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ECHA/MSC/D/2010/0027


Comments and response to comments on Annex XV SVHC: Proposal and Justification 

Substance name:
Trichloroethylene  

CAS number: 
79-01-6  

EC number: 

201-167-4  

Reason of the submission of the Annex XV: CMR

Disclaimer: The Response to Comments table has been prepared by the competent authority of the Member State preparing the proposal for identification of a Substance of Very High Concern. The comments were received during the public consultation of the Annex XV dossier. The table does not contain any confidential information.

General comments
	Date 
	Submitted by (name, Organisation/MSCA)
	Comment 
	Response

	20100310
	Surface Engineering Association, Industry or trade association, United Kingdom
	The Human Health & Environmental Riask Reduction Startegy for Trichloroethylene, completed in 2006, stated that The only outstanding area of concern in the Risk Reduction Strategy was the effectiveness of existing EU legislation, such as the Carcinogens and Mutagens Directive and the Solvent Emissions Directive, in controlling exposure to trichloroethylene. A Voluntary Industry Agreement was subsequently introduced which addressed the outstanding area of concern. There are therefore no further areas of concern and the proposed inclusion of trichloroethylene on the candidate list for authorisation is unfounded.


	These elements have been detailed in the dossier.

	20100415
	FEICA, Industry or trade association, Belgium 
	100407 Trichloroethylene.doc    


	

	20100416
	CLEAPSS, Academic institution, United Kingdom 
	CLEAPSS® was formed in 1963 to be an advisory service supporting practical science (and technology) in schools, colleges, etc. It is largely funded by subscriptions from members. At the present moment every one of the 180 education authorities in England, Wales, Northern Ireland and the various islands is a member and hence all their schools have free access to CLEAPSS services. The vast majority of independent schools, post-16 colleges and teacher-training establishments are associate members, as are many curriculum developers, field study centres, hands-on museums and learned societies. There is a particular focus on health and safety.
	

	20100417
	European Trade Union Confederation, Trade Union, Belgium
	ETUC supports the identification of Trichloroethylene as a SVHC. 


	Thanks for this support.

	20100418
	WWF European Policy Office, International NGO, Belgium
	WWF supports the inclusion of this substance in the candidate list according to REACH article 57 a). 
	Thanks for this support.

	20100419
	CEPE, Industry or trade association, Belgium 
	Pages 17 & 25: Trichloroethylene has not been used as a solvent in printing inks for years.


	If validated all around Europe, this comment should be taken into account.

	20100419
	MSCA, Norway 
	The Norwegian CA supports that the following substances:

Trichloroethylene: CAS number: 79-01-6
Boric acid: CAS number: 10043-35-3/11113-50-1
Disodium tetraborate anhydrous: Cas number: 1330-43-4 and 12179-04-3 and 1303-96-4
Tetraboron disodium heptaoxide hydrate: CAS number: 12267-73-1
Sodium chromate: CAS number: 775-11-3
Potassium chromate: CAS number: 7789-00-6
Ammonium dichromate: CAS number: 7789-09-5
Potassium dichromate: CAS number: 7778-50-9

should be identified as  substances of very high concern and included in the “Candidate List” of substances of very high concern for authorisation. This is in accordance with REACH Article 57 (a, b and c), since the substances are classified as either toxic for reproduction category 2, carcinogenic category 2 or mutagenic category 2 according to Directive 67/548/EEC and Repr. 1B, Carc 1B or Muta 1B according to  Regulation (EC) No 1272/2008 and the COM Regulation (EC) No 790/2009 (1st ATP to CLP).
	Thanks for this support.

	20100419
	Allgemeine Unfallversicherungsanstalt, National Authority, Austria
	We strongly support trichloroethylene to be put on the list of candidates.


	Thanks for this support.

	20100420
	MSCA, Germany
	Bekanntmachung-910-EN.doc

bekgs-910-trichlorthylen.docm

The German CA strongly agrees with the French MSCA to identify this substance as an SVHC substance. However, based on the fact, that consumer exposure is almost negligible and that exposure at the workplace is also extremely low, strong arguments should be provided for prioritisation.

Title of the report:
The title of the report is misleading. 
In this dossier a carcinogenic substance is identified as being of “very high concern” and not as a CMR substance as the current title implies. To avoid misunderstandings and confusion with CLH, the title of the report should read according to what is intended with the dossier namely being a “Proposal for the identification of a substance as substance of very high concern (SVHC)”. The title of the report should be changed accordingly. Additionally, currently the abbreviation ‘SVHC’ is used in the header of the report but never explained in the report.
 
Initial statement: 
“It is proposed to identify the substance as a CMR according to Article 57 (a).”
However, in this dossier the substance is identified as SVHC according to Article 57 (a).
To identify a substance as CMR, a CLH dossier must be prepared. The mentioned article (57 a) already implies that the dossier/report is related to a carcinogenic substance.
The introducing statement should read:
“It is proposed to identify the substance as a substance of very high concern according to Article 57 (a).”
	The format and title used are those given by the guidance “for the preparation of an annex XV dossier on the identification of substances of very high concern” (see page 41). 

It should be noted that the draft support document title is modified in the way you propose.

The data presented in the Bekanntmachung-910-EN document are worth being incorporated in the report later in the process.

	20100421
	MSCA, Netherlands
	NL supports the proposal to include trichloroethylene in the candidate list of substances of very high concern. 
It can be understood from the Annex XV report that the main concern for worker and environment is from use of trichloroethylene as metal degreaser in small enterprises (using less that 1 ton per year). In bigger companies measures to limit workers exposure concentrations have already been implemented. Authorization process can contribute to apply the rule of using trichloroethylene in closed systems or use an alternative also for small companies. 
However, the case might be presented more clear in Annex XV report. A conclusion might preferably be added at the end of each chapter. 
	Thanks for this remark.

	20100421
	MSCA, United Kingdom
	Generally a well written dossier with useful information on which to base a regulatory view. The analysis of the extent to which tricloroethylene is regulated by current legislation was particularly helpful as was the rationale for proposing trichloroethylene for inclusion on Annex XIV at the end of page 51. 
	Thanks for this support.

	20100421
	AIFM, Industry or trade association, Italy 
	Trichloroethylene is used in the chromium plating for cleaning some items that are very dirty of oil when the normal degreasing process is ineffective.
Available alternative products are not so effective.
	Thanks for this comment.

	20100421
	Company, Germany
	p. 10 
General remarks:
The laboratory uses should be exempted from the authorisation because they are performed under controlled conditions and there is a negligible exposure to consumers and the environment. The analytical standards are manufactured and used by industrial and professional personnel, which are well trained. The waste stage of the substance is controlled also.

Detailed information:
The substance is a component of analytical standards for calibration of measuring instruments. It is also an ingredient of reagents and test kits for routine analysis.
These applications are conducted by industrial and professional users in laboratory only. Moreover, the concentration of the substance in these applications, and thus the substance volumes, are low. Therefore, the exposure for the environment and for consumers is very low.

Additionally, the substance is described in standard references like e.g. Reag. Ph. Eur and ACS or ISO and DIN or referenced in NIST or PTB. Applications described in these references should also be exempted from authorisation. 
Trichlorethylene is mentioned as reagent in ACS and Reag. Ph. Eur.
	These remarks will be taken into account later in the process.

	20100421
	Dow Deutschland Anlagengesellschaft on behalf of Trichloroethylene industry group, Industry or trade association, Germany
	The attached paper contends that trichloroethylene has been unjustly chosen for prioritization because the dossier of France is based on outdated, irrelevant or at least incomplete scientific and practical assumptions. Trichloroethylene has been classified as a carcinogen (Carc. Cat. 2) and Cat. 3 mutagen, according to Directive 67/548/EEC by Commission Directive 2008/58/EC (28th ATP), however, trichloroethylene is neither a PBT nor a vPvB.  Moreover, recent reviews by scientific experts have led to the conclusion that trichloroethylene can be considered a carcinogen for which a practical threshold exists, below which no relevant carcinogenic effect in humans is to be expected. Therefore, EU experts recently proposed a new occupational exposure limit of 10 ppm.
Since its reclassification in 2007 (28th ATP). open uses in surface cleaning – historically the major application of TRI as solvent – have been drastically reduced; complete elimination of open systems will be done after full implementation of the Voluntary Industry Commitment per 1.1.2011. Occupational exposure to trichloroethylene should therefore be below the scientifically determined threshold across Europe and there is therefore no practical carcinogenic risk from the use of the substance in closed systems or as an intermediate.  
Reclassification and the EU Solvent Emission Directive have already forced substitution. Research for substitution by users is an ongoing and time-consuming process and industry provides help and makes information available. Remaining uses of trichloroethylene are critical to high technology goods, notably for the aerospace and automotive industry. Possible substitutes are less performant, some of these are CMRs themselves and not subject to a voluntary exposure reduction agreement. Prioritising trichloroethylene will therefore have a negative effect on worker safety and exposure in Europe.
The paper concludes to postpone the prioritisation of trichloroethylene until the new scientific and market use data can be taken into account. The Annex XV dossier, prepared by France in a way confirms this point of view in its conclusion when it states that substantial changes have and are taking place that are not fully taken into account in the document.
	This comment does not modify the identification of Trichloroethylene as a substance of very high concern according to Article 57 (a). This new occupational exposure limit of 10ppm based on the existence of a threshold is already mentioned in the report and it is shown that some exposure are still above this threshold (see figure 4 pg 24). 

In the document  Bekanntmachung-910-EN pg 74 provided by Germany  it is writen:“Since local genotoxicity in the kidney cannot be ruled out, no definite threshold can be established for TRI”.

 The existence of this threshold should be discussed later in the process for evaluating the the authorisation process as defined in Art. 60(3)a.

No attached document found.

	20100422
	British Energy, Company, United Kingdom
	This chemical (under the INEOS tradename ‘Triklone’ for stabilised trichloroethylene) is used at one of our Power Stations in three areas within the fuel route. 

• Degreasing control rod mechanisms as part of control rod overhaul. 
• Degreasing fuel plug unit components during plug unit overhaul
• Degreasing fuelling machine nose unit components

All these activities are required for Nuclear Safety reasons to prevent component wear or sticking and possible reactivity concerns.  This material is already a category 2 carcinogen and we use specially designed solvent baths to minimise exposure. A specific COSHH assessment has also been produced to minimise user contact with the chemical.  We have tried finding a replacement in recent years but so far have not identified anything suitable.  Our annual usage of this material is of the order of ~200 litres.

Unavailability of this chemical would lead to a cessation of fuel route activities.  If no suitable alternative could be found the Station would be unable to operate within 6 months 
	These remarks will be taken into account later in the process.

	20100422
	Council of Europe, Directorate for the Quality of Medicines and HealthCare, European governmental organisation, France 
	Article 56(3) of the Regulation (EC) No 1907/2006 corr applies. Some reagents and raw materials of high concern should remain on the market for the convention on the elaboration of the European Pharmacopoeia (European Treaty Series 50) and the protocol to the elaboration of the European Pharmacopoeia, which are necessary for the implementation of the Directive 2001/82/EC on the community code relating to veterinary medicinal products and Directive 2001/83/EC on the community code relating to medicinal products for human use. 
	This remark will be taken into account later in the process

	20100422
	MSCA, Sweden
	Swedens COM on the Annex XV dossier for identification of TRI as a SVHC.docx    

We agree that trichloroethylene, being classified as Carc. Cat 2, meets the criteria according to Article 57 (a) in REACH and is thus eligible for identification as a substance of very high concern.
	Thanks for your support.
Based on the attached paper:

The ECB, 2010 reference should be updated and it should be mentioned that this report was never agreed by the Risk Reduction Strategy meeting therefore reflecting the national rather than the EU situation.

Section 5.6 on national legislation,after the ESCA citation comparing German and Swedish legislation, it should be added:

“Contrarily to what claimed by ESCA; data provided by Sweden show that: 

The Swedish legislation was originally decided in 1991, when the total amount used was approximately 3000 tonnes according to data from the Swedish product registry. Since then the use declined substantially and in 1995 it was around 1500 tonnes. Two years later, 1997, when the ban had been in force one year, the use had significantly decreased to 638 tonnes and in 2010 to 53 tonnes (see attached paper).
 In more detail, there were 240 exemptions in effect 1997, mainly involving metal degreasing operations at 232 companies (588 tpa). 1 exemption was granted for the use in the pharmaceutical industry * (40 tpa), 5 exemptions for the vulcanisation of conveyor belts at 13 companies (9 tpa), 1 exemption for paint remover (<100 kg pa) and 1 exemption for other uses (500 kg pa). 

* The company has ceased to use trichloroethylene as a solvent in the production of medicine substances from January 1st 1999. 

In 2010, 42 exemptions are in effect, mainly involving metal degreasing operations* at 34 companies (50 tpa). 3 exemptions are given for vulcanisation of conveyor belts at 24 companies (2 tpa), industrial adhesives at 4 companies (<1 tpa) and use in the pharmaceutical industry in the production and synthesis of selective plastics at 1 company (<100 kg). 

* 6 of these exemptions end before the date 31th December 2010.

Section 5.7

The suggestion that metal cleaning in closed systems could be exempted from authorization requirements  (end of 3rd paragraph) should be changed as a possibility that could be forseen if article 58.2 of REACh together with the requirements of the section 4.5 in ECHAs Guidance on inclusion of substances in Annex XIV are fulfilled. 


Specific comments on the justification

	Date 
	Submitted by (name, Organisation/MSCA)
	Comment 
	Response

	20100415
	FEICA, Industry or trade association, Belgium 
	100407 Trichloroethylene.doc    


	

	20100417
	European Trade Union Confederation, Trade Union, Belgium
	Trichloroethylene is included in the Trade Union priority List for REACH Authorisation (see http://www.etuc.org/a/6023)
	Thanks for your support.

	20100421
	MSCA, Netherlands
	It should be noted, that in the Annex XV report relevant toxicological endpoints are not described, authors referred to European Risk Assessment Report (“Information is available for consultation in the European Risk Assessment Report (EU-RAR)”). We propose to add the most critical and relevant information for the endpoints mutagenicity and carcinogenicity in the Annex XV report.
	This is not what is done usually. In the case of trichloroethylene, this information might be relevant for the discussion regarding threshold existence that will follow. For all other relevant endpoints, these data are available within the RAR and have not to be discussed within a SVHC report.

	20100421
	MSCA, United Kingdom
	As a category 2 carcinogen tricloroethylene meets the criteria of a SVHC.
	Thanks for your support.

	20100421
	MSCA, Ireland
	The Irish Competent Authority agrees with the identification of trichloroethylene as a substance meeting the criteria set out in Article 57 of REACH.
	Thanks for your support.

	20100421
	Dow Deutschland Anlagengesellschaft on behalf of Trichloroethylene industry group, Industry or trade association, Germany
	See the comment above (attached document).


	No attached document found.

	20100422
	British Energy, Company, United Kingdom
	We have only just been made aware of the proposal to classify this chemical as a SVHC.  Given the limited time to prepare a detailed response, the comments above are our initial views and we can provide additional information as required.
	See response to comments above.

	20100422
	Council of Europe, Directorate for the Quality of Medicines and HealthCare, European governmental organisation, France 
	Trichloroethylene is used for the quality control of betadex, halothane, isoflurane and sterile, non-absorbable sutures. Although the European Pharmacopoeia use falls under article 56(3) and the European Pharmacopoeia is continuously seeking for alternatives to substances of very high concern, this substance should remain available on the market to enable the quality control of raw materials used in medicinal products and healthcare.
	This remark will be taken into account later in the process 

	20100422
	Health and Environment Alliance, International NGO, Belgium
	We support the inclusion of Trichloroethylene on the candidate list on the basis of the information in the submitted Annex XV dossier; particularly in view of the information on page 51, section 5.7.
	Thanks a lot for your support.


Information on use, exposure, alternative and risks on Annex XV SVHC 
Substance name:
Trichloroethylene  

CAS number: 
79-01-6  

EC number: 

201-167-4  

Reason of the submission of the Annex XV: CMR
Disclaimer: The Response to Comments table has been prepared by the competent authority of the Member State preparing the proposal for identification of a Substance of Very High Concern. The comments were received during the public consultation of the Annex XV dossier. The table does not contain any confidential information.

Specific comments on use, exposure, alternatives and risks
	Date 
	Submitted by (name, Organisation/MSCA)
	Comment 
	Response

	20100415
	VALDEPHARM, Company, France
	Trichloroethylene (79-01-6) is used according to US Pharmacopoeia in order to detect its presence in active pharmaceutical ingredients using the method USP <467> OVI (Organic Volatiles Impurities) called now USP<467> RS (Residual Solvents). Trichloroethylene is also used in 3 monographs of European Pharmacopeia and 3 others monographs of US pharmacopeia
The maximum quantity used each year at Valdepharm is 500 mL.

There is no substitute available to Pharmaceutical Industry. Methods of controls are defined by Pharmacopoeias. This substance is used in limited quantities, in labs where technicians handle it with all necessary precautions in strictly controlled conditions.
	These remarks will be taken into account later in the process

	20100415
	FEICA, Industry or trade association, Belgium 
	100407 Trichloroethylene.doc    


	We note that information received from your members lead you to assume that Trichloroethylene is generally not used in adhesives. 

However, there are a few very specific cases where the environmental conditions do not leave another choice but to use Trichloroethylene. These specific cases are adhesives used underground for conveyor belts in mining tunnels as they reduce the risk of explosion and as solvent for polychloroprene adhesives which are mainly used in the reparation of road marking. 

	20100416
	CLEAPSS, Academic institution, United Kingdom 
	Trichloroethylene is used to test the integrity of filters in filter fume cupboards in schools in the UK. The chemical is not flammable and so can be vaporised by Bunsen burners. The reason for choosing this material is that gas detection tubes are available that can detect very low levels. Exposure is therefore very low because the fume cupboard filter is removing over 99.5 % of the material and the test is over in 2 minutes. This is only carried out once a year per machine as required by UK legislation (COSHH). A strict protocol is available for its use. Any alternative will increase the cost of testing but a search is ongoing. Some companies use less hazardous materials but have expensive electronic gas detection equipment to assist. This procedure has been carried out for many years in education in the UK and there have been no reports of any health affect attributed to trichloroethylene.
	This remark will be taken into account later in the process.

	20100416
	Company, Italy
	SEAM/563/REACH
Regarding to proposal to include Trichloroethylene (following indicated as TR)into Candidate List, we declare what follows.
This solvent is widely used by our process :
   - solvent for dissolution of Polystyrene (following indicated ad PST) from our intermediate product. We obtain a solution PST-TR which is recovered obtaining pure TR (to be re-used internally as solvent) and PST (to be sold) ;
     - solvent for cleaning;
     - solvent for laboratory.
We annex our declaration of uses.
For the main utilization, (process dissolution of PST), we declare that there aren't alternative solvent and we aren't able to product without using TR. Moreover all the process is absolutely in close cicle, extremely low leakages and emissions, no manipulation or human exposure.
	These remarks will be taken into account later in the process.

	20100417
	European Trade Union Confederation, Trade Union, Belgium
	Trichloroethylene is a causative agent for recognised occupational diseases at EU level (see http://www.etuc.org/a/6023)
	Thanks for your support.

	20100419
	CEPE, Industry or trade association, Belgium 
	Pages 17 & 25: Trichloroethylene has not been used as a solvent in printing inks for years.


	Thanks for this information. If validated all around Europe, it could be taken into account in the report accordingly.

	20100419
	Allgemeine Unfallversicherungsanstalt, National Authority, Austria
	There are further uses of trichloroethylene that are not mentioned in the Annex XV dossier.
A solvent used for waxes and oils to impregnate stones.
A solvent also used in print shops and printing industries (in particular offset print) for washing and cleaning of rollers and cylinders. In these uses Chlorinated hydrocarbons can successfully be substituted (e.g. by fatty acid esters or high boiling hydrocarbons) as has been shown in Denmark and Germany in the so called SUBSPRINT-Project. This project demonstrated that substitution brings along also technically and economically benefits.
There are hints that trichloroethylene is used sometimes besides other chlorinated hydrocarbons in aerosol spray cans as an agent for determination of the flame length in case of ignition. Usually aerosol spray streams are not thought to be ignited. Therefore 
this use leads to human exposure as well as illustrates a wide and dispersive use.
Degreasing is especially in SMEs very often a dispersive use and can be done be various less hazardous solvents.
Due to the health risks of trichloroethylene in many countries there are rather low OEL values set for trichloroethylene. Table 5 (p20) should be amended by 55mg/m3 (Denmark), 50 mg/m3 (Poland, Sweden) and 135 mg/m3 (NIOSH).
	Thanks a lot for your support. These complementary information should be added to the report.

	20100420
	MSCA, Germany
	Bekanntmachung-910-EN.doc

bekgs-910-trichlorthylen.docm

P.27, Section 2.2.3, Table 11
These data are further supported by the results from the German Environmental Survey (GerES) IV in the years 2003-2006, which included a representative sample of 1790 children aged 3-14 years. In a subsample of 555 children, volatile organic compounds were determined in the room in which the child spent most of its time (passive sampling over one week). In 534 samples (96%) the trichloroethylene concentration was below the detection limit of 1 µg/m³. The 98th percentile was 2.0 µg/m³ and the maximum 64.3 µg/m³. 
Reference:
Federal Environmental Agency (Umweltbundesamt) (2008): Bekanntmachung des Umweltbundesamtes: Vergleichswerte für flüchtige organische Verbindungen (VOC und Aldehyde) in der Innenraumluft von Haushalten in Deutschland. Ergebnisse des repräsentativen Kinder-Umwelt-Surveys (KUS) des Umweltbundesamtes. Bundesgesundheitsbl-Gesundheitsforsch-Gesundheitsschutz, 109 – 112 

P. 29, Section 2.2.5, 2nd para:
Should read: “…and finally to trichloroethanol and trichloroacetic acid (TCA)…”

Pp. 29f, Section 2.2.5, Biological Monitoring
There are strong arguments that the oxidative metabolic pathway leading to formation of trichloroethanol and TCA is not the pathway (or at least the main pathway) leading to kidney tumor formation. Therefore a full picture of metabolic pathways should be presented here. With respect to kidney tumor formation, trichloroacetic acid and trichloroethanol might not be the most relevant and significant biomarkers.

In the German CA's opinion, risk related information is essential for the assessment of occupational exposures. Quantitative data actually are missing. Germany has recently established an Exposure-Risk Relationship that might be useful for further discussions. See files attached.
	Thanks a lot for your support, the German data (in the Bekanntmachung-910-EN document) should be incorporated in our report.

This should be corrected accordingly.

	20100421
	MSCA, Netherlands
	The exposure information in Annex XV report might be more focused to draw conclusions given in paragraph 5.7 The existing legislative framework and its gaps.
	We have reported information found.

	20100421
	MSCA, United Kingdom
	Based on the information in the dossier, risk reduction measures are already being applied for the majority of uses for trichloroethylene either through legislation or as a result of a voluntary agreement between industry and Member States. Much of the exposure data predates implementation of these measures and may not be relevant for current conditions of use. The rationale on page 51 for prioritising trichloroethylene for Annex XIV inclusion seems to be to promote substitution for some rare situations (not clearly specified in the dossier) where there may still be worker and consumer exposure. We note that the sales figures presented in table 2, page 12 indicate that in 2003 trichloroethylene was not sold for consumer use. 
	This discussion should not take place at this stage of the procedure.

	20100421
	MSCA, Ireland
	Confidential information submitted
	This discussion should not take place at this stage of the procedure.

	20100421
	Dow Deutschland Anlagengesellschaft on behalf of Trichloroethylene industry group, Industry or trade association, Germany
	See attached document.


	No attached document found
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Begriindung zu Expositions-Risiko-Beziehung fur Trichlorethylen in BekGS 910 Seite - 1 -

Exposition Risiko-Beziehung zu Trichlorethylen

Toleranzrisiko (4:1.000): bei 11 ppm
Akzeptanzrisiko (2008) (4:10.000): 6 ppm
Akzeptanzrisiko (nach 2013, spatestens 2018): (4:100.000): 0,6 ppm

Es liegen folgende Bewertungen vor:

A) Berechnungsbeispiel im ,Leitfaden zur Quantifizierung von Krebsrisikozahlen
bei Exposition gegenuber krebserzeugenden Substanzen fur die
Grenzwertsetzung am Arbeitsplatz® der Bekanntmachung zu Gefahrstoffen
BekGS 910

B) entsprechende Neu-Bewertung 2008 der Bewertung zu Trichlorethylen 2006
C) Bewertung zu Trichlorethylen 2006

A) siehe Beispiel 1 in Nummer 10.2 ,Berechnungsbeis  piele” der Anlage
2 lLeitfaden zur Quantifizierung von Krebsrisikozah len bei
Exposition gegentber krebserzeugenden Substanzen fi r die
Grenzwertsetzung am Arbeitsplatz der Bekanntmachun g zu
Gefahrstoffen BekGS 910 ,Risikowerte und Exposition -Risiko-
Beziehungen flr Tatigkeiten mit krebserzeugenden Ge  fahrstoffen”

B) Neubewertung 2008 der Bewertung zu Trichlorethyl  en 2006

11 Bisheriger Beschluss im UAIIl (nur Abschnitt,S chlussfolgerungen®
aus verabschiedetem TRI-Dokument)

Als Orientierungshilfe fur die Ableitung eines Arbeitsplatzgrenzwertes (AGW) werden
hier die Dosis-Risiko-Beziehungen fur unterschiedliche TRI-Expositionen beschrieben
und kurz kommentiert. Ein AGW kann im Falle von TRI nicht an einer eindeutigen
Wirkschwelle festgemacht werden, weil Gentoxizitat in der Niere beobachtet wurde und
auch bei der Leber und bei NHL eine lokale Gentoxizitat nicht auszuschliel3en ist.
Dementsprechend wird eine Grenzwertableitung als risikobasiert angesehen.

Wie oben gezeigt, ergeben mehrfache Annahmen zur sicheren Seite (Modell einer
linearen Dosis-Wirkungs-Beziehung; zugrunde gelegte mittlere Expositionen
bertcksichtigen nicht den zusatzlichen Einfluss der an historischen Arbeitsplatzen
aufgetretenen extremen Spitzenkonzentrationen), dass eine Risikobetrachtung ohne
Schwellenwert resultiert und bei Einhaltung einer Expositionshéhe von 6 ppm TRI ein
Risiko fur Nierenkrebserkrankung von 4:1000 unterschritten wird?.

1 Ein Vergleich von ,Toleranz-und Akzeptanzschwellen®, wie sie in anderen Regelungsbereichen
oder im Ausland herangezogen werden, ist in einem Forschungsbericht [BauA, 2005]
zusammengetragen und in Hinblick auf Gesundheitsrisiken am Arbeitsplatz diskutiert worden.
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Auf einen deutlichen Beitrag der Belastung bei Hautexposition gegenuber flissigem TRI
wird hingewiesen (s. Anhang 1). Ferner wird auf Anhang 2 (arbeitsmedizinische
Vorsorgeuntersuchungen) verwiesen.

Bei einer Konzentration von 6 ppm ist auch nicht mehr mit einer Nierenschadigung zu
rechnen, auf deren Boden sich im Sinne einer Promotion/Progression ein Kklinisch
manifester Tumor entwickeln kdnnte.

Es bleibt fraglich, ob TRI beim Menschen zusétzlich Leberkrebs und Non-Hodgkin-
Lymphome hervorzurufen vermag. Dosis-Wirkungs-Betrachtungen (Tabelle 1) machen
jedoch im Vergleich mit der Auslésung von Nierentumoren ein hdheres Krebsrisiko fir
andere Organe wenig wahrscheinlich.

In der nachstehenden Tabelle 1 sind die zu den betrachteten Endpunkten in die

Ableitungen eingegangenen Annahmen und Bewertungen zusammengefasst.

Tabelle 1: Dosis-Risiko-Beziehungen bei den betrachteten Tumorlokalisationen

Endpunkt und Dosisbereich

| Annahme

Bewertung

Nierenkrebs

6-100 ppm Linearitat, abgeschatzt aus Konservative, toxikologisch
epidemiologischen Daten bei gestltzte Annahme,
langjahriger Exposition gegen mdglicherweise deutliche
100 ppm mit zuséatzlichen Uberschitzung, falls bereits
Expositionsspitzen sublinearer Verlauf,

insbesondere wegen der
Bedeutung von hohen
Expositionsspitzen (Ausmald
einer moglichen Sublinearitat
nicht genauer eingrenzbar)

6 ppm JPoint of departure”; darunter Niedriges Risiko fir
keine relevante Zytotoxizitat und | Krebsgeschehen gestitzt durch
somit sublinearer Verlauf der negative oder nichtsignifikante
Dosis-Risikobeziehung epidemiologische Befunde und
Extrapoliertes Krebsrisiko bei durch Risikohthe nach linearer
0,4% (Expositionsspitzen nicht Extrapolation;
berticksichtigt) POD gestiitzt durch

Effektkonzentration bei
durchschnittlich 32 ppm
(Zytotoxizitat) Hohere Exposition
nicht tolerierbar (Maf3stab: noch
tolerierbares Risiko in NL;
Expositionsspitzen nicht
berlcksichtigt)

0,6-6 ppm Abnahme des Risikos fur Konvention, gestitzt durch
Krebserkrankung um 2 grundsatzlich zu erwartende
GrolRenordnungen bei Abnahme | Sublinearitat bzw. niedrigerer
der Exposition um 1 Risikoanstieg im Vergleich zum
GroRRenordnung Dosisbereich oberhalb 6 ppm

Leberkrebs

30 ppm 3,3% Krebsrisiko, Unsicherheit Gestitzt durch unit risk, dass
auf epidemiologischen Daten
basiert; unsicher, ob TRI
Uberhaupt ein
Leberkanzerogen fir den
Menschen ist
Gesttzt durch
Verdachtsmomente:
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Endpunkt und Dosisbereich Annahme Bewertung

Beobachteter Leberkrebs bei
Exposition gegeniiber 10 ppm
(widersprichliche

Studienbefunde)
3 ppm 0,3% Krebsrisiko, starke Verdachtsmoment verliert bei
Unsicherheit abnehmender Expositionshdhe

an Gewicht und Notwendigkeit
Zur quantitativen
Beriicksichtigung, da
Gesamtunsicherheit maRgeblich
fur Bewertung

NHL

30 ppm < 6-7% Krebsrisiko, unsicher Gestitzt durch unit risk, dass
auf epidemiologischen Daten
basiert; unsicher, ob TRI
Uberhaupt NHL beim Menschen
induziert Gestiitzt durch
Verdachtsmomente:
Beobachtete NHL bei Exposition
gegeniiber 10 ppm
(widersprichliche Befunde)

1.2 Schlussfolgernde Ausfiihrungen zu TRI im Leitfad  en

Nach Beobachtungen von Green et al. (2004) wurden bei im Mittel 32 ppm
Expositionshohe bei TRI-exponierten Arbeitern noch signifikant subklinische
Niereneffekte gefunden. Die Biomarker fir subklinische Nephrotoxizitat waren bei 23
Arbeitern, die gegentber 6 ppm TRI mehrjahrig exponiert waren, nicht mehr erhéht
(Seldén et al., 1993). Angesichts der nur geringen Effektstarke bei 32 ppm kann der
NOAEL bei 6 ppm ohne weitere Extrapolationsschritte als Schwelle fur
Nephrotoxizitéat auch bei grof3en Kollektiven herangezogen werden. Wir verwenden
daher die Konzentration von 6 ppm als TC* und nehmen an, dass an diesem Punkt
das Risiko um eine GroRenordnung niedriger ist, als durch die lineare Berechnung
(siehe oben, Tabelle) ermittelt. Dadurch ergibt sich fir 6 ppm ein Risiko (neu) von
0,04% und eine Expositionsrisikogleichung von

Exzessrisiko [%] = 0,072 x Konzentration [ppm] — 0,39
fur den Bereich zwischen Konzentration [6 ppm, 75 ppm]

Exzessrisiko [%] = 0,0067 x Konzentration [ppm]
fur den Bereich mit Konzentrationen [<6 ppm]

Durchschnittlich

ppm PPM-Jahre Exzess-Risiko Bemerkung

75 ppm 3000 5% POD; deutsche epidemiologische
Studien zu Nierenkrebs

19,3 ppm 772 1% linearisiert (,steiler” Teil)

6,8 ppm 272 0,1% linearisiert (,steiler” Teil)

6 ppm 240 0,04% +Knickpunkt“; bei Wirkschwelle fur

nichtkanzerogene Nephrotoxizitat
bei Exposition gegeniiber TRI

1,5 ppm 60 0,01% linearisiert (,flacher” Teil)

0,6 ppm 24 0,004% linearisiert (,flacher” Teil)
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Das nominelle Risiko von 1:1000 lage z. B. nach der linearen Extrapolation bei 1,5
ppm, wahrend es bei ca. 7 ppm liegt, wenn eine Nichtlinearitdt begrundet
angenommen werden kann. Unter 6 ppm zeigt sich ein im Wesentlichen um eine
GrolRenordnung reduziertes Risiko gegenuber dem Linearansatz.

Exzess-Lebenszeit-
Krebsrisiko

Schnittpunkt der
Geraden bei 75 ppm (5%
Excess Risiko) = POD

1% =
+— 1%
’—‘9

— 0,8% Knickstelle -

+— 0,6%
+— 0,4%

T 0.2%

6 ppm 15ppm
Die folgende Abbildung stellt das Ergebnis im unteren ppm-Bereich graphisch dar:

Abbildung: Expositions-Risikobeziehung fir Trichlorethylen bei angenommenem
Schwellenwert fir krebsverstarkende Wirkung (Nephrotoxizitat) beim Menschen bei
groRen Kollektiven von 6 ppm (TC*) und einem aus epidemiologischen Studien
gezeigten Exzess-Nierenkrebsrisiko von 5% bei 75 ppm
(Lebensarbeitszeitexposition)

1.3 Beschlussfassungsvorlage (Beschreibung der Exp ositions-
Risikobeziehung, wie in Abschnitt 1.2 ausgefihrt)

Toleranzrisiko  (4:1000) bei 11 ppm
Akzeptanzrisiko (2008: 4:10000) bei 6 ppm
Akzeptanzrisiko (nach 2013, spatestens 2018: 4:100000) bei 0,6 ppm

Das Akzeptanzrisiko kann aus der obigen Graphik abgelesen werden, wenn der
Schnittpunkt (0,4%-Risiko mit der durchgezogenen geknickten Linie) betrachtet wird.
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C) Bewertung zu Trichlorethen (Trichlorethylen, TRI ) 2006 des AK
.Grenzwerte und Einstufungen fur CM-Stoffe* im UA | Il des AGS
1 Vorbemerkung

Dieses Papier stellt eine Fortfuhrung der Dokumentation des Beraterkreises
»Toxikologie" zu Trichlorethylen (TRI) von 1999 fir den Ausschuss fur Gefahrstoffe
(AGS) dar [Dokumentation des BK-Tox 1999]. Der seinerzeitige Sachstand ist in
verschiedenen Ubersichtsarbeiten dokumentiert [Siegel-Scott & Cogliano 2000; EU
Draft RAR 2001; MAK 1996, 2000; Briining & Bolt 2000; Lash et al. 2000]. In der
Zwischenzeit sind weitere fur die Frage einer Grenzwertableitung relevante Arbeiten
zu TRI erschienen, die wiederum in Ubersichtsartikeln zusammengefasst wurden
[Trichloroethylene: Report on Carcinogens 2002; Clewell & Anderson 2004; Harth et
al. 2005]. Unter diesen Voraussetzungen hat der Beraterkreis Toxikologie und
heutige AGS-Unterausschuss Il (UA Ill) ,Gefahrstoffbewertung” (bzw. sein
Arbeitskreis ,Grenzwerte und Einstufungen von CM-Stoffen“; AK CM) die Beratungen
Uber TRI wieder aufgenommen, um die Moglichkeiten der Setzung eines
gesundheits- und risikobasierten Arbeitsplatzgrenzwertes (AGW) zu prufen und ggfl.
Vorschlage dazu vorzulegen.

2004 hatte der AGS eine Technische Richtkonzentration fur TRI von 30 ppm (TRK-
Wert) beschlossen, die allerdings nicht mehr den Anforderungen an einen
gesundheitsbasierten Wert gemal der neuen GefStoff¥ vom 1. Januar 2005
entspricht [BMWA 2004]. Nach Inkrafttreten der neuen GefStoffV wurde daher dieser
TRI-Wert wie alle anderen TRK-Werte ausgesetzt.

In der vorliegenden Ausarbeitung fur einen AGW zu TRI wird zum einen als
konservative Annahme eine lineare Risikoextrapolation zugrunde gelegt, um eine
maogliche Obergrenze eines Risikos aufzuzeigen. Zum anderen wird diskutiert,
inwieweit aufgrund neuerer wissenschaftlicher Erkenntnisse Schwellenannahmen
wahrscheinlich  gemacht werden konnen oder eine risiko-orientierte
Grenzwertsetzung erforderlich ist.

Nachfolgend werden die aus der Sicht des ,AK CM* (im UA Ill) wesentlichen
Sachverhalte dargelegt, wobei bevorzugt auf Ubersichtsartikel und neuere Arbeiten
Bezug genommen wird.

