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IMA HYGIENE PROJECT: 
Standardised dust monitoring protocol 

 

1 CONTEXT 

The European Industrial Minerals Association (IMA-Europe) has acknowledged that the 
concern for general dust exposure at the workplaces has significantly grown in recent 
years, notably even more under the triggering of the crystalline silica issue. Indeed, the 
International Agency for Research on Cancer (IARC) has classified crystalline silica as 
carcinogen to humans in 1997 [1]. In addition, there are threshold limits established by 
the European legislation for mineral dust (see Annex 2 of this document). 
 
Therefore, the Board of IMA-Europe recognised the vital need to be able to document 
dust exposure in the mineral industry in order to be in a position to discuss with 
regulatory authorities. 
 
For this purpose, IMA – Europe commissioned in 2000 the Cnam-IHIE Ouest 
(Conservatoire National des Arts et Métiers des Pays de la Loire – Institut d’Hygiène 
Industrielle et de l’Environnement) to prepare an IMA industrial hygiene programme. 
 
In a first step, the project leader, Dr. Guy Auburtin and his team, reviewed dust 
monitoring practices in IMA member companies. As a result, it appeared that 
documentation on dust exposure in our sector went through the implementation of a 
protocol on dust exposure assessment. This protocol should be representative of the 
actual situations and compatible with the current monitoring strategies and the 
European legislation. It will answer the following questions: 

- Why collect dust measurement data? (objectives) 

- What information should be collected? (methodology) 

- How can the data be collected? (metrology) 

- How can the data be used and what format should be used to store and handle 
the data? (handling) 

 
A training on the implementation of the IMA standardised dust monitoring protocol was 
organised on 21 – 22 March 2002, in Limelette, Belgium. 
Since then, an annual debriefing meeting is organised every year during which 
participation in IMA’s dust monitoring programme is reviewed and the statistical results 
(for respirable dust and respirable crystalline silica dust exposures) are presented. 
As of 1st January 2006, the occupational health institute in charge of the project is Arbo-
Unie (Netherlands) who works on this project in close cooperation with the Institute for 
Risk Assessment (IRAS) of the Utrecht University. 
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2 OBJECTIVES 

The objective of the general protocol is to collect data on dust exposure levels in IMA 
Member companies. 
 
• The aims of the program are: 

For each individual company: 
- Provide data to assess compliance with national (and partly European) 

Occupational Hygiene regulations, such as TLV’s (Threshold limit values): this 
is part of the general obligations on employers to assess risks at work, 
according to the European Council directive 89/391/EEC of 12 June 1989 [2]. 
The Member States have brought this European directive into force in their 
national regulations. 

- Provide data to guide prevention. This is the first step (as it alerts and gives 
indications) in implementing and/or checking preventive means (identification 
of pollutant activities, assessment of local exhaust ventilation efficiency…). 
Further investigation is required to define a prevention strategy. 

 
For IMA-Europe: provide data on occupational dust exposures at the European level in 
order to: 

- Provide the European authorities with data on health risk assessment from 
occupational dust exposures in European mineral industry. 

- Start the elaboration and production of exposure data like “job-exposure 
matrices” available for possible further epidemiological survey1 (those surveys 
are not concerned by this protocol). 

 
• To be useful, the dust exposure assessment must be: 

- Compatible with the considered requirements for the different IMA-Europe 
objectives (be in accordance with regulatory requirements, allow traceability in 
time etc…), with organisation and current company strategy (even though 
fitting will be necessary), and with the current companies’ strategies. 

- Comparable in order to compare results between sites/companies, countries, 
minerals, and laboratories. This comparison concern data measurements as 
well as the overall elements allowing data gathering. As absolute 
comparability is not possible, minimal requirements will be proposed. 

- Provided by a valid process (including sampling strategy, measurement and 
data management). In epidemiology, the validity of a measurement tool is the 
extent to which it measures efficiently what it is intended to measure. This 
validity include common notion of representativeness, reliability, acceptable 
precision, etc… 

 

                                             
1 The aim of an epidemiological survey is to study the aetiology of a disease and identify causal 
associations between occupational exposures and subsequent diseases. 
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• Background concepts 

In general, exposure assessment is a complex process, which associates: 
- Exposure assessment for each job function, with all the qualitative and 

quantitative characteristics (exposure levels and their statistical distribution). 
- Description of the different job functions in time and space. 

Those two elements are the basement for the concept of homogeneous exposure 
group. This concept is complex in its use but vital in exposure assessment (see 
paragraph 3.2). 
 

- Distribution of the different job functions in the workforce. Indeed, in a 
descriptive study, at a given time, one looks at the number and/or proportion 
of workers exposed to the different exposure levels. In an epidemiological 
longitudinal study one aims at building the cumulated exposure for each 
worker including their occupational history (reconstitution of occupational 
history is not concerned by this protocol). 
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3 METHODOLOGY 

3.1 Minimal requirements 

• It is of utmost importance that each individual worker will be coded with a UNIQUE 
WORKER CODE. A good example of a unique worker code is the personal 
registration number which is used at personnel departments. With the unique 
worker code we are able to distinguish between worker A and worker B. 
Additionally, we have to be sure that worker A is the same worker A in all 
campaigns. 

• Collect 6 dust samples per job function per site and per campaign. 

• Measurement conditions: 
- Personal measurements (companies can do static measurements as well if they 

require them). It must be clearly identified, however, which measurements are 
personal samples and which ones are static samples. 

- Dust fractions: at least respirable and (optional) total inhalable (also called 
inhalable), thoracic dust fractions 

• Sampling equipment must be in conformity with the European standard EN 481. 

• Analytical technique: either X-ray diffraction, or Fourier transform infrared 
spectroscopy as required in standards. 

• Full documentation on the equipment, the procedures and the results should be 
made available along with data by the companies. 

• The laboratories involved should join an inter laboratory round exercise as defined in 
paragraph 5. 

• The protocol, including the quality assurance system, should be followed. 
 
3.2 Studied population 

The studied population is the company workforce. The workforce is subdivided into 
groups corresponding to the unit for sampling strategy, i.e. the exposure group (EG). 
Those exposure groups are defined before the sampling. 
 
To enable comparison across minerals, countries, companies, etc… exposure groups 
are characterised according to executed tasks and activities of the workers. Hence, 
exposure groups are classified according to job functions. 
 
Data analysis of the dust measurement will be different whether the exposure groups 
correspond to homogeneous exposure groups or not. The criteria for homogeneous 
exposure groups are described in the European standard EN 689 [3], and are defined 
as group of workers with: 

- similar executed tasks and work pattern ; 

- similar exposure conditions (substances, type of exposure) ; 

- similar neighbourhood (process/phase of the process, ventilation system). 
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The concept of homogeneous exposure group is a tool of comparison to determine the 
number of samples to be collected. In the current sampling protocol and sampling 
strategy, homogeneous exposure groups are defined based in the job functions as 
mentioned in section 3.3 and annex 3. 
 
3.3 Sampling characteristics 

Sampling location:  
The sampling locations should follow the different job functions described in the list 
attached in Annex 3. In order to create a list of job functions meaningful across 
companies and sites, it is indeed necessary to bring the different job titles currently used 
together into a standardised nomenclature. 
 
A criterion is that the sampling locations should first correspond to common job 
functions, in other words, job functions present on most sites in the mineral industry: 
 
1) Quarry operator (outdoor) 
2) Crusher operator (indoor) 
3) Wet process operator 
4) Dry process operator 
5) Miller operator 
6) Bagging operator 
7) Transport/bulk loading 
8) Foreman/plant management staff 
9) Maintenance 
10) Multi-skilled operator2 
11) Laboratory Workers 
12) Research and Development 
13) Plastification 
 
Sampling duration time: 
Ideally, the sampling duration should correspond to a full shift (7-8 hours) unless the job 
considered has a very low or high level of dust exposure. In this case sampling duration 
should be more than a full shift (for low level of dust exposure) or less (for high level of 
dust exposure). 
 
In fact the main criterion for sampling duration is to avoid saturation of the sampler: for 
example 50mg for the respirable dust fraction using CIP 10 and 40mg for 10mm cyclone 
[4]. 
 
 
                                             
2 The multi-skilled operator is an operator who does several job functions, none of which amounting to or 
exceeding 50 % of his working time. 
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Number of samples: 
When considering homogeneous exposure group (HEG) concept, and as a general rule, 
sampling should be carried out for at least one employee in ten, in a properly selected 
HEG. However, it is advised to sample more workers within a HEG in order to obtain a 
probability of 95% to get at least 20% of the most exposed workers [5]. 
 
A minimum of six samples per job function per campaign at each site must be collected 
in order to enable good statistical analysis and to ensure that representative data is 
obtained. 
 
If insufficient resource is available to collect six samples for every job function at a site 
in a monitoring campaign, the number of job functions monitored should be reduced so 
that the minimum six samples is collected for each remaining job function. From a 
statistical perspective, this is better than monitoring all job functions with fewer than six 
samples. 
 
3.4 Campaign duration and periodicity 

Measurement campaign duration: 
 
As an indication, 5-7 weeks (20-33 working days) are required to carry out a 
measurement campaign in order to collect 6 to 12 samples per job function, for 7 job 
functions and using 7 samplers (see simulation in Annex 4). 
 
 
Periodicity: 
 
Participating companies should aim to complete two campaigns per year at each site. 
i.e. one campaign during summer time (April 1 – October 31) and one campaign during 
winter time (November 1 – March 31), in order to help study the effect of weather 
conditions on the data. Two full campaigns should at least be completed during the first 
year of participation. After that, commitment to the Protocol can be reduced following 
the instructions provided in Annex 5: Campaigns’ Periodicity. Data from all sampling 
work is valuable and participating companies are asked to submit any available 
sampling results so that they can be added to the Protocol database. 
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4 METROLOGY 

4.1 Sampling 

4.1.1 Actor 
Two types of actors for dust analysis: 

- Internal laboratory 
- External laboratory: it must meet the defined requirements described in the 

agreement sheet (see paragraph 5). The laboratory should use the required 
equipment and follow the procedure given below. 

 
4.1.2 Equipment 
The sampling equipment used must be in conformity with the European standards EN 
481 and EN 1232 [6, 7]. This equipment is a one or three-piece equipment with 
collection equipment, containing either foam or filter3, and a sampling pump. 
Performance of personal samplers has been assessed in previous studies [8-13]. 
Examples of such equipment are: 

- CIP 10 with polyurethane foam sponge as the sample collection material, and 
using a flow rate of 10l/min 

- Respicon particle sampler using a flow rate of 3.11l/min 
- Dorr-Oliver 10mm nylon cyclone connected to a personal sampling pump 

using a flow rate of 1.7l/min and with filter as the sample collection material 
- Higgins-Dewell cyclone connected to a personal sampling pump using a flow 

rate of 2.2l/min, and with filter as the sample collection material 
For the cyclone sampling equipment, the sample collection materials (filters) are placed 
in a 3 or 2-piece filter cassette. Examples of filter are: 

- Polyvinyl chloride (PVC) membrane filter, 25 or 37mm diameter, 5µm pore 
size 

- Silver membrane filter, 25mm diameter, 0.45µm pore size 
- Mixed cellulose ester membrane filter, 25 or 37mm diameter, 0,8µm pore size 

 
In addition to the sampling equipment, sampling record sheets 1 and 2 (see Annexes 
7 and 8) must be used in order to note relevant information during the sampling. 
Sampling record sheet 1 corresponds to one sample and gives indication on the 
worker’s activities and conditions during sampling. The worker himself can fill in part of 
this sheet (see the table on this sheet). It is very important to take notes during the 
sampling, e.g. information on process conditions, production rate, local exhaust 
ventilation system, weather conditions, etc. 
Sampling record sheet 2 corresponds to several dust samples (therefore it embraces 
several sampling record sheets 1) but it should concern only one measurement 
campaign. The technician fills in this sheet. 
 
4.1.3 Procedure (see flow sheet in annex 6) 
The collection equipment is previously washed, conditioned and weighed (see 
procedure in paragraph 4.2.1). Then, the sampling procedure is: 

                                             
3 Foams can be used several times whereas filters can only be used once. 
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1) Make sure the pump batteries have been recharged. Calibrate sampling pump 
according to manufacturer’s instructions. Load the collection equipment in the 
sampler and connect to the sampling pump. Set and record the sampling flow rate. 

2) Switch on the pump. Place sampling equipment in the breathing zone of the worker 
(no more than 30cm from the mouth). 

3) During sampling, record all the important information (see sampling record sheets in 
annexes 7 and 8) and, if the equipment allows it, check the sampling flow rate. It is 
important to take detailed observations during the sampling period about the 
activities conducted, the dust control measures in use, etc. 

4) After sampling, remove the sampling equipment from the worker and switch off the 
pump. Record the sampling time duration. Check the pump flow rate and sampling 
equipment (pump, tubing and collection equipment connections). 

5) Remove the collection equipment from the sampling equipment. Take the collection 
equipment to the laboratory for weighing procedure. 

 
4.1.4 Field blanks 
Each campaign a number of field blanks should be collected. Field blanks should follow 
the entire procedure, except active monitoring (see also annex 6). The number of field 
blanks normally varies dependent on the total number of samples that are taken during 
a campaign. It is however advised to collect at least one field blank per day of sampling. 
Information on field blanks should be entered in the collection sheet as they can be 
used to calculate the limits of detection and to correct all samples for these field blanks. 
Furthermore, it is advised to send part of the field blanks in for analyses for quartz (or 
other analytes) together with the regular samples. Information on quartz analyses of 
field blanks is again important for the correct calculation of limits of detection. 
 
4.2 Analysis 

4.2.1 Gravimetry 

• Actor: 
Two types of actors for dust analysis: 

- Internal laboratory: it must follow the procedure given below. 
- External laboratory: it must follow the procedure given below. 

 
• Equipment: 
The following equipment is necessary for the procedure: 

- calibrated analytical balance with resolution of 0,1mg when the sample 
collection materials are foams, and 0,01mg when sample collection materials 
are filters 

- desiccant and oven for drying and conditioning the collection equipment 
- weighing record sheet (annex 9) 

 
• Procedure and calculation of dust concentrations: 
The sample collection materials are weighed before and after sampling on the same 
balance. The net weight enables the determination of the dust concentration. 
 
Procedure (See flow sheet in annex 6) 
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This procedure is given in standards and consists in a few steps [14-16]. 
Before the sampling (step a): 
1) If foams are used, they are washed in hot water and rinsed in distilled water. When 

filters (new ones) are used, the filter cassettes are washed in hot water. 
2) The foams or filters are dried in an oven at 50-60°C for 12 hours. 
3) The rotating cups or filter cassettes are numbered (different number for each rotating 

cups or filter cassettes). 
4) Collection equipment (foams in their open cups or filters + cassettes) is left for 

conditioning next to the balance for at least 12 hours before weighing. 
 
After the sampling (step b): 
When sampling is carried out under humid conditions, foams or filters should be placed 
in an oven at 50-60°C for at least 4 hours. Then, the collection equipment (foams in 
their open cups or filters + cassettes) is left next to the balance for at least 12 hours 
before weighing. 
 
Blank foams or filters must be used following the same conditioning than the active 
foams or filters. 
 
The dates of pre-sampling and post-sampling weights should be recorded as well as the 
initial (before sampling) and final (after sampling) weights and the net weight of dust in 
mg (information given on the weighing record sheet). 
 
Dust concentration calculation 
It is necessary to calculate dust concentration for all the collected dust samples. This 
calculation follows the indication given in standards [4, 17]. 
To calculate the dust concentration, one needs the net weight m (in mg), the sampling 
flow rate F (in l/min) and the sampling time T (in min). The concentration C (in mg/m3) is 
then obtained with the following equation: 
 

C = 1000*(m / (F*T))4 
 
4.2.2 Qualitative analysis 

• Actor 
Two types of actors for dust analysis: 

- Internal laboratory: it must follow the procedure given below and participate to 
an inter-laboratory round-robin exercise as described in the annex 11. 

