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European foreword 

This document (prEN 689:2016) has been prepared by Technical Committee CEN/TC 137 “Assessment 
of workplace exposure to chemical and biological agents”, the secretariat of which is held by DIN. 

This document is currently submitted to the CEN Enquiry. 

This document will supersede EN 689:1995. 
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Introduction 

This European Standard deals with the measurement of exposure to chemical agents in workplace 
atmospheres, and in particular with sampling strategy for comparing workers exposure by inhalation 
with occupational exposure limit values (OELVs). Other parts of management of exposure of workers 
are not dealt with in detail in this European Standard. 

OELVs include legal values and other numerical criteria. 

Representative measurement of occupational exposure to chemical agents is difficult, because of the 
variability of exposure. Processes and products affecting exposure are numerous. Different occupational 
conditions can correspond to different generation rates and involve a variety of chemical agents, and 
can therefore present specific exposure conditions. Exposure can be affected by the distance of the 
exposed worker from emission sources; and parameters such as emission intensity, ventilation, climatic 
conditions, seasonal variations and the controls applied can also have a very marked influence. The 
spatial and temporal variabilities of exposure conditions are further enhanced by the workers' practices 
and activity itself. 

The sampling equipment often introduces its own limitations, sometimes critical, as in aerosol fraction 
measurement. The analytical steps add further difficulties or uncertainties, e.g. insufficient 
identification or separation of chemical species, or interferences, or limits of quantification which are 
too high. This can lead to practical problems to fulfil requirements of EN 482. As a consequence, some 
parts of the described procedure in this European Standard cannot be applicable. 

To assess the exposure of workers to chemicals and to state with certainty that it does not exceed the 
OELVs (short-term or long-term) would therefore require measurement of the exposure of every 
worker for every working day. Unfortunately while this approach is possible for some agents such as 
ionizing radiation, it cannot be done for chemicals because of their diversity, limitations of the 
measurement techniques, and costs. 

The strategy described in this European Standard gives a procedure for the employer to overcome the 
problem of variability and to use a relatively small number of measurements to demonstrate with a 
high degree of confidence that workers are unlikely to be exposed to concentrations exceeding the 
OELVs. To reduce the number of exposure measurements, and therefore the cost of assessment, 
personal air samples are collected among workers within similar exposure groups (SEGs). A single 
measurement or even several measurements below the limit value can be insufficient to reliably 
demonstrate compliance without using a statistical test like the one described in this European 
Standard. 

Respiratory protective equipment (RPE) is used to reduce the amount of the chemical agent that is 
inhaled by the worker. However, due to different regulations in different countries for dealing with 
effectiveness of RPE in relation to compliance testing and the fact that OELVs are compared with 
workplace airborne concentrations that are measured outside any RPE, this European Standard does 
not take into account the use and effectiveness of RPE in testing compliance with the OELV. 

Before any measurements are conducted, it is necessary for an appraiser to conduct a basic 
characterization in order to collect relevant information on exposure determinants, and the available 
information on exposure in the workplace concerned. This includes information on variation of 
exposure with time of day and season of the year, so that the measurement is representative. 

If the basic characterization shows that exposure is probably higher than the OELV, then it is 
recommended to reduce exposure by risk management measures (RMM) before measurements are 
planned for compliance testing. 
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1 Scope 

This European Standard specifies a strategy to perform representative measurements of exposure by 
inhalation to chemical agents in order to demonstrate the compliance with occupational exposure limit 
values (OELV). 

This European Standard is not applicable to OELVs with reference periods less than 15 min. 
NOTE Measurement for compliance testing is only one part of the management of exposure of workers. Some 
background and advice on when measurement can be carried out is given in Annex A. 

2 Normative references 

The following documents, in whole or in part, are normatively referenced in this document and are 
indispensable for its application. For dated references, only the edition cited applies. For undated 
references, the latest edition of the referenced document (including any amendments) applies. 

EN 482, Workplace atmospheres — General requirements for the performance of procedures for the 
measurement of chemical agents 

EN 1540, Workplace exposure - Terminology 

3 Terms and definitions 

For the purposes of this document, the terms and definitions given in EN 1540 and the following apply. 

3.1 
exposure profile 
description of the exposure variations to a chemical agent during a workshift in relation to the definable 
series of activities 

Note 1 to entry: See Annex D. 

3.2 
similar exposure group 
SEG 
group of workers having the same general exposure profile for the chemical agent(s) being studied 
because of the similarity and frequency of the tasks performed, the materials and processes with which 
they work, and the similarity of the way they perform the tasks 

3.3 
work pattern 
the definable series of activities from the periods under consideration 

4 General 

The assessment of occupational exposure to chemical agents based on air sampling requires the 
development of a strategy including different phases which shall be conducted by an appraiser who is 
sufficiently trained and experienced in occupational hygiene principles and techniques to conduct, 
according to the state of the art, the part of the assessment for which he or she is performing. 

The initial survey (as described in Clauses 5 and 6) conducted to assess exposure comprises different 
phases: 

— basic characterization or general evaluation of the workplaces; 

— constitution of similar exposure groups; 
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— definition of a measurement procedure; 

— performing exposure measurements; 

— validation of exposure measurements results and SEGs; 

— comparison of results with occupational exposure limit value (OELVs); 

— communication of results and compliance diagnosis. 

The sampling strategy comprises the constitution of SEGs and the definition of measurement 
procedures. If the initial survey indicates non-compliance with OELVs for some SEGs, control measures 
shall be implemented and a new initial survey shall be conducted. Following the initial survey, periodic 
reassessments shall be conducted. When significant changes occur at the workplaces and affect 
exposure conditions, a new initial survey should be conducted. 

Figure 1 gives a schematic overview of the procedures described in this European Standard. 
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Figure 1 —Schematic overview of the strategy 

5 Occupational exposure assessment 

5.1  Basic characterization 

5.1.1 General 

Prior to conduct of exposure measurements, the workplace and the related exposure profile under 
consideration shall be considered. 

The basic characterization of exposure determinants is in three steps: 

— identification of chemical agents (hazards, OELVs, physical properties); 
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— identification of determinants of exposure; 

— estimation of exposure. 

All the information collected during the basic characterization shall be used to: 

— decide whether measurements are necessary or not (see Annex A); 

— constitute a priori the different SEGs. 

Use of exposure monitoring devices able to give an instant feedback to the user, either as a single or a 
continuous reading (so called direct-reading instruments), can give valuable information about 
approximate exposure level, the exposure pattern, and spatial, time  and worker variability of the 
exposure. 

If the basic characterization concludes that measurements are unnecessary, a report shall be written 
explaining the reasons and the time of periodic reassessment. 
5.1.2 Identification of chemical agents 

The preparation of a list of all chemical agents in the workplace and the relevant information concerned 
is an essential first step to the identification of the potential for hazardous exposure. The safety data 
sheets and other available information are useful to establish the list. The list shall include, as far as any 
of them can contribute significantly to exposures: 

— primary products, impurities, intermediates, final products, reaction products and by-products, 
etc.; 

— the individual chemical agents, identified in preference by their CAS#1) or EINECS#2); 

— appropriate OELVs depending on the goal of the assessment (see Annex B); 

— whether dermal and oral exposure of the chemical agents is relevant (this European Standard only 
deals with measuring inhalation exposure, but knowledge of other routes can be important in the 
management of exposure); 

— additional information like vapour pressure, saturation concentration, dustiness. 

5.1.3 Identification of determinants of exposure 

The work processes and procedures shall be evaluated to gauge the potential for exposure and the 
exposure profile to chemical agents by a detailed review of workplace factors, such as 

— work organization: activity, task, qualification, work shift system, job functions, etc., 

— production processes and techniques (type of processes, temperature, pressure, amount, etc.), 

— workplace configuration (confined spaces, open air spaces, etc.), 

— safety precautions and procedures (restricted area, etc.), 

— personal protective equipment (PPE), 
                                                             

1) Chemical Abstracts Service registry number 

2) Number for European Inventory of Existing Chemical Substances 
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— ventilation installations and other forms of engineering control, 

— emission sources and localized concentrations, 

— periods, frequencies and durations of exposure, 

— work load, or 

— activity or production rate indicators. 

5.1.4 Estimation of exposure 

The estimation of potential exposures should permit the appraiser to obtain reliable quantitative 
information about exposure of workers concerned, taking particular account of tasks with high 
exposures (see Annex A). 

The possible sources of information include 

— earlier measurements, 

— measurements from comparable installations or work processes, 

— reliable calculations based upon relevant quantitative data, and 

— exposure modelling. 

The estimation of potential exposures shall determine whether it is necessary to perform 
measurements especially when exposure is apparently much higher than the OELVs. In this case, it is 
better to implement a program to reduce exposures, and then proceed to action before conducting 
exposure measurements. 