2 Einleitung

Erkenntnisse zum Mechanismus der Kanzerogenese durch chemische Stoffe
erdffnen fur einen Teil krebserzeugender Arbeitsstoffe die Moglichkeit einer AGW-
Begrindung [Bolt & Degen 2004]. Mechanismen der krebserzeugenden Wirkung von
Trichlorethylen (TRI) wurden seit den 70er Jahren untersucht [vgl. Siegel-Scott &
Cogliano 2000; EU Draft RAR 2001; MAK 1996, 2000 und 2001; Brining & Bolt
2000; Lash et al. 2000; Trichloroethylene: Report on Carcinogens 2002; Clewell &
Anderson 2004; Harth et al. 2005]. Das vorliegende Papier diskutiert die
Mdoglichkeiten der Ableitung eines Arbeitsplatz-Grenzwertes fir diesen Stoff.
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TRI wurde von der MAK-Kommission als Humankanzerogen eingestuft [MAK 1996].
Die MAK-Kommission stutzte ihre Bewertung vor allem auf einen deutlichen
Zusammenhang zwischen TRI-Expositionen und einem erhdhten Nierenkrebsrisiko,
der in Fall-Kontroll-Studien in der Region Arnsberg, Deutschland, festgestellt wurde
[Henschler et al. 1995; Vamvakas et al. 1998].

Die IARC (1995) stutzte ihre Kanzerogenitatsbewertung von TRI mit "limited
evidence in humans" im Wesentlichen auf die Lokalisation Leber und auf das Non-
Hodgkin-Lymphom.

3 Kanzerogenitat: Organlokalisationen

In der BK-Tox Dokumentation zu TRI von 1999 wird die Bedeutung verschiedener
Organlokalisationen fiur die Einstufung der intrinsischen krebserzeugenden
Eigenschaften des TRI diskutiert. Wartenberg et al. (2000) bewerten die
epidemiologische Evidenz im Sinne der Hill-Kriterien neben Nieren- und Leberkrebs
fur Non-Hodgkin-Lymphome als "moderate support® fir einen urséchlichen
Zusammenhang mit TRI-Exposition; Huff et al. (2004) vertreten den Standpunkt,
dass TRI-Exposition eindeutig mit einem erhoéhten Risiko fir Non-Hodgkin-
Lymphome verbunden ist ("indeed clearly coupled with"), diskutieren aber nicht
diejenigen Studien, die keine Assoziationen gezeigt haben. Wong (2004) sieht nach
seiner Sichtung fur keines der diskutierten Zielorgane eine Evidenz fir ein erhthtes
Krebsrisiko.

Im Tierversuch fuhrt die lebenslange Applikation von TRl an Mausen zu Leber- und
Lungentumoren, bei der Ratte zu Nierentumoren, wobei die Leber- und
Lungentumoren bei der Maus als speziesspezifischer Befund gewertet werden [MAK
1996 und Nachtrage 2000, 2001; Clewell & Anderson 2004].

Fiar die Grenzwertsetzung missen darliber hinaus mdgliche organspezifische
Unterschiede der kanzerogenen Potenz beachtet werden. Dazu liegen
Betrachtungen verschiedener Institutionen und Autoren vor [US EPA 2001; WHO
1996; Axelson 2004; Wong 2004; Lewandowski & Rhomberg 2005], die sich sowohl
auf epidemiologische Daten wie auch auf Tierversuchsdaten beziehen. Bei
zusammenfassender Betrachtung der experimentellen und epidemiologischen Daten
erscheinen nur die Endpunkte Leber-, Nierenkarzinom und NHL, nicht aber Tumoren
anderer Lokalisationen von Bedeutung.

4 Kanzerogenitat: Beteiligte Mechanismen und ihre Relevanz
4.1 Gentoxizitat

Bezuglich der Diskussion der zahlreichen mit TRI durchgeflihrten Gentoxizitatstests
wird auf die MAK-Begrindung von 1996, ihre Nachtrage 2000/2001 und die
Ubersicht von Briining & Bolt (2000) verwiesen. Die Untersuchungen der Gentoxizitat
sind hinsichtlich unterstitzender Hinweise auf zugrundeliegende Mechanismen der
Kanzerogenese durch TRI zu bewerten; dabei sind Erkenntnisse zum Stoffwechsel
von TRI zu berticksichtigen (ausfuhrliche Darstellung im Anhang 1).
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In Bezug auf lokale gentoxische Mechanismen ist deren Beteiligung an der
Entstehung von Nierentumoren als wahrscheinlich anzusehen. Dafir sprechen die
vorliegende Hypothese der metabolischen Aktivierung (iber DCVC/Thioketen) des
Stoffes_(Abb.1 im Anhang) und die Beobachtung von spezifischen VHL-Mutationen
beim Menschen [Bruning & Bolt 2000; Lash et al. 2000; Harth et al. 2005; Brauch et
al. 2004].

In Bezug auf Lebertumoren (vgl. 4.3) und Non-Hodgkin-Lymphomen (vgl. 4.4) ist ein
gentoxischer Mechanismus fur TRI oder dessen Metabolite nicht belegt.

4.2 Nierentumoren (epidemiologische Studien und exp  erimentelle
Befunde an mannlichen Ratten)

Die vorliegenden epidemiologischen Daten fir die Entstehung von Nierentumoren
nach TRI-Exposition [Henschler et al. 1995; Vamvakas et al. 1998; Brining et al.
2003; Charbotel et al. 2006] reichen fir eine quantitative Risikobewertung allein nicht
aus; sie kobnnen aber im Sinne von Plausibilititsbetrachtungen bei der
Risikoableitung aus Tierversuchen mit herangezogen werden.

Eine Assoziation hoher TRI-Konzentrationen (im allgemeinen wiederholt
Spitzenkonzentrationen tber 200 ppm) mit einem erhodhten Nierenkrebsrisiko wurde
in 2 Kohorten- und 3 Fall-Kontroll-Studien beschrieben, nicht aber in einer Reihe
anderer Studien mit niedrigen bis mittleren TRI-Konzentrationen.

In einer Studie mit 169 Arbeitern, die fir mindestens 1 Jahr gegen TRI exponiert
waren, war die Inzidenz fir Nierentumoren erhéht. Anhand von
Arbeitsplatzbeschreibungen und ausfihrlichen Interviews mit langerfristig
beschaftigten Arbeitern, die Uber regelmafig auftretende Kopfschmerzen, Schwindel
und Bewusstseinseintribung berichteten, und dem jahrlichen Verbrauch von TRI
wurde gefolgert, dass die Luftkonzentrationen im Kartonmaschinenbereich ,sehr
hoch* und in der Schlosserei und der Elektrowerkstatt der Fabrik ,hoch* waren. Die
berichteten Symptome traten bei Personen auf, die bei beruflicher Tatigkeit — nach
den Messergebnissen aus Modellversuchen — gegeniiber mehr als 200 ml TRI/m?
exponiert waren. Messungen von TRI-Konzentrationen in der Luft am Arbeitsplatz
oder von TRI-Metaboliten im Urin der exponierten Arbeiter waren nicht verfigbar. Die
SIR im Vergleich mit dem d&anischen Krebsregister betrug 7,97 und war hoch
signifikant. In der Kontrollgruppe wurde kein Fall mit Nierenkrebs diagnostiziert
[Henschler et al. 1995]. In der Publikation wird ferner berichtet, dass (neben
inhalativer Exposition am Arbeitsplatz) TRI auch in flissiger Form zur Reinigung der
Kleidung und Hande eingesetzt wurde und daher dermale Aufnahme nicht
auszuschliessen war (vgl. Anhang 1).

Aus einer Fall-Kontroll-Studie mit 59 Nierenzelltumor-Patienten ergab sich fir die
Exposition gegeniber TRI (alle Untergruppen kombiniert) ein Odds Ratio (OR) von
10,80 (95%-Konfidenzintervall, Kl: 3,36 - 34,75). Von den 20 exponierten
Nierentumorpatienten waren acht hoch-, neun mittel- und zwei niedrig-exponiert. Die
Frequenz pranarkotischer Symptome lag zwischen taglich und einmal pro Woche.
Fanf der Hochexponierten hatten diese Symptome taglich in einer Auspragung, die
zum Teil eine Weiterarbeit verhinderte [Vamvakas et al. 1998].
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Eine weitere Fall-Kontroll-Studie im gleichen Einzugsgebiet mit 134
Nierenzellkrebsfallen ergab fir die Exposition gegen TRI ein OR von 1,80 (95%-KI
1,01- 3,20). Selbstberichtete narkotische Symptome wé&hrend der Arbeit, die als
Zeichen von Spitzenexpositionen gesehen wurden, waren mit einem erhdhten Risiko
verbunden (OR 3,71, 95%-KI 1,80 - 7,54) [Briining et al. 2003].

In einer retrospektiven Kohortenstudie mit Beschaftigten der Luftfahrtindustrie [Zhao
et al. 2005], die auch gegenuber einer Reihe anderer Chemikalien exponiert waren,
war ein signifikant erhdohtes Nierenkrebsinzidenzrisiko nur fir hohe (jedoch nicht
naher quantifizierbare) TRI-Konzentrationen vorhanden (Relatives Risiko, RR: 4,90;
95%-KI 1,23 - 19,6, "single pollutant model"). Die Anzahl hoch exponierter Falle lag
allerdings nur bei vier. Im Hinblick auf die Mortalitdét und nach Adjustierung fur
weitere Chemikalienexpositionen waren die Assoziationen nicht signifikant.

Auch in einer neuen Fall-Kontroll-Studie zu Nierenzellkrebs aus dem franzdsischen
Arve-Tal mit 86 Fallen und 316 Kontrollen [Charbotel et al., 2006] wurde eine
Assoziation mit TRI-Expositionen gefunden, die fur die héchste Expositionsgruppe
mit einer kumulativen Exposition tber 335 ppm-Jahre signifikant war (OR 2,16; 95%-
KI 1,02 - 4,60). Wenn zwischen hoch Exponierten mit oder ohne
Spitzenkonzentrationen (200 ppm Uber mindestens 1 Minute) differenziert wurde,
ergab sich ein signifikanter Effekt nur fur die Gruppe mit hoher kumulativer- plus
Spitzen-Exposition (OR 2,73; 95%-KI 1,06 - 7,07).

Im Prinzip erscheint TRI im Hinblick auf die Niere als komplettes Kanzerogen, mit
relevanten Teilprozessen auf den Ebenen der Initiation und Promotion/Progression
[Bruning & Bolt 2000; Harth et al. 2005]. Die Bildung von reaktiven Metaboliten
(Chlorthioketene; s. Abb. 1 im Anhang) im Zielgewebe des proximalen Tubulus wird
Uber den reduktiven, Glutathion-abhangigen Metabolismus erklart, der durch die in
der Niere exprimierten Glutathiontransferase(n) und beta-Lyase mediiert wird.
Bezlglich des  Glutathion-Transferase-abhangigen  Metabolismus  wurden
Geschlechts- und Speziesunterschiede bei Ratte, Maus und Mensch beschrieben
[Lash et al. 2000], beim beta-Lyase-abhéngigen Metabolismus besteht ein
Speziesunterschied mit einer grof3eren beta-Lyase-Aktivitat in der Ratte im Vergleich
zum Menschen (in vivo, bestimmt z.B. mit PER) [Lash et al. 2000]. Der Glutathion-
abhangige, quantitativ weniger bedeutende metabolische Nebenweg erhélt dann ein
groReres Gewicht, wenn bei héheren TRI-Expositionen der oxidative Hauptweg des
Metabolismus gesattigt ist. Dies veranschaulichen Modellierungen enzymkinetischer
Daten zur Bildung des reaktiven Thiols in der Niere von Ratte und Mensch (vgl.
Abb.2 im Anhang 1).

Hieraus wird abgeleitet, dass die Dosis-Wirkungscharakteristik gentoxischer
Wirkungen von TRI auf die Niere nicht-linear ist [Goeptar et al. 1995]. Aus der Dosis-
abhangigen Verschiebung der Metabolismuswege ergibt sich die Problematik, dass
eine Betrachtung von Durchschnittswerten der Expositionshohe dem Sachverhalt
nicht gerecht werden kann; eine solche Betrachtung stellt vielmehr sehr
wahrscheinlich eine Uberschatzung des tatséchlichen Risikos niedriger TRI-Dosen
dar. Wegen der Speziesunterschiede der beta-Lyase-Aktivitat wird das extrapolierte
Risiko fur den Menschen auf der Grundlage von Tierversuchen ebenfalls eher
Uberschatzt [Lash et al. 2000].
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In Fallen, in denen nach hoher Arbeitsplatz-Exposition gegentber TRI
Nierenkarzinome aufgetreten waren, lieBen sich geh&uft Mutationen des VHL-
Tumorsuppressorgens finden, wobei auch Mutationen auftraten (454 C > T), die
ansonsten kaum beobachtet werden [Brauch et al. 1998 und 2004]. Das VHL-Gen
und die davon kodierten Genprodukte (pVHL) sind an der Regulation des
Zellstoffwechsels unter Bedingungen des Sauerstoffmangels und an der
Stabilisierung mikrotubulérer Strukturen beteiligt. Der mechanistische Hintergrund
des Zusammenhangs von VHL-Mutationen und dem Auftreten des Nierenkrebses
erscheint komplex und ist in seinen Einzelheiten bislang ungeklart [Harth et al. 2005].

Die nephrotoxische Wirkung von TRI wurde friher ebenfalls auf Metaboliten des
lokalen Glutathion-abh&ngigen Stoffwechsel(neben)weges von TRI bezogen [Briining
& Bolt 2000]. Nach den Arbeiten der Arbeitsgruppe um Green wird jedoch eine
nephrotoxische Wirkung von TRI in dem relevanten Konzentrationsbereich durch die
guantitativ. bedeutenderen Metaboliten Trichlorethanol und Trichloressigsaure
mediiert, und zwar durch Interaktion mit dem Vitamin Bi,-abhangigen C;-
Stoffwechsel. Diese Interaktion fuhrt zu einem Defizit an Folsaure und einem Exzess
an Ameisensaure, was in hoheren Dosisbereichen von TRI zu einer Ansduerung des
Zellinneren und damit zur Zytotoxizitat fuhrt. Dies wurde tierexperimentell belegt
[Green et al. 1998; Dow et al. 2000; Green et al. 2003]: Bei subakuter Exposition (28
Tage, 6 h/Tag) von Ratten gegeniber 250 oder 500 ppm TRI trat noch kein
morphologischer Nierenschaden auf, wohl aber ein Anstieg von Ameisensaure im
Urin, der mit einer pH-Wertsenkung verbunden war [Green et al. 1998].

Basierend auf diesem Konzept fihrten Green et al. (2004) eine arbeitsmedizinische
Feldstudie mit 70 TRI-exponierten Arbeitern und 54 Kontrollpersonen durch. Die
mittlere TRI-Exposition, berechnet auf der Grundlage der Trichloressigsaure-
Ausscheidung, war 32 ppm (Gesamtbereich: 0,5-252 ppm), bei einer mittleren
Expositionsdauer von 4,1 Jahren (Gesamtbereich: 1-20 Jahre). Zwischen
Exponierten und Kontrollen wurden signifikante Unterschiede in der Ausscheidung
der Biomarker fir subklinische Nephrotoxizitat N-Acetylglucosaminidase (NAG) und
Albumin und von Ameisensaure gefunden. Es bestanden ferner Zusammenhéange
bei der Ausscheidung von Trichloressigsaure und Ameisensaure, und der von
Methylmalonsdure und Glutathiontransferase alpha, die jedoch insgesamt noch
innerhalb des bei den Kontrollpersonen gefundenen Bereiches lagen. Klinisch
manifeste Nierenschéadigungen wurden in dieser Studie nicht gefunden [Green et al.
2004]. Die Ergebnisse wurden von den Autoren dahingehend interpretiert, dass
dosisabhéngig zwar subklinische Effekte innerhalb des untersuchten Dosisbereiches
(bis 250 ppm TRI) zu verzeichnen sind, dass manifeste klinische Effekte einer
Nierenschadigung aber erst dariiber auftreten. Diese Auffassung ist zu den
tierexperimentellen Daten konsistent. Die Aussagekraft der Studie ist aber dadurch
eingeschrankt, dass es sich um eine Querschnittstudie handelt, bei der die
Bestimmung der Expositions- und Effektmarker gleichzeitig erfolgte. Dies bedeutet,
dass sich die Expositionswerte unmittelbar zunéchst auf die Zeit in der Nahe der
einmaligen Probenahme beziehen, dass die erhtéhte Biomarker-Ausscheidung im
Falle einer Kausalitat aber mit weiter zurlickliegenden Zeiten in Verbindung zu
bringen ist, fur die keine direkten Expositionsdaten vorliegen. Nach Angabe der
Autoren bezieht sich die maximale Expositionskonzentration von rund 250 ppm
lediglich auf zwei Personen, fir die weitaus Uberwiegende Mehrzahl der
Beschaftigten (60 von insgesamt 70) wurden aktuelle Expositionskonzentrationen
von weniger als 50 ppm ermittelt. Die Annahme einer Schwelle fiir Veranderungen
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der Biomarker-Ausscheidung in Hohe des friiheren TRK-Wertes von 30 ppm einer
langjahrigen repetitiven TRI-Exposition ist daher noch mit Unsicherheiten verbunden.

Basierend auf vorliegende arbeitsmedizinische Studien scheint die Entwicklung von
Nierenkrebs nach mehrjahriger hoher TRI-Exposition (regelhaft begleitet von
pranarkotischen Episoden [Brining et al. 2003]) mit einer tubuléaren
Nierenschadigung verbunden zu sein [Bolt & Brining 2000]. Dieses erscheint im
Sinne einer Promotion/Progression als wesentlich in der Forderung der
Nierenkrebsentstehung. Diese Auffassung wird durch Biomarker-Studien am
Menschen gestitzt, z.B. zur Ausscheidung von Glutathion-Transferase alpha oder
von alpha;-Mikroglobulin im Urin [Brining et al. 1999a und 1999b; Bolt et al. 2003].
Die Vermeidung einer Nierenschadigung durch TRI wirde daher auch eine wirksame
Pravention gegenuber der Entstehung von Nierenkrebs mit sich bringen [Harth et al.
2005].

In einer weiteren Studie mit skandinavischen Arbeitern, in der die Mehrzahl der
Beschaftigten (25 von 29) gegen weniger als 6 bis 10 ppm TRI exponiert war, fand
sich keine erhohte Ausscheidung des Biomarkers N-Acetyl-3-D-Glucosamin (NAG)
[Selden et al. 1993]. Es handelte sich hier zwar um ein kleines Kollektiv, doch ist die
Annahme begriindet, dass die Nephrotoxizitatsschwelle bei etwa 6 ppm (33 mg/m?)
liegt, zumal die Effekte bei 32 ppm nur geringfligig ausgepragt waren.

Hierbei ist zu berlcksichtigen, dass hohe Spitzenkonzentrationen sehr
wahrscheinlich ein deutlich hoheres Risiko vermitteln als entsprechende
Durchschnittswerte einer gleichférmigen Exposition.

4.3 Lebertumoren

Die Wirkungsmechanismen in Bezug auf die experimentelle Entstehung von
Lebertumoren bei der Maus durch TRI wurden detailliert 2000 von Bull und 2004 von
Clewell & Andersen beschrieben und diskutiert. Hierauf wird verwiesen, ferner auf
die ausfuhrlichere Darstellung im Anhang (Abschnitt 3.). Zusammenfassend sind
folgende Punkte hervorzuheben:

- Relevanz fur den Menschen: Die Maus zeigt eine besondere Empfindlichkeit fur
Lebertumoren. Die Ubertragbarkeit dieser Befunde auf den Menschen ist nur
eingeschrankt mdoglich und im Einzelfall vor dem Hintergrund madglicher
Mechanismen zu diskutieren (s.u.).

- Gentoxizitat: Bezogen auf die Leber als Zielorgan erscheinen die vorliegenden
Befunde inadaquat, um eine primar gentoxische Genese der experimentell bei
Mausen beobachteten Lebertumoren zu begriinden [Clewell & Anderson 2004].
Es bleiben in dieser Beziehung jedoch Unsicherheiten, die eine lokale,
hepatische Gentoxizitat nicht vollig ausschliel3en.
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- Promotion: Es werden zwei grundsatzliche Mechanismen diskutiert, die jeweils
durch die oxidativen Metaboliten DCA und TCA angestol3en werden [Bull 2000].
Der Hauptmetabolit TCA besitzt bei der Maus Peroxisomen-stimulierende
Eigenschaften und wirkt Gber den Mechanismus des PPAR-a (Peroxisomen-
Proliferator-aktivierten Receptor alpha). Der Nebenmetabolit DCA erzeugt
Lebertumoren Uber einen weiteren epigenetischen Mechanismus, namlich die
Promotion von Spontantumoren und die Hemmung von Apoptose [Clewell &
Anderson 2004].

Bei dem relevanten Wirkmechanismus ist von der Existenz unwirksamer Dosen und
nicht-linearer  Dosis-Wirkungsbeziehungen auszugehen. Die bestehenden
metabolischen Unterschiede [Clewell & Anderson 2004] erklaren ferner die Spezies-
Besonderheit des Entstehens von Lebertumoren nach TRI-Exposition bei der Maus,
nicht aber bei der Ratte.

Experimentelle Befunde sprechen fir eine Schlisselrolle des PPAR-a in der
Induktion von Lebertumoren durch TRI bei der Maus:

- Der TRI Metabolit TCA stof3t als PPARa-Aktivator eine Reihe von Genen an,
die fur die Wachstumsregulation in den Zellen zustandig sind. Die h&ufig als
Marker herangezogene Peroxisomenproliferation ist sehr wahrscheinlich nicht
obligatorisch mit der Tumorentstehung verknipft, sondern ebenfalls mit einer
resultierende Zellproliferation [Klaunig et al. 2003; Laughter et al. 2004]. Die
Rezeptordichte an PPARa ist beim Menschen wesentlich geringer als bei
Nagern [Clewell & Anderson 2004], und im Gegensatz zu Maus-Hepatozyten
sind Human-Hepatozyten refraktéar in Hinblick auf eine Induktion der DNA-
Synthese durch TCA [Smith et al. 2005].

Dieser Mechanismus dirfte daher beim Menschen von untergeordneter
Relevanz sein.

- In Studien, in denen TRI den Versuchstieren per Schlundsonde in Ol
verabreicht wurde, scheint eine Zytotoxizitat, verbunden mit einer regenerativen
Hyperplasie, mit zur Lebertumorbildung beizutragen. Generell wird jedoch eine
primére Beteiligung dieser Mechanismen nicht als wesentliche Ursache fur die
Tumorbildung angesehen [Bull 2000; Clewell & Anderson 2004].

Die aus drei skandinavischen Studien vorliegenden Daten zur Epidemiologie von
Lebertumoren im Zusammenhang mit TRI-Exposition zeigen nicht-signifikant erhdhte
Lebertumorraten [Axelson et al. 1994; Anttila et al. 1995; Hansen et al. 2001], aus
den groRBeren US-amerikanischen Studien ergaben sich keine Hinweise auf ein
erhohtes Leberkarzinomrisiko [Garabrant et al. 1988; Morgan et al. 1998; Blair et al.
1998; Boice et al. 1999]. Eine von Axelson (2004) publizierte Metaanalyse der Daten
ist nicht ohne weiteres zu verwerten, da sie in Teilen nicht nachvollziehbar ist (die
Lebertumordaten aus der Boice-Studie wurden mdglicherweise mit den hoheren
Zahlen fur das Rektum verwechselt; die von Axelson aus der Blair-Studie
errechneten Risiken basieren auf einer inadaquaten Kontrollgruppe). Auch in den
vorliegenden Reviews ergeben sich unterschiedliche Bewertungen der Evidenz:
Wahrend beispielsweise Wartenberg et al. (2000) der Ansicht sind, die Ergebnisse
lagen eine wahrscheinliche Risikoerh6hung fir TRI-Exponierte hinsichtlich
Leberkarzinomen nahe, sieht Wong (2004) kein erhohtes Leberkrebsrisiko.
Anzumerken Dbleibt, dass die Expositionscharakterisierung in den meisten
vorliegenden Studien unzureichend ist, oft eine Koexposition gegentber
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verschiedenen Lésungsmitteln bestand sowie der Alkoholkonsum im Allgemeinen
nicht erfasst wurde.

Unter diesen Pramissen ergab sich fur den ,AK Grenzwerte und Einstufungen fir CM-
Stoffe* des UA 11l die folgende Argumentation, Lebertumoren nicht zur Risikoableitung
heranzuziehen.

1. Die US-EPA-Ableitung der Risiken (2001) allein auf Basis der Anttila-Studie
erscheint nicht tragfahig: In dieser Studie kamen insgesamt nur funf Falle von
Lebertumoren vor, zu vier davon gab es personenbezogene quantitative
Expositionsparameter, wobei zwei Félle der hoéheren und zwei Félle der
niedrigeren Expositionsgruppe angehdrten. Nach Lewandowski und Rhomberg
(2005) konnten zudem Fehlklassifizierungen vorliegen, weil eine andere Studie
verwendet wurde, um aus den Urin-TCA-Werten auf Luft-TCE-Werte zu
schlieRen. Des Weiteren hat die EPA ohne Kenntnis aktueller Werte zur
Expositionsdauer eine durchschnittliche Dauer von 15 Jahren lediglich gesetzt.

2. Quantitative Dosis-Wirkungs-Beziehungen in Bezug auf die Lebertumoren sind
nicht ableitbar.

3. Die Lokalisation von Tumoren der Leber wird durch experimentelle Daten bei
der Maus gestutzt. Allerdings zeigt die Maus eine besondere Empfindlichkeit fir
Lebertumoren, die Ubertragbarkeit dieser Befunde auf den Menschen ist daher
fraglich, auch vor dem Hintergrund mechanistischer Studien (s.0.).

4.  Ferner sind toxikokinetische Unterschiede zu beachten: Beim Menschen bindet
TCA sehr viel starker an Plasmaproteine als bei der Maus, und daher wird ein
geringerer Anteil dieses (fur die tumorprovierende Wirkung verantwortlichen)
TRI-Hauptmetaboliten das Zielgewebe Leber erreichen [Lumpkin et al. 2003].
PBPK-Modellierungen, die diesen Spezies-Unterschied im risk assessment fur
TRI bericksichtigen, kommen folglich zu einem 10 bis 100-fach niedrigeren
inkrementellen Risiko [Keys et al. 2005] als frihere Schatzungen [US EPA
2001; IARC 1995].

4.4 Non-Hodgkin-Lymphome

Ein Bezug von TRI-Expositionen mit der Entstehung von Non-Hodgkin-Lymphomen
(NHL) beruht auf epidemiologischen Studien. Ein tierexperimentelles Modell hierfur
besteht nicht. Daher ist die Argumentation fir diese Art von Malignomen anhand der
epidemiologischen Daten zu fuhren.

Lewandowski und Rhomberg (2005) betrachteten die Starke der berichteten
Assoziationen, die Konsistenz mit der Datenbasis insgesamt und die daraus
resultierende biologische Plausibilitéat fur die berichteten Tumorendpunkte und kamen
zu dem Schluss, dass die biologische Plausibilitat einer TRI-spezifischen
Verursachung von Non-Hodgkin-Lymphomen unsicher ist. Wong (2004) sieht nach
Sichtung epidemiologischer Studien an TRI-exponierten Arbeitern keinen kausalen
Zusammenhang zwischen einer TRI-Exposition und erhdhten Risiken fur NHL.
Dagegen sehen Wartenberg et al. (2000) aufgrund der vorliegenden Daten ,etwas
Unterstutzung® fur die Annahme einer Assoziation mit NHL. Unterschiede beziglich
der in den einzelnen Studien beobachteten Risiken lassen sich nicht mit
korrelierenden Expositionsdifferenzen in Verbindung setzen, da fir die meisten
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Studien keine quantitativen Expositionsdaten vorliegen. Auch semi-quantitative
Angaben auf individueller Basis sind nicht ausreichend verfiigbar. Auch in denjenigen
skandinavischen Studien mit den besten diesbeziiglichen Daten gibt es im Mittel nur
2-3 Messwerte pro Individuum. Damit lasst sich eine kumulative Exposition nicht
ausreichend sicher abschétzen. Es ist jedoch davon auszugehen, dass in den
skandinavischen Studien die Expositionen im Allgemeinen unter 30 ppm lagen.

Auf dieser Basis sind weitergehende Betrachtungen eines Wirkungsmechanismus
nicht moglich. Ebenso kann nach Ansicht des AK Grenzwerte und Einstufungen fir CM-
Stoffe im UA Il aus den vorhandenen Daten ein Risiko fir NHL beim Menschen nicht
guantifiziert werden.

5 Quantitative Risikobetrachtung und Bewertung

Auf Basis der oben berichteten Daten kann ein Arbeitsplatzgrenzwert (AGW)
abgeleitet werden. Das bei dem abgeleiteten AGW abgeschétzte zusatzliche Risiko
fur Krebserkrankungen aufgrund der Exposition gegenuber TRI am Arbeitsplatz ist
nach Moglichkeit auszuweisen. Nachfolgend werden fir die relevanten
Krebslokalisationen verschiedene Ansatze zur quantitativen Risikoabschatzung
diskutiert.

51 Nierenkrebs

Aus den in Deutschland durchgefiihrten epidemiologischen Studien [Henschler et al.
1995); Vamvakas et al. 1998; Bruning et al. 2003] wurde ein Exzess-Lebenszeit-
Nierenkrebsrisiko von 5% nach angenommener kumulativer Exposition von 3000
ppm-Jahren abgeschatzt (vgl. Anhang, Tab.1). Diese Risikoquantifizierung kann
jedoch nicht bei jeder Expositionshthe als gultig angesehen werden: Es wurde auf
Basis von hohen Expositionen ermittelt, die langjahrig bei ca. 100 ppm lagen. In
diesem Bereich treten ZNS-Effekte auf. Zudem wird als wahrscheinlich
angenommen, dass Expositionsspitzen um 500 ppm relevant zur Entstehung
gentoxischer Metaboliten und zur Zytotoxizitat (Nephrotoxizitat) beitrugen. Die
Abschatzung durfte auch hier wegen des Einflusses des Hochdosisbereichs
(pranarkotische Wirkung) noch eine Uberschatzung gegeniiber dem tatsachlichen
Risiko darstellen. Da das AusmaR dieser moglichen Uberschatzung zurzeit nicht
naher eingegrenzt werden kann, wird das angegebene Risiko als konservative
Obergrenze angenommen.

Es ist zu erwarten, dass bei Unterschreiten der Zytotoxizitatsschwelle das Risiko fir
Nierenkrebserkrankungen im Vergleich zur Dosis Uberproportional abnimmt. Damit
ist insgesamt mit einer Sublinearitéat zu rechnen, da in diesem Niedrigdosisbereich
zwar eine lokale Gentoxizitat in der Niere nicht auszuschlieRen ist, jedoch kaum
Zytotoxizitdt (nur Hintergrundbelastung) zu vermuten ist. Die HOhe des Risikos
unterhalb der Zytotoxizitatsschwelle ist derzeit aber nicht quantifizierbar.

Green et al. (2004) haben bei im Mittel mit 32 ppm TRI exponierten Arbeitern noch
subklinische Niereneffekte gefunden, wie sie durch signifikant erhohte NAG- und
Albuminausscheidung gekennzeichnet sind. Diese Biomarker waren bei 29 Arbeitern,
die gegenuber 6 bis 10 ppm TRI mehrjahrig exponiert waren, nicht mehr erhdht
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[Selden et al. 1993]. Es ist somit anzunehmen, dass die Nephrotoxizitatsschwelle bei
etwa (=) 6 ppm (33 mg/m?) liegt. Obwohl es sich hier um ein nur kleines Kollektiv
handelte, wird in dieser Hohe auch fur grol3e Kollektive die Nephrotoxizitatsschwelle
angenommen, da die Effekte bei 32 ppm nur geringfiigig ausgepragt waren. Die
oben genannte Risikoschatzung fur Nierenkrebs begrenzt sich demnach auf den
Bereich > 6 ppm. Eine Exposition tber 40 Jahre bei 6 ppm (kumulierte Exposition 40
X 6 = 240 ppm-Jahre) ergibt bei linearer Risikoabschatzung ein Risiko von 0,4 %
(3000 ppm-Jahre entsprechen 5 %; 240 ppm-Jahre entsprechen 0,4 %). Dabei ist
aber auch fir den Bereich von 6 ppm von einer Uberschatzung des Risikos bei
linearer Extrapolation auszugehen, da die Dosis-Wirkungsbeziehung schon oberhalb
von 6 ppm einen deutlich sublinearen Verlauf aufweisen dirfte. Dieser Schluss stitzt
sich darauf, dass bei 30 ppm lediglich subklinische und bei 6 ppm keine
Niereneffekte bei Arbeitern beobachtet wurden und dass fur die Bildung des
reaktiven Thiols ein stark sublinearer Dosisverlauf oberhalb 100 ppm gezeigt wurde
(Abb. 1 in Anhang 1).

Die sublineare Dosis-Wirkungsbeziehung mit darauf beruhender Uberschitzung des
Risikos bei einer einfachen Proportionalitdtsbetrachtung ist bei niedrigeren
Expositionen noch ausgeprégter, so dass im Bereich unterhalb von 6 ppm eine
lineare Risikoextrapolation nicht plausibel ist. Das Risiko bei einer Exposition
gegenuber z.B. 3 ppm ist demnach deutlich geringer als 0,2% (< 2:1000). Es ist aber
nicht weiter eingrenzbar, wie stark ausgepragt die Sublinearitat Uber die
Gesamtkurve tatsachlich ist.

Das von der U.S. EPA (2001) berechnete unit risk fir Nierenkrebs auf Basis der
Daten von Anttila et al. (1995) (nach U.S. EPA; auf den Arbeitsplatz umgerechnet auf
5 x 10° pro pg/m® wirde zu hoheren Risiken filhren und ist angesichts der
vorliegenden Abschéatzung als zu konservativ einzuordnen. Das sich aus den
Befunden im Tierexperiment ergebende Risiko fur Nierenkrebs (nach U.S. EPA
(2001); auf den Arbeitsplatz umgerechnet 1,4 x 10 pro pg/m®) und das von Clewell
und Andersen (2004) errechnete Risiko von 10° bei 240 pg/m® (lineare
Extrapolation) sind im Falle von TRI mit zuséatzlichen Unsicherheiten bei der
Speziesextrapolation verbunden (derzeit mangelnde Kompatibilitat mit den Befunden
beim Menschen) und werden deshalb ebenfalls nicht fir die Risikoquantifizierung
herangezogen.

5.2 Leberkrebs

Wie in Kapitel 4.3 dargestellt, besteht bei der Frage der Relevanz der im Tierversuch
bei der Maus und in einem Teil der epidemiologischen Studien beobachteten
Lebertumoren erhebliche Unsicherheit.

Ein erhohtes Risiko, auf Grund der Exposition gegenliber TRI an Leberkrebs zu
erkranken, kann auf Basis der epidemiologischen Studien aus den nordischen
Landern [Axelson et al. 1994; Anttila et al. 1995; Hansen et al. 2001] nicht
ausgeschlossen werden. In diesen Studien wurde auch bei Exposition gegentber 10
ppm TRI noch ein nicht-signifikant erhdhtes Krebsrisiko gefunden. Andere ebenfalls
qualifizierte Studien zeigen jedoch kein erhdhtes Leberkrebsrisiko bei 10 ppm
[Morgan et al. 1998; Wong 2004]. Hinsichtlich der Metaanalyse von Axelson (2004),
in der ein erhdhtes Risiko fiir Leberkrebs errechnet wurde, ist auf relevante
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Unsicherheiten zu verweisen (vgl. Abschnitt 4.3).

Ein Schwellenwert kann nicht angegeben werden, weil die Relevanz sowie ein
Mechanismus fur Leberkrebs beim Menschen nach Exposition gegentber TRI nicht
bekannt ist. Eine lokale Gentoxizitat in der Leber kann bei der bestehenden
Datenlage als Mechanismus nicht ganz ausgeschlossen werden. Zwar zeigt sich
auch im Tierversuch bei Mausen ein erhohtes Auftreten von Tumoren in der Leber;
es wurde jedoch deutlich gemacht (vgl. Abschnitt 4.3), dass diese Befunde nicht
guantitativ auf den Menschen zu Ubertragen sind, da wahrscheinlich unterschiedliche
Wirkmechanismen und Speziesunterschiede in der Kinetik (vgl. Anhang, 1.3) eine
Rolle spielen.

Eine Risikoquantifizierung erscheint  aufgrund der  widersprichlichen
epidemiologischen Befunde oder der fehlenden Ubertragbarkeit des Mechanismus
aus dem Tierexperiment als so unsicher, dass sie nicht als objektivierbar angesehen
wird.

5.3 Non-Hodgkin-Lymphome (NHL)

Wie in Abschnitt 4.4 dargestellt, besteht beziglich der Frage eines kausalen
Zusammenhangs zwischen TRI-Exposition und erhdhten Risiken fur NHL eine
erhebliche Unsicherheit. Eine Quantifizierung des Risikos ist daher nicht sinnvoll. Die
U.S. EPA (2001) errechnet auf der Grundlage der Studie von Antilla et al. (1995) ein
unit risk, das in der gleichen Grdf3enordnung wie das unit-risk fur Nierenkrebs liegt
(Faktor 3,3 hoher fur NHL als fur Nierenkrebs), wobei keine Vergleichsdaten aus
Tierexperimenten vorliegen, die die Tumorlokalisation und die Risikoh6he absichern
koénnten. In einer Metaanalyse von Axelson (2004) wird ein erhdhtes Risiko fliir NHL
aus epidemiologischen Daten abgeleitet. Auch zu dieser Metaanalyse ist auf
relevante Unsicherheiten zu verweisen (s.0. Abschnitt 4.3.).

