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Goal of the NVvA/BOHS document

Trevor Ogden wrote (100317):g ( )
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 “chronic health effects. 

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



Why a new NVvA/BOHS document?

Some existing exposure assessment documents 
with a focus on the Netherlands and the EU 



Enforcement instruction Labor Inspectorate



Enforcement instruction Labor Inspectorate



http://www.arbokennisnet.nl/kennisdossier_gevaarlijke_stoffen.html



http://www.arbokennisnet.nl/kennisdossier_gevaarlijke_stoffen.html



EU/ CEN 689 Sampling Strategy: outdated since 2005

Quantitative assessment

Chapters 5.2 through 6 
Eight annexes A - G 
(informative not part of the(informative, not part of the 
standard)



EU Chemicals at work directive 98/24





Content of the current BOHS/NVvA draft

Testing compliance with OELg p

Chapter  1. Conducting a survey for exposure evaluationp g y p
Chapter  2.  The problem of variability
Chapter  3.    Recommended method of measuring compliancep g p
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

Stage 1. Three representative samples are taken and their g p p
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 estimatethese 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.





Implicit goals of the NVvA/BOHS document

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

td t doutdated.
To gain acceptance for the stage 2 compliance testing of 
group and individual exceedance using the within andgroup and individual exceedance, using the within- and 
between-worker variances.
A link to REACH ART (mentioned yesterday)A link to REACH ART (mentioned yesterday) 



Improvements for stage 1

Stage 2

Include qualitative (RMM, OC) and semi quantitative (modeling, surrogate, 
historical) decision tree (Stage 0) to exclude obvious compliance, to 

g

) ( g ) p ,
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?)

* OPLeidel,95% >0.5* OEL: a biased  and primitieve statistic.
PWilks,95% > OEL: an unbiased compliance statistic for every N.



Stage 2 exposure assessment



Historical context stage 2 individual testing 

1981: Every worker is unique! OH-Physician viewy q y
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!



Historical context stage 2 individual testing 

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

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



22% chance that 
all indivi-duals 
have the same 
exposure 
distribution 



Comments on current stage 2

Is not included to test if workers exposure origin from the p g
same distributions.
Crippled handling of undetectables, cause decrease of 
variability in lower side workers
No need to test group compliance, because individual 
f ti i l tifraction is always more conservative.
Small sample size per worker is calculated using Maximum 
Likelihood in stead of unbiased techniques causingLikelihood in stead of unbiased techniques, causing 
underestimation of risk.  



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”



Stage 2 algorithms for group and individual exceedance

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

Zgroup,Leidel =   (  log(OEL)  - M ) / s   
the individual exceedance: the fraction of all the workers in 

the SEG who have 95th percentiles of exposure 
exceeding the OELexceeding the OEL.

Zindiv. fraction =   (  log(OEL)  - ( M  +  1.645 sw ) / sbThe 
mostmost 
stringent



Stage 2 algorithms for group and individual exceedance (2)

Since:
Z1 =   (  log(OEL)  - M ) / s   
Z2 =   (  log(OEL)  - ( M  +  1.645 sw ) / sb2 ( g( ) ( w ) b

s > sb

therefore Z1 >>  Z2

And noncompliance   P(Z1) <<  P(Z2)( 1) ( 2)
the individual exceedance is the more stringed test
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How to handle undetectables

Ogden.Handling results below the level of g g
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 
Sh i Wilk W t ti ti A O HShapiro-Wilk W statistic.Ann. Occup. Hyg 
oct2009.pp 1-9.pdf



Lognormal propability plot of exposure distribution with undetectables
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