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The Technical Rules for Hazardous Substances (TRGS) convey the state of the art,

the status of occupational medicine and occupational hygiene and other established

findings concerning activities involving hazardous substances as well as their

classification and labelling.

They are established by the

Committee on Hazardous Substances (AGS)

and adapted by the Committee to the current status of development.

The TRGS are announced by the Federal Ministry of Labour and Social Affairs in the

Bundesarbeitsblatt (Federal Labour Gazette, BArbBl.).

Contents

1
Scope

2
Definitions

3
Determination of substitution options

4
Main criteria for the preliminary selection of substitution options

5
The decision on substitution


5.1 Criteria for technical compatibility


5.2 Criteria for determining  health and physicochemical 
risks


5.3 The decision on substitution implementation 

6
Documentation

Annexes

Annex 1
Flowchart

Annex 1.1
Brake cleaning fluid, an example of substitution in practice

Annex 2
Comparative evaluation of health-related risks  and safety-related risks (column and potency factor model) 

Annex 3
Criteria for the implementation of substitution - factors to consider for the operational deployment of substitution options and for extended evaluations

Annex 4
Procedure for developing branch-specific instruments (substitution recommendations for branches, operations or tasks) 


1
Scope

1.1

According to Articles 7(1), 9(1) 10(1) and 19(2) of the Hazardous Substances Ordinance (Gefahrstoffverordnung - GefStoffV) it is the duty of the employer to assess the necessity of substitution, to review the options for substitution and to compile documentation on substitution. This TRGS is  designed to assist the employer in 

· avoiding activities involving hazardous substances or

· replacing hazardous substances with substitute substances, preparations or processes that are not detrimental, or  are less detrimental, to health under the respective use conditions
· replacing hazardous processes with less hazardous processes.

This  TRGS refines Number 4.4 of TRGS 400 “Risk assessment for tasks involving hazardous substances” as well as Number 5.2.1 of  TRGS 401 “Risks resulting from skin contact - determination, evaluation, measures”.

If in the risk assessment the employer determines the level of risk to be low, as defined by the criteria laid down  in  Article 7(9) of the Hazardous Substances Ordinance /GefStoffV, then the Ordinance requires no substitution feasibility assessment and no substitution. 

1.2

The goal of substitution is the elimination or minimization of all activities involving hazardous substances, including maintenance, operating and monitoring tasks.. Under the provisions of the Hazardous Substances Ordinance (Article 7 GefStoffV, see also TRGS 400) the employer has a duty to protect employees working with hazardous substances by prioritising the investigation of  substitution options within the framework of the statutory information gathering process and risk assessment, and is obliged to undertake concrete steps to implement  substitution as described in Chapter 5 of this TRGS, where proportionate..

The substitution option selected shall reduce the overall risk posed by hazardous substances in the workplace, while not leading to an increase in other risks in the workplace and not reducing the effectiveness of other risk-reduction measures already in place. 

1.4

Substitution feasibility assessment as laid down in this TRGS is also to be performed when, for economic or technological reasons ,, the use of new substances or processes is planned.

1.5

This TRGS does not describe the requirements set within the scope of (EU) Regulation No. 1907/2006 (REACH) concerning the evaluation of substitution options with regard to authorisation and restriction

1.6

Annex 1 contains a flow chart outlining the individual steps which should be considered when assessing the feasibility of substitutions and when implementing substitutions. As an illustration, Annex 1.1 presents a simplified case study for this procedure.

2
Definitions

In this TRGS expressions are used as specified in the “Glossary of Terms for the Ordinance on Industrial Safety and Health (BetrSichV) and the Hazardous Substances Ordinance (GefStoffV)“ 1 of the AGS and AB 

(www.baua.de/nn_57220/de/Themen-von-A-/Gefahrstoffe/Glossar/Begriffsglossar.pdf). The terms listed below are of relevance to this TRGS and are thus repeated here in the interests of readability.

Substitution

Substitution shall designate the replacement of one hazardous substance or process with a substance or process which poses a lower risk to employees overall.