The information collected on the expected exposure levels shall also verify the adequacy of the 
measurement techniques and analysis that are implemented 

5.2  Sampling strategy 

5.2.1 Constitution of Similar Exposure Groups (SEGs) 

In practice it is usually not possible to measure the exposure of each worker during each working day. 
In order to obtain quantitative data on exposure measurement, an approach shall be taken that allows 
the most efficient use of resources. 

This approach, based on the observation of working conditions, permits measurement of exposure of a 
small number of workers belonging to a SEG for comparison with OELVs. Where exposure 
measurements on some workers of the SEG indicate that the OELVs are met (compliance), then it is 
considered that this is so for all workers in the SEG. 

The SEG shall be constituted with information on the nature, level and duration of the tasks performed 
in the working shifts throughout the year. This requires occupational hygiene expertise, and the 
information most often includes 

a) the job classification of the company, as a useful starting point, 

b) the inventory of tasks within a job, 

c) the task specific exposure nature and the estimation of the potential exposure level, collected in the 
basic characterization (see 5.1) and if possible combined with the Operational Conditions (OC) and 
Risk Management Measures (RMM) from a corresponding REACH Exposure Scenario, and 
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d) the duration of the exposure within the shift and throughout the year, determined by the frequency 
and period of the tasks. 

The real level of exposure is determined as described in 5.3 and further of this European Standard. 

A SEG can be constituted by one worker. 

If a SEG includes worker from different locations, care shall be taken that the SEG meets definition 3.2 of 
this European Standard. 
5.2.2 Measurement procedure 

The measurement procedure shall give results representative of worker exposure. 

The sampling protocol aims to specify all the elements that guarantee to have representative and 
reliable results of exposure measurements for comparison with limit values. 

Sampling and analytical techniques shall be in accordance with standards or national recommended 
methods. Sensitivity, specificity, capacity of samplers, transportation and stability of the sample shall be 
particularly checked (see EN 482). 

In order to measure the exposure of the worker at the workplace, personal sampling devices shall be 
used whenever possible, attached to workers' clothing close to the breathing zone; workers should be 
aware of how the sampling device works.  Due to spatial variability of chemical air concentrations, static 
samples are generally less representative of worker exposure. 

The sampling duration is also an important factor that can influence the representativeness of exposure 
measurements. 

The sampling duration should be representative of the reference period of the limit value controlled 
and should be established considering the concentration variability, the limit of quantification and other 
performance characteristics of the analytical method. 

In the case of extended work shift, the daily exposure (Ed) is used for comparison with the OELV (see 
Annex G). 

If the total sampling duration is less than the OELV reference period, then the unsampled time remains 
a serious weakness in the credibility of any exposure measurement. 

During this time careful observation of events is necessary. The assumption that changes have not 
occurred in the unsampled period shall always be critically examined. Examples of such situations are 
presented in Annex D. 

For testing compliance with OELV-8 h, three cases shall be considered: 

— If the appraiser considers that the exposure determinants, including the tasks, are constant during 
the workshift, the total sampling duration could be shorter than the reference period with a 
minimum of 2 h. 

— If the appraiser considers that the exposure determinants, including the tasks, are not constant 
during the workshift, the total sampling duration shall be longer than 2 h and much closer to shift 
duration. 

— If the duration of exposure is less than 2 h, the sampling duration should cover the period of 
exposure. 

Where the exposure times are very short, there can be problems with the measurement because the 
limit of quantification is too high to compare the results with the OELV (see EN 482). It can be helpful in 
such cases to collect more of chemical agents by continuing the sampling when exposure to the agents is 
repeated. 
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Measurements should be performed on sufficient days and during various specific operations in order 
to gain insight into the pattern of exposure. lt is important to consider different episodes during which 
exposure conditions can vary (night and day cycles, seasonal variations). 

The minimum number of measurements shall be in accordance with 5.5.1. The appraiser shall also take 
into consideration the number of workers belonging to the SEG in order to determine the number of 
measurements that shall be conducted, to ensure that the results are representative of the whole SEG. 
This is especially important if workers in a SEG belong to different premises. 

5.3  Performing exposure measurements 

Before starting the survey, the appraiser shall make contact with the employer and should ensure that 
workers are informed about the objectives of exposure measurements. The appraiser shall check that 
the work activity is consistent with that taken into account in the sampling strategy. The appraiser shall 
monitor the success of the sampling operation. The appraiser shall remain on site to do this, or arrange 
for it to be done by another responsible person. For each sample, the appraiser shall obtain the 
following relevant information for the future interpretation of the results of exposure measurements: 

— identification of the SEG and of the workers; 

— description of the workplace; 

— chemical agents relevant for the activity; 

— work tasks performed; 

— daily working hours and the duration of exposure to chemical agents considered; 

— risk management measures such as engineering control, PPE, work organization, administration 
control, etc.; 

— relevant environmental conditions at the workplace (for example temperature, relative humidity, 
pressure); 

— presence of other activities, incidents, etc.; 

— sampling information, such as identification of technical sampling equipment used and samples, 
sampling flow rate, start and end of sampling, ambient conditions, etc.; 

5.4  Validity of SEGs and results 

5.4.1 General 

Before testing the compliance with the OELV (or other numerical value), it is necessary to evaluate the 
representativeness of each measure and a posteriori confirm the constitution of SEGs. Therefore, the 
evaluation of measurement results serves two objectives: 

a) The representativeness of each sample is evaluated. 

b) Each SEG is confirmed as being suitable for compliance testing as explained in 5.5. 

5.4.2 Representativeness of measurement results 

Based on results of analysis and information collected during the measurement campaign, the 
representativeness of each sample shall be evaluated, i.e. outliers shall be identified. To detect outlier 
values, several graphical or statistical methods can be implemented together or separately, of which 
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examples are given in Annex E. However, these tests shall only be used to identify potential outliers, but 
cannot be the sole reason for excluding samples from the comparison with the OELV. Before excluding a 
sample, appraiser notes, and/or contextual information shall be used to identify measurements for 
which accidents, malfunctions or deliberate misuse have occurred related to the activity or sampling. If 
no accidents, malfunctions or misuse can be identified, the sample shall not be excluded. In case outliers 
are excluded, it can be necessary to repeat exposure measurements to have sufficient representative 
measurements to test compliance. 

Any removal of outliers and the reasons shall be explicitly described in the report. 
5.4.3 Validity of SEGs 

After evaluating the representativeness of each measurement, the validity of each SEG shall be 
confirmed a posteriori using valid results and information collected during the survey. The constitution 
of the SEG needs to be confirmed because: 

a) all individuals in the SEG should have the same general exposure profile for the chemical agent(s) 
being studied because of the similarity and frequency of the tasks performed, the materials and 
processes with which they work, and the similarity of the way they perform the tasks as defined in 
3.2; 

b) the measurement results ought to follow the same distribution as assumed in the (statistical) 
compliance test (as indicated in 5.5). Exposure measurements are usually lognormally distributed, 
because exposure measurement results generally follow this distribution 

To check whether all individuals belong to the same SEG, and whether the distribution of 
measurements is log-normal, the log probability plot of the data shall be analysed. Guidance is given in 
Annex E. 

If a measurement value is found to not belong to the SEG, it shall be put in a separate SEG, and it can be 
necessary to repeat exposure measurements to have sufficient representative measurements for each 
SEG to test compliance by the method in 5.5. 

An important complication is that two workers doing the same job need not to have the same exposure. 
This phenomenon, known as between-worker variability, means that measurements of one worker’s 
exposure cannot simply be assumed to apply to others doing nominally the same job. Furthermore, 
exposure varies from shift to shift, giving rise to within-worker variability. 

If the measurements show that one or more workers have exceptional exposure, which seems 
inconsistent with the distribution of results from the rest of the SEG, the reasons shall be investigated 
and these workers may be treated separately, for example forming a new SEG and taking more 
measurements as necessary. Guidance is given in Annex E. 

Any changes to the SEG as a result of these tests shall be recorded in the report (see Clause 6). 

5.5  Comparison of results with OELVs 

5.5.1 General 

5.5.2 and 5.5.3 describe the comparison for a single chemical agent with an OELV. If a mixture is 
present, the same procedure is applied, but the exposure index for the mixture is compared with 1 (see 
Annex C). 

The workers chosen for exposure measurement, and the times of measurement, shall be selected so that 
the measured exposures are representative of the exposure of the workers in the SEG, and this means 
that it can be necessary to make the measurements at different times. If the number of measurements to 
be made is greater than the number of workers in the SEG, it will be necessary to measure some 
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workers more than once. As far as possible, this shall be done to make the measurements 
representative of the exposures in the SEG. 