- External laboratory: it must be an accredited/approved laboratory and the 
provided information should not be limited to the concentration values and 
corresponding job or occupation (see paragraphs 5 and 6.1). 

 
• Equipment 
Two different analytical techniques can be used to determine the content of the 
collected dust: Fourier transform infrared spectroscopy (FTIR) and X-ray diffraction. 
 
They have different method detection limit [18] and different handling procedures, but 
they are both recommended and described in standards [19, 20], [21-25]. Hence, any of 
those can be applied. 

                                             
4 Factor 1000 is used to obtain the concentration in mg/m3 instead of mg/dm3. 
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The technique to be used, either FTIR or X-ray, will depend on the equipment currently 
used by the companies or by the external laboratory doing dust analysis. 
 
• Procedure 
The analytes considered are at least quartz (also called α–quartz or free silica) and 
sometimes (if relevant when considering the process and/or the required quality for the 
product) cristobalite, tridymite and/or other inorganic compounds. 
 
Four steps have to be completed when analysing dust samples. The 4 steps of the 
procedure are: 
 

- sample preparation 

- calibration of the apparatus using sample standards 

- measurement 

- calculation of the concentration 

 
Those general steps are identical whatever technique is used, but the content is 
different. They are given in the same standards as indicated earlier. 
 
The question “do all samples require content analysis?” is debatable. It is necessary to 
have some quartz results and check their variation. Indeed, there are different answers 
to this question depending on the questioned person. 
 
The analyst will answer that all samples require content analysis because the content in 
a group of samples (supposed to be homogeneous) can vary. 
The occupational hygienist will answer that it depends on the mass of collected dust. If 
the collected weight is too low to consider the dust sample as representative, 
considering the accuracy of the equipment (for example 0.1mg for cyclone 10mm and 
0.7mg for CIP 10 [4]), or if the mass is close to the limit of detection of the analytical 
technique, the results of the content analysis will not be representative. 
One could also answer that it depends on previously analysed samples. If the quartz 
content was low or is thought to be low, the need to carry out further analysis can be 
discussed. 
 
4.3 Dust measurement results 

When the dust campaign has been completed, the dust measurement data should be 
presented and sent as an excel file (see standard excel collection sheet in Annex 12). 
When entering the data in the collection sheet, all concentration calculations will be 
done automatically. 
 
Companies may use Annex 10 (Dust measurement results) during the sampling 
campaign but the data can only be transmitted through the standard excel collection 
sheet in Annex 12. 
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5 REQUIREMENTS FOR EXTERNAL LABORATORY 

The external laboratory’s current practices and their reference standards should meet 
this protocol’s requirements. The external laboratory should also participate to an inter-
laboratory round-robin exercise as described in the annex 11. 
 
As described in the AFNOR French standard5 [26], the external actor carrying out the 
measurement should fill in, prior to the measurement, a contract with at least the 
following items: 
 

- descriptive title 

- name of the external laboratory 

- name of the internal company interlocutor and the external laboratory actor 

- objectives and measurement characteristics such as expected sampling 

location/job functions, expected sampling time, expected number of samples, 

dust fraction considered 

- equipment used (for sampling and analysis if applicable) with its characteristics 

(flow rate, sample collection material, procedure for analysis…) 

- references used (regulatory and standard documents) 

- expected cost 

 
The minimal requirements for such contract are attached in annex 11. 
The person in charge of checking that the external laboratory procedure meeting the 
protocol requirements is the internal company actor6. 
The external laboratory should also provide the company with a report on the 
measurement campaign with the information described in paragraph 6.1. 
 
 

                                             
5 This French standard is given as an example as there are similar standards in other Member states. 
6 The internal actor is whether the person attending the training session or another person being trained 
by the former person. 
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6 DATA MANAGEMENT 

6.1 Campaign report 

The companies or the laboratory conducting the measurements must write a campaign 
report for internal circulation, for management information and action. 

The provided information comes from the actor (internal or external to the company) 
carrying out the measurement campaign, or from the company internal actor only (items 
indicated by the symbol (*)). The information required is: 

- company name and location of the site under consideration (*) 

- mineral(s) under consideration and granulometric range of the commercial 

product(*) 

- actor(s) (internal and external) and role(s) 

- detailed list of job functions (*) 

- workplace factors (workplaces configuration, process, ventilation installations, 

personal protective equipment and work pattern) (*) 

- applied occupational exposure limits 

- date and duration of measurement campaign 

- sampling characteristics (dust fraction, homogeneous exposure group, job 

functions, location, sample code, duration, number of samples, weather 

conditions, and any other information relevant for the measurement procedure) 

- equipment used for sampling and the procedure 

- technique and equipment used for quartz analysis and the procedure + 

calibration of the equipment. 

- dust measurement data per job function (tables) 

- references (regulatory references and standards used) 

 
6.2 Data collection 

The companies must provide Arbo Unie / IRAS with their results so that the data 
handling will be carried out. The annex 13 describes the different possibilities for the 
company in transmitting their data as well as the code system used to ensure 
confidentiality. The important items (classified into three categories of information) to 
provide are as follow: 

- general information (country, company, site and mineral) 
- sampling information (worker code and/or sample code, job function, shift, 

date, sampler type, sample collection material, flow rate, sampling duration 
time) 

- analysis information (dust concentration values, analytical technique, analyte, 
analyte concentration values) 
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The data should be transmitted through the standardized excel collection sheet only 
(see annex 12) 
 
6.3 Data handling 

For the data storage, computerised data compatible with MS-Excel© or MS-Access© 
formats is necessary. Paper format data can also be used for internal use but 
computerised data allows better homogeneity in the collected information and easier 
connection between companies and Arbo Unie / IRAS in charge of the data handling. 
The format used should be compatible with the statistical software used for data 
handling (see paragraph 6.2.1). 
 
6.3.1 Statistical handling 
The first step in data handling is the comparison of the concentration values with 
threshold limit values, and the verification of the homogeneity of the exposure groups 
(HEG concept, as described in paragraph 3.2).  
 
6.3.2 Elaboration of a database 
The second step in data handling consists in building a database on dust exposure 
levels. A hierarchical design database can be used to facilitate the retrieval of 
information (for each job, and so also by occupation). Because the same job could have 
different meaning at different sites, a compound code will be used which combines the 
site (and the country if necessary) and the job codes. This job codes will be defined 
from the elaborated list of job functions (see Annex 3). 
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7 CONFIDENTIALITY 

One of the main criteria in the data-handling step of the protocol is to follow the 
confidentiality requirements of the companies. 
 
7.1 Credibility of data collection 

The data collection credibility, either at mineral industry level or at partner institute level, 
consists in the exhaustiveness of the data collection. This implies to having all the 
required information as described in the previous paragraphs available. 
 
7.2 Confidential handling 

Data handling will be confidential. Arbo Unie / IRAS , in charge of data handling, will 
receive non-coded crude data (to simplify data handling) and will codify them according 
to the code system attached in Annex 13.  
 
Arbo Unie / IRAS commits itself to respect the following confidentiality clause which is 
included in the contract signed with IMA – Europe: 
 
“Arbo Unie and the University agree to keep confidential all information received from 
IMA-Europe and third parties in relation to the Project. 
 
IMA-Europe recognizes the Arbo Unie and the University policy which implies that the 
Project will be executed in accordance with scientific research standards and the results 
of the Project must be publishable. Under the condition that the consultation procedure 
is strictly followed, IMA-Europe will permit the Arbo Unie and the University to present 
scientific observations and analyses obtained in the course of the Project at symposia, 
national or regional professional meetings, and to publish them in peer reviewed 
scientific journals. Arbo Unie and the University are responsible for the content of the 
publications or presentations. It is agreed that no individual company data will be 
published/presented even in anonymous format. Only aggregated data (meaning no 
data on company level, on individual level and on a specific mineral level) could be 
published/presented with the prior consent of IMA-Europe.” 
 
For data handling and presentation, codes will be used (see Annex 13). Those codes 
will not allow unauthorised persons to go back to the crude data. 
 
The quality system (described in paragraph 8) will allow the traceability of the data and 
authorised persons will be able to go back to the original crude data. 
 



IMA Hygiene project – Standardised dust monitoring protocol 
Version: November 2006 

17

8 QUALITY SYSTEM 

Differences can arise from making measurement using various sampling strategies and 
inter-laboratory differences can also be quite large [29]. Those possible differences 
enhance the need to follow a unique strategy as described in this protocol. 
 
Full documentation on sampling and analytical strategy, meeting this present protocol, 
is essential if data sets are to be compared and routinely collected data could be made 
more useful for further handling with the introduction of quality assurance systems [30]. 
 
Hence, detailed protocol and quality manual covering sampling and analytical methods 
and sampling strategy are required [29]. 
 
A general quality control manual is attached in Annex 14. 
This manual will summarise the overall quality system and the procedure, and will 
emphasise the need to: 
 

- obtain comparable, compatible and representative data 

- document full information on the implementation of the protocol on site 

 
It will cover the following items also described in the international standard ISO 9002 
[31]: 
 

- Management responsibility: the responsibility, authority and inter-relation of 
concerned people shall be defined and documented. 

 
- Document and data control: the internal actor shall maintain documented 

procedures to control all documents and collected data, according to the 
protocol requirements. 

 
- Traceability: the internal actor shall establish and maintain documented 

procedures for identification and traceability for each collected data. 
 

- Corrective action: the internal actor shall identify the difficulties for implementing 
the protocol and propose corrective actions. The internal actor shall record any 
changes to the protocol resulting from corrective actions. 

 
- Handling and storage: the internal actor shall document procedures for data 

handling and storage in the company. 
 

- Training: the internal actor shall identify training needs (for himself or for any 
other concerned person) regarding the implementation of the protocol. 

 
 



IMA Hygiene project – Standardised dust monitoring protocol 
Version: November 2006 

18

9 REFERENCES 

 
1. IARC (International Agency for Research on Cancer), IARC Monographs on the 

Evaluation of Carcinogenic Risks to Humans. Silica, Some Silicates, Coal Dust 
and para-Aramid Fibrils. 1997, Librairie Arnette: Paris. 

 
2. Council Directive 89/391/EEC of 12 June 1989 on the introduction of measures to 

encourage improvements in the safety and health of workers at work. 1989. 
 
3. CEN (Comité Européen de Normalisation), EN 689 Workplace atmospheres-

Guidance for the assessment of exposure by inhalation to chemical agents for 
comparison with limit values and measurement strategy. 1995, CEN. 

 
4. Société de l'industrie minérale, Empoussiérage. Guide d'application du titre 

"Empoussiérage" dans les travaux à ciel ouvert et dans les installations de 
surface soumis au règlement des industries extractives. Guide de l'exploitant 1. 
1997. 

 
5. Hervé-Bazin, B., Guide d'évaluation de l'exposition au risque toxique sur les lieux 

de travail par échantillonnage de l'atmosphère. Cahier des notes documentaires - 
Hygiène et sécurité du travail, 1989(135): p. 265-287. 

 
6. AFNOR (Association Française de Normalisation), NF EN 481 Atmosphères des 

lieux de travail-Définition des fractions de taille pour le mesurage des particules 
en suspension dans l'air. 1993, AFNOR. 

 
7. CEN (Comité Européen de Normalisation), EN 1232 Workplace atmospheres-

Pumps for personal sampling of chemical agents-Requirements and test 
methods. 1997, CEN. 

 
8. Fabriès J. F. and Barat F., Etude comparative des réponses d'un ensemble 

d'appareils de prélèvment utilisés en hygiène industrielle en fonction des 
paramètres de l'aérosol ambiant. Journal of Aerosol Science, 1988. 19(1): p. 41-
45. 

 
9. Görner P. and Fabriès J. F. Health-related size-selective sampling of aerosols 

according to the new CEN sampling criteria. in 8th International conference on 
occupational lung diseases. 1992. Prague. 

 
10. Lidén G., Evaluation of the SKC personal respirable dust sampling cyclone. 

Applied Occupational and Environmental Hygiene, 1993. 8(3): p. 178-190. 
 
11. Görner P. and Fabriès J. F., Industrial aerosol measurement according to the 

new sampling conventions. Occupational Hygiene, 1996. 3(6): p. 361-376. 
 
12. Baron  Paul A., Personal aerosol sampler design : a review. Applied 

Occupational and Environmental Hygiene, 1998. 13(5): p. 313-320. 
 
13. Gorner Peter, et al., Study of fifteen respirable aerosol samplers used in 

occupational hygiene. Annals of Occupational Hygiene, 2001. 45(1): p. 43-54. 



IMA Hygiene project – Standardised dust monitoring protocol 
Version: November 2006 

19

 
14. AFNOR (Association Française de Normalisation), NF X 43-257 Air des lieux de 

travail-Prélèvement individuel de la fraction inspirable de la pollution particulaire. 
1988, AFNOR. 

 
15. AFNOR (Association Française de Normalisation), NF X 43-259 Air des lieux de 

travail-Prélèvement individuel ou à poste fixe de la fraction alvéolaire de la 
pollution particulaire-Méthode de séparation par cyclone 10mm. 1990, AFNOR. 

 
16. AFNOR (Association Française de Normalisation), NF X 43-262 Air des lieux de 

travail-Détermination gravimétrique du dépôt alvéolaire de la pollution 
particulaire-Méthode de la coupelle rotative. 1990, AFNOR. 

 
17. HSE (Health and Safety Executive), MDHS 14/3 General methods for sampling 

and gravimetric analysis of respirable and inhalable dust. Methods for the 
Determination of Hazardous Substances, 2000. 

 
18. Miles W.J., Issues and controversy : the measurement of crystalline silica ; 

review papers on analytical methods. American Industrial Hygiene Association 
Journal, 1999. 60(3): p. 396-402. 

 
19. NIOSH (National Institute for Occupational Safety and Health), NIOSH 7602 

Crystalline silica by IR, in NIOSH Manual of Analytical Methods. 1984. 
 
20. AFNOR (Association Française de Normalisation), XP X 43-243 Air des lieux de 

travail-Dosage par spectrométrie infrarouge à transformée de Fourier de la silice 
cristalline-Echantillonnage par dispositif à coupelle tournante ou sur membrane 
filtrante. 1998, AFNOR. 

 
21. OSHA (Occupational Safety and Health Administration), Quartz and cristobalite 

in workplace atmospheres. 1981. p. 35. 
 
22. NIOSH (National Institute for Occupational Safety and Health), NIOSH 7500 

Crystalline silica by XRD, in NIOSH Manual of Analytical Methods. 1990. 
 
23. HSE (Health and Safety Executive), MDHS 51/2 Quartz in respirable airborne 

dusts-Laboratory method using X-ray diffraction (Direct Method). Methods for the 
Determination of Hazardous Substances, 1988: p. 311-319. 

 
24. AFNOR (Association Française de Normalisation), NF X 43-295 Air des lieux de 

travail-Détermination par rayons X de la fraction conventionnelle alvéolaire de la 
silice cristalline-Echantillonnage par dispositif à coupelle rotative. 1995, AFNOR. 

 
25. AFNOR (Association Française de Normalisation), NF X 43-296 Air des lieux de 

travail-Détermination par rayons X de la fraction conventionnelle alvéolaire de la 
silice cristalline-Echantillonnage sur membrane filtrante. 1995, AFNOR. 

 
26. AFNOR (Association Française de Normalisation), NF XP X 43-298 Air des lieux 

de travail-Conseils pour la conduite d'une intervention en vue de l'évaluation de 
l'exposition professionnelle au risque chimique sur les lieux de travail par 
échantillonnage de l'air. 1997, AFNOR. 

 



IMA Hygiene project – Standardised dust monitoring protocol 
Version: November 2006 

20

27. Bocquier Philippe, L'essentiel de Stata. 1998: Jouve. 
28. Vincent R., et al., ALTREX : un logiciel pour l'analyse statistique et l'interprétation 

des résultats de mesures. Cahier des notes documentaires - Hygiène et sécurité 
du travail, 1998(172): p. 273-281. 

