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Mitro, S.D., Johnson, T. & Zota, A.R., 2015. Cumulative Chemical Exposures During Pregnancy and
Farlv Develonment. Current Fnvironmental Health Reports. Available at:

Young children have higher exposures to flame retardants. In this study, all infants tested showed
evidence of exposure to the flame retardant TDCPP, and on average had levels of exposure 3 times
greater than adults. Some infants had levels 50-100 times higher than adults, and very high levels
were correlated with a higher number of baby products in the home.

Hoffman, K. et al., 2015. High Exposure to Organophosphate Flame Retardants in Infants:
Associations with Babv Products. Environmental Science & Technology, 49(24), pp.14554-14559.
Available at

Do you have any studies on the benefits of non-polymeric additive organohalogen flame
retardants? And if so, please provide.

We are not aware of data showing consumer benefits from the use of non-polymeric additive
organohalogen flame retardants in the four product categories covered by the Petition for
Rulemaking.

Of the approximate 16,000 pro Iicts that CPSC regulates, provide an estimate of
percentage of those products that would be impacted by a ban on non-polymeric additive
organohalogen flame retardants?

We are unable to make such an estimate. We do know that such flame retardants are used in
mattresses, mattress pads, residential furniture, children’s products and electronics casings as
documented in the Petition, so so1 : proportion of all of these products would be affected by an
organohalogen ban. However, despite this uncertainty, we believe that the positive effects of such a
ban would be widespread and sigr cant.

This is because of all the 16,000 products that fall under CPSC’ purview, many are specialized/
specialty products that are not present in most homes. In contrast, every home in America typically
contains at least one product from each of three of the product categories named in the Petition
(mattresses and mattress pads, electronics casings, and residential furniture).

Due to this fact, we believe that the ban the Petition requests would result in reduced exposures to
these chemicals over time for almost every single man, woman and child in the U.S. {over 300
million people).

Would you support the Commission adopting California’s TB117-2013 as a national
mandatory standard for upholstered furniture?

Yes. TB117-2013 is a science-based standard developed by the California Bureau of Home
Furnishings and Thermal Insulation through a transparent stakeholder process. We believe that this
standard addresses major fire risks without necessitating the use of flame retardant chemicals in
upholstered furniture, and thus wi  Id be a step forward for both fire safety and health.






As noted above, with respect to all four product categories covered by the Petition, organohalogen
flame retardant chemicals are unnecessary from a safety perspective, or ineffective, or both.
Therefore, there would be no functional reasonr for manufacturers to add alternative flame
retardants if use of nonpolymeric additive organohalogen flame retardants in these products is
prohibited. In addition, there are currently no legal requirements (at either the federal or state
level) that would directly mandate use of flame retardants in these products, or require their use as
a de facto matter to meet a flammability standard. However, we do not have sufficient information
to speculate about how manufacturers might respond if the Petition were granted, and the best
source of information on this question would be the product manufacturers.

10. Could you please comment on the validity of the structure-activity relationship (SAR)
method. Can the structure alone be used to determine that these chemicals pose the
same risks to human health? Are there additional data needed to validate these claims?
If so, what are they?

There are numerous tools and methodological approaches that employ structure-activity
relationships (SARs) to make predictions about chemical properties and behavior. No general
statement can be made about validity across these various models and tools because they vary so
greatly and because there are many different purposes for which they could be used. For example, a
SAR model can be scientifically valid but not relevant in a regulatory context—it may predict a
property or endpoint that is not germane to the finding that needs to be made to support a
regulatory decision. So, what we need to know is if the specific SAR models and methods used for
this Petition are valid and appropriate for supporting the findings that need to made under the
FHSA.

The European Chemicals Agency (ECHA) has published guidance about the use of SARs in a
regulatory context. This document  attached and provides some useful background®:

“SARs and QSARs, collectively ferred to as {(Q)SARs, are theoretical models that can be used to
predict in a qualitative or quantitative manner the physico-chemical, biological (e.g.
toxicological) and environmental fate properties of compounds from a knowledge of their
chemical structure. The two terms can be defined as follows:

A SAR is a qualitative relations ps that relates a (sub)structure to the presence or absence of a
property or activity of interest. The substructure may consist of adjacently bonded atoms, or an
arrangement of non-bonded 2 ms that are collectively associated with the property or activity.

A QSAR is a mathematical model (often a statistical correlation) relating one or more
quantitative parameters derived from chemical structure to a quantitative measure of a
property or activity (e.g. a (eco)toxicological endpoint). QSARs are quantitative models yielding a
continuous or categorical result.”

The ECHA Guidance document goes on to explain in some detail the important concepts of validity,
applicability and relevance for SAR mc Is in the regulatory context and concludes’:

! ECHA. Guidance on Information Requirements and Chemical Safety Assessment, Chapter R.6: QSARs and
Grouping of Chemicals (2008). Pp. 9-10 Available:
http://echa.europa.eu/documents/10162/13632/information_requirements_r6_en.pdf






The physical-chemical parameters out t by EpiSuite are relevant for predicting how chemicals will
behave in relation to exposure (i.e., the “ingestion, inhalation or absorption through any body surface”
that is part of the definition of “toxic” under the FHSA).

The health hazard endpoints predictec y the other models (carcinogenicity, mutagenicity and
developmental toxicity) all are types of “substantial personal injury or substantial illness.”

Therefore, all of the model endpoints . :relevant for the regulatory purpose.
2. The model should be applicable to the chemical of interest with the necessary level of reliability

By “the model should be applicable to the chemical of interest” what is meant is that every SAR model
has a defined domain of applicability, and the chemical(s) of interest must fall within that domain. For
example, nanomaterials are not a class of chemicals for which EpiSuite can provide reliable property
estimations, so nanomaterials fall outside of EpiSuite’s applicable domain.

We believe the organohalogen flame retardants all fall well within the applicable domains of the models
in question (EpiSuite, ISS QSAR, Oncologic, VEGA Casear and TEST). However, should the Commission
desire further verification, we are providing contact information for scientists identified on the EPA
website as technical experts.*

The “necessary level of reliability” means that the model should be ‘fit for purpose’- that is, a greater or
lesser degree of accuracy may be required depending on the regulatory context, and the reliability of
the model must be appropriate for that context.’

Here, we need a level of reliability sufficient to show that products containing these substance(s) “may
cause substantial illness or injury...” (emphasis added). Are these SAR models reliable enough to make
that finding?

To answer this question, it is instructive to look at how US EPA has used SAR in a similar regulatory
decision making context: the New Chemicals Program under the Toxic Substances Control Act (TSCA).
EPA explains in the document TSCA New Chemicals Program (NCP) Chemical Categories®:

* EpiSuite

Wen-Hsiung Lee, u.>. environmenta protecuon AEEINLY, UILE Ul FONULIUI FIEVENILIUT dITU 1UXILS, Risk Assessment
Divician: F-maif* les wen-hcinne@ena onv

IJ[- THILAR VYUY, U, CHVIIUITTHENLA FTULELLIUI RBTIHILY, WITILC VI GlICinva PAITLY Al rUHULIVIT FITvaiivivig, l\|ak
Ascecement Divicinn: Fmail: won vintak@ena sov

TEST

Toda miarun. u.a. EnVITUNINENILEL FTULECUULH ABEIILY, NduUlal MK vialiageinen nesearch Laboratory; Email:

* ELHA. Guidance on Intormation Requirements and Chemical Safety Assessment, Chapter R.6: QSARs and
Grouping of Chemicals (2008). Pp. 14-15

http://www2.epa.gov/sites/production/files/2014-
10/documents/ncp_chemical_categories_august_2010_version_0.pdf



“EPA considers all PMNs [pre-1 inufacture notices], including new chemical substances which
fall within such categories, on a case-by-case basis and uses the most appropriate structural
analogue to support any concerns for health or environmental effects. For any new chemical
substance, if EPA determines, under TSCA section 5(e), that the substance ‘may present an
unreasonable risk of injury to | alth or the environment,” the PMN substance can be subjected
to appropriate control actions d/or testing under TSCA section 5(e). This “may present”
finding is developed through the application of category-based or chemical-by-chemical
assessment of hazard endpoints and case-specific exposure assessment...If a new chemical
substance is structurally similar to a substance for which EPA has positive toxicity data and there
is sufficient exposure, EPA may regulate that substance under section 5{e) of the Toxic
Substances Control Act (TSCA) based on its potential unreasonable risk...