In the case of extended work shift, the daily exposure (Ed) is used for comparison with the OELV (see 
Annex G). 
5.5.2 Screening test 

The test requires three to five exposure measurements on workers belonging to a SEG. 

a) If all results are below: 

1) 0,1 OELV  for a set of three exposure measurements or, 

2) 0,15 OELV  for a set of four exposure measurements or, 

3) 0,2 OELV  for a set of five exposure measurements 

then it is considered that the OELV is respected: Compliance. 

b) If one of the results is greater than the OELV, it is considered that the OELV is not respected: Non-
compliance. In case that the first measurement result is above the OELV, it is not necessary to 
perform any additional measurements. 

c) If all the results are below the OELV and a result above 0,1 OELV (set of three results) or 0,15 OELV 
(set of four results) or 0,2 OELV (set of five results) it is not possible to conclude on compliance 
with the OELV. No-decision. 

In this situation additional exposure measurements shall be carried out in order to apply the test 
based on the calculation of the confidence interval of the probability of exceeding the OELV, as 
specified in 5.5.3. 

5.5.3 Test of compliance with the OELV 

The appraiser shall select a statistical test of whether the exposures of the SEG comply with the OELV. 
The test shall measure, with at least 70 % confidence, whether less than 5 % of exposures in the SEG 
exceed the OELV. 

A suitable test is given in Annex F. Other tests may be used provided that they have been shown to meet 
the above confidence specification. 

If one or more of the exposure measurements are below the limit of quantification (LOQ), and the 
statistical test selected involves use of geometric standard deviation (GSD) and/or geometric mean 
(GM), then the values below the LOQ shall be treated in a way which produces a reliable result. A 
suitable method is described in Annex H. 

Applying such tests to the exposure measurements assumes that the measurements are log-normally 
distributed (see Annex E). This is usually true at least approximately, and it is unusual to have enough 
measurements to show statistically that it is not true. The appraiser shall assume that it is true unless 
there is good reason to believe that it is not true. 

The appraiser shall make exposure measurements of the SEG according to the procedures in 5.2.2 and 
5.3, in a way which meets the requirements of the test chosen. The results shall be analysed statistically 
according to that test. 
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6 Communication of results 

Reports shall be written of the occupational exposure assessment and of any periodic measurement. 

The report shall contain the following information: 

— name of the person(s) or institutions undertaking the assessment and the measurements; 

— name of the chemical agents considered; 

— name and address of premises; 

— description of the workplace factors and working conditions (exposure determinants); 

— results and conclusions of the basic characterization; 

— measuring procedure used; 

— time schedule (date, beginning and end of sampling); 

— occupational exposure concentrations; 

— details of quality assurance (e.g. expanded uncertainty according to EN 482); 

— clear identification and traceability of results; 

— result of the comparison with the limit value. 

If respiratory protective equipment is used, the results of measurements do not correspond to the 
exposure by inhalation of the workers. 

In case of non-compliance, the appraiser may suggest the reasons for which the limit value has been 
exceeded and risk management measures to remedy the situation. 

7 Periodic measurements 

Workplace exposure assessment shall be updated periodically to keep it current and ensure that 
worker’s exposure remains in compliance with the OELV. In case of significant changes in exposure-
determinants the basic characterization shall be updated immediately. 

Although the risk assessment for inhalation exposure shows that risk managing measures (RMM) are 
adequate (RMM evaluation) and/or exposure is below the OELV (compliance) changes affecting 
exposure, such as gradual deterioration in ventilation equipment, or subtle changes in ways of working 
can occur unaware of the workers or assessors. Thus, despite of the absence of significant modification 
of exposure determinants, it shall be justified why also in future compliance can be expected. 

In general, an annual interval is recommended for reassessment, whatever methods used. 

Reassessment of exposure can be done with exposure measurements or other methods (see Annex A). 

When reassessment is conducted with exposure measurements, periodic intervals are proposed in 
Annex I. 

For periodic reassessments, at least three exposure measurements shall be collected per SEG. The 
results shall be validated according 5.4. If the results pass the validation, these results can be pooled 
with the earlier ones in order to test compliance and to determine the period before the next 
reassessment. 
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Annex A 
 (informative) 

 
Assessment of exposure 

A.1 General 

This annex gives guidance on when measurements are advisable or if other approaches of assessment 
may be used. 

In practice there exist different ways for assessing workers´ exposure to chemical agents. This annex is 
intended as an aid to the identification and assessment of inhalation exposure on workplaces. 

It can be necessary to bring together activities by fixing a working area. The working area is the 
spatially or organisationally delimited part of an enterprise in which activities involving chemical 
agents are carried out by one or more workers and can be brought together in a risk assessment. It may 
encompass one or more workplaces or working processes. The main factors to be used to choose the 
appropriate method for assessing exposure are extensive, including the type and duration of exposure 
by inhalation at workplaces. 

In addition to exposure measurements, the methods used to assess exposure generally include 

— reasonable worst case measurements (under control), 

— measurement of technical parameters, 

— calculation of exposure (using appropriate models or algorithms), 

— comparison with other workplaces, in the same enterprise or in other enterprises, 

— control banding approaches, and 

— good practice guidance for defined branches or tasks. 

When applying one of these methods and there is still uncertainty concerning the identification result 
and its evaluation, additional workplace measurements are recommended. In A.2 to A.10 different 
workplace situations are described together with information about possible methods to assess 
exposure and to derive suitable protective measures. Table A.1 gives an overview of workplace 
situations addressed in this Annex and the recommended way of exposure assessment. 
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Table A.1 — Overview of approaches to exposure assessment in different workplace situations 

Workplace situation 

Exposure 
measure-

ments 
(according 
to Clause 5) 

Reasonable 
worst case 

measurement
s (under 
control) 

Measurement 
of technical 
parameters 

Calculation of 
exposure 

(using 
validated 
models or 

algorithms) 

Comparison 
with other 

workplaces 

Control 
Banding 

approaches 

Good practice 
guidance for 

defined 
branches or 

tasks 

A.2  constant conditions x x x x x x x 

A.3 shortened exposure 
with constant conditions 

x x x x x x x 

A.4 occasional exposure x x x x x x x 

A.5 stationary with 
irregular exposure 

x x x - x x x 

A.6 mobile with irregular 
exposure 

x x - - x x x 

A.7 unpredictable, 
constantly changing 
exposure 

x - - - x - x 

A.8 outdoor x - - x x - x 

A.9 underground x - x x x - x 

A.10 unforeseen 
occurrences 

- - x x x - x 
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A.2 Workplaces with constant conditions 

a) What is typical for workplaces with constant conditions is the fact that day after day, month after 
month the same activities are carried out under recurring conditions. Everything that influences 
the workers´ exposure to chemical agents changes little over a long period. Work sequences, 
technologies used, process parameters (e.g. pressure, temperature), type and quantity of the 
chemical agents used, degree of utilization of the installation and ambient conditions (ventilation, 
climate) are repeated in every shift and remain relatively constant for the long term. 

b) Examples of workplaces with constant working conditions include industrial serial production, 
print shops, dry cleaning, commercial sterilization, quality controls in routine laboratories or large-
scale chemical plants. 

c) It is characteristic for such workplaces that 

1) the exposure is typically recorded in the form of the shift average values, 

2) the operating states are repeated regularly, and 

3) the exposure conditions change little in the long term. 

d) At these workplaces basically all assessment methods may be used. When similar workplaces from 
different locations are involved, the method “transfer of the results from comparable workplaces” 
can be suitable. Calculations of exposure can also lead to results which are amenable to assessment 

A.3 Shortened exposure at workplaces with constant working conditions 

a) Frequently there are workplaces where certain activities involving chemical agents are performed 
for only a short time every day. In the remaining time other activities (not involving exposure to 
chemical agents) are carried out. This type of occupation is repeated daily and also remains 
unchanged over a period of months. 

b) Examples of such workplaces are cold sterilization in hospitals, stationary welding work or 
sampling operations for a limited time. 

c) Everything that influences the exposure of the workers to chemical agents in the period which is 
shorter than the length of the shift changes little overall. In every shift it is possible to distinguish 
clearly between the times during which there is an exposure to chemical agents and times which 
there is no exposure to chemical agents. 

d) The working sequences involving exposure to chemical agents are assessed as described in A.2 if 
the conditions for this are fulfilled. 

e) Even when the occupational exposure limit or other assessment criteria are complied with it can be 
appropriate to provide for additional protective measures precisely during the short periods. 

A.4 Workplaces involving occasional exposure 

a) If the activities involving exposure to chemical agents by inhalation at stationary workplaces only 
arise irregularly or only occasionally, regular workplace measurements are difficult to plan. At such 
workplaces certain working procedures or activities with a comparable exposure to chemical 
agents are repeated irregularly, e.g. every week, every month or even more seldom (occasional 
batches). 
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b) It is typical of such workplaces, for example, that they can involve changing batches in the chemical 
industry or maintenance work on permanently installation equipment. 

c) The inhalation exposure is assessed separately for each individual case where there are different 
activities and working procedures within the framework of the identification and assessment. With 
changing batches such as are usual in the chemical or pharmaceutical industry, for example, it is 
recommended to lay down within the framework of the identification and assessment of the 
inhalation exposure those batches where the most unfavourable exposure conditions apply.    