Hazard

Hazard shall mean a potential source of injury or damage to health in the given use or exposure situation.

Activities

An activity shall mean any work or work process involving production, handling, management, storage, transport, removal, disposal and treatment in which a substance, preparation or product is applied or is to be applied, or in which any substance or preparation occurs or is generated. This shall apply in particular to “application” (Verwenden) within the meaning of Article 3 (1) of the Chemicals Act (Chemikaliengesetz), as well as manufacturing. “Activity” in the present Ordinance also means any work involving operation or monitoring in which hazardous substances could pose a risk to workers’ health or safety. (Article 3 (3) GefStoffV). 

3
Determination of substitution options

3.1

The determination of substitution options forms part of the information gathering process for risk assessment according to Article 7 (1) of the Hazardous Substances Ordinance. In a workplace in which work with hazardous substances is being carried out, the employer shall perform a substitution feasibility assessment unless only a low risk is present (see No. 1.1).

3.2

In the following, a list of sources of information for establishing options for substitution is given (for more detailed information and results, see Annex 4 No. 5):

1. TRGS Substitution (TRGS 600 ff.)

2. Branch-specific or activity-specific aids that include information about substitution, e.g., 

3. BG/BGIA – Recommendations with information on substitution

4. Information systems, for example, product codes and publications by accident insurance providers and by federal states

5. further guidance within the branch (e.g., from branch associations)

6. Safety data sheets (particularly Section 7) as well as additional information from distributors and/or manufacturers, e.g., technical leaflets/information sheets

7. Information and experience derived from networking with other  businesses, technology transfer bodies, lists of positives and negatives from experts in the field

8. Information about substitution options from other regulatory areas, e.g., from REACH

9. other sources, e.g., standards 

3.3

In determining substitution options, the employer shall consult sources 1-3. In particular, when acquiring hazardous substances, he shall ask suppliers whether less hazardous alternatives are available.  In preparing further-reaching decisions, a more thorough search  for information and evaluation using the sources specified under No. 3.2 (4)-(6) may be necessary. 

Such further-reaching decisions may especially be necessary where there is 

· a high risk or

· a large number of endangered persons

4
Guiding criteria for the preliminary selection of potential substitution options

4.1 

When several substitution options are being appraised, the employment of guiding criteria for the preliminary selection of potential substitution options is advisable if model solutions as presented in No. 3.2 (1) and (2) cannot be applied. A preliminary selection is particularly helpful when, in the case of multiple potential substitution options, the technical and health-related suitability of each option according to Nos. 5.1 and 5.2 cannot be accorded equal priority. If in the course of the substitution feasibility assessment only a small number of options can be found, then this preliminary selection may be omitted.

Both hazardous properties and the potential for release, based on physicochemical characteristics and use conditions, shall be considered as criteria for a preliminary selection of substitution options. (Numbers 4.2 – 4.4). In deciding which options should be further investigated, the criteria shall be considered in their entirety and the factor of  hazard to the skin shall also be taken into account (Number 4.5). 

As the criteria for the preliminary selection of options are intended for cases in which many possibilities have to  be examined, the criteria are not finely differentiated. It is quite conceivable that options that do not initially show promise in the preliminary selection will be taken up anew as the substitution feasibility assessment progresses.

In the following paragraphs, “>” indicates “higher risk to be expected than in the case of … “.

4.2.

Risk on the basis of health hazards caused by the characteristics of a substance may be reduced via substitution in the given order for each item below:

· Substances with a low occupational exposure limit value > substances with a higher occupational exposure limit value (for instance, for comparable properties of substances and comparable exposures, in the case of liquids the relationship between the occupational exposure limit value and vapour pressure is relevant).

· Systemic effect: highly toxic (T+) > toxic (T) > harmful (Xn) > none of these attributes

· Corrosive/ irritating: corrosive (C) > irritating (Xi) > none of these attributes

· Carcinogenic, mutagenic, reprotoxic (cmr) > not cmr

4.3.

