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Don’t expect a general overview like in the first session but rather: 

• Some real worked examples of procedures cited in the prEN689 

• Some illustrations of calculations and links 

• to papers explaining their origin 

• to tools automating them 

 

• Some thoughts on the text as it stands right now 

• Let’s start with the title: 
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2/8 p of the body of the standard dedicated to the basic characterization 
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Example 1 



• IH MOD ​ is a mathematical modeling Excel spreadsheet used for 

estimating occupational exposures. It is a supplement to the book 

“Mathematical Models for Estimating Occupational Exposure to 

Chemicals”. Multiple languages are available.  

• Click on this link for IH MOD General Help 
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https://www.aiha.org/get-involved/VolunteerGroups/Pages/Exposure-

Assessment-Strategies-Committee.aspx  
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• Theme park, new installation:  
• Room in which an employee is reading a story. Meanwhile, smoke and 

flames (fake) are produced. The smoke is captured immediately with an 

exhaust ventilation.  

• A first employee complained about “lack of oxygen”. A second employee 

replacing him experienced similar complaints. The attraction was closed.  

• The theme park ordered “immediate and urgent measurements” 

• Material 
• Fake flames product: SDS, manual 

• Smoke machine: machine  
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Basic information immediately supplied by the customer 

http://www.lemaitreltd.com/_includes/images/uploads/ecommerce/documents/Safety Data Sheet For Quick Dissipating Haze For Fake Flame - afrzrqdk.nl4.pdf
ValseVlammen.pdf
https://youtu.be/sAkdfTT9FqU


• Room volume: 180m³  

• Exhaust:  

• 2 fans, max 2400m³/h per fan, used at +/- 1600m³/h per fan  

• 3200 m³/h total exhaust 

• A can of the chemical “fake flames” (2.5l) is sufficient for 60 - 80 hours 

of aerosolisation (continuous usage) 

• Actual usage per cycle of 6 min:  

• aerosolisation during 40 sec 

• clearance time of 45 sec  

• 50 people per cycle of 6 min; 3 to 4 minutes with people present 

• Operators change each hour 

• No specific OEL  Particles not classified elsewhere: OEL 8h 10mg/m³  
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We phoned back to gather additional quantative information to 

evaluate if (immediate and urgent ) measurements were needed 



• IHMod and calculation details 

• Start a first cycle from steady state: well mixed room purge equation (5 min 

20 secs) 

• Use left over concentration as starting point  for second cycle well mixed 

room model with constant emission rate (40s) 

• Copy paste the values from IHMod to excel, plot the pattern and calculate 

the TWA 
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Estimation of the steady state aerosol concentration (constant emission) 

FakeFlamesModel.xlsm
FakeFlames.xlsx
FakeFlames.xlsx
FakeFlames.xlsx


11 

Exposure peaks up to 25 mg/m³, mean exposure of 12 mg/m³ expected 

value unit quantity

3200 m³/h exhaust

53,33333333 m³/min exhaust

180 m³ volume room

2500 ml volume chemical product

70 h max total usage time product

35,71428571 ml/h mean consumption rate (continuous use)

40 s usage time product

360 s cycle time (6 min)

0,111111111 usage time factor per cycle

3,968253968 ml/h real consumption rate (intermittent use)

1,03 g/ml mass density

4,087301587 g/h mass flow per machine

9 m numer of machines

36,78571429 g/h total mass flow (intermittent use)

613,0952381 mg/min total mass flow (intermittent use)

0,396825397 ml consumed volume per machine per cycle

0,408730159 g consumed mass per machine per cycle

3,678571429 g consumed mass per cycle

0,020436508 g/m³ steady state concentration

20,43650794 mg/m³ steady state concentration
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Detailed measurement not necessary, illustrate with CO2 as proxy 
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Example 2 
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Example 2: with a huge nitrous oxide exposure dataset 

OEL = 50 ppm 
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Example 2: with a huge nitrous oxide exposure dataset 

ln(OEL) = 3,91 ln(ppm) 



• Database nitrous oxide  
• More than 500 records 

• Over more than 10 years measured on over 40 sites 

• Arithmetic mean: 29 ppm, geometric mean: 9 ppm 

• Chance to exceed 50 ppm: 14% 

• oel<-log(50)  

• m<-2.234818  

• s<-1.557531  

• 1-pnorm(oel,m,s)  

[1] 0.1407768 

• Conclusion: exceedance is plausible, detailed survey needed 
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Example 2: with a huge nitrous oxide exposure dataset 
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using an effective approach with efficient use of resources 

• “Effective” is missing from the text 

 

 

 

• More background information on performance based (effective and 

efficient) exposure assessment strategies: 

• e.g. material Paul Hewett: the key message is that the stategy should be 

effective (reliable) and efficient (few samples and thus cheap) 

• presentation “A tale of two strategies” (www.bohs.org)  

• document “PBEAS design” (www.oesh.com)  

 

http://www.bohs.org/WorkArea/DownloadAsset.aspx?id=2799
http://www.bohs.org/
http://www.oesh.com/downloads/TR 05-03 PBEAS Design.pdf
http://www.oesh.com/
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Two necessary quality checks to be performed! 

