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Some past attempts at designing strategies

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’’

2007: Dutch and British occupational hygiene societies

decided to produce new joint statistical guidance, including
individual compliance testing if necessary.

2014: Update European Standard EN689: synthesis of all
developments in the last decades
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CEN 689 Occupational exposure assessment (1995)

EXpOSUf‘E assessment

test compliance
with exposure
limits

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

EUROPEAN STANDARD EN 689
NORME EUROPEENNE
EUROPAISCHE NORM Februsy 1996

ICS 13.040.30

Descriptors: Air, quality, air pollution, workroom. exposure, contaminants, chemical compounds, estimation, maximum value.
measurements, accident prevention

English version
Workplace atmospheres — Guidance for the assessment of

exposure by inhalation to chemical agents for comparison
with limit values and measurement strategy

Atmospheres des lieux de travail — Conseils Arbeitsplatzatmosphire — Anleitung zur
pour I'évaluation de 'exposition aux agents Ermittlung der inhalativen Exposition
chimiques aux fins de comparaison avec des gegeniiber chemischen Stoffen zum Vergleich
valeurs limites et stratégie de mesurage mit Grenzwerten und Mefstrategie

This European Standard was approved by CEN on 1995-02-17. CEN members
are bound to comply with the CEN/CENELEC Internal Regulations which
stipulate the conditions for giving this Eurcpean Standard the status of a
national standard without any alteration.

Up-to-date lists and hibliographical references cencerning such national
standards may be obtained on application to the Central Secretariat or to any
CEN member.

This European Standard exists in three official versions (English. French,
German). A version in any other language made by translation under the
responsibility of a CEN member into its own language and notified to the
Central Secretariat has the same status as the official versions.

CEN members are the national standards bodies of Austria. Belgium.
Denmark, Finland. France. Germany. Greece, Iceland. Ireland. Italy.
Luxemhbourg, Netherlands. Norway. Portugal. Spain, Sweden. Switzerland and
United Kingdom.

CEN

Eurcpean Committee for Standardization
Comité Européen de Normalization
Europiisches Komitee fiir Normung

Central Secretariat: rue de Stassart 36, B-1050 Brussels

© 1995 All rights of reproduction and communication in any form and by any means reserved in all

countries to CEN and its members.
Ref. No. EN 680:1995 E



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)

45
ﬁ 40 OF'
ggg | notto be
2 25 exceeded
© 20 -
215 -
g 10 -
Z O

0 a

ﬂilriush : N ~ > W ) S
0 Occupational

Hygiene 3

‘ _sn}cﬂi?’" Exposure pg/m

Worksig o o healtiier workplace




Do | comply?

Number of samples

Exposure pg/m?3

An enforcer only needs one But no matter how many

valid measurement over the measurements a hygienist has <OEL,
OEL to prove you do not how does he or she know that the
comply. 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)
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variation in exposure between workers
doing the same job (‘90%)
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OELs apply to every individual, but exposure on the same
job can vary a lot within a Similarly Exposed Group
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Structure of the BOHS/NVVA guidance:

(1) Form Similarly Exposed Groups (SEGs)

(2) Preliminary test Three measurements per SEG to

eliminate groups that obviously comply or obviously
fail.

(3) Group compliance >6 more measurements per SEG
non-compliance if, with 70% confidence, 25% 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
mﬂmssh ~ 80% of the workers in the SEG must have <5% of their
$
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NVvA-BOHS testing-seheme

Form SEG Screening
(Establish ES!) //} - fest
\
I
T . Yes,
Improve
controls
f)roup
Compliance
test
Indlividual
Compliance
test
Non- \_ D
compliance - 7
, Compliance— ===~~~ No
€ ) | Routine monitoring | v

(reassessment)

10



The Excel worksheet BW Statvl

 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...
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The worksheet

e ...some bugs have been discovered

— Print_Area’s are built in names, |f necessary
give a new nhame and click OK |7 s

Hams cannot be the same a5 & Bult-n name,
Oid name;  Print_Area
o N

o ][ comes |

— 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 FQ  jre=tomee= =

A formula in this worksheet contains one or more invalid references.

Verify that your formulas contain a valid path, workbook, range name, and cell reference.

QK
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Startup screen

ﬂ BW_Stat_v1.130609.xlsx

LW N =

(AW =S

A

Tab Start and Manual

Bedienungsanjeitung

ab Data ]

[ ma/m?® li

1. Sprache:
2. Stoffname:
3. Messeinheit:
4. Arbeitsplatzgrenzwgprt:
Geben Sie die anajytische Bestimmungsgrenze ein (diesgfkarin 2

5. der Log-normalen

"mglmz

Tab Report |.,..

Nachweisqrenze

0,04 mg/m?