Angesichts dieser Unsicherheiten werden die vorliegenden Quantifizierungen zu NHL
nicht fr eine Risikocharakterisierung herangezogen. Es kann zwar zur Abdeckung
des Verdachts unterstellt werden, dass mit dem Schutz vor kanzerogenen Effekten in
der Niere NHL etwa in gleichem auch das Risiko fir Mal3e abgedeckt scheint.
Eindeutige Daten fir eine durch TRI verursachte Entstehung von NHL liegen aber
nicht vor.

6 Schlussfolgerungen

Als Orientierungshilfe fur die Ableitung eines Arbeitsplatzgrenzwertes (AGW) werden
hier die Dosis-Risiko-Beziehungen flr unterschiedliche TRI-Expositionen
beschrieben und kurz kommentiert.

Ein AGW kann im Falle von TRI nicht an einer eindeutigen Wirkschwelle festgemacht
werden, weil Gentoxizitat in der Niere beobachtet wurde und auch bei der Leber und
bei NHL eine lokale Gentoxizitat nicht auszuschlieen ist. Dementsprechend wird
eine Grenzwertableitung als risikobasiert angesehen.
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Wie oben gezeigt, ergeben mehrfache Annahmen zur sicheren Seite (Modell einer
linearen Dosis-Wirkungs-Beziehung; zugrunde gelegte mittlere Expositionen
berlicksichtigen nicht den zusatzlichen Einfluss der an historischen Arbeitsplatzen
aufgetretenen extremen Spitzenkonzentrationen), dass eine Risikobetrachtung ohne
Schwellenwert resultiert und bei Einhaltung einer Expositionshdéhe von 6 ppm TRI ein
Risiko fur Nierenkrebserkrankung von 4:1000 unterschritten wird2.

Auf einen deutlichen Beitrag der Belastung bei Hautexposition gegenuber flissigem
TRI wird hingewiesen (s. Anhang 1). Ferner wird auf Anhang 2 (arbeitsmedizinische
Vorsorgeuntersuchungen) verwiesen.

Bei einer Konzentration von 6 ppm ist auch nicht mehr mit einer Nierenschadigung
zu rechnen, auf deren Boden sich im Snne einer Promotion/Progression ein klinisch
manifester Tumor entwickeln kénnte.

Es bleibt fraglich, ob TRI beim Menschen zusatzlich Leberkrebs und Non-Hodgkin-
Lymphome hervorzurufen vermag. Dosis-Wirkungs-Betrachtungen (Tabelle 1)
machen jedoch im Vergleich mit der Auslésung von Nierentumoren ein hdheres
Krebsrisiko fur andere Organe wenig wahrscheinlich.

In der nachstehenden Tabelle 1 sind die zu den betrachteten Endpunkten in die
Ableitungen eingegangenen Annahmen und Bewertungen zusammengefasst.

2 Ein Vergleich von ,Toleranz- und Akzeptanzschwellen“, wie sie in anderen Regelungsbereichen oder im
Ausland herangezogen werden, ist in einem Forschungsbericht [BauA, 2005] zusammengetragen und in
Hinblick auf Gesundheitsrisiken am Arbeitsplatz diskutiert worden.
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Tabelle 1: Dosis-Risiko-Beziehungen bei den betrachteten Tumorlokalisationen

Endpunkt und
Dosisbereich

Annahme

Bewertung

Nierenkrebs

6-100 ppm Linearitat, abgeschéatzt aus Konservative, toxikologisch gestiitzte
epidemiologischen Daten bei Annahme, moglicherweise deutliche_
langjéhriger Exposition gegen 100 ppm | Uberschétzung, falls bereits
mit zusatzlichen Expositionsspitzen sublinearer Verlauf, insbesondere

wegen der Bedeutung von hohen
Expositionsspitzen (Ausmald einer
moglichen Sublinearitét nicht genauer
eingrenzbar)

6 ppm .Point of departure”; darunter keine Niedriges Risiko fir Krebsgeschehen
relevante Zytotoxizitat und somit gestiitzt durch negative oder
sublinearer Verlauf der Dosis- nichtsignifikante epidemiologische
Risikobeziehung Befunde und durch Risikoh6he nach
Extrapoliertes Krebsrisiko bei 0,4% linearer Extrapolation;
(Expositionsspitzen nicht POD gestitzt durch
berucksichtigt) Effektkonzentration bei durchschnittlich

32 ppm (Zytotoxizitat)

Hohere Exposition nicht tolerierbar
(Maf3stab: noch tolerierbares Risiko in
NL; Expositionsspitzen nicht
bericksichtigt)

0,6-6 ppm Abnahme des Risikos fir Konvention, gestitzt durch
Krebserkrankung um 2 grundsétzlich zu erwartende
GroRRenordnungen bei Abnahme der Sublinearitat bzw. niedrigerer
Exposition um 1 GréRenordnung Risikoanstieg im Vergleich zum

Dosisbereich oberhalb 6 ppm
Leberkrebs

30 ppm 3,3% Krebsrisiko, Unsicherheit Gestlitzt durch unit risk, dass auf
epidemiologischen Daten basiert;
unsicher, ob TRI Gberhaupt ein
Leberkanzerogen fir den Menschen
ist
Gestiitzt durch Verdachtsmomente:
Beobachteter Leberkrebs bei
Exposition gegeniiber 10 ppm
(widersprichliche Studienbefunde)

3 ppm 0,3% Krebsrisiko, starke Unsicherheit Verdachtsmoment verliert bei
abnehmender Expositionshéhe an
Gewicht und Notwendigkeit zur
guantitativen Bertcksichtigung, da
Gesamtunsicherheit maf3geblich fur
Bewertung

NHL
30 ppm < 6-7% Krebsrisiko, unsicher Gestltzt durch unit risk, dass auf

epidemiologischen Daten basiert;
unsicher, ob TRI tberhaupt NHL

beim Menschen induziert

Gestutzt durch Verdachtsmomente:
Beobachtete NHL bei Exposition
gegenlber 10 ppm (widersprichliche
Befunde)
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Anhang 1 zu Trichlorethen (Trichlorethylen, TRI) 20 06
Hintergrundinformation zum Wirkmechanismus und zur Risikoabschatzung
1 Aufnahme und Metabolismus

TRI wird aufgrund seines lipophilen Charakters bei Inhalation, oraler Aufnahme oder
bei Hautkontakt schnell und weitgehend resorbiert und dann im gesamten
Organismus verteilt. Die inhalative Exposition ist am Arbeitsplatz i.d.R. massgebend,
doch sollte eine mogliche dermale Aufnahme von TRI mit in Betracht gezogen
werden.

Ein Vergleich der Blutspiegel nach bis zu 24-stiindiger epikutaner Exposition von
Ratten (3,1 cm? exponierte Hautflaiche) gegen unverdiinnte Lésungsmittel ergab,
dass TRI so effizient wie 1,1,1-Trichlorethan aber nur halb so schnell wie Benzol,
Tetrachlorethen, Toluol und Ethylbenzol aufgenommen wurde. Dabei wurde ein
Blutspiegel im Fliegleichgewicht von etwa 10 pg TRI/mlI nach 0,5 Stunden
Exposition erreicht [Morgan et al. 1991]. Nur 0,3 % des aus der Gasphase
aufgenommenen Trichlorethens wurde von Probanden tber die Haut aufgenommen,
der Rest Uber die Lunge [Kezic et al. 2000]. Bei dreiminitiger Exposition von
Probanden gegen fliissiges Trichlorethen (27 cm? Hautoberflache) wurde ein Flux
von 430 nmol/cm?/min berechnet. Bei einer exponierten Hautflache von 360 cm? und
8 wiederholten Drei-Minuten-Expositionen entspricht dies 3,7 mmol. Im Vergleich
dazu werden bei 8-stiindiger Exposition gegen 50 ml/m*® 3,1 mmol aufgenommen
[Kezic et al. 2001].

Daher sollte von einem nicht zu vernachlassigendem Beitrag der Aufnahme von
flissigem TRI Uber die Haut ausgegangen werden.

Resorbiertes TRI wird sowohl oxidativ als auch reduktiv verstoffwechselt (Abb. 1).
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Abb. 1: Modell des TRI-Metabolismus (Clewell und Anderson, 2004, fig.2, modifiziert)

Die oxidative Umsetzung in der Leber durch CYP450 Enzyme fihrt zu den
Hauptmetaboliten Trichloressigsaure (TCA) und Trichlorethanol (TCOH) bzw. dessen
Glucuronid (TCOG) sowie zu weiteren Endprodukten (z.B. Oxalsaure und N-
Hydroxyaminoethanol), die im Urin ausgeschieden werden. Der zweite, reduktive
Metabolismusweg Uber Glutathiontransferase macht einen geringeren Anteil aus,
gewinnt aber an Bedeutung, wenn der oxidative Stoffwechselweg bei hohen TRI-
Expositionen gesattigt ist.

Ausgehend von Genotoxizitatstestbefunden wird postuliert, dass den Glutathion-
abhangigen Metaboliten 1,2-Dichlorvinylglutathion (DCVG) 1,2-Dichlorvinylcystein
(DCVC) und N-Acetyl-1,2-Dichlorvinylcystein (NADCVC) Hinblick auf die
kanzerogene Aktivitat von TRI an der Niere besondere Bedeutung zukommt [Clewell
& Anderson 2004; Harth et al. 2005]. Nach Untersuchungen der Arbeitsgruppe um
Green [Green et al. 1998; Dow & Green 2000; Green et al. 2003] wird eine
nephrotoxische Wirkung von TRI auch durch die guantitativ wichtigeren Metabolite
Trichlorethanol und Trichloressigsaure mediiert, und zwar durch Interaktion mit dem
Vitamin Bj,-abhéngigen C;-Stoffwechsel. Diese fihrt zu einem Defizit an Folséure
und einem Exzess an Ameisensaure, was in hoheren Dosisbereichen von TRI zu
einer Ansauerung des Zellinneren und damit zur Zytotoxizitat fihrt.

2 Nierentumoren

In Tabelle 1 sind Expositions-Risikobeziehungen zusammengestellt.

Tabelle 1: Unter der Linearitditsannahme berechnete Expositions-Risikobeziehungen
fur TRI-Exposition. Bedingungen: Exzess-Lebenszeit-Nierenkrebsrisiko 5
% nach kumulativer Exposition von 3000 ppm-Jahren (gemass Studien
aus Deutschland, s. Text), lineare Abhangigkeit des Risikos von der
kumulativen Exposition.

Expositions- Expositionsdauer Kumulative Exzess- Bemerkung
konz. [ppm] Exposition [ppm-|Risiko®
Jahre]
500 und 100 18 J., 2 h/d, 3 d/Wo./3000 5% Bezugspunkt gemaf der
Spitzenexp., sonst ca. Studien von Henschler et
100 ppm al. (1995), Vamvakas et al
(1998), Brining et al
(2003) aus Deutschland

30 40 J., Vollschicht 1200 2% TRK-Wert (ausgesetzt)

15 8 J., Vollschicht 120 0,2 % fur die Studie von Axelson
et al. (1994) abgeschatzte
mittlere Exposition

6,5 10 J., Vollschicht 65 0,11 % fur die Studie von Anttila
et al. (1995) abgeschatzte
mittlere Exposition

15 40 J., Vollschicht 60 0,1% "Grenzwert" fur
Risiko 1 zu 1000

0,072 40 J., Vollschicht 2,9 5x10” nach Grenzwertvorschlag
von Clewell und Andersen
(2004)

a

Nierenkrebsrisiko

Ausgehend vom Bezugspunkt unter der Linearititsannahme berechnetes Exzess-Lebenszeit-
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Die Erh6hungen des Nierenkrebsrisikos, die in den Studien von Henschler et al.
(1995), Vamvakas et al. (1998) und Brining et al (2003) zur TRI-Exposition
beobachtet wurden, variieren etwas in Abh&ngigkeit vom Untersuchungszeitraum
und von der Definition des Merkmals "exponiert" (siehe auch Greim, 1996). Die
Odds-Ratio(OR)-Werte in den Fall-Kontrollstudien liegen meist statistisch signifikant
im Bereich um 2 oder 3 (wobei auch héhere Werte auftreten, z.B. fir "any exposure
in metal degreasing” OR = 5,57; Brining et al., 2003), das héchste OR wurde in der
Studie von Vamvakas et al. (1998) mit 10,8 festgestellt. Fur die Risikobewertung ist
die Umrechnung der in den Studien genannten Maf3zahlen des "relativen Risikos"
(insbesondere OR) in Zahlenwerte des "absoluten Risikos" erforderlich.
Informationen zur Krebsmortalitédt in der Allgemeinbevdlkerung lassen sich der
Datenbank der WHO (2003) entnehmen. Danach betrug in Deutschland der Anteil
der Todesursache "Bdsartige Neubildung der Niere, ausgenommen Nierenbecken"
(ICD/9 189.0) an allen Todesursachen im Jahre 1990 bei den Mannern 0,66 % (2811
/ 425093), bei den Frauen 0,42 % (2085 / 496352); im Jahre 1997 betrugen die
Anteile 0,77 bzw. 0,48 % (WHO 2003). Nach diesen Zahlen muss von einem
Lebenszeit-Mortalitatsrisiko flr Nierenkrebs in der mannlichen Allgemeinbevdlkerung
in Deutschland in Hohe von zirka 0,7 % ausgegangen werden. Eine Verdoppelung
dieses Risikos (RR, SMR oder OR von 2,0) bedeutet ein zusatzliches (Exzess-)
Lebenszeitkrebsrisiko in derselben Hohe. Ein OR von 10,8 entspricht dann einem
Exzess-Risiko von 10,8 x 0,7 % - 0,7 % = 6,9 %. Bei den angegebenen Zahlen zu
Nierenkrebsfallen in der Allgemeinbevolkerung handelt es sich um Mortalitéat, das
eigentlich zu betrachtende Inzidenzrisiko ist héher.

Prazise Daten Uber die Nierenkrebsinzidenz in der gesamten Bundesrepublik
Deutschland liegen nicht vor, die Publikation "Krebs in Deutschland" (2004) enthéalt
jedoch datengestiitzte Schatzungen der Inzidenzraten. Fir das Jahr 2000 sind dort
die geschatzten Inzidenzraten und die Mortalitéatsraten gemaf amtlicher Statistik ftr
Nierenkrebs einander gegentbergestellt. Die Raten bei den Mannern betragen
demnach 22,0 (Inzidenz) bzw. 9,7 (Mortalitat) pro 100000 und Jahr, bei den Frauen
liegen die entsprechenden Zahlenwerte bei 15,0 bzw. 6,2. Als Verhaltnis von
Inzidenz zu Mortalitéat ergibt sich demnach ein Wert von rund 2,3. Wendet man
diesen Faktor auf das Mortalitatsrisiko von 0,7 % an, dann erhalt man den Wert von
1,6 % fur das absolute Basis-Inzidenzrisiko fur Nierenkrebs der Manner in den 90er
Jahren in Deutschland. Selbstverstandlich sind die Odds Ratio-Werte der
epidemiologischen Studien zu Nierenkrebs nach TRI-Exposition mit Unsicherheiten
behaftet, insgesamt ist es jedoch unzweifelhaft, dass eine signifikante Erh6hung des
Nierenkrebsrisikos aufgrund eines urséchlichen Zusammenhangs mit der Exposition
dort nur wahrscheinlich ist, wenn dieser Signifikanz ein Exzess-Inzidenzrisiko im
Prozentbereich entspricht. Bereits ein relatives Risiko von 2,0 bedeutet bei einem
Basisrisiko von 1,6 % ein Exzess-Risiko von ebenfalls 1,6 %. Es erscheint daher
gerechtfertigt, der sehr hohen kumulativen Exposition von 3000 ppm-Jahren ein
Exzess-Nierenkrebsrisiko von 5 % zuzuordnen.

Fur die Kohorte der Studie von Axelson et al. (1994) lasst sich eine kumulative
Exposition von 120 ppm-Jahren abschatzen. Fur diese Exposition ergibt sich nach
Tab. 1 rechnerisch ein Exzess-Risiko fiir Nierenkrebs in Hohe von 0,2 %. Am Ende
des Follow-up waren von den 1421 Mannern dieser Kohorte 229 (16,1 %)
verstorben, die Kohorte ist daher als relativ "jung" zu betrachten. Gemal3 der
Nierenkrebsinzidenz der mannlichen schwedischen Allgemeinbevélkerung und
gemal der Altersverteilung der exponierten Kohorte waren nach Axelson et al.
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(1994) 5,2 Nierenkrebsfalle zu erwarten, es wurden 6 Falle beobachtet, dies
entspricht einer SIR von 1,16 mit einem 95%-Vertrauensbereich von 0,42 bis 2,52.
Nach diesen Daten scheint die Power dieser Studie nicht ausreichend gewesen zu
sein, um ein Exzess-Nierenkrebsrisiko in H6he von 0,2 % zu entdecken. Es ware
auch dann, wenn die Expositions-Risikobeziehung entsprechend der Zuordnung 5 %
pro 3000 ppm-Jahren tatséchlich linear von der kumulativen Exposition abhangig
ware und sich das Risiko exakt in dieser Hohe auspragen wirde, in der Axelson-
Studie kein erhdhtes Nierenkrebsrisiko statistisch signifikant zu erwarten. Dies zeigt
auch die Uberlegung, dass ein Lebenszeit-Mortalitatsrisiko von 0,2 % unter 229
Verstorbenen (s.0.) lediglich 0,46 zusatzliche Krebstodesfalle erwarten lie3e, was mit
grosster  Wabhrscheinlichkeit der Beobachtung von  "Null"  zuséatzlichen
Krebstodesféallen entsprache. Entsprechendes gilt fir die Studie von Anttila et al.
(1995) (Tab. 1), in der bei 6,9 erwarteten Nierenkrebsfallen 6 Falle beobachtet
wurden, was einer SIR von 0,87 mit einer oberen 95%-Vertrauensgrenze von 1,89
entspricht. Auch hier lasst die geringe durchschnittliche kumulative Exposition von 65
ppm-Jahren auch bei Linearitdt keinen Nachweis einer statistisch signifikanten
Risikoerhohung erwarten. Aus den Angaben in der Veroffentlichung von Hansen et
al. (2001) ergibt sich eine noch niedrigere kumulative Exposition (Median 18 ppm-
Jahre).

Die empirischen Daten der skandinavischen Studien (z.B. Axelson et al., 1994) sind
grundsatzlich mit der Annahme einer Wirkungsschwelle fiir die Nierenkanzerogenitat
von TRI unter den durchschnittlichen Expositionsbedingungen der betreffenden
Arbeitsplatze vereinbar. Da die durchschnittlichen kumulativen Expositionen der
Kohorten aber relativ niedrig (fur die Axelson-Studie z.B. bei lediglich 120 ppm-
Jahren) anzusetzen sind, sind die Ergebnisse ebenso mit der Annahme linearer
Expositions-Risikobeziehungen bei einer Steigung von 5 % pro 3000 ppm-Jahren
vereinbar (obere 95%-Vertrauensgrenze der SIR in der Studie: 2,52). Diese
Ergebnisse eignen sich daher nicht als "aktiver Hinweis" oder Beleg einer
entsprechenden  Wirkungsschwelle, sie schlieBen die genannten linearen
Expositions-Risikobeziehungen nicht aus.

Die Berechnungen (Tab. 1) aus der epidemiologischen Studie von Henschler et al.
(1995) sind zu relativieren, da sie als worst-case-Annahme von einer linearen
Extrapolation des Tumorrisikos bei sehr hohen Expositionen zu den Risiken bei
niedrigen Expositionen ausgehen. Die pranarkotischen Symptome unter den
Beschaftigten verweisen darauf, dass die Expositionskonzentrationen fir das
Kollektiv dieser Studie ein Vielfaches des damals giiltigen MAK-Werts von 50 ml/m?
betragen haben muss. Unter diesen Bedingungen ist eine Sattigung des oxidativen
Metabolismus und eine erhohte reduktive Metabolisierung mit Entstehung des
reaktiven Thiols anzunehmen. Hierzu wurden von Clewell und Andersen (2004) mit
Hilfe enzymkinetischer Daten von Mensch und Ratte Lebenszeit-Belastungen
berechnet (Tab. 2).
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Tabelle 2: Modellierung reaktiver TRI-Metabolite in der Niere [Clewell & Andersen

2004]

reaktives Thiol [mg/g Niere], tégliche Belastung
Uber die Lebenszeit gerechnet

Ratte 600 mi/m°, 7 h/d, 5 d/w, 78/104 w 19,6

Ratte 300 mi/m°, 7 h/d, 5 d/w, 78/104 w 6,3

Ratte 100 mi/m°, 7 h/d, 5 d/w, 78/104 w 0,23

Mensch 100 mI/m®, 8 h/d, 5 diw, 45 a 0,23

Mensch 50 ml/m°, 8h/d, 5 diw, 45 a 0,09

Die Daten der Tabelle 2 sind in der Abbildung 1 als Grafik (s.u.) veranschaulicht. Es
ergibt sich, dass bei tiber 100 ml/m? ein tiberproportionaler Anstieg der Belastung mit
reaktivem Thiol in der Niere zu erwarten ist.
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Abbildung 1: Modell zum Auftreten des reaktiven Thiols (Daten aus Tab. 2).

Diese enzymkinetischen Abschatzungen wurden nicht durch Messungen bestéatigt.
Ob sich Ratte und Mensch in dieser Hinsicht gleich verhalten, ist z.B. nicht belegt.
Diese Abschatzungen stimmen allerdings qualitativ mit der Beobachtung Uberein,
dass Nierentumoren nur bei hohen Expositionen im Tierversuch [Maltoni et al. 1988]
und in epidemiologischen Studien [Brining et al. 2003; Henschler et al. 1995;
Vamvakas et al. 1998; Charbotel et al. 2006; Zhao et al. 2005] auftraten, da unter
eben diesen Bedingungen eine Uberproportionale Bildung des gentoxischen Thiols
zu erwarten ist. Deshalb dirften die oben abgeschéatzten Risiken im Bereich bei oder
unter 10 ml/m? tatsachlich kleiner sein.
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3 Lebertumoren

Die Datenlage bezuglich mdglicher Mechanismen zur Entstehung der Lebertumoren
bei Mausen ist in Clewell und Andersen (2004) zusammengefasst. Prinzipiell gibt es
drei Moglichkeiten, wie TRI bzw. seine Metaboliten Chloral, Dichlor- und
Trichloressigsaure kanzerogen wirken kodnnen, namlich Genotoxizitat, Zytotoxizitat
und Promotion. Aufgrund der Datenlage halten Clewell und Andersen (2004)
Zytotoxizitat als Ursache der Lebertumoren fir unwahrscheinlich und sehen in der
Genotoxizitat eine nicht plausible Erklarung fir die Lebertumoren, da andererseits
vieles darauf hindeutet, dass die Promotion bei der Entstehung der Lebertumoren die
entscheidende Rolle spielt. Chloral wird nicht als bedeutsam eingeschatzt, da es in
zu geringen Mengen entsteht. Es konnte bei Exposition von Freiwilligen gegen bis zu
100 ml/m® TRI nicht nachgewiesen werden [Fisher et al. 1998].

Im Folgenden werden die Wirkungsmechanismen des TRI fiur Lebertumoren
dargestellt.

Genotoxizitat durch TCA und DCA
-TCA

TCA war in einigen Testsystemen nicht konsistent ggfl. schwach genotoxisch. Die
Evidenz fur einen primaren gentoxischen Mechanismus bei der Entstehung der
Lebertumoren ist unzureichend, jedoch konnten mdgliche Risiken im
Niedrigdosisbereich verbleiben [Clewell & Andersen 2004].

-DCA

DCA erwies sich in einigen Testsystemen als schwach genotoxisch [Moore &
Harrington-Brock 2000], die verwendeten Konzentrationen waren mehrere
GroRRenordnungen hoher als die, die sich im Tierexperiment als kanzerogen erwiesen
[Bull et al. 2002]. Zum Beispiel wurde in transgenen Mausen nur nach einer
Applikationsdauer von 60 Wochen und nur bei der hochsten Konzentration von 3,5
g/l eine erhdhte Mutationsfrequenz im Zielgen hervorgerufen, nach 4 und 10 Wochen
noch keine. Die Autoren dieser Studie vermuten, dass DCA genotoxisch ist, aber
maoglicherweise nicht aufgrund einer direkten Bindung an die DNA [Leavitt et al.
1997].

Nicht-genotoxische Mechanismen

In Tierversuchen zeigten sich TRI [Clewell und Andersen 2004] und TCA [Parnell et
al. 1986] als Promotoren von initiierten Leberfoci bei Ratten, TCA und DCA bei
Mausen [Tao et al. 2004]. DCA und TCA sind selbst komplette Leberkanzerogene
bei der Maus, DCA auch bei der Ratte. DCA und TCA, nicht aber TRI, aktivieren den
PPAR-alpha-Rezeptor, somit gehodren beide Metaboliten in die Gruppe der
Peroxisomenproliferatoren, die haufig zu Lebertumoren Uber einen nicht-
genotoxischen Mechanismus filhren. Die PPAR-Aktivierung fihrt zu zahlreichen
Wirkungen in  der Zelle, u.a. Anderungen der Expression von
Wachstumsregulationsgenen, Peroxisomenproliferation und Zellproliferation. Die
Zellproliferation in bestimmten Subpopulationen von veranderten Zellen und nicht die
Peroxisomenproliferation wurde als wesentlich fir die kanzerogene Wirkung von
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PPAR-Aktivatoren erkannt [Klaunig et al. 2003], da das Ausmall der
Peroxisomenproliferation nicht mit der kanzerogenen Potenz eines Stoffs korreliert
ist.

- TCA

An PPAR-alpha-Knock-out-Mausen verursachte TCA keine Erhéhung des
Lebergewichts im Gegensatz zu Wildtypméausen [Laughter et al. 2004].
Untersuchungen von durch TCA entstandenen Lebertumoren zeigten, dass diese
sich hinsichtlich der Inzidenz und des ras-Mutationsspektrums nicht von
Spontantumoren unterschieden [Fereira-Gonzales et al. 1995]. Es liegt also fur
diesen Stoff keine genotoxische Wirkung, sondern eine Promotorwirkung vor,
wahrscheinlich Gber PPAR alpha vermittelt.

- DCA

Die schwache genotoxische Wirkung von DCA scheint nicht zur Tumorentstehung
beizutragen, da die umfangreiche Analyse von pramalignen Lasionen in der
Méauseleber ergab, dass im Konzentrationsbereich <1 g DCA/l Trinkwasser nicht-
genotoxische Effekte wie negative Selektion zu den Tumoren fuhren [Carter et al.
2003]. Diese Annahme wurde durch eine weitere Studie an der Maus gestutzt, in der
Vinylcarbamat als Initiator und TCA sowie DCA als Promotoren verwendet wurden.
Dabei steigerten weder DCA noch TCA die Tumorhaufigkeit sondern nur die Grol3e
der Tumoren in der Leber [Bull et al. 2004].

Im Gegensatz zu TCA rief DCA sowohl in Wildtypmausen als auch in PPARalpha-
Knock-out-Mausen ein erhdhtes Lebergewicht hervor, was auf eine PPAR-
unabhéngige Wirkung hindeutet [Laughter et al. 2004]. Die durch DCA
hervorgerufenen Foci sind im Ph&anotyp und in der Replikation unterschiedlich zu
denen, die durch TCA verursacht werden [Bull et al. 2002, Stauber und Bull 1997].
Die durch DCA hervorgerufenen Lebertumoren unterschieden sich hinsichtlich der
Art der ras-Mutationen nicht von Spontantumoren, wohl aber hinsichtlich der Inzidenz
fur verschiedene Typen an ras-Mutationen [Fereira-Gonzales et al. 1995]. Dies ist ein
Hinweis auf einen nicht-genotoxischen Mechanismus, der sich aber von dem von
TCA unterscheidet. Als weiterer Mechanismus wurde eine Anderung der hepatischen
Glucocorticoid-Rezeptor-Bindungsaffinitat diskutiert, als deren Folge Metabolismus,
Proliferation und Differenzierung gestért werden koénnen. Dieser Befund wurde
allerdings nur als Abstract veroffentlicht (zit. in Clewell & Andersen 2004). DCA
hemmt aulBerdem die Apoptose initiierter Zellen der Mauseleber [Snyder et al. 1995].

-Beitrag von DCA zu den durch TRI entstandenen Lebertumoren bei der Maus

Barton et al. (1999) machen DCA als ein Nebenmetabolit von TRI, der in geringen
Konzentrationen entsteht, fur die Leberkanzerogenitat von TRI nicht verantwortlich.
Bei 0,05 mg DCA/l Trinkwasser (ca. 8 mg/kg KG) war die Multiplizitdit von
Lebertumoren bei Mausen zwar erhodht, es trat jedoch keine signifikant erhthte
Tumorinzidenz auf [DeAngelo et al. 1999]. Danach kdnnen aber auch geringe Dosen
DCA wirksam sein. Einige der durch TRI induzierten Lebertumoren bei der B6C3F;-
Maus wiesen eine ahnliche Immunreaktivitat wie die durch DCA verursachten auf.
Damit ist ein Beitrag von DCA an der Genese der Mauslebertumoren anzunehmen
[Bull et al. 2002].

Insgesamt ist aufgrund der Datenlage ein genotoxischer Mechanismus bei niedrigen
Konzentrationen von TRI eher unwahrscheinlich.
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Speziesunterschiede - Toxikokinetik

Fur die weitere Bewertung der Lebertumoren ist wesentlich, dass TRI nur in der
Maus, nicht aber in der Ratte, diese Tumoren verursachte. Folgende Befunde
kénnen diese Ergebnisse erklaren:

-TCA

Nach Gabe von 1000 mg TRI/kg KG war bei Mausen der Plasmaspiegel an TCA 5-
10 mal hoher als bei Ratten. TCA war kanzerogen bei Mausen nach Gabe von 140
mg/kg KG wahrend es bei Ratten bei 378 mg/kg KG keine Lebertumoren hervorrief.
Weiterhin nimmt die Plasmabindung von TCA in der Reihe Mensch > Ratte > Maus
ab. Das Verhdltnis von im Blut ungebundenem und damit fir Hepatozyten
verfugbarem TCA bei gleicher externer Konzentration ist bei den drei Spezies etwa
1:4:5 [Lumpkin et al. 2003].

-DCA

DCA dagegen verursachte Lebertumoren bei Mausen [Daniel et al. 1992] und Ratten
[DeAngelo et al. 1996] nach Gabe von 93 bzw. 40,2 mg/kg KG. Die Plasmaspiegel
von DCA nach Gabe ahnlicher Dosen von TRI sind bei der Ratte unter der
Nachweisgrenze und bei der Maus im Bereich 2-6 mg/l. Diese gemessenen
Konzentrationen sind jedoch wegen der Bildung von DCA aus TCA bei der
Aufarbeitung zu hoch und spiegeln wohl lediglich die héhere Belastung der Maus mit
TCA wieder. Eine Studie mit verfeinerter Analytik ergab, dass selbst bei Mausen bei
Gabe von 1000 mg TRI/kg KG kein DCA im Vollblut nachweisbar war
(Nachweisgrenze 1,9 uM = 220 pg DCA/l). Die Autoren erklarten dies mit der
schnellen Verstoffwechselung in der Leber (first-pass-Effekt), so dass praktisch kein
DCA den Blutstrom in messbaren Mengen erreicht, was aber nicht bedeutet, dass
kein DCA gebildet wird [Merdink et al. 1998].

Bei Ratten wurde nach oraler Gabe von 2000 mg TRI/kg KG mit weiter verbesserter
Methodik 2 h p.a. ca 40 pug DCA/I Blut, in der Leber 17,2 pg DCA/I und in der Niere
262 pg DCA/I gemessen [Delinsky et al. 2005)].

Die DCA-Plasmaspiegel bei Probanden nach 4 h Exposition gegen 100 ml TRI/m?
lagen im Bereich 4 (Nachweisgrenze) - 12 pug/l. DCA konnte nur bei 3 von 9
mannlichen und 2 von 8 weiblichen Probanden nachgewiesen werden. Die
Blutkonzentration von TCA lag um den Faktor 1000 hoher [Fisher et al. 1998].

Die quantitativen Unterschiede bei der Bildung von TCA konnten erklaren, warum
TRI bei der Maus, nicht aber bei Ratten Lebertumoren verursacht.
Speziesunterschiede bei der Bildung von DCA sind unklar, da eine Studie mit
sensitiver DCA-Analytik bei Mausen fehlt. Aufgrund der Daten aus den
Kanzerogenitatsversuchen mit DCA scheinen Ratten eher empfindlicher als Mause
zu sein, wobei aber unklar ist, ob dies auf toxikokinetischen Unterschieden beruht.

Speziesunterschiede - Toxikodynamik

Humanhepatozyten sind gegeniiber der mitogenen Wirkung (Induktion der DNA-
Synthese) von TCA refraktér. Die Apoptose blieb unbeeinflusst [Smith et al. 2005].

Fur DCA liegen keine Daten zu toxikodynamischen Speziesunterschieden vor. Nach
Carter et al. (2003) sind die entstandenen Lebertumoren bei der mannlichen B6C3F;-
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Maus aus Spontanldsionen entstanden, die bei diesem Stamm zu einer hohen
Inzidenz von altersabhangigen Lebertumoren fihren. Insofern sind Daten zur
Entstehung von Lebertumoren bei diesem Stamm nur sehr eingeschrankt fir eine
quantitative Ubertragung auf den Menschen brauchbar. Fir die Ratte liegen keine
entsprechenden Untersuchungen zu toxikodynamischen Speziesunterschieden vor.

Fazit - Lebertumoren

Auf Basis der Lebertumoren bei B6C3F;-Mausen und der TCA-Spiegel sind
Risikoextrapolationen nicht sinnvoll.

Bei DCA scheint ein anderer Mechanismus zur Tumorentstehung als bei TCA
wirksam zu sein. Es ist jedoch auch hier (bei geringen Dosen) von einem nicht-
genotoxischen Wirkmechanismus auszugehen und eine lineare Extrapolation ist
damit nicht sinnvoll. Zudem besteht ein grundsatzlicher Unterschied hinsichtlich der
Spontantumorraten in der Leber zwischen der méannlichen B6C3F;-Maus und dem
Menschen. Weiterhin kann der Anteil an DCA-abhéngigen Tumoren bei der B6C3F;-
Maus derzeit nicht quantifiziert werden.

Danach bringen die von den Lebertumoren fir M&ause und der Belastung mit TCA als
Hauptparameter ausgehenden Risikoextrapolationen eine Risikotberschatzung mit
sich, deren Ausmall nicht quantifiziert werden kann. Relevanter ware eine
Risikoschatzung Uber die DCA-Belastung, aber die Speziesubertragung ist aufgrund
der derzeit unsicheren Daten zur Toxikokinetik von DCA bei Versuchstieren und dem
Menschen sehr problematisch. Ein PBPK-Modell hierfiir existiert nicht.

Aus der 100-Wochen-Studie an F344-Ratten [DeAngelo et al. 1996] ist ein NOEL
bezuglich proliferativer Lasionen in der Leber (hyperplastische Noduli, Adenome,
Karzinome) von 0,05 g DCA/l Trinwasser (3,6 mg/kg KG) ableitbar. Die Dosis-
Wirkungs-Beziehung ist deutlich nichtlinear: Dosen in mg DCA/kg KG und d zu
Tumoren in %: 0/3, 3,6/0, 40,2/24,1, 139/28,6. Es scheint insoweit gerechtfertigt 3,6
mg DCA/kg KG fur die Ratte als nicht leberkanzerogen anzusehen.

Es ist derzeit nicht moglich, diese Dosis auf den Menschen zu Ubertragen, da nicht
bekannt ist in welchem Ausmall DCA aus TRI gebildet wird. Als Hinweis auf eine
mogliche Gro3enordnung der DCA-Bildung kann auf die Ergebnisse von Fisher et al.
(1998) hingewiesen werden, wonach die Blutkonzentration von TCA 1000mal héher
war als die von DCA. Dazu muss bertcksichtigt werden, dass DCA sowohl in vivo als
auch in vitro aus TCA entstehen kann. Die abgeschatzten Konzentrationen von DCA
sind daher eher zu hoch.

4 Non-Hodgkin-Lymphom

Aufgrund der vorhandenen Daten sind weitergehende Betrachtungen eines
Wirkungsmechanismus nicht mdglich. Untersuchungen zur Entwicklung des Non-
Hodgkin-Lymphoms zeigten allerdings, dass Varianten einzelner DNS-Bausteine
(Einzelnukleotid-Polymorphismen), die die Gene fir den Tumornekrosefaktor (TNF)
beziehungsweise Interleukin 10 (IL10) betreffen, ein erhdhtes individuelles Risiko mit
sich bringen, an Non-Hodgkin-Lymphom zu erkranken [Rothmann et al., 2006].
Danach erhoht sich bei Tragern des seltenen Polymorphismus im TNF-Gen das
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Erkrankungsrisiko um 29 Prozent. Liegt eine Kombination beider Genvarianten in
TNF und IL10 vor, so kann dies zu einer Verdopplung des individuellen
Erkrankungsrisikos fuhren. Ob beim Vorliegen dieser Polymorphismen auch eine
héhere Empfindlichkeit gegeniiber TRI-Expositionen gegeben ist, ist nicht bekannt.
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Anhang 2 zu Trichlorethen (Trichlorethylen, TRI) 2006
Arbeitsmedizinische Vorsorgeuntersuchungen

TRI steht im Anhang V Nr. 1 (Liste der Gefahrstoffe) der Gefahrstoffverordnung [1].
Nach 8 16 Abs.1 Gefahrstoffverordnung hat der Arbeitgeber arbeitsmedizinische
Untersuchungen zu veranlassen, wenn bei Tatigkeiten mit den in Anhang V Nr. 1
genannten Gefahrstoffen der Arbeitsplatzgrenzwert nicht eingehalten wird und nach
§ 16 Abs. 3 anzubieten bei allen Tatigkeiten mit den in Anhang V Nr. 1 genannten
Gefahrstoffen, wenn eine Exposition besteht.