In addition to the use of the New Chemical Category Statements presented in this document to
assist in chemical management decisions, Structure Activity Relationships (SARs) is a technique
routinely used under the New Chemicals Program to estimate the toxicity of industrial chemicals
being reviewed in response to PMN submissions. The predictive approaches are used to support
OPPT chemical management decisions within the TSCA framework and are also used in the
analysis of existing chemicals.” (emphasis added)

To regulate under TSCA Section 5, EPA must make a finding that a substance “may present an
unreasonable risk,” and in EPA’s judgment, the SAR tools are sufficiently reliable to support the finding
that a chemical or class of chemicals may present a risk. By extension, then, SAR would also have the
necessary level of reliability to make the finding required under the FHSA: that a substance or
substances may cause substantial personal injury or illness.

US EPA’s document also speaks to whether the SAR information is sufficient for making the necessary
finding (i.e., the question: can the structure alone be used to determine risks to human health?). To
support the “may present” finding, EPA notes that two more kinds of information are needed:

e Information on an appropriate structural analogue

e Exposure potential

Appropriate structural analogues

In the case of organohalogen flame retardants, the unifying structural feature of the class is the
organohalogen (carbon-chlorine or carbon-bromine} linkage within the molecule (all organohalogen
i its in figure be v). This 1 : ghtof as the “uni of 10l N
retardants. This universe shares some consistent properties—they are all $' "~ ’s, and (as described
by Drs. Collins, Epel and Halden) interact with biological tissues in specific ways, being drawn to
lipids and crossing into cells.

But within this universe, there are clusters of flame retardants that share further structural
similarities—some have a central phosphate group, some have aromatic rings, some have aliphatic
rings or side chains. Within each of the sub-types or sub-sets, there are flame retardant chemicals
that are data rich that can serve as appropriate analogues for other structurally similar chemicals
that have not been as well studied. For example, there is significant data available on HBCD, TCEP
and all the PBDEs. Thus, the PBDE  :caBDE, with hundreds of studies available, is an appropriate
structural analogue for the replacement flame retardant Deca Ethane, which is one atom different
than DecaBDE. Likewise, TCEP is an appropriate structural analogue for TCPP, which only has a slight
difference in its side chain structure.






a finding that a food-contact substance is unsafe, “data must be adequate for FDA to conclude that
there is no longer a reasonable certainty of no harm for the intended use of the substance.®

In order to determine this, FDA used an approach incorporating the same 3 elements as EPA (SAR,
appropriate structural analogues, and potential exposure).

SAR with appropriate structural analogues to assess hazards:
“FDA’s updated review noted that there are no available toxicological studies conducted with
the three FCSs [food-contact: )stances] that address the endpoints of reproductive or
developmental toxicity. As all three FCSs are long-chain PFCs, and in the absence of data specific
to the three FCSs to address these endpoints, FDA utilized the available data demonstrating
reproductive and developmental toxicity for long-chain perfluorocarboxylic acids and
fluorotelomer alcohols to assess the safety of the approved food-contact use of the FCSs.
(emphasis added)

»9

Information that spoke to potential exposures:
“Although available migration ‘ormation does not allow a quantitative assessment of the
safety of exposure to these FCSs, the reproductive and development toxicity of the three FCSs
can be qualitatively assessed in the context of biopersistence and the expectation that chronic
dietary exposure to these FCSs would result in a systemic exposure to the FCSs or their
metabolic by-products at levels higher than their daily dietary exposure.”*® (emphasis added)

FDA used this information to make the finding that the food-contact uses of these chemicals are unsafe:
“As a result of this review, we concluded that data for subsets of long-chain PFCs (demonstrating
biopersistence and reproductive and developmental toxicity) are applicable to long-chain PFCs on a
general basis and that this data raises significant questions as to the safety of the authorized uses of
the three FCSs subject to the petition... we conclude that there is no longer a reasonable certainty of no
harm for the food contact use of these CSs.”*! (emphasis added)

EPA and FDA have both used SAR with data on appropriate structural analogues and exposure potential
information to support regulatory decisions on chemicals and chemical classes. Therefore, it is our
professional opinion that SAR, together with the known exposure potential and the extensive data we
have on the many sub-types of organc logen flame retardants, is reliable and sufficient to support a
finding that this class of chemicals “may cause substantial iliness or injury.”

1. The estimate should be generated ' a valid (relevant and reliable} model
EPA’s models have undergone extensive peer review and validation.'*** ** In addition to these selected

references, many more are available from EPA. We refer the Commissioners to the technical experts
previously identified for documentation of model validation.

® 81 Fed. Reg. at 6-7.

°81 Fed. Reg. at 7.

81 Fed. Reg. at 7.

181 Fed. Reg. at 7.

12 According to the EpiSuite web page: “Individual estimation programs and/or their underlying predictive methods
and equations have been described in numerous journal articles in peer-reviewed technical journals. The full
reference citations are given in the Help files for the individual programs. In addition, EPI Suite™ has undergone
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2008 Congress determined that the FHSA was the appropriate statutory mechanism for banning lead
from children’s products.’® The CPSIA’s ban on lead in children’s products over trace amounts is a model
for how Congress envisions consumers should be protected from toxic household products. For the
same reasons that Congress determined that lead should be banned from children’s products under the
FHSA, the CPSC should adopt regulatic  banning children’s products and other consumer products if
they contain organohalogen flame ret. lants.

Second, granting the petition to ban the sale of consumer products containing organohalogen flame
retardants in additive form would not be redundant with past, present, or future actions taken by EPA
under the Toxic Substances Control Act (“TSCA”).

EPA’s past actions under TSCA have not protected consumers from nonpolymeric additive
organohalogens in consumer products.

Most chemical substances used in commerce, including many organohalogen flame retardants, were
classified as “existing” chemicals when TSCA was enacted, meaning that they were “grandfathered” and
were not subjected to any inquiry or scrutiny under TSCA. Moreover, although EPA has the authority
under Section 6 of TSCA to restrict the use of chemicals, to date, EPA has taken no Section 6 regulatory
action to address a flame retardant (and in fact has only taken such action on a small number of
substances — roughly a half dozen out of the 62,000 chemicals originally grandfathered). Aithough EPA
negotiated a voluntary agreement with chemical manufacturers not to produce pentaBDE, octaBDE and
decaBDE in the United States, this action has not been sufficiently protective. These chemicals are still
being made overseas, yet no United States law or regulation prohibits the importation and sale of
products containing any PBDE in this country. EPA has proposed using its Significant New Use Rule
(“SNUR”) authority to prohibit importation of products (in TSCA parlance, “articles”) containing PBDEs,
but significant industry pushback has prevented these rules from being finalized. We know from
manufacturers’ self-reporting in Washington State that children’s products containing more than trace
amounts of decaBDE are still being sold in this country. And there is no way to know for sure whether
imported furniture contains pentaBDE. This is a major regulatory hole that we are asking this
Commission to fill because EPA has failed to do so. If the CPSC grants this Petition, no consumer product
could be sold in this country with PBDE flame retardants in additive form.

EPA’s review of new flame retardants . Jer its new chemicals program should not be assumed to have
effectively prevented unsafe chemicals — including flame retardants — from reaching the market.

Indeed, we recently learned about a fl e retardant that EPA refers to as “Confidential A” (EPA
Accession Number P 04-0404) because its manufacturer claims the identity is “confidential business
information,” which was approved by EPA for manufacture and distribution in 2009. According to the
Consent Order, Consent Order for Cor ict Manufacturer, and Determinations Supporting Consent
Orders, entered into by EPA and the n ufacturer at the time it was approved for manufacture, a copy
of which is attached in the Appendix, Confidential A “will be produced in substantial quantities and may
reasonably be anticipated to enter the environment in substantial quantities, and there may be

related injury to children, the handicapped, and senior citizens; and “products, although not presently
associated with large numbers of frequent or severe injuries, [where] ... there is reason to believe that the
products will in the future be associated with many such injuries.”

18 Section 101 of the CPSIA states that any lead limit from this section “shall be considered a regulation of the
Commission promulgated under or for the enforcement of section 2(q) of the Federal Hazardous Substances Act
(15 U.S.C. 1261(q)).”
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significant (or substantial) human exposure to the substance.” (Consent Order, page viii) The consent
order further indicates that Confidential A presents concerns for liver and kidney toxicity and possible
carcinogenicity, as well as concerns th.  the chemical is persistent, bioaccumulative, and toxic. (Consent
Order, page v) Nonetheless, EPA did not restrict the uses of Confidential A and did not require further
testing of the substance prior to it coming on the market in 2009.