The risk posed by the physicochemical characteristics of a substance may in principle and within the scope of the preliminary selection be reduced via substitution in the given order for each item below: 

· extremely flammable (F+) or pyrophoric (F,R17) > highly flammable (F) > flammable (R 10) > none of these attributes

· oxidizing (O) > not  oxidizing

· explosive (E) > not explosive 

4.4.

The potential for the release of a hazardous substance into the air of a workplace can be reduced by substitution in the given order for each item below:

· large amount > small amount

· process with wetting of large areas > process with wetting of smaller areas

· gas > liquid > paste

· dust-producing solid > non-dust-producing solid

· sublimating solid > non-sublimating solid

· low boiling point (high vapour pressure) > high boiling point (low vapour pressure)

· open (exposed) process > closed process

· process operating at high temperatures > process operating at room temperature

· process under pressure > pressure-free process

· process which produces aerosols > aerosol-free process

· solvent based systems > aqueous systems

· etc. 

4.5.i

With respect to skin exposure, the criteria for the preliminary selection of substances, preparations or processes may vary in individual cases from the previously specified criteria and shall then be individually reviewed and if necessary adjusted. This particularly pertains to the criteria for the potential for release. Here, characteristics that lead to a higher  release into the air can lead to a contrary effect for dermal exposure. For example, pastes remain longer on the skin than liquids or gases; a higher vapour pressure reduces the time that substances remain in contact with the skin; skin contact may be better avoided at higher temperatures as compared to use at room temperature. For a comparison of risks resulting from skin contact, the criteria listed in TRGS 401 (particularly No.3 and No.4) should be employed.

4.6.

In reaching an overall assessment in the course of the preliminary selection of substitution options, the employer shall weigh all the guiding criteria against one another in order to establish which substances and which process and use conditions may lead to an overall elimination or minimisation of the risk.

Hence, for example, in individual cases a lower risk may be posed by the use of a substance with more hazardous characteristics; for example, a more hazardous substance which is available in a non-dust-producing form or which has a very low vapour pressure as opposed to a substance with less hazardous characteristics which, however, is only available on the market in a dust-producing form or with considerably higher vapour pressure.

4.7.

Low-emission forms of use (see also TRGS 500) may be viewed as less hazardous processes in the sense of Article 9 (1) of the Hazardous Substances Ordinance. The utilisation of low-emission forms of use should reduce exposure to the same degree as would be the case by taking technical control measures, organisational control measures  or personal control/personal protective measures according to Article 9 (2) or closed systems according to Article 10 (1). 

5
The decision on substitution

Those substitution options which have shown potential during the preliminary selection phase may be evaluated even more thoroughly in terms of their technical, health-related and physicochemical suitability using the criteria and methodological instruments described in Numbers 5.1 and 5.2. Number 5.3 describes the regulatory specifications and operational decision criteria for operational implementation of detected substitution options.

For decisions on substitution within the scope of the Hazardous Substances Ordinance, safety and health in the workplace is the chief concern of the integrated decision in accordance with the criteria in the following sections. However, in particular cases, the consideration of other areas requiring protection may be necessary and relevant to the decision. 

5.1  Criteria for technical suitability

5.1.1.

The substitution recommendations which are given in the information sources following No. 3.2 (1)-(2) for specific processes are generally technically suitable. If an employer diverges from these recommendations despite comparable operational use conditions, he shall give reasons for this in writing.

5.1.2.
In other cases, the “technical suitability“ of a substitution option shall be judged on a case-by-case basis by the user of the respective substance or process. The following aspects shall be considered, among others:

· the  best available techniques  (Article 3 (10) GefStoffV) 

·  the function of the substance (additive in the production process, essential component of the product/process or raw material of the production process or essential element of the product),

· the technical consequences of substitution for the production process and the quality of the product,

· the resulting technical consequences for the downstream processing/use of the product in the value-added chain and

· the effects of the substitution on the characteristics of the product and the quality of the end product (among other factors, acceptance by consumers, conformity with norms, loss of certifications)

5.1.3.