 
29. Groat S., et al., Epidemiological research in the European ceramic fibre industry 

1994-1998, Volume 1: Workplace concentrations of airborne dust and fibres. 
1999, IOM (Institute of Occupational Medicine). 

 
30. Rushton Lesley and Betts Danielle, Health and safety at work : Report from a 

Workshop on the Development of Recommendations for the Collection and 
Retention of Data by Industry for Future Epidemiological Purposes. 1997, 
Nottingham: European Commission. 

 
31. CEN (Comité Européen de Normalisation), EN ISO 9002 Quality systems - Model 

for quality assurance in production, installation and servicing. 1994, CEN. 
 
32. Hawkins N.C., Norwood S.K., and Rock J.C., A strategy for occupational 

exposure assessment. 1991, Akron, Ohio: American Industrial Hygiene 
Association. 

 
33. British Occupational Hygiene Society, Sampling strategies for airborne 

contaminants in the workplace, in Technical guide n°11. 1993, British 
Occupational Hygiene Society. 

 
 
Web sites 
AFNOR Association Française de Normalisation: http://www.afnor.fr 
 
BOHS British Occupational Hygiene Society: http://www.bohs.org 
 
CEN Comité Européen de Normalisation: http://www.cenorm.be/ 
 
HSE Health and Safety Executive: http://www.hse.gov.uk/ 
 
IARC International Agency for Research on Cancer: http://www.iarc.fr 
 
ISO International Organisation for Standardization: http://www.iso.ch 
 
NIOSH National Institute for Occupational Safety and Health: http://www.cdc.gov/niosh/ 
 
OSHA Occupational Safety and Health Administration: http://www.osha.gov/ 
 



IMA Hygiene project – Standardised dust monitoring protocol 
Version: November 2006 

21

ANNEX 1: Glossary 
 

Accuracy: measure of the correctness of data, as given by the difference between the measured value 
and the true or standard value. 

Actor: any person who participates to the implementation of the protocol. Actor can be internal to the 
company or external. 

Aerodynamic diameter: diameter of a sphere of density mass 1g.cm-3 with the same fall terminal 
velocity in the air, related to the particle gravity, in the same conditions of temperature, pressure and 
relative humidity. 

Arithmetic mean: sum all the measurements in a data set divided by the number of measurements in the 
data set. 

Authorised person: an authorised person is a person who has been given the authorisation to get a 
confidential data obtained during the IMA project. The authorisation is given by IMA-Europe. 

Bagging: step of the process during which products are put into bags (manually or automatically). 

Bias: any effect at any stage of investigation or inference tending to produce results that depart 
systematically from the true values. Bias is also defined as a systematic error inherent in a method or 
caused by some feature of the measurement system. 

Chemical agent: any chemical element or compound, on its own or admixed, as it occurs in the natural 
state or as produced, used or released, including release as waste, by any work activity, whether or not 
produced intentionally and whether or not placed on the market. 

Collection equipment: means the sample collection material (foam or filter) and the material where the 
sample collection material is placed (i.e. the rotating cup or the filter cassette). 

Contract: document establishing, between the internal company interlocutor and the external laboratory 
actor, the context, modalities and estimated cost of the operation. This document has to be signed before 
the operation. 

Control measures: measures carried out in order to verify the efficiency of preventive measures. 

Crushing: step of the process during which the stones (mineral ore) are broken (crushed) into big 
fragments. 

Dry process: means process using a drying step during the production. 

Dust: disperse distribution of solids in air, brought about by mechanical processes or stirred up. 

Epidemiology: study of the distribution and determinants of health-related states and events in 
populations, and the application of this study to control health problems. 

Employer: any natural or legal person who has an employment relationship with the worker and has 
responsibility for the undertaking and/or establishment. 

Exposure: the presence of a chemical agent in the air within the breathing area of a worker. It is 
described in terms of concentration of the agent as derived from exposure measurements and referred to 
the same reference period as that used for the limit value. 

Exposure assessment: process of measuring or estimating the intensity, frequency and duration of 
human contact with chemical agents actually present in the working environment. 

External actor: any person or group of person, external to the company, who participates to the 
implementation of the protocol (sampling and/or analysis). The external actor can be a private or public 
organism but it need to follow the protocol requirements. 

Geometric mean: the nth root of the product of n values. 

Hazard: intrinsic property of a chemical agent with the potential to cause harm. 

Health surveillance: the assessment of an individual worker to determine the state of health of that 
individual, as related to exposure to specific chemical agents at work. 

Homogeneous exposure group: defined as a group of workers with similar work patterns, but not 
necessarily at the same time. These workers represent basically similar exposure conditions. 
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Incidence: the number of new cases of a disease in a defined population, within a specified period of 
time. 

 

Internal actor: any person, within the company, who participates to the implementation of the protocol 
(methodology, sampling, analysis, data management…). 

Job Function: means the set of activities carried out by a worker during his daily working time. The job 
function is characterised by the jobs hold, the occupied locations, and the executed tasks. 

Limit of detection (LOD) or method detection limit (MDL): minimum concentration of an analyte that, 
in a given matrix and with a specific method, has a 99% probability of being identified, qualitatively or 
quantitatively measured, and reported to be greater than zero. 

Limit value: reference figure for the concentration of a chemical. 

Measurement: set of process carried out in order to determine the value of a substance. 

Measurement procedure: procedure for sampling and analysing one or more chemical agents in 
workplace air, including storage and transportation. 

Median value: value in a measurement data set such that half the measured values are greater and half 
are less. 

Metrology: technical and scientific approach used to determinate an assessment strategy as well as a 
measurement strategy, in order to give a figure to the occupational exposure of a pollutant present in the 
air at the workplace. 

Milling: step of the process during which the stones are reduced into thin product (sand, powder…). 

Mode: value in a data set that occurs most frequently. 

Occupational exposure limit value: the maximum concentration of a substance in the air present at the 
workplace which generally does not affect the health of an employee, even if minor and reversible 
modifications are sometimes tolerated. It also means, unless otherwise specified, the 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. 

Personal sampler (or personal sampling device): a device attached to a person that samples air in the 
breathing area, in order to determinate his exposure to pollutants. 

Pneumoconiosis: lung disease due to dust. 

Precision: measure of the reproducibility of a measured value under a given set of conditions. 

Preparation: mixtures or solutions composed of two or more substances. 

Prevalence: the number of instances of a given disease or other condition in a given population at a 
designated time. 

Prevention: all the steps or measures taken or planned at all stages of work in the undertaking to prevent 
or reduce occupational risks. 

Quality assurance (QA): integrated system of activities involving planning, quality control, quality 
assessment, reporting and quality improvement to ensure that a product or service meets defined 
standards of quality with a stated level of confidence. 

Quality control (QC): overall system of technical activities whose purpose is to measure and control the 
quality of a product or service so that it meets the needs of the users. The aim is to provide quality that is 
satisfactory, adequate, dependable, and economical. 

Quantification limit (QL): concentration of an analyte in a specific matrix for which the probability of 
producing analytical values above the method detection limit is 99%. 

Random: random means governed by chance or as what is not completely determined by other factors. 

Random samples: samples selected from a statistical population such that each sample has an equal 
probability of being selected. 

Range: difference between the largest and smallest values in a measurement data set. 

Representativeness: degree to which a sample is, or samples are, characteristic of the whole medium, 
exposure for which the samples are being used to make inferences. 
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Respirable dust fraction: fraction of an airborne material that penetrates to the gas exchange region of 
the lung. Respirable particles are also defined as particles that are small enough to be breathed into the 
depths of the lung. 

 
Risk: likelihood that the potential for harm will be attained under the conditions of use and/or exposure. 

Sample collection material: part of the collection equipment, which collects the dust, i.e. foams or filters. 

Sampling equipment: means the sampler, the sampling pump, the connecting tubes and the collection 
equipment. 

Sampling frequency: time interval between the collection of successive samples. 

Sampling strategy: choice of the methods and materials, and co-ordination of the sampling actions in 
order to obtain, with efficiency, useful data. 

Shift: length of time spent by a worker at his workplace. It is described in terms of duration in hours 
usually in a one-day basis. 

Standard: Document elaborated by consensus and agreed by an approved organism with 
standardisation activities. This document gives, for common and repeated practices, rules and guidelines 
warranting an optimal level of disposition in a defined context. 

Static sampler: device positioned next to an emission source. 

Substance: chemical elements and their compounds as they occur in the natural state or as produced by 
industry. 

Surface and underground mineral-extracting industries: all industries practising surface or 
underground extraction in the strict sense of the word of minerals, and/or prospecting with a view to such 
extraction, and/or preparation of extracted materials for sale, excluding the activities of processing the 
materials extracted, excluding the mineral-extracting industries through drilling. 

Thoracic dust fraction: fraction of an airborne material that penetrates beyond the larynx. 

Total inhalable dust: fraction of an airborne material which enters the nose and mouth during breathing, 
and is therefore available for deposition anywhere in the respiratory tract (MDHS 14/2). The standard EN 
481 gives the percentage of the suspended total particulate that can be inhaled according to their size. 

Wet process: means process involving addition of water at some stage of the production. 

Work pattern: the definable series of activities from the periods under consideration. 

Work station: delimited zone of a workplace where a given task is carried out or a set of tasks. 

Worker: any person employed by an employer, including trainees and apprentices but excluding 
domestic servants. 

Workers’ representative (with specific responsibility for the safety and health of workers): any person 
elected, chosen or designated in accordance with national laws and/or practices to represent workers 
where problems arise relating to the safety and health protection of workers at work. 

Workplace: the whole area intended to house workstations, relating to the immediate and ancillary 
activities and installations of the surface or underground mineral-extracting industries, including 
overburden dumps and other tips and accommodation, where provided, to which workers have access in 
the context of their work. 

Workshop: zone grouping eventually a few work areas or workplaces. 

Worst case: semiquantitative term referring to the maximum possible exposure or risk, that can 
conceivably occur, whether or not this exposure or risk actually occurs is observed in a specific 
population. 
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ANNEX 2: Occupational Exposure Limits in mg/m3 – Respirable dust 
In EU 257 + Norway & Switzerland 

Country/Authority 
(see caption p. 2) N
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Austria/I 6 0,15 0,15 0,15   0,3   5 

Belgium/II 3 0,1 0,05 0,05 3 2 0,1 2 3 2 

Czech Republic/III  0,1 0,1 0,1     2 2 

Denmark/IV 5 0,1 0,05 0,05 1,5  0,1 2   

Estonia  0,1 0,05 0,05  2     

Finland/V / 0,2 0,1 0,1 5     5 

 5 or 
25k/Q8 

        France/VI 

France/VII 5 0,1 0,05 0,05    10   

Germany/VIII 3 /9 0,15 0,15   0,3   2 

Greece/IX 5 0,1 0,05 0,05      2 

Hungary  0,15 0,1 0,15      2 

Ireland/X 4 0.05 0.05 0.05  2,4 0,08 2 0,8 0,8 

Italy/XI 3 0,05 0,05 0,05   0,1 2 3 2 

Luxembourg/XII 6 0,15 0,15 0,15   0,3   2 

Netherlands/ XIII 5 0,075 0,075 0,075    10 2,5 1 

Norway/ XIV 5 0,1 0,05 0,05 1,5 1,5   3 2 

Poland  0,3 0,3 0,3 2  1   1 

Portugal/ XV 5 0,05 0,05 0,05   0,1 2 3 2 

Slovakia  0,1 0,1 0,1  2   2 2 

Slovenia  0,15 0,15 0,15   0,3   2 

Spain/XVI  0,1         

 5 or 25k/Q         Spain/XVII 

Spain/XVIII 3 0,1 0,05 0,05   0,1 2 3 2 

Sweden/XIX 5 0,1 0,05 0,05      1 

Switzerland/XX 6 0,15 0,15 0,15  0,3 0,3 3 3 2 

UK/XXI 4 0,1 0,1 0,1 1,2 2,4 0,08 2 0,8 1 

                                             
7 Missing information for Cyprus, Latvia, Lithuania and Malta – To be completed. 
8 Q : quartz percentage – K=1 
9 Germany has no more OEL for quartz. Employers are obliged to minimize exposure as much as possible, and to follow certain 
protective measures. 
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Caption 

 

Country  Adopted by/Law denomination OEL Name (if specific) 

Austria I Bundesministerium für Arbeit und Soziales Maximale ArbeitsplatzKoncentration (MAK)

Belgium II Ministère de l’Emploi et du Travail  

Czech 
Republic 

III Governmental Directive n°441/2004  

Denmark IV Direktoratet fot Arbeidstilsynet Threshold Limit Value 

Finland V National Board of Labour Protection Occupational Exposure Standard 

VI Ministère de l’Industrie (RGIE) Empoussiérage de référence France 

VII Ministère du Travail Valeur limite de Moyenne d’Exposition 

Germany VIII Bundesministerium für Arbeit Maximale ArbeitsplatzKoncentration (MAK)

Greece IX Legislation for mining activities  

Ireland X 2002 Code of Practice for the Safety, 
Health & Welfare at Work (CoP)  

Italy XI Associazone Italiana Degli Igienisti 
Industriali 

Threshold Limit Values (based on ACGIH 
TLVs) 

Luxembourg XII Bundesministerium für Arbeit Maximale ArbeitsplatzKoncentration (MAK)

Netherlands XIII Ministerie van Sociale Zaken en 
Werkgelegenheid Maximaal Aanvarde Concentratie (MAC) 

Norway XIV Direktoratet for Arbeidstilsynet Administrative Normer (8hTWA) for 
Forurensing I ArbeidsmiljØet 

Portugal XV Instituto Portuges da Qualidade, Hygiene & 
Safety at Workplace 
NP1796:2004 

Threshold Limit Value 

Instituto Nacional de Seguridad e Higiene 
en el Trabajo 

Reglamento general de Normas Basicas de 
Seguridad Minera 

Spain XVI 

XVII 

XVIII Instrucciones de Técnicas 
Complementarias (ITC) 

Valores Limites 

Sweden XIX National Board of Occupational Safety and 
Health 

Yrkeshygieniska Gränsvärden 

Switzerland XX  Valeur limite de Moyenne d’Exposition 

United 
Kingdom 

XXI Health & Safety Executive Workplace Exposure Limits 

 
Source : IMA-Europe. Date : July 2006, updated version available at http://www.ima-
eu.org/en/publication.htm 
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ANNEX 3: Job function’s nomenclature 
 
 

General category Example of tasks/activities description 
1. Quarry operator (outdoor) Works in quarry 

Load dumper using an excavator 
Feed the crusher in quarry 
Transport raw materials to the unloading places using a dumper or 
wheel loader 

2. Crusher operator (indoor) Feed the crusher in plant 
Control of crusher in plant 

3. Wet process operator Supervise the process in a control room 
Sampling and control of sieve 

4. Dry process operator Supervise the process in a control room 
Sampling and control of sieve 

5. Miller operator Supervise the process near the mill 
6. Bagging operator Supervise automatic bagging machines and bulk loading into 25/50kg 

bags 
Add bag to semi-automatic bagging machine 
Fill powder bags and cover pallets with plastic films 
Handle bags on pallets 
Stock the product in the storage building 

7. Transport/bulk loading Fill the hopper with end product using a wheel loader 
Supervise the conveyor belt feeding ship/train/truck 
Load goods in lorries and organise the storage operation 

8. Foreman/plant management 
staff 

General office work 
Supervise and organise plant activities 
Control of process and product 

9. Maintenance Control of plates in the crusher, new sieves, dust sealing, checking and 
cleaning inside enclosures 
In charge of mechanical and electrical maintenance in 
plant/office/quarry 

10. Multi-skilled* The multi-skilled operator is an operator who does several job functions, 
none of which amounting to or exceeding 50 % of his working time. 

11. Laboratory workers Samples collection in the plant, analysis & quality control of the 
samples. 

12. Research and Development Development of new products in a pilot plant 
Running tests on an installation for technology or product improvement 
Applications of products on laboratory scale. 