Furthermore, EPA has declined to follow up on requests from CPSC regarding the safety of
organohalogen flame retardants, even when EPA is legally obligated to do so. For example, in
November 2011, the CPSC representative to the Interagency Testing Committee (“ITC”) expressed the
consensus of the committee that EPA. e “priority consideration” to issuing a rule under TSCA section
4(e) that would require the manufacturer of TBB and TBPH, the two organohalogen components of
Firemaster 550, to conduct safety testing of these chemicals.'” TSCA section 4(e) states that after a
chemical substance is added to the ITC riority List, the EPA Administrator should initiate rulemaking, or
explain why they are not doing so within 12 months.'® To the best of our knowledge, EPA has neither
initiated a test rule nor published its reason for not doing so. In addition, under EPA’s regulations, once
the ITC recommends a chemical for testing, EPA is required to “call in” all health and safety studies
involving that chemical that were conducted by, or known to, the manufacturer.”® EPA did not do this
either, thereby essentially ignoring the :quest from the ITC to obtain more information about the
safety of these organohalogen flame retardants.

To summarize, the Commission has jurisdiction, authority, and a mission independent of, and not
subsidiary to, those of EPA under TSCA, and it is in a better position to take actions that will truly protect
consumers from the hazards posed by nonpolymeric, additive organohalogen flame retardants in
consumer products.

Third, the agency should use the Federal Hazardous Substances Act (FHSA) to address these chemicals as
a class rather than individually as it has done so historically. This is discussed in detail in the Petition for
Rulemaking at pages 18-21. The Petition explains that:

A. There is solid precedent for regulating classes of products under the FHSA.

e In Toy Manufacturers of America, Inc. v. CPSC, 630 F.2d 70 (2d Cir. 1980}, a trade association
of toy manufacturers challenged a rule issued under the FHSA, which banned toys intended
for use by young children that present choking hazards because of small parts. The toy
industry a ied that the FHSA was intended to deal only with specific, individual articles,
and “not witn a broad ran,  of products at the same time.””

o The court soundly rejected this argument, saying: “Certainly, nothihg in the FHSA explicitly
limits the employment of its banning procedures to situations involving only individual
products . .. .”?

v Sixty-Ninth Report of the TSCA Interagency Testing Committee to the Administrator of the Environmental
Protection Agency; Receipt of Report and Request for Comments, 77 Fed. Reg. 30,856 (May 23, 2012).

1815 U.S.C. § 2603(e)(1)(B). “The Administrator shall with respect to such chemical substance or mixture either
initiate a rulemaking proceeding under subsection (a) of this section or if such a proceeding is not initiated within
such period, publish in the Federal Register the Administrator's reason for not initiating such a proceeding.”

° 40 C.F.R. § 790.20(b).

%630 F.2d at 74.

yd.,
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Questions from Commissioner Adler

13. Given the different effects associated with different organohalogens, are you aware of
any of these chemicals that do 1t present significant health risks? Given the broad array
of organohalogens, is there sul ient commonality among them for the Commission to
address them as a chemical class (as requested by the petitioners) or should the agency
examine them chemical by che ical as suggested by the American Chemistry Council? If
the answer to [the previous question] is that there is sufficient commonality, can you
explain what the common elements are that would justify an across-the-board treatment
by the CPSC?

Given the different effects associated with different organohalogens, are you aware of any of these
chemicals that do not present significant health risks?

We are not aware of any non-polymeric additive organohalogen flame retardant that has been
shown to be safe for human health. All the non-polymeric additive organochalogen flame retardants
for which unbiased toxicological stu s have been conducted were found to be toxic, and modeling
studies have found high potential for toxicity even for the chemicals without toxicological
information.

Given the broad array of organohalogens, is there sufficient commonality among them for the
Commission to address them as a chemical class {as requested by the petitioners) or should the
agency examine them chemical by chemical as suggested by the American Chemistry Council? If the
answer to [the previous question] is that there is sufficient commonality, can you explain what the
common elements are that would justify an across-the-board treatment by the CPSC?

Additive, non-polymeric organohalogen flame retardants should be addressed as a chemical class
under the FHSA. Please see the answers to questions 14 and 17 below for a detailed description of
our reasoning supporting this statement. In short, the commonalties across the class of additive,
non-polymeric organohalogen flame retardants are the exposure and hazard characteristics that
need to be demonstrated to make a finding under the FHSA~that is, the class has similar exposure
potential “by ingestion, inhalation  absorption through any body surface” and “may cause
substantial personal injury or illness” when used in the 4 product categories specified in the Petition.
These are the basic commonalities that justify their grouping into a class.

14.p » your views on how sus cl i I including but
n tos dard read-ac techr 1 structure-activity ol iip dels,
could be used to support regulatory decisions for the entire class of additive, non-
polymer, organohalogen flame retardants subject to the Petition.

In order to understand how available ¢ :mical hazard assessment tools can support a regulatory
decision, it is useful to first lay out the dings that must be made to support the regulatory decision,
and then evaluate how the information that the various tools can provide may be relevant to those
findings.

The relevant statute here is the Federal Hazardous Substances Act (“FHSA”), which states that the CPSC
“may by regulation declare to be a hazardous substance ...any substance or mixture of substances,"
which is "toxic," if such substance "may cause substantial personal injury or substantial illness during or
as a proximate result of any customany *reasonably foreseeable handling or use.” (underlines added)
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Only chemicals that are used additively are covered by the petition so that characteristic is met.
The question then becomes, are these untested additive organohalogen flame retardants SVOCs
(have a boiling point between 240-400°C)?

Established modeling tools that predict properties of chemicals can be used to answer that
question, as was done in a recent paper from Professor Diamond’s group (using EpiSuite from
EPA, SPARC and Absolv) looking at 94 different flame retardants”’. While there were some
differences between the various models for more complex environmental fate predictions, they
all consistently predicted basic 1ysical-chemical properties that classify the untested
organohalogen flame retardants as SVOCs.

Thus, these modeling tools can tell us that because they are additive and SVOCs, if chemicals in this class
are used in products, migration and human exposure through ingestion, inhalation and absorption is
likely to occur as a result of customary handling or use.

What can assessment tools tell us about the “capacity to produce illness or injury” (hazard)?
The next step in determining v ether products containing this class of flame retardants meet
the criteria for “hazardous substances” under the FHSA is to assess whether this ingestion,
inhalation or absorption has a capacity to produce iliness or injury.

Again, there is significant existing evidence that all of the studied organohalogen flame
retardants have the capacity to produce iliness or injury, as described in the petition Section VIl
and the statements from Drs. Harley, Herbstman, Kasper, Rudel and Schettler.

For other organohalogen flame retardants that have not been studied or well-studied, the
hazard assessment tools described in Dr. Eastmond’s statement provide the needed information
about the “capacity to produce iliness or injury.” The Quick Chemical Assessment Tool (QCAT)
provides a framework, standard criteria and methods to gather and rate information about
chemical hazards. Where empirical data are not available, standard and consistent models such
as structure-activity relationst  are used.

The results of the QCAT assessment for 85 organohalogen flame retardants showed that all except
for 4 received a rating of “medium,” “high,” or “very high” for one of the following human health
hazards:
1. Acute toxicity
Carcinogenicity
Reproductive toxicity
Developmental toxicity
Mutagenicity/ genotoxicity
6. Endocrine disruption
The remaining 4 had data gaps for one or more of these endpoints that could not be filled.

nhwn

77 Zhang, X. et al., 2016. Novel flame retardants: Estimating the physical-chemical properties and environmental
fate of 94 halogenated and organophosphate PBDE replacements. Chemosphere, 144, pp.2401-2407. Available
at: http://www.ncbi.nlm.nih.gov/pubmed/26613357
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The results of the hazard assessment, along with the information about the inherent problematic
properties of organohalogen flame retardants provided in the statements from Drs. Collins, Halden and
Epel tell us that these chemicals have the capacity to produce iliness or injury.

Substantial personal injury or iliness
The final question then, in order to make the finding required under the FHSA, is whether the illness or
injury is “substantial.” The definition notes that substantial means of a “significant” nature, which does
not mean the injury or illness has to be severe or serious. All of the six endpoints considered in the
Eastmond assessment screening meet the criteria of “substantial.” For example, the following health
problems that are encompassed within each endpoint are all “substantial:”

1. Acute toxicity: an acute poisoning event leading to hospitalization
Carcinogenicity: getting cancer of any kind
Reproductive toxicity: decreased fertility, trouble conceiving or infertility
Developmental toxicity: having a child with attention problems or asthma
Mutagenicity/ genotoxicity: g ing cancer of any kind
Endocrine disruption: metabolic problems like obesity or diabetes

o vk wN

Also of note is that adverse impacts on any of these health endpoints pose greater threats to children
than to adults due to their sensitive developmental stage and special vulnerabilities.

In conclusion, chemical assessment tools can be used to support regulatory decisions by providing
information on the class of organohalogen flame retardants’ exposure and hazard, which are the key
criteria identified under the FHSA neer ] to classify substances as “toxic.”

These tools tell us that these chemicals, used additively, will migrate out of products and be ingested,
inhaled or absorbed—in other words, there will be human exposures. They also tell us that products
containing these chemicals pose health hazards and may cause substantial personal injury or substantial
illness as a result of these exposures.