Authorisation under REACH does not replace the operational substitution feasibility assessment according to the Hazardous Substances Ordinance for activities involving hazardous substances. The employer shall register use of the authorised substance according to Art. 66 of the Regulation 1907/2006 (REACH) with the Chemicals Agency.

5.2
Criteria for determining health-related and physicochemical risks

5.2.1.

The selected substitution option shall reduce the overall risk from hazardous substances in the workplace. At the same time, the selected option shall not lead to an increase in other risks in the workplace and shall not lead to any increased adverse effect on other areas requiring protection. 

5.2.2.

Selected substitution options established through consultation of the information sources following Number 3.2, subsections 1 – 3, generally lead to a lower risk to the health and safety of employees. 

5.2.3 .

If the suitability of a substitution option cannot be established by following the general recommendations or if the evaluation of the risk is ambiguous, then the next step shall be to consult specific assessment models, particularly those given in Annex 2 (column and potency factor model). Note that preparations cannot be unambiguously assessed in every case with the help of the model and that the assessment of preparations requires specific knowledge (for example the ability, where necessary, to recognize the ingredients /components that are critical to the decision). 

5.2.4.

The employer shall ensure that information regarding the characteristics of the substances or preparations is on hand when using the models. In particular, the classification and labelling of the hazardous material has to be established. If information is available from, for example, the manufacturer, distributor, customer or other sources, then the employer may adopt these classifications and assessments if he has no other data. 

When using the models, the employer shall ensure that at least the following basic assessments or evaluations  are available: 

1.
Test for acute toxicity,

2.
Test for skin irritation, mucus membrane irritation,

3.
Test for mutagenic potential,

4.
Test for skin sensitivity and

5.
5.  Evaluation of toxicity in the case of repeated applications (test or expert evaluation)

Whether the tests or evaluations have been carried out may be verified by referring to safety data sheets (Section 11 “Toxicological Specifications”) and shall otherwise be established by other means, such as by directing an enquiry to the distributors. 

If the information in Nos. 1-5 cannot be determined, then, depending on  which information is missing, at least the following characteristics shall be assumed:

1.
harmful (label R20, 21 or 22),

2.
irritating to skin (label R38),

3.
may cause irreversible effects (label R68) und

4.
may cause sensitisation by skin contact (label R43)

With regard to these toxicological considerations, the replacement substances must be equally amenable to evaluation as the substances which are to be replaced.

This also applies to preparations for cases in which the safety data sheet makes no qualified statement as to hazardous properties (see Bulletin 220 “Safety data sheet”, Number 6.11 (9).

5.2.5.

The physicochemical properties of substances which pose a risk of fire and explosion are equally as important as characteristics which may pose a risk to health. In particular, when considering substitution, it shall be checked whether substances and preparations could be employed which would not lead to an explosive mix. 

It shall be verified whether the safety data sheet (Section 9 “Physicochemical Properties”) provides pertinent information and safety-related parameters concerning any flammable, explosible, explosive or oxidizing characteristics.

For example, the following information shall be checked in the safety data sheet:

· boiling point

· vapour pressure

· density ratio with respect to air (gases and fumes)

· lower and upper explosion limits

· flash point

· ignition temperature

· spontaneous ignition temperature

· pyrophoric properties

· burning rate

· maximal gas production when reacting with water

· grain size distribution (a fine-grain fraction smaller than 500 μm is relevant)

· oxidising potential in comparison to the reference mix or active oxygen content for organic peroxides

· exothermic decomposition energy

· test results on thermal sensitivity (BAM-Stahlhülsentest according to EG A.14 or the Koenen test as specified by Test Methods according to the UN Recommendations on the Transport of Hazardous Goods, Manual of Tests and Criteria, under the specifications of the test series), impact sensibility and friction sensibility

Further indications may also be included on safety data sheets in section 5 “Fire-fighting measures” and section 7 “Handling and Storage”. 

If physicochemical specifications are not available or if information seems to be missing which reasonably should be included, for example, a specification on flammability for a mildly volatile organic solvent, then further enquiries shall be made as a part of the information gathering process. If no information can be obtained in this case, then the characteristic in question shall be assumed to be present.

