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PREFACE

 

In the Danish Occupational Health Services (OHS) a lot of work concerning substitution of chemicals has been done in the past ten years. The main goal in the work of the OHS has been to reduce the problems with chemicals in the working environment by introducing less hazardous chemicals or by introducing procedures of work where chemicals are not needed.

According to Danish law it is prohibited to use a hazardous chemical if a less hazardous or non-hazardous substitution can be found. It is pronounced Order No. 540 of 1982 from the Working Ministry.

Moreover, we feel that substitution is a good method to reduce health problems caused by hazardous products. Where devices such as ventilation or exhaust hoods can reduce the problems, substitution simply eliminates the problem causers.

To elaborate the use of substitution even more, it is important to use the obtained results as a platform the results being good or bad experiences. A lot of experiences of substitution were located in and around 130 OHS‘s in Denmark. But these experiences were out of reach for working environment professionals outside the single OHS. Therefore, a group of OHS professionals in 1987 set out to collect this knowledge and transform it into a tool that could be used by all OHS professionals in Denmark and also other professionals attached to the work with the chemical working environment, e.g., in The Danish Working Environment Service. The work resulted in a book, which was published in Denmark in 1989 and later translated into German and published in Germany in 1992.

The book is presented in two main parts. In the first part a suggestion for the chronology of a substitution is presented, including different practical hints. A range of tools for evaluating the health risks of chemicals is also presented.

The second part is an adaptation of an inquiry about experiences with substitution in the OHS system. Besides the results we have also chosen to present the complete collected material, which we expect can be a catalog of ideas and inspiration for the users to find new ways in their own work with substitution.

In the inquiry we asked for both good and bad experiences with substitution because we believe that the unsuccessful experiences of others can also be of value. We don’t intend the suggestions as means for “going out and do the same.” The examples are thought as a bank of ideas, where the readers must evaluate if the single idea can be a way to solve the recent problem. Therefore it is of importance before a substitution to think about such questions as:

• Is the substitution in line with our toxicological knowledge and the technical development?

• Could unwanted connections with other chemicals in the factory happen?

• Would substitution give technical problems with items such as machinery?

As writers of this book we are only carriers of ideas and not responsible considering our readers’ use of the ideas in any coincidences.

The systematical use of substitution is a rather new phenomenon and continuous development takes place in the area. The case stories mentioned were collected in 1987 and can as such be considered as a status over the OHS’s reach into the substitution area at that time. Already essential new discoveries have been made. A couple of these are mentioned here.

A truly exceptional example of substitution was presented after the publishing of this book. As you can read in the book a lot of work is done to reduce the use of organic solvents. This is primarily caused by brain damaging effects of these materials. The graphical trade is a huge user of this type of chemicals in the cleaning of, for instance, off-set printers. Here the Danish printers discovered that these machines can be washed off with vegetable oils giving the same results. In a lot of printing establishments this means a drastic cut-down in the use of chemicals such as white spirit, kerosene, and toluene. This development has had the positive effect that Danish wash-off producers have reconsidered their product sortiment so they now promote commercial products based on vegetable oils. We hope that great foreign producers of chemical products for the graphical line of business will follow suit.

The Danish code-number system was revised in 1993. Printing inks and fillers were included, among others. The guidelines for determination of code numbers have been revised also. Impurities and monomers have to be accounted for. The executive orders from the Danish Working Environment Services are available in English (Executive Order on Work with Code-Numbered Products (No. 302/1993) and Executive Order on the Determination of Code Numbers (No. 301/1993)).

This book was written for Danish readers in 1987 and the contents have not been altered in this American edition. This means that there are some references to specific Danish conditions and Danish laws that might have been revised. In the text you will find references to literature describing these conditions more closely. Some of the law information is available in English.

We hope that this book can make more people in the United States think about substitution, and we would like to propose to our American colleagues to start their own collection of examples of substitution. We have discovered that the registration itself has further pushed the work with substitution. In Denmark we are anticipating the knowledge about American experiences.

