17118
Amowva: Single Factor
sh2 0.02021
SUMMARY sb 0142162
Groups Count Sum Averoge Vononce
Column 1 & =71277 -118755 0.2043
Column 2 & -4.14771 -0.69128| 0.17718 Sw 0.2196581
Column 3 6 -419159 -0.6986 031682 W 0.4686769
Column 4 & -6.32819 -1.0547 027359
Column 5 6 =-416594 -D0.69432 0.12638 mean 0.B653709
0.23598681
0.4897633
AMOVA
Source of Variat 55 df MS
Bebween Gr  1.36367 4 0.34092
Within Gron  5.49145 25 0.21966
Total B.85512 29
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22% chance that
all indivi-duals
have the same
exposure
distribution
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Comments on current stage 2 e

* |s not included to test if workers exposure origin from the
same distributions.

= Crippled handling of undetectables, cause decrease of
variability in lower side workers

= NoO need to test group compliance, because individual
fraction is always more conservative.

= Small sample size per worker is calculated using Maximum
Likelihood in stead of unbiased techniques, causing
underestimation of risk.
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Ethical issue In stage 2 testing

Due to chance:

= two workers in one SEG with GSD>2,5 two workers can
easily differ in GMs with a factor 2 based on 6 measurements

= Small sample, individual measurements may stigmatize
workers as “dirty”
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Stage 2 algorithms for group and individual exceedance

ROYAL HASKONING

= the group exceedance: the fraction of all exposures of
the whole SEG which exceed the OEL.:

Zgroup Leidel — ( Iog(OEL) \ ) /'s

the individual exceedance: the fraction of all the workers in
the SEG who have 95th percentiles of exposure

nvnanrllnn fhn NFEI
/NUUOUUUI H o e ba s

Zindiv. fraction = ( 10g(OEL) - (M + 1.645s

> OE

indiv. fraction Hewitt 95 %
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Stage 2 algorithms for group and individual exceedance (2)

ROYAL HASKONING

= Z,= (log(OEL) -M)/s
= Z,= ( log(OEL) -(M + 1.645s,,)/s,
" S>5S,

= therefore Z, >> Z,
= And noncompliance P(Z,) << P(Z,)
= theindividual exceedance is the more stringed test



Alternative NVvA BOHS scheme for compliance testing with measurements (Draft March 2010)

Stage 0
Qualitative assessment:

F 3

Exclusions,
Worst-case selection

¥

Stage 1
Perform n=>=3 measurements P
TWA 8 hrin the similar

exposure group

YES

?
Wilks 25% > OEL *

NO




Alternative NVvA BOHS scheme for compliance testing with measurements (Draft March 2010)

Stage 0
Qualitative assessment:

Exclusions,
Worst-case selection

¥

Stage 1
Perform n>=3 measurements | P > OFEL ? TES
TWA 8 hrin the similar il '
exposure group 4
NO
VES In compliance,
periodic
‘? T
Pang 5% = 0.1 OEL * reassessment
stage 0




Alternative NVvA BOHS scheme for compliance testing with measurements (Draft March 2010)

Stage 0
Qualitative assessment:
Exclusions,
Worst-case selection

¥

Stage 1
Perform n==3 measurements
TWA 8 hrin the similar
exposure group

&

P > QEL ?

Whilks, 95 %

NO

P <0.10EL?

Land 95%

Stage 2
Increase sample size &
perform between & within
(b &w) worker TWA 8 hr
measurements in the similar
exposure group

YES

YES

One factor ANOVA.
All workers from the same
exposure distribution?

In compliance,
periodic

reassessment
stage 0

=
Pind'r-r. fraction 95 %

unbiased
QEL

YES
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e Goal of the NVVA BOHS initiative
e existing exposure assessment documents
e Content
e Approach

e Improvements on the current approach:
« Between and within worker variance

<+ Undetectables >

* Unbiased estimators in small sample series
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How to handle undetectables SR AR T

= (Ogden.Handling results below the level of
detection.ann occ hyg.jan2010 p1-2.pdf

= Helsel.Incorporating Nondetects in Science.Ann
Occup Hyg.dec2009.pp.1-6.pdf

= Flynn.Analysis of censored exposure data by the

0ct2009.pp 1-9.pdf



Lognormal propability plot of exposure distribution with undetectables ———
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