13. Plastification Manufacture of prepared body from clay. 
 

 
* For this category, it is necessary to fully describe the activities of the workers as well as the time 
percentages for each activity. 
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ANNEX 4: Simulation 
 
Measurement campaign duration 
Hypothesis: 

- 7 samplers 
- sampling duration of 7-8 hours 
- 7 job functions to be monitored 
- Size of the exposure group: 1 – 8 workers 
- 6 samples are required for each job function. So the number of samples required for the 7 job functions is 42. 
- 1 sampling corresponds to 2 working days (1 day for sampling and 1 day for sampler reloading). 
- Weighing procedure takes 4 days (2 days for step a and 2 days for step b as described in paragraph 4.2.1). 
- Qualitative analysis takes 2 days. 
- Writing report takes 1 day. 

 
Time scale: 
 

Day 1 2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17 18 19 20 

Sampling 
procedure RL S1 RL S2 RL S3 RL S4 RL S5 RL S6 RL S7 RL    

W1.b W2.b W3.b W4.b W5.b W6.bAnalytical 
procedure W1.a W2.a 

W2.a W3.a W4.a W5.a W6.a W7.a 
W6.b W7.b QA 

Number of 
collected 
samples 

  6  12  18  24  30  36  42     

R 

RL: sampler reloading 
Si: ith sampling procedure 
Wi.x: step x of the ith weighing procedure 
QA: qualitative analysis (for quartz content determination for example) 
R: campaign report 
 
Conclusion: 
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A measurement campaign takes 20 days (5-7 weeks) for assessing dust exposure (42 dust measurements for 7 job functions). 
 
 
Cost for one measurement campaign 
Hypothesis: 

- 7 rent samplers 
- 7 job functions to be monitored 
- 42 samples 
- 14 days are required to collect 42 samples and 28 days to collect 84 samples 
- 21 quartz analysis (meaning 3 per job function) 
- technician salary of 12 Euros per hour 

 
Level of participation 

Activity 
External laboratory for sampling 

and analysis 
External laboratory for quartz 

analysis only No external laboratory 

Per sample 
and for 1 week For 42 samples Technician Technician 

Time (hours) Cost Time (hours) Cost Sampling equipment (to rent) 
15 2520 75 900 80 1200 

Per sample For 42 samples Technician Laboratory technician 
Time (hours) Cost Time (hours) Cost Weighing 27 1134 4 48 4 48 

Per analysis For 21 samples Per analysis For 21 samples Laboratory technician 
Time (hours) Cost Quartz analysis 76 1596 76 1596 10 90 

TOTAL 5250 2544 1368 
 
Comment: 
Example of cost: 6,494 Euros for 7 CIP 10 samplers; 7,740 Euros for 7 Gilair-3 pumps and 850 Euros for 7 10mm nylon cyclone. 
Example of cost for collection equipment: 441 Euros for 100 foams; 145 Euros for 20 cassettes and 350 for 100 membrane filters. 
Other accessories: 70-120 Euros for battery charger, 33 Euros for tool set, 42 Euros for transport case. 
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ANNEX 5: Campaigns’ Periodicity 
 
Two full campaigns (in winter and in summer season) should be completed during the 
first year of participation. After that, commitment to the Protocol can be reduced 
following the instructions of the table below: 
 

Number of  
previous 

campaigns 

GSD* < 3 Diagnostic Actions 

Yes  
 

Green 
Orange 

Red 

The target is to do 2 campaigns per year (1 during summer 
time and 1 during winter time) to study the effect of the 
season on the data. This should at least be done the first 
year.  
After that, 1 campaign per year is the minimum. If only 1 
campaign per year is performed, one should alternate 
summer and winter period. 

N ≤ 4 

No  
Green 
Orange 

Red 

Need to study workers’ conditions of exposure (workplace 
survey and sampling sheets analyses) 
After 4 campaigns of measurement, this situation should 
persist only for mobile functions (maintenance, foreman, 
transport and multi-skilled). 
A GSD>3 for the well-defined functions (bagging, crusher, 
dry process, wet process, miller, laboratory), means that 
workers of the group don’t perform identical or similar 
tasks at the same place of work and don’t have a similar 
exposure.  
The exposure group must be re-defined. 
No modification of working conditions: 
Perform one campaign of measurement one year out of 
two for the considered job functions, alternate Winter and 
Summer. 
This option can allow companies having many sites and 
job functions to distribute the costs over two years. 

Green / 
orange  

for the 3 last 
campaigns 

Modifications of working conditions: 
1 campaign per year, alternate Winter and Summer. 
No modification of working conditions: 
A campaign of measurement one year out of two for the 
considered job functions if no preventive scheme is 
implemented. 
This option can allow companies having many sites and 
job functions to distribute the costs over two years. 

 
Yes 

 

Red for the 3 
last 

campaigns Modifications of working conditions/implementation of 
preventive scheme: 
1 campaign per year to verify the effects of the 
modifications 

N > 4 
and at least 
24 samples 

for the 
considered 
job function 

No  

Green 
Orange 

Red 

Need to study workers’ conditions of exposure (workplace 
survey and sampling sheets analyses) 
After 4 campaigns of measurement, this situation should 
persist only for mobile functions (maintenance, foreman, 
transport and multi-skilled). 
A GSD>3 for the well-defined functions (bagging, crusher, 
dry process, wet process, miller, laboratory), means that 
workers of the group don’t perform identical or similar 
tasks at the same place of work and don’t have a similar 
exposure.  
The exposure group must be re-defined. 

 

                                             
* Geometric Standard Deviation 
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ANNEX 6: Flow sheet for weighing and sampling 
 

 

Carry out dust sampling
(see sampling procedure)

Wash foams and rotating
cups in hot water and

rinsed in distilled water

Dry the sample collection material in
an oven (50-60°C) for 12hrs

Leave the collection equipment next 
to the balance for 12hrs

If foams are used as the
sample collection media

Number the rotating cups

Record weights and date of
the foams in their open rotating cups

If filters are used as the
sample collection media

Number the filter cassettes

Record weights and
date of the filters

or

or

Weighing procedure

When sampling is carried out under humid conditions,
collection equipment are placed in an oven (50-60°C) for 4hrs)

Record weights and date of
the foams in their open rotating cups

or Record weights and
date of the filters

Leave the collection equipment next 
to the balance for 12hrs
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Sampling procedure

Switch on the pumps and record the time

Load the collection equipment
in the samplers

Set and record the flow rates

Pump batteries are recharged and
sampling pumps are calibrated

If foam systems are used
as the sampling system

Place the sampling equipment in the
breathing zone of the worker

Connect the pumps to the samplers

Check the flow rates during sampling

Record all important information during sampling

Switch off the pumps and record the time

Check the pump flow rates and
sampling equipment

Remove the sampling equipment from the worker

If filter systems are used
as the sampling system

Remove the collection equipment and take
them to the laboratory (see weighing procedure)
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1. Step a of the weighing procedure (regular samples AND field blanks) 
1.1 If foams are used, they are washed in hot water and rinsed in distilled water. When filters 
(new ones) are used, the cassettes are washed in hot water. 
1.2 Foams or filters are dried in an oven at 50-60°C for 12 hours. 
1.3 Rotating cups or filter cassettes are numbered (different number for each rotating cups or 
filter cassettes). 
1.4 Collection equipment (foams in open cups or filters + cassettes) is left for conditioning next 
to the balance for at least 12 hours. 
1.5 Foams in their open cups or filters are weighed on a calibrated balance (resolution of 0.1mg 
for foams or 0.01mg for filters). 
1.6 Record weight and date on the weighing record sheet (see annex 9). 
 
2A. Sampling procedure (regular samples) 
2.1 Pump batteries are recharged and, if necessary, sampling pumps are calibrated according 
to manufacturer’s instructions (this step is carried out during step a of the weighing procedure). 
2.2 Load the collection equipment in the samplers and connect to the sampling pumps. 
2.3 Set and record the sampling flow rates. 
2.4 Switch on the pumps and record the time. 
2.5 Place sampling equipment in the breathing zone of the worker (no more than 30cm from the 
mouth). 
2.6 During sampling, record all the important information (see sampling record sheets in 
annexes 7 and 8) and, if materials allow it, check the sampling flow rates. 
2.7 After sampling, remove the sampling equipment from the worker and record the time. 
2.8 Check the pumps flow rate and sampling equipment (pump, tubing and sample collection 
material connections). 
2.9 Switch off the pumps. 
2.10 Remove the collection equipment from the sampling. 
2.11 Take the collection equipment to the laboratory for weighing procedure. 
 
2B. Sampling procedure (field blanks) 
Field blanks should follow the complete procedure and must be taken on the field trip. The only 
difference, however, is that they will not be connected to a pump and there will be no active 
sampling. 
 
3. Step b of the weighing procedure (regular samples AND field blanks) 
3.1 When sampling is carried out under humid conditions, foams or filters should be placed in 
an oven at 50-60°C for at least 4 hours. 
3.2 Collection equipment (foams in open cups or filters + cassettes) is left next to the balance 
for at least 12 hours. 
3.3 Foams in their open cup or filters are weighed on a calibrated balance. 
3.4 Record weight and date on the weighing record sheet (see annex 9). 
 
4. Qualitative analysis (regular samples AND field blanks) 
4.1 Samples are prepared. 
4.2 Apparatus is calibrated using standard samples. 
4.3 Samples are analysed (All regular samples and a fraction of the field blanks) 
4.4 Record date and inorganic contents (quartz, cristobalite, tridymite…) on the weighing record 
sheet (see annex 9). 
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ANNEX 7: Sampling record sheet 1 
 
 
Annex 7: Sampling 

record sheet 1 
        

           
Sampling record sheet 
number: 

   

       
Company 
name: 

    Site:     

Technician:   Date of 
sampling: 

  

Sampler number:   Collection material 
number: 

 

     
Job function:   Worker's ID 

code:  
 

Shift length:   Shift 
period: 

   

         
Sampling time on:  Measured flow rate 

(l/min): 
 

Sampling time off:  Befo re During After  
          

Weather 
conditions: 

       

          
     
 Time Description of the worker's 

activities 
Duration Personal 

protective 
equipment worn 

Incident/Event*

           

           

           

           

* e.g. information on process conditions, production rate, local 
exhaust ventilation system 
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ANNEX 8: Sampling record sheet 2 
 

ANNEX 8: Sampling 
record sheet 2 

         

           
Sampling record sheet number:         
           
Company name :  Site :   Campaign:  
Technician:   Mineral and granulometry 

range : 
 

        
Worker ID 

code 
Job function Date Dust fraction Sampler 

number
Collection 
material 
number 

Flow 
rate 

(l/min)

Sampling time  Comment 

       On Off Total 
(min) 
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ANNEX 9: Weighing record sheet 
 
 

ANNEX 9: Weighing 
record sheet 

       

         
Weighing record sheet 
number : 

       

Technician :     Precision of the 
balance : 

   

         
Collection 

material number 
Before sampling  After sampling Weight of 

collected dust 
(mg) 

Analytical results  

 Date  Weight (mg) Date Weight (mg)  Date Analyte Weight 
collected 

(mg) 
Blank1         

Blank 2         

Blank 3         
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ANNEX 10: Dust measurement results 
 
ANNEX 10: Dust 

measurement result 
         

           
Sheet number:          

          
Company name :   Site :  Campaign :   
Mineral + granulometry 
range: 

 Flow rate :  Technician :  

          
Worker 
ID code 

Job function Shift Sampling 
Date 

Sampler 
number 

Collection 
material 
number 

Sampling 
duration 

time (min) 

Dust 
collected 

(mg) 

Dust 
concentration 

(mg/m3) 

Analytical results 

         Analyte Concentration  
(mg/m3) 
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ANNEX 11: Minimal requirements for 
external laboratory sub-contracting 

 
 
The contract sheet 
The contract sheet between the external laboratory and the company should contain at 
least the following items, which must meet the protocol requirements: 
 

- name, status and location of the external laboratory 

- accreditation paper if necessary and name of the accreditation organism 

- descriptive title/description of the context 

- name of the laboratory interlocutor 

- name of the company interlocutor 

- description of the different interlocutor roles 

- expected campaign duration and date 

- equipment and technique used for sampling and analysis 

- references (regulatory and standard documents) 

- cost 

- characteristics for campaign report 

 
Laboratories which are involved in the sampling exercise should take field blanks as 
specified in the protocol and in the instructions for the collection sheet. 
 
Analytical limits of detection should be specified for dust and for the different analytes. 
 
Inter-laboratory round-robin exercise 
The external organism should participate in an inter-laboratory round-robin exercise in 
its country or at a European scale. 
 
This exercise consists in the grouping of a few laboratories. The laboratories looking for 
accreditation receive from a central organism/institute standard samples to be analysed 
(for example α-quartz standards). The analysis’ results are sent back to the 
organism/institute for comparison with the actual value. 
Then, the organism/institute let them know the exercise’s results,  with statistical 
analysis. 
 
This exercise enables comparison of laboratory’s equipment and working practices, and 
allows the checking of the equipment’s calibration. 
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ANNEX 12: Standard Excel Collection Sheet 
 

Please fill in the yellow cells concerning analytical LOD and blank filters

INFORMATION ON THE ANALYTICAL LIMIT OF DETECTION:

Balance (mg)

IR  (mg)  

RX  (mg)  

FIELD BLANKS ANALYSIS OF FIELD BLANkS
For information on field blanks see instruction 

Date Field blank ID Pre-weight (mg) Post-weight (mg) Amount (mg) Quartz (mg) Cristobalite (mg) Tridymite (mg)
1/Jan/2006 example 2,000 2,200 0,001 0,002 0,003

0,000 0,000 0,000 0,000blank correction
LOQ
LOD
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Standard Excel Collection Sheet 
Columns’ titles 
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Annex 13: Data handling code system 

 
 
Data Collection 
The companies will send their data to Arbo Unie / IRAS using the standard excell 
collection sheet (see Annex 12) only, with a copy to IMA - Europe. Arbo Unie / IRAS will 
use a code system as described below and send the data reports to IMA-Europe and to 
each company. 
 
The data sent by the companies should include the items described in paragraph 6.2. of 
the protocol. 
 
 
Code system 
 
The code system will consist of specific codes for each item which would only be 
recognisable by Arbo Unie / IRAS and IMA-Europe. Each country, each company, each 
site and each mineral will have their codes which will be jointly decided by IMA and 
Arbo Unie / IRAS. 
 
It is important to note that data for which the origin is easily recognisable will never be 
released, for instance when there is less than 2 companies producing the same mineral 
in the same country, aggregated data will not be released for this pair country/mineral. 
 
The items requiring codification are: 

- country:   2-digit number 
- company:  3-digit number 
- site:   3-digit number 
- mineral:   2 letters 
- sample:  company or lab’s internal codification could be used 
- worker:  company’s internal codification could be used. Note that 

each worker should be given a unique workers code (for 
more information see chapter 3.1.) 
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ANNEX 14: Quality control manual 
 
The quality control manual defines the general requirements for quality assurance within 
the organisation such as lines of responsibility and authority, record keeping and 
confidentiality. It also defines the particular quality systems for sampling, analysis and 
data handling. 
 
Management responsibility 
All the actors must be identified as well as the inter-relation and their roles. 
• The internal actor has the responsibility of implementing the protocol and he is in 

charge of controlling if the external laboratory meets the protocol requirements. The 
internal actor is the interlocutor for IMA-Europe and Arbo Unie / IRAS. He is also 
responsible for transmitting the results of the dust measurement campaigns, after 
each campaign, to Arbo Unie / IRAS and/or IMA-Europe. During the protocol 
implementation, the internal actor identifies the: 

- encountered difficulties and proposes corrective actions to IMA-Europe and 
Arbo Unie / IRAS. 

- training needs (for himself or for any other concerned person). 
• The external laboratory should meet the protocol requirements (see paragraph 5) 

and implement the protocol with the internal actor. After each campaign, it must 
send the results to the internal actor. 

• IMA-Europe is in charge of collecting all the dust measurement data and transmits 
the results to Arbo Unie / IRAS with respect to the confidentiality agreement. 

• Arbo Unie / IRAS is responsible for data handling and provides IMA-Europe and 
each company with reports on the dust measurement data. 