Finally we would like to acknowledge barrister Jon Palle Buhl and HSE (Health and Safety Executive, Great Britain), and Mr. Jonathan M. Russell who have helped to make it possible to publish the book in English.

Have a nice substitution!


Per Filskov

Gitte Goldschmidt

Mogens Kragh Hansen

Lena Höglund

Tea Johansen

Christian Libak Pedersen

Lone Wibroe
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Part I





1. DEFINITION OF THE CONCEPT OF SUBSTITUTION


 


Substitution as a method of reducing the effects of hazardous substances and materials has been laid down in order no. 540 of the [Danish] Ministry of Labour concerning substances and materials.1 This says that “it is not allowed to use a substance or material which may be hazardous to or otherwise reduce safety or health if it can be replaced by a nonhazardous, less hazardous, or less irritant substance or material.”


[image: fig1_3_1._B.tif]

It may be useful to divide substitution into various levels. In this way we may make it clearer what is meant by the word “substitution,” and assist in systematizing considerations of substitution in concrete situations.

The common starting point on all levels is that in a given working process a substance or material is used which, by means of substitution, is removed from the working process.

The substitutions may be divided into three levels, according to Sorensen and Styhr Petersen:2











	
	substance
	implement
	process



	Level 1
	changed
	unchanged
	unchanged



	Level 2
	changed
	changed
	unchanged



	Level 3
	changed
	changed
	changed







Example: Soldering

Level 1: Tin/lead solder →   Tin/silver solder

Level 2: Resin flux solder →   Water-washable flux solder

Level 3: Soldering →   Mechanical joining

 

From level 1 to 2, the change of the substance has led to a change of the method for cleaning the flux—in this case from immersion in an organic solvent to flushing with water. But the process (removal of flux residue) is still necessary. As mentioned above, the material we began with, on all levels, is removed from the working process.

Considerations of substitution are not only relevant in already existing processes, but are also very useful in the planning of new jobs.

The purpose of a substitution is in all cases to remove or reduce effects from substances and materials which are hazardous to health.

Thus, although many steps serve the purpose of substitution, they cannot be considered as substitutions. This is true when the substance or material is unchanged, but conditions of health are improved by changing the process or the method. This may be the case, e.g., when a manual process of injection is replaced by an automatic process, or by screening or ventilation of the working process.

We have therefore chosen the following definition of substitution:


Substitution has as its starting point the presence of a hazardous substance or material. Substitution is the removal from the working process of the substance or material which gives rise to considerations of substitution. It may be on one of three levels.









2. THE WORKING PROCESS OF SUBSTITUTION


 


When substitution is carried out or any other task is performed, it is useful to proceed according to a specific plan or a specific working process, so to speak. The purpose of the working process is to ensure that all aspects of the problem are always taken into consideration, so that the optimal solution may be achieved.

In the following we shall describe a suitable working process for a substitution task. It is obvious that it is not possible in all cases to follow the working process slavishly, but we think that it may serve as a basic plan for most types of tasks. Then it is up to individual resourcefulness to improvise as required. In any case, we hope by this chapter to pass on some practical experiences in substitution tasks.

The working process is developed so that it runs through various phases (see the figure below). Each of the phases deals with a specific aspect of the task, and the order of the phases describes the substitution as a logical process.

There is a tendency to focus on the part of the iceberg in the drawing which is above the water and thus immediately visible—namely, phase 5: the decision. Here something happens. But before the decision, there are a number of phases which, in fact, are just as important as, or more important than, the final decision. Phase 1 especially (the formulation of the problem) is an important phase. Here the field of the substitution is defined. The risk of not proceeding systematically may lead to plunging too quickly into decisions or too quickly regarding solutions as impossible. In these cases, the iceberg is hit and perhaps the ship is not righted before it sinks.

