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test compliance 
with exposure 

limits

manage exposure in 
the workplace

This is the bit the NVvA/BOHS guidance deals with

Exposure assessment



1966:  Coenen,  “Zur Frage des Vertrauensbereiches bei 
Mittelwerten der Staubkonzentration”,  Staub 

1977:  Leidel et al, “Occupational Exposure Sampling Strategy 
Manual”, NIOSH.

1995:  European Standard EN689,  “Workplace atmospheres –
Guidance for the assessment of exposure by inhalation to 
chemical agents for comparison with limit values and 
measurement strategy”

2014:  Update European Standard EN689: synthesis of all 
developments in the last decades

Some past attempts at designing strategies

2007: Dutch and British occupational hygiene societies 
decided to produce new joint statistical guidance, including 
individual compliance testing if necessary.  



CEN 689 Occupational exposure assessment (1995)

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



Exposure limits used to be guidance for professionals, but 
regulators treat OELs as sharp dividing lines :

“where an occupational exposure limit value...has been 
exceeded, the employer shall immediately take steps…”

- EU 98/24 Chemical Agents Directive Art 6(5)

“Exposure shall not exceed the limit value...”

- EU 04/37 Carcinogens Directive Art 5(4)
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An enforcer only needs one
valid measurement over the 
OEL to prove you do not 
comply.

But no matter how many 
measurements a hygienist has <OEL, 
how does he or she know that the 
next one will not be >OEL?

An agreed strategy – how many measurements < OEL,  and how far 
below the OEL, before you can assume that you comply: CEN 689 (2014)

Do I comply?



variation in exposure between workers 
doing the same job (‘90s)
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OELs apply to every individual, but exposure on the same 
job can vary a lot within a Similarly Exposed Group



Structure of the BOHS/NVvA guidance:

(1) Form Similarly Exposed Groups (SEGs)

(2) Preliminary test to 
eliminate groups that obviously comply or obviously 
fail.

(3) Group compliance                                                            
non-compliance if, with 70% confidence, ≥5% of the 
exposures exceed the OEL

(4) If not, do analysis of variance to see if individual 
differences are important.

(5) If so, test individual compliance
80% of the workers in the SEG must have <5% of their 
exposures >OEL
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The Excel worksheet BW_Statv1

• Downloadable from 
http://www.tsac.nl/websites.html

• No more excuses for not using the guidance
– No extra installation of software, 

universal excel application
– Macro-free, no need to enable macro’s
– No extra programming, easy input & output 

(beware: GIGO!)

• Compatible with Excel 2003,2007, 2010 BUT…



The worksheet

• … some bugs have been discovered
– Print_Area’s are built in names, if necessary:

give a new name and click OK

– Some of the formula’s read the worker IDs, 
when introducing new data, and autocalculate is off, 
recalculation might be necessary: 
click OK and press F9



Startup screen
Tab Start and Manual

Tab Data

Tab Report

Tab Examples



Example n-Hexane
• SEG: workers extracting vegetable oils
• n-Hexane PAS TWA8 hrs measurements 
• Legal limit in most EU countries (WEL/IOLV):

– 72 mg/m3/8 hours

• Sampling methods
– Workplace Measurement Method Summaries 2nd

IOELV List : HSL/2002/23
– PAS active (pump) LoQ=0.1 mg/m3/8 hr
– PAS passive (badge) LoQ=1 mg/m3/8 hr



Example n-Hexane



Worked example

1. 3 measurements
– Data entrance (copy/paste)
– Phase 0: Screening test
– Phase 1: Group compliance test

2. Additional 6 measurements
– Phase 1: Group compliance test
– Phase 2: ANOVA/B&W individual differences test
– Phase 3: Individual compliance test



Example n-Hexane

Copy red box area from examples :   Ctrl-C
Paste : right click mouse -> option Values 



Example n-Hexane



Report: Screening test



Report: Group compliance test



Examples: n-Hexane

Add black box from Examples :   Ctrl-C
Paste option Values : right click mouse 



Example n-Hexane

Paste option “Values” : right click mouse 



Stage 1: Group compliance in control !



Stage 2: Individual differences important?



Stage 3: Individual compliance test



Undetectables (n-Hexane example)

Workplace Measurement Method Summaries 
2nd IOELV List : HSL/2002/23
• PAS active (pump) detection limit 0.1 mg/m3/8 hr
• PAS passive (badge) detection limit 1 mg/m3/8 hr

– Valid method LoQ< 10% of OEL 72 mg/m3/8 hr



How to handle undetectables
• Schneider H. Truncated and censored samples from 

Normal populations. Statistics: textbooks and 
monographs. Vol 70 (1986). 

• Fisher R.A. The truncated Normal Distribution. British     
Assoc. Adv. Sci. Math. Tables I, 1931 pp XXXIII



How to handle undetectables
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Future developments

• Incorporation in CEN689 Update Annex
• Harmonization & Standardisation of 

compliance testing: IOHA2015 London
• Combining effort with Canada towards 

BW_Stat_v2 (non detects, Levine, web based)



Contact information

tom.geens@provikmo.betheo.scheffers@tsac.nl