15. Do you believe that organohali ens are necessary to provide fire protection in the
product categories covered in the petition?

We refer the Commission to the Comments submitted by Dr. Vyto Babrauskas on January 19, 2016, as
well as to the December 9, 2015 oral testimony of Dr. Babrauskas, and to the response to Questions for
the Record submitted by Dr. Babraus

Questions from Commissioner Buerkle
16. Are you aware of gaps between animal and human studies as they relate to
organohalogen flame retardants?

For PBDEs, one of the few organohalogen flame retardants with studies in humans, the concordance
between animal and human studies is remarkable. The adverse effects of PBDEs are extensively
studied in animals, and evidence from multiple human studies shows PBDEs cause similar health
impacts in people®,

% Herbstman, J.B. & Mall, 1.K., 2014. Deve  mental Exposure to Polybrominated Diphenyl Ethers and
Neurodevelopment. Current Environmental Health Reports, 1(2), pp.101-112.
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Testing chemical substances on whole animals and animal-derived test systems such as cultured
cells, organ explants, etc. has been developed over many decades into exquisitely refined and
standardized methods, with results consistent across labs and over time. Such animal testing is so
valuable because at all levels of function ~ whether cellular, tissue, organ, or system — the
similarities are greater across the same level in different species, than across different levels in the
same species. That is, a liver from a mouse and a man are almost identical at the molecular, cellular,
and biochemical level, and serve the same function in both mice and men. On the other hand, a liver
and a brain — even when both derived from men - have almost nothing in common by comparison.
if a chemical causes brain damage a rodent, it will almost assuredly cause brain damage in a
human, but whether or not it will cause kidney damage in either species is unknown. That is because
brain development, structure, and function are highly conserved across all mammals. On the other
hand, brains and kidneys share very little in common with each other in terms of their
developmental pathway, structure and function, even within the same person. For all these reasons,
scientists around the world use animal models to build upon previous knowledge and move forward
our global understanding of chemical toxicology.

Huff et al, (2008) wrote about this the context of tests for cancer-causing chemicals, but the
statements are also true for tests that probe for many different kinds of health effects **:
“The relevance of experimental bioassays to humans rests on four well-accepted observations:
a) Experimental animals and humans are mammals sharing many basic genetic, pharmacologic,
toxicologic, and carcinogenic responses;
b) findings from independently conducted bioassays on the same chemicals are consistent;
c) all known human carcinogens that have been tested adequately are also carcinogenic in
animals and, almost without exception, share identical target sites; and
d) nearly one-third of human carcinogens were first discovered to induce cancer in animals {e.g.,
1,3-butadiene, diethyistilbestrol, dioxins, ethylene oxide, 2-naphthylamine, formaldehyde, viny!
chloride), although most of these were not regulated by EPA until human evidence mounted.”

Properly conducted bioassays in a nals have long been recognized and accepted as valid predictors
of hazards to humans.®® 3% 333 343> 1 this respect, the results of animal testing with organohalogen
flame retardants should raise immediate alarm, because we have overwhelming reasons to believe

2 Huff ), Jacobson MF, Davis DL. The Lirr *Two-Year Bioassay Exposure Regimens for identifyi  “hemical
Carcinogens. Environmental Health Pe tives. 2008;116(11):1439-1442.

% Huff J. Value, validity, and historical development of carcinogenesis studies for predicting and confirming
carcinogenic risks to humans. In: Kitchin KT, editor. Carcinogenicity Testing, Predicting, and Interpreting Chemical
Effects. New York: Marcel Dekker; 1999. pp. 21-123.

* Huff ). Chemicals studied and evaluated in long-term carcinogenesis bioassays by both the Ramazzini Foundation
and the National Toxicology Program: in  bute to Cesare Maltoni and David Rall. Ann NY Acad
S$ci.2002;982:208-230.

32 Maltoni C. The contribution of experimental {animal) studies to the control of industrial carcinogenesis. App!
Occup Environ Hyg. 1995;10:749-760.

%3 Rall DP. 2000. Laboratory animal tests and human cancer. Drug Metab Rev 32:119-128.

3% Tomatis L. Identification of carcinogenic agents and primary prevention of cancer. Ann NY Acad Sci.
2006;1076:1-14

* Tomatis L, Huff J. 2002. Evolution of research on cancer etiology In: Coleman WB, Tsongalis GJ, editors. The
Molecular Basis of Human Cancer: Genomic Instability and Molecular Mutation in Neoplastic Transformation.
Totowa, NJ:Humana Press. pp. 185-201.

20









Ir

it

{vii) consider the level at which there is a reasonable certainty of no harm to children,
pregnant women, or other susceptible individuals and their offspring, considering the best
available science, and using su tient safety factors to account for uncertainties regarding
exposure and susceptibility of children, pregnant women, and other potentially susceptible
individuals; and

(viii) consider possible similar| ilth effects of phthalate alternatives used in children’s toys and
child care articles.” (emphasis added)

The language of the bolded provisions in the CPSIA requires the CHAP to undertake a
quantitative assessment to determine which phthalates should be banned in children’s
products. This is because the statute specifically asks for the fevel at which there is a reasonable
certainty of no harm; furthermore it specifies that cumulative effects (effects caused by
exposure to multiple different phthalates at the same time) must be considered in that
quantitative assessment.

In order to fulfill the statutory mandate, the CHAP had to create a class of phthalates that they
could use to perform a quantii  ive cumulative risk assessment. This fact significantly narrowed
the chemicals that could be included in the class because to perform a cumulative risk
assessment quantitatively, one must have:

e A common health endpoint that can be used to account for cumulative effect

¢ Sufficient quantitative hazard data on that common endpoint for each chemical

e Sufficient quantitative exposure data on each chemical
A fack of these data in some cases prevented the CHAP from including more phthalates in their
class—for example, sufficient quantitative exposure data were not available for DNOP:
“However, exposure estimates for DNOP were not available in the SFF (Sathyanarayana et al.,
2008a; 2008b) data and were generally not detectable in NHANES. Thus, DNOP was dropped
from further consideration of cumulative risk*.”

In addition, the CPSIA required the CHAP to determine “the level at which there is a reasonable
certainty of no harm.” Determining this level required a quantitative risk assessment. So the
class the CHAP created was appropriate given the statutory context—they grouped together the
ortho-phthalates that had a common health endpoint, and sufficient quantitative hazard and
exposure data to perform such an assessment.

t theC A, thert  ang einthet ) cA statute norint *b  requi

decision-makers to quantify risks. Under the California stat micals can be designated by class if

they are “known to, or strongly suspected of, adversely impacting human health or development.”

Under this definition, classes have been designated consisting of all ortho-phthalates as well as all
“brominated and chlorinated organic chemical compounds used as flame retardants” — essentially the

same class that is the subject of this Petition.

The language of the FHSA, which authorizes the CPSC to declare a product to be a “hazardous

substance,” and to regulate it, is far more similar to the California statute than to the CPSIA. Under the
FHSA, the CPSC “may by regulation declare to be a hazardous substance . . . any substance or mixture of

43 Gennings, C. et al., 2014. Report to the U.S. Consumer Product Safety Commission by the Chronic Hazard
Advisory Panel on Phthalates and Phthal : Alternatives, Bethesda, MD: U.S. Consumer Product Safety
Commission. Pg. 77
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Appendix to NRDC Responses to Questions for the Record

1. Tables of use data from US EPA for TSCA Workplan flame retardants (pp.
2-12)

2. European Chemicals Age :y- Guidance on Information Requirements and
Chemical Safety Assessment, Chapter R.6: QSARs and Grouping of
Chemicals (pp. 13- 146)

3. Consent Order for the flame retardant “Confidential A” from US EPA (pp.
147-215)
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CHAPTER R.6 — QSARS AND GROUPING OF CHEMICALS

“to facilitate the consideration of a (Q)SAR model for regulatory purposes, it should be associated
with the following information:

a defined endpoint;

an unambiguous algorithm;

1

2

3. adefined domain of applicability;

4. appropriate measures of goodness-of-fit, robustness and predictivity;
5

a mechanistic interpretation, if possible.”

According to Principle 1, a (Q)SAR model should be associated with a defined endpoint, where
endpoint refers to any physico-chemical property, biological effect (human health or ecological)
environmental fate parameter that can be measured and therefore modelled. The intent of this
principle is to ensure transparency in the endpoint being predicted by a given model, since a given
endpoint could be determined by different experimental protocols and under different experimental
conditions.

According to Principle 2, a (Q)SAR model should be expressed in the form of an unambiguous
algorithm. The intent of this principle is to ensure transparency in the description of the model
algorithm.