• The validity check has to be performed for each sample separately 

as well as for the SEG as a whole 

 

 

 

 

 

 

• For further guidance, the text refers to annex E for both parts 

• You “shall” analyse log probability plots (boxplots not mentioned) 
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The use of the term outlier in the first part is inappropriate 

• Each (individual) sample has to be evaluated. The representativity of 

the sample deals with the working conditions during the sampling 

process: did something go wrong with the equipment? Has there 

been any form of manipulation, sabotage, etc? In this stage each 

sample is “unique” i.e. does not belong to a certain distribution. It is 

inappropriate to use the word outlier here since this implies a 

comparison to an underlying distribution. The reference to Annex E 

here is in our opinion wrong 

• However, indications for problems with the validaty of the SEG (e.g. 

using boxplots or q.q. plots = log probability plots) may be a trigger to 

investigate those individual samples in more detail 

• Modified boxplots incorporate criteria for outliers and extreme values 
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We retake the N2O example to illustrate the context dependancy 

• an identified outlier (o) or extreme (*) in a normal model is not the 

same as in a lognormal model (more on boxplots here and here) 

http://dx.doi.org/10.1038/nmeth.2813
http://pubs.usgs.gov/twri/twri4a3/pdf/chapter2new.pdf
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Measurement results need to follow the same distribution as assumed in the 

(statistical) compliance test (5.4.3) + appraisers assume lognormality (5.5.3) 
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Examples from Statistical Methods in Water Resources (Helsel and Hirsch) 

• flying banana’s and S-curves are indications for deviation of normality 

• patterns deviating from a 

lines indicate problems 

http://pubs.usgs.gov/twri/twri4a3/pdf/
http://pubs.usgs.gov/twri/twri4a3/pdf/
http://pubs.usgs.gov/twri/twri4a3/pdf/
http://pubs.usgs.gov/twri/twri4a3/pdf/
http://pubs.usgs.gov/twri/twri4a3/pdf/
http://pubs.usgs.gov/twri/twri4a3/pdf/
http://pubs.usgs.gov/twri/twri4a3/pdf/
http://pubs.usgs.gov/twri/twri4a3/pdf/


• Boxplots: extremes (*), outliers (o), assymmetry, large difference 

between upper and lower part of the IQR (box), squeezed parts? 

• QQ-plots: staircases, banana’s, S-curves  

or other apparent deviations from straight lines? 
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a picture is worth a thousand words… 



• Enter the concentrations “xk” and calculate the plotting positions “Pk” 

(“concentration”-3/8)/(“tot number of concentration”+1/4) 
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Or on real log probabilty paper if you’d like… 



• calculate the “z-scores” (a linear scale) for the %s (=NORM.S.INV(“Pk”)) 

• insert a scatterplot with h-axis = exposure (log-scale) and v-axis = z-score 
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Or on real log probabilty paper if you’d like… 

en689exAnnexE.xlsx


• Hyginist E.1 

• BWStat E.1 
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Or on real log probabilty paper if you’d like… 

BWStatv2E.xlsb


• Hyginist E.1 

• BWStat E.1 
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Or on real log probabilty paper if you’d like… 

BWStatv2E.xlsb


• Hyginist E.1 

• BWStat E.1 
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Also to illustrate the relative importance of eyeballing vs statistical testing 

BWStatv2E.xlsb


• This issue is dealt with in detail in the BOHS-NVvA sampling strategy… 

 

 

 

 

 

• … and BWStat remains usefull for the visual checks required in prEN689 

(in which graph the line through the open circles has the worst fit???) 
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An important complication is the phenomenon between-worker variability 



 

 

 

 

 

Requires 3 – 5 measurements on workers belonging to a SEG 



• OEL Thresholds proposed in the screening test are based on table VII in 

ND2231, the calculation method is detailed in the annex of the ND 2231. 

• http://www.inrs.fr/media.html?refINRS=ND%202231  
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Requires 3 – 5 measurements on workers belonging to a SEG 

~0,10 

~0,15 

~0,20 

http://www.inrs.fr/media.html?refINRS=ND 2231
http://www.inrs.fr/media.html?refINRS=ND 2231
http://www.inrs.fr/media.html?refINRS=ND 2231
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Requires 6 or more measurements on workers belonging to a SEG 



• http://fhvmetodik.se/wp-content/uploads/2014/08/OgdenT_2012.pdf  

• You can reuse measurements from the screening test; the prEN689 does 

not impose a time limit, but you should be confident the work situation 

remained unchanged since then 

• Annex F using BWStat  

 

 

 

 

 

35 

Requires 6 or more measurements on workers belonging to a SEG 

http://fhvmetodik.se/wp-content/uploads/2014/08/OgdenT_2012.pdf
http://fhvmetodik.se/wp-content/uploads/2014/08/OgdenT_2012.pdf
http://fhvmetodik.se/wp-content/uploads/2014/08/OgdenT_2012.pdf
http://fhvmetodik.se/wp-content/uploads/2014/08/OgdenT_2012.pdf
BWStatv2F.xlsb
BWStatv2F.xlsb
BWStatv2F.xlsb
BWStatv2F.xlsb
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Requires an approach for handling <LOQ 



• You can automate this (eg in a spreadsheet), but it’s implemented 

already in Hyginist, Altrex, NDExpo and of course BWStat  
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Requires an approach for handling <LOQ 

 

http://www.tsac.nl/hyginist.html
http://www.inrs.fr/media.html?refINRS=outil13
http://www.dsest.umontreal.ca/recherche_rayonnement/NDExpo/nd7.htm
http://www.dsest.umontreal.ca/recherche_rayonnement/NDExpo/nd7.htm
BWStatv2H.xlsb


tom.geens@provikmo.be 
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