• IMA-Europe and Arbo Unie / IRAS are in charge of controlling if the company 
properly implements the protocol. They are also responsible for giving technical 
support to the companies if necessary. 

 
 
Quality system for sampling 
The quality system for sampling encompasses the minimal requirements described in 
the protocol (see paragraph 3). It concerns the: 

- sampling characteristics (personal sampling, respirable dust fraction, job 
functions monitored, number of samples, sampling duration) 

- sampling procedure 
- sampling equipment (sampler and collection equipment) 
- periodicity between measurement campaign 
- use of the sampling record sheets 
- participation of an external laboratory 

 
 
Quality system for analysis 
The quality system for analysis encompasses the minimal requirements described in the 
protocol (see paragraph 3). It concerns the: 

- gravimetry procedure 
- qualitative analysis procedure 
- analytical equipment 
- use of the weighing record sheet 
- participation of an external laboratory 
- inter-laboratory round-robin exercise 
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Quality system for data handling 
The quality system for data handling encompasses the minimal requirements described 
in the protocol (see paragraphs 6 and 7). It concerns the: 

- data format collection and storage 
- format of the campaign report 
- data statistical handling 
- data restitution to the companies and to IMA-Europe 
- data collection confidentiality 

 
 
Traceability 
Traceability of the results is ensured by retaining detailed records on the implementation 
of the sampling and analysis strategies that must be kept by the internal actor and 
available for IMA-Europe if needed. 
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Annex 15: Implementation of the common protocol 
 

OBJECTIVES 

The phase II of the IMA Hygiene project had two objectives: 
• Define criteria and recommendations for a common monitoring strategy for dust 

exposure assessment in the European industrial minerals industry which will ensure 
the collection of representative, compatible and comparable data. In this aim, a 
common protocol that the companies can adapt to their policies and practices was 
drafted.  

• Train the actors of the different companies, which participate in the project, on the 
common protocol. The training (21st and 22nd March 2002) enabled each company 
to develop their monitoring strategies in accordance with the protocol. 

 
Phase III consists of the implementation of the common protocol on site in order to 
collect data on dust exposure levels in some IMA Member companies. 
• The objective of the data collection programme is to provide a database on dust 

exposure levels in the industrial minerals industry. Such a database could be useful 
for each company and for IMA-Europe. At the end of phase III, each company will 
have its own database. 

 

DATA HANDLING OF DUST MEASUREMENTS 

Data management 

• Each company will carry out (on their own or with the local partner institute) its dust 
measurements. The data will be processed in a similar way in all companies.  

• Elaboration of a database allowing collection and handling of data from different 
companies 

• Data management: collection of produced data by the companies within the 
common database. The company data will be sent to the IHIE according to 
compatible formats (Spreadsheet, database) 

• Company data control (cleaning data) and demand for possible further information 
concerning the data and their production 

• Data statistical analysis and production of result tables :  
• For each company production of summary tables by job function and by 

type of dust (total dust, crystalline silica): number of measures, geometric 
mean, geometric standard deviation, range (min – max), compliance with 
applicable regulation (national), description of exposure groups (in 
accordance with HEG concepts) 

• For IMA industry : production of summary tables by mineral / country and 
job function 

• The summary statistics will be produced for different periods : 
• After a trial period of 3 months which will follow the training session in order 

to verify that produced data are compatible with common protocol.  
Adaptation may follow this period. 

• After summer survey up to September 2002 
• After winter survey : October 2002 – February 2003 
• Recapitulation of the summer and winter surveys 
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• Analysis of job function description across the companies in order to enable 
evolution/adaptation of the job function codification of the protocol 

• Production of an intermediate and final reports: 
• for each individual company 
• to IMA Europe Board 

• The grouping of the dust exposure will respect confidentiality 
• Quality procedures of data management 
 
The debriefing 

One-day debriefing meeting will be organised every year in order to present the results 
and discuss the difficulties met. All companies participating to the training session and 
the implementation will be invited. 
To be discussed 

Quality control of measures 

TYPICAL PLANNING 

- October – March: winter sampling campaign 
- Deadline for sending record sheets to Institute: end April 
- Reports sent to companies in July 
- April – September: summer sampling campaign 
- Deadline for sending record sheets to Institute: end October 
- Reports sent to companies in January 

 
Note that collection sheets sent after the deadline will be processed and the companies 
will receive their reports 3 months after. 
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ANNEX 16: USEFUL CONTACT DETAILS 
STANDARDISATION ORGANISMS 

Country Organism Address Tel/Fax E-mail Web site 
Austria Österreichisches Normungsinstitut (ON) Postfach 130, Heinestraße 38 

1021 Wien 
+43 1 213 00 
+43 1 213 00 650 

infostelle@on-norm.at http://www.on-norm.at 

Belgium Institut Belge de Normalisation (IBN) avenue de la Brabançonne, 29 
1000 Bruxelles 

+32 2 738 01 05 
+32 2 733 42 64 

info@ibn.be http://www.bin.be 

Czech 
Republic 

Czech Standards Institute (CSNI) Biskupsky dvúr 5 
110 02 Praha 1 

+420 2 21 802 100 
+420 2 21 802 311 

info@csni.cz http://www.csni.cz 

Denmark Dansk Standard (DS) Kollegievej 6 
2920 Charlottenlund 

+45 39 96 61 01 
+45 39 96 61 02 

dansk.standard@ds.dk http://www.ds.dk 

Finland Suomen Standardisoimisliitto r.y. (SFS) PO Box 116 
00241 Helsinki 

+358 9 149 93 31 
+358 9 146 49 25 

info@sfs.fi http://www.sfs.fi 

France Association Française de Normalisation 
(AFNOR) 

11 avenue Francis de Pressensé 
93571 Saint Denis La Plaine 
Cédex 

+33 (0) 1 49 17 91 91 
+33 1 49 17 90 00 

uari@afnor.org 
 

http://www.afnor.fr 

Germany Deutsches Institut für Normung e.V. (DIN) Burggrafenstrasse 6 
10787 Berlin 

+49 30 2601-0 
+49 30 2601-1231 

postmaster@din.de http://www.din.de 

Greece Hellenic Organization for Standardization 
(ELOT) 

313, Acharnon Street 
11145 Athens 

+30 1 021 20 100 
+30 1 022 86 219 

info@elot.gr http://www.elot.gr 

Ireland National Standards Authority of Ireland 
(NSAI) 

Glasnevin 
Dublin 9 

+353 1 807 38 00 
+353 1 807 38 38 

nsai@nsai.ie http://www.nsai.ie 

Italy Ente Nazionale Italiano di Unificazione 
(UNI) 

Via Battistotti Sassi, 11b 
20133 Milano MI 

+39 02 70 02 41 
+39 02 70 10 61 06 

uni@uni.com http://www.uni.com 

Luxembourg Service de l'Energie de l'Etat (SEE) B.P. 10 
2010 Luxembourg 

+352 46 97 46 1 
+352 46 97 46 39 

see.normalisation@eg.
etat.lu 

http://www.see.lu 

Netherlands Nederlands Normalisatie-instituut (NEN) PO Box 5059 
2600 GB Delft 

+31 15 269 03 90 
+31 15 269 01 90 

info@nen.nl http://www.nen.nl/ 

Norway Norges Standardiseringsforbund (NSF) PO Box 353 Skøyen 
0213 Oslo 

+47 22 04 92 00 
+47 22 04 92 11 

info@standard.no http://www.standard.no/
nsf 

Portugal Instituto Português da Qualidade (IPQ) Rua António Gião, 2 
2829-513 Caparica 

+351 21 294 81 00 
+351 21 294 81 01 

ipq@mail.ipq.pt  

Spain Asociación Española de Normalización y 
certificación (AENOR) 

Génova, 6 
28004 Madrid 

+34 914 32 60 00 
+34 913 10 40 32 

info@aenor.es http://www.aenor.es 

Sweden Swedish Standards Institute (SIS) 118 80 Stockholm +46 8 555 520 00 
+46 8 555 520 01 

info@sis.se http://www.sis.se 

Switzerland Schweizerische Normen-Vereinigung 
(SNV) 

Bürglistrasse 29 
8400 Winterthur 

+41 52 224 54 54 
+41 52 224 54 74 

info@snv.ch http://www.snv.ch 

United 
Kingdom 

British Standard Institution (BSI) 389 Chiswick High Road 
London W4 4AL 

+44 (0) 20 8996 9000 
+44 (0) 20 8996 7400 

Info@bsi-global.com http://www.bsi-
global.com 
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NATIONAL INSTITUTES 

Germany: 
Berufsgenossenschaftliches Institut für Arbeitssicherheit (BIA) 
Alte Heerstr. 111 
53754 Sankt Augustin 
Tel: +49 22 41 231 02; Fax: +49 22 41 231 22 34 
E-mail: bia@hvbg.de 
Web site: www.hvbg.de/bia 
 

Steinbruchs-Berufsgenossenschaft (STBG) 
Postfach 10 15 40 
30836 Langenhagen 
Tel: +49 511 72 570 
Fax: +49 511 72 57 790 
E-mail: bg02@aol.com 
Web site: www.stbg.de 
 
Finland: 
Finnish Institute of Occupational Health (FIOH) 
Topeliuksenkatu 41 a A 
00250 Helsinki 
Tel.: +358 (0) 9 47 471; Fax: +358 (0) 9 4747 2548 
Website: www.occuphealth.fi 
 
France: 
Institut National de Recherche et de Sécurité (INRS) 
Centre de Paris 
30 rue Olivier Noyer 
75680 Paris Cédex 14 
Tel: +33 (0) 1 40 44 30 00; Fax: +33 (0) 1 40 44 30 99 
E-mail: info@inrs.fr 
Web site: http://www.inrs.fr 
 
Italy: 
Instituto del Lavoro di Torino 
Tel: +39 116 93 34 66; Fax: +39 116 93 34 92 

 
 
Norway: 
Statens arbeidsmiljøinstitutt (STAMI) 
PB. 8149 Dep. 0033 
Oslo 
Norway 
Website: http://www.stami.no/ 
 
Spain: 
Instituto Nacional de la Silicosis 
Calle Dr Bellmut s/n 
33006 Oviedo 
Tel.: +34 985 10 80 09; Fax: +34 985 10 80 43 
Web site: www.ins.es 
 
Sweden: 
Arbetslivsinstitutet 
11279 
Stockholm 
Sweden 
Website: http://www.niwl.se 
 
United Kingdom: 
Institute of Occupational Medicine (IOM) 
Research Park North, Riccarton, Edinburgh, 
EH14 4AP Scotland, UK 
Web site: www.iom-world.org 
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EUROPEAN INSTITUTES 
 
European Committee for Standardisation (CEN)    European Agency for Safety and Health at Work 
36, rue de Stassart         Web site: http://europe.osha.eu.int/ 
1050 Brussels, Belgium        Gran via, 33 
Tel: +32 2 550 08 11; Fax: +32 2 550 08 19     48009 Bilbao, Spain 
E-mail: infodesk@cenorm.be       Tel: +34 944 794 360, Fax: +34 944 794 383 
Web site: http://www.cenorm.be/ 
 
 

INTERNATIONAL INSTITUTES 

International Agency for Research on Cancer (IARC)    International Organisation for Standardisation (ISO) 
150 cours Albert Thomas        1, rue de Varembé 
69372 Lyon CEDEX 08, France       Case postale 56 
Tel: +33 (0) 4 72 73 84 85; Fax: +33 (0) 4 72 73 85 75   1211 Geneva 20, Switzerland 
Web site: http://www.iarc.fr/       Telephone: +41 22 749 01 11; Fax: +41 22 733 34 30 
           E-mail: central@iso.org 
           Web site: http://www.iso.org 
 
 

US INSTITUTES 

National Institute for Occupational Safety and Health (NIOSH)  Occupation Safety and Health Administration (OSHA) 
200 Independence Ave., SW       U.S. Department of Labor 
Room 715H          200 Constitution Avenue, NW 
Washington, DC 20201        Washington, D.C. 20210 
Tel.: +1 513-533-8328; Fax: +1 513-533-8573     Web site: http://www.osha.gov/ 
Web site: http://www.cdc.gov/niosh/homepage.html 
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NATIONAL REFERENCES FOR EUROPEAN STANDARDS 

 

Country Organism EN 689 EN 481 

Austria ON ONENORM EN 689 ONENORM EN 481 

Belgium BIN NBN EN 689 NBN EN 481 

Cyprus CYS CYS EN 689:1996 CYS EN 481:1993 

Czech Republic CSNI CSN EN 689 CSN EN 481 

Denmark DS DS/EN 689 DS/EN 481 

Finland SFS SFS-EN 689 SFS-EN 481 

France AFNOR NF EN 689 NF EN 481 

Germany DIN DIN EN 689 DIN EN 481 

Greece ELOT ELOT EN 689 ELOT EN 481 

Ireland NSAI IS/EN 689:1995 IS/EN 481:1994 

Italy UNI UNI EN 689 UNI EN 481 

Luxembourg SEE ITM-EN 689 ITM-EN 481 

Netherlands NEN NEN-EN 689 NEN-EN 481 

Norway NSF NS-EN 689 NS-EN 481 

Portugal IPQ EN 689 EN 481 

Spain AENOR UNE-EN 689 UNE-EN 481 

Sweden SIS SS-EN 689 SS-EN 481 

Switzerland SNV SN-EN 689-1995 DIN EN 481 

Turkey TSE TS EN 689  

United Kingdom BSI BS EN 689:1996 BS EN 481:1993 
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ANNEX 17: REFERENCE DOCUMENTS 
 
 

European standards available from your national standardisation organism 
(see contact details page 53): 

 
EN 481 Workplace atmospheres – Size fraction definitions for measurement of  

airborne particles. 1993. 
 

EN 689 Workplace atmospheres – Guidance for the assessment of exposure by  
  inhalation to chemical agents for comparison with limit values and  
  measurement strategy. 1996. 
 
TR 15230 Workplace atmospheres – Guidance for sampling of inhalable, thoracic  
  and respirable aerosol fractions. 2005. 
 
 

European Directives (copies enclosed): 
 

Council Directive 89/391/EEC of 12 June 1989 on the introduction of measures to 
encourage improvements in the safety and health of workers at work. 
 
Council Directive 92/104/EEC of 3 December 1992 on the minimum requirements for 
improving the safety and health protection of workers in surface and underground 
mineral-extracting industries. 
 
Council Directive 98/24/EC of 7 April 1998 on the protection of the health and safety of 
workers from the risks related to chemical agents at work. 
 