According to Principle 3, a (Q)SAR model should be associated with a defined domain of
applicability. The need to define an applicability domain expresses the fact that (Q)SARs are
reductionist models which are inevitably associated with limitations in terms of the types of
chemical structures, physico-chemical properties and mechanisms of action for which the models
can generate reliable predictions.

According to Principle 4, a (Q)SAR model should be associated with appropriate measures of
goodness-of-fit, robustness and predictivity. This principle expresses the need to provide two types
of information: a) the internal performance of a model (as represented by goodness-of-fit and
robustness), determined by using a training set; and b) the predictivity of a model, determined by
using an appropriate test set.

According to Principle 5, a (Q)SAR should be associated with a mechanistic interpretation,
wherever such an interpretation can be made. Clearly, it is not always possible to provide a
mechanistic interpretation of a giver ))SAR, which is why a majority of the OECD Expert Group
preferred to add the wording if possible to this principle. The intent of this principle is therefore to
ensure that there is an assessment of the mechanistic associations between the descriptors used in a
model and the endpoint being predicted, and that any association is documented. Where a
mechanistic interpretation is possible, it can add strength to the confidence in the model already
established on the basis of Principles 1-4.

A preliminary guidance document was produced by the European Chemicals Bureau (ECB) to
provide practical guidance on the interpretation of these OECD principles (Worth ef al, 2005).
Following some minor revisions, the document was broadly accepted by the OECD ad hoc QSAR
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CHAPTER R.6 — QSARS AND GROUPING OF CHEMICALS

differences in test data are excluded. If the data are collected from a single laboratory, this is likely
to maximise the statistical performance of the (Q)SAR model, since interlaboratory differences in
test data are excluded. If the data are collected from multiple laboratories, this is likely to reduce the
model performance, due to interlaboratory variability.” However, it can be argued that a model with
variation in the training set data caused by variations in the testing method employed and by using
data from more laboratories more realistically reflects the real-world situation of empirical data.
Test data for an endpoint are typically derived by using test results from multiple laboratories by
use of similar, but not identical, testing methods. In other words, small variations in testing
procedures and interlaboratory variability are implicitly built into the model. In general, a higher
performance can often be obtained for (Q)SAR models having a more precisely defined biological
endpoint and based on test data having less variance. In this guidance, no preference is expressed
for using single or multiple laboratory data or for accepting variations in testing methods
concerning the same endpoint in model development. The important point is to adequately
document the nature and sources of the data, so that the user can make an informed evaluation.

Evaluation of a model in terms of an unambiguous algorithm

In order to establish the validity of a model rigorously, both the (Q)SAR method and its underlying
data should be transparent and available, This means that documentation should be provided on the
algorithm, the compounds used during the parameterisation of the model, and the correct
application of the model. For example, it is necessary to know whether each parameter (descriptor)
should be measured (and if so, according to which experimental protocol) or calculated (and if so,
according to which algorithm / program). If calculated descriptors are used, additional information
may be needed to provide guidance on the correct application of the model; for example, the
ionisation and configuration states of the molecule.

For some freely available and most commercial (Q)SAR tools, full transparency is rarely, if ever,
achieved. In other words, a complete set of information according to OECD principles is unlikely to
be available. This should not necessarily preclude the use of such models, since it should be
possible to benchmark the predictivity of the model on compounds that are similar to the chemical
under investigation. For some commercially developed expert systems, such as Derek (Greene et al,
1999) and TOPKAT (Enslein, 1988), whilst the training sets and to an extent the algorithms are
latent in the software program, both systems do provide some information to assist in
benchmarking. Derek provides representative example chemicals and explanations of the
mechanistic basis for the SAR used. TOPKAT flags whether a chemical of interest is in its training
database and hence enables a search and retrieval of similar chemicals within the database with
associated test data. Other commercial systems (e.g. MCase) have similar functionalities.

Evaluation of a model in terms of a defined applicability domain
An important issue in model validation is the definition of its applicability domain (Netzeva et al,
2005). (Q)SAR models are based on empirical knowledge about specific chemicals and therefore
they are associated with limitations in terms of chemical structures, physico-chemical properties
and the mechanisms of action for which the models can reliably be used. A thorough analysis of
ways to formulate applicability domains for (Q)SAR models is given in (Netzeva et al, 2005,
Jaworska et al, 2005; Nikolova and Jaworska, 2003; Dimitrov et af, 2005). It is emphasised that
there is no single and absolute applicability domain for a given model. In general, a trade-oft exists
between breadth of applicability and predictivity. Therefore, it is important to carefully define the
applicability domain and document the approach used in defining the domain. The applicability

7 Similar considerations apply to the use of alternative test methods
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CHAPTER R.6 — QSARS AND GROUPING OF CHEMICALS

In the overall assessment of a given chemical, it will often be necessary to integrate the QSAR
estimates with other sources of information (e.g. in vitro and in vivo test data). This data integration
should be based on Weight of Evidence consideratic~-, which are perhaps better thought of as
totality of evidence considerations, scause it is no 1ecessarily the case that weights will be
attached to individual pieces of information. The QSA" Working Group has discussed the idea that
this level of integration should be documented in a specific reporting format (called a Totality of
Evidence Reporting Format (TERF) or Weight of Evidence Reporting Format (WERF)).

Collectively, these three levels of reporting formats would provide a comprehensive description of
the use of the (Q)SAR and other approaches applied during the classification and safety assessment
of a given substance for a specific endpoint, and for justifying any further testing considered
necessary to obtain adequate and complete information.

The QRFs should be regarded as a communication tools to enable an efficient and transparent
exchange of (Q)SAR information between Industry and MS authorities. Ideally, these reports would
be attached to the registration dossier.

The structure of the formats needs further discussion. However, they should be designed to ensure
transparency, consistency, and acceptability:

Transparency: Information on the (estimation) methods, predictions and reasoning should
be clearly reported and explained to facilitate interpretation of conclusions. Ideally, all of
this information should be in the open domain.

Consistency: Information related to different approaches should be reported in a common
format to enable a comparison of different models used and predictions made.

Acceptability: The reports should include all relevant information required to evaluate the
adequacy and completeness of the (Q)SAR information for a given substance and endpoint.
It should also be auditable, i.e. the rationale is clearly linked back to a regulatory decision.

The general form of the QMRF and QPRF, as developed to date, are described below. Tn addition,
read-across and category formats have been developed for grouping methods (se

The contents of an eventual TERF (or WERF) will depend on the progress made 1n unaerstanding
how to integrate testing and non-testing data and further discussion on this subject will be needed.

Under REACH, reporting formats could be submitted to the Agency as attached files in an IUCLID
dossier. In some cases, it may be sufficient for the registrant to make reference to a pre-existing
reporting format (accessible, for example, via the JRC QSAR Model Database a

R.6.1.6.3 The (Q)SAR Model Reporting Format (QMRF)

The QMRF provides the framework for compiling robust summaries of (Q)SAR models and their
corresponding validation studies. The structure of this format has been designed to include the
essential documentation that can be used to evaluate the concordance of the (Q)SAR model with the
OECD principles.

The QMRF contains information on the source, type, development, validation, and possible
applications of the model. The set of information that are provided in the QMRF should be used to
facilitate regulatory considerations of (Q)SARs, and for this purpose, the structure of the QMREF is
devised to reflect as much as possible the OECD principles for the validation, for regulatory
purposes, of (Q)SAR models. [n the QMRF each of the OECD principles is associated with a set of
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CHAPTER R.6 -~ QSARS AND GROUPING OF CHEMICALS

Figure R.6-2: Flowchart for the use of non-tes' g approaches in the regulatory
assessment of chemicals

Step 0: Starting step:
Information collection

I Step 1: Preliminary analysis I

Step 2: Use of classification
schemes

v

Step 3: Search for structural
alerts

v

Step 4: Preliminary
assessment

l Step $: Read-acr j

Step 6: (OISAR Dredictionﬂ

| Step 7: Final assessment J

In the starting step, information on experimentally determined and estimated properties is collected.
Step 1 involves a preliminary analysis of the reactivity, uptake and fate profile expected for both the
substance of interest and its (chemical or metabolic) transformation products. Step 2 solicits further
information on likely biological activity of the compound using classification schemes (where
available) for the endpoint of interest. Step 3 involves an investigation for the presence of structural
alerts within the chemical(s) of interest. Step 4 involves a preliminary assessment of the expected
uptake, toxicity and £ profi ep5 plo theu of upi approac wher ep 6
uses (Q)SARs. Finally an overall assessment is carried out in Step /. Depending on the particular
substance, endpoint of interest and regulatory purpose, certain steps may be omitted, or performed
in a different order.

R.6.1.7.3 Step 0 - Information collection

Assess infrrmntian requirements under REACH

The workflow begins by considering the informatic requirements under REACH, which are
largely tonnage-dependent and specified in Annexes Vii-X.