A.5 Stationary workplaces with irregular exposure 

a) Assessment of the exposure to chemical agents in working areas where activities and the input of 
chemical agents are changing constantly is particularly difficult. 

b) This can be the same, for example, in craft companies, for non-specialized maintenance, repair, 
production and assembly work, in automotive or forklift workshops, for services at filling stations 
(oil change etc.) or in research laboratories. 

c) At such workplaces certain working procedures or activities with comparable exposure to chemical 
agents are repeated irregularly, e.g. every day, every week, every month or even more seldom. 
Other or comparable activities involving varying exposure to chemical agents may occur during the 
shift which can influence the measurements. 

d) The identification of the inhalation exposure for the various activities is laborious, especially with 
respect to the measurements. But since the activities and the materials used within a sector mostly 
differ only insignificantly from company to company, cross-company surveys and assessments from 
e.g. other companies or surveillance authorities, practical instructions relating to good practice or 
process- and substance-specific criteria, are the method of choice. 

A.6 Workers who move from a workplace to another with irregular exposure 

a) The procedure described in this European Standard for the survey of workplace conditions, for the 
identification and assessment of exposure and for the effectiveness check can encounter its limits, 
however, where work is performed at locations which change a number of times a day. 

b) This normally applies with respect to activities performed on construction sites (e.g. painters, floor-
layers, bituminous pavers) or non-stationary assembly and maintenance work (e.g. on 
photocopiers). 

c) The individual working steps normally proceed in such activities following the same sequence, 
while the number of operations, the procedures and materials applied and the scope of work may 
vary. Additionally, the ambient conditions (ventilation, room size, work in the open) vary 
considerably. 

d) Here the working procedures and the use of materials should be designed from the outset in such a 
way that risks due to inhalation exposures do not even arise. 

e) All these measures assume that the exposure situation for the respective activity has been 
identified and assessed beforehand on a sector basis. With the application of the “safe working 
procedures” described care should be taken to ensure that no additional risks can arise due to the 
external environment (background exposure etc.). 
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A.7 Workplaces with unpredictable, constantly changing exposure 

a) There are workplaces where everything can change, which will influence the exposure to chemical 
agents. For example, with many jobs in contaminated areas (e.g. investigation and remediation of 
existing contamination, construction work at landfills or any sites contaminated accordingly by 
industrial or commercial use, and with the demolition of industrial plants) or at special waste 
collection facilities it is for the most part not reliably known what chemical agents will occur and in 
what form. 

b) Prior investigations can only give indications of existing chemical agents and their distribution. The 
reliability of these indications depends among other things on the correct selection for the specific 
location of the investigation parameters, the type and density of sampling etc., i.e. the 
representative nature of the investigations to be assumed for the object of the investigation 
(subsoil, groundwater, brickwork etc.). At locations such as landfills for household waste the stock 
of chemical agents actually present can also hardly be described reliably by means of extensive 
samplings and corresponding analyses. Furthermore there is no fixed workplace (see A.8). Even if 
the nature of the work remains constant, highly fluctuating exposures can arise due to the 
(unforeseen) occurrence of different chemical agents not recorded in the investigations. 

For this reason the chemical agents exposure of workers may normally only be ascertained in real 
terms in retrospect (the use of biomonitoring can provide helpful information). That is why protective 
measures based on a risk assessment should be fixed for such work, measures which take account of the 
reasonably worst case. 

A.8 Outdoor workplaces 

In the case of work conducted outdoor the identification and assessment of exposure by measurements 
according to the specifications of the present standard is only possible to a limited extent because of the 
variability of exposure. This includes, for example, activities in stone quarries, agriculture and forestry, 
horticulture, road-building, at coking plants and open-air facilities in the chemical industry, during the 
loading and emptying of tankers, during roofing work or when coating facades. 

During these activities, meteorological conditions can cause high variability of exposure. As stated in 
the Scope, compliance testing is only one part of the management of exposure, and in these difficult 
circumstances it is even more important to consider control measures instead of increasing the number 
of exposure measurements. 

An indication of the exposure potential can be obtained by measurements conducted in the proximity of 
the emission source. 

A.9 Underground workplaces 

a) At underground workplaces, e.g. load work in potassium or salt mining, work at the face and in the 
roadways of coal mines, drilling work, road heading, maintenance and repair work and work on 
mine supports, identical or similar categories of work are carried out under changing ambient 
conditions which are nevertheless always relatively well known (ventilation). Chemical agents 
which are released will under certain circumstances also influence mine areas which are 
downstream in ventilation terms. 

b) Conditions of work are also changed by the very act of mining and today’s measurements not be 
representative for tomorrow’s conditions, as the geometry of the respective site will most probably 
have been altered substantially. 
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c) Measurements conducted within the framework of the identification and assessment of inhalation 
exposure and control measurements are therefore sometimes difficult. However, it is frequently 
possible to conduct reliable calculations of the concentrations on the basis of substance-specific 
and process-specific data (e.g. emission rates/release rates, ventilation data) and the parameters of 
the technical procedure in use. 

d) The sustainable guarantee of the effectiveness of the protective measures should be ensured by 
means of technical (e.g. ventilation) or organizational (e.g. quantity limitation) measures. 

A.10 Unforeseen occurrences 

Unforeseen exposure situations cannot be described by measurements. 
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Annex B 
 (informative) 

 
Occupational exposure limit values for compliance testing 

This annex gives an overview of the different types of occupational exposure limit values (OELV) which 
can be used for testing compliance in relation with this European Standard. 

In the scope of this European Standard an OELV is specified pursuant the definition in EN 1540 as limit 
of the time-weighted average of the concentration of a chemical agent in the air within the breathing 
zone of a worker in relation to a specified reference period, usually 8 h for long-term measurements 
and 15 min for short-term measurements. 

Depending on the goal of the assessment, an appraiser can determine which of the following OELV shall 
be used to test compliance: 

— Legal occupational exposure limit: 

— European binding and indicative occupational exposure limit value, 

— National occupational exposure limit value. 

— recommendation of scientific committees; 

— exposure limit value provided by supplier; 

— technical derived limit value or risk concentration 

— risk-based limit value: 

— acceptable or tolerable risk concentration, 

— technical risk concentration. 

— exposure index; 

— action value; 

— in-house limit value. 

Note that legally binding OELV are often deduced from one of the other types of OELV, e.g. 
recommendation of scientific committees or technical derived limit values. Recommendations of 
scientific committees are often health-based. 

Derived no-effects levels (DNELs) or derived minimum effect level (DMELs) may be provided by 
manufacturer/distributor in the SDS. 

Action levels and in-house limit values are often derived to meet certain demands and can consist of any 
type of the before mentioned types of OELV as well as compute by an expert of the company itself, e.g. 
as kick-off value. 

Sources for the different OELV can be found in: 

— SCOEL website with BOELV and IOELV: 
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http://ec.europa.eu/social/main.jsp?catId=148&langId=de&internal_pagesId=684&moreDocumen
ts=yes&tableName=INTERNAL_PAGES 

— IFA website - GESTIS database on hazardous substances: 

http://www.dguv.de/ifa/GESTIS/GESTIS-Stoffdatenbank/index-2.jsp 

— IFA website - GESTIS international limit values: 

http://limitvalue.ifa.dguv.de/ 

http://www.dguv.de/ifa/Gefahrstoffdatenbanken/GESTIS-DNEL-Datenbank/index-2.jsp 

—
http://onlinelibrary.wiley.com/book/10.1002/3527600418/homepage/access_to_the_list_of_mak_
and_bat_values.htm 

— http://www.ser.nl/nl/themas/grenswaarden/overzicht%20van%20stoffen.aspx. 