5.2.6.

In addition to the use of models for the health-related evaluation and for the examination of physicochemical characteristics, a more extensive, rigorous assessment of possible substitutes may be necessary, depending on the complexity of the individual case (cf. Annex 4 No. 1 B and C). Apart from a thorough search for information using the sources listed in Annex 4 No. 5, the consultation or participation of experts may be necessary.

5.2.7.

Ecotoxicological parameters shall also be considered, including, for example, the potential for release and dispersal in the environment, the n-octanol-water partition coefficient (logPOW) as well as persistence and potential for bioaccumulation (PBT, vPvB).

5.3  The decision on substitution implementation  

5.3.1.

It may be assumed that the substitution options found in Number 3.2 (1)-(2) are in principle  suitable for operational deployment. Employers shall therefore as a rule implement such substitution options.

5.3.2.

For activities involving hazardous substances that are toxic, very toxic, carcinogenic, mutagenic or reprotoxic (Category 1 and 2), a substitution shall always be carried out when alternatives are technically feasible and will lead to an overall reduction in hazardous conditions for employees. 

5.3.3.

When no activities involving toxic, very toxic, carcinogenic, mutagenic or reprotoxic substances are taking place, or no substitution options according to Number 5.3.1 exist, the employer may make the integrated decision, taking into consideration economic evaluation criteria (see also Annex 1 “Flowchart”). Guidance on which factors shall be considered by the employer when making his assessment is given in Annex 3 “Criteria for the implementation of substitution”. 

The substitution option shall be implemented when the enterprise--related factors as assessed in accordance with Annex will be in the main positively affected. Higher costs due to the implementation of the substitution option shall be regarded as acceptable . 

6  Documentation

6.1.

The result of checking for substitution options shall be documented. 

Where a low risk is posed according to the criteria laid down in Article 7 (9) of the Hazardous Substances Ordinance, no substitution is required. Accordingly, where a low risk is posed, no documentation on the check for substitution options is necessary. However, voluntary documentation can, for instance, ease the transfer of positive substitution solutions established by the check to other parts of the company, or demonstrate to third parties the employer’s responsible behaviour.

6.2.

The documentation of the results of checking for substitution options sensibly takes place in connection with the documentation of other parts of the risk assessment (see TRGS 400). A particular form is not specified. One possibility is, for example, to expand the inventory of hazardous substances by an additional column/field in which the date of the check for substitution options, the results and the location of sources of supplementary information may be recorded.

The results of a substitution feasibility assessment may be described using standard phrases such as:

· Options for substitution are…

· No options for substitution.

· Current practice is already a substitution option.

6.3

(1)
If the substitution feasibility assessment yields substitution options for activities that require additional precautionary measures according to Article 10 GefStoffV, but these substitutions are not implemented, then the reasons for this shall be documented. This may take place in the form of standard phrases, for example, 

· Substitution option not technically suitable because … 

· Substitution option does not sufficiently reduce the risk because …

· Substitution option is not operationally suitable because…

· Substitution option initiated, next check to be carried out  by …

(2) If a technically feasible substitution option with less hazardous substances or processes is not implemented for economic reasons, then the  considerations on which this decision is based shall be documented in such a way that they may be verified. Annex 3, for example, is suitable for such cases.

(3) For activities that require additional precautionary measures according to Article 10 GefStoffV, if no alternatives are identified during the check for substitution options, then the sources which have been employed in the check shall be briefly listed .

6.4.

An employer who is responsible for activities involving carcinogenic, mutagenic or reprotoxic (Category 1 and 2) substances or preparations shall, on demand, inform the responsible authorities of the results of the substitution feasibility assessment and cases of substitution. 

6.5

For detailed documentation or in place of a freely formulated explanation, Annex 2 “Comparative evaluation of health- and safety-related risks (column and potency factor model)” and especially also Annex 3 “Criteria for the implementation of substitution: factors to consider for the operational deployment of substitution options” are suitable. These and other documents can be filed separately.