Select a representative structure for the assessment

The composition of the substance (main chemical component, other components, impurities) should
be clearly defined, and a specific compound is selected for the study. This operation is necessary

33
























CHAPTER R.6 - QSARS AND GROUPING OF CHEMICALS

R.6.1.8.1 Molecular descriptors

Molecular descriptors play a fundamental role in computational chemistry. They are used to

describe different features of chemicals, to compare different chemicals structures or different

conformations of the same chemical, and relate structure to activity (i.e. develop QSARs). In

QSARs, molecular descriptors are used as the independent variables that are used to predict a

dependent variable (e.g. an endpoint of regulatory interest). If relevant descriptors for an endpoint

are identified. these can also be used to support the adequacy of a read-across for that endpoint
n¢

A molecular descriptor has been defined as (Todeschini and Consonni, 2000): “the final result of a
logic and mathematical procedure which transforms chemical information encoded within a
symbolic representation of a molecule into a useful number or the result of some standardized
experiment to measure a molecular attribute™.

In this definition, useful/ can be taken to mean that the number provides insight into the
interpretation of the molecular properties and/or is able to take part in a QSAR model for the
prediction of some other property.

Stated more simply, a molecular descriptor provides a means of representing molecular structures in
a numerical form. The number may be a theoretical attribute (e.g. relating to size or shape) or a
measurable property.

A number of molecular descriptors have been proposed in recent years which have been derived
from different theories and approaches to predict the physico-chemical and biological properties of
molecules. The information content of a molecular descriptor depends on the molecular
representation used and on the defined algorithm for its calculation. The following classification is
often used:

- 0D (zero dimensional)
- 1D (mono dimensional)
- 2D (two dimensional)

- 3D (three dimensional)

Zero-dimensional (0D) descriptors are the most simple and commonly used descriptors, reflecting
the molecular composition of a compound and derived by counting atom-types or bonds. Examples
of these descriptors are molecular weight, atomic composition indices and atomic count descriptors.
They are easily and rapidly computed, and as a consequence are often used in database screening.
However, they are prone to high degeneracy (i.e. equal values for different molecules), and they are
not able to differentiate isomers or chirality.

One-dimensional (1D) descriptors are simple descriptors derived by counting structural fragments
in the molecule. They are also used in database searching although a limitation is that they provide
local information, i.e. do not take into account possible interactions between structural fragments.

Two-dimensional (2D) descriptors comprise a wide variety of descriptors computed by many
different methods. They are derived from algorithms applied to a topological representation of the
molecule (molecular graph) and are therefore sometimes called topological descriptors. They are
obtained by applying algebraic operators to matrices representing molecular graphs and their values
are independent of vertex numbering or labelling, Examples of these descriptors include the
Balaban index, Zagreb index, Gutman Molecular Topological Index, Wiener W index, Kier
symmetry index, Randic shape index, 2D Petitjean shape index. An advantage of these descriptors
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Table R.6-1 Commonly used software packages used for the calculation of molecular

descriptors

Software

Description

Accord for Excel

Accelrys Inc., San Diego, CA,
USA

ADAPT

Prof. P.C. Jurs, PennState
University, University Park, PA
16802, USA

CODESSA

Semichem Inc. — 7204 Mullen,
Shawnee, KS 66216, USA

DRAGON

Talete srl, via Pisani 13, 20124
Milano, Italy

GRIN/GRID

Molecular Discovery Ltd. — West
Way House, Elms Parade, Oxtord
OX29LL, UK

A tool which uses Accord Chemistry Engine to handle chemical structures and
incorporates a number of add-ins to perform chemical calculations based on the
structure of a compound in a record.

A QSAR toolkit with descriptor generation (topological, geometrical, electronic,
and physico-chemical descriptors), variable selection, regression and artificial
neural network modelling,

Calculation of several topological, geometrical, constitutional, thermodynamic,
electrostatic, and quantum-chemical descriptors, including tools for regression
modelling and variable selection.

Calculation of several sets of molecular descriptors from molecular geometries
(topological, geometrical, WHIM, 3D-MoRSE, molecular profiles).

Calculates the GRID empirical force field at grid points.

HYBOT-PLUS

Prof. O. Raevsky — Russian
Academy of Science, IPAC.

Calculation of hydrogen bond and free energy factors.

MOLCONN-Z

Prof. L.IH. Hall — 2 Davis Street,
Quincy, MA 02170, USA

OASIS

Laboratory of Mathematical
Chemistry.

Prof. O. Mekenyan — Bourgas
University, 8010 Bourgas,

POLLY

Prof. S. Basak - University of
Minnesota, 5013 Miller Trunk
Highway, Duluth, MN 55811,
USA

Successor to MOLCONN-X, MOLCONN-Z calculates the most known
topological descriptors, including electrotopological and orthogonalised indices.
Last release: 3.0.

Calculation of steric, electronic, and hydrophobic descriptors.

Calculation of topological connectivity indices.

SYBYL/QSAR

Tripos Inc. — 1699 South Hanley
Rd., St.Louis, MO 63144-2913,
USA

SYBYL module for the calculation of EVA descriptors, CoMFA and CoMSIA
fields, also including several QSAR tools.

TSAR

Accelrys Inc., San Diego, CA,
USA (formerly Oxford Molecular
Ltd, UK)

Statistical and database functions with molecular and substituent property
calculations. Within TSAR 3D package.
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CHAPTER R.6 — QSARS AND GROUPING OF CHEMICALS

the data source. Thus, the pointer informs that there is a record for the chemical, but does not
always indicate the specific type of data available.

AIM allows users to rapidly categorise multiple chemicals, focus available resources, facilitate
read-across, and streamline assessment exercises.

OncoLogic®

The Cancer Expert System or OncoLogic® is an expert system that assesses the potential of
chemicals to cause cancer. OncoLogic® was developed under a cooperative agreement between the
EPA's Office of Pollution Prevention and Toxics (OPPT) and LogiChem, Inc. It predicts the
potential carcinogenicity of chemicals by applying the rules of SAR analysis and incorporating
what is known about the mechanisms of action and human epidemiological studies. OncoLogic® has
the ability to reveal its line of reasoning just as human experts can. After supplying the appropriate
information about the structure of the compound, an assessment of the potential carcinogenicity and
the scientific line of reasoning used to arrive at the assessment outcome are produced. This
information provides a detailed justification of a chemical cancer causing potential. The Cancer
Expert System is comprised of four subsystems that evaluate fibres, metals, polymers, and organic
chemicals of diverse chemical structures. The OncoLogic® Cancer Expert System was previously
distributed exclusively by LogiChem, Inc. The US-EPA has recently purchased the right to the
system and is currently updating the system for free distribution to the public (available by
contacting Dr Yin-tak Woo; email: woo.yintak{@epa.gov).

ECOSAR

ECOSAR uses a number of class-specific log Kow-based QSARs in order to predict the toxicity of
chemicals to aquatic organisms (fish, daphnids, green algae). The QSARs are developed for
chemical classes based on measured test data that have been submitted by industry to the US
Environmental Protection Agency (US-EPA). ECOSAR produces warnings in several occasions
(e.g. when the water solubility is very low, or when the prediction is outside the range of log Ko in
the trainino <et). The software is freelv availahle from the US-EPA (downloadable from

EPI Suite

The EPI (estimation program interface) Suite program integrates a number of estimation models for
the prediction of environmental and physical/ chemical properties in one convenient interface. EPI
Suite is freelv availahle from the US-EPA website
These mo 5 include KewWin ¢

reaction rates), Henry Win (for Henry's Law
constant), MPBPVP (for predicting melting point, boiling point, and vapour pressure), WsKow (for
estimating water solubility and log K,w), Hydro (for estimating hydrolysis rate constants for specific
organic classes), DermWin (for estimating the dermal permeability coefficient (Ky)), ECOSAR
(described above) and BCFWin (for estimating the bioconcentration factor). EPI Suite also
estimates a chemical's rate of volatilisation from a model river and lake to the atmosphere as well as
its expected fate in a sewage treatment plant and level I1I fugacity model.

Commercially available tools

A wide range of commercially available software tools are available, of which a few are described
below. Some of the available tools have been evaluated by an ECETOC Task Force (ECETOC,
2003).
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TIMES

The Tissue MFEtaholism Simulator (TIMES) integrates on the same platform metabolic simulators
(see and QSAR models for predicting toxicity of selected metabolites. ...e
TIMES plattorm nas been used to predict skin sensitisation, mutagenicity, chromosomal aberration
and FR/AR hindine affinities of chemicals, while accounting for metabolic activation

. Recently, it has incorporated models to predict the toxicity to aquatic
species (UADIY/ 1iviEed). UASIS/TIMES uses an approach for modelling acute toxicity for two
types of toxicochemical domains: reversible (non-covalent) acting chemicals and irreversible
covalent bioreactive chemicals.