In all phases, it is important to have close contact with the company. Problems ought to be discussed early with each worker that may be involved in substitution. The workers know the working process and its characteristics thoroughly. They may be aware of many things which are almost impossible for the uninitiated to know. Moreover, it is the workers, in the end, who are to use the new product and perhaps change their working procedures, if substitution is to take place. Further, the purpose of the substitution is not least to protect the health of the workers in the end. It is therefore an advantage that they should know the considerations, since it is not always the best psychology to have a final solution handed out.

Supervisors are important partners. They know the purpose of and the premises for the working process, and are familiar with conditions generally in the rest of the company. They may participate in the assessment if the technical requirements must be satisfied by the substitution, or if it is possible to modify the technical requirements.
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For a detailed study of the working environment, see “Vejledning I arbejdsmiljøundersøgelser” (“Instructions of Working Environment Studies”).3


2.1 Formulation of the Problem

A good formulation of the problem makes good solutions possible.


In a laboratory, acetone was used for drying glass equipment. It dried fairly quickly, but it was unpleasant to work with. It was replaced by pneumatic drying—the glass was simply blown dry.



We shall use this very simple example as an illustration of the importance of the formulation of the problem.

A possible formulation of the problem could be: Acetone is unpleasant to work with—we want to find another substance to replace acetone for drying of glass equipment. Then ethanol or similar solvents may be taken into consideration.

Another formulation of the problem could be: We want our laboratory equipment to be dried quickly. Acetone is unpleasant. How else might it be possible to dry the glass equipment quickly?

A formulation of the problem is an exact description: What is the problem, the background of the problem, and what is to be examined?

The formulation of the problem determines the problems to be dealt with and possible solutions. Therefore the formulation of the problem must take the limitations of the solutions into consideration. Is it, for example, possible to consider an alternative process without the use of a chemical product?

When the problem is formulated it is important not only to consider the product, but the whole working process that the product is part of as well. What are the working functions? What happens before and afterwards? What is the purpose of the working process?

Because the formulation of the problem also must include a good description of working conditions, it is important to visit the company in this phase.

The background for the recognition of the problem may be as diverse as accidents, symptoms, an irritating odor, publicity, or orders from the Danish Working Environment Service.

Thus the elements should be the following:


FORMULATION OF THE PROBLEM

• What is the problem?

• What is the background of the problem?

• What is to be examined?




• Description of the product

 

a)Content of the product

b)Toxicology and health effects

c)Actual health effects

• Description of the work:

 

a)The object or the purpose of the working process

b)Description of the execution of the work

c)How it is connected with other parts of the work

• Description of exposure



The problem, its background, and the object of the study are dealt with above. In the following we shall go into detail about the remaining three items: descriptions of the product, of the work, and of exposure.




2.1.1 Description of the Product


2.1.1.1 Content of the product

Procure instructions and data from the company, the supplier, etc. and take care that they are not obsolete.

Call the supplier/manufacturer and ask for a detailed description of the product. It is often difficult to obtain a complete description of its composition, and it must then be considered whether all details are necessary. Additional information may be obtained from the Danish Working Environment Service’s register of products.


If the content is unknown, it is impossible to assess the product.




2.1.1.2 Toxicology and health effects

Chapter 3 goes into detail about the comparison of substances and materials. One method is to make a so-called “toxicity assessment,” but there are a number of other methods. However, toxicity assessment is of particular importance, since it is the basis of all substitution.

What do we know about irritant effects of the product on health?

However, complete information is not always accessible, especially in the case of new products/processes/methods.


If effects on health are unknown, it is impossible to state the risk of working with the product.






2.1.1.3 Actual effects on health

Make a survey of the actual irritating effects on health.

When and for how long are irritant effects and symptoms experienced— and do they disappear after the day’s work, on weekends, or during holidays?

How many people are affected by the irritant effects, and how are the effects distributed in relation to working functions? Is there a connection between working functions in which the products are used and its irritant effects on health?