In den ,Begriindungen flr arbeitsmedizinische Vorsorgeuntersuchung nach der
Gefahrstoffverordnung” des Ausschusses fir Gefahrstoffe wurde die nephrotoxische
neben der neuro- und hepatotoxischen Wirkung von TRI betrachtet und als
AuslOsekriterium  fur die Pflichtuntersuchung unter Bertcksichtigung von
Gefahrdungspotenzial, verfugbaren diagnostischen Methoden und des praventiven
Potenzials die  Nichteinhaltung  eines  arbeitsmedizinisch begrindeten
stoffspezifischen Wertes von 160 mg/m? (30 ppm) angegeben [2].

In den Begrundungspapieren erfolgt zur Fruherkennung von nephrotoxischen
Wirkungen der Hinweis auf die Bestimmung von alpha 1-Mikroglobulin als Biomarker
fur eine tubulare Schadigung, ggf. ergénzt durch Albumin, Transferrin, N-Acetyl-3-D
Glucosaminidase (NAG) und die Sodiumdodecylsulfat-
Polyacrylamidgelelektrophorese (SDS-PAGE).

Im berufsgenossenschftlichen Grundsatz G 14 ,Trichlorethen” wird seit 1998 bei der
Erst- und Nachuntersuchung die Bestimmung von alpha 1-Mikroglobulin im Harn
empfohlen und die Sonographie der Nieren empfohlen [3].

Daten aus arbeitsmedizinischen Vorsorgeuntersuchung en:

Eine Betrachtung der Untersuchungsdaten der  arbeitsmedizinischen
Vorsorgeuntersuchungen in Abh&ngigkeit von der Expositionshohe ist nicht moglich,
da die Ergebnisse der Vorsorgeuntersuchungen nur grob von den
Berufsgenossenschaften erfasst wurden:

Aus der Statistik der Landesverbande der gewerblichen Berufsgenossenschaften
uber die im Jahr 2002 von ermé&chtigten Arzten durchgefiihrten arbeitsmedizinischen
Vorsorgeuntersuchungen [3] geht lediglich hervor, dass

im Jahr 2002 2139 Untersuchungen nach G14 (Trichlorethylen) durchgefihrt
wurden,

davon 443 Erstuntersuchungen
und 1696 Nachuntersuchungen.
Bei den Nachuntersuchungen wurden
84mal gesundheitliche Bedenken unter bestimmten Voraussetzungen
5 mal befristete gesundheitliche Bedenken und
4 mal dauernde gesundheitliche Bedenken ausgesprochen.
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Ob gesundheitliche Bedenken auf Grund einer Nierenschadigung ausgesprochen
wurden, kann den Daten nicht entnommen werden.

Handlungsbedarf

Vor dem Hintergrund des Erkenntnisgewinns uber das praventive Potenzial
unter anderem der Bestimmung von alpha 1-Mikroglobulin zur Friherkennung
tubularer Schaden im Niedrig-Dosis-Bereich sind epidemiologische Studien zu
initiieren, die Expositionsdaten (Air-/Biomonitoring) und Befunde der
arbeitsmedizinischen Vorsorgeuntersuchungen beziglich Dosis-Wirkungs-
Beziehungen auswerten.

Die Begriundung der arbeitsmedizinischen Vorsorgeuntersuchung [2] ist
hinsichtlich des diagnostischen und praventiven Potenzials bei dem neu
festgelegten risikobasierten Grenzwert fir TRI zu Uberprifen.

Ergibt sich auf Grund der Uberarbeitung der Begriundungspapiere fur die
arbeitsmedizinische Vorsorgeuntersuchung oder aus epidemiologischen
Studien neue Erkenntnisse zum praventiven Potenzial oder diagnostischen
Methoden ein vom AGW abweichender Wert fir die arbeitsmedizinische
Vorsorguntersuchung, so sollte TRI aus der Liste Anhang V Nr. 1 (Liste der
Gefahrstoffe) der Gefahrstoffverordnung gestrichen und in Anhang V Nr. 2
(Liste der Tatigkeiten) aufgenommen werden.

Quellen:

[1]

[2]

[3]

[4]

Verordnung zum Schutz vor Gefahrstoffen (Gefahrstoffverordnung — GefStofV)

Vom 23. Dezember 2004 (BGBI. | S 3758), gedndert durch Artikel 2 der
Verordnung vom 23. Dezember 2004 (BGBI. | S 3855) , in Kraft getreten am 1.
Januar 2005

Begrindungen fir arbeitsmedizinische Vorsorgeuntersuchung nach der
Gefahrstoffverordnung. Ausschuss fir Gefahrstoffe — AGS Geschaftsfihrung —
BAUA — www.baua.de — 21.11.2003

Hauptverband der gewerblichen Berufsgenossenschaften (Hrsg.):
Berufsgenossenschaftliche Grundsatze far arbeitsmedizinische
Vorsorgeuntersuchungen. Genter Verlag, Stuttgart 2004

Ausschuss Arbeitsmedizin des HVBG
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Announcement Risk figures and exposure-risk rela- Announcement
on tionships in activities involving 910
Hazardous Sub- carcinogenic hazardous sub-
stances stances

The Announcements on Hazardous Substances convey the state of the art, the
status of occupational medicine and occupational hygiene and other established sci-
entific 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.

These technical recommendations are published by the Federal Ministry of Labour
and Social Affairs (BMAS) in the Joint Ministerial Gazette (GMBI).

Contents

1 Scope and explanations
2 Limits of risks not associated with a certain substance
3 Substance-specific concentration figures and exposure-risk relationships

Annex 1 Justification for establishing limits of risks not associated with a specific
substance and concept of graduated risk control measures

Annex 2 Guide for the quantification of cancer risk figures after exposure to car-
cinogenic hazardous substances for establishing limit values at the work-
place

1 Scope and explanations

(1) In accordance with the Hazardous Substance Ordinance (GefStoffV), the em-
ployer must ensure that the workplace exposure limits are complied with at work
(GefStoffV Article 10 Subs. 2). However, no workplace exposure limit can currently
be derived for the vast majority of carcinogenic substances. For this reason, AGS
established an overall concept for setting risk-based limit values for carcinogenic
substances as part of a social policy establishment.

(2) The present Announcement contains the resolutions adopted by AGS on

- the establishment of limits of risks not associated with a specific substance with
respect to activities involving carcinogenic hazardous substances;

- the justification thereof, including

- the description of a graduated concept of risk control measures not specific to a
certain substance that is based on the amount of risk present, and
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- a guide for the quantification of cancer risk figures to derive substance-specific
concentration figures and exposure-risk relationships.

(3) On the basis of the overall concept mentioned above in Subs. 2, AGS will draw
up substance-specific concentration figures and exposure-risk relationships. The
provisions previously established by AGS are listed below under number 3. Where
pertinent, they also contain instructions concerning the implementation of the concept
of graduated measures with respect to the relevant carcinogenic substance.

2 Limits of risks not associated with a certain sub stance

AGS has adopted the following limits of risks not associated with a specific sub-
stance with respect to activities involving carcinogenic hazardous substances:

Acceptable risk: interim limit 4 :10,000,
not later than as of 2018* 4 : 100,000,

below which a risk is accepted. Above these limits a risk will be tolerated if the meas-
ures specified in the catalogue of measures are complied with. The second risk limit
adopted is the

Tolerable risk of: 4 : 1,000,

above which a risk is intolerable. The risks refer to a working lifetime of 40 years and
continuous exposure every working day.

These limits were established regarding activity-oriented aspects and are closely re-
lated to a concept of graduated measures for minimizing risk (refer to Annex 1 No.
5.2) which was adopted as well.

3 Substance-specific concentration figures and expo sure-risk relation-
ships
Substance Acceptable risk Tolerable risk
(4x 107 (4x 103
Asbestos 10,000 fibres/m3 100,000 fibres/m?3

TRGS 519, “Asbestos: demolition, reconstruction or maintenance work”, specifies the
measures to be taken to protect workers and other persons when exposed to asbes-
tos and asbestos-containing hazardous substances during demolition, reconstruction
or maintenance work (ASI work) and waste disposal for the purposes of the concept
of measures to minimize risks in accordance with Annex 1 No. 5.2 hereto.

During an introductory phase, this limit will be temporarily set to a value of 4 : 10,000. Depending
on the experience with the implementation of the concept of risk-based limit values for carcino-
genic substances, the temporary values are to be replaced with final values concerning the ac-
ceptable risk no earlier than five and no later than ten years after the introduction of the concept,
i.e. between 2013 and 2018.
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Annex 1 to the Announcement on hazardous substances 910

Justification for establishing the limits of risk n ot associated with a specific
substance and the concept of graduated risk control measures
1 Definition of the term “risk”

For the purpose of the present Announcement, the term “risk” shall mean the likeli-
hood of health damage occurring as a result of exposure to carcinogenic hazardous
substances. The risk or likelihood of damage occurring increases with an increasing
dose of the dangerous substance or the exposure concentration of a carcinogenic
substance. It is a continuous process that is subdivided by 2 break points into the
following 3 areas according to the toxicological and legal discussion:

1. If occurrence of damage is merely possible, the risk involved is assessed as
“acceptable”. Basic worker protection measures are required for this risk (range
below the acceptable risk).

2. If occurrence of damage is not yet sufficiently likely but more than just possible,
the risk involved is assessed as “undesirable”. This risk indicates that there is
concern about health damage.

3. If occurrence of damage is sufficiently likely, the risk involved is assessed as
“intolerable”. This risk refers to a health hazard (above the tolerable risk).

The risk levels for the specified break points (acceptable risk and tolerable risk) can
only be socio-politically established rather than scientifically substantiated. Numerous
criteria have to be taken into account. Apart from risk perception, these are, for ex-
ample, severity of health damage, the possible extent of damage (type of damage
and/or number of persons affected), relation to comparable other risks at the work-
place, direct benefit and actual and possible risk reduction measures.

2 Comparison of risk as the starting point

Various risks at the workplace and for the general population were taken as the start-
ing point of the consultations.

2.1 Known risks at the workplace and for the genera | population

The known risks of a fatal accident at workplaces differ considerably (Alz: working
lifetime [40 years]):

Agriculture 3: 1,000/ Alz
Building industry 2: 1,000/ Alz
Mining 3: 1,000/ Alz
Retail 410,000/ Alz

The risk of contracting cancer by the seven most important air-borne environmental
carcinogens was calculated for the general population as 1:1,000 for urban popula-
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tions and 2:10,000 for rural populations in 1992 by the Lander Immission Control
Committee (LAI).

The maximum permitted concentrations of carcinogenic substances are governed by
several government standards concerning food and environmental matters. These
concentrations have not always been stipulated with respect to an acceptable risk,
however, their calculation corresponds to the following risks that are related to the
lifetime (Lz) of the general population:Arsenic in drinking water (10 pg/l) 5

10,000/Lz

Dioxin in food (2 pg Teq/kg) 3:10,000/Lz
Diesel soot (5ng BaP/m3). 2 :10,000/Lz
Cadmium in airborne particles 2 :100,000/Lz

The natural radiation dose is associated with an additional cancer risk of 1 : 1,000
with respect to the lifetime (70 years).

2.2 Regulatory risks at the workplace and for the g eneral population

The Dutch Occupational Safety and Health Act contains a list of air limit values in-
cluding limits for carcinogenic substances. The risk level associated with these limit
values normally must not exceed 1 : 10,000 per year. If possible, a risk level of 1 :
1,000,000 per year should be achieved below which no special, additional protective
measures would be required. (After conversion to 40 years of working life, these risks
correspond to 4 : 1,000 - corresponding to the tolerable risk under discussion here
and an acceptable risk of 4 : 100,000).

The provisions prevailing in Switzerland with respect to activities involving materials
containing asbestos and benzene are based on a substance-specific approach com-
bined with practical considerations. There, the acceptable risk with respect to the life-
time is calculated as 4 : 100,000 for asbestos and 6 : 10,000 for benzene.

For the German general population, the Expert Committee for Environmental Issues
(SRU) specified an acceptable risk for a graduated reduction of concentration values
in the amount of the “internationally discussed risk level of 1 : 100,000”. The confer-
ence of the Ministers of Health agrees with the SRU, indicating that a lifetime risk of 1
: 100,000 for individual substances is the goal of a gradual reduction of environ-
mental concentrations.

The following risks are used as an assessment scale, among others, with respect to
rules governing carcinogenic pollutants:

1. An overall risk of 4 : 10,000 for exposure to multiple substances and as a first
step of minimizing the risk caused by carcinogenic air pollutants (without smok-
ing/passive smoking) by the LAl in 1992.

2. An additional, substance-specific, calculated risk of 1 : 100,000 for life-long expo-
sure to carcinogenic substances in the Federal Regulation on Soil Protection and
Historic Contamination (BBodschV) (Section 4(5), Federal Gazette 161a dated
28 August 1999).
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3. An additional lifetime risk of 1 : 1,000,000 applicable to limit values of carcino-
genic substances in accordance with the drinking water ordinance 2001.

The last two points expressly do not account for the special responsiveness of chil-
dren to genotoxic carcinogenic substances.

In accordance with the Radiation Protection Ordinance, a maximum annual additional
radiation dose of 20 mS is permissible, the additional dose relating to the working life
is limited to 400 mS. This results in an additional cancer risk of 2 : 100.

2.3 Background risk of cancerous diseases

The lifetime risk of contracting lung cancer is in the range of 5: 1,000 to 1 : 100 for
non-smokers that are not exposed to additional carcinogenic factors, such as passive
smoking or exposure to carcinogens at work.

The higher risk figure should be below this range, and the additional risk posed by
carcinogens at work should be lower than the background risk that is generally appli-
cable.

A factor of 100 was considered necessary to describe the difference between the two
risk limits in order to make a clear distinction between the risk limits in view of the
inevitable inaccuracies regarding the derivation of substance-specific exposure-risk
relationships and the determination of actual exposure at workplaces.

3 Establishing the risk limits

The isolated establishment of risk limits is considered impractical. For this reason, an
accompanying concept of graduated measures is proposed that consists of the fol-
lowing levels of activities which account for the various additional cancer risks:

1. below the acceptable risk,
2.  between acceptable risk and tolerable risk, and
3. above the tolerable risk,

The acceptable risk is defined as the workplace risk which does not call for any addi-
tional protective measures by the government due to the low remaining additional
substance-associated cancer risk. By contrast, employees should not be exposed to
values above the threshold set by the tolerable risk. The two breakpoints or three
different risk areas proposed by these definitions are in line with the national and in-
ternational discussion and open up the possibility of a concept of suitably graduated
measures. Since exposure to carcinogens is associated with very serious potential
health hazards, it cannot be unconditionally accepted unless the mechanism of ac-
tion of individual substances has been found to have a threshold below which there is
no health risk. With respect to the graduated measures proposed, in the future it will
be possible to control substances depending on their significance, and governmental
risk control measures thus can be distinguished from measures for lower risks that
do not require any additional government action and can be imposed by the employ-
ers at their own discretion. At the same time, the basic measures to be taken below
the acceptable risk have been identified.
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When establishing the risk limits, analogous provisions stipulated in other countries
and for other control subjects were accounted for. They have been described in Sec-
tion 3 hereof.

The risk figures will be applied with due regard to toxicological/epidemiological exper-
tise as well as specific features to be observed in terms of analysis and evaluation
(e.g. of the exposure patterns).

In comparison to the general population, the same proportion of particularly sensitive
groups of the population or children, elderly or chronically ill people is not to be ex-
pected at workplaces. This narrowing-down of the target group for protective meas-
ures which is characterized by a lower possible extent of damage compared to the
general population and the possibility to provide preventive occupational medicine
check-ups, including counselling concerning specific risks, is to be accounted for.

It is proposed to target a risk of 4 : 100,000 as an acceptable risk.

With respect to the considerations outlined above and the acceptability criteria to be
observed, it is assumed that the level of protection achieved for employees with re-
spect to the acceptable risk is equally differentiated and comparable to that of the
general population.

In view of the fact that achieving a value at this level makes very high demands on
many activities and processes and many areas, and in order to facilitate the transition
to the new concept of risk-based limit values, a graduated approach is proposed:

During an introductory phase, this limit will be temporarily set to a value of 4 : 10,000.
Depending on the experience with the implementation of the concept of risk-based
limit values for carcinogenic substances, the temporary values are to be replaced
with final values concerning the acceptable risk no earlier than five and no later than
ten years after the introduction of the concept, i.e. between 2013 and 2018.

AGS will monitor the further development of exposure to carcinogens at work in order
to achieve a binding reduction of the acceptable risk to 4 : 100,000 as soon as possi-
ble, but in any case no later than after 10 years. As the final value is often the result
of lengthy improvement processes in the establishments, all establishments con-
cerned are advised to base all long-term planning and investment decisions on the
final acceptable risk already as of the introduction of the concept of risk-based limit
values.

Substance-specific, additional risks of contracting cancer through workplace expo-
sure in excess of 4:1,000 will be considered unacceptable (intolerable). In some
branches of industry, workplace exposure exceeds the airborne concentration corre-
sponding to this tolerable risk. If necessary, AGS will work out adequate protective
measures for these highly contaminated workplaces in order to reduce workplace
exposure

4 Notes and necessary clarifications for establish ing substance-
specific limits

Substance-specific concentration figures concerning the non-substance-specific risk
limits can be derived using the method described in Annex 2, “Guide for the quantifi-
cation of cancer risk figures after exposure to carcinogenic hazardous substances for
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establishing limit values at the workplace”.

When converting the non-substance-related risk limits to substance-specific provi-
sions, the following items must be noted or clarified:

1.  The risk limits refer to the risks associated with individual substances. No con-
clusive concept has been found so far for the assessment of simultaneous ex-
posure to several carcinogens; developing such a concept would be a task for
AGS.

2.  Workplace limit values relating to non-carcinogenic, chronically toxic effects
may be below those specified for the tolerable and/or acceptable risk. As a
rule, the respective lowest workplace limit value is relevant for regulatory pur-
poses. The detailed procedure should be established.

3. The procedure is to be established if the ubiquitous background exposure is
above the acceptable concentration.

4. Establishing limits is necessary if the limit of detection by measurements is
above the substance-specific acceptable concentration.

5 Definition of the risk areas and allocation of op  tions for measures
5.1 Definition of risk areas

The three risk areas defined by the acceptable risk and the tolerable risk cover a ma-
jor, increasing concentration continuum. The need to implement additional risk con-
trol measures in the company grows with increasing concentrations of a carcinogen
at workplaces (and the associated increasing risk). This concept of risk-dependent
graduation of control measures results in the possibility of setting priorities for meas-
ures - risks resulting from exposure to substances bearing a higher health risk have a
higher control priority - and offers the opportunity to work out appropriate solutions
that account for the general situation of the establishment.

Appropriateness is based on cost and benefit (are costs and expenses justified by
the risk reduction to be achieved?), however, it also has to be measured against the
relative distance from the acceptable risk. If the health risk associated with a carcino-
gen at work is only slightly higher than the acceptable risk, it must be given a lower
control priority than a significantly increased risk. Significant improvements in the
field of rather low risks should normally be associated with considerable, and thus
inappropriate expenses. On the other hand, a significantly elevated risk (close to the
tolerable risk as regards the required measures) also necessitates more extensive
risk control measures.

This need for risk control that increases with the risk, and its relationship to the three
risk areas is depicted in the chart below:
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Priorities of possibe measures in the risk

continuum :
Background Acceptable risk Tolerable risk
concentration
. i S Increasing need for
el S risk control measures
Importance of ~
socio-economic
factors
Basic measures Range of measures

C = Konzentration in der Luft am Arbeitsplatz
H = Hintergrundkonzentration {TRGS 101, Nr. 11)

C = Airborne concentration in the workplace

H = Background concentration (refer to “exposed to” in the “Terminology glossary for the provisions
of the Ordinance on Industrial Safety and Health (BetrSichV), the Ordinance on Safety and
Health Protection Related to Work Involving Biological Substances (BioStoffV) and the Hazard-

ous Substances Ordinance (GefStoffV)”

Risk area | (concentration range from C = 0 up to acceptable risk) is referred to as a
low-risk area. The basic measures (hygienic measures, risk communication, service
instructions as well as advisories and instructions) must be implemented.

If values remain below the background concentration, additional company measures
are not expedient. In the range between the background concentration and the ac-
ceptable risk, the pressure to act rises in a very low curve due to the weight of the
socio-economic factor of “appropriateness” (occupational safety expenditure vs. risk
control efficiency) which works in the opposite direction.

In risk area Il (where measures are necessary) the curve relating to the pressure to
act rises much more sharply. As the acceptable risk is exceeded in this area, the im-
plementation of exposure control measures has a high priority. On the background of
socio-economic considerations, these risks are tolerated for a period of time.

In risk area lll (hazard area), the tolerable risk is exceeded. Risk control measures
must be immediately implemented because the risks corresponding to these expo-
sures are not tolerable.

Five areas where measures can be taken:
Administration,

2. Technology,
3.  Organisation,
4.  Occupational medicine,

www.baua.de/nn_57220/de/Themen-von-A-Z/Gefahrstoffe/Glossar/Begriffsglossar.pdf
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are listed including possible individual measures which are assigned to the following
three risk areas:

Alternative nomenclature for the risk areas

I Area below the acceptable risk low risk Basic measures

Il Area between acceptable risk and tol- | mean risk Measures
erable risk

Ill. | Area above the tolerable risk high risk Hazard area

The decision concerning an explicit, unambiguous designation of the risk areas has
yet to be made.
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concept of graduated risk control measures

| I. Low risk | II. Mean risk

Ill. High risk

1. Administrative measures

Prohibition

Explanation

Substance-specific decision
The AGS may declare exposure to
- specific substances,
- specific substances and specific activities, or
- specific substances and specific processes
illegal. 3

Conditional approval

Explanation

Conceivable
Provisions relating to substances, activities and processes; substance-
specific exceptions may be implemented by Technical Rules for Hazardous
Substances (TRGS), implementation may encounter considerable problems.
For a limited period of time AGS can adopt a TRGS standard to declare ex-
posure to
- specific substances,
- specific substances and specific activities, or
- specific substances and specific processes
admissible if the conditions imposed by the TRGS are satisfied. K

Communication  with
the supervisory au-
thority

Explanation

determined.

Yes

The authority must be informed
if the exposure level cannot be
A. reduced by a factor to be estab-
lished within a period to be

Yes
The employer must inform the relevant supervisory authority. If exposure is
in the high risk range, and if the plan for action does not provide for a reduc-
tion of the exposure level to the mean risk range within three years, the em-
ployer shall obtain an exemption from the relevant supervisory authority. The
documentation of the hazard assessment and the plan for action must be
submitted together with the application.

Plan for action

Explanation

Yes

Yes

The employer must set up a plan for action describing how exposure will be reduced further by specifying con-
crete details of the following aspects:

/ - during which periods of time

o - to what extent

- by which measures

The plan for action and the documentation of the hazard assessment must be submitted to the competent au-
thority on request.

3 As a result, the supervisory authorities are relieved from communication tasks, and the conditions for a uniform implementation throughout Germany are

ensured.
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I. Low risk

Il. Mean risk

Il. High risk

2. Technical measures

Technical measures

A
No additional measures are required, but

Yes

Yes

Explanation The employer is obligated to take state-of- | The employer is obligated to take “best
existing measures must be maintained; | the-art technical measures. available technology” measures.”
regular reviews must be conducted to
ensure that the exposure status does not
deteriorate.
Isolation Yes, if appropriate Yes Yes
Explanation Isolating a working area is designed to prevent exposure of employees working in other working areas to carcinogenic substances
released.
If appropriate (in order to avoid unnecessary exposure of “bystanders”, prevention of | The employer shall isolate the working
avoidable exposure). The employer shall isolate the working area if this can be | area.
achieved by appropriate means.
el quantities Yes, if appropriate Yes Yes
relevant to exposure
Explanation Reducing the quantities of substances used which are relevant to exposure is a means of minimizing the resulting exposure. Re-

gardless of the actual exposure level and the corresponding risk area, the employer shall always ensure that only minimum quanti-
ties of substances relevant to exposure are used.

Respiratory protection

Yes
In the event of peak exposures, the em-

Yes
The employer must obligate the employ-

- A ployer must obligate the employees to use | ees to use respiratory protection if they
Explanation respiratory protection; otherwise, he shall | can be reasonably expected to wear it for
offer them respiratory protection. the activity in question.
(Requirement of) Mini- Voluntary Yes Yes

mizing exposure

Explanation

allo ,BAT" for ,best available techniques*
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| . Low risk 1. Mean risk I1I. High risk
3. Organisational measures
(Basic) Hygiene
- Yes Yes Yes
Explanation Regardless of the actual exposure level and the corresponding risk area, the employer shall always ensure hygiene measures.

Minimizing the dura-

. A. Yes Yes

tion of exposure

Explanation

of exposure and a minimum number of pers
Minimizing exposure is desirable. Internal
company agreements may be made for
this purpose.

ons exposed.

Substance-specific and activity-specific optimization with respect to duration of exposure and number of persons exposed is neces-
sary. The employer must perform the optimization specific to substances and activities with the aim of achieving a minimum duration

Minimizing exposure is mandatory. Internal company agreements may be made for this

purpose.

Minimizing the num-
ber of persons ex-
posed

Yes

Explanation

Substance-specific and activity-specific opti
sary.

In order to minimize the number of per-
sons exposed, the employer shall ensure
that employees not required for an activity
involving carcinogens (so-called bystand-
ers) are not additionally exposed.

Yes

Yes

mization with respect to duration of exposure and number of persons exposed is neces-

Minimizing the number of persons exposed is mandatory. The employer must perform
the optimization specific to substances and activities with the aim of achieving a mini-
mum number of persons exposed and a minimum duration of exposure.

Risk transparency and
communication

Yes

Explanation

and inform the employees accordingly.

Yes

Yes

Regardless of the actual exposure level and the corresponding risk area, the employer shall determine the scope of the cancer risk

Operating instruc-
tions, advisories and
instructions, training

Yes

Explanation

Yes

Yes

Regardless of the actual exposure level and the corresponding risk area, the employer must ensure that the employees have access
to written operating instructions, that they are trained with respect to the methods and processes (training) to be used with respect to
safety when handling the relevant hazardous substances, and that they are verbally instructed about all hazards and protective
measures with reference to the operating instructions.
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| . Low risk | 1. Mean risk | I1I. High risk

4. Preventive medical measures

Explanation

Regardless of the actual exposure level and the corresponding risk area, the employer shall ensure that general occupational medi-
cine/toxicological counselling is provided to the employees.

Mandatory check-up

Yes | Yes

I The employer shall ensure regular preventive medical check-ups.
Explanation
Voluntary check-ups Yes
Explanation The employer is obligated to offer the /
employees regular preventive medical o
check-ups.
5. Measures of substitution
Checking a possible Yes Yes Yes

substitution

Explanation
Repeated check of
possible substitution

The Substitution Working Group of UA | should develop proposals with the aim of repeating the checks for possible substitution,
which should be differentiated with respect to the frequency and scope of mandatory documentation concerning the risk area corre-
sponding to the exposure level.
Reduced documentation obligations, ad-
justment of GefStoffV required.

Substitution (sub-
stance and  proc-
esses), types of use
that minimize expo-
sure

Yes Yes Yes

Explanation

If possible and appropriate. Mandatory if appropriate (if technically
feasible, with due regard to scientific find-
ings and appropriateness).

At this point, only statements concerning those activities involving carcinogens are made that are already being implemented, i.e. for
which a substitution check has already been completed in the scope of hazard assessment. More information on the issue of “Sub-
stitution” relating to new activities to be undertaken involving carcinogens, for which a substitution check has to be performed for the

first time in the scope of the hazard assessment, is provided in TRGS 600, “Substitution”.

Mandatory measure of high priority.

Performing the

substitution

If the substitution check reveals that sub-
stitution is technically possible, the em-
ployer is obligated to implement the sub-
stitution.

If the substitution check reveals that substitution is technically possible, the employer is
obligated to implement the substitution if appropriate, i.e. if he can be reasonably ex-
pected to implement it.
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Summary of measures to be taken if values remain be

low the acceptable level / low risk

(Basic) Hygiene measures

Yes

Minimizing the number of persons exposed

Avoiding unnecessary exposure of “bystanders” (prevention of avoidable exposure).

Risk transparency Yes
Communication Yes
Operating instructions, advisories and in- Yes
structions, training

Isolation If appropriate
Reduction of quantities Yes

Technical measures

No additional measures required, but existing measures must not be reduced.

(Requirement of) minimizing exposure

Subject to internal shop agreements

Occupational medicine / toxicological coun- Yes
selling
Voluntary check-ups Yes

(Repeated) check of possible substitution

Reduced documentation requirements

Substitution (substance and processes),
types of use that minimize exposure

If possible and appropriate.
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Annex 2 to the Announcement on hazardous substances 910

Guide for the quantification of cancer risk figures after exposure to carcino-
genic hazardous substances for establishing limit v alues at the workplace

1 Scope of risk quantification
11 Preliminary remarks: Principles of risk quantif ication where data are
limited

(1) The present Guide is intended to provide the basis for describing exposure-risk
relationships for carcinogenic substances according to harmonised regulations in-
cluding the option of a scientific rationale for occupational exposure limits for these
substances. For this purpose, criteria are established to assess the suitability of
available data on a substance and procedures are recommended to determine expo-
sure-risk relationships from these data in the best possible way.

(2) The protection of workers from the risks related to exposure to carcinogenic
chemicals (carcinogens) at the workplace is in particular regulated by EU Directive
2004/37/EC (Carcinogens Directive; EU, 2004) and the German Hazardous Sub-
stances Ordinance (GefStoffV; Bundesministerium fir Arbeit und Soziales, 2005).
Under the Carcinogens Directive, “carcinogen” is defined as a substance which
meets the criteria for classification as a Category 1 or 2 carcinogen set out in Annex
VI to Directive 67/548/EEC (EU, 2007). The same risk management is to be applied
to substances of Categories 1 and 2 for carcinogenic substances (“carcinogens”)
both within the meaning of the Carcinogens Directive and according to the GefStoffV.
According to these provisions, it is thus irrelevant whether a substance was identified
and classified as carcinogenic on the basis of epidemiological findings (Category 1)
or of animal studies (Category 2)°. Since cancer is considered to be a particularly
severe disease and the Carcinogens Directive assumes that an exposure level below
which no health hazard occurs cannot be determined, legislation provides for particu-
larly far-reaching preventive measures for these substances.

(3) Because of their direct relationship to humans, data from epidemiological stud-
ies or human studies are of special relevance for describing exposure-risk relation-
ships especially when compared with data from animal studies. However, even
though the quality of data may be better, such human data remain a non-desirable
exception (since effects on humans must have occurred in this case); therefore, the
higher uncertainty resulting from a use of data from animal studies generally needs to
be deliberately accepted for an ultimate assessment. Uncertainties in epidemiology

The GHS (Globally Harmonised System of Classification and Labelling of Chemicals) categories for
carcinogens are adopted by REACH (EU, 2006). The current draft provides for two categories:
Category 1 for known or presumed carcinogens and Category 2 for suspected carcinogens. Cate-
gory 1 has two subcategories, 1A and 1B. The classification criteria for the three categories, 1A, 1B
and 2, are substantially the same as those of Category 1, 2 and 3 carcinogens in the current EU
system.
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are involved in assessing exposure since no measured values are generally available
for historical exposures and person-related exposure assessments are inaccurate.
Moreover, the possible impact of uncontrolled confounders must always be dis-
cussed in epidemiological observation studies (non-interventional studies). In con-
trast, animal studies can be carried out under controlled conditions and well-defined
exposure conditions, but have the disadvantage that animal studies are designed
with a smaller number of animals compared with the number of subjects in epidemi-
ological studies. The resulting restrictions in the statistical power of the dose-
response relationship established should be taken into account correspondingly.
When transferring findings from animal studies, the species differences must also be
considered with regard to dose equivalents and modes of action.

(4) The question of the regulation for carcinogenic hazardous substances arises
irrespective of the suitability of the database. Risk management involves establishing
a limit value using the available, often not sufficiently reliable exposure-risk relation-
ships. Therefore, uncertainties should be determined and specified for every decision
that has been taken. Even the conclusion that the available data are not sufficient to
establish a quantitative exposure-risk relationship may be drawn. Findings on the
modes of action can be included in the selected exposure metrics and in the as-
sessment of the form of the observed exposure-risk relationship. The possible modes
of action should be considered in risk extrapolation. This results in a number of as-
sessment standards with different reliabilities of extrapolation.

(5) The scientific community has recently also been discussing minimum doses
(known as threshold levels) for carcinogenic substances, i.e. exposure ranges below
which a hazard is considered to be unlikely contrary to previous conviction — for ex-
ample because of effective biological protective and repair mechanisms. However,
this is controversial, and the methods applied to provide evidence and define such
thresholds are problematical (Lutz, 2000; Neumann, 2006a,b,c). Such findings can
currently be used for regulatory purposes only if they are adequately verified. This
involves the definition of quantitative limits specifying the exposure level for these
thresholds in addition to plausibility considerations (for example on the assumed
mechanism of action). Quantitative risk assessment together with conventions on risk
acceptance are therefore of special importance when establishing limit values for
carcinogenic substances. “Risk” is understood to mean the absolute lifetime risk ex-
ceeding the background risk after a given exposure (for a more accurate definition
see Section 1.4 and Glossary).

(6) To understand risk assessments based on the present Guide it is important to
know the general conditions and scientific limits, specify them and accept the as-
sessment made on the basis of the specific data until better data are available.
Whereas neither a “real” risk nor a “real” limit value can currently be established by
the scientific community, risk managers must accept the scientific assessment as the
currently best possible derivation and thus as “presumably real” in order to be able to
take action. Since exposure-risk relationships and limit values are derived as antici-
pated expert opinions and as a precaution, this assumption is possible not least from
a legal point of view.

(7) The present Guide deals with the scientific-methodological conventions to be
used to bridge knowledge gaps in the area of acceptable and tolerable exposures to
carcinogenic substances. The purpose of this Guide is not to weigh economic inter-
ests and a social benefit of technology up against health risks to workers (e.g. no

- Ausschuss fir Gefahrstoffe - AGS-Geschaftsfihrung - BAUA - www.baua.de -





Announcement 910 Page - 17 -

cost-benefit considerations). The members of the working group “Risk derivation” are
however aware that the selection of many standards (e.g. definition of adverse ef-
fects, confidence interval used as a basis, inclusion or exclusion of specific extrapola-
tion models and interpretation of the term of precaution) implies that judgements are
formed from a scientific understanding that is not only based on scientific rationale.

1.2 Validity

(1) The regulations of this Guide only refer to risk quantification for carcinogenic
substances within the meaning of the implementation of the Hazardous Substances
Ordinance. The risk of developing cancer that is quantified on the basis of this Guide
is also to be used for deriving an occupational exposure limit (OEL) for carcinogenic
substances under Section 3(6) of the GefStoffV.

(2) For this purpose, this Guide is to help assess exposure-risk relationships ac-
cording to uniform and transparent methods. The main focus is on the extrapolation
of risks into the low dose range where data are limited. Risk management measures
can be based on the risk determined in this way.

It is thus possible that the result of risk quantification is not only a point estimate of
the risk, but also shows the exposure-risk relationship over a wide range. The Guide
can thus also be used for a three-range “traffic light model” (two evaluation points
instead of one limit value)® and the exposure-risk relationships can help to establish
“process- and substance-related criteria” (VSK; verfahrens- und stoffspezifische
Kriterien) pursuant to Section 9 (4) GefStoffV (Bundesministerium fur Arbeit und
Soziales, 2005).

(3) This Guide does not cover other aspects of methods for deriving an OEL for
carcinogenic substances nor does it specify the risk level of developing cancer on
which the OEL is based, in particular the level of a tolerable and/or acceptable risk.

This Guide will thus not answer the question of a risk level for an OEL. In a separate
step, it will however be possible to include regulatorily relevant evaluation points in
the established exposure-risk relationship (e.g. conditions for exemptions associated
with a given risk level).

All risk assessments are based on cancer incidences from animal studies that re-
corded both the animals that developed cancer and those that died, as well as from
human data, where preference was also given to cancer incidences over mortality
data. Questions of the curability of tumour diseases are not considered.

(4) The method of this Guide is not designed to predict actual cancer incidence
rates for a real workplace situation or to make projections as to the frequencies of
developing cancer in the exposed population.