TerraQSAR™

TerraQSAR™ is a collection of computation programs for the
prediction of biological errects ana pnysico-chemical properties of organic compounds. The
available models developed using a probabilistic neural network (PNN) methodology include: DM
24 hr ECs for Daphnia magna, E2-RBA estrogen receptor binding affinity (RBA), FHM 96-h LCs
for fathead minnow (Pimephales promelas), log P octanol/water partition coefficient, OMAR
mouse and rat oral LDsp, RMIV rat and mouse intravenous LDsy as well as SKIN a skin irritation
potential model.

R.6.1.8.6 Tools and databases to help in the assessment of metabolism

A variety of databases and software tools have been developed to help in the assessment of
metabolism. Some of these are highlighted in the following paragraphs. For more detailed
information, literature reviews are available (Payne, 2004). Guidance on the use and interpretation
of these tools is outside the scope of this document.

COMPACT

The computer-optimised molecular parametric analysis of chemical toxicity (COMPACT) system
was developed at the University of Surrey (UK) by Lewis and co-workers (Lewis, 2001 and 2003).
COMPACT has modules that assess the ability of xenobiotics to form enzyme substrates complexes
and undergo metabolic activation by the CYP1A and CYP2E subtfamilies of cytochrome P450s. The
system is used mainly in-house by the group at Surrey University, and is not commercially or
publicly available.

RS ot U

TI META sys isac nercially available tool developed by Klopman and Tu (1999) at Case
Western Reserve University (OH, USA). It is an expert system capable of predicting the sites of
potential enzymatic attack and the nature of the chemicals formed by such metabolic
transformations. The program uses dictionaries of biotransformation operators which are created by
experts in the field of xenobiotic metabolism to represent known metabolic pathways. A query
structure is entered and the program applies biotransformation operators according to the functional
groups detected. After each biotransformation a stability check is performed on the reaction product
by using quantum mechanical calculations to detect unstable atom arrangements. The program then
evaluates the stable metabolites formed and attempts to transform them further until water soluble
metabolites that are deemed to be excretable are formed.
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reflect as much as possible the OECD principles for the validation, for regulatory purposes, of
(Q)SAR models. You are invited to consult the OECD “Guidance Document on the Validation of
(Quantitative) Structure-Activity Relationship Models” that can aid you in filling in a number of
fields of the QMRF (OECD, 2007).
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34.

Endpoint units: Specify the units of the endpoint measured.

3.5.

Dependent variable: Specify the relationship between the dependent variable being modelled and the
endpoint measured since the two quantities may be different. Example: For modelling purposes all rate
constants (i.e. Nitrate radical degradation rate constant KNO3) were transformed to logarithmic units and
multiplied by -1 to obtain positive values. The dependent variable is: -log (kNO3).

3.6.

Experimental protocol: Make any useful reference to a specific experimental protocol (or protocols)
Sfollowed in the collection of the experimental datasets.

3.7.

Endpoint data quality: Provide available information about the test data selection and evaluation and
include a description of the data quality used to develop the model. This includes provision of information
about the variability of the test data, i.e. repeatability (variability over time) and reproducibility (variability
between laboratories) and sources of error (confounding factors which may influence testing results).

Defining the algorithm — OECD Principle 2

PRINCIPLE 2: “AN UNAMBIGUOQUS ALGORITHM". The (Q)SAR estimate of an endpoint is the result of
applying an ALGORITHM to a set of structural parameters which describe the chemical structure. The intent
of PRINCIPLE 2 (a (Q)SAR should be associated with an unambiguous algorithm) is to ensure transparency
in the model algorithm that generates predictions of an endpoint from information on chemical structure
and/or physico-chemical properties. In this context, algorithm refers to any mathematical equation, decision
rule or output from a formalised modelling approach.

4.1,

Type of model: Specify the type of model (e.g., SAR, QSAR, Expert System, Neural Network, etc.).

4.2,

Explicit algorithm: Report the algorithm (only the algorithm) for generating predictions from the
descriptors; more text information about the algorithm can be reported in the following fields of this section
or as supporting information (see field 9.3). If the algorithm is too long and complicated and thus cannot be
reported here, include in this field a reference to a paper or a document where the algorithm is described in
detail. This material can be attached as supporting information.

4.3.

Descriptors in the model: /dentify the number and the name or identifier of the descriptors included in the
model. In this context, descriptors refers to e.g. physicochemical parameters, structural fragments etc

4.4.

Descriptor selection: Indicate the number and the tvpe (name) of descriptors /decision rules initially
Screened, and explain the method used to select the descriptors and develop the model from them.

4.5.

Algorithm and descriptor generation: Explain the approach used to derive the algorithm and the method
(approach) used to generate each descriptor.

4.6.

Software name and version for descriptor generation: Specify the name and the version of the software
used to generate the descriptors. If relevant, report the specific settings chosen in the software to generate a
descriptor,

4.7.

Descriptors/Chemicals ratio: Report the following ratio: number of descriptors to number of chemicals
(chemicals from the training set), if applicable. If not, explain why.

Defining the applicability domain — OECD Principle 3

PRINCIPLE 3: “"A DEFINED DOMAIN OF APPLICABILITY”. APPLICABILITY DOMAIN refers to the
response and chemical structure space in which the model makes predictions with a given reliability. Ideally
the applicability domain should express the structural, physicochemical and response space of the model. The
CHEMICAL STRUCTURE (x variable) space can be expressed by information on physicochemical properties
and/or structural fragments. The RESPONSE (v variable) can be any physicochemical, biological or
environmental effect that is being predicted. According to PRINCIPLE 3 a (Q)SAR should be associated with
a defined domain of applicability. Section 5 can be repeated (e.g., 5.a, 5.b, 5.c, etc) as many time as
necessary if more than one method has been used to assess the applicability domain.

5.1

Description of the applicability domain of the model: Describe the response and chemical structure and/or
descriptor space in which the model makes predictions with a given reliability. Discuss if relevant whether:
) fixed or probabilistic boundaries define the applicability domain: b) structural features, a descriptor or a
response space defines the applicability domain; ¢} in the case of SAR, there exists a description of the limits
on its applicability (inclusion and/or exclusion rules regarding the chemical classes to which the substructure
is applicable); d) in the case of SAR, there exist rules describing the modularity effects of the substructure’s
molecular environment; e) in the case of OSAR, there exist inclusion and/or exclusion rules that defire the
descriptor variable ranges for which the QSAR is applicable, f) in the case of QSAR, there exist inclusion
and/or exclusion rules that define the response variable ranges for which the QSAR is applicable; g) there
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explain why.

7.2.

Data for each descriptor variable for the external validation set: Indicate whether the following
information for the external validation set is reported as supporting information (see field 9.3): a) Chemical
names (common names and/or IUPAC names); b) CAS numbers; ¢) SMILES; d) InChl codes; e) MOL files; )
Structural formula; g) Any other structural information.

7.3.

Data for the dependent variable for the external validation set: /ndicate whether descriptor values of the
external validation set are somehow available and attached as supporting information (see field 9.3).

7.4.

Other information about the external validation set: Data for the dependent variable for the external
validation set: Indicate whether dependent variable values of the external validation set are somehow
available and attached as supporting information (see field 9.3).

7.5.

Other information about the external validation set: /ndicate any other relevant information about the
validation set. Example: “External validation set with 56 compounds appended”.

7.6.

Experimental design of test set: Indicate any experimental design for getting the test set (e.g. by randomly
setting aside chemicals before modelling, by literature search afier modelling, by prospective experimental
testing after modelling, etc.).

7.7.

Predictivity - Statistics obtained by external validation: Report here the corresponding statistics. In the
case of classification models, include false positive and negative rates.

7.8.

Predictivity — Assessment of the external validation set: Discuss whether the external validation set is
sufficiently large and representative of the applicability domain.

Describe for example the descriptor and response range or space for the validation test set as compared with
that for the training set. Here the descriptor values of the chemicals predicted by the model (training set)
should be compared with the descriptor value range of the test set. In addition the distribution of the response
values of the chemicals in the training set should be compared to the distribution of the response values of the
test set.

7.9.

Comments on the external validation of the model: Add any other useful comments about the external
validation procedure.

Providing a mechanistic interpretation - OECD Principle 5

PRINCIPLE 5: “A MECHANISTIC INTERPRETATION, IF POSSIBLE”. According to PRINCIPLE 5, a
(O)SAR should be associated with a mechanistic interpretation, if possible.

8.1.