1 Tab Examples

10

Geben Sie jederpersonengetragengr Messung eing Identifikationsnummer (ID) und tragen Sie diese hier (von links nach
11 rechts) ein. Es §onnen max. 50 Dgten eingeben prerden

Geben Sie die [Hlessergebnisse pgr personenggfragener Messung und Datum ein (hellblaue Felder). Lassen Sie die
12  Felder leer fir gessen Kombinatign Sie keine
13 Geben Sie Mepsergebnisse < reranggrt als numerische Zahlen ein

Die Hintergrurgdfarbe verandert fich v 4 (<10% OEL) tiber orange (=50%0OEL) bis hin zu rot (>100%) je naher die
14 Messwerte eifier Grenzwertlibgrschreitung kommen

8 Das Tabellehblatt "Report’fzeigt diefsrenzwerttestung in 4 Schritten (Phasen) auf, wie Sie auch im

15 "~ BOHS/NVvA Leitfaden begthreiben/sind.
1|C 9. Benutzen Jie BW _Stat nyr nachdgm Sie den Haftungsausschluss rech
18 = Figur 5: AbJaufschema degExposiffonsbewertung (BO
4 4 » M| Startf& Manual .~ Data Report Examples
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Example n-Hexane

SEG: workers extracting vegetable oils
n-Hexane PAS TWA;, . measurements

Legal limit in most EU countries (WEL/IOLV):
— 72 mg/m3/8 hours

Sampling methods

— Workplace Measurement Method Summaries 2"
IOELV List : HSL/2002/23

— PAS active (pump) LoQ=0.1 mg/m3/8 hr
— PAS passive (badge) LoQ=1 mg/m3/8 hr




Testing Compliance with Occupational Exposure Limits for Airborne Substances, Sept. 2011
BW_Stat v1.0

Handleiding

Selecteer uw taal: Nederlands

Voer de stof naam in:
Voer de meeteenheid in:
Voer de beroepsmatige blootstellingslimiet in (OEL):

Voer de kwantificatie ondergrens in (LoQ=gevoeligheid). Deze is veelal drie keer de
LoD maar ook af te lezen in de lognormale waarschijnlijkheidsfiguur):

Voer, indien bekend, de analytische detectie ondergrens in
(LoD=nauwkeurigheid):

Voer in het tabblad "data" de gemeten concentratie niveaus in, rekening houdend met onderstaande:

Let erop dat de eenheid waarin je de data uitdrukt dezelfde is als deze van OEL, LoQ [::p LoD.

Voer de meetdagen aansluitend onder elkaar van boven naar onder in (gele velden), er kunnen maximum 50 meetdagen
worden ingebracht.

Voer in regel 2 de werknemers indentificatie in, aansluitend naast elkaar van links naar rechts (gele velden, verplicht), er
kunnen van maximaal 50 werknemers meetgegevens worden ingebracht.

Voer de meetresultaten in op alle combinaties van datums en werknemers waarvoor je meetresultaten hebt (lichtblauwe
velden); laat de andere cellen gewoon leeg.

Voer de meetresultaten <LoQ zonder aanpassingen in als numerieke getallen.

De achtergrondkleur varieert van groen (<10%OEL) via oranje (=50%OEL) naar rood (>100%OEL) als het meetresultaat
oploopt richting OEL.

Het tabblad Report presenteert de beoordeling van de blootstelling in vier stappen (fasen) volgens het
onderstaand afloopschema en de tekst van de BOHS/NVVA richtlijn.

Gebruik BW Stat enkel nadat u het voorbehoud rechts van het afloopschema hebt gelezen.
M | Start & Manual ./ Data . Report .~ Examples . ¥J

() Occupational

‘ Hygiene
Society

I?bv'b“:jfcr & henlthier workplace




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

n-hexane workerl workerd worker3
me/m?* sample 1 10.00
IOLV/WEL 72 campie 2 2.50
loQ0.1&1 sampie 3 0.20

Start & Manual - Data . Report | Examples ¥

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

H\g ene
Society o

I'rbv'kx-:jfcrn,ﬁar.l’.r&m workplace Arbaishypibe



Example n-Hexane

Copy paste example data
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Report: S

creening test

Tesfing Compliance with Occupational Exposure Limits for Airborne Substances, Sept. 2011

BW Statvi1.0
input
Linit mg/m?® Substance name n-Hexane
Occupational Exposure Limit {OEL) 7200 total number of workers 3
10% Occupational Exposure Limit {10%0EL) !?'_EEI total number of measurement days 3
Lower Limit Of Cluantification (Lo} 0.10 total number of measurements 3
Results
Countings
Mumber of samples <10%0EL 2 Mumber of samples <Lofl 4

0

MNumber of samples =100%0EL

Compliance testing

Stage 0: Screening test (Section 3.3)

Are any of the samples ==0,1 OEL?
Are any of the samples =1,0 OEL?