The misuse of risk quantifications for other purposes (e.g. to project the number of
exposure-related deaths) must be avoided. Exposure-risk modelling, extrapolation to
low risks and the assumed exposure scenario are subject to specific conventions that
are required for a harmonised procedure under the given regulatory conditions, but
are not necessarily adequate for other purposes. Thus, this approach does not need

® Cf. BAUA, 2005
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to be suitable for example for calculating a compensation claim according to the Oc-
cupational Disease Ordinance.

(5) Exposure assessments for individual workplaces are not covered by this Guide.
A standard exposure scenario for the workplace is assumed only (“nominal risk”)
(see Section 4.4).

1.3 Importance of default assumptions

(1) The methods proposed in this Guide often have a default character, i.e. they are
to be applied if no substance-specific information justifies deviation from the default.
However, if more qualified, substance-specific data are available, deviation from the
default is possible, but needs a scientific rationale and documentation (see Section
8).

Findings of low relevance are not always adequate to justify deviation from the de-
fault. Additional findings may also be misused for a risk quantification carried out ac-
cording to a deviating method: The margin of discretion left open here (“deviation is
possible”) allows the maintenance of the default and is limited by the required scien-
tific rationale.

(2) In general, assessments with the relatively highest probability (for example:
geometrical mean and maximum likelihood estimate) are used to establish the de-
fault.

Defining (reasonable) worst case assumptions for all parameters has been expressly
avoided. The selection involves a difficult deliberation process, which has to be trans-
parent. The differentiated procedure was selected against the background of the rela-
tively high uncertainty resulting from the extrapolation steps that need to be taken
here. At present, there is no procedure (e.g. probability calculation) that is suited to
reduce this uncertainty. The combination of numerous worst case assumptions would
lead to a risk quantification with a very conservative character. The result cannot be
validated and increasingly becomes a matter of speculation. The specified conven-
tion is selected in the present Guide to focus the discussion of a scientific rationale
on actual risk assessment rather than on a suitable estimate of the range of uncer-
tainty that cannot objectively be defined in more detail.

(3) Assessment of the data for individual substances and the resulting conclusions
(for example about the mode of action to be assumed and degree of deviation from
the default value in the individual case) are not covered by this method.

The substance-specific procedure — if it deviates from the default procedure formu-
lated here — is based on standards that must be substantiated for each individual
substance.

1.4 Definition and classification of the risk figur e

(1) This Guide deals with the methods of calculating a risk figure. The risk figure
calculated under specific assumptions for the purposes defined in the introduction is
a value for the exposure-related lifetime risk in the scenario of exposure over the en-
tire working lifetime (for defined exposure scenario see Section 4.4). The lifetime risk
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refers to the likelihood that a person will develop a specific type of tumour or cancer if
mortality from other causes is about equally high as in a non-exposed population.
The risk figure can also be referred to as a (statistical-mathematical) estimate of the
excess risk or as additional risk or extra risk since the background incidence was
specifically taken into account here (see Section 3.5).

A number of scientists believe that the validity of the excess risk determined in ani-
mal studies for an excess risk in humans is so low that they reject a risk quantifica-
tion made on this basis because of too high uncertainties. However, with one excep-
tion, the authors of this Guide support using the risk figure with an interpretation as
excess risk. They expressly refer to the definition (explicit specification of the bound-
ary conditions of the calculated risk and uncertainty) and distinction from risk that can
actually be observed in humans.

The term lifetime risk indicates the inclusion of the total period up to old age is con-
sidered, the same distribution of lifetimes being used as a basis as in a general popu-
lation or in the control group of a carcinogenicity study (Becher and Steindorf, 1993).
In the practice of quantitative risk assessment, however, derivation of the risk gener-
ally refers to a specific age, i.e. about 2 to 2.5 years in animal studies and 70 to 90
years for epidemiological data (e.g. 89 y.: Goldbohm et al., 2006; 85 y.: Attfield and
Costello, 2004; Rice et al., 2001; SCOEL, 2003; Sorahan et al., 1998; Stayner et al.,
1998, 2000; 80 y.: HEI-AR, 1991, 75 y.: Stayner et al., 1995; Steenland et al., 2001).
The 2006 Statistical Yearbook of Germany (Statistisches Bundesamt Deutschland,
2006) includes average life expectancies that were calculated by means of the age-
specific mortality rates of 2002/2004. Accordingly, the statistical life expectancy (from
an age of 20 years) is up to 76 years for men and up to 82 years for women. The
cancer risk based on the life table method should therefore be calculated at least up
to an age of 80 years.

Risk management can be based not only on risk figures, but also on the ALARA prin-
ciple (as low as reasonably achievable). The ALARA principle on its own is consid-
ered to be inadequate to establish priorities in handling carcinogenic substances in a
differentiated way. In principle, the ALARA can be followed in parallel. This Guide
does not specify this risk management instrument.

(2) The present concept identifies a risk figure defined in (1) rather than a margin of
exposure (MoE; see Glossary; cf. e.g. EC, 2006); in this way, the nominal risk can be
quantified for a wide range of the exposure-risk relationship.

The procedure of identifying a risk figure (quantified risk) instead of a MoE is also
used because it is desirable that OELs that are to be calculated later can regularly be
based on the same (assumed) nominal risk (defined level of protection). It is not suf-
ficient to determine a MoE for this classification.

As a final step of risk characterisation in the chemicals assessment with a MoE,

— a quantification is made (margin between a prevalence — for example as a
benchmark dose (10%) — and the exposure level is calculated)

—  this margin is assessed, i.e. it is interpreted as “sufficient” or “not sufficient”.
There have been no regulations to date as to how non-linearity in the dose-
response relationship assumed via the mode of action should be reflected in the
interpretation of this measure of the margin.
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(3) This approach based on the selection of the risk figure as an assessment crite-
rion differs from the concept of the European Food Safety Authority (EFSA). The
EFSA approach results in a point estimate (sufficiently safe dose or concentration
specified), whereas the present concept defines the exposure-risk relationship over a
broad possible exposure range.

While the risk figure is based on the average risk (sensitive persons are protected if
the risk for moderately sensitive persons is sufficiently low), the EFSA concept tries
to explicitly consider the protection of sensitive groups of persons by means of safety
factors. If the safety factors are sufficiently high, no residual risk is quantified, which
is similar to assuming a threshold (see EFSA, 2005).

The guides for compiling a Chemical Safety Report (CSR) under the chemicals policy
(REACH) propose using the risk figure for specifying a DMEL (derived minimal effect
level) (here intended procedure) or, alternatively, the method according to EFSA
(modified). The EFSA procedure was originally designed to describe a margin re-
quired between prevalence in the experimental scenario and exposure level after
ingestion rather than for the workplace (different safety factors), but it can be ad-
justed accordingly. There are currently no supportive statistical data or regulations for
the levels of the safety factors used in the modified EFSA procedure (interspecies
variability, intraspecies variability and further individual differences in cancer defence
mechanisms). Society would have to agree on conventions used (1% risk for sensi-
tive persons notified). Standards would have to be established for deviating from the
default procedure for a specific substance when more qualified information is avail-
able (differentiated procedure for different modes of action). The result for a DMEL
routinely calculated according to the modified EFSA procedure can however be iden-
tical with that for a DMEL calculated according to the concept of the risk figure. There
is currently no social consensus on a tolerable and/or acceptable (nominal) risk level
for the risk figure being used and transformed into a DMEL under REACH (this risk
level must be specified if the present Guide is also to be used on a national level, for
example for establishing an occupational exposure limit for carcinogenic sub-
stances).

15 Database

(1) If human data are available for risk quantification, these must primarily be re-
viewed for their suitability for risk quantification and used, if appropriate, but the data
quality (incidence data; course of exposure) is to be considered. Risk quantifications
on the basis of animal studies and human epidemiological data must be compared
with each other (plausibility check with human data).

Epidemiological studies can be used only if effects (tumours) occurred in humans.
Negative epidemiology can generally not be used for the plausibility check of a posi-
tive finding from an animal study. For the classification of the relevance of human
data compared with animal studies see also Goldbohm et al., 2006.

(2) The procedure of this Guide takes into account that only data from animal stud-
ies can be used as a basis for risk quantification in most cases; the definitions used
in this Guide thus apply to data from animal studies, although human data are treated
in the same way unless another procedure is described in the specific quantification
step.
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(3) Non-positive epidemiological study results are generally not evidence of the
absence of a potential risk. They must be interpreted with due caution and their suit-
ability for the question concerned taken into account (statistical power, exposure
level and quality of exposure classification).

Literature:
Ahlbom et al., 1990; Doll and Wald, 1994

1.6 Data quality

(1) If aminimum quality is guaranteed (see Section 7 of this Guide), risk quantifica-
tions can generally be made. Limited quality and a resulting uncertainty must how-
ever be documented in the particular step of risk quantification.

Studies with a quality that is possible or desirable today cannot always be assumed
as a basis for risk quantification. There is no clear-cut dividing line between the lack
of data quality and uncertainties inherent in the process of risk quantification if knowl-
edge is incomplete. Therefore, only a cut-off criterion can be defined when the total
uncertainty (from poor data plus risk quantification with extrapolation steps) is so
great that the resulting statement is to be considered speculative and can thus no
longer be used (see Section 7). The particular individual step of risk quantification
and Section 1.3 of this Guide — additionally — establish how uncertainties should be
handled.

2 Discussion of the predominant mode of action
2.1 Mode of action as a guidance parameter for risk ~ quantification

(1) Information on the predominant mode of action or the predominant modes of
action of the observed carcinogenic effect of a substance is useful both for determin-
ing the point of departure (Section 3) and for extrapolation into the low risk range
(Section 5). For this purpose, the following factors must be characterised: a) the type
of possible genotoxic effects, b) the type of non-genotoxic events as impact parame-
ters on the multifactorial process of carcinogenicity, and c) the respective importance
of these factors for the mode of action of carcinogenicity and the uncertainty of the
relevant conclusion. The results must be documented in an appropriate way (Section
8).

2.2 Primary and secondary genotoxicity

(1) It must be examined whether direct interaction of the substance with the genetic
material is substantiated or to be assumed based on other information. Secondary
genotoxicity (e.g. via oxidative stress, interference with the mitotic process, inhibition
of topoisomerase, inhibition of the DNA repair enzymes, etc.) is to be distinguished
from primary genotoxicity (direct/indirect: DNA interaction, adduct formation and mu-
tations caused by the parent substance or metabolites).
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(2) The quality and verification of the assessment of genotoxic properties must be
characterised (differentiation according to in vivo/in vitro findings, compatibility of the
available study results, impact of the dose range in the available test and information
about gaps).

(3) Information on genotoxicity (type of genotoxicity and quality and verification of
the findings) can be essential for the specificity on the target organ in which tumouri-
genicity was observed. For some forms of genotoxicity (e.g. aneuploidies), minimum
concentrations of dangerous substances that are required to cause cancer can be
assumed.

In the assessment of genotoxicity tests, it must be considered that up to 80% of the
substances that are negative in carcinogenicity tests in rodents are positive in one or
several in vitro tests. This applies particularly to chromosome aberration tests, micro-
nucleus tests and the mouse lymphoma test. Depending on the test system used and
the class of substances, there are numerous reasons why in vitro results cannot be
transferred to the in vivo situation; some of them are listed below by way of example:

- the use of high concentrations that overload metabolic detoxification mecha-
nisms,

- absence of phase Il enzymes and their cofactors in the test system,
- test system with DNA repair deficiency (all Salmonella strains and E. coli),

- test system without or with abnormal expression of p53 protein (CHO cells,
L5178Y cells and V79 cells), and

- effects with a threshold that is not reached in vivo: aneuploidy, inhibition of DNA
polymerase, of topoisomerases or kinases, cytotoxicity or pH change.

Transferability to humans is furthermore restricted through a use of rat-specific meta-
bolic activation that does not reflect the pattern of activating enzymes metabolising
xenobiotics in humans (Kirkland et al. 2007a). However, it is possible that activation
in the organism is not reproduced in standard in vitro tests, e.g. if the substance is
activated via sulfotransferases and false negative results are therefore obtained
(Kirkland et al. 2007b).

The relevance of in vitro genotoxicity test results must therefore be examined on the
basis of the conditions used in the tests (e.g. comparison of the dose-response rela-
tionships of genotoxicity and cytotoxicity and high dose effects) and of the structure
of the tested substance to decide whether a carcinogenic substance is primarily
genotoxic. If necessary, structure-effect relationships should be included. In unclear
cases, the results of valid in vivo tests are decisive for systemically acting carcino-
gens. For locally acting carcinogens, negative in vivo tests are conclusive only if it
has been demonstrated that the target organ was reached.

2.3 Non-genotoxic events

(1) Information on non-genotoxic effects with a potentially causal impact on the
process of carcinogenicity must be recorded and described and the dose range de-
termined must be compared with the carcinogenic doses. This mainly includes cyto-
toxicity (e.g. irritation, inflammation and necrosis), induced cell proliferation, toxicoki-
netic information (e.g. enzyme induction, saturation or new metabolites typical of high
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doses), receptor-mediated processes, protein binding, direct hormonal effect, indirect
impact on hormonal feedback systems, organ specificity and sex specificity.

(2) The quality and reliability of the assessment of non-genotoxic properties must
be characterised (differentiation according to in vivo/in vitro findings, compatibility of
the available study results, impact of the dose range in the available test or informa-
tion about gaps).

(3) Information on non-genotoxic events (type of effect and quality and reliability of
the findings) must be specified particularly for its relevance in the target organ in
which tumourigenicity was observed.

2.4 Relevance of different impacts in a multifactor  ial process

1) According to a weight-of-evidence approach, the relevance of primary
and/or secondary genotoxicity (see Section 2.2) and of non-genotoxic events (see
Section 2.3) to the process of carcinogenicity must be assessed. The central factor(s)
of impact on cancer is (are) to be described and its (their) assumed relevance to hu-
mans substantiated.

(2) A distinction of the assumed modes of actions differentiated according to tu-
mour localisation and/or dose range may also be a result. The existence of several
(possible) modes of action must be identified.

(3) The occurrence of pre-malignant effects (like the formation of foci in the liver)
must be examined and their dose-response relationship described, if possible.

(4) Background rates and the occurrence of spontaneous tumours in the control
group are to be assigned to the discussion of the mode of action.

2.5 Targeted conclusion

(1) After all the information has been recorded, the following statements can be
made:

- Postulated mode of action

- Key events (observed; agreement with mode of action)
- Dose-response relationship

- Time-related association

- Intensity of the association; consistency of the data for this conclusion; specific-
ity of the association

- Biological plausibility

- Other possible modes of action

- Confidence in the assessment

- Data gaps; uncertainties

(2) The following questions must specifically be answered:
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- Is the weight of evidence sufficient to identify a mode of action in an animal
study?

- Can human relevance of the mode of action be ruled out with sufficient likeli-
hood on the basis of fundamental qualitative differences in key events between
animals and humans?

- Can human relevance of the mode of action be ruled out with sufficient likeli-
hood on the basis of quantitative toxicokinetics and/or toxicodynamic differ-
ences between animals and humans?

- What is the confidence of a generated assessment (relevance)?

There may also be a threshold for genotoxic events. Genotoxic events must be dif-
ferentiated from this point of view (see TGD, Risk Characterisation, Section 4.14.3.4;
Butterworth, 2006).

Non-genotoxic events cannot regularly be associated with a threshold either; for ex-
ample, such a threshold cannot always be identified for some receptor-mediated
processes (see TGD, Risk Characterisation, Section 4.14.3.3; Butterworth, 2006).

As far as data for an exposure-risk relationship in the experimental range are re-
guired to determine the relevance of the different statements, there is an interde-
pendence between tasks according to Section 3 and tasks according to Section 2 of
this Guide (in particular 2.4 and 2.5: Exposure-risk relationship). Accordingly, the
items of this Guide cannot be dealt with in a strict chronological order.

The items mentioned under 2.5 are based on considerations by WHO (IPCS) and are
explained in detail in Boobis et al. (2006). Examples of the procedure in the discus-
sion of the mode of action can be found in Kirman et al. (2004), Cohen et al. (2003)
and Preston and Williams (2005). The basic method for recording the mode of action
is explained in Meek et al. (2003) and Seed et al. (2005).

In various publications (e.g. Streffer et al., 2004, Hengstler et al., 2006, Bolt and Hu-
ici-Montagud, 2007 and Foth et al., 2005), the differentiations of the mode of action
postulated were similar to those used as a basis for the procedure described here.
They lead to a differentiation, as is shown in Section 5.1 of this Guide.

Neumann (2006a,b,c) substantiates why it is impossible to find a definite threshold
for a carcinogenic effect and recommends avoiding the term completely. However,
since there are no alternatives that can be communicated better, the term will con-
tinue to be used in the present Guide with the above restrictions of its meaning.

3 Risk quantification in the range of observed canc er incidences
3.1 Selection of animal species, sex and tumour loc  alisation(s)

(1) If tumour data are available for several of the customarily used animal species,
preference is to be given to those on the species reacting most sensitively.

(2) The extent to which quantitative transferability to humans can be assumed must
be considered for the selection of the animal species and the types and localisations
of tumours observed there. Transferability can be assumed in particular if a tumour
localisation is identical in a species comparison and/or findings on the mode of action

- Ausschuss fir Gefahrstoffe - AGS-Geschaftsfihrung - BAUA - www.baua.de -





Announcement 910 Page - 25 -

support the occurrence of a specific type of tumour (or a specific tumour localisation).

Animal studies are carried out against the background that qualitative and quantita-
tive transferability to humans is possible in principle (if necessary, considering ex-
trapolation or correction factors). Thus, preference must always be given to the ani-
mal model with the closest relationship to humans. If it is not known which animal
model is closest to humans in a particular case, a conservative approach is a suitable
standard. This basically applies even if discrepancies were demonstrated in the indi-
vidual case: The human metabolism of 1,3-butadiene seems to be more like that of
the less sensitive rat than that of the more sensitive mouse. If risk quantifications
based on epidemiological data are compared with those based on animal studies,
agreement of the cancer risk for mice and humans is higher for 1,3-butadiene (Roller
et al., 2006). This possible contradiction in the case of 1,3-butadiene means that a)
particular importance is to be attached to human data (see Section 1.5(1)), b) con-
servative extrapolation steps such as assuming linearity in the low risk range should
not be abandoned too hastily because of supposed mechanistic evidence, and c) the
relative sensitivity of test animals compared with humans must be examined further.

(3) A tumour localisation observed in an animal study and that deviates from ob-
servations based on human epidemiological studies does not generally militate
against its human relevance (see references under 3.1 (6)). The resulting risk quanti-
fication must however be regarded as less reliable.

(4) If increased tumour incidences were obtained in both sexes, the data for the sex
with the higher tumour rate must generally be used. If the tumour rates are about the
same in both sexes, the data can be added for both sexes to increase the statistical
validity.

(5) If tumours were found in several organs, the data on all organs for which a sta-
tistically and/or biologically increased tumour incidence was observed at a specific
dose and/or a statistically significant dose-response relationship (possibly only as a
trend) was evident are to be used.

There are numerous typical forms of tumours whose spontaneous incidence is high
and sometimes considerably varies in specific rodent strains and whose relevance to
humans is not known (see 3.1 (6)). If their frequency is increased as a function of the
dose compared with the current and mean historical control, an exposure-related ef-
fect is generally assumed.

Initially, it must be examined whether other types of tumours that can definitely not be
assigned to spontaneous pathology occurred, possibly at even lower doses and/or at
a higher incidence, and whether preference should be given to them as a basis of
calculation for this reason alone.

(6) Whether or not specific tumour localisations (if necessary, with a restriction to
specific animal species or strains) are taken into account must be considered on a
case-by-case basis. The following references may provide answers to the question of
the (qualitative and/or quantitative) transferability to humans:

- No (qualitative or quantitative) transferability can be assumed for alpha2u-
globulin-induced renal tumours of male rats.

- In general, only qualitative (no quantitative) transferability can be assumed if
there is concurrent genotoxicity (nor is there qualitative transferability in the ab-
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sence of genotoxicity) and if the following tumours are observed: liver tumours
after PPARa-receptor stimulation (“peroxisome proliferation”), leukaemia in
Fischer 344 rats, phaeochromocytomas if these only occur in male F344 rats,
forestomach tumours and tumours of Zymbal's and Harderian glands as well as
clitoral and preputial glands, if no other than theses tumour localisations are
found.

The strictly qualitative species comparison is relevant for classifications, but not
for determining the exposure-risk relationship considered here or for establish-
ing a concentration with regard to a defined risk figure.

- In general, quantitative transferability can be assumed with concurrent genotox-
icity, but with more uncertainty (i.e. qualitative transferability only in the absence
of genotoxicity) and if the following tumours are observed: Leydig cell tumours
in rodents, liver tumours in B6C3F1 mice, phaeochromocytomas in F344 rats if
these occur in both sexes (differential diagnosis on — age-related — hyperplasias
to be considered; female animal data more appropriate for quantification), thy-
roid tumours in rats, forestomach tumours and tumours of Zymbal's and
Harderian glands as well as clitoral and preputial glands if, apart from these tu-
mour localisations, other tumour localisations are found.

- In general, quantitative transferability can be assumed even without genotoxic-
ity, but with considerable uncertainties in some cases: all other localisations and
types of tumours; tumours in animal species or strains except for those men-
tioned.

- The substance concentration (observed or to be assumed) in the target organ is
to be included in the consideration of quantitative transferability.

- The mode of action to be assumed (see Section 2) is to be included in the con-
sideration of a quantitative extrapolation.

- If tumour incidences were obtained both in

1. localisations with questionable human relevance and/or questionable
guantitative transferability and in

2. localisations with definite quantitative transferability, preference is gener-
ally to be given to the latter ones for risk quantification.

A more detailed discussion about the background of this differentiation can be
found in Annex 10.3 to this Guide (with literature references).

(7) The tumour incidences in the various organs selected under (5) and (6) must
generally be quantified separately and compared with each other. In the standard
case, risk quantification is based on the tumour localisation with the lowest T25, i.e. a
dose or concentration at which cancer occurs in 25% of the animals. The different
background rate is taken into account in the T25 calculation. In some exceptional
cases, however, different tumour localisations must be combined (example: asbestos
— mesotheliomas and lung tumours). If such an aggregation is made, the relevance
of the total incidence for risk quantification must be substantiated.

In T25 procedures, based on a concentration with a significantly increased tumour
incidence, a dose at which the incidence for this tumour in an animal study is 25%
after lifetime exposure is determined by linear interpolation
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1. taking into account the background incidence,
2.  if applicable, with correction of a non-lifetime study period, and
3. assuming complete absorption (see also Glossary).

Calculation of a T25 or BMD for several tumour localisations, sexes and with or with-
out benign tumours in later steps allows extrapolations to be made into the low risk
range based on several points of departure (see Section 3.2) in parallel and together
with a differentiated mechanistic discussion. Aggregations of findings are useful par-
ticularly if the question of the differentiation of various dose-response relationships
(e.g. because of the homogeneity of the reactions observed) is of minor importance.
It may thus be appropriate to aggregate the findings over different tumour localisa-
tions if a carcinogen has a uniform mode of action. The EU TGD points out: “For a
substance inducing more than one type of tumour, the determination of a dose-
descriptor value is from each relevant tumour type rather than from the number of
tumour bearing animals. If several relevant data sets on tumour incidences are avail-
able, dose descriptors values should be derived for all these.” (EC 2006, Section
4.14.2.3). Several tumour localisations should not be aggregated if there are different
background rates of tumours in different organs.

McConnell et al. (1986) argue in favour of a differentiated consideration of the possi-
bilities of aggregating tumours for cancer risk calculations. The EPA interprets this
evaluation: “The incidence of benign and malignant lesions of the same cell type,
usually within a single tissue or organ, are considered separately and are combined
when scientifically defensible.” (A list of cases in which aggregations can be made is
included in McConnell et al.).

The principle of adding up the total number of tumour bearing animals irrespective of
the tumour localisation concerned is thus not supported.

Some older studies were designed in such a way that only suspected target organs
were evaluated. Such selective studies can nevertheless be used for risk quantifica-
tion if they reveal carcinogenic effects. Multiple tumours (multiplicity) are usually re-
ported additionally if they are observed.

(8) If several types of tumours were found in one organ/tissue, a combined consid-
eration should generally be chosen. In certain substantiated cases (e.g. human rele-
vance of only one type of tumour), an individual consideration is appropriate.

(9) If benign and malignant tumours are obtained in one organ, their incidences are
generally added. Different types of tumours found in one animal are not added since
the total incidence (related to the organ > 100%) may be exceeded. If there is evi-
dence that, for example, the malignant degeneration of a benign tumour in humans is
unlikely, no addition is required based on a scientific rationale.

3.2 Selection of a point of departure

(1) The point of departure (POD) for further steps of risk assessment is a defined
exposure level with risk assignment to the concentration-risk function for a sub-
stance. The POD is at or close to the exposure level (concentration range) for which
data on cancer incidences are available from epidemiological observations or animal
studies. For the POD, the risk as cancer incidence in percent is compared with the
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relevant concentration (mg/m?). The POD is a normalised value. “Normalisation” is to
be regarded as the conversion to lifetime (occupational) exposure (see Section 4.3),
route-to-route extrapolation to the route of inhalation (see Section 4.2) and consid-
eration of the background incidence (see Section 3.4) in an appropriate way. The
POD is a starting point for extrapolation or for comparison; depending on the level of
comparison, the T25 is thus to be specified as a human equivalent (hT25) or to be
applied at the level of animal studies. The boundary conditions for using a T25 must
always be specified precisely.

(2) If data of sufficient quality are available from observations, the POD is to be
identified as the benchmark concentration or benchmark dose. The central estimated
value (BMD) rather than the 95-percent confidence interval (BMDL) is to be used
here.® The POD is used as a starting point for extrapolation or for comparison; de-
pending on the level of comparison, the benchmark dose can thus already be speci-
fied as a human equivalent (HBMD; HBMDL)® or can be applied at the level of animal
studies. The boundary conditions for using a benchmark dose must always be speci-
fied precisely.

The criteria of sufficient data quality for modelling according to the benchmark ap-
proach must be defined separately (see Section 3.3). The relation between BMD and
BMDL also indicates the quality of the applied modelling (quality of adjustment of the
model function to the available experimental data). For the calculation of the BMDL,
this factor can thus be used (apart from other criteria) for assessing the question of
whether the benchmark approach should be applied at all in a particular case.

Selecting the BMD instead of the BMDL may imply a certain error (since it cannot be
ruled out that the exposure-risk relationship is more appropriately described by the
BMDL). However, selection of the BMD seems to be justified 1) because of analogy
to the T25 where data are not adequate (T25 is also a central estimated value with-
out confidence interval), 2) because of the possible low error (if there is a major de-
viation between BMD and BMDL, the benchmark approach would not be appropri-
ate), and 3) since a conservative extrapolation procedure is selected anyway in most
cases because of linearisation in the range below the BMD as the POD.

For conversion of a benchmark dose to equivalent human exposure see Section 4.

(3) The benchmark response at the POD is to be established at 10% for reasons of
comparability.

In many cases, there are only minor deviations for the assumed risk if the T25 is
compared with the BMD10 after correction (linear conversion) of the risk level (see
Annex to EC, Technical Guidance Document, 2006). There may however be devia-
tions depending on the course of the concentration-risk relationship. Therefore, and
because of the more complete description of the derived course of the concentration-
risk relationship in the experimental range, preference is to be given to the applica-
tion of the benchmark approach. For examples see Section 5.2.

The present Guide continues to use modelling between the BMD10 and BMDO.1 in
cases in which there is mechanistically substantiated non-linearity together with a

For terminology on the benchmark procedure see EPA, 2000

BMD (benchmark dose) or BMDL are used below even if airborne concentrations are referred to in
the specific case (BMC; BMCL).

For relevance of the term human equivalent and for conversion see Section 4
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good database (see Section 5.2). If the reasons for non-linearity are not sufficient,
modelling with the benchmark method is carried out only for the experimental range
up to a BMD10 as the POD. Earlier, the U.S. EPA used the linearised multistage
(LMS) model. This procedure is almost identical with modelling by means of the mul-
tistage model in the experimental range and a continuation of the modelled function
into the low risk range (e.g. if there is a benchmark response of 1:1000). In the LMS
model, the confidence interval of 95 percent is however included.

(4) If a sufficiently qualified benchmark concentration cannot be specified, the T25
is to be used as the POD for the calculation according to the method of Sanner et al.
(2001)/Dybing et al. (1997).

In cases in which the benchmark approach cannot be used, preference is given to
the T25 as the POD over similar other values because

— this corresponds to the method of risk quantification in various EU provisions on
risk assessment,

—  the “Steinhoff” method discussed earlier in Germany is compatible with the T25
as the POD, although it is not related to a normalised percentage (25%), or

— the LED(10) in the United States (EPA, 2005) requires using the benchmark
approach although this is not always adequately qualified.

The U.S. EPA ED(10) approach is also based on benchmark modelling (without con-
sideration of the confidence interval) and its method is identical with the derivation of
the BMD10. Since the difference between the T25 and ED10 is linearly taken into
account when calculating a reference MoE (see “Margin of exposure” in the Glos-
sary) according to EU/TGD, the ED10 may be used as the POD in the EU MoE ap-
proach.

(5) Specification of a POD is not formally required for extrapolations into the range
below the obtained incidences for which continuation of the concentration-response
relationship is assumed, as it exists in the range of observation (continuous function;
see Section 5.2). It should nevertheless be specified for comparison.

(6) BMDjpor T25 must be calculated for all tumour localisations relevant to humans
(for selection of tumour localisations and species see Section 3.1)

(7) For benchmark modelling with poorer data quality (see Section 3.3), it is appro-
priate to calculate both the T25 and the BMDyg to identify the effects of the uncer-
tainty of the specific decision: The PODs established according to the respective pro-
cedures may be close together or show clear discrepancies. The specific information
must be documented.

For examples see Section 5.2 (Case B)

3.3 Minimum criteria of data quality for applicatio n of the benchmark ap-
proach

(1) In general, data for at least the control group and three dose groups should be
available when the benchmark approach is selected.

In Annex Xl to the EU TGD, there are some examples in which the T25 is compared
with the BMDO5. The mentioned criterion was underlined.
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(2) If the tumour incidence is identical, or differs only slightly in all dose groups (pla-
teau effect), application of the benchmark approach is not appropriate.

(3) If there is only 1 dose group except for the control in which the effect level is
clearly above the BMR', application of the benchmark approach is not appropriate.

(4) If the tumour incidence is below 100% in only one dose group (except in the
control), application of the benchmark approach is not appropriate.

(5) The benchmark approach cannot be applied if fitting is not adequate based on
modelling with the available data (model fit: p < 0.1; chi square outside -2 to +2). The
uncertainty of the assessment is also too great if the BMD/BMDL ratio is > 10 in the
considered BMR.

The listed criteria (2)-(5) are discussed and substantiated in the final report of the
FKZ 201 65 201/01 project (“Vergleich der Verfahren zur Ableitung gesundheitsbe-
zogener Wirkungsschwellen (Benchmark — NOAEL)” (Comparison of the procedures
for deriving health-related thresholds (benchmark — NOAEL)), German Federal Minis-
try of the Environment 2003).

(6) For unclear cases with limited data quality, the procedure according to Section
3.2 (7) is to be selected, i.e. T25 and the benchmark approach must be weighed up
against each other. The scientific rationale for the procedure must be documented.

For an example see Section 5.2 (Case B)

3.4 Application of the benchmark approach

(1) The models to be selected for curve fitting should be consistent with the
mechanistic considerations about carcinogenicity. Therefore, the multistage model,
which corresponds to the multistage model of carcinogenicity, is often used. The
gamma function also corresponds to a mechanistic understanding of the multihit
model of chemical carcinogenicity. Multistage or gamma function are thus the pre-
ferred models for modelling with the benchmark approach in the experimental range.
Other models should however also be considered if the data can be adjusted in a
clearly better way. Preference is to be given to models that have a similar quality of
adjustment, but require fewer parameters for modelling (discernible from the AIC
value from the results reported by the specific U.S. EPA software). The quality of
data adjustment is more important in the range of low experimental concentrations
than in the range of high concentrations.

The listed criteria (2)-(5) are discussed and substantiated in the final report of the
FKZ 201 65 201/01 project (“Vergleich der Verfahren zur Ableitung gesundheitsbe-
zogener Wirkungsschwellen (Benchmark — NOAEL)” (Comparison of the procedures
for deriving health-related thresholds (benchmark — NOAEL)), German Federal Minis-
try of the Environment 2003).

% For abbreviations in the benchmark approach see Glossary
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3.5 Handling of background incidences

(1) In compliance with the standard procedure in the T25 and benchmark ap-
proaches (according to U.S. EPA software), the extra risk approach is generally to be
used.

From a toxicological point of view, there is no well-founded scientific rationale for the
convention of selecting the extra risk, although it is accepted as a standard proce-
dure, since

the deviations are generally slight if there is a low background rate,

2. there is agreement with many older unit risk calculations,
3. there is guaranteed agreement with the T25 approach, and
4. there is guaranteed agreement with the traditional procedure in the multistage

approach.

(2) If very high incidences are observed in the control group or when comparing
them with human data, the additional risk is to be used and a scientific rationale is to
be given for this procedure.

3.6 Risk quantification by specifying the T25

(1) If a POD is established by specifying the T25 value according to the method of
Sanner et al. (2001) and Dybing et al. (1997), no modelling of the dose-response re-
lationship in the experimental range is required. The T25 is determined by linear in-
terpolation. This procedure is to be used regularly if a qualified benchmark calcula-
tion cannot be made.

For a detailed definition of the T25 see Glossary

(2) If only the route of inhalation is relevant (applies to occupational exposure lim-
its), the T25 value is expressed as airborne concentration (mg/ms3 or ppm).

For further standardisation of the T25 to the exposure pattern at the workplace see
Section 4.2

(3) Details on the procedure used in this T25 approach are available in the cited
literature (e.g. EC, 1999, or REACH RIP 3.2-1B preliminary Technical Guidance
Document). The most important items are:

- The lowest dose group showing a significantly increased tumour incidence is
selected as the point of departure.

The criterion of significance is to be established either on a statistical (Fisher’s
exact test to compare the dose group with the control group) or on a biological
basis. In analogy to the FDA (2001), levels of significance of p < 0.05 are to be
used for rare tumours or tumours with a spontaneous incidence < 10%, and
p < 0.01 for tumours with a spontaneous incidence higher than 10%. If neces-
sary, both the experimental control group and the historical control data are to
be employed for comparison (for historical control incidences see e.g. Dere-
lanko and Hollinger, 2002).
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The spontaneous incidence in the control group is subtracted from the tumour
incidence in the treated group.

If there is high mortality in the considered dose group, the resulting greater un-
certainty of the T25 value must be discussed, or the next lower dose group
must be selected, since mortality rates are generally not corrected. High mortal-
ity may also mean that the study can no longer be used for risk quantification
(see Section 7, minimum criteria).

T25 values are generally calculated separately for species, sex and organ/type
of tumour (see Section 3.1 (6)).

The types of tumours/organs/sexes can be combined if this is scientifically sub-
stantiated (see Section 3.1(6)).

A shorter exposure period compared with the standard lifespan of the test spe-
cies and a reduced single-day exposure period are corrected.

The shorter exposure period (w1l in weeks) compared with the standard lifespan
(w in weeks) of the test species and a reduced single-day exposure period (w2
in weeks) is corrected by multiplication with the factor (wl/w)x(w2/w) (see Sec-
tion 4.4).

Exposure patterns deviating from the selected standard values are considered.

Linear correction factors are used for this, for example for doses/day, exposure
days/week and exposure period/day in the case of inhalation.

The lowest T25 value regarded as relevant to humans (with regard to spe-
cies/organ/type of tumour) is used for risk quantification (see also Section 3.1).

This does not fully agree with the usual procedure according to EU. The T25
value was originally designed as a dose of the substance related to body weight
and was thus specified in mg/kg body weight/day. If several studies are avail-
able in which gavage was not used in every case, but animals were for example
exposed via the drinking water, diet or inhaled air, conversion of exposure to the
body weight-related dose has been suggested to be used as the common basis
of comparison (EC, 1999). However, in the present case, a concentration must
be specified (mg/m3).

If no route-to-route extrapolation is permitted (see Section 4.3), the specific (oral
or dermal) point of departure may be used for an inhalative T25.

The T25 is converted to a human equivalent (hT25) by means of the factors

specified in Section 4.

3.7

Procedure in the case of available human data

The relevance attached to epidemiological observation studies in the quantification of
occupational cancer risks as compared with animal studies has already been dis-
cussed in Section 1.1 and in the explanations of the data to be used as a basis (Sec-
tion 1.5 (1)). For the risk term applied here see Section 1.4 (Risk figure)

The following references on the procedure require an adequate epidemiological da-
tabase (for minimum criteria see Section 7.6 of this Guide).
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The selection of epidemiological studies should be based on the following pro-

cedure:

(2)

dure:

®3)

Evidence from available studies should be identified by means of a well-
structured, systematic literature search and reviewed for its quality and suitabil-
ity for risk assessment. Principles established for the selection of occupational
epidemiological studies for carrying out a meta-analysis should be considered
here. It must be decided in each individual case whether several studies are
combined to a pooled estimator for an assessment in a meta-analysis or
whether individual studies are assessed separately to be able to specify a range
of potential risk scenarios.

Literature: Blair et al., 1995; Roller et al., 2006, Chapter 5.2

In general, analytical study designs with an individual exposure estimate are to
be selected for risk assessment. Both cohort and case control studies can be
used for risk assessment.