Commission Directive 2000/39/EC of 8 June 2000 establishing a first list of indicative 
occupational exposure limit values in implementation of Council Directive 98/24/EC on 
the protection of the health and safety of workers from the risks related to chemical 
agents at work. 
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COUNCIL DIRECTIVE 98/24/EC

of 7 April 1998

on the protection of the health and safety of workers from the risks related to
chemical agents at work (fourteenth individual Directive within the meaning of

Article 16(1) of Directive 89/391/EEC)

THE COUNCIL OF THE EUROPEAN UNION,

Having regard to the Treaty establishing the European
Community, and in particular Article 118a thereof,

Having regard to the proposal from the Commission (1),
drawn up after consultation with the Advisory Committee
on Safety, Hygiene and Health Protection at Work,

Having regard to the opinion of the Economic and Social
Committee (2),

Acting in accordance with the procedure laid down in
Article 189c of the Treaty (3),

(1) Whereas Article 118a of the Treaty provides that the
Council shall adopt by means of Directives
minimum requirements for encouraging improve-
ments, especially in the working environment, to
guarantee a better level of protection of the safety
and health of workers;

(2) Whereas, pursuant to that Article, such Directives
shall avoid imposing administrative, financial and
legal constraints in a way which would hold back the
creation and development of small and medium-
sized undertakings;

(3) Whereas the improvement of workers’ safety,
hygiene and health at work is an objective which
should not be subordinated to purely economic
considerations;

(4) Whereas the respect of minimum requirements on
the protection of the health and safety of workers
from the risks related to chemical agents aims to
ensure not only the protection of the health and
safety of each individual worker but also to provide a
level of minimum protection of all workers in the
Community which avoids any possible distortion in
the area of competition;

(5) Whereas a consistent level of protection from the
risks related to chemical agents has to be established
for the Community as a whole; whereas that level of
protection has to be set not by detailed prescriptive

requirements but by a framework of general prin-
ciples to enable Member States to apply the
minimum requirements consistently;

(6) Whereas a work activity involving chemical agents is
likely to expose workers to risk;

(7) Whereas Council Directive 80/1107/EEC of
27 November 1980 on the protection of workers
from the risks related to exposure to chemical,
physical and biological agents at work (4), Council
Directive 82/605/EEC of 28 July 1982 on the
protection of workers from the risks related to expos-
ure to metallic lead and its ionic compounds at work
(first individual Directive within the meaning of
Article 8 of Directive 80/1107/EEC) (5) and Council
Directive 88/364/EEC of 9 June 9 1988 on the
protection of workers by the banning of certain
specific agents and/or certain work activities (fourth
individual Directive within the meaning of Article 8
of Directive 80/1107/EEC) (6), for the sake of consist-
ency and clarity as well as for technical reasons,
should be revised and included in a single Directive
laying down minimum requirements for the protec-
tion of the health and safety of workers in work ac-
tivities involving chemical agents; whereas these
Directives can be repealed;

(8) Whereas this Directive is an individual Directive
within the meaning of Article 16(1) of Council
Directive 89/391//EEC of 12 June 1989 on the
introduction of measures to encourage improvements
in the safety and health of workers at work (7);

(9) Whereas therefore the provisions of the said Direct-
ive apply in full to the exposure of workers to
chemical agents, without prejudice to more stringent
and/or specific provisions contained in this Dir-
ective;

(10) Whereas more stringent and/or specific provisions
relating to the transport of hazardous chemical
agents are contained in binding international agree-
ments and conventions incorporated into Commun-
ity provisions on transport of dangerous goods by
road, rail, water and air;

(1) OJ C 165, 16. 6. 1993, p. 4.
(2) OJ C 34, 2. 2. 1994, p. 42.
(3) Opinion of the European Parliament of 20 April 1994 (OJ C

128, 9. 5. 1994, p. 167), Council common position of 7 Octo-
ber 1997 (OJ C 375, 10. 12. 1997, p. 2) and Decision of the
European Parliament on 17 February 1998 (not yet published
in the Official Journal).

(4) OJ L 327, 3. 12. 1980, p. 8. Directive as last amended by
Directive 88/642/EEC (OJ L 356, 24. 12. 1988, p. 74).

(5) OJ L 247, 23. 8. 1982, p. 12.
(6) OJ L 179, 9. 7. 1988, p. 44.
(7) OJ L 183, 29. 6. 1989, p. 1.
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(11) Whereas in Directive 67/548/EEC (1) and Directive
88/379/EEC (2) on the approximation of the laws,
regulations and administrative provisions relating to
the classification, packaging and labelling of, respect-
ively, dangerous substances and preparations, the
Council laid down a system of criteria for the classi-
fication of dangerous substances and preparations;

(12) Whereas the definition of hazardous chemical agent
should include any chemical substance which meets
these criteria and also any chemical substance which
whilst not meeting these criteria may because of its
physico-chemical, chemical or toxicological proper-
ties, and the way it is used or is present in the work-
place, present a risk to the safety and health of
workers;

(13) Whereas in Directive 90/492/EEC (3) the Commis-
sion defined and laid down a system of specific
information on dangerous substances and prepara-
tions, in the form of safety data sheets principally
intended for industrial users to enable them to take
the measures necessary to ensure the protection of
the safety and health of workers; whereas Council
Directive 92/58/EEC of 24 June 1992 on the
minimum requirements for the provision of safety
and/or health signs at work (ninth individual Dir-
ective within the meaning of Article 16(1) of Dir-
ective 89/391/EEC) (4) establishes a system for
marking containers and pipes used for dangerous
substances or preparations at work;

(14) Whereas the employer should assess any risk to the
safety and health of workers arising from the
presence of hazardous chemical agents at the work-
place, in order to take the necessary preventive and
protective measures set out in this Directive;

(15) Whereas the preventive measures identified by the
assessment of risk and taken by the employer should
be consistent with the need to protect public health
and the environment;

(16) Whereas, to supplement the information available to
workers so as to ensure an improved level of protec-
tion, it is necessary for workers and their representat-
ives to be informed about the risks which chemical
agents can pose for their safety and health and about
the measures necessary to reduce or eliminate those

risks, and for them to be in a position to check that
the necessary protective measures are taken;

(17) Whereas the health surveillance of workers for whom
the results of the aforementioned assessment reveal a
risk to health, can contribute to the prevention and
protection measures to be undertaken by the
employer;

(18) Whereas the employer must on a regular basis carry
out evaluation and measurements and be aware of
new developments in technology with a view to
improving the protection of workers’s safety and
health;

(19) Whereas the latest scientific data should be evaluated
by independent scientists to assist the Commission
in setting occupational exposure limit values;

(20) Whereas, although in some cases scientific know-
ledge may not be such that a level of exposure to a
chemical agent can be established below which risks
to health cease to exist, a reduction in exposure to
these chemical agents will nonetheless reduce these
risks;

(21) Whereas in Directive 91/322/EEC (5) and Directive
96/94/EC (6) the Commission laid down indicative
limit values as provided for by Directive
80/1107/EEC; whereas the former Directives should
be maintained as part of the current framework;

(22) Whereas necessary technical adjustments to this
Directive should be drawn up by the Commission in
cooperation with the Committee set up by Directive
89/391/EEC to assist the Commission in making
technical adaptations to individual Directives
adopted under the framework of that Directive;
whereas the Commission, after first seeking the
advice of the Advisory Committee on Safety,
Hygiene and Health Protection at Work in accord-
ance with Decision 74/325/EEC (7), should also draw
up practical guidelines for the application of this
Directive;

(23) Whereas the repeal of Directive 80/1107/EEC must
not give rise to the lowering of the present standards
of worker protection from chemical, physical and
biological agents; whereas standards resulting from
the existing Directives on biological agents, the
proposed Directive on physical agents, this Directive
and any amendments to these texts should reflect
and at least maintain the standards laid down in the
said Directive;(1) OJ 196, 16. 8. 1967, p. 1. Directive as last amended by

Directive 96/56/EC (OJ L 236, 18. 9. 1996, p. 35).
(2) OJ L 187, 16. 7. 1988, p. 14. Directive as last amended by

Commission Directive 96/65/EC (OJ L 265, 18. 10. 1996, p.
15).

(3) OJ L 275, 5. 10. 1990, p. 35.
(4) OJ L 245, 26. 8. 1992, p. 23.

(5) OJ L 177, 5. 7. 1991, p. 22.
(6) OJ L 338, 28. 12. 1996, p. 86.
(7) OJ L 185, 9. 7. 1974, p. 15. Decision as last amended by the

1994 Act of Accession.
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(24) Whereas this Directive is a practical contribution
towards creating the social dimension of the internal
market,

HAS ADOPTED THIS DIRECTIVE:

SECTION I

GENERAL PROVISIONS

Article 1

Objective and scope

1. This Directive, which is the fourteenth individual
Directive within the meaning of Article 16(1) of Directive
89/391/EEC, lays down minimum requirements for the
protection of workers from risks to their safety and health
arising, or likely to arise, from the effects of chemical
agents that are present at the workplace or as a result of
any work activity involving chemical agents.

2. The requirements of this Directive apply where
hazardous chemical agents are present or may be present
at the workplace, without prejudice to the provisions for
chemical agents to which measures for radiation protec-
tion apply pursuant to Directives adopted under the
Treaty establishing the European Atomic Energy
Community.

3. For carcinogens at work the provisions of this Dir-
ective shall apply without prejudice to more stringent
and/or specific provisions contained in Council Directive
90/394/EEC of 28 June 1990 on the protection of
workers from the risks related to exposure to carcinogens
(sixth individual Directive within the meaning of
Article 16(1) of Directive 89/391/EEC) (1).

4. The provisions of Directive 89/391/EEC shall apply
fully to the whole field referred to in this Article, without
prejudice to more stringent and/or specific provisions
contained in this Directive.

5. As far as the transport of hazardous chemical agents
is concerned, the provisions of this Directive shall apply
without prejudice to more stringent and/or specific provi-
sions contained in Directive 94/55/EC (2), in Directive
96/49/EC (3), in the provisions of the IMDG Code, IBC
Code and IGC Code as defined in Article 2 of Directive
93/75/EEC (4), in the provisions of the European Agree-

ment concerning the International Carriage of Dangerous
Goods by Inland Waterway and of the Regulation for the
Carriage of Dangerous Substances on the Rhine as in-
corporated in Community law and in the technical
instructions for the safe transport of dangerous goods
issued, at the date of entry into force of this Directive, by
the International Civil Aviation Organisation.

Article 2

Definitions

For the purpose of this Directive, the terms used shall
have the following meanings:

(a) ‘Chemical agent’ means any chemical element or
compound, on its own or admixed, as it occurs in the
natural state or as produced, used or released, in-
cluding release as waste, by any work activity, whether
or not produced intentionally and whether or not
placed on the market;

(b) ‘Hazardous chemical agent’ means:

(i) any chemical agent which meets the criteria for
classification as a dangerous substance according
to the criteria in Annex VI to Directive
67/548/EEC, whether or not that substance is
classified under that Directive, other than those
substances which only meet the criteria for classi-
fication as dangerous for the environment;

(ii) any chemical agent which meets the criteria for
classification as a dangerous preparation within
the meaning of Directive 88/379/EEC, whether or
not that preparation is classified under that Dir-
ective, other than those preparations which only
meet the criteria for classification as dangerous for
the environment;

(iii) any chemical agent which, whilst not meeting the
criteria for classification as dangerous in accord-
ance with (i) and (ii), may, because of its physico-
chemical, chemical or toxicological properties and
the way it is used or is present in the workplace,
present a risk to the safety and health of workers,
including any chemical agent assigned an occupa-
tional exposure limit value under Article 3.

(c) ‘Activity involving chemical agents’ means any work
in which chemical agents are used, or are intended to
be used, in any process, including production, hand-
ling, storage, transport or disposal and treatment, or
which result from such work;

(1) OJ L 196, 26. 7. 1990, p. 1.
(2) Council Directive 94/55/EC of 21 November 1994 on the ap-

proximation of the laws of the Member States with regard to
the transport of dangerous goods by road (OJ L 319, 12. 12.
1994, p. 7). Directive as amended by Commission Directive
96/86/EC (OJ L 335, 24. 12. 1996, p. 43).

(3) Council Directive 96/49/EC of 23 July 1996 on the approx-
imation of the laws of the Member States with regard to the
transport of dangerous goods by rail (OJ L 235, 17. 9. 1996, p.
25). Directive as amended by Commission Directive 96/87/EC
(OJ L 335, 24. 12. 1996, p. 45).

(4) Council Directive 93/75/EEC of 13 September 1993 concern-
ing minimum requirements for vessels bound for or leaving
Community ports and carrying dangerous or polluting goods
(OJ L 247, 5. 10. 1993, p. 19). Directive as last amended by
Commission Directive 97/34/EC (OJ L 158, 17. 6. 1997, p.
40).
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(d) ‘Occupational exposure limit value’ means, unless
otherwise specified, the limit of the time-weighted
average of the concentration of a chemical agent in
the air within the breathing zone of a worker in rela-
tion to a specified reference period;

(e) ‘Biological limit value’ means the limit of the concen-
tration in the appropriate biological medium of the
relevant agent, its metabolite, or an indicator of effect;

(f) ‘Health surveillance’ means the assessment of an indi-
vidual worker to determine the state of health of that
individual, as related to exposure to specific chemical
agents at work;

(g) ‘Hazard’ means the intrinsic property of a chemical
agent with the potential to cause harm;

(h) ‘Risk’ means the likelihood that the potential for harm
will be attained under the conditions of use and/or
exposure.

Article 3

Occupational exposure limit values and biolgocial
limit values

1. The Commission shall evaluate the relationship
between the health effects of hazardous chemical agents
and the level of occupational exposure by means of an
independent scientific assessment of the latest available
scientific data.

2. On the basis of the evaluation described in para-
graph 1, the Commission, after first consulting the Advis-
ory Committee on Safety, Hygiene and Health protection
at Work, shall propose European objectives in the form of
indicative occupational exposure limit values for the
protection of workers from chemical risks, to be set at
Community level.

These limit values shall be established or revised, taking
into account the availability of measurement techniques,
in accordance with the procedure laid down in Article 17
of Directive 89/391/EEC. Member States shall keep
workers’ and employers’ organisations informed of indic-
ative occupational exposure limit values set at Com-
munity level.

3. For any chemical agent for which an indicative
occupational exposure limit value is established at
Community level, Member States shall establish a
national occupational exposure limit value, taking into

account the Community limit value, determining its
nature in accordance with national legislation and prac-
tice.

4. Binding occupational exposure limit values may be
drawn up at Community level and, in addition to the
factors considered when establishing indicative occupa-
tional exposure limit values, shall reflect feasibility factors
while maintaining the aim of ensuring the health of
workers at work. Such limit values shall be established in
accordance with Article 118a of the Treaty and laid down
in Annex I to this Directive.

5. For any chemical agent for which a binding occupa-
tional exposure limit value is established. Member States
shall establish a corresponding national binding occupa-
tional exposure limit value based on, but not exceeding,
the Community limit value.

6. Binding biological limit values may be drawn up at
Community level on the basis of the evaluation described
in paragraph 1 and of the availability of measurement
techniques, and shall reflect feasibility factors while main-
taining the aim of ensuring the health of workers at work.
Such limit values shall be established in accordance with
the procedure laid down in Article 118a of the Treaty and
laid down in Annex II to this Directive, together with
other relevant health surveillance information.

7. For any chemical agent for which a binding biolo-
gical limit value is established, Member States shall estab-
lish a corresponding national binding biological limit
value based on, but not exceeding, the Community limit
value.

8. Where a Member State introduces or revises a
national occupational exposure limit value or a national
biological limit value for a chemical agent, it shall inform
the Commission and other Member States thereof to-
gether with the relevant scientific and technical data. The
Commission shall undertake the appropriate action.

9. On the basis of the reports provided by the Member
States under Article 15, the Commission shall carry out
an assessment of the way in which Member States have
taken account of Community indicative limit values when
establishing the corresponding national occupational
exposure limit values.

10. Standardised methods for the measurement and
evaluation of workplace air concentrations in relation to
occupational exposure limit values shall be developed in
accordance with Article 12(2).
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SECTION II

EMPLOYERS’ OBLIGATIONS

Article 4

Determination and assessment of risk of hazardous
chemical agents

1. In carrying out the obligations laid down in Articles
6(3) and 9(1) of Directive 89/391/EEC, the employer shall
first determine whether any hazardous chemical agents
are present at the workplace. If so, he shall then assess
any risk to the safety and health of workers arising from
the presence of those chemical agents, taking into con-
sideration the following:

— their hazardous properties,

— information on safety and health that shall be
provided by the supplier, (e.g. the relevant safety data
sheet in accordance with the provisions of Directive
67/548/EEC or Directive 88/379/EEC),

— the level, type and duration of exposure,

— the circumstances of work involving such agents,
including their amount,

— any occupational exposure limit values or biological
limit values established on the territory of the Member
State in question,

— the effect of preventive measures taken or to be taken,

— where available, the conclusions to be drawn from any
health surveillance already undertaken.

The employer shall obtain additional information which
is needed for the risk assessment from the supplier or
from other readily available sources. Where appropriate,
this information shall comprise the specific assessment
concerning the risk to users established on the basis of
Community legislation on chemical agents.