Yes, take additional measurements until sample size equals 9 (section

2.4)ar see stage 1 results
Mo, all samples are below the OEL

Start & Manual .~ Data | Report ~ Bxamples .~ %1

.=




Report: Group compliance test

Testing Compliance with Occupational Exposure Limits for Airborme Substances, Sept 2011

BW Statv1.0
Input
Unit mg/m? Substance name n-Hexane
Occupational Exposure Limit (OEL) 72.00 total number of workers 3
10% Occupational Exposure Limit (10%0EL) 7.20 total number of measurement days 3
Lower Limit Of Quantification (Lotl) 0.10 total number of measurements 3
Results
Countings
Mumber of samples <10%0EL MNumber of samples <LoQ '
Mumber of samples =100%0EL 0

Compliance testing

Stage O: Screening test (Section 3.3)

Are any of the samples ==01 OEL?
Are any of the samples =10 OEL?

Yes, take additional measurements until sample size equals 9 (section

3.4)orsee stage 1 results
Mo |, all samples are below the OEL

Stage 1: Group compliance test (Section 3.4)

UTL95%, 7 0%

Cioes the group comply with the QEL?

449 Ay = OEL 72 mag/m?

Take additional measurements until samples

size equals 9 (section 3.4)

Start & Manual Data | Report . BExamples -~ ¥3J



Examples: n-Hexane

n-hexane workerl workerd worker3
mg/m* sample 1 10.00
10LV/WEL 72 sample 2 250
Lo 0.1 & 1 sample 3
cample 4
sample 5

sample b

Start & Manual -~ Data . Report | Examples .~ %]

o = =

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




Example n-Hexane

g e e e mem e =
_ﬂwnrkerl worker? |\worker3
samplie 1 1000
sampie 2 '
sample 3|
sampie 4 5.00]
sample 5| |
sample &)l 2500
5tart&h1anua| . Data , F:epn:lrl'

g e Lty ===y |




Stage 1: Group compliance in control !

Compliance testing

Stage 0: Screening test (Section 3.3)

Stage 1: Group compliance test {Section 3.4)
UTL95%, 70% 63.20 < OEL 72 mg/m~®
Yes, the group is in compliance with the OEL.
Does the group comply with the OEL? |{Mow check if between-worker differences are
important (Section 3.5). See stage 2.
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Stage 2: Individual differences important?

Compliance testing

Stage 0: Screening test (Section 3.3)

Stage 1: Group compliance test {Section 3.4)

Stage 2: Apply ANOVA and if necessary Stage 3 (SEann 3.5)

P{AMNOVA)
P{AMNOVA)

P(B&W)

P(B&W)

0.02

Important differences between the workers. Test
individual compliance (Section 3.6)

72.12% =

Important differences between the workers. Test
individual compliance (Section 3.6)

p criterium 0,05

ad-hoc criterium 20%
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Stage 3: Individual compliance test

Stage 2: Apply ANOVA and if necessary Stage 3 {(Section 3.5

P{B&W)

Important diferences between the workers. Test
individual compliance {Section 3.6)

Stage 3: Individual compliance test (Section 3.6)

Probability that any worker has an exposure 95%-tile
=0EL

|5 there == Z20% probability that individual waorkers”
exposure 95%-tile =0OEL?Y

TL12% <

Mo. Go to routine monitoring (reassessment)
(Section 3.8)

ad hoc crntenum 20%

Statistics

Start B Manual . Data | Report . Bxamples . %3
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Undetectables (n-Hexane example)

Workplace Measurement Method Summaries
2" |OELV 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).

e Fisher R.A. The truncated Normal Distribution. British
Assoc. Adv. Sci. Math. Tables I, 1931 pp XXXII|




How to handle undetectables

Lognormal propability plot of exposure distribution with undetectables

PPM
Q
£
8 200
‘g 0 GSD=5,4 (84%/50%)
Q
g 40 | GM=23 (50%)
o 15 _
' <10,<10 S LL=10 ppm
8.3 25|41.7|58.3|75 91.7 %

ﬁiﬂﬁﬁgmm Rankit probabilities
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Estimating GM and GSD from sampling
data with undetectables

Regression through the data above LoD

and optimizing GM and GSD using
Shapiro & Wilks Goodness-of-Fit

HYGINIST 4.2.3




Future developments

* |Incorporation in CEN689 U

e Harmonization & Standard

pdate Annex
isation of

compliance testing: IOHA2015 London

* Combining effort with Canada towards

BW _Stat v2 (non detects,

Levine, web based)
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Contact information

theo.scheffers@tsac.nl

tom.geens@provikmo.be
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