Study designs used in occupational epidemiology can be classified in the follow-
ing descending order of evidence: (1) cohort study; (2) case-control study
(CCS); (3) cross-sectional study (CS); (4) ecological or correlation study (see
also Glossary).

Quantitative exposure data are more often available from cohort studies,
whereas case-control studies generally guarantee a better consideration of con-
founding (for further details on the special strengths and weaknesses of study
designs see Ahrens et al. 2008). When justified, in exceptional cases, e.g. in the
case of a case-control study embedded in a cohort with more specific or de-
tailed information on exposure and/or the end point, a CCS can be more appro-
priate for an assessment of occupational exposure limits than the underlying
cohort study.

The consideration of target parameters should be based on the following proce-

In general, preference is to be given to measures with reference to cancer inci-
dence over those to cancer mortality unless incidence and mortality are re-
garded as identical because high lethality is involved in a specific type of cancer
(as e.g. in the case of lung carcinoma).

The information density of the strata decreases, the more finely the considered
end points are classified. It must thus be considered in each individual case
whether different end points can be combined in an appropriate way to increase
the statistical power (i.e. combination of various related tumour entities into one
group) even if causal factors may differ in detail, e.g. in the case of leukaemias
and lymphomas, head-neck tumours, etc.

It must be decided in each individual case whether early end points such as
biological markers, which are regarded as necessary precursors on the causal
chain to an examined target disease, may be included in the assessment of the
available studies as a surrogate parameter. It is appropriate to include them if
evidence of an early clinical effect is to be regarded as a warning signal.

(Warning signals can justify the introduction of preventive measures.)

The following procedure may be used for the calculation of the risk figure:
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- A point estimator for every exposure category (e.g. median and geometric
mean) is the preferred specification for risk derivation.

- If merely an exposure range was reported (e.g. 1-9 ppm-years), the class mean
(here 5 ppm-years) can be used alternatively as a basis for the calculation.
Concentrations specified in mg/m3 should be converted to substance-specific
ppm. This calculation is based on 240 working days/year and an inhaled volume
of e.g. 10 m® per working day, which is estimated to be 8 hours (the inhaled
volume depends on the workload; 10 m® refers to slight to moderate physical
activity).

(See van Wijngaarden and Hertz-Picciotto, 2004 and Section 4.5 of this Guide)

- Subsequently, the cumulative concentrations specified in ppm-years must be
converted to the long-term mean after 40 years.

- Depending on the database, direct measures of absolute risk (e.g. cumulative
risk) or — if these were not reported — measures of the relative risk must be re-
lated to exposure. Measures such as SMR, SIR, RR or OR will generally be
available. For the calculation of the lifetime risk of the exposed persons, these
relative risk increases can be multiplied by an estimated value for the lifetime
risk of the reference group, e.g. the general population, unless the detailed life
table method is used.

- The risk measure reported for the exposure range (RR/SIR, etc.) can be corre-
lated with the cumulative exposure value in a regression analysis, which allows
extrapolation into the high or low risk range and statements to be made about
the risk per unit increase (1 ppm) of exposure. In this way, the lifetime risk can
be assessed in relation to a specific exposure level or an assumed occupational
exposure limit.

- After subtraction of the risk of the non-exposed persons (e.g. general popula-
tion), an estimated value of the exposure-related excess risk is obtained.

- Restrictions of the validity of the results are to be discussed.

A procedure in analogy to Roller et al., 2006 and Goldbohm et al., 2006 has
therefore been suggested.

Bias, possible residual confounding and misclassification, for example, may re-
strict the validity of the results. Risk estimators that were adjusted for con-
founder effects should be used. Calculations of adjusted vs. non-adjusted risks
should be compared with each other, if possible, since adjustment depends on
the model and this allows for an assessment of the intensity of possible con-
founding.

Inconsistent or non-existing dose-response relationships can often be observed
in epidemiological studies. However, the data can also be considered in cases
in which the test results only suggest the existence of a cause-effect relation-
ship. Deviations from an expected dose-response relationship and their possi-
ble causes and consequences for risk extrapolation are to be discussed.

It must be considered that the described procedure ignores variations of the risk
among individuals due to different susceptibility. The transferability of the results
to other populations must be evaluated in each individual case. Possible restric-
tions of transferability, e.g. if there is a healthy worker effect, must be consid-
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ered. However, these considerations are of subordinate relevance against the
background of assessing the risk of occupational exposure and establishment
of limit values to improve occupational safety.

If semiquantitative exposure specifications and no other epidemiological data
are available, the authors of the original publications may be contacted to be
able to establish classification criteria for exposure levels and thus make a
guantitative exposure assessment.

(4) Deviations from the default are possible in the following cases:

- In order to be able to check the consistency of the results under different condi-
tions, exposure models deviating from cumulative exposure (intensity, duration,
exposure peaks or threshold) may also be considered depending on the mode
of action if specific estimators were documented in the assessed literature.

- If no adequate data from studies are available, the results of cross-sectional or
correlation studies may be used as an exception. The validity of such study re-
sults must be discussed with considerable reservations and must include a de-
tailed description of the limitations. In general, cross-sectional studies and eco-
logical studies should at best be used to supplement data from animal studies.

(5) For extrapolation into the low-risk range, see procedure for toxicological data
from animal studies (Section 5). Human data should, if possible, be used to check
the plausibility of the extrapolation factors in transferring animal studies to humans.

4 Transferring data from animal studies to humans
4.1 Consideration of species differences

(1) Inthe derivation of risk figures, this Guide generally assumes the same sensitiv-
ity of test animals and humans for carcinogenic effects after inhalation exposure.
There is no reliable verification of this assumption. Since it has only limited scientific
validation, it has the character of a convention.

Roller et al. (2006) demonstrated for many carcinogens that the sensitivity of humans
in inhalation studies is usually higher than that of test animals. The authors thus con-
cluded: “The results suggest that species extrapolation based on equivalent expo-
sure without taking toxicokinetic or toxicodynamic species differences into special
account generally does not lead to an overestimation of the risk for humans.” This
finding supports the statement made in Section 4.1 (1). Roller et al. even go further
on the basis of their findings and propose that identical sensitivity should also be as-
sumed “if mechanistic data, for example, suggest lower human sensitivity.”

(2) Substance-specific data showing a clear deviation from the average (e.g. from
pharmacokinetic models) can be used for substantiating a risk quantification deviat-
ing from the default.

This procedure allows deviation from the default if there is a “clear deviation from the
average.” What importance is attached to mechanistic or kinetic findings suggesting
lower human sensitivity with sufficient likelihood is a matter of consideration or deci-
sion in the individual case (expert judgement).
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4.2 Procedure based on an animal inhalation study

(1) For substances with a blood/air partition coefficient > 10 and systemically occur-
ring tumours, the airborne concentration (6-hour exposure/day; resting conditions)
used in animal studies must be adjusted to the workplace scenario (8-hour expo-
sure/day; light activity) as the human equivalent exposure level by means of a correc-
tion factor of 2.

The background data for this conversion are explained in the draft of the REACH im-
plementation project (REACH RIP 3.2-1B preliminary Technical Guidance Docu-
ment):

Rat Human
Body weight 2509 70 kg
Respiratory volume 0.2 I/min/rat
(standard; SRV) => alometric scaling’
0.8 I/min/kg body weight (bw) | 0.21/minkg bw
¢ For various expo- ¢ ¢
sure periods
6-h exposure 0.29 m¥kg bw 5 m%/person
8-h exposure 0.38 m*/kg bw 6.7 m*/person
24-h exposure 1.15 m*/kg bw 20 m*/person
Respiratory volume during
light activity at work (WRV)
8-h exposure 10 m®/person

* scaling factor 4 for rats - humans

For example, a T25 (rat) of 10 mg/m® after 6-h exposure/d corresponds to a hT25
(humans; 8h/day) of 5 mg/m3 for systemic effects.

Since the blood/air partition coefficient is not known for all substances, water solubil-
ity (> 1g/l; readily water soluble substances) can be used as an approximate value.

(2) If there are species differences in absorption, these must be considered in the
interspecies extrapolation.

4.3 Procedure based on an animal study with oral ad  ministration

(1) If there are no study-specific data on the dose related to body weight, and only
concentrations in the diet or water have been reported, the following default values
can be used for conversion (according to REACH RIP 3.2-1B preliminary Technical
Guidance Document).
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Default values for body weights, food and water int  ake for the calculation of doses in
lifetime studies
Test Sex Body weight | Food consumption per Water consumption per
animal (kg) day” day”
@ (mi)

Mouse Male 0.03 3.6 (120) 5 (167)

Female |0.025 3.25 (130) 5 (200)
Rat Male |05 20 (40) 25 (50)

Female [0.35 175 (50) 20 (57)
Hamster | Male 0.125 115 (92) 15 (120)

Female [0.110 115 (105) 15 (136)

** The daily food or water consumption is given in brackets in g or ml per kg body
weight per day, as appropriate.

(2) A dose administered in an animal study (unit: mg/kg body weight x day) is
transformed into a human equivalent dose by applying an allometric scaling factor.
As a default, conversion is carried out via allometric scaling based on the basal
metabolic rate ((body weightpuma/body weight.ima)*?). The following rounded factors are
obtained:

- dog and monkey 2
- rat 4
- mouse 7

If an oral study is used as a basis, consideration of a scaling factor is no conservative
extrapolation step, but instead represents biologically substantiated data adjustment
in the default case (see TGD, Section 4.14.2.4, and Table 11 (scaling factors based
on default weights); EPA, 2005; Kalberlah and Schneider, 1998).

(3) In the next step, the human equivalent dose is to be transformed into an air-
borne concentration unless specific reasons militate against route-to-route extrapola-
tion, in particular:

- pronounced first pass effect;

- local tumours in the respiratory tract are expected (especially relevant to locally
acting, but also persistent substances such as metal compounds);

- local tumours after oral administration play a role relevant to assessment (e.g.
forestomach tumours in rodents);

- organ concentrations deviating considerably in the critical target organ are ex-
pected after inhalation and relevant to assessment (e.g. often decisive in stud-
ies with administration by gavage).

Differing route-specific absorption rates must be corrected in a route-to-route
extrapolation.

The limits of route-to-route extrapolation were specified, for example, when the
German ARW concept was developed by the Committee on Hazardous Sub-
stances. See ARW-Konzept (no author, 1998)

(4) If no route-to-route extrapolation can be made based on a study with oral ad-
ministration and if no inhalation studies or findings from inhalation of the carcinogen
by humans are available, risk quantification is generally not possible (see Section 7).
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4.4 Procedure for studies with a shorter exposure a  nd/or observation
period
1) If exposure was stopped before the end of the study (longer observation

period), a correction calculation must be carried out. Assuming an experimental pe-
riod of 100 weeks, this means for example:

- actual exposure: 50 ppm in the diet for 70 weeks and observation period for 30
weeks;

- calculated exposure: 50 ppm x 70 / (30 + 70) = 35 ppm throughout the entire
experimental period.

If all animals of a dose group die prematurely, the exposure period and lifespan of
the animal showing the greatest longevity is used as a basis for conversion.

(Source: Swirsky Gold et al., http://potency.berkeley.edu/)

If an exposure period of about 100 weeks in an animal study is converted to a human
equivalent, this equivalent exceeds the proportion of a working lifetime of about 40
years. Even if lifetime exposure is back-calculated to exposure over a working life-
time in further steps, it is a conservative approach to use the observations after this
longer exposure period as a basis for the quantifications.

(2) If the experimental period is shorter than the lifespan, another correction of the
experimental period to the lifespan is generally carried out using the correction factor
f2 with f = experimental period/standard lifespan (e.g. experiment stopped after 100
and standard lifespan is 104 w: correction factor = (100/104)? = 0.92). The following
standard lifespans are assumed: mouse, rat and hamster: 2 years; dog: 11 years;
monkey (Macaca): 20 years.

Dybing et al. (1997) select a corresponding approach for their T25 concept (see also
Section 3.6 (3) of this Guide):

Shorter exposure (w;) compared with the total study period (w, weeks):
correction factor f = wy/w;

Shorter experiment (w;) compared with the total lifespan (w» weeks):
correction factor f = (W1/W2)2

This “standard lifespan” is not a very conservative convention. In divergence from
this standard, it may be necessary to assume a prolonged lifespan especially for lung
tumours (rats). In rats, exposure-related lung tumours occur especially at the age of
more than 2 years. The spontaneous rate for lung tumours is low in rats; it is about 1
to 2% after 2.5 years, somewhat higher in one strain and even lower in the other one.
The observation period should definitely be more than 2 years for quantitative risk
assessment. McConnell and Swenberg (1994) state, e.g.: “Following the 24-mo ex-
posure period, the animals were held for lifetime observation (until ~20% survived).”
This implies that 24 months are not a lifetime observation, but that a specific criterion
(here 20% survival rate) can be used for the definition of “lifetime” (longer than 24
months) for pragmatic reasons.

3 If the exposure concentration is reduced during the study, the time-
weighted mean is generally used for the exposure level.
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The simple approach of a cumulative dose metric over the entire lifespan (according
to Druckrey; see below) does not consider that a carcinogenic substance is specifi-
cally able to induce one or several stages of carcinogenicity. If an early stage of car-
cinogenicity is affected, exposures at the beginning of life are especially critical. Per-
sisting substances can maintain a persistent systemic load even after early discon-
tinuation of treatment.

The Guidelines for Carcinogen Risk Assessment (2005) of the U.S. EPA point out
(nttp://Iwww.epa.gov/IRIS/cancer032505.pdf): “For chronic exposure studies, the cumulative
exposure or dose administered often is expressed as an average over the duration of
the study, as one consistent dose metric. This approach implies that a higher dose
administered over a short duration is equivalent to a commensurately lower dose
administered over a longer duration. Uncertainty usually increases as the duration
becomes shorter relative to the averaging duration or the intermittent doses become
more intense than the averaged dose. Moreover, doses during any specific suscepti-
ble or refractory period would not be equivalent to doses at other times. For these
reasons, cumulative exposure or potential dose may be replaced by more appropri-
ate dose metric when indicated by the data.”

For the multistage and Moolgavkar models, there are for example mathematical pro-
posals of adjustment for intermittent and short-term exposures occurring in arbitrary
periods of life (Crump & Howe, 1983; Chen et al., 1988; Yamasaki, 1988). However,
these seem to be too complex for routine use.

According to Druckrey’s rule, tumourigenicity of a total dose effective over the entire
lifetime is constant (d x t = const.). This description applies to many genotoxic sub-
stances. However, it does not consider depot effects, i.e. constant effects of poorly
soluble or otherwise biopersistent substances after inhalation or injection (such as
metal compounds, asbestos and wood dust). Druckrey’s rule may also underestimate
the late sequelae of high, tissue-damaging doses acting for a short period because,
for example, increased proliferation rates increase the sensitivity of target tissues,
establish genotoxic lesions and promote the migration of stem cells into target tissue.
However, Druckrey’s rule is the primary basis of linear dose extrapolation and also of
usual time extrapolation.

Literature: Chen et al., 1988; Yamasaki, 1988; Crump and Howe, 1984; Dybing et al.,
1997

(4) Studies in which the exposure period is less than half of the standard lifespan
are not suitable for risk quantification. The observation period should generally not be
below 18 months in a study with mice and not below 2 years in a study with rats.

In a rough estimate, half of the standard lifespan approximately corresponds to the
ratio between lifespan and working lifetime in humans. For example, an exposure
period of 1 year (rat) is generally sufficient for a quantitative application of the specific
tumour findings. However, if the observation period is short, it is likely that the risk is
underestimated to a relevant degree.

4.5 Standardisation of the daily exposure period

(1) The following standard assumptions apply to occupational exposure: exposure
period during working lifetime: 40 years; duration of workday: 8 hours; weekly work-
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ing days: 5 d/week; working weeks/year: 48 weeks; body weight: 70 kg; inhaled vol-
ume: 10 m3/workday (8 h). Deviating exposure patterns are generally converted line-
arly to the standard assumptions referred to here. If information from the general
population is available, the following exposure parameters are assumed (unless oth-
erwise specified): exposure period: 75 years; body weight: 70 kg; food intake/day
1.4 kg; water intake: 2 litres/day; inhaled volume: 20 m*/day (24 h).

For conversion on the basis of an animal study, care must be taken to avoid dupli-
cate calculation: According to Section 4.2 (1), conversion from 6 h/d (resting condi-
tions; animal study) to 8 h/d (light activity; workplace) is carried out via a factor of 2
for water-soluble substances.

(2) If an animal study is extrapolated to humans, the experimental exposure period
(per day/per week) is generally specified and is converted linearly to the above-
mentioned duration (occupational exposure).

This approach is based on the biological model assumption that the cumulative dose
(c x t) of an effect is the dose metric determining the risk. This procedure is selected
(for the default case) although it is known that this is a conservative step of simplifica-
tion in most cases. The levels of the parameters have been adopted from the EU
Technical Guidance Document (see Section 4.14.2.5 and Table 12 there).

5 Extrapolation to lower risk levels
5.1 Definition of the procedure according to the mo de of action

(1) If, based on the information in Section 2, a mode of action determined essen-
tially by direct genotoxicity was established for carcinogenicity, linear extrapolation is
carried out in the default case.

(2) If, based on the information in Section 2, it was demonstrated that the mode of
action is only characterised by non-genotoxic events and if a dose-response relation-
ship with a threshold can be identified for the parameter(s) to be determined, this
threshold must be calculated.

(3) If no mode of action is known or sufficiently reliable, linear extrapolation is also
carried out in the default case.

(4) In cases in which the mode of action is essentially known, but
1. direct genotoxicity is of no predominant importance,
2. there is no definite threshold for carcinogenicity, or

3. athreshold cannot be quantified on the basis of the available data, a sublinear
dose-response course into the low-risk range is generally assumed.

The explanations in Section 2.5 must be considered for the term “threshold”. In prin-
ciple, a NOAEL for carcinogenic effects (no observed significantly increased inci-
dence above background) is not considered quantitatively equivalent to a threshold.

(5) If assignment to (1) to (4) is unclear, it must be examined via various methods
of parallel risk quantification (see Section 5.2) whether differences are obtained and
how relevant the establishment of a mode of action is. If the dose-risk courses are
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close together, it may not be necessary to establish the predominant mode of action
in order to quantify the risk without any relevant errors. The uncertainty in risk quanti-
fication must be documented. If parallel risk quantifications still lead to comparable
risk figures for exposures with an increased risk (e.g. in the case of additional lifetime
risks down to the per mille range), although considerable deviations occur at lower
risks, the range in which specific dose-risk courses are valid must be defined.

(6) Risk extrapolation into the low risk range using the model function showing the
best adjustment to the data for the experimental range is generally not the suitable
procedure. For example, supralinearity may be found in the experimental range, but
sublinearity in the low risk range.

The convention to use the benchmark method instead of the linearised multistage
model as a mechanistically substantiated basis for the experimental range and the
low risk range (see Section 3.2 (3) and Section 5.2 (2)) if sublinearity has been
proven is inconsistent with this statement (6). This modelling is used for extrapolation
because it offers a simple convention for describing sublinearity. However, it cannot
be concluded that the “correct” slope was found in the low risk range by means of
this model.

5.2 Extrapolation to lower risk levels for non-line ar courses

(1) Based on information corresponding to case (4) in Section 5.1, a non-linear
dose-response course is assumed with sufficient likelihood. In this case, plausibility is
established for this non-linear function.

(2) If the data are sufficiently qualified to use the benchmark approach, it is as-
sumed that non-linearity can also be reproduced in a risk range = 1:1000 using
benchmark modelling even if the experimental range only covers risks for example
from 1% or 5%. Linear extrapolation is carried out between the BMDg; (1:1000) and
the origin or background.

Reference to the BMD instead of the BMDL is justified,
1. because orientation to the BMD is the maximum likelihood estimate,

2. because according to case (4), Section 5.1, there must be additional reasons
supporting a non-linear course, which means that modelling that ought to be re-
garded as mathematically possible using the BMDL is considered unlikely for
these, for example mechanistic reasons, and

3. because benchmark modelling is regarded as adequate only if the differences
between the BMD and BMDL are so small that the risk is not expected to be
underestimated if reference is made to the BMD (even if “in reality” the BMDL
should reflect the risk more correctly). The procedure also results from the con-
tinuity in the method of the T25, which does not include a confidence interval ei-
ther.

The following examples (Cases A and B) show a distinction between a case with
non-linearity (Case A) and linearity (Case B). In Case A, additional mechanistic evi-
dence supporting non-linearity would be necessary. If this cannot be provided, the
BMDyo is the POD, below which there would be linear extrapolation.
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CASE A: Good database refers to non-linear relations.

Concentration (mg/m°) | Number of animals | Number  of | Comment
tumours
0 50 0 Course indicates clear
10 50 1 non-linearity;
50 50 0 good database; e.qg.
200 50 10 mechanistic evidence
1000 50 45 of non-linearity
Result; graphically:
Probit Model with 0.95 Confidence Level
1t Probit ]
BMD Lower Bound
0.8 1
Fraction Affected
06 | 1
04 | 1
02 | 1
o b = ]
BMBLE BMB
0 200 400 600 800 1000
dose
Result in figures; explanation:
Model BMD 49 BMDL,q BMDLy; = | BMDLg,= T25 T25/250 =
1 per mille 1 per mille 1 per mille
150 110 22 40 235 0.94
Comment 1: Difference 40/0.94 shows that the BMD (1 | 40 €«> 0.94

per mille) indicates a clearly lower risk
than the T25 approach, which would not
be suitable for this database.

Comment 2: The slight difference between 150 and 110 (or 40 and 22) shows that there is no
relevant difference between the BMD and BMDL if there is a good database.

Comment 3: The log probit model was used. Because AIC = 100.87, p value = 0.34 and chi
square = 2.15, this is justified compared with multistage. There: AIC: 103; p value:
0.19; chi square: 3.3 and thus poorer adjustment = multistage would hardly reveal
non-linearity.
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CASE B: Moderate database refers to non-linear or linear relations.

Concentration (mg/m®) Number of Number of Comment
animals tumours
0 50 0 Course does not rule
10 50 1 out linearity, although
linearity also possible;
200 50 10 moderate database
1000 50 45 (criteria met according
to Guide 3.1)
Result; graphically:
Multistage Model with 0.95 Confidence Level
1 Multistage 1
BMD Lower Bound
08 | 1
Fraction Affected
0.6 1
04 | 1
02 | 1
o b ]
BMmbBt BMD
0 200 400 600 800 1000
dose
Result in figures; explanation:
Model BMD]_O BMDL]_O BMDLO]_ = BMDLO.]_: T25 Linear:
1 per mille 1 per mille T25/250 = 1
per mille
99 58 0.56 1.1 231 0.92
Comment 1: Difference 0.92/1.1 shows that BMDL (1 | 1.1 €«> 0.92
per mille) indicates almost the same risk
as the T25 approach since linearity is pos-
sible (see graph).
Comment 2: There is no substantial difference between the BMD and BMDL.
Comment 3: The multistage model (2 degrees of freedom) was used. Because AIC = 98.86, p
value = 0.43 and chi square = 0.63, this is justified compared with log probit. There:
AIC: 99.74; p value: 0.31; chi square: 1.01 and thus poorer adjustment =» similar
extrapolation linear/benchmark approach
(3) If the T25 was used as the POD for cancer, it is assumed for the case of sub-

stantiated non-linearity that a non-carcinogenic effect which at higher doses deci-
sively contributes to cancer can be described quantitatively as an enhancing mecha-
nism (e.g. irritation to the respiratory tract or cytotoxicity in the kidneys). There are
four steps to determine the assumed exposure-risk course.
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A human equivalent threshold (TC*; as airborne concentration) is determined
for this (non-carcinogenic per se) enhancing effect by considering usual ex-
trapolation factors.

Extrapolation procedures for non-carcinogenic effects are carried out accord-
ing to the EU approach (DNEL; RIP 3.2.2).

Based on a T25 normalised and converted to the human equivalent (hT25),
the cancer risk (10-p) is calculated as an interim step after linear extrapola-
tion between the T25 and the origin or background at the point TC*.

Pragmatically, a cancer risk (1 order of magnitude: 10-(p-1)) that is ten times
lower than that after linear extrapolation is assigned to the point TC*.

Finally, linear extrapolation is carried out from the point TC* to the T25 and to
the origin (or to the background). The nominal risk can thus be identified for
every point between zero and the T25 with a break point of the function at the
extrapolated threshold (TC*) for the enhancing mechanism.

This “hockey stick” approach takes into account that the assumption of a
non-linear course for the concentration-risk relationship is generally known,
although no other parameters quantitatively describing the non-linearity of
cancer are known. The unknown degree of “sagging” of the sublinear func-
tion is replaced by a reduction factor at the extrapolated threshold for the en-
hancing effect.

The following figure basically shows the above-mentioned steps for a case in
which there is a T25 for cancer and additionally sufficient data are available
to determine a threshold (TC*) for an enhancing effect (for explanation see
text):

risk

Sublinearity for a genotoxic carcinogen plus
a (cancer-)enhancing effect at concentrations above TC*

POD? (T25)
10°P
experimental effect concentration
10-(P-1) for enhancing effect

extrapolation
to threshold

>

Tc* concentration

The standardisations required in Sections 3.6, 4.2 and 4.4 must be carried out before
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the T25 is calculated.
An example of calculation has been included in the Annex (Section 10.2).

5.3 Extrapolation with an assumed threshold phenome non

(1) If a minimum dose or threshold is assumed for carcinogenicity (Case (2) in Sec-
tion 5.1), this threshold must be quantified on the basis of available experimental
data including specific extrapolation factors. It is assumed that neither direct genotox-
icity nor other modes of action without any threshold play a role in this case.

(2) To establish the threshold, special care must be taken to record particularly
early evidence of the specifically relevant critical change is recorded. For example, in
the case of nephrotoxicity relevant to cancer, initial early damage to the kidneys
manifest in the form of specific proteinuria would have to be included. The dose-
response relationship, LOAEL and NOAEL are to be established for this effect (al-
though it is not carcinogenic itself, but) regarded as decisive for carcinogenicity.

(3) If no differentiated experimental findings are available on early lesions that are
regarded as decisive for the carcinogenic effect, this is to be compensated for by
conservative extrapolation factors. From this point of view, establishing an irritation
threshold for a carcinogenic substance, for example, requires lower extrapolation fac-
tors than establishing an irritation threshold for a substance for which irritation is an
important parameter for the mode of action in cancer.

(4) For this reason, the usual extrapolation factors are increased by a factor of 10.
Against the background of cancer as the possible secondary effect, the threshold
level (that must not be exceeded) is assessed particularly reliably. According to the
terminology in Section 5.2, this conservative threshold is therefore at TC*/10, with
TC* referring to carcinogenic rather than to cancer-enhancing effects.

Extrapolations to calculate the TC* are based on the DNEL calculation (RIP 3.2.2).

If the “usual” NOAEL is considered to be a value that may well be associated with an
effect level of 5% (even if an effect was no longer observed in an experimental sys-
tem), a definitely lower effect level will have to be associated with the resulting NAEL
via this factor of 10 (e.qg. effect level of 0.5%).

This procedure is consistent with the concept of the individual extrapolation factors
as a specific percentile of a distribution (e.g. 90th percentile for the intraspecies fac-
tor): Selecting an additional extrapolation factor is equivalent to increasing the intras-
pecies factor, for example, to include a higher percentile (e.g. 95th percentile) of dif-
ferent sensitivities, but it is generally included (not related to an individual factor such
as intraspecies factor, interspecies variability factor or time factor, but to the total dis-
tribution, i.e. multiplied individual factors).

(5) Combined with the benchmark approach for cancer risks, the risk course is as-
sumed up to the risk at 1% along the modelled function (as the BMD). This implies
that the quality standards for using the benchmark approach are observed (see Sec-
tion 3.3). Mechanistic findings must be consistent with the modelled course of the
exposure-risk relationship. Pragmatically, a “zero” risk is assumed at a BMDy1/10.

Recommendations for quantification of the exposure-risk relationship in the range
above the assumed threshold are made in this Guide only if benchmark modelling
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was applied. If no benchmark modelling is carried out, the threshold is calculated ac-
cording to Section 5.3 (4), although no general statement is made about the course
of the exposure-risk relationship above this threshold (an individual consideration
may be required).

The following graph of the extrapolation procedure is obtained for a case in which
benchmark modelling is able to reproduce cancer in a qualified way. The calculated
threshold (BMDg3/10) must then be converted to a human equivalent (workplace sce-
nario) before being used for regulatory purposes.

risk

Extrapolated threshold for carcinogenic effect
(by benchmark modelling to BMD ; and an additional

factor of 10)

103
BMDOl/lO concentration
6 Intraspecies extrapolation
6.1 No application of intraspecies extrapolation

(1) No intraspecies extrapolation is carried out. Accordingly, the main focus is on
the average individual risk as additional lifetime (occupational) risk. However, the
protection of sensitive groups of persons is also considered indirectly using a lower
average risk in risk management (which in turn lowers the risk for sensitive groups of
persons). Whereas in the case of non-carcinogens, sensitive persons are (more or
less) explicitly protected from health effects via an intraspecies factor (as a default
factor for variabilities), this Guide suggests ensuring this protection in the case of
carcinogens by selecting an appropriately lower average individual risk (considered
to be acceptable or tolerable). If an appropriate intraspecies factor for a carcinogenic
effect could be determined, direct conversion (to the risk for sensitive groups of per-
sons) would be possible.
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It is a frequently applied convention to disregard the intraspecies factor for carcino-
gens. There are only insufficient data that can adequately reproduce the wide range
of sensitivities in this multifactorial process.

It is currently unforeseeable when adequate data about carcinogenic effects will be
available for identifying a scientifically based default value for intraspecies variability.
The level of a specific factor would thus be extremely uncertain. A provisional evalua-
tion of data from animal studies did not reveal a clearly higher variability of outbred
strains compared with inbred strains with reference to cancer. It is not possible to
simply link enzyme activities and their variability to the variability in cancer.

A few approaches, for example EFSA (see also Section 1.4 (3)), specify an intraspe-
cies factor of 10 for carcinogens, but this has no effect on the level of protection, i.e.
level of the proposed limit value. EFSA proceeds from the assumption that the in-
traspecies variability for carcinogenic effects is identical with that for other effects.

The U.S. EPA also considers an intraspecies factor for cancer, but expressly only for
infants, who have a special sensitivity that is generally not reproduced in animal car-
cinogenicity studies. As a specific object of protection, “child health” is not decisive
for the workplace in this context.

However, sensitive groups of persons are explicitly taken into account for the quanti-
fication of non-carcinogenic effects that are considered as factors causing or enhanc-
ing carcinogenicity (see Section 5.2 (2) and 5.3 (4) of this Guide).

7 Minimum criteria for risk quantification
7.1 Classification of the substance to be assessed

(1) Exposure-risk relationships for carcinogens that are classified in carcinogen
Categories 1 or 2 (EU) should generally be assessed quantitatively.

(2) Substances classified in carcinogen Category 3 can also be assessed if they
are considered in each individual case, particularly if this classification is not based
on the quality of the study or reporting or on questionable human relevance, but
mechanistic uncertainties were decisive for classification (e.g. possible threshold
mechanism and questionable genotoxicity in the case of otherwise definite findings of
cancer).

(3) Carcinogens that were classified in Categories 4 or 5 according to the national
assessment proposal of the MAK Commission (DFG, 2007) can generally be as-
sessed quantitatively.

7.2 Information on carcinogenicity after inhalation

Tumourigenicity data for the route of inhalation are required for deriving an exposure-
risk relationship at the workplace or must be assessable via route-to-route extrapola-
tions (see Section 4.3). For example, if cancer incidences are only available after oral
or parenteral administration or dermal application without the possibility of qualified
route-to-route exposure, no relevant quantification can be made.
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7.3 Tumour localisations without quantitative trans ferability

If specific tumour localisations occur in specific animal species (possibly also sex-
linked or combined with other substance properties), these findings are regarded as
not transferable or not transferable quantitatively. The specific restrictions must be
considered when examining the minimum criteria (see Section 4.1).

7.4 Lack of studies

If no long-term animal studies or qualified human studies are available for a sub-
stance, the nominal cancer risk can generally not be quantified. Quantification may
be justified in individual cases on the basis of considerations by analogy and re-
stricted substance-specific studies. The studies that are regularly required for an as-
sessment include evidence of genotoxicity comparable with the reference substance.
An appropriate scientific rationale must be submitted for this purpose.

7.5 Quality of the study and of reporting

(1) Publication with detailed reporting is generally assumed. The following informa-
tion should be included: species, strain and sex of the exposed animals and control,
number of exposed animals/exposure group/sex incl. control, doses or airborne con-
centration and analytical detection method for the specified exposure, weight of the
animals at the beginning and end of exposure/comparison between exposure groups
and control, exposure period and observation period, tumour incidences/group incl.
control, detection method and scope of examinations to identify tumour incidences,
mortality during and at the end of the study, concomitant non-malignant effects (con-
trol; dose groups) incl. effects related and not related to exposure, change in organ
weights (relative and absolute), abnormalities in feed composition and feed con-
sumption, identity of the substance incl. data on purity or impurities and additives.

(2) Body weight gain should not be reduced by 10% or more and the life expec-
tancy of the animals should not be markedly reduced for reasons other than tumouri-
genicity, i.e. the maximum tolerated dose (MTD) should not be exceeded.

(3) If these quality criteria are clearly not met in a study or in reporting, the lifetime
risk can generally not be assessed quantitatively in an individual case consideration.

Other substance toxicity must also be expected to occur in test groups with conside-
rably increased tumour incidence. In general, the specific group can nevertheless be
included in the analysis of the exposure-risk relationship.

7.6 Minimum criteria for considering epidemiologica | studies in risk deri-
vation

(1) General requirements for epidemiological studies: If available epidemiological
studies do not meet previously established minimum criteria, they should not be con-
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sidered in the derivation of exposure-risk relationships and occupational exposure
limits. There may be deviations from this rule if they are scientifically substantiated.
Some central requirements for epidemiological studies are:

1.
2.

(2)

Study hypothesis/specific question formulated before the beginning of the study

Number of persons studied appropriate for the question/the risk to be detected
(statistical power)

Consideration of confounders

Avoiding selection effects (bias) or a critical discussion of possible impacts on
study results

Information allowing a critical assessment of the study results (consideration of
consistency of dose-response relationships; robustness of the results (sensitiv-
ity analyses, e.g. after exclusion of specific subgroups, stratified according to
duration of employment or according to exposure intensity, etc.)).

Correlation studies should not be included in an assessment a priori because of
their collective assignment of exposure. Nor are case studies without any refer-
ence group appropriate for risk derivation. Cross-sectional studies are only suit-
able for the assessment of acute effects since they are not time-related (moni-
toring studies with an individual classification of exposure). Cross-sectional
studies are not suitable for assessing a cancer risk unless they are related to a
relevant end point.

The German Society of Epidemiology developed Guidelines and Recommenda-
tions for Ensuring Good Epidemiological Practice (GEP) to ensure that a quality
standard for epidemiological research is established in Germany, to help avoid
dishonesty and scientific bias and to guarantee communication among scien-
tists based on trust (http://www.dgepi.de/infoboard/stellungnahmen.htm). The
central requirements for epidemiological studies have been taken from these
Guidelines.

Exposure assessment should include the following elements:
Description of the method and data sources for the exposure assessment
Assessment rules formulated in advance for the determination of exposure

Specification or at least possibility of the calculation of cumulative exposures,
i.e. information about the duration and intensity of exposure

Consideration of co-exposures: Unlike in a study, there are often mixed expo-
sures which make it difficult to assign the risk of developing cancer to a specific
agent. Possible co-exposures must therefore be considered.

If these elements are not sufficiently taken into account, the exposure assess-
ment does not meet the necessary minimum criteria for using human data for
risk quantification.

Literature: Cordier and Stewart, 2005; Ahrens and Stewart, 2003; Kromhout,
1994

Particularly in cancer epidemiology, occupational exposures are often deter-
mined and assessed retrospectively (exposure assessment) with the risk of an
incorrect classification of exposure. Various methods of exposure assessment
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have been developed to allow as valid an assessment of occupational exposure
as possible. Irrespective of possible combinations and further sources of infor-
mation, exposure determinations and assessments derived from occupational
epidemiological studies are based on measured data, expert assessments, ex-
posure classifications by means of job-exposure matrices (JEMs) or information
provided by study participants. All methods of exposure assessment have spe-
cific strengths and weaknesses. Regardless of this, all methods can basically
be considered in the derivation of exposure-risk relationships if they allow an
assessment of cumulative exposure.

For further details on the specific strengths and weaknesses of the study designs see
Ahrens et al. 2008

8 Requirements for documentation
8.1 Rationale papers

(1) A written, publicly accessible scientific rationale (rationale paper) is required
when the derivation of substance-related exposure-risk relationships and risk figures
requires is used for regulatory purposes (e.g. for limit values and conditions for risk
management associated with risk levels).

(2) Rationale papers may refer to this Guide as regards their methodology, which
means that default factors or individual steps do not have to be substantiated in each
individual case if they comply with the procedure in this Guide. However, an explicit
reference should be made (e.g. “the shorter exposure period was taken into account
in accordance with the regulations of the Guide, Section 4.4").

(3) If rationale papers are based on published data and all the necessary data are
included in the cited source (see also minimum criteria according to Section 7), un-
ambiguous citation of the source is sufficient to describe the database of risk quanti-
fication.