2. The employer must be in possession of an assess-
ment of the risk in accordance with Article 9 of Directive
89/391/EEC, and shall identify which measures have been
taken in accordance with Articles 5 and 6 of this Dir-
ective. The risk assessment shall be documented in a
suitable form according to national law and practice, and
may include a justification by the employer that the
nature and extent of the risks related to chemical agents
make a further detailed risk assessment unnecessary. The
risk assessment shall be kept up-to-date, particularly if
there have been significant changes which could render it
out-of-date, or when the results of health surveillance
show it to be necessary.

3. Certain activities within the undertaking or es-
tablishment, such as maintenance, in respect of which it
is foreseeable that there is a potential for significant ex-
posure, or which may result in deleterious effects to safety
and health for other reaons, even after all technical
measures have been taken, shall be included in the risk
assessment.

4. In the case of activities involving exposure to several
hazardous chemical agents, the risk shall be assessed on
the basis of the risk presented by all such chemical agents
in combination.

5. In the case of a new activity involving hazardous
chemical agents, work shall only commence after an
assessment of the risk of that activity has been made and
any preventive measures identified have been imple-
mented.

6. Practical guidelines for the determination and assess-
ment of risk, and for their review and, if necessary, adjust-
ment, shall be developed in accordance with Article 12(2).

Article 5

General principles for prevention of risks asso-
ciated with hazardous chemical agents and applica-
tion of this Directive in relation to assessment of

risks

1. In carrying out his obligation to ensure the health
and safety of workers in any activity involving hazardous
chemical agents the employer shall take the necessary
preventive measures set out in Article 6(1) and (2) of
Directive 89/391/EEC and include the measures set out
in this Directive.

2. Risks to the health and safety of workers at work
involving hazardous chemical agents shall be eliminated
or reduced to a minimum by:

— the design and organisation of systems of work at the
workplace,

— the provision of suitable equipment for work with
chemical agents and maintenance procedures which
ensure the health and safety of workers at work,

— reducing to a minimum the number of workers
exposed or likely to be exposed,

— reducing to a minimum the duration and intensity of
exposure,

— appropriate hygiene measures,

— reducing the quantity of chemical agents present at
the workplace to the minimum required for the type
of work concerned,
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— suitable working procedures including arrangements
for the safe handling, storage and transport within the
workplace of hazardous chemical agents and waste
containing such chemical agents.

Practical guidelines for preventive measures to control
risk shall be developed in accordance with Article 12(2).

3. Where the results of the assessment referred to in
Article 4(1) reveal a risk to the safety and health of
workers, the specific protection, prevention and mon-
itoring measures laid down in Articles 6, 7 and 10 shall
be applied.

4. Where the results of the risk assessment referred to
in Article 4(1) show that, because of the quantities of a
hazardous chemical agent present in the workplace, there
is only a slight risk to the safety and health of workers,
and the measures taken in accordance with paragraphs 1
and 2 of this Article are sufficient to reduce that risk, the
provisions of Articles 6, 7 and 10 shall not apply.

Article 6

Specific protection and prevention measures

1. The employer shall ensure that the risk from a
hazardous chemical agent to the safety and health of
workers at work is eliminated or reduced to a minimum.

2. In applying paragraph 1, substitution shall by pref-
erence be undertaken, whereby the employer shall avoid
the use of a hazardous chemical agent by replacing it with
a chemical agent or process which, under its condition of
use, is not hazrdous or less hazardous to workers’ safety
and health, as the case may be.

Where the nature of the activity does not permit risk to
be eliminated by substitution, having regard to the activity
and risk assessment referred to in Article 4, the employer
shall ensure that the risk is reduced to a minimum by
application of protection and prevention measures,
consistent with the assessment of the risk made pursuant
to Article 4. These will include, in order of priority:

(a) design of appropriate work processes and engineering
controls and use of adequate equipment and materials,
so as to avoid or minimise the release of hazardous
chemical agents which may present a risk to workers’
safety and health at the place of work;

(b) application of collective protection measures at the
source of the risk, such as adequate ventilation and
appropriate organizational measures;

(c) where exposure cannot be prevented by other means,
application of individual protection measures in-
cluding personal protective equipment.

Practical guidelines for protection and prevention
measures to control risk shall be developed in accordance
with Article 12(2).

3. The measures referred to in paragraph 2 of this
Article shall be accompanied by health surveillance in
accordance with Article 10 if it is appropriate to the
nature of the risk.

4. Unless the employer clearly demonstrates by other
means of evaluation that, in accordance with paragraph 2,
adequate prevention and protection have been achieved,
the employer shall carry out on a regular basis, and when
any change occurs in the conditions which may affect
workers’ exposure to chemical agents, such measurements
of chemical agents which may present a risk to worker’s
health at the workplace as are necessary, in particular in
relation to the occupational exposure limit values.

5. The employer shall take into account the results of
the procedures referred to in paragraph 4 of this Article in
carrying out the obligations laid down in or resulting as a
consequence of Article 4.

In any event, where an occupational exposure limit value
effectively established on the territory of a Member State
has been exceeded, the emloyer shall immediately take
steps, taking into account the nature of that limit, to
remedy the situation by carrying out preventive and
protective measures.

6. On the basis of the overall assessment of and general
principles for the prevention of risks in Articles 4 and 5,
the employer shall take technical and/or organisational
measures appropriate to the nature of the operation,
including storage, handling and segregation of incom-
patible chemical agents, providing protection of workers
against hazards arising from the physico-chemical proper-
ties of chemical agents. In particular he shall take
measures, in order of priority, to:

(a) prevent the presence at the workplace of hazardous
concentrations of inflammable substances or hazard-
ous quantities of chemically unstable substances or,
where the nature of the work does not allow that,

(b) avoid the presence of ignition sources which could
give rise to fires and explosions, or adverse conditions
which could cause chemically unstable substances or
mixtures of substances to give rise to harmful physical
effects, and

(c) mitigate the detrimental effects to the health and
safety of workers in the event of fire or explosion due
to the ignition of inflammable substances, or harmful
physcial effects arising from chemically unstable
substances or mixtures of substances.
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Work equipment and protective systems provided by the
employer for the protection of workers shall comply with
the relevant Community provisions on design, manufac-
ture and supply with respect to health and safety. Tech-
nical and/or organisational measures taken by the
employer shall take account of and be consistent with the
equipment group categorisation in Annex I to Directive
94/9/EC of the European Parliament and of the Council
of 23 March 1994 on the approximation of the laws of the
Member States concerning equipment and protective
systems intended for use in potentially explosive atmos-
pheres (1).

The employer shall take measures to provide sufficient
control of plant, equipment and machinery or provision
of explosion suppression equipment or explosion pressure
relief arrangements.

Article 7

Arrangements to deal with accidents, incidents and
emergencies

1. Without prejudice to the obligations laid down in
Article 8 of Directive 89/391/EEC, the employer shall, in
order to protect the safety and health of workers from an
accident, incident or emergency related to the presence of
hazardous chemical agents at the workplace, establish
procedures (action plans) which can be put into effect
when any such event occurs, so that appropriate action is
taken. These arrangements shall include any relevant
safety drills which are to be performed at regular intervals,
and the provision of appropriate first aid facilities.

2. In the case of the occurence of an event such as is
mentioned in paragraph 1, the employer shall immedi-
ately take steps to mitigate the effects of the event and to
inform the workers concerned thereof.

In order to restore the situation to normal:

— the employer shall implement appropriate measures
to remedy the situation as soon as possible,

— only those workers who are essential to the carrying
out of repairs and other necessary work shall be
permitted to work in the affected area.

3. The workers who are permitted to work in the
affected area shall be provided with appropriate protective
clothing, personal protective equipment, specialised safety
equipment and plant which they must use as long as the
situation persits; that situation shall not be permanent.

Unprotected persons shall not be permitted to remain in
the affected area.

4. Without prejudice to Article 8 of Directive
89/391/EEC the employer shall take the measures neces-
sary to provide the warning and other communication

systems required to signal an increased risk to safety and
health, to enable an appropriate response and to launch
remedial actions, assistance, escape and rescue operations
immediately if the need arises.

5. The employer shall ensure that information on
emergency arrangements involving hazardous chemical
agents is available. The relevant internal and external ac-
cident and emergency services shall have access to this
information. It shall include the following:

— advance notice of relevant work hazards, hazard iden-
tification arrangements, precautions and procedures,
so that the emergency services can prepare their own
response procedures and precautionary measures; and

— any available information concerning specific hazards
arising, or likely to rise, at the time of an accident or
emergency, including information on procedures
prepared prusuant to this Article.

Article 8

Information and training for workers

1. Without prejudice to Articles 10 and 12 of Directive
89/391/EEC the employer shall ensure that workers
and/or their representatives are provided with:

— the data obtained pursuant to Article 4 of this Dir-
ective, and further informed whenever a major altera-
tion at the workplace leads to a change in these data,

— information on the hazardous chemical agents occur-
ring in the workplace, such as the identity of those
agents, the risks to safety and health, relevant occupa-
tional exposure limit values and other legislative
provisions,

— training and information on appropriate precautions
and actions to be taken in order to safeguard them-
selves and other workers at the workplace,

— access to any safety data sheet provided by the
supplier in accordance with Article 10 of Directive
88/379/EEC and Article 27 of Directive 92/32/
EEC (2);

and that the information is:

— provided in a manner appropriate to the outcome of
the risk assessment pursuant to Article 4 of this Dir-
ective. This may vary from oral communication to
individual instruction and training supported by infor-
mation in writing, depending on the nature and
degree of the risk revealed by the assessment required
by the said Article,

— updated to take account of changing circumstances.

(1) OJ L 100, 19. 4. 1994, p. 1. (2) OJ L 154, 5. 6. 1992, p. 1.
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2. Where containers and pipes for hazardous chemical
agents used at work are not marked in accordance with
the relevant Community legislation on the labelling of
chemical agents and on safety signs at the workplace, the
employer shall, without prejudice to the derogations
provided for in the abovementioned legislation, ensure
that the contents of the containers and pipes, together
with the nature of those contents and any associated
hazards, are clearly identifiable.

3. Member States may take measures necessary to
ensure that employers may, preferably from the producer
or supplier, obtain on request all information on hazard-
ous chemical agents needed to apply Article 4(1) of this
Directive, insofar as Directives 67/548/EEC and
88/379/EEC do not include any obligation to provide
information.

SECTION III

MISCELLANEOUS PROVISIONS

Article 9

Prohibitions

1. To prevent the exposure of workers to health risks
from certain chemical agents and/or certain activities
involving chemical agents, the production, manufacture
or use at work of the chemical agents and the activities set
out in Annex III shall be prohibited to the extent speci-
fied therein.

2. Member States may permit derogations from re-
quirements of paragraph 1 in the following circumstances:

— for the sole purpose of scientific research and testing,
including analysis,

— for activities intended to eliminate chemical agents
that are present in the form of by-products or waste
products,

— for the production of the chemical agents referred to
in paragraph 1 for use as intermediates, and for such
use.

The exposure of workers to chemical agents referred to in
paragraph 1 must be prevented, in particular by providing
that the production and earliest possible use of such
chemical agents as intermediates must take place in a
single closed system, from which the aforesaid chemical
agents may be removed only to the extent necessary to
monitor the process or service the system.

Member States may provide for systems of individual
authorisations.

3. When derogations are permitted pursuant to para-
graph 2, the competent authority shall request the
employer to submit the following information:

— the reason for requesting the derogation,

— the quantity of the chemical agent to be used annu-
ally,

— the activities and/or reactions or processes involved,

— the number of workers liable to be involved,

— the precautions envisaged to protect the safety and
health of workers concerned,

— the technical and organisational measures taken to
prevent the exposure of workers.

4. The Council, in accordance with the procedure laid
down in Article 118a of the Treaty, may amend the list of
prohibitions under paragraph 1 of this Article, to include
further chemical agents or activities.

Article 10

Health surveillance

1. Without prejudice to Article 14 of Directive
89/391/EEC, Member States shall introduce arrangements
for carrying out appropriate health surveillance of workers
for whom the results of the assessment referred to in
Article 4 of this Directive reveal a risk to health. These
arrangements, including the requirements specified for
health and exposure records and their availability, shall be
introduced in accordance with national laws and/or prac-
tice.

Health surveillance, the results of which shall be taken
into account in applying preventive measures in the
specific workplace, shall be appropriate where:

— the exposure of the worker to a hazardous chemical
agent is such that an identifiable disease or adverse
health effect may be related to the exposure, and

— there is a likelihood that the disease or effect may
occur under the particular conditions of the worker’s
work, and

— the technique of investigation is of low risk to
workers.

Furthermore, there shall be valid techniques for detecting
indications of the disease or effect.

Where a binding biological limit value has been set as
indicated in Annex II, health surveillance shall be a
compulsory requirement for work with the hazardous
chemical agent in question, in accordance with the pro-
cedures in that Annex. Workers shall be informed of this
requirement before being assigned to the task involving
risk of exposure to the hazardous chemical agent indi-
cated.
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2. Member States shall establish arrangements to
ensure that for each worker who undergoes health surveil-
lance in accordance with the requirements of paragraph 1,
individual health and exposure records are made and kept
up-to-date.

3. Health and exposure records shall contain a
summary of the results of health surveillance carried out
and of any monitoring data representative of the exposure
of the individual. Biological monitoring and related re-
quirements may form part of health surveillance.

Health and exposure records shall be kept in a suitable
form so as to permit consultation at a later date, taking
into account any confidentiality.

Copies of the appropriate records shall be supplied to the
competent authority on request. The individual worker
shall, at his request, have access to the health and expos-
ure records relating to him personally.

Where an undertaking ceases to trade, the health and
exposure records shall be made available to the competent
authority.

4. Where, as a result of health surveillance:

— a worker is found to have an identifiable disease or
adverse health effect which is considered by a doctor
or occupational health-care professional to be the
result of exposure at work to a hazardous chemical
agent, or

— a binding biological limit value is found to have been
exceeded,

the worker shall be informed by the doctor or other
suitably qualified person of the result which relates to
him personally, including information and advice regard-
ing any health surveillance which he should undergo
following the end of the exposure, and

the employer shall:

— review the risk assessment made pursuant to Article
4(1),

— review the measures provided to eliminate or reduce
risks pursuant to Articles 5 and 6,

— take into account the advice of the occupational
health-care professional or other suitably qualified
person or the competent authority in implementing
any measures required to eliminate or reduce risk in
accordance with Article 6, including the possibility of
assigning the worker to alternative work where there is
no risk of further exposure, and

— arrange continued health surveillance and provide for
a review of the health status of any other worker who
has been similarly exposed. In such cases the compet-
ent doctor or occupational health-care professional or
the competent authority may propose that exposed
persons undergo a medical examination.

Article 11

Consultation and participation of workers

Consultation and participation of workers and/or their
representatives shall take place in accordance with Article
11 of Directive 89/391/EEC on the matters covered by
this Directive, including the Annexes hereto.

Article 12

Adaptation of the Annexes, preparation and adop-
tion of technical guidance

1. Adjustments of a strictly technical nature to the
Annexes in line with:

— the adoption of Directives in the field of technical
harmonisation and standardisation concerning
chemical agents, and/or

— technical progress, changes in international standards
or specifications and new findings concerning
chemical agents,

shall be adopted in accordance with the procedure laid
down in Article 17 of Directive 89/391/EEC.

2. The Commission shall draw up practical guidelines
of a non-binding nature. These guidelines shall address
the topics referred to in Articles 3, 4, 5 and 6, and Annex
II, section 1.

The Commission shall first consult the Advisory
Committee on Safety, Hygiene and Health Protection at
Work in accordance with Decision 74/325/EEC.

In the context of the application of this Directive,
Member States shall take account as far as possible of
these guidelines in drawing up their national policies for
the protection of the health and safety of workers.