2.1.2 Description of the Work


2.1.2.1 The object or the purpose of the working process

It is important to make this quite clear in order to ensure a reasonable substitution.

If the purpose of the working process, e.g., is to degrease a material, there are, among others, the following possibilities: organic solvents, bases, or water. Avoid habitual thinking. Is the purpose quite unequivocal? Is degreasing necessary at all?




2.1.2.1 The connection with other parts of the work

Degreasing may be necessary, if the material is to be painted, but maybe only just before the painting, and not as an intermediate phase between each working process.

Substitution of a chemical substance in each phase of the process should be seen in connection with the total line of production, with the purpose of decreasing the total health hazard.
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2.1.2.3 Description of the execution of the work

If the purpose of the working process is, for example, degreasing a material, how does it take place? And when is man involved? How is the working routine characterized? Might the human factor cause accidents in the working process?

Many factors should be taken into consideration in the description.






2.1.3 Description of Exposure

The physical surroundings of the workers are of the utmost importance when exposure to substances hazardous to health is assessed, and it is therefore necessary to know the degree of exposure.

Important factors include:

 

• For how long each time, how often, and in what quantities is the chemical product used?

• Is there a risk of coming into direct contact with the chemical product—either during the process or by accident?

• Is there a risk of exposure to vapor, smoke, or dust?

• In what state does the pollution leave its source—as vapor, smoke, dust, tiny drops, splashes, or another state?

• What is the temperature of the product during the process?

• What are the flammable and explosive properties of the product?

• What is the size of the surface of evaporation?

• Is there a risk of exposure to accidental compounds of substances and materials (e.g., acid/base aerosols and dust?)

• What are the conditions of ventilation and the exhaust efficiency?

• Are personal safety means used (masks, gloves, etc.)?

• Are breakdown products formed?

• What are the temperature and humidity of the room?

• Are hygiene and sanitary conditions acceptable?

• How is the room cleaned?

• Is there a special risk of exposure by cleaning or repair work?

• What substance(s) and how much leaves the source? This may be measured by a degassing analysis, in which the quantity and the type of gasses of a sample of the product are analyzed.

• How much substance reaches the breathing zone of the worker? This is measured by a working hygienic air pollution measurement.


If it is unknown how the product is used, it is impossible to assess the risk of working with the product.



The degree of physical work is a further factor which may increase the health hazard. When physical effort is being made, more air is breathed in and there is more exposure to pollution. However, the threshold limit value does not take into account possible hard physical work.

Finally, an assessment of the risk of the actual use of the product may be made, i.e., there may be a total assessment of the conditions of health and exposure.






2.2 Idea Generation Phase

In this phase, information about possible solutions is procured from all kinds of sources. All possible and impossible ideas should be presented. Have the workers any ideas? Has the register of products any ideas? What do they do in other places? Has the supplier any ideas, and what can you imagine yourself? It is important not to limit oneself in this phase to such thoughts as: it is impossible; it is too wild; it is too expensive; it is difficult. On the whole, statements like “It is too…” are forbidden.

In this phase, some examples from this book may be used. One may draw inspiration by leafing through it. It is also important to get to know what others do in similar cases.

Try to find out how the task can be performed without the use of chemicals.




2.3 Criteria

In this phase, the criteria to be used in the assessment of different possibilities of action are chosen. The criteria may be, for example:

 

• The alternative shall represent a real improvement of health.

• The alternative must not lead to new problems in the working environment, e.g., ergonomic ones.

• The pollution resulting from the substitution may not exceed a fraction of the threshold limit value (e.g., 1/10).

• The alternative must not give rise to immediate irritant effects on the workers.

• The alternative must not make the work more difficult.

• The alternative must not include substances under suspicion of being carcinogenic, teratogenic, allergenic, or causing other chronic damage to health.

• The alternative must not be a depreciation of the external environment.

 

It is easy to establish more or fewer or more strict criteria.

The criteria should be arranged in order of priority so that one is perfectly aware of the most important ones.
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