(4) The main emphasis of a rationale paper should be on
rationales for the assumed predominant mode of action (see Section 2),
deviations from the default procedure proposed in this Guide,

selection of the tumour localisation (including species, sex, etc., see Section
3.1), and

4. description of the actual mathematical calculation. Moreover, a rationale is re-
quired whenever this is explicitly specified in the individual sections of this
Guide.

(5) Reference to third party risk quantifications and the rationale given there is suf-
ficient only if the cited reference is consistent with the requirements of this Guide as
regards methodology and the necessary transparency.

Literature
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10 ANNEXES
10.1 Glossary

Additional risk:

Means of calculating the exposure-related lifetime risk as a difference between the
risk of the exposed persons and the risk of the non-exposed control group:

Pa (x) = P(x) — P(0)
with Pa (X): additional risk during exposure x
P(x): lifetime risk of the exposed persons
P(0): “background risk” (lifetime risk of a non-exposed control group)

The term additional risk is mainly used for data from animal studies, while the term
excess risk (ibid.) is preferred for the analogous risk when discussing epidemiological
data.

Adduct formation:

Here: binding of a xenobiotic or its metabolite to the DNA. DNA adducts in the nu-
cleus may prevent cell division or induce mutations.

AIC (Akaike’s information criterion):

Statistical method to describe the relative quality of adjustment of curve models.
Curves that are better adjusted generally result in lower AIC values. Important test in
the benchmark dose approach (ibid.).
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Acceptable/ tolerable risk:

According to an approach adopted by the Committee on Hazardous Substances
(Aus-schuss fur Gefahrstoffe; AGS), risk to health (ibid.) posed by the impact of dan-
gerous substances is a continuum, which can be divided into the following three
ranges by means of two evaluation points:

. If occurrence of damage is only possible, the risk involved is assessed as “ac-
ceptable”. Basic worker protection measures are required for this risk (range be-
low the acceptable risk).

. If occurrence of damage is not yet sufficiently likely but more than just possible,
the risk involved is assessed as “undesirable”. This risk indicates that there is
concern about health damage.

. If occurrence of damage is sufficiently likely, the risk involved is assessed as
“not tolerable”. This risk refers to a health hazard (above the tolerable risk).

The risk levels for the specified evaluation points (acceptable risk and tolerable risk)
can only be socio-politically established rather than scientifically substantiated. Nu-
merous criteria have to be taken into account. Apart from risk perception, these are,
for example, severity of health damage, the possible extent of damage (type of dam-
age and/or number of persons affected), relation to comparable other risks at the
workplace, direct benefit and actual and possible risk reduction measures.

Allometric scaling:

Element of interspecies extrapolation (ibid.) of small test animals to humans. Allome-
try is understood to mean the determination of the relation of various biological pa-
rameters to body size. In mathematical terms, allometric scaling takes into account
that in mammals, for example, metabolic activity does not linearly increase with the
body weight of the individual animal species. This means that humans seem to be
more sensitive to comparable toxic effects than mice, for example, if the dose ab-
sorbed is related to body weight.

Alpha2u globulin:

Low-molecular protein, high amounts of which are produced in the liver of adult male
rats. Specific light hydrocarbons (e.g. isophorone, 1,4-dichlorobenzene and limo-
nene) bind to alpha2u globulin. The complexes formed in this way accumulate in kid-
ney cells, which may result in cellular destruction with subsequent repair, regenera-
tion and an increased occurrence of renal tumours. This non-genotoxic mechanism
of tumourigenicity (see “Genotoxicity”) is considered to be sex-specific and species-
specific and of no relevance to humans.

Aneuploidy:

Deviation from the number of the normal (euploid) chromosome set by one or several
chromosomes
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Attributable risk:

Attributable risk or attributive risk refers to the proportion of persons affected by a
disease that can be attributed to a specific risk factor (ibid.). Two factors must be
known to calculate the attributive risk:

- the incidence of the risk factor in the population, and
- the extent to which this risk factor increases the risk of developing cancer.

For example, assuming that the risk of developing lung cancer is ten times higher in
heavy smokers compared with non-smokers, and further assuming that the fre-
quency of smoking for men in a population is 40%, this would result in an attributive
risk of about 78%. Comparable estimates may be made for occupational exposure on
the basis of data for exposure prevalence and by using risk estimates from studies
available on a specific exposure.

The attributable risk among exposed persons (ARE) is distinguished from the attrib-
utable risk in the general population (population attributable risk; PAR). Whereas the
ARE specifies the fraction of cases developing cancer in the exposed subpopulation,
the PAR refers to the specific rate for the total population. Thus, although the PAR
may be small for rare exposures, the specific fraction of the relative risk (RR) in the
exposed subgroups, e.g. workers in a specific branch of production, may be very
high if the level of the RR is correspondingly high, and may be more than 50% at a
RR > 2.

Mathematical definitions of ARE and PAR:

ARE = RR-1
RR
_ Incidence, ey — INCIAENCE, ;- o pose
Incidence, e
paR= X FR~1
Py x(RR-D +1
_ incidence, 00 — INCIAENCE, ;, opos
- incidence

population

Benchmark approach:

Adjustment of a mathematical model to the data obtained in a study for the dose-
response relationship. Several model functions are available for these model func-
tions.

The benchmark approach is an instrument to determine a point of departure (ibid.) for
guantitative risk assessments. The dose that leads to an effect with a certain likeli-
hood can be estimated for a defined effect frequency or a defined effect measure, i.e.
the benchmark response (BMR). This dose is referred to as benchmark dose (BMD).
A BMDyy indicates the dose at which there is a 10% risk that the effect concerned
would be likely to occur. The reliability of assessing a dose-response relationship is
quantified by specifying a confidence interval. The value of the lower (generally 90 or
95%) confidence interval of the benchmark dose is referred to as the benchmark
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lower bound (BMDL). The quality of adjustment of the results with different

model functions can be checked by means of the AIC (ibid.).

Bias:

In epidemiology, the term bias is understood to mean distortion attributable to a sys-
tematic error in obtaining the data. Unlike random errors, systematic errors lead to
one-sided deviations.

BMD (benchmark dose):
See “Benchmark approach”

BMDL (benchmark dose lower bound):
See “Benchmark approach”

BMR (benchmark response):

See “Benchmark approach”

Calculation of the sample size:

The planning of every epidemiological study requires calculating the sample size that
is necessary to verify or falsify the assumption used as a basis for the hypothesis to
be investigated. Various parameters must be defined for calculating the sample size:

1.

Significance level or probability of type | error: Identifies the statistical reliability
that is used to calculate a possible difference (when comparing several groups)
or an increase in risk. The significance level is usually established at maximally
5%. The smaller the significance level, the larger the sample size must be. If a
significance level of 5% or below is calculated, this means that the difference
calculated here will actually occur in at least 95% of all conceivable comparable
studies.

Power or probability of type Il error: Establishes in what percentage of all con-
ceivable constellations an actual difference or an existing risk increase is not
overlooked. A power of 90% would thus mean that the risk of ignoring a differ-
ence — although there is a difference — is not greater than 10%. It is of course
desirable that the power of a study is as great as possible. The greater the
power, the larger the sample size must be. In epidemiological studies, the
power used should not be smaller than 80%.

Assumptions about the minimum size of a risk increase: The smaller the risk to
be detected, the larger the sample size must be to detect the risk increase at a
given power. Previous studies or plausible assumptions must be used as a ba-
sis for establishing this parameter. Risk increases of more than 100% relatively
seldom occur under environmental exposure.

Assumptions about the frequency of a critical risk factor in the reference group
or reference population: If several risk factors are to be analysed in a study at
the same time, it is suitable to use the rarest risk factor as a basis for the calcu-
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lation of the sample size. If no exact data are available for the frequency of risk
factors, a pilot study should be carried out. Information from published studies
may be used alternatively.

Case-control study:

The aim of case-control studies is to determine the importance of risk factors (ibid.)
for the formation of diseases in quantitative terms. Case-control studies are based on
the logical consideration that the incidence of a risk factor promoting the formation of
a disease must have been higher in patients affected by this disease before its out-
break than in a reference group of persons not affected. Since searches in case-
control studies only start after a disease has developed, i.e. they are directed to-
wards the past, case-control studies are categorised as retrospective studies. A
case-control study results in an odds ratio (ibid.), which specifies how many times
more frequently the disease develops if the risk factor exists than without it. An odds
ratio below 1.0 would indicate a reduced risk and a value above 1.0 would specify an
increased risk. An odds ratio of 1.5 corresponds to a risk increase of 50%. However,
the specific confidence interval (ibid.) must be calculated to assess the relevance of
an odds ratio.

Case-control study nested in a cohort: This design is a special case of the case-control
study, which is often found in occupational epidemiology. All cases of a cohort are compared
with a random sample of the control persons not affected at the time of the case diagnosis
from the same cohort (incidence density sampling); in this way, the optimum conditions of
incidental and complete case recruitment and the requirement of random selection of non-
affected persons from the same reference population are met.

Cell proliferation:
Rapid multiplication of cells in a tissue

Chi-square distribution:
A continuous probability distribution over the number of positive real figures

Clitoral gland:
See “Preputial gland”

Cohort study:

In epidemiology, a cohort is a group of persons with a common characteristic. This
characteristic may be common exposure to a dangerous substance, living in a spe-
cific region, having an identical occupation or the like. In a cohort study, the members
of a cohort are observed for the occurrence of end points over a defined period.
These end points may be the occurrence of defined diseases or death from defined
causes. Since the risk subsequent to developing a disease is examined in a cohort
study, this is a prospective study design. In occupational medicine, the starting point
of cohort studies is often shifted back. These studies are often referred to as histori-
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cal cohort studies or studies with a historical-prospective design.

When epidemiological studies are planned, the required sizes of sample populations
must be defined as in the case of animal studies.

Confidence interval:

A confidence interval allows assessment of the range of variation of an estimate (e.g.
odds ratio, relative risk and standardised mortality ratio). The interval specifies the
range into which 95 of 100 possible estimates would fall if the 95% confidence inter-
val is calculated, or 99 of 100 if the 99% confidence interval is calculated. The 95%
confidence interval is commonly used. If an odds ratio (ibid.) was estimated to be
1.41 and the confidence interval ranges from 0.95 to 1.67, no significant increase in
the odds ratio is found because the 95% range also includes values below 1.0, i.e.
the true risk may be slightly increased, unchanged or even slightly reduced.

Confounder:

A variable that distorts the association between the actually investigated impact (e.qg.
a specific substance at the workplace) and the investigated end point (e.g. carcino-
genicity). Confounding is the mixing of confounder effects with the effect of the risk
factor to be investigated.

Correlation studies:
See “Ecological studies”

Cross-sectional study:

In a cross-sectional study, a defined group of persons, in most cases a sample of the
population, is examined at a defined time. Such a study allows the frequency of
characteristics, patterns of behaviour and risk factors (ibid.) to be estimated. These
frequencies are designated with the epidemiological term “prevalence” (ibid.). Apart
from prevalences, means of measured values (e.g. systolic blood pressure and cho-
lesterol level) can also be estimated. When a cross-sectional study is designed, the
required size of the sample population must be calculated for both approaches; see
calculation of the sample size.

Survey is a synonym for cross-sectional study. Cross-sectional studies are among
the most important instruments for examining the health status of a population. Ac-
cording to the state of the art, surveys must be carried out as representative surveys,
i.e. on the basis of a representative random sample from the population.

Cytotoxicity:

Damaging effect of a substance on tissue cells

Default:
Statistically supported standard value or assumption that is to be used in the ab-
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sence of substance-specific or species-specific data. A default allows deviations and
is @ means to describe systems despite incomplete knowledge of their characteris-
tics.

Dose-response relationship:

Functional relationship between dose and effect (effect level) of a pharmacologically
or toxicologically active substance. Strictly speaking, dose-response relationships for
the end point “cancer” are dose-incidence relationships and describe the tumour rate
as a function of the dose (or concentration). These functions are continuous and in
most cases asymptotically approach a maximum value for the tumour rate.

For the low dose range — generally accessible in animal studies — several courses of
curves can be modelled, e.g. using the benchmark approach (ibid.):

- Linear dose-response relationship: Curve section can be described by a
straight line function.

- Sublinear dose-response relationship: The initially slow increase in the tu-
mour rate, for example, accelerates more than proportionally with an increase in
the dose (“sagging” curve).

- Supralinear dose-response relationship: Minor increases in the dose in the
low dose range lead to a relatively steep increase in the tumour rate, for exam-
ple, whereas dose increases exceeding the low range only lead to a slight in-
crease in the tumour rate and thus to a flattened curve (“bulged” curve).

These descriptions of the curves provide no information as to whether the functions
pass through zero.

Ecological studies (or correlation studies):

These studies compare exposure and disease at the level of groups, i.e. no individual
information is available on exposure or a disease (or both) (e.g. frequency of per-
forming a specific production process and cancer mortality when two factories are
compared). However, since exposure and disease statuses are not assigned indi-
vidually, ecological studies should generally not be used for deriving exposure-risk
relationships for the assessment of occupational exposure limits.

EFSA concept:

Strategy of the European Food Safety Authority (EFSA) for the risk assessment of
genotoxic (see “Genotoxicity”) and carcinogenic substances. The concept is based
on the calculation of a margin of exposure (ibid.). The dose leading to a tumour rate
of 10% in an animal study (calculated as the BMDL, ibid., if adequate data are avail-
able) is determined as a reference point on the dose-response curve. If the margin of
exposure (i.e. the ratio between the dose absorbed via the digestive tract and the
BMDL;p) is 10,000 or higher, the cancer risk for consumers of contaminated food is
classified as low and it is suggested that these substances should be treated with low
priority. The further the margin of exposure falls below 10,000, the more urgently
minimising measures must be taken.
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Enzyme induction:

Increase of the synthesis of specific enzymes in the cells of a tissue. If metabolic en-
zymes are induced, this may have an effect on the detoxification or toxification of ab-
sorbed xenobiotics.

Epidemiology:

Epidemiology is the study of the distribution and causes of health-related conditions
or events in defined populations (ibid.) and the application of the results of such stud-
ies with the aim of avoiding health problems. “Study” refers to observation studies,
surveys, hypothesis tests and analytical and experimental studies. “Distribution” in-
volves the evaluation of specific data according to time, location and groups of per-
sons. “Causes” are understood to mean all physical, biological, social, cultural and
behaviour-related factors that may have an effect on health. “Health-related condi-
tions or events” include diseases, causes of death, patterns of behaviour such as
tobacco consumption, reactions to preventive measures and the provision and use of
health services. “Defined populations” are understood to mean groups of humans
with identifiable characteristics (age, sex, residence, etc.). “Application of the results
...” explicitly refers to the aim of epidemiology, i.e. to promote, protect and restore
health (according to Last, 2001).

Estimate:

Unknown parameters of the population are approached by means of observational
values from a sample. Various statistical methods are available for this purpose.
Thus population means are estimated by sample means. The fuzziness of these
point estimators is assessed by means of the variability of the relevant characteristic
in the population, which was estimated by means of the sample. For a better as-
sessment of point estimators such as estimated relative risks (RR), the point estima-
tors and their variability estimators are combined in confidence intervals which, at a
given confidence level of for example 95%, allow rough statements, such as “the RR
is between 2.0 and 5.5 at a 95% probability”, to be made.

Excess risk:
The term has several meanings:

1. Itis often defined as the additional risk of developing cancer among exposed
persons in relation to the basic risk, also called risk difference (RD): RD = RR-1.
It specifies the percentage of risk increase among exposed persons. For exam-
ple, it is 50% at a relative risk (RR) of 1.5, 100% at a RR of 2.0 and, corre-
spondingly, 900% at a RR of 10.

2. Inthis Guide, it is understood to mean the exposure-related lifetime risk, which
is generally defined as the difference between the risk of the exposed persons
and the risk of a non-exposed reference group (e.g. general population):

Pexcess (X) = P(X) - P(O)
With Peycess (X): excess risk during exposure x

- Ausschuss fir Gefahrstoffe - AGS-Geschaftsfihrung - BAUA - www.baua.de -





Announcement 910 Page - 64 -

P(x): lifetime risk of the exposed persons
P(0): “background risk” (lifetime risk of a non-exposed reference group)

This definition of the term of excess risk is the one most prevalently used for epide-
miological data; it is formally identical with additional risk (ibid.). In animal studies, the
term “excess risk” may also be used if the exposure-related lifetime risk was calcu-
lated as an extra risk (ibid.), although this is not quite formally correct.

Extrapolation factor/ safety factor:

An extrapolation factor is physiologically/empirically substantiated. Risk assessment
is based on available toxicological data and extrapolations are made to an expected,
not experimentally determined value (e.g. lowering of the effect concentration when
extending the study period). This quantitative assessment must include a compre-
hensible interpretation of empirical data.

Additional, more qualitative aspects (data quality, severity of the effect or indicative
facts) are considered to provide protection from unknown or scientifically/ empirically
non-quantifiable risks in accordance with the precautionary principle. A factor used
for this purpose is referred to as a safety factor.

Extra risk:

Means of calculating the exposure-related lifetime risk by means of the risk of the
exposed persons and the risk of a non-exposed control group according to the follow-
ing formula:

Pe(x) = [P(x) — P(0)] : [1 - P(0)]
with Pg(x): extra risk during exposure x
P(x): lifetime risk of the exposed persons
P(0): “background risk” (lifetime risk of a non-exposed control group)

It is thus the ratio of additional risk (ibid.) to the proportion of individuals who do not
react in the absence of exposure. For mathematical reasons, the extra risk is calcu-
lated in specific dose-response models particularly for data from animal studies; in
general, the result hardly differs from that of the additional risk.

First pass effect:

Substances that are absorbed by the digestive tract enter the liver after absorption
via the hepatic portal vein. During their first pass through the liver, they may in some
cases be metabolised to such a considerable extent that only a fraction of the sub-
stance itself reaches the remaining organs.

Forestomach:

Aglandular digestive organ in front of the main stomach of rodents. Forestomach tu-
mours often develop after administration of genotoxic carcinogens (see “Genotoxic-
ity”) via the diet or by gavage to rodents. Humans have no forestomach.
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Gamma function:

Special mathematical function from which a continuous probability distribution
(gamma distribution) is derived

Gavage:

Administration of a substance by means of gavage

Genotoxic:

Toxic to the genome; damaging effect on the genetic material in cells. A broader term
referring not only to the induction of gene, chromosome or genome mutations but
also to effects that were detected in indicator tests (e.g. SOS chromotest and comet
assay). These effects may be induced directly by the actual substance or indirectly
by metabolites. Genotoxic substances may cause mutations and tumours.

They are classified into the following categories:

- primarily genotoxic substances: the starting substance and/or metabolite(s) re-
act directly with the DNA and can change the genetic information in this way

- secondarily genotoxic substances: induction of genetic lesions without direct
interaction with the DNA. Examples are oxidative damage through the formation
of reactive oxygen species or disturbance of DNA repair.

Harderian gland:

Additional lacrimal gland of the nictitating membrane in the nasal canthus of many
animal species. Humans have no nictitating membrane.

hT25:

Human equivalent T25 (ibid.); calculated from the T25 determined from animal data
by extrapolation to humans

Incidence:

Refers to the incidence of new cases of a specific disease related to a defined period
(generally one year) and a defined population. All patients newly affected in a defined
region must be recorded to determine the incidence. This is possible on the basis of
population-related epidemiological disease registries, e.g. the cancer registry and
heart attack registry, or by carrying out specifically designed incidence studies. For
Germany, incidence can be specified for only a few groups of diseases and for re-
gionally very restricted areas. The Saarland Cancer Registry and the cancer registry
of the former GDR until 1990 are the only epidemiological cancer registries that pro-
vide reliable incidence data for all age groups over prolonged periods. The cancer
registries, which have been established on a Federal state level since the nineties
under the Federal Cancer Registry Law, are not quite complete, but will in future in-
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creasingly provide usable data (see “Dachdokumentation Krebs” under www.rki.de).
The German Childhood Cancer Registry, based in Mainz, provides data for malignant
tumours during childhood (up to and including the age of 14) for the whole of Ger-
many.

Cumulative incidence (CI) specifies the proportion of newly affected persons

for a specific disease at a defined time:

number of persons developing a disease in a defined interval

Cl=

number of persons at risk of developing a disease in a defined interval

Interspecies extrapolation:

Here: conversion of results obtained from animal studies to the (average) conditions
in humans

Intraspecies extrapolation:

Here: mathematical consideration of differences in sensitivity of the human popula-
tion in risk assessment

Leydig cell tumour:

Neoplasm originating from the testosterone-producing Leydig cells of the testis.
Whereas Leydig cell tumours very seldom occur in humans, a high spontaneous in-
cidence is observed particularly in aging Fischer 344 laboratory rats.

Life table method:

Statistical method to calculate the lifetime risk of dying from a specific type of cancer.
The age-specific mortality rates for a certain type of cancer and for all causes of
death are used to calculate the lifetime risk in this method.

Margin of exposure (MoE):

Margin between the lowest concentration shown by experimental data to cause toxic
effects (here: tumours) and the expected or measured concentration to which hu-
mans are exposed (at the workplace)

Maximum likelihood estimate:

Statistical method to estimate the highest probability as accurately as possible as a
reference for the population on the basis of the available sample
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Maximum tolerated dose (MTD):

Highest dose in an animal study at which no serious toxic effects of a general type
occur. The MTD is generally determined on the basis of body weight gain. The MTD
should be reached, but not exceeded in animal studies investigating the possible car-
cinogenic effect of a test substance.

Mesothelioma:

Malignant tumour of the peritoneum, pleura or pericardium. Human pleural meso-
theliomas are mainly caused by inhaled biopersistent fibres (asbestos) of specific
dimensions.

Mitosis:

Nuclear division in which one nucleus produces two daughter nuclei that are geneti-
cally identical

Mitotic process:
See “Mitosis”

Multihit model:

Dose-incidence model that can be used for the modelling of dose-response relation-
ships (ibid.) of carcinogenic substances and is based on the assumption that several
adverse events (“hits”) are necessary for the formation of a tumour

Multistage approach, linearised:

Risk estimate approach long propagated by the U.S. EPA. The underlying mathe-
matical model function (multistage model) describes a multistage process that is
assumed as a basis for the formation of clinically manifest tumours. It is used for
modelling the dose-response relationship (ibid.) down to the low dose range by
means of the available experimental data. The risks at low doses are then assessed
by means of a straight line, which corresponds to the slope of the model function at
zero.

Necrosis:
Uncontrolled cell decay

Nephrotoxicity:
Specific toxic effect on the kidneys
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Odds ratio:

The odds ratio (OR) is a measure of association between two odds. The odds is de-
fined as the ratio of the probability of an event to the probability of no event (of devel-
oping a disease under a given exposure or of an exposure with a given disease). For
rare diseases, the OR approximately specifies how many times more likely it will be
for a disease to develop if a specific risk factor exists than in its absence. Odds ratios
are obtained as the result of case-control studies (ibid.). An odds ratio below 1 indi-
cates a reduced risk and an odds ratio above 1 specifies an increased risk. The spe-
cific confidence interval (ibid.) must be known to assess the relevance of an increase
in the odds ratio. The odds ratio is interpreted as an estimator of the relative risk
(ibid.) particularly in case-control studies, since the latter cannot be calculated in
case-control studies. The rarer the disease, the better the RR is approximated by the
OR.

OR:
Odds ratio (ibid.)

Parenteral administration:

Administration of a substance by bypassing the gastrointestinal tract (e.g. by inhala-
tion or by injection into a vein)

Peroxisome proliferation:

Peroxisomes are cellular organelles that are of central importance in lipid metabo-
lism, for example. Certain substances (peroxisome proliferators, e.g. fibrates and
phthalates) are known to produce a marked proliferation of the liver peroxisomes of
some vertebrates, particularly of rodents. This reaction is mediated by a specific re-
ceptor (PPARa receptor), which occurs much more frequently in the liver of rodents
than in humans. As a result of peroxisome proliferation, tumours can be induced in
the rodent liver. In most cases, there is no relevance to humans.

Pharmacokinetic model:

Physiologically based pharmacokinetic models (PBPK models) attempt to describe
the behaviour of a substance in the organism and quantify tissue concentrations in
test animals and humans.

Phaeochromocytoma:

Tumour of the adrenal medulla

Pituitary:
The pituitary gland produces numerous hormones.
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Point of departure (POD):
Initial value for further steps of risk assessment (see “T25 approach”)

Population:

In epidemiology, population is understood to mean every human group that can be
defined by at least one characteristic. This may be the entire population of a country
or region or a group of patients (patient population) characterised by a specific, de-
fined disease.

Power, statistical:

See “Statistical Power”

PPARa receptor:

See “Peroxisome proliferation”

Pre-malignant effects:

Precursors of a malignant neoplasm in a tissue

Preputial gland:

Pheromone-producing gland located in front of the genitals of some mammals (e.g.
rats and mice). It is commonly referred to as the clitoral gland in females. Humans do
not have anatomical equivalents of the preputial/clitoral glands.

Prevalence:

The total number of patients with a defined disease related to a defined population at
a given time or, cumulatively, within a specific observation period of a population. It
defines a proportion, which is usually specified as a percentage with values between
0 and 1.

Primary genotoxicity:

See “Genotoxic”

REACH:

REACH (Registration, Evaluation, Authorisation and Restriction of Chemicals) is the
fundamental regulation under the EU chemicals legislation that was introduced to
achieve harmonisation throughout Europe. It was finally adopted on Dec. 18, 2006
and entered into force on Jun. 1, 2007 (Regulation (EC) No. 1907/2006; Directive
2006/121/EC).
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In REACH Implementation Projects (RIP), working groups are preparing the methods
and guides for the implementation of the REACH regulation at a European level.

Relative risk:

Factor that specifies how many times more frequently (or less frequently) a specific
event (disease or death) occurs in a population compared with a reference popula-
tion. For example, the relative risk of dying from bronchial carcinoma is up to 25 for
cigarette smokers depending on the number of cigarettes smoked daily and the life-
time number of packets of cigarettes smoked, i.e. a heavy smoker has a 25 times
higher risk of dying from bronchial carcinoma than a non-smoker. For rare diseases,
the relative risk can reliably be assessed on the basis of case-control studies by
means of the odds ratio (ibid.). As a rule, this requirement is fulfilled for cancer.

The relative risk (RR) can be defined as the ratio of the incidence among exposed
persons (l1) to the incidence among non-exposed persons (lp):

RR =14/lg

RIP:
REACH Implementation Project, see “REACH”

Risk:

According to the socio-political and legal definition (see Section | Art. 2 of EU Direc-
tive 98/24/EC), in this connection, risk means the likelihood that cancer will develop
under exposure to carcinogenic dangerous substances. The risk or likelihood of oc-
currence of damage increases with an increasing dose of the dangerous substance
or exposure concentration of a carcinogenic substance.

Risk factor:

Characteristics of persons or external effects that may lead to a positive or negative
impact on the risk of developing a disease/mortality risk. Thus cigarette smoking is a
risk factor for the development of bronchial carcinomas, bronchitis, myocardial infarc-
tion, gastric and bladder carcinomas, leukaemia, etc. The LDL fraction of cholesterol
is a risk factor for the development of arteriosclerotic changes, whereas the HDL
fraction of cholesterol as a “positive” risk factor is apparently capable of preventing
the development of myocardial infarctions. Some scientists also consider the sex and
age of a person to be risk factors. Occupational exposure, environmental factors and
socio-economical characteristics have been shown to be strong risk factors for a
large number of diseases.

Risk figure:

In this connection, risk figure is a value calculated under specific assumptions for the
exposure-related lifetime risk in the scenario of exposure over a whole working life-
time. The lifetime risk refers to the likelihood that a person will develop a specific type
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of cancer if mortality from other causes is about equally high as in a non-exposed
population. The risk figure can also be referred to as an estimate of the excess risk
(ibid.) or as additional risk (ibid.) or extra risk (ibid.) since the background incidence
was taken into account correspondingly here.

Route-to-route extrapolation:

Extrapolation from one route of absorption to another. The main routes at the work-
place are the absorption of substances via the respiratory tract (inhalation) and skin
(dermal), whereas in animal studies test substances are often administered via the
diet or drinking water (orally). Because of the first pass effect (ibid.), which can be
pronounced in some cases, correction factors must sometimes be introduced for
transferring the results from feeding, drinking water or gavage studies to workplace
conditions.

RR:
Relative risk (ibid.)

Secondary genotoxicity:

See “Genotoxic”

Safety factor:

See “Extrapolation factor/safety factor”

SIR:
Standardised incidence ratio (ibid.)

SMR:
Standardised mortality ratio (ibid.)

Standardised incidence ratio (SIR):

Number of new cases of a disease observed in a study population in a specific period
divided by the number of new cases of a disease that would be expected if the age-
specific incidence rates (see “Incidence”) of the study population were the same as
the age-specific incidence rates of an external reference population.

Standardised mortality ratio (SMR):

Number of deaths (of a specific cause) observed in a study population in a specific
period divided by the number of deaths that would be expected if the age-specific
mortality rates of the study population were the same as the age-specific mortality
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rates of an external reference population.

Statistical power:

Probability at which a statistical test can detect (actually existing) differences (e.qg.
different tumour rates in exposed versus non-exposed test animals) and differentiate
them from random variations. The statistical power for example depends on the sam-
ple size (number of test animals in a dose group). This parameter can thus be used
to assess the size that a study population should have to verify established differ-
ences and exclude random effects (see also “Calculation of the sample size”).

Stratum (plural: strata):

In epidemiology: subgroup of a cohort. The classification of a study population into
subgroups (e.g. according to age, sex and smoking habits) is referred to as stratifica-
tion.

Stratification:
See “Stratum”

Sublinearity:

See “Dose-response relationship

Supralinearity:

See “Dose-response relationship

T25:

Tumourigenic dose at which 25% additional incidence is expected. In the experimen-
tal system, the T25 is originally specified as a dose (mg/kg x d). In the present con-
nection, transformations into an inhalation concentration are also referred to as T25
or hT25 (ibid.) (see also “T25 approach”).

T25 approach:

Simple risk assessment method recommended by the European Commission for set-
ting specific limits for preparations with carcinogens (EC, 2002; Dybing et al., 1997,
Sanner et al., 1997). Based on a concentration with a significantly increased tumour
incidence, a dose at which the incidence for this tumour in the animal study is 25%
after lifetime exposure is determined by linear interpolation (i) taking into account the
background incidence, (ii) if applicable, with correction of a non-lifetime study period,
and (iii) assuming complete absorption.
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reference incidence 1- [incidence of the control group])

T25 = CO— ——
([incidence at C] - [incidence of the control group]) 1

with:  C = lowest significant tumourigenic concentration or dose (mg/m?3 or mg/kg -
d)
reference incidence = 0.25 (25%)
incidence at C = tumour incidence in % divided by 100
incidence of the control group = tumours in % divided by 100

The T25 value can be used as a point of departure for estimating the risk for low
doses by linear extrapolation into the low dose range (see Figure).

Inzidenz [1 = 100%]
1 /‘ =
0.9

0,8

0,7

0,6
0,5

0.4

0,3

02

0‘1’/5
0 = '

T ¥ 1 1 ] T

0 50 100 150 200 250
T25 Dosis in mg/kg - d

Graph of the T25 approach: Calculation of the T25 by means of the incidence of for-
estomach tumours in rats after exposure to styrene-7,8-oxide (data from Lijinsky,
1986)

The actual dose-response relationship and the variation of the experimental data are
not considered in the T25 approach since only the background incidence and the
incidence at an exposure concentration are used for the calculation of the tumouri-
genic dose 25%.

Threshold, toxicological:

A toxicological threshold level of a dose is generally understood to mean a dose or
exposure concentration below which a specific effect does not occur. The term must
not be confused with the “no observed effect level” (NOEL), which specifies a signifi-
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cant observed increase in effect compared with a “background” and depends on the
relevant study design.

Just as there are many definitions for the toxicological threshold, it is controversial
whether such threshold levels exist in individual steps of carcinogenicity induced by
chemical carcinogens (Neumann 2006a,b,c). A threshold is generally assumed for
“epigenetic”, non-genotoxic carcinogens (e.g. cytotoxic [see “Cytotoxicity”], immune-
damaging substances and hormone-like growth stimulators). However, it is also be-
ing discussed whether the threshold model can be applied to specific secondarily
genotoxic (ibid.) carcinogens (Hengstler et al., 2006). Although there are arguments
in favour of such a view, the experimental detection of a threshold seems to be diffi-
cult in these cases.

Tolerable risk:
See “Acceptable/tolerable risk”

Topoisomerases:

Enzymes that are able to unwind the helically coiled DNA double strand and play an
important role in cell division and protein synthesis

Toxicodynamics:
Study of the effect of toxic substances on the organism (see also “Toxicokinetics”)

Toxicokinetics:

Study of the fate of toxic substances in the organism (absorption, distribution, me-
tabolism and excretion) (see also “Toxicodynamics”)

Zymbal's gland:

Sebaceous gland in the external auditory canal of rodents. Humans have no Zym-
bal's gland.
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10.2 Examples of calculation

Example 1: Trichloroethylene — Re. Section 5.2

Preliminary remark: Subcommittee Il of the Committee on Hazardous Substances
made an assessment of trichloroethylene including a mechanistic discussion and a
guantitative discussion of the effect. For this reason, this example was selected by a
German committee with reference to the regulatory assessment. However, the au-
thors of this Guide are aware that, for most substances, inconsistent conclusions are
available that have been derived from the data and their assessment (mode of ac-
tion, validity of epidemiological or test animal data and quantitative conclusions). This
also applies to trichloroethylene. The conclusions drawn by the Committee on Haz-
ardous Substances and its subcommittees provide a basis that can be used for deal-
ing with the calculation method of non-linear exposure-risk relationships, but the le-
gitimacy of using this basis (i.e. the conclusions drawn for TRI and their scientific ra-
tionale) will not be a subject of discussion here.

In Germany, trichloroethylene (TRI) is classified as a human carcinogen, in particular
because of the cases of kidney cancer observed after high occupational exposure,
although it is assumed for reasons not to be explained in detail here that a cytotoxic
effect on the kidney decisively contributes to cancer. Since local genotoxicity in the
kidney cannot be ruled out, no definite threshold can be established for TRI. TRI is
thus an appropriate example for Case (4), Section 5.1. The example will only explain
the process of calculation using real data but not aspire to be a further documenta-
tion and discussion of the substance-specific information. In addition to the data re-
ferred to here, there are extensive studies on the mode of action, genotoxicity,
nephrotoxicity, carcinogenicity in the kidney and carcinogenicity and toxicity in other
organs, which will however not be addressed.

On the basis of the German studies on kidney cancer after occupational exposure to
trichloroethylene, Roller (unpublished; CMR working group; March 2005) derived an
excess risk of about 5% after exposure to 100 ppm (with peaks to 500 ppm) (18-year
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exposure; 2 h/d and 3 d/wk. peak exposure, otherwise about 100 ppm). A total of
3000 ppm-years of exposure are used as a basis for the calculation.

Exposure level:

For the studies in which increased kidney cancer risks were found in Germany,
very high exposures, which also led to pre-narcotic symptoms, were assumed
for at least a substantial number of workplaces. It can be concluded from this
that concentrations of 200 ppm were frequently exceeded. It is assumed that
the concentrations may have been about 500 ppm for 2 or 3 hours on 2 or 3
days per week. The study of Henschler et al. (1995) is based on an average du-
ration of employment of about 18 years. Moreover, assuming that TRI exposure
continued in the period in which no peak exposures were reached, the following
exposure can be estimated:

500 ppm, 2 h/d, 3 d/wk., 18 years
plus 100 ppm, 6 h/d, 3 d/wk., 18 years
plus 100 ppm, 8 h/d, 2 d/wk., 18 years

Altogether, this scenario corresponds to regular whole shift exposure to at least
100 ppm for 18 years, with exposure peaks of 500 ppm repeatedly occurring in
every week for a prolonged period. Mathematically, a rounded value of
3000 ppm-years of cumulative exposure is obtained for this exposure scenario.

Risk assignment (excess risk)

The increases in the kidney cancer risk that were observed in the German stud-
ies on TRI exposure slightly vary depending on the study period and the defini-
tion of the characteristic “exposed”.

The odds ratios (OR) in the case-control studies are mainly statistically signifi-
cant in a range of about 2 or 3, but higher values were also observed (e.g. “any
exposure in metal degreasing”; OR = 5.57 in Brining et al., 2003); the highest
OR of 10.8 was observed in the study of Vamvakas et al. (1998). For risk as-
sessment, the scores of the “relative risk” (particularly OR) mentioned in the
studies must be converted to numerical values of the “absolute risk”. Informa-
tion on cancer mortality in the general population can be found in the WHO da-
tabase (http://www.who.int/whosis/en/). The proportion of the cause of death
“malignant neoplasm of kidney, except renal pelvis” (ICD/9 189.0) among all
causes of death was specified to be 0.66% (2811/425093) in men and 0.42%
(2085/496352) in women in 1990; in 1997, the proportions were 0.77 and 0.48%
(WHO, 2003). Based on these figures, a lifetime mortality risk of about 0.7%
must be assumed for kidney cancer in the general male population in Germany.

A doubling of this risk (RR, SMR or OR of 2.0) means an additional (excess)
lifetime cancer risk at the same level.