— https://www.dohsbase.nl/en/content-2-2-2/kick-off-limits/ 

Provisional limit values that describe the minimum concentration of chemicals in the air obtained by 
state of the art risk management measures (e.g. described in Factsheets of the public accident insurance 
institutions, positive lists of equipment - BG test cert.: 

http://www.dguv.de/bg-pruefzert/de/index.html#), 

https://www.issa.int/es/topics/occupational-risks/issa-
publications;jsessionid=B4D2B9B810BDA4B1721B9AD76711EDA0?p_p_id=displayfoldercontent_WAR
_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH&p_p_lifecycle=2&p_p_state=normal&p_p_mo
de=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-
2&p_p_col_pos=1&p_p_col_count=2&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTA
NCE_g4utnRUaR4IH_uuid=b24e997c-1dda-4d37-8e7c-
9a7332b438c5&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_
name=2-
OccExposLimit.pdf&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR
4IH_mimeType=application%2Fpdf. 

http://ec.europa.eu/social/main.jsp?catId=148&langId=de&internal_pagesId=684&moreDocuments=yes&tableName=INTERNAL_PAGES
http://ec.europa.eu/social/main.jsp?catId=148&langId=de&internal_pagesId=684&moreDocuments=yes&tableName=INTERNAL_PAGES
http://www.dguv.de/ifa/GESTIS/GESTIS-Stoffdatenbank/index-2.jsp
http://limitvalue.ifa.dguv.de/
http://www.dguv.de/ifa/Gefahrstoffdatenbanken/GESTIS-DNEL-Datenbank/index-2.jsp
http://onlinelibrary.wiley.com/book/10.1002/3527600418/homepage/access_to_the_list_of_mak_and_bat_values.htm
http://onlinelibrary.wiley.com/book/10.1002/3527600418/homepage/access_to_the_list_of_mak_and_bat_values.htm
http://www.ser.nl/nl/themas/grenswaarden/overzicht%20van%20stoffen.aspx
https://www.dohsbase.nl/en/content-2-2-2/kick-off-limits/
http://www.dguv.de/bg-pruefzert/de/index.html
https://www.issa.int/es/topics/occupational-risks/issa-publications;jsessionid=B4D2B9B810BDA4B1721B9AD76711EDA0?p_p_id=displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_uuid=b24e997c-1dda-4d37-8e7c-9a7332b438c5&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_name=2-OccExposLimit.pdf&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_mimeType=application%2Fpdf
https://www.issa.int/es/topics/occupational-risks/issa-publications;jsessionid=B4D2B9B810BDA4B1721B9AD76711EDA0?p_p_id=displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_uuid=b24e997c-1dda-4d37-8e7c-9a7332b438c5&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_name=2-OccExposLimit.pdf&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_mimeType=application%2Fpdf
https://www.issa.int/es/topics/occupational-risks/issa-publications;jsessionid=B4D2B9B810BDA4B1721B9AD76711EDA0?p_p_id=displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_uuid=b24e997c-1dda-4d37-8e7c-9a7332b438c5&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_name=2-OccExposLimit.pdf&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_mimeType=application%2Fpdf
https://www.issa.int/es/topics/occupational-risks/issa-publications;jsessionid=B4D2B9B810BDA4B1721B9AD76711EDA0?p_p_id=displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_uuid=b24e997c-1dda-4d37-8e7c-9a7332b438c5&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_name=2-OccExposLimit.pdf&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_mimeType=application%2Fpdf
https://www.issa.int/es/topics/occupational-risks/issa-publications;jsessionid=B4D2B9B810BDA4B1721B9AD76711EDA0?p_p_id=displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_uuid=b24e997c-1dda-4d37-8e7c-9a7332b438c5&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_name=2-OccExposLimit.pdf&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_mimeType=application%2Fpdf
https://www.issa.int/es/topics/occupational-risks/issa-publications;jsessionid=B4D2B9B810BDA4B1721B9AD76711EDA0?p_p_id=displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_uuid=b24e997c-1dda-4d37-8e7c-9a7332b438c5&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_name=2-OccExposLimit.pdf&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_mimeType=application%2Fpdf
https://www.issa.int/es/topics/occupational-risks/issa-publications;jsessionid=B4D2B9B810BDA4B1721B9AD76711EDA0?p_p_id=displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_uuid=b24e997c-1dda-4d37-8e7c-9a7332b438c5&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_name=2-OccExposLimit.pdf&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_mimeType=application%2Fpdf
https://www.issa.int/es/topics/occupational-risks/issa-publications;jsessionid=B4D2B9B810BDA4B1721B9AD76711EDA0?p_p_id=displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_uuid=b24e997c-1dda-4d37-8e7c-9a7332b438c5&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_name=2-OccExposLimit.pdf&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_mimeType=application%2Fpdf
https://www.issa.int/es/topics/occupational-risks/issa-publications;jsessionid=B4D2B9B810BDA4B1721B9AD76711EDA0?p_p_id=displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_uuid=b24e997c-1dda-4d37-8e7c-9a7332b438c5&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_name=2-OccExposLimit.pdf&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_mimeType=application%2Fpdf
https://www.issa.int/es/topics/occupational-risks/issa-publications;jsessionid=B4D2B9B810BDA4B1721B9AD76711EDA0?p_p_id=displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH&p_p_lifecycle=2&p_p_state=normal&p_p_mode=view&p_p_cacheability=cacheLevelPage&p_p_col_id=column-2&p_p_col_pos=1&p_p_col_count=2&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_uuid=b24e997c-1dda-4d37-8e7c-9a7332b438c5&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_name=2-OccExposLimit.pdf&_displayfoldercontent_WAR_ISSA_Event_Documentsportlet_INSTANCE_g4utnRUaR4IH_mimeType=application%2Fpdf
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Annex C 
(informative) 

 
Simultaneous occupational exposure to several chemical agents 

C.1 General 

In many industrial situations, it is very common that workers are simultaneously exposed to several 
chemical agents. Multiple exposure situations occur when using solvents, welding of metallic alloys, etc. 
Although knowledge of the health effects of such mixtures is limited, multiple exposures should be 
taken into account to characterize the situation in particular for comparison with occupational 
exposure limit values (OELVs). For this, several approaches exist. Ranging from simple exposure index 
methods to advanced toxicological models. 

For a compliance assessment caution shall be taken to ensure that simultaneous exposure to multiple 
compounds all under their respectively OELVs is properly addressed. In this case, a tiered approach as 
described below is recommended: 

— Tier 1: Exposure index e.g. the sum of the exposures to each of the component of the mixture 
divided by their respective OELV. 

— Tier 2: Additive effect index e.g. the sum of the exposures to each of the component of the mixture 
with similar effects or acting on the same target organ divided by their respective OELV. 

— Tier 3 and Tier 4: More advanced toxico-kinetic models (not described here). 

For comparison with the OELV the exposure index is calculated for each sample (see below) and treated 
further in the statistical assessment and evaluation as one component. 

Due to the complexity of the matter use of other and less conservative approaches than Tier 1 should be 
justified. 

C.2 Tier 1: Exposure index (IE) 

According to Formula (C.1) this simultaneous exposure index, IE, is the sum of the exposures to each of 
the component in the workplace atmosphere divided by their respective OELVi. 

The OELV to be applied to the simultaneous exposure is expressed by an index of 1. 

E
1 OELV

n
i

i i

EI
=

=∑  (C.1) 

This approach should, however allow assessing simultaneous exposure to compounds of different 
physical state, separately. Special care should be taken to ensure that there will be no combined effects 
of such exposure. 
EXAMPLE  

Following this approach, an exposure index EI  can be calculated for an exposure to a four components solvent 
made of Acetone, 2- Methoxyethyl acetate (EGMEA), Cyclohexanone (CH-ONE) and Toluene (TOL) as follows: 
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Acetone  EGMEA CH ONE TOL
E

Acetone EGMEA CH ONE TOL

E 
OELV OELV OELV OELV

E E EI −

−

= + + +  

Chemical agent 
OELV-8 h 

(European Union) 
mg/m3 

Results 
mg/m3 

 
OELV

i

i

E
 

EU 

Acetone 1210 410 0,34 

2-Methoxyethyl 
acetate 4,9 1,8 0,37 

Cyclohexanone 40,8 11 0,27 

Toluene 192 38,4 0,20 

IE - - 1,18 

E
410 1,8 11 38,4

1210 4,9 40,8 192
I = + + +  

E 1,18I =  

C.3 Tier 2: Additive effect exposure index (IAE) 

According to Formula (C.2) this additive effect exposure index, IAE, is the sum of the exposures to each of 
the component with similar effects or acting on the same target organ of the mixture divided by their 
respective OELVi. 

The OELV to be applied to the simultaneous exposure is expressed by an index of 1. 

1 ..AE
1 OELVm

n
i

i i

EI
…

=

=∑  (C.2) 
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EXAMPLE  

An exposure to a mixture of vapors of acetone and cyclohexanone (irritating effects 
1AEI ) has to be assessed 

separately from 2-methoxyethyl acetate and toluene (reproductive effects 
2AEI ) due to different critical effects 

and target organs. 

Chemical agent AEi
I Group 

OELV-8 h 
European Union 

mg/m3 

Results 
mg/m3 

 
OELV

i

i

E
 

EU 

Acetone 1 1210 410 0,34 

Cyclohexanone 1 40,8 11 0,27 

2-Methoxyethyl 
acetate 

2 4,9 1,8 0,37 

Toluene 2 192 38,4 0,20 

 
1AEI  - - - 0,61 

 
2AEI  - - - 0,57 

1

Acetone CH-ONE
AE

Acetone CH-ONE

E E+
OELV OELV

I =  

1AE 0,61I =  

2

EGMEA TOL
AE

EGMEA TOL

E E +
OELV OELV

I =  

2AE 0,57I =  

C.4 Tier 3 and 4 

Tier 3 and 4 assessments of hazard incorporate increasingly refined information on mode of action, 
including both kinetic and dynamic aspects. 