Article 13

Repeal and amendment of earlier Directives

1. Directives 80/1107/EEC, 82/605/EEC and
88/364/EEC shall be repealed on the date referred to in
Article 14(1).
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2. Council Directive 83/477/EEC of 19 September
1983 on the protection of workers from the risks related
to exposure to asbestos at work (second individual Dir-
ective within the meaning of Article 8 of Directive
80/1107/EEC) (1), is amended as follows:

(a) in the first sentence of Article 1(1), the following
words shall be deleted:

‘which is the second individual Directive within the
meaning of Article 8 of Directive 80/1107/EEC’;

(b) Article 9(2) shall be replaced by the following:

‘2. The amendments necessary to adapt the
Annexes to this Directive to technical progress shall
be adopted in accordance with the procedure laid
down in Article 17 of Council Directive 89/391/EEC
of 12 June 1989 on the introduction of measures to
encourage improvements in the safety and health of
workers at the workplace (*).

(*) OJ L 183, 29. 6. 1989, p. 1.’;

(c) in the second subparagraph of Article 15(1) the words
‘in accordance with the procedure set out in Article 10
of Directive 80/1107/EEC’ shall be replaced by

‘in accordance with the procedure laid down in Article
17 of Directive 89/391/EEC’.

3. Council Directive 86/188/EEC of 12 May 1986 on
the protection of workers from the risks related to expos-
ure to noise at work (2) is amended as follows:

(a) in Article 1(1), the following words shall be deleted:

‘which is the third individual Directive within the
meaning of Directive 80/1107/EEC’;

(b) in Article 12(2), the second subparagraph shall be
replaced by the following:

‘Annexes I and II shall be adapted to technical
progress in accordance with the procedure laid down
in Article 17 of Council Directive 89/391/EEC of 12
June 1989 on the introduction of measures to encou-
rage improvements in the safety and health of workers
at the workplace (*).

(*) OJ L 183, 29. 6. 1989, p. 1.’

4. Any other reference in Directive 83/477/EEC and
Directive 86/188/EEC to Directive 80/1107/EEC shall be
obsolete from the date of repeal of the said Directive.

5. Directives 91/322/EEC and 96/94/EC remain in
force.

SECTION IV

Final provisions

Article 14

1. Member States shall bring into force the laws, regu-
lations and administrative provisions necessary to comply
with this Directive not later than 5 May 2001. They shall
forthwith inform the Commission thereof.

When Member States adopt these measures, they shall
contain a reference to this Directive or shall be accompa-
nied by such reference on the occasion of their official
publication. The methods for making such reference shall
be laid down by Member States.

2. Member States shall communicate to the Commis-
sion the texts of the provisions of national law which they
have already adopted or which they adopt in the field
governed by this Directive.

Article 15

Member States shall report to the Commission every five
years on the practical implementation of this Directive,
indicating the views of employers and workers.

The Commission shall inform the European Parliament,
the Council and the Economic and Social Committee
thereof.

Article 16

This Directive shall enter into force on the twentieth day
following that of its publication in the Official Journal of
the European Communities.

Article 17

This Directive is addressed to the Member States.

Done at Luxembourg, 7 April 1998.

For the Council

The President

D. BLUNKETT

(1) OJ L 263, 24. 9. 1983, p. 25. Directive as amended by Dir-
ective 91/382/EEC (OJ L 206, 29. 7. 1991, p. 16).

(2) OJ L 137, 24. 5. 1986, p. 28.
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ANNEX I

LIST OF BINDING OCCUPATIONAL EXPOSURE LIMIT VALUES

Name of agent EINECS No (1) CAS No (2)

Occupational
exposure limit value

8 h (3)

mg/m3 (5) ppm (6)

Occupational
exposure limit value

Short-term (4)

mg/m3 ppm

Inorganic lead and
its compounds

0,15

(1) EINECS: European Inventory of Existing Commercial Chemical Substances.

(2) CAS: Chemical Abstracts Service.

(3) Measured or calculated in relation to a reference period of eight hours, time-weighted average.

(4) A limit value above which exposure should not occur, and which is related to a 15 minute period unless otherwise speci-
fied.

(5) mg/m3 = milligrams per cubic metre of air at 20 HC and 101,3 kPa.

(6) ppm = parts per million by volume in air (ml/m3).
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ANNEX II

BINDING BIOLOGICAL LIMIT VALUES AND HEALTH SURVEILLANCE MEASURES

1. Lead and its ionic compounds

1.1. Biological monitoring must include measuring the blood-lead level (PbB) using absorption spectrometry
or a method giving equivalent results. The binding biological limit value is:

70 µg Pb/100 ml blood

1.2 Medical surveillance is carried out if:

— exposure to a concentration of lead in air is greater than 0,075 mg/m3, calculated as a time-weighted
average over 40 hours per week, or

— a blood-lead level greater than 40 µg Pb/100 ml blood is measured in individual workers.

1.3 Practical guidelines for biological monitoring and medical surveillance must be developed in accordance
with Article 12(2). These must include recommendations of biological indicators (e.g. ALAU, ZPP,
ALAD) and biological monitoring strategies.
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ANNEX III

PROHIBITIONS

The production, manufacture or use at work of the chemical agents and activities involving chemical agents
set out below are prohibited. The prohibition does not apply if the chemical agent is present in another
chemical agent, or as a constituent of waste, provided that its individual concentration therein is less than the
limit specified.

(a) Chemical Agents

EINECS No (1) CAS No (2) Name of agent
Concentration limit

for exemption

202-080-4 91-59-8 2-naphthylamine and its salts 0,1 % w/w

202-177-1 92-67-1 4-aminodiphenyl and its salts 0,1 % w/w

202-199-1 92-87-5 Benzidine and its salts 0,1 % w/w

202-204-7 92-93-3 4-nitrodiphenyl 0,1 % w/w

(1) EINECS: European Inventory of Existing Commercial Chemical Substances

(2) CAS: Chemical Abstracts Service

(b) Work activities

None.
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▼B
COMMISSION DIRECTIVE 2000/39/EC

of 8 June 2000

establishing a first list of indicative occupational exposure limit
values in implementation of Council Directive 98/24/EC on the
protection of the health and safety of workers from the risks related

to chemical agents at work

(Text with EEA relevance)

THE COMMISSION OF THE EUROPEAN COMMUNITIES,

Having regard to the Treaty establishing the European Community,

Having regard to Council Directive 98/24/EC of 7 April 1998 on the
protection of the health and safety of workers from the risks related to
chemical agents at work (1), and in particular Article 3(2) thereof,

Having regard to the opinion of the Advisory Committee on safety,
hygiene and health protection at work,

Whereas:

(1) Pursuant to Directive 98/24/EC, the Commission is to propose
European objectives in the form of indicative occupational expo-
sure limit values for the protection of workers from chemical
risks, to be set at Community level.

(2) The Commission, in carrying out this task, is assisted by the
Scientific Committee for occupational exposure limits to chemical
agents (SCOEL), instituted by Commission Decision 95/320/
EC (2).

(3) For any chemical agent for which indicative occupational expo-
sure limit values are established at Community level, Member
States are required to establish a national occupational exposure
limit value, taking into account the Community limit value, deter-
mining its nature in accordance with national legislation and prac-
tice.

(4) Indicative occupational exposure limit values should be regarded
as an important part of the overall approach to ensuring the
protection of the health of workers at the workplace, against the
risks arising from hazardous chemicals.

(5) A first and a second list of indicative occupational exposure limit
values were established by Commission Directives 91/322/
EEC (3) and 96/94/EC (4) in the framework of Council Directive
80/1107/EEC of 27 November 1980 on the protection of workers
from the risks related to exposure to chemical, physical and biolo-
gical agents at work (5).

(6) Directive 80/1107/EEC has been repealed with effect from 5 May
2001 by Directive 98/24/EC.

(7) It is appropriate to reenact, in the framework of Directive 98/24/
EC, the indicative occupational exposure limit values which had
been established by Directives 91/322/EEC and 96/94/EC in the
framework of Directive 80/1107/EEC.

(8) The list set out in the Annex contains the substances set out in
the Annex to Directive 96/94/EC and incorporates a number of
other agents for which indicative occupational exposure limit
values have been recommended by SCOEL, following the evalua-
tion of the latest available scientific data on occupational health
effects and taking into account the availability of measuring tech-
niques. In view of the foregoing and in the interests of clarity
Directive 96/94/EC should be recast.

2000L0039— EN — 01.03.2006— 001.001 — 2

(1) OJ L 131, 5.5.1998, p. 11.
(2) OJ L 188, 9.8.1995, p. 14.
(3) OJ L 177, 5.7.1991, p. 22.
(4) OJ L 338, 28.12.1996, p. 86.
(5) OJ L 327, 3.12.1980, p. 8.



▼B
(9) It is necessary to establish short-term exposure limit values for

certain substances to take account of effects arising from short-
term exposure.

(10) For some agents, it is necessary to have regard also to the possibi-
lity of penetration through the skin, in order to ensure the best
possible level of protection.

(11) This Directive constitutes a practical step towards the achieve-
ment of the social dimension of the internal market.

(12) The measures provided for in this Directive are in accordance
with the opinion of the Committee instituted by Article 17 of
Council Directive 89/391/EEC of 12 June 1989 on the introduc-
tion of measures to encourage improvements in the safety and
health of workers at work (1),

HAS ADOPTED THIS DIRECTIVE:

Article 1

Community indicative occupational exposure limit values are hereby
established for the chemical agents set out in the Annex.

Article 2

Member States shall establish national occupational exposure limit
values for the chemical agents listed in the Annex, taking into account
the Community values.

Article 3

1. Member States shall bring into force the laws, regulations and
administrative provisions necessary to comply with this Directive by 31
December 2001 at the latest. They shall forthwith inform the Commis-
sion thereof.

When Member States adopt these provisions, they shall contain a refer-
ence to this Directive or be accompanied by such a reference at the time
of their official publication. Member States shall determine how such
reference is to be made.

2. Member States shall communicate to the Commission the text of
the provisions of national law which they adopt in the field covered by
this Directive.

Article 4

Directive 96/94/EC is repealed with effect from the date referred to in
Article 3(1).

Article 5

This Directive shall enter into force on the 20th day following its publi-
cation in the Official Journal of the European Communities.

Article 6

This Directive is addressed to the Member States.

2000L0039— EN — 01.03.2006— 001.001 — 3

(1) OJ L 183, 29.6.1989, p. 1.



ANNEX

INDICATIVE OCCUPATIONAL EXPOSURE LIMIT VALUES

Einecs (1) CAS (2) Name of agent

Limit values

Notatio-
n (3)

Eight hours (4) Short-term (5)

mg/m3 (6) ppm (7) mg/m3 (6) ppm (7)

200-467-2 60-29-7 Diethylether 308 100 616 200 —

200-662-2 67-64-1 Acetone 1 210 500 — — —

200-663-8 67-66-3 Chloroform 10 2 — — Skin

200-756-3 71-55-6 1,1,1-Trichloroethane 555 100 1110 200 —

200-834-7 75-04-7 Ethylamine 9,4 5 — — —

200-863-5 75-34-3 1,1-Dichloroethane 412 100 — — Skin

200-870-3 75-44-5 Phosgene 0,08 0,02 0,4 0,1 —

200-871-9 75-45-6 Chlorodifluoromethane 3 600 1 000 — — —

201-159-0 78-93-3 Butanone 600 200 900 300 —

201-176-3 79-09-4 Propionic acid 31 10 62 20 —

202-422-2 95-47-6 o-Xylene 221 50 442 100 Skin

202-425-9 95-50-1 1,2-Dichlorobenzene 122 20 306 50 Skin

202-436-9 95-63-6 1,2,4-Trimethylbenzene 100 20 — — —

202-704-5 98-82-8 Cumene 100 20 250 50 Skin

202-705-0 98-83-9 2-Phenylpropene 246 50 492 100 —

202-849-4 100-41-4 Ethylbenzene 442 100 884 200 Skin

203-313-2 105-60-2 e-Caprolactam, (dust and vapour) 10 — 40 — —

203-388-1 106-35-4 Heptan-3-one 95 20 — — —

203-396-5 106-42-3 p-Xylene 221 50 442 100 Skin

203-400-5 106-46-7 1,4-Dichlorobenzene 122 20 306 50 —

203-470-7 107-18-6 Allyl alcohol 4,8 2 12,1 5 Skin

203-473-3 107-21-1 Ethylene glycol 52 20 104 40 Skin

203-539-1 107-98-2 1-Methoxypropanol-2 375 100 568 150 Skin

203-550-1 108-10-1 4-Methylpentan-2-one 83 20 208 50 —

203-576-3 108-38-3 m-Xylene 221 50 442 100 Skin

203-603-9 108-65-6 2-Methoxy-1-methylethylacetate 275 50 550 100 Skin

203-604-4 108-67-8 Mesitylene (Trimethylbenzenes) 100 20 — — —

▼M1
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203-631-1 108-94-1 Cyclohexanone 40,8 10 81,6 20 Skin

203-632-7 108-95-2 Phenol 7,8 2 — — Skin

203-726-8 109-99-9 Tetrahydrofuran 150 50 300 100 Skin

203-737-8 110-12-3 5-Methylhexan-2-one 95 20 — — —

203-767-1 110-43-0 Heptan-2-one 238 50 475 100 Skin

203-808-3 110-85-0 Piperazine 0,1 — 0,3 — —

203-905-0 111-76-2 2-Butoxyethanol 98 20 246 50 Skin

203-933-3 112-07-2 2-Butoxyethyl acetate 133 20 333 50 Skin

204-065-8 115-10-6 Dimethylether 1 920 1 000 — — —

204-428-0 120-82-1 1,2,4-Trichlorobenzene 15,1 2 37,8 5 Skin

204-469-4 121-44-8 Triethylamine 8,4 2 12,6 3 Skin

204-662-3 123-92-2 Isopentylacetate 270 50 540 100 —

204-697-4 124-40-3 Dimethylamine 3,8 2 9,4 5 —

204-826-4 127-19-5 N,N-Dimethylacetamide 36 10 72 20 Skin

205-480-7 141-32-2 n-Butylacrylate 11 2 53 10 —
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Einecs (1) CAS (2) Name of agent

Limit values

Notatio-
n (3)

Eight hours (4) Short-term (5)

mg/m3 (6) ppm (7) mg/m3 (6) ppm (7)

205-563-8 142-82-5 n-Heptane 2 085 500 — — —

208-394-8 526-73-8 1,2,3-Trimethylbenzene 100 20 — — —

208-793-7 541-85-5 5-Methylheptan-3-one 53 10 107 20 —

210-946-8 626-38-0 1-Methylbutylacetate 270 50 540 100 —

211-047-3 628-63-7 Pentylacetate 270 50 540 100 —

620-11-1 3-Pentylacetate 270 50 540 100 —

625-16-1 Amylacetate, tert 270 50 540 100 —

215-535-7 1330-20-7 Xylene, mixed isomers, pure 221 50 442 100 Skin

222-995-2 3689-24-5 Sulphotep 0,1 — — — Skin

231-634-8 7664-39-3 Hydrogen fluoride 1,5 1,8 2,5 3 —

231-131-3 7440-22-4 Silver, metallic 0,1 — — — —

231-595-7 7647-01-0 Hydrogen chloride 8 5 15 10 —

231-633-2 7664-38-2 Orthophosphoric acid 1 — 2 — —

231-635-3 7664-41-7 Ammonia, anhydrous 14 20 36 50 —

231-954-8 7782-41-4 Fluorine 1,58 1 3,16 2 —

231-978-9 7783-07-5 Dihydrogen selenide 0,07 0,02 0,17 0,05 —

233-113-0 10035-10-6 Hydrogen bromide — — 6,7 2 —

247-852-1 26628-22-8 Sodium azide 0,1 — 0,3 — Skin

252-104-2 34590-94-8 (2-Methoxymethylethoxy)-propanol 308 50 — — Skin

Fluorides, inorganic 2,5 — — — —

(1) Einecs: European inventory of existing chemical substances.
(2) CAS: Chemical abstract service registry number.
(3) A skin notation assigned to the OEL identifies the possibility of significant uptake through the skin.
(4) Measured or calculated in relation to a reference period of eight-hours time-weighted average.
(5) A limit value above which exposure should not occur and is related to a 15-minute period, unless otherwise specified.
(6) mg/m3: milligrams per cubic metre of air at 20 °C and 101,3 KPa.
(7) ppm: parts per million by volume in air (ml/m3).
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