The listed figures refer to mortality, while the incidence risk that is actually to be
considered is higher. Precise data on kidney cancer incidence are not available
for the whole of Germany, but the publication “Cancer in Germany” (2004) con-
tains data-based estimates of the incidence rates. Here, the estimated inci-
dence rates and the mortality rates for 2000 are compared with each other
based on the official kidney cancer statistics. Accordingly, the rates are 22.0
(incidence) and 9.7 (mortality) per 100000 and year for men and 15.0 and 6.2
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for women.
A value of about 2.3 is obtained for the ratio of incidence to mortality.

If this factor is applied to the mortality risk of 0.7%, a value of 1.6% results for
the absolute basic incidence risk for kidney cancer for men in Germany in the
nineties. Of course, odds ratio values of epidemiological studies on kidney can-
cer after exposure to TRI involve uncertainties, although it is unquestionable
that a significant increase in the kidney cancer risk causally related to exposure
is probable only if this significance is consistent with an excess incidence risk in
the range of percent. At a basic risk of 1.6%, a relative risk of 2.0 means an ex-
cess risk of also 1.6%.

Therefore, it seems to be justified to assign an excess kidney cancer risk of 5%
to the very high cumulative exposure of 3000 ppm-years.

—  Risk extrapolation (linear)

Based on this calculation, we will use an excess risk of 5% after exposure for
3000 ppm-years as the point of departure below. Since an incidence lower than
25% is available for human data with specification of the risk, conversion to a
T25 or HT25 is not suitable according to Section 3.7 (2). It is also possible to
convert 3000 ppm-years over a whole working lifetime of 40 years to an aver-
age exposure of 75 ppm (x 40 years). A linear extrapolation based on this
specification would lead to a risk of:

Average ppm ppm-years (40 Excess risk Remarks

years of expo-
sure)

75 ppm 3000 5% POD; German epidemi-
ological studies of kidney
cancer

15 ppm 600 1% Linear

6 ppm 240 0.4% Linear; at threshold level

for non-carcinogenic
nephrotoxicity after ex-
posure to TRI

1.5 ppm 60 0.1% Linear

60 ppb 2.4 0.004% Linear

Assuming linearity, the excess risk can thus be described by the following equa-
tion:

Excess risk [%] = 0.067 x concentration [ppm]
for all ranges at and below 75 ppm
— Risk extrapolation (non-linear)

According to observations of Green et al. (2004), still significant subclinical kid-
ney effects were found among workers exposed to TRI at a mean exposure
level of 32 ppm. The biomarker for subclinical nephrotoxicity was no longer in-
creased in 23 workers who had been exposed to 6 ppm TRI for several years
(Seldén et al., 1993). In view of the only low effect level at 32 ppm, the NOAEL
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of 6 ppm can be used as a threshold for nephrotoxicity even for large cohorts
without any further extrapolation steps. We therefore use the concentration of 6
ppm as the TC* and assume that, at this point, the risk is lower by one order of
magnitude than that determined by linear calculation (see Table above). For 6
ppm, this results in a risk (new) of 0.04% and an equation for the exposure risk
of:

Excess risk [%] = 0.072 x concentration [ppm] — 0.39
for the range between concentration [6 ppm; 75 ppm]
Excess risk [%] = 0.0067 x concentration [ppm]

for the range with concentrations [< 6 ppm]

Average ppm ppm-years Excess risk Remarks

75 ppm 3000 5% POD; German epidemi-
ological studies of kidney
cancer

19.3 ppm 772 1% Linearised (“steep” part)

6.8 ppm 272 0.1% Linearised (“steep” part)

6 ppm 240 0.04% “Break point”; at thresh-

old level for non-
carcinogenic nephrotox-
icity after exposure to

TRI
1.5 ppm 60 0.01% Linearised (“flat” part)
0.6 ppm 24 0.004% Linearised (“flat” part)

For example, after linear extrapolation, the nominal risk of 1:1000 would be
1.5 ppm, while it would be about 7 ppm if there is a scientific rationale for as-
suming non-linearity. Below 6 ppm, there is a risk more or less reduced by one
order of magnitude compared with the linear approach.

The result obtained in the low ppm range is presented graphically in the following
figure:
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Excess risk for carcinogenic effects-
[ Working lifetime exposure

Intersection of the
two lines at 75 ppm (5%
excess risk) = POD

>
1% 1%

0.8% Break point
0.69%
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T— 0.2%

P | | | | | | |,
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Figure: Exposure-risk relationship for trichloroethylene at an assumed threshold of
6 ppm (TC*) for a cancer-enhancing effect (nephrotoxicity) in humans in large co-
horts and an excess kidney cancer risk of 5% derived from epidemiological studies at
75 ppm (working lifetime exposure)
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Example 2: Re. Section 5.3 (threshold assumption); theoretical example
Example:

Exposure to substance A leads to cancer in the respiratory tract in 3/50 animals (rat)
at an airborne concentration of 200 mg/m®, in 0/50 animals at 50 mg/m® and also in
0/50 animals in the control group (exposure pattern: 6 h/d; 5 d/wk.; 104 weeks; life-
time observation). It is assumed that a purely secondary reaction to an irritation to the
respiratory tract with a NOAEL (90 days) of 100 mg/m® is sufficiently substantiated as
the mechanism of carcinogenicity. According to the DNEL concept, the following ex-
trapolation factors are to be applied (assuming that there is no rationale for any other
corrections versus the default): time extrapolation: 2; interspecies extrapolation (vari-
ability): 2.5; intraspecies extrapolation: 5; additional factor because of the severity of
the secondary tumourigenicity observed: 10. The total extrapolation factor is thus 25
or 250. The NOAEL corresponds to a human equivalent lifetime exposure of
50 mg/m® during light activity and 8-hour daily exposure (Section 4.2). After correc-
tion to working lifetime (x 75/40), the NOAEL is 93.75 mg/m>. This results in a T* of
93.75/25 = 3.75 mg/m® ~ 4 mg/m® or a T*/10 of 0.4 mg/m>. A threshold of 0.4 mg/m®
for the workplace would thus be indicated for regulatory purposes. If only irritation (no
cancer) had been observed, 2 mg/m*® would be calculated as a DNEL in the default
(no correction for lifetime/working lifetime exposure in the DNEL concept for non-
carcinogens). We assume a T25 of 833 mg/m?® for this example. Compared with the
T25, this assumed threshold is about 0.01 percent (1:10000) after linear extrapola-
tion. (This (theoretical) example also demonstrates that there may be data sets which
only lead to minor differences if a distinction is made between linear extrapolation,
non-linear extrapolation and threshold assumption).

Example of butadiene

(Based on the OEL documentation/position paper of t he working group “Limit
values and classifications for CM substances” (AK C M) of the Subcommittee
UA Il of the Committee on Hazardous Substances (AG S) on 1,3-butadiene)

1. Systemaitic literature search

The assessment was preceded by a structured, system  atic literature search.
The following studies on industrial exposure to BD and the risk of developing
cancer were identified:

Numerous published results with detailed exposure estimates specifying the absolute
butadiene concentration are available for a North American cohort of workers in the
synthetic rubber industry. They refer to different follow-up times of the cohort or were
calculated using different quantification concepts of exposure or different statistical
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methods. Mortality from specific tumours of the lymphohaematopoietic system is in-
creased when handling butadiene.

Studies were also carried out in the production of the butadiene monomer, but no
absolute data on exposure (i.e. ppm or mg/m®) were published. These studies can
therefore not be used for establishing exposure-risk relationships.

Two publications with a current follow-up of the cohort in the synthetic rubber indus-
try, which moreover used an updated and improved job-exposure matrix (JEM) as a
basis for exposure quantification, can be regarded as the most relevant evaluations
of this cohort. They are therefore given preference in the assessment of exposure
(Graff et al., 2007; Cheng et al., 2007). In one publication, the risk is calculated by
means of a Poisson regression and in the other one, hazard rate ratios are calculated
by means of Cox proportional hazards regression. Graff divides exposure categories
into quartiles of exposure among the persons exposed and Cheng into deciles.

For the determination of limit values, all articles that describe different statistical
methods or various exposure models should be evaluated separately and discussed
critically. A meta-analysis will not be carried out.

2. Consideration of the target parameters

Mortality from specific tumours of the lymphohaematopoietic system was increased
in the selected cohort studies. The most marked increases were evaluated when
mortalities from the different forms of leukaemia were combined to “all leukaemia” or
“leukaemia”. Data on early end points based on biological markers were not publis-
hed in the studies.

For the sake of simplicity, the following description of the calculation of the risk figure
is only based on the study of Graff et al. (2005).

3. Calculation of the risk figure

Only two individual exposure scenarios will be described below: cumulative ppm-
years and ppm-years based on exposure intensities of maximally 100 ppm.

- Table 1 shows the exposure ranges and the relevant risk estimators calculated
from Graff et al. Graff divides exposure categories into quartiles of exposure
among the persons exposed. Since no medians or geometric mean are speci-
fied for the individual exposure categories, the class mean of the examined ex-
posure categories is used as a basis.

- Class mean divided by the duration of exposure of 35 years worked™* provides
the long-term mean of exposure in ppm. The class mean for the highest expo-
sure category was estimated.

- The long-term means are plotted in a scatter plot against the relative risk, and a
linear regression line is calculated, its slope expressing the increase in risk per
exposure unit (ppm BD) (see Fig. 1 for the Graff study). Depending on the ex-

" The reference period of 35 years was selected in the evaluation of the AK CM, while 40 years
should be used for future evaluations according to the Guide. In the case of butadiene, there is no
essential deviation after rounding the result.
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posure model, there are slope coefficients for the relative risk of 0.16 or 0.31
per ppm after 35-year occupational exposure. The slope coefficients of the
straight line in Fig. 1la suggest assigning a doubling of the risk (RR =2) at a
long-term mean of 5 ppm over a period of 35 to 40 years (which corresponds to
a cumulative exposure of about 200 ppm-years). The slope coefficient of 0.31
per ppm for exposures smaller than or equal to 100 ppm is greater than when
considering all exposure values (see Fig. 1b).

Information on the basic risk (background risk) is required to transform this in-
formation into a statement about the absolute lifetime risk. A lifetime back-
ground risk of 1% for leukaemia is assumed on the basis of mortality from leu-
kaemia and all causes in the general male population in the United States and
other industrial countries (Roller et al., 2006). This means that the slope coeffi-
cients of the relative risk of 0.16 and 0.31 per ppm correspond to an increase in
the absolute risk of 0.16 and 0.31% per ppm BD, respectively. The rounded
lower of the two values means an excess lifetime risk of 0.2% (2 to 1000) after
35-year occupational exposure to a long-term mean of 1 ppm. Table 2 shows
specific assignments of exposure and risk figure according to the linear model
for various exposure scenarios.

4. Deviating exposure models and potential bias

For risk assessment, various models were calculated in the original publica-
tions: the single agent model described here, which only considers exposure to
BD (adjusted for age and time since the beginning of employment) or a multiple
agent model), which considers possible confounding by other substances at the
workplace and general confounders such as styrene and DMDTC. In BD pro-
duction, exposure to styrene is however clearly lower than that to BD. Nor does
styrene presumably have a higher leukaemogenic potency than BD. In the
evaluation of Cheng et al., it was therefore not taken into account a priori as a
possible confounder.

Cheng et al. also examined whether considering different induction times of 5,
10, 15 or 20 years changes the results. Since this was not the case (Cheng et
al., 2007), risk derivation — as above — can be carried out without considering an
induction period.

It should be pointed out that all exposure scenarios discussed in the various
publications must be considered critically. For example, some of the results of
the various scenarios described in the publication of Cheng differ considerably
from each other. In the publication of Graff, the slope coefficient for exposure in-
tensities <= 100 ppm is greater than when all exposure values are considered.
This militates against a special relevance of exposure peaks greater than
100 ppm.
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Table 1 Relative rate of leukaemia mortality depending on the category of butadiene
exposure according to the study of GRAFF et al. (2005).

Cum. exposure; Long-term Person Leukaemia mortality

1,3-butadiene (BD) mean; years

[ppm-years] 35 years?

Range Class [ppm] Observ. [N] |RR(1)° RR(2)°
mean® (95% CI) (95% CI)

0 0 0 116471 10 1 (ref. cat.) 1 (ref. cat.)

>0 -<337 16.85 0.48 154443 17 1.4 (0.7-3.1) 1.4 (0.5-3.9)

33.7 -<184.7 |109.2 3.12 144109 18 1.2 (0.6-2.7) 0.9 (0.3-2.6)

184.7 - <425 304.9 8.71 49411 18 2.9 (1.4-6.4) 2.1 (0.7-6.2)

=>425.0 600 17.1 35741 18 3.7 (1.7-8.0) 3.0 (1.0-9.2)

a

Class mean calculated from the class limits of cumulative exposure (mean of cumulative expo-
sure per category divided by 35 years); estimated mean for highest category

Relative rate according to Poisson regression; multivariate model with the variables age, time
since beginning of employment and butadiene exposure (Cl = confidence interval)

Relative rate according to Poisson regression; multivariate model with the variables age, time
since beginning of employment, butadiene exposure, styrene exposure and DMDTC exposure
(sodium dimethyldithiocarbamate)

RR leukaemia (GRAFF et al., 2005) RR leukaemia (GRAFF et al., 2005)
5 1 4
4 y=0,1601x+1,0967
. 3 °
3]
] 2
2 ] y=0,3109x + 1,3803
. a. Consideration of all 1 ® b. Only exposures based on
16 exposure values concentrations of 100 ppm
] and below
0 T T T T T T T T T T T T T T T T T T T 1 O T T T T T T T T T T T T T T 1
0 5 10 15 20 0 2 4 6

Butadiene exposure; single agent model; synthetic rubber industry [ppm]; long-
term mean; 35 years

Fig. 1 Relative rates (RR) of leukaemia mortality depending on butadiene exposure,
converted to a mean concentration over 35 years, according to data from the
study of GRAFF et al. (2005). Ellipses indicate that specifying a mean expo-
sure value for the highest — open ended — category involves uncertainties.

Table 2  Exposure-risk relationship for 1,3-butadiene according to the derivation of
the AK CM for a scientific rationale of an occupational exposure limit
(OEL)
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Butadiene concentration; long-term mean; Exposure-related lifetime leukae-
35-40 years of occupational exposure mia risk
ppm ug/m *
15 33660 3%
5 11220 1%
2 4488 4 to 1000
1 2244 2 to 1000
0.5 1122 1 to 1000
0.05 112 1 to 10,000
0.005 11 1 to 100,000

5. Further aspects to be discussed

On the basis of the exposure-risk relationships found, no clear statement can be
made about a course of the curve deviating from linearity. This is not a special
feature of the data for butadiene. In general, no definite statements about spe-
cific courses of the curves of exposure-risk relationships can be made in the
range below a lifetime risk of 1% based on epidemiological studies of possible
associations between exposure to chemicals and cancer risks (Roller et al.
2006).

In risk derivation, it must be decided which model or which scenario can be re-
garded as the “most realistic” or most appropriate one. These results must be
used for risk derivation. Moreover, lifetime risks can be calculated for various
scenarios and specified as a range.
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10.3 Tumour localisations and their human relevance

There are numerous typical forms of tumours whose spontaneous incidence is high
and sometimes also considerably varies in specific rodent strains and whose rele-
vance to humans is not known (see 3.1 9). If their frequency is increased as a func-
tion of the dose compared with the current and mean historical control, an exposure-
related effect is generally assumed. It should be explained in each individual case
whether or not the tumour figures will be used as a basis for quantitative risk extrapo-
lation.

Initially, it must be examined whether other types of tumours that can definitely not be
assigned to spontaneous pathology occurred, possibly at even lower doses and/or at
a higher incidence, and whether preference should be given to them as a basis of
calculation for this reason alone.

It is also important whether it is a genotoxic substance. If a substance is genotoxic,
human relevance can be ruled out for hardly any type of tumour. A default assump-
tion would thus be based on a calculation using the type of tumour that would result
in the worst-case risk figure. Alpha2u-globulin-induced kidney tumours of male rats
would be the only exception from this (see below).

The concentration of the test substance (or the critical metabolites) in the target or-
gan is a further aspect. Thus, for a substance that reaches its highest concentration
at the portal of entry or in the kidneys, tumours of the respiratory tract or the kidneys
would be considered more than an endocrine tumour with a high spontaneous inci-
dence, for example.
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Such mechanistic considerations would also be made for non-genotoxic substances
and, if mathematical risk extrapolation were even carried out in such cases, ideally
such tumours would be selected that match with the mode of action of the test sub-
stance (e.g. cytotoxic, mitogenic and endocrine) as regards the target organ and ef-
fective dose.

The following forms of tumours in rodents are examples of those having no or re-
stricted quantitative transferability to humans:

Alpha2u-globulin kidney tumours of male rats are a species- and sex-specific
phenomenon and can be induced by a large number of non-genotoxic sub-
stances that bind to this protein.

This effect has no relevance to humans. (IARC, 1999); see also Annex 1).
Liver tumours after PPARa-receptor stimulation (“peroxisome proliferation”)

These tumours are rodent-specific to a high degree. In most cases, there is no
relevance to humans. (IARC, 2000; see also Annex 2).

Leukaemias of the Fischer 344 rat

Mononuclear leukaemias very frequently occur in Fischer rats. Particularly in
the case of non-genotoxic compounds, an increased incidence must initially be
evaluated for its biological significance for the rat. In the case of a genotoxic
substance, human relevance cannot be ruled out. However, in such cases, it
would be examined whether this was really the only increased form of tumour
which could be used for mathematical extrapolation (see also Annex 3).

Phaeochromocytomas of the Fischer 344 rat

Mean historical rates and ranges of variation have to be taken into account as
well as the differential diagnosis of the very frequent age-related hyperplasia.
This tumour is apparently more likely to be formed in male rats than in female
rats. Relevance to humans is restricted, particularly if there is a non-genotoxic
mechanism and only the male sex is affected.

Thyroid tumours in rats

Administration of substances that induce the glucuronidation route in the liver
may also lead to a more rapid elimination of thyroid tumours from the blood and,
as a result, to a stimulation of the thyroid tissue via the central feedback system
(Goldstein and Tauroy, 1968; Hill et al., 1989; McClain, 1989). Liver hypertrophy
or other signs of a general enzyme induction are not always observed, as the
example of tert-butyl alcohol (NTP, 1995) shows, which led to thyroid hyperpla-
sia in mice of both sexes and to an increased incidence of adenomas in fe-
males. Partial glucuronidation of this substance was detected in rabbits
(Kamil et al., 1953).

In humans, the capacity of glucuronidation is generally affected less than in
rats. Moreover, T3 and T4 are bound in the plasma with a high affinity and have
a considerably longer half-life than in the rat (Dohler et al., 1979; Oppenheimer,
1979; Larsen, 1982). Thus, an increased concentration of glucuronidating en-
zymes is of less consequence for the T3/T, metabolism of humans. Moreover,
serum TSH is considerably higher in male rats than in female rats and many
times higher than in humans, who do not reveal a species difference in the TSH
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levels (Chen, 1984). The male rat is typically disposed to benign and malignant
thyroid tumours, whereas in humans thyroid carcinomas are not observed even
after high TSH stimulation (Refetoff et al., 1993). Thus, there is obviously a low
relevance of non-genotoxic thyroid carcinogens to humans. (IARC, 1999; loc.
cit.).

- Leydig cell tumours occur with a considerably higher frequency in rodents than
in humans. Their relevance to humans is low, particularly if a substance is not
genotoxic (Cook et al., 1999).

- Liver tumours of B6C3F1 mice

These tumours have a high background rate. According to Maronpot (1999),
liver adenomas occur in about 30% of the males and in 15% of the females;
hepatocellular carcinomas occur in 20% of the males and 10% of the females.
There are doubts about whether quantitative transferability exists, particularly if
the substance is not genotoxic and this type of tumour is the only one that oc-
curs to an increased incidence (Gamer et al., 2002).

- Forestomach tumours

Particularly in the case of non-genotoxic substances, relevance of these tu-
mours to humans may be considerably restricted because of different anatomi-
cal conditions. For genotoxic substances, their suitability as a basis for a quanti-
tative risk calculation must be decided on a case-to-case basis and depends on
whether other target tissues are also affected.

Annex 1 to Annex 10.3:

a2u-Globulin nephropathy

is initiated by accumulation of a2u in the phagolysosomes of the proximal convoluted
tissue with subsequent acceleration of apoptosis and replicative cell turn over (Alden
and Frith, 1991; Caldwell et al., 1999).

A strong association between sustained a2u-globulin accumulation and renal neopla-
sia has been described by several groups of authors (Baetcke et al., 1991; Dietrich
and Swenberg, 1991; IARC, 1999; Short et al., 1989; Swenberg and Lehmann-
McKeeman, 1998). a2u was shown to cause morphological transformation in the
pH 6.7 SHE cell transformation assay; this effect was not achieved by other proteins
nor by typical a2u-inducing compounds such as d-limonene or 2.2.4-trimethylpentane
(Oshiro et al.).

Annex 2 to Annex 10.3:

PPARa-receptor stimulation

In rats and mice, this form of enzyme induction is a metabolic situation that predis-
poses to the formation of liver tumours, although the actual carcinogenicity of the in-
dividual peroxisome proliferators varies very considerably. The threshold level and
the extent of liver enlargement are of prognostic validity rather than the maximum
peroxisome and enzyme activities in the high dose range.
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Non-rodents are more or less resistant to the phenomenon of peroxisome prolifera-
tion (see below) and the associated effects such as enzyme induction, hepatomegaly
and tumour induction. Hamsters, however, still show weak effects (Lake et al., 1984).

It is assumed today that the species differences are due to the density and function-
ality of a specific receptor type, the peroxisome-stimulating (PPARQ) receptor, which
is expressed to a particularly high degree and completely in rats and mice (Ashby et
al., 1994; Bentley et al., 1993; Lee et al., 1995; Cattley et al., 1998; Maloney and
Waxman, 1999). Stimulation of the receptors leads to a large number of transcrip-
tions or gene expressions in the target cells and, morphologically, to a proliferation of
cell organelles (peroxisomes, mitochondria and endoplasmic reticulum), to the sup-
pression of apoptosis (Roberts et al., 1998) and to an at least initial, in some sub-
stances continuous increase of DNA synthesis (Marsman et al., 1988) and of the mi-
totic rate after activation of Kupffer cells (Rose et al., 1997); the liver is enlarged for a
prolonged period at all active doses.

Transgenic mice that do not have the peroxisome-stimulating (PPARa) receptor did
not show any peroxisome proliferation, hepatomegaly or increased DNA synthesis
with DEHP (Ward et al., 1998). There was bioavailability, which was obvious from the
testicular and renal lesions; these were however less pronounced than in the wild
type. Moreover, even the highly active compound Wy-14,643 no longer led to any
hepatocarcinogenicity in PPARa knock-out mice (Peters et al., 1997).

The human liver shows 1-10% of the functional PPARa receptor density of mice
(Palmer et al., 1998). This might be the reason for the slighter toxicodynamic sensi-
tivity of humans, as is also expressed in vitro in hepatocyte cultures.

Annex 3 to Annex 10.3:

Fischer Rat leukaemias

Mononuclear cell leukaemia is a frequent finding in Fischer rats over 20 months old
(Moloney et al., 1970; Moloney & King, 1973; Maita et al., 1987). Though rarely diag-
nosed up to the age of 18 months, this tumour may be the cause of up to 50% of all
spontaneous early death cases in 2-year studies.

The tumour appears to originate from the spleen since splenectomized Fischer rats
do not develop leukaemia (Moloney & King, 1973). Historical data show spontaneous
incidences from 10 to 50% depending on the size of groups and differential diag-
nostic measures (Moloney et al., 1970; Coleman et al., 1977, Goodman et al., 1973;
Sacksteder, 1976; Sass et al., 1975).

The disease was sometimes erroneously called monocytic leukaemia or lymphoma
and is correctly defined as large granular lymphocyte (LGL) leukaemia. On the basis
of this more current definition, relatively recent reviews found the following incidences
in control rats (Stromberg et al., 1983a,b; Stinson et al., 1990):

n=1145 22.2%, male 20.5%, female

n=2181 22.0%, male 15.6%, female
However, due to variation, the incidences in smaller groups (50 rats) may range up to
50% and in such cases represent a cluster.
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The pattern of morphological, immunological, biochemical and functional characteris-
tics of the LCL cells resembles those of normal large granular lymphocytes and in
some respects also NK cells (Ward & Reynolds, 1983; Reynolds et al., 1981; Strom-
berg et al., 1983a,b). The tumour is transplantable (however, not with cell-free lys-
ates) and, after transplantation, causes all clinical and immunological features ob-
served also after spontaneous occurrence (Reynolds et al., 1984; Stromberg et al.,
1985). So far, there has been no evidence of a viral aetiology.

A considerable number of genotoxic and non-genotoxic chemicals was associated
with an increased incidence of this tumour.

Examples are:

NTP bioassay programme Non-NTP studies

- 2-Amino-5-nitrothiazol - Ethylene oxide
- 3,3-Dimethoxy-benzidine4.4-diisocyanate -
- Arocolor 1254 -
- 246.-TCP -
- Phenol -
- Sulfisoxazole -
- Pyridine -
- Piperonylbutoxide -
- Lasiocarpine -
- Dimethylmorpholinophosphoramidate -
- Diazinone -
- Ally(Dthiocyanate -
- Ally(l)isovalerate -

- Diallylphthalate - Ethylene glycol (males)
- Butylbenzylphthalate - DINP
- (DEHP) - Sanitizer 900

This shows that many compounds associated with increased LGL leukaemia were
non-genotoxic.

Other compounds have shown reduced LGL leukaemia incidence, e.qg.:

NTP bioassay programme:

- 1.1-Aminoundecanoic acid
- 2-Biphenylamine

- Cl-Disperse yellow

- Cl-Solvent yellow

- Cl-Acid orange

- D&Cred9

- Propylgallate

- Monuron

- Ethoxyethanol

A review in 1983 described correlations between decreased incidence of leukaemia
and elevated incidence of liver tumour (Haseman, 1983). Over the past decades,
there is a general trend for an increase in leukaemia rates among male F344 rats in
NCI/NTP studies. This is possibly related to the higher body weights in more recent
studies (Haseman et al., 1989).

Conclusion:

LGL leukaemia is a typical and frequent tumour in aging Fischer rats. The aetiology
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has not been known so far. Many compounds that were associated with an increased
occurrence of LCL cell leukaemia did not show genotoxicity. Quite frequently, it was
the only increased tumour incidence that was observed in the course of a 2-year bio-
assay, either with or without dose relation. Furthermore, the spontaneous incidence
within a 50 rat collective may be highly variable (= cluster formation). For these rea-
sons, an increased incidence of LCL cell leukaemia is not regarded as a sufficient
criterion to define a substance as carcinogenic. A more recent review by Caldwell
(1999) comes to similar conclusions.
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Swedens comments on the Annex XV dossier for identification of

Trichloroethylene as a substance of very high concern.

Specific comments on use, exposure, alternatives and risks:

Part Il of the proposal gives a valuable overview of data on trichloroethylene uses and the resulting
emissions and exposure. Some has been presented before; some is new or updated information. We
especially appreciate the comprehensive and updated description of available alternative
technologies.

The following should be considered in relation to the introductory text to part Il.

The discussions in the Risk Reduction Strategy meetings are mentioned, but not that they were
followed by formal voting in the regulatory committee for the Existing Substances Regulation
(793/93) and decisions by the Commission. This represents the agreed results of the ESR programme
but has not been mentioned in the proposal. The decision can be found in two OJ publications
(Annex I). Sweden voted against the proposed voluntary measure for trichloroethylene on the
grounds that it would not meet the need for protection agreed by member states.

As there are formally agreed results, we think that this proposal should discuss the practical outcome
so far from the agreed strategy. It is stated in the OJ publication that “ for metal cleaning, particularly
in premises using less than 1 tonne/year...... supplemented further action is needed” and “ in parallel
with a Voluntary Agreement between the European Chlorinated Solvents Association on behalf of
European producers of the substance, their distributors and customer , if monitoring reveals that
there is insufficient compliance with the voluntary agreement, and that standards are not improving,
to consider Restrictions at Community level”

The European Chlorinated Solvents Association, ECSA, and its Trichloroethylene charter is found
under http://www.eurochlor.org/index.asp?page=762#, but they do not seem to show any third
party review of the compliance, nor any risk reduction results, although this agreement was
presented as a solution already in 2006.

In the Annex XV report, one report; ECB, 2010, is mentioned several times. This report was actually
never agreed by the Risk Reduction Strategy meeting but constitutes a useful state of the art
presentation up to 2006 by the UK rapporteur. Most of the data with this reference therefore reflect
the national rather than the EU situation.

It is stated in section 3.2 of the dossier (and on p. 14 as well) that the volume used for solvent
application is expected to drop by 60% from 2006 to 2010, without any information of the source. No
data is given for sales or consumption later than 2006. In this way there will be difficulties to define a
baseline for a review of risk reduction resulting from the voluntary measures, which would be
needed for the compliance monitoring mentioned in the OJ publications (Annex I).

Section 5.6 on national legislation

The description of the Swedish legislation, which came into force in 1996, is not up to date,
particularly regarding the description of the outcome. Furthermore, this section contains an unfair





comparison between Swedish and German legislation. It is stated under the Germany section that “A
national ban of the use of trichloroethylene a®lrant is active in Sweden restricting its usehtase
users having been granted a time limited authoigratContrary to the German approach to force
users to apply closed systems but not ban TREwexlish approach failed to reduce consumption
and exposure of workers in the same extends asim&y (ECSA, 2010)"No update data on use
trends and alternatives development is given for the results of Swedish system.

The Swedish legislation was originally decided in 1991. At that time, the total amount used was
approximately 3000 tonnes according to data from the Swedish product registry. Since then the use
declined substantially and in 1995 it was around 1500 tonnes. Two years later, 1997, when the ban
had been in force one year, the use had significantly decreased to 638 tonnes and in 2010 to 53
tonnes (see table 1).

Tablel. The use of trichloroethylene in Sweden year 1991-2010

Year 91 | -95* | -97* |-02° |-03% |-04> |-05° |-06° | -07° | -08% | -09% | -10°
Used amount | 3000 | 1500 | 638 |[257 | 171 |149 |117 |99 |84 |8 |58 |53
(tonnes)

1: the volume is based on data from the Swedish product register

2: the volume is based on exemption applications data

Source: Keml (2010). Granted permits for professional use of trichloroethylene issued by the Swedish Chemicals Agency in
year 1997-2010.

In more detail, there were 240 exemptions in effect 1997, mainly involving metal degreasing
operations at 232 companies (588 tpa). 1 exemption was granted for the use in the pharmaceutical
industry * (40 tpa), 5 exemptions for the vulcanisation of conveyor belts at 13 companies (9 tpa), 1
exemption for paint remover (<100 kg pa) and 1 exemption for other uses (500 kg pa).

* The company has ceased to use trichloroethylene as a solvent in the production of medicine substances from January 1% 1999.

In 2010, 42 exemptions are in effect, mainly involving metal degreasing operations* at 34 companies
(50 tpa). 3 exemptions are given for vulcanisation of conveyor belts at 24 companies (2 tpa),
industrial adhesives at 4 companies (<1 tpa) and use in the pharmaceutical industry in the production
and synthesis of selective plastics at 1 company (<100 kg).

* 6 of these exemptions end before the date 31th December 2010.

Thus, the Swedish legislation has led to reduced total consumption and a shift from chlorinated
solvents to the other degreasing methods. Metal degreasing operation is still the dominating use, see
table 2.

Table. 2. The use of trichloroethylene in Sweden year 1997-2010, divided in professional uses.

Use Percentage of Use, 1997 Percentage of Use, 2010
Metal degreasing in vapour degreasers | 92% 94%

Pharmaceutical industry 6% small uses
Vulcanisation of conveyor belts 2% 1%

Industrial adhesives no uses small uses






Other uses small uses 2%

Total 100% 100%

Source: Keml (2010). Granted permits for professional use of trichloroethylene issued by the Swedish Chemicals Agency in
year 1997-2010.

The main alternatives to trichloroethylene for degreasing/defatting are water-based microemulsions
and non-chlorinated organic solvents. A study by IVF (Industrial Research and Development
Corporation) made on behalf of the National Chemicals Inspectorate in 2001 concluded that:

“Water-based alternatives can replace trichloroethylene, in most cases. Today there are numerous
examples where this has been shown in practical operation. However, there are limitations on the
flexibility and opportunity to process goods of various materials within the same facility.

More recently, there are positive experiences from the operation of facilities based on propylene
glycol ether. This alternative seems to have potential to replace trichloroethylene degreasing in most
cases. Occasionally the choice depends on the degreasing agent’s ability to penetrate nooks and
capacity to resolve various types of contaminations.”

Since then, the options have become more established and tested in several facilities.

Section 5.7

It is suggested (end of 3™ paragraph) that metal cleaning in closed systems could be exempted from
authorization requirements.

According to article 58.2 of REACH, exemptions from authorization requirements can only be granted
if:

a) The risk to human health and the environment are properly controlled under existing specific
Community legislation.

b) The relevant Community legislation imposes minimum requirements relating to the
protection of human health and the environment.

Also, according to section 4.5 in ECHAs Guidance on inclusion of substances in Annex XIV:

“When considering the needs and possibilities to exempt uses or categories of uses from
authorisation requirements, attention should be paid as to whether or not a specific existing
Community legislation:

- addresses the substance in question either by naming the substance specifically or by
addressing the group the substance belongs to in an adequate manner (e.qg. by referring to
the classification criteria for CMR category 1 or 2);

- covers the considered use or categories of use, taking into account exemptions;

- imposes minimum requirements for the control of risks; in other words the Member States
may adopt more but not less stringent measures when implementing the Community rules;

- covers those properties that led to inclusion of the substance in Annex XIV.”






We do not agree that these prerequisites are fulfilled in the case of trichloroethylene used for metal
cleaning in closed systems.

References:

IVF (Industrial Research and Development Corporation. Teknisk bedémning av alternativa
avfettningskemier till trikloretylen. 2001. (In swedish)





Annex 1.

Communication from the Commission on the results of the risk evaluation and the risk
reduction strategies (0J C 157/4, 21.6.2008, p.1)
Strategy for limiting risks for trichloroethylene

For WORKERS

The legislation for workers' protection currently in force at Community level is generally considered
to give an adequate framework to limit the risks of the substance to the extent needed. However, for
metal cleaning, particularly in premises using less than 1 tonne/year, this needs to be supplemented
by further action:

— to establish at Community level occupational exposure limit values for trichloroethylene according
to Directive 98/24/EC or Directive 2004/37/EC as appropriate,

— in parallel with a Voluntary Agreement between the European Chlorinated Solvents Association on
behalf of European producers of the substance, their distributors and customer (Commission
Recommendation 2008/471/EC), if monitoring reveals that there is insufficient compliance with the
voluntary agreement, and that standards are not improving, to consider Restrictions at Community
level for the use of trichloroethylene in metal cleaning in systems other than sealed or enclosed
systems, as defined in Part 4 of European Standard EN 12921.

For CONSUMERS and HUMANS EXPOSED VIA THE ENVIRONMENT

The existing legislative measures for consumer protection and humans exposed via the environment,
in particular the provisions under Council Directive 76/769/EEC (Marketing and Use Directive) as
regards CMR substances and Directive 2008/1/EC of the European Parliament and of the Council
(Integrated Pollution Prevention and Control), are considered sufficient to address the identified
risks.

For ENVIRONMENT

The existing legislative measures for environmental protection, in particular Council Directive
1999/13/EC (Solvent Emissions Directive) and Directive 2008/1/EC (Integrated Pollution Prevention
and Control), are considered sufficient to address the risks identified

COMMISSION RECOMMENDATION (OJ L 162, 30.5.2008, p.34
Risk reduction measures for trichloroethylene

Risk reduction measures for workers

A voluntary agreement should be considered with the European Chlorinated Solvents Association on
behalf of European producers of the substance, their distributors and customers, restricting the sale
of the substance to purchasers who comply with the Charter for the safe use of trichloroethylene in
metal cleaning. This Charter requires that users may only use trichloroethylene for metal cleaning in
sealed or enclosed systems as defined in Part 4 of European Standard EN 12921, and is subject to
third-party monitoring of compliance.

The risk reduction measures provided for in this recommendation are in accordance with the opinion
of the Committee set up pursuant to Article 15(1) of Regulation (EEC) No 793/93
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FEICA, the European Adhesive & Sealant Manufacturing Association is a multinational
association representing the European Adhesive and Sealant Industry. With the support of 15
natfional associations and several direct and affiliated members, FEICA coordinates, represents
and advocates the common interests of our industry throughout Europe. In this regard FEICA
aims at establishing a constructive dialogue with legislators in order to act as a reliable partner
to resolve issues affecting the European Adhesive and Sealant Industry.

Trichloroethylene in adhesives

In the ECHA press release ECHA/PR/10/03 from 8 March it is stated that Trichloroethylene is used
in adhesives. Upon reading this FEICA has initiated a broad consultation of our members. From
the received information we can assume that Trichloroethylene is generally not used in
adhesives.

However, there are a few very specific cases where the environmental conditions do not leave
another choice but to use Trichloroethylene. These specific cases are adhesives used
underground for conveyor belts in mining funnels as they reduce the risk of explosion and as
solvent for polychloroprene adhesives which are mainly used in the reparation of road marking.

FEICA - Association of European Adhesives and Sealants Manufacturers
Avenue E. van Nieuwenhuyse 6

B -1160 Brussels Belgium

Tel: 0032 267 673 20

Date: 15/04/2010