Examples of such tools and methods are: 

Mixie from IRSST 

http://www.irsst.qc.ca/en/-tool-mixie-mixtures-of-substances-in-the-workplace-computer-based-tool-
for-evaluating-the-chemical-risk-calculation-of-the-rm.html 

ART REACH tool 

https://www.advancedreachtool.com/ 

http://www.irsst.qc.ca/en/-tool-mixie-mixtures-of-substances-in-the-workplace-computer-based-tool-for-evaluating-the-chemical-risk-calculation-of-the-rm.html
http://www.irsst.qc.ca/en/-tool-mixie-mixtures-of-substances-in-the-workplace-computer-based-tool-for-evaluating-the-chemical-risk-calculation-of-the-rm.html
https://www.advancedreachtool.com/
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Annex D 
 (informative) 

 
Exposure profile and sampling duration 

D.1 General 

The total sampling duration is defined by the appraiser taking into account the determinants of 
exposure including tasks. The sampling duration should be representative of the reference period of the 
limit value controlled and should be established considering the concentration variability, the limit of 
quantification and other performance characteristics of the analytical method. Many situations can 
occur. 
NOTE Figure D.1 to Figure D.7 give exposure concentration C versus time t. 

D.2 Measurement in order to testing the compliance with 8 h- OELV 

a) Determinants of exposure are constant during the work shift (WS) 

Total sampling duration (TSD) should be at least 2 h. 

The exposure of the sampling period can be considered representative of the exposure of the work shift 
duration (WS). 

There are three alternatives: 

— Measure for the full shift. 

— Measure for one period of exposure (at least 2 h). 

— Measure for more than one period of exposure (i.e. two periods of 1 h). 

See Figure D.1. 

 

Figure D.1 

b) Determinants of exposure are non-constant during the work shift 

1) Exposure occurs during a part of shift 

There are three alternatives: 
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— Measure for the full shift and use the average exposure for the whole shift. 

— Measure for the period of exposure (TSDPE), and assume that the exposure for the rest of the shift is 
zero after careful examination. 

— Measure for the period of highest exposure (TSDHE) if based on the basic characterization, this 
period of the highest exposure can be reliably determined. This exposure measurement is assumed 
to apply for the total period of exposure. The exposure for the rest of the shift is assumed to be zero 
after careful examination. 

See Figure D.2. 

 

Figure D.2 

2) Multiple exposure scenarios during the whole shift for one chemical agent. 

Tasks are randomly distributed during the workshift, the sampling duration should correspond to the 
shift duration. 

There are two alternatives: 

— Measure for the full shift. 

— Measure in each one of the scenarios and use the average exposure for the whole shift. 

NOTE Consecutive samples collected during the whole workshift can give valuable information about levels 
of exposure corresponding to different tasks. 

See Figure D.3. 
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Figure D.3 

3) Single exposure scenario repeated n times during the whole shift 

There are three alternatives: 

— Measure for the full shift and use the average exposure for the whole shift; 

— Measure for at least one cycle regarding the exposure profile and at least 2 h with complete cycles 
after careful examination; 

— Measure for the period of highest exposure (TSDHE) if based on the basic characterization, this 
period of the highest exposure can be reliably determined. This exposure is assumed to apply for 
the period of exposure. 

NOTE In this situation special attention is paid to peaks of exposure (referred to 5.1) 

See Figures D.4 and D.5. 

 

Figure D.4 
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Figure D.5 

D.3 Measurement in order to testing the compliance with short-term limit value 

a) Tasks with a duration shorter than the reference period 

The total sampling duration should cover the whole task and reference period (RP) in order to take into 
account the residual concentration after the task. See Figure D.6. 

 

Figure D.6 

b) Tasks with a duration longer than the reference period 

The sampling duration (TSD) is equal to the reference period (RP) and covers the period of highest 
exposure after careful examination. See Figure D.7. 
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Figure D.7 
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Annex E 
 (informative) 

 
Check of log-normality of exposure measurements, and identification of 

exceptional exposure within the SEG 

E.1 General 

This annex gives graphical and statistical methods to the evaluation of SEGs, and to the identification of 
one or more individuals whose exposure is not properly represented by the SEG, as required in 5.4. 

E.2 Graphical method 

E.2.1 Principle 

The method involves plotting the measured values of exposure x in ascending order on log-probability 
paper. Normal probability paper can also be used if log-probability paper is unavailable. In this case, 
log(x) is plotted instead of x. 

The plot is then examined as described below. 

E.2.2 Plotting 

The n measured values of exposure xk are arranged in ascending order (x1, x2, x3, … xn).  These values are 
plotted on the horizontal axis against the corresponding probabilities Pk on the vertical axis, where 

Pk  =  (k – 3/8)/(n + ¼) (E.1) 

This formula is specified by ISO 5479. It calculates Pk as a decimal with a maximum value of 1. 
Commercial probability paper often presents Pk as a percentage, in which case the values of Pk 
calculated from Formula (E.1) are multiplied by 100 before plotting. 

E.2.3 Example 

Nine exposure measurements were made in a SEG, with the following results, arranged in ascending 
order: 0,32; 0,60; 0,62; 0,90; 0,93; 1,1; 1,2; 1,35; 2,4 (all in mg ∙ m−3). 

Table E.1 shows these xk values, their corresponding ordinal values k, and the corresponding 
cumulative probability values Pk for plotting, calculated from Formula (E.1). Figure E.1 shows these 
values plotted on log-probability paper. 
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Table E.1 — Example of nine exposure measurements with the associated probability values for 
plotting on log-probability paper 

Exposure xk k Pk Pk as percentage 

mg   m−3       

0,32 1 0,068 6,8 

0,60 2 0,176 17,6 

0,62 3 0,284 28,4 

0,90 4 0,392 39,2 

0,93 5 0,500 50,0 

1,1 6 0,608 60,8 

1,2 7 0,716 71,6 

1,35 8 0,824 82,4 

2,4 9 0,932 93,2 

 

Figure E.1 — Nine exposure measurements and their probability values plotted on log-
probability paper 

The good fit to a straight line shows that these results are distributed log-normally. 

In many cases, such as Figure E.1, it is clear that the log-probability plot is close to linear, and it can be 
concluded that for practical purposes it is acceptable to assume that the distribution of exposure 
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measurements is lognormal. In the words of ISO 5479, “If a plot on this paper gives a set of points that 
appears to be scattered around a straight line, this provides crude support for the assumption that the 
sample can reasonably be regarded as having come from” the distribution tested. Also, ISO 5479 advises 
that the variance of the values at the ends of the distribution are greater than those in the middle, so 
points at the ends can be further from the line than in the centre. 

E.2.4 Examples of SEGs requiring further consideration 

E.2.4.1 General 

E.2.4.2 to E.2.4.5 gives examples of plots of data sets which suggest that the assumption of the 
lognormality of the data and conformity of the SEG to definition 3.2 are in doubt. 

E.2.4.2 The SEG consists of two groups with different exposure distributions 

Figure E.2 illustrates a log-probability plot which appears to be two intersecting straight lines rather 
than a single one. These measurements were divided into two different groups (with the central point 
in each, as this result could be in either group), and the two sets plotted separately on the same chart in 
Figure E.3. 

Figures E.2 and E.3 suggest that the SEG includes two different groups with different exposure patterns, 
and the SEG should be divided in two, and more exposure measurements made so that the number of 
measurements in each SEG reaches the minimum required by the statistical test chosen in 5.5.2. 

 

Figure E.2 — Example of exposure measurements which appear to come from two different 
populations within the SEG, each with a lognormal distribution of exposure 
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Figure E.3 — Exposure measurements replotted as two different sets (with the central point 
included in both), confirming that these appear to be two different lognormally-distributed 

populations 

E.2.4.3 Some individuals with exceptional exposure. 

Figure E.4 illustrates a plot in which two of the exposures are much higher than expected from the 
exposure distribution of the rest of the SEG.  It is not possible to say from these results whether this is a 
chance variation, so that on a different day the exposure of these individuals would fit in with the rest, 
or whether there is something about their work practices or other exposure factors which is giving 
them a consistently high exposure. 

The information obtained by the appraiser should be examined to see if it reveals any reason for the 
exceptional results (see 5.3 and 5.4.2). It can be necessary to observe these workers further, perhaps 
with the aid of direct-reading instruments, and further measurements of their exposures can be 
necessary to see if they really are exceptional. If it appears that their exposures are exceptional, these 
workers should be separated as a different SEG (which may consist of one person) and more 
measurements made for their SEG, and for the one they were in, to make up the right number of 
measurements for the statistical test. 

Regulations which require exposure not to exceed OELVs apply to every worker, and individuals who 
have consistently high exposure should be identified and not have their exposure disguised by 
incorrectly including them in a SEG with other workers. 
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Figure E.4 — Two of the exposure measurements in this SEG do not fit in with the rest of the 
distribution and may indicate exceptionally-exposed individuals 

Of course, if individuals have exceptionally low exposures, then they will comply if the rest of the SEG 
does. However, their inclusion in the SEG can distort the compliance calculation for the SEG, so they 
should be removed from the SEG. It can be necessary then to make further measurements on the 
remaining SEG members to make up the minimum number required before the statistical test of 
compliance is made. 

E.2.4.4 The distribution appears to be not lognormal. 

The exposure measurements plotted on Figure E.5 appear not to lie on a straight line, i.e not to be log-
normally distributed; nor do they appear to lie on two intersecting lines, as in Figure E.2. This outcome 
is rare. The workers involved should be reconsidered to see if the SEG definition in 3.2 is met. It can be 
necessary to repeat exposure measurements and to divide and reconstruct the SEGs until lognormal 
distributions are obtained. 
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Figure E.5 — Exposure measurements which appear not to be log-normally distributed 

E.2.4.5 Exposure results with a large geometric standard deviation (GSD) 

A large GSD (e.g. GSD > 3) can indicate that the SEG definition in 3.2 is not met, i.e. the requirement that 
all workers in the SEG have the same general exposure profile. The GSD can be accurately calculated, 
but can also be estimated from the log-probability plot. This is because 

GSD = (84,1 percentile of exposure)/(50 percentile of exposure) = (50 percentile of exposure)/(15,9 
percentile of exposure) 

For example, for the results in Figure E.6 it appears that the 50th percentile is at about 1,2 mg   m−3 and 
the 84,1th percentile is at about 4,8   mg m−3, so the GSD is about 4,8/1,2 = 4. Similarly, the 15,9th 
percentile is about 0,3 and 1,2/0,3 = 4. The plot therefore illustrates that GSD > 3, even though the 
values are on a straight line. This can give evidence that the SEG does not meet the definition in 3.2, and 
the make-up of the SEG should be reconsidered. 
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Figure E.6 — Exposure measurements with a large geometric standard deviation (GSD) 

E.3 Statistical methods for the validation of SEGs 

More rigorous statistical tests of the fit of the lognormal and other distributions to exposure results are 
included in data-handling software (for example Altrex-Chimie, IHDataAnalyst, IHSTAT, etc.), but the 
power of such tests to identify non-lognormality is limited for the small sample numbers considered 
here.  For example, of the cases presented in E.2, only the data in Figure E.5 is identified by the Shapiro 
and Wilk test [3] as inconsistent with a lognormal distribution. 
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Annex F 
 (informative) 

 
Statistical test for testing compliance with OELVs 

F.1 General 

The approach recommended by this European Standard requires the implementation of a sampling 
strategy to test compliance using a limited number of measurements carried out in conditions 
representative of normal activities of a group of workers belonging to a SEG. A probability can then be 
calculated that all exposures of workers in the SEG comply with the OELV, but although this probability 
can be high it can never be 100 % because of the unavoidable variability of exposure. 

A screening test using up to five measurements is given in 5.5.2. If this does not provide a decision, a 
statistical test meeting the specification stated in 5.5.3 should be used. This Annex gives a test meeting 
that specification. It requires at least six measurements, which may include the five made for the 
screening test. However, the more measurements that are made the more reliable is the diagnosis of 
compliance or non-compliance, provided that the measurements are representative of exposures in the 
SEG. 

F.2 SEG compliance test for at least six exposure measurements 

This test is based on the comparison of the 70 % upper confidence limit (UCL) with the 95th percentile 
of the law of distribution of the results of exposure measurements. If the UCL is greater than the OELV, 
it is concluded that there is an unacceptable probability of exceedance: the decision is non-compliance. 
If the UCL is less than the OELV, it is concluded that the probability of exceeding the OELV is acceptably 
low: the decision is compliance. 

This test gives a balance between probability of declaring non-compliant a distribution which should 
prove compliant if a large number of samples were taken, and declaring compliant a distribution which 
should prove non-compliant if there were a large number of samples [7], [8], [9]. 

To perform this test and improve the reliability of diagnosis of compliance with the OELV, at least six 
measures of exposure on different workers in a SEG should be made. These should be representative of 
the exposure of the workers in the SEG, and this means that it can be necessary to make the 
measurements at different times. 

To apply this test, the geometric mean (GM) and the geometric standard deviation (GSD) of the set of 
results (xi) should be calculated according to formulae (F.1) and (F.2): 

( )
( )1

ln
ln

n
ix

GM
n

= ∑  
( )

1
ln

 

n
ix

nGM e
∑

=  
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−

−
∑

=  

(F.2) 

The RU  variable calculated from the parameters set of results according to formula (F.3) is compared 
with the tabulated value of UT as a function of the number of results (see Table F.1). 

( ) ( )
( )R

ln OELV ln GM
ln GSD

U
−

=  (F.3) 
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If UR  is greater than UT, then the conclusion is compliance with the OELV. 

If UR is smaller than UT, then the conclusion is non-compliance with the OELV. 

Table F.1 — UT values depending on the number of results of exposure measurements 

Number of 
exposure 

measurements 
n 

UT Number of 
exposure 

measurements 
n 

UT Number of 
exposure 

measurements 
n 

UT 

6 2,187 15 1,917 24 1,846 

7 2,120 16 1,905 25 1,841 

8 2,072 17 1,895 26 1,836 

9 2,035 18 1,886 27 1,832 

10 2,005 19 1,878 28 1,828 

11 1,981 20 1,870 29 1,824 

12 1,961 21 1,863 30 1,820 

13 1,944 22 1,857 
- 

14 1,929 23 1,851 
EXAMPLE 

A series of six exposure measurements is used to test compliance with an OELV of 10 ppm. 

Result in 
ppm ln (result) 

0,8 −0,223143551 

0,9 −0,105360516 

1,1 0,09531018 

1,4 0,336472237 

4,5 1,504077397 

6 1,791759469 

    

ln(GM) 0,566519203 

ln(GSD) 0,863733553 
GM = 1,76 ppm ; GSD = 2,37; Arithmetic mean = 2,45 ppm. 

Calculation of UR 

( )ln 10  0,566519203 
0,863733553RU
−

=  = 2,009 

The RU  value is lower than the TU  value (2,187) corresponding to six exposure measurements, concluding the 
OELV is likely to be exceeded: Non compliance. 
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Annex G 
 (informative) 

 
Exposure calculation for workers with unusual work shift 

Many OELVs used for exposure assessment assume applicability to workers with a regular work 
schedule of 8 h per day. Nowadays, many workers do irregular work schedule with work-shift longer 
than 8 h a day. For the exposure assessment of these workers, the daily exposure (Ed), getting by the 
expression, may be used to test compliance with occupational exposure limit values. See Formula (G.1). 

d 8i
tE C= ×  (G.1) 

where 

iC  is the work-shift occupational exposure concentration; 

t  is the associated exposure time, in hours. 

By this approach, it is intended to give the same protection to extended work shift workers that it is 
given to usual work shift ones. Other approaches can be found in the literature [9], [10]. 

The following examples are given to illustrate how to use this approach. 
EXAMPLE 1 

It is a cement plant where workers start working at 8:30 h and finish at 19 h, having a dust exposure as indicated 
in Table G.1. 

Table G.1 — Results of exposure measurements 

Period of time Task Exposure 
mg/m3 

Time 
h 

8:30 to 13:00 production 5,3 4,50 

13:00 to 14:00 lunch no exposure 1,00 

14:00 to 19:00 production 5,7 5,00 

The occupational exposure concentration iC  can be calculated using the following formula: 

( ) ( ) 35,3 4,5 5,7 5,00
5,51 mg / m

9,50iC
× + ×

= =  and  t  = 9,50 h 

3
d 

9,55,51 6,54 mg / m
8

E = × =  

EXAMPLE 2 

It the case of a factory where it is found that the workplace concentration of Chromium (VI) is 0,10 mg/m3 and the 
daily time of exposure is 9 h. 

3
d 

90,10 0,11 mg / m
8

E = × = , where iC = 0,10 mg/m3 and t =  9 h 
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Annex H 
 (informative) 

 
Measurements below the limit of quantification 

H.1 General 

Annex H gives a procedure to handle measurements that are below the limit of quantification (LOQ) 
when the statistical test given in 5.5.3 is used. 

Results below LOQ should be taken into consideration since they are valid (see 5.4), and they should not 
be replaced with a fixed value such as LOQ/2, as these methods are likely to overestimate GM and 
underestimate GSD, which can lead to a wrong compliance decision. 

Free of charge software that automates the procedure in this Annex is listed in H.5. It works quicker and 
with a higher precision, reproducibility, and reliability than the manual method, and its use is 
recommended. However, this Annex presents a graphical procedure which illustrates the method and 
which only requires the use of widely-available statistical tables. 

H.2 Principle 

It is assumed that all the exposure measurements, including those below LOQ, approximate to a 
lognormal distribution (see Annex E). A line is fitted to the results above LOQ on this assumption, and 
used to estimate the geometric mean (GM) and geometric standard deviation (GSD) of the distribution 
of all the measurements. The detailed procedure is illustrated in H.3. 

H.3 Example 

In this example, the LOQ is 10−6 (parts per million). Measurements were made until seven 
measurements gave results above LOQ. In the course of this, three results were obtained which were 
less than 10 ppm. The results are shown in Table H.1 arranged in rank order. Figure H.1 shows the 
results plotted on log-probability paper, and the closeness to a straight line for the values above LOQ 
illustrates that they are lognormally distributed. The three values below LOQ are plotted on the 10 ppm 
line – in reality of course they should appear at unknown positions below this line, and they cannot be 
used to estimate the best line through the other points. The plotted probabilities P are shown in column 
2 of Table H.1. They are calculated from the rank position R using formula (H.1) given in ISO 5479. 

P = (R - 3/8)/(N + ¼) (H.1) 

where 

N is the number of points plotted, in this case 10. 
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Table H.1 — Plotting points from the 10 exposure measurements 

Rank 
R 

Likely fraction of a 
normal distribution 
less than the rank R 

P 
[on x-axis in 
Figure H.1] 

Distance from the 
median (in standard 

deviation units) which 
corresponds to the 

fraction P 
Z 

Exposure Q 
ppm 

[on y-axis in 
Figure H.1] 

ln (exposure) 

1 0,061 −1,547 < 10 - 

2 0,159 −1,000 < 10 - 

3 0,256 −0,655 < 10 - 

4 0,354 −0,375 12 2,48 

5 0,451 −0,123 18 2,89 

6 0,549 0,123 28 3,33 

7 0,646 0,375 45 3,81 

8 0,744 0,655 60 4,09 

9 0,841 1,000 110 4,70 

10 0,939 1,547 250 5,52 
The regression is derived for the seven points with exposure above 10 ppm. 

 
Key 
1 Coordinates of rank 9 according to Table H.1 
2 Geometric Mean (GM) 

Figure H.1 — Results plotted on log-probability paper 
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Figure H.1 shows the exposure results given in Table H.1 on a log-probability plot. The three results 
below LOQ are plotted on the exposure = 10 ppm line, but in fact they will lie at unknown positions 
below that line. Those three results cannot of course be used in the determination of the regression line. 

A regression line is drawn through the points above LOQ on log probability paper. Two methods are 
available: 

The best fit line is drawn by eye through the results above LOQ. The Geometric Mean (GM) and 
Geometric Standard Deviation (GSD) are calculated from the line as follows. The Geometric Mean is the 
exposure corresponding to the fraction of the distribution at 0,5. The GSD is the ratio corresponding to 
the exposure fraction of 0,84 divided by GM. 

The Z-score shown in the third column of Table H.1 is obtained from a spreadsheet, or if necessary from 
a table of the cumulative probability in the tail of a standard normal distribution, which can be found in 
any statistical text-book. If such a table is used, the fraction P (column 2 of Table H.1) is found in the 
body of the table, and the corresponding value of Z is read off from the row and column headings. This 
gives the plotting positions on the x-axis corresponding to the exposures in column 4. 

The natural log (ln) of the exposure (because this is a log-normal distribution) is then regressed on the 
Z-score for the seven points above LOQ, using a least-squares linear regression technique. This is 
explained in any statistics textbook, for example in [12] and is implemented in many calculators and 
statistics packages. The result is shown in Figure H.2. 

The regression coefficient (in this case 1,5739) is the natural log of the GSD of the distribution, so 
GSD = exp(1,5739) = 4,8 approximately, and the intercept 3,1129 is the natural log of the geometric 
mean exposure: GM = exp(3,1129) = 22,5 ppm. This can be checked against Figure H.1, because the GM 
is equal to the median for a lognormal distribution, and the geometric standard deviation is the ratio of 
the concentrations at the 0,841 and 0,50 fraction points. 

 
Key 

X Z-score 

Y ln (exposure) 

1 ln (exposure) = 1,5739 Z + 3,1129 

Figure H.2 — Regression of ln (exposure) on Z for exposures above LOQ 

To summarize, the regression produces ln(exposure) = aZ+b, where a = ln(GSD) and b = ln(GM). 
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H.4 Uncertainty 

The scatter of results about the regression line means that there is uncertainty in the regression 
coefficient (= ln(GSD)) and the intercept (= ln(GM)). In marginal cases this can affect the decision of 
whether the distribution complies with the OELV or not. Methods for quantifying the uncertainty of the 
regression are given in statistical texts such as [12]. 

H.5 Software 

Free of charge software that process nondetects are BW_Stat [13], HYGINIST [14], Altrex [15], NDExpo 
[16]. They can estimate the GM and GSD to be applied in the formulae of Annex F to test compliance. 
[13] to [15] can perform the compliance tests as well. 

Figure H.1 uses the log-probability matrix from: http://commons.wikimedia.org/wiki/File%3ALog-
normal_probability_paper_2cycles.svg (accessed 2015-10-03) under creative commons licence; created 
by Pere Millán. 

http://commons.wikimedia.org/wiki/File%3ALog-normal_probability_paper_2cycles.svg
http://commons.wikimedia.org/wiki/File%3ALog-normal_probability_paper_2cycles.svg
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Annex I 
 (informative) 

 
Setting the interval for periodic measurements 

Annex I gives three possible approaches to decide on the intervals between campaigns of periodic 
measurements. Other expert groups have suggested other intervals (AIHA 2006, AIHA 2015, France 
2009) 

The reassessment should be applied to each SEG, including an assessment of whether the allocation of 
the workers to the SEG is still appropriate. 

(1) If a compliance decision was reached by the screening test in 5.5.2 and conditions are unchanged, 
more measurements should be made total at least six including the original screening tests and 
examples (2) and (3) should be applied. 

(2) If more measurements per SEG were made, using for example the procedure in Annex F, then the 
geometric mean (GM) of the earlier measurements can be used to decide the interval, as follows. After 
this interval the screening test given in 5.5.1 should be repeated and, if appropriate, the statistical test. 

GM < 0,1 OELV 36 months 

0,1 OELV < GM < 0,25 OELV 24 months 

0,25 OELV < GM < 0,5 OELV 18 months 

0,5 OELV < GM 12 months 
(3) If at least six measurements were made for a SEG in the initial compliance test, and the statistical 
test in Annex F was applied, the results may be used to decide the interval from the initial compliance 
test before reassessment, by testing whether the results indicates that the SEG complies with a fraction 
of the OELV as follows. Adapting formula (F.3) to formula (I.1). 

( ) ( )
( )R

ln j × OELV ln GM
ln GSD

U
−

=  (I.1) 

where 

j is a fraction as given below. 

RU  is compared with TU  in Table F.1 to determine compliance with the fraction j of the OELV, as in 
Annex F. If the distribution is found to comply UR > UT): 

J < 0,25 36 months 

0,25 < j < 0,5 30 months 

0,5 < j < 1 24 months 
If all measurements were less than 0,1 OELV in the original compliance test, reassess in 48 months. 
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EXAMPLE 

Eight exposure measurements of toluene (OELV – 8 h is 192 mg/m−3) were made in a SEG, with the following 
results in mg/m−3: 

Exposure 
measurements 
of toluene 

ln(GM) 3,4982 

29,5 ln(GSD) 0,4995 

25,9 

ln(OELV) 5,2575 28,0 

35,6 

104,8 

21,0 

35,3 

24,1 

Compliance with the OEL is confirmed in accordance with the statistical test described in Annex F. The result of 
this test corresponds to a RU  value of 3,521 higher than the TU  value of 2,072 (see Table F.1) required to 
demonstrate compliance with OELV for eight exposure measurements. 

Considering this TU  value of 2,072, the next step is to calculate the OELV fraction which is probably in 
compliance using the following formula: 

( ) ( ) ( )( )TU ln GSD ln GM ln OELVj e × + −=  

( )( )2,072 0,4995 3,4982 5,2575 )j e ⋅ + −=  

j=0,484 

According to the decision grid the next reassessment should be conducted in 30 months, under the hypothesis 
that no major modifications of the exposure pattern occurs during this period. 
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