Mechanistic basis of the model: Provide information on the mechanistic basis of the model (if possiuney. fn

the case of SAR, you may want to describe (if possible) the molecular features that underlie the properties of
the molecules containing the substructure (e.g. a description of how sub-structural features could act as
nucleophiles or electrophiles, or form part or ail of a receptor-binding region). In the case of OSAR, you may
give (if possible) a physicochemical interpretation of the descriptors used (consistent with a known
mechanism of biological action). If it is not possible to provide a mechanistic interpretation, try tc explain

why.

8.2.

A priori or a posteriori mechanistic interpretation: /ndicate whether the mechanistic basis of the model
was determined a priori (i.e. before modelling, by ensuring that the initial set of training structures and/or

descriptors were selected to fit pre-defined mechanism of action) or a posteriori (i.e. afier modelling, by
internretatinon nf the final et nf trainino ctriciures and ar decerintarg),

8.3.

Other information about the mechanistic interpretation: Report any other useful information about the
(purported) mechanistic interpretation described in the previous flelds (8.1 and 8.2) such as any reference
supporting the mechanistic basis.

Miscellaneous information

Comments: Add here other relevant and usefill comments (e.g. other related models, known applications of
the model) that may facilitate regulatory considerations on the model described. Include if relevant
experience obtained by use of model prediction for various types of regulatory decisions (incl. references as
appropriate).

9.2

Bibliography: Report useful references other than those directly associated with the model development
(references describing the model development are reported in field 2.7).
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regulatory purpose: the predicted endpoint can be used directly or following an extrapolation,
possibly in combination with other information, for a particular regulatory purpose.

A (Q)SAR prediction (model result) may be considered adequate if it is reliable and relevant, and
depending on the totality of information available in a weight-of-evidence assessment (see Section
4 of the QPRF).

1.

Substance
This section is aimed at defining the substance for which the (Q)SAR prediction is made.

1.1

CAS number: Report the CAS number.

1.2

EC number: Report the EC number.

1.3.

Chemical name: Report the chemical name (IUPAC and CAS names)

1.4.

Structural formula: Report the structural formula.

1.5.

Structure codes. neport available structural information for the substance, including the structure code
used to run the model. If you used a SMILES or InChl code, report the code in the corresponding field
below. If you have used any another format (e.g. mol file), please include the corresponding structural
representation as supporting information.
a. SMILES: Report the SMILES of the substance (indicate if this is the one used for the model
prediction).
b. InChl: Report the InChi code of the substance (indicate if this is the one used for the
model prediction).
¢. Other structural representation: ludicate if another structural representation was used to
generate the prediction. Indicate whether this information is included as supporting
information. Example: “mol file used and included in the supporting information”.
d. Stereochemical features: /ndicate whether the substance is a stereo-isomer and
consequently may have properties that depend on the orientation of its atoms in space.
Identify the stereochemical features that may affect the reliability of predictions for the
substance, e.g. cis-trans isomerism, chiral centres. Are these features encoded in the
structural representations mentioned above?

General information
General information about the compilation of the current QPRF is provided in this section.

2.1

Date of QPRF: Report the date of compilation of the QPRF. Example: January 2007.

2.2,

QPREF anthor and contact details: Repor: the contact details of the author of the QPRF.

3.1.

Prediction

The information provided in this section will help to facilitate considerations on the scientific validity of the
model (as defined in the OECD Principles for the validation of (Q)SAR models) and the reliability of the
prediction. Detailed information on the model are stored in the corresponding QMRF which is devised to
reflect as much as possible the OECD principles. Remember that the QMRF and the QFRF are
complementary, and a QPRF should always be associated with a defined OMRF.

Endpoint (OECD Principle 1)
a. Endpoint: Define the endpoint for which the model provides predictions (this information
should correspond to the information provided in the QMRF under fields 3.2 and 3.3).
Example: “Nitrate radical degradation rate constant KNO;s”.

b. Dependent variable: Report the dependent variable for which the model provides
predictions including any transformations introduced for modelling purposes (note that this
information should correspond to the information provided in the QMRF under field 3.5).
Example: “-log (KNO3)".

3.2,

Algorithm (OECD Principle 2)

a. Model or submodel name: /dentify the model used to make the prediction and possibly
report its name as slored in the corresponding OMRF; in the QMRF the model name is
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3.5. The chemical and biological mechanisms according to the model underpinning the predicted result
(OECD principle 5).

Discuss the mechanistic interpretation of the model prediction for this specific chemical. For an expert
system based on structural alerts (e.g. Derek for Windows, Oncologic™) the rationale for the structural alert
fired should be provided.

4. Adequacy (optional)20

The information provided in this section might be useful, depending on the reporting needs and formats of the
regulatory framework of interest. This information aims to facilitate considerations about the adequacy of the
(Q)SAR prediction (result). A {Q)SAR prediction may or may not be considered adequate ( “fit-for-purpose”),
depending on whether the prediction is sufficiently reliable and relevant in relation to the particular
regulatory purpose. The adequacy of the prediction also depends on the availability of other information, and
is determined in a weight-of-evidence assessment.

4.1. Regulatory purpose: Explain the regulatory purpose for which the prediction described in Section 3 is being
used,
4.2, Approach for regulatory interpretation of the model result: Describe how the predicted result is going to

be interpreted in light of the specific regulatory purpose (e.g. by applying an algorithm or regulatory
criteria). This may involve the need to convert the units of the dependent variable (e.g. from log molar units
to mg/l). It may also involve the application of another algorithm, an assessment factor, or regulatory
criteria, and the use or consideration of additional information in a weight-of-evidence assessment.

4.3. Outcome: Report the interpretation of the model result in relation to the defined regulatory purpose.

4.4. Conclusion: Provide an assessment of whether the final resull is considered adequate for a regulatory
conclusion, or whether additional information is required (and, if so, what this additional information should
be).

R.6.1.11 References for the guidance on (Q)SARs
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R.6.2 Guidance on the Grouping of Chemicals

Under REACH, Annex XI opens the possibility for substances to be assessed by the use of grouping
approaches. Annex XI requires the Agency, after consulting with relevant stakeholders and other
interested parties, to issue guidance on technically and scientifically justified methodology for the
grouping of substances sufficiently in advance of the first registration deadline for phase-in
substances. This chapter provides the first draft of the guidance prepared in order to fulfil this
requirement of Annex XI.

The guidance first exnlains what a category is and relevant concepts that will enable the document
to be better read The mechanistic basis for catesories is explained and the
advantages derivea trom using a category described. also describes the close
relationship that exists between (Q)SAR and catecories. noth n terms ot the concepts and in the use
of (Q)SAR for data evaluation and gap-filling describes the main anoroaches that
are used for data gap filling: read-across, trend analysis ana QSARs. While and
provide explanations on the scientific and methodologicar packgrouna or the
analogue ana category approaches, respectively anc ‘ocus more on
practical asnects for forming and documenting anaiogue and cnemicai category approaches.
Separate and were elaborated to provide guidance on stepwise
procedures 1or anaiogue read-across ana cnemical categories, so that the guidance document can be

modular fashion, ag it t

~ ons of texts were also necessary

need to be addressed with specific types

Reporting Format is proposed as a tool for gocumentung cnemicai categories.

R.6.2.1 Explanation of the chemical category approach

Under REACH, testing requirements for individual substances are based on the specific information
requirements shown in Annexes VI-X. As an alternative approach, Annex XI opens the possibility
of evaluating chemicals not on a one-by-one basis, but by grouping chemicals in categories.

In this guidance, the terms category approach and analogue approach are used to describe
techniques for grouping chemicals, whilst the term read-across is reserved for a technique of filling
data gaps in either approach. A chemical category is a group of chemicals whose physico-chemical
and human health and/or environmental toxicological properties and/or environmental fate
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- the use of a category approach may also provide significant advantages in the evaluation of
compounds that are often considered as difficult, in the sense that they can present technical
difficulties when carrying out standard test protocols (examples are given in Hart, 2007;
Comber and Simpson, 2007);

- the approach provides a valuable tool in cases where animal models do not always reliably
predict effects on humans (examples are given in Hart, 2007),

- in most cases, category testing can be completed earlier than individual tests for each

chemical that requires notification, submission or inclusion,

- in order to gain future efficiencies, category proposals may be expanded via the inclusions
of chemicals that may be addressed under various global programs,

- in the category approach, not every chemical needs to be tested for every endpoint. Rather,
the overall data for that category must prove adequate to support a hazard assessment. The
overall data set must allow the estimation of the hazard for the missing data points,

- acategory approach allows for better consideration of the biological plausibility of grouping

the chemicals within a category.

Use of a category approach can also provide significant efficiencies and benefits when identifying
data gaps and filling data needs that are ultimately deemed necessary. A category test plan is
designed to provide information to characterise the group as a whole rather than to fill every data
point for every chemical in the category. This reflects an approach that is more efficient from a
testing perspective than test plans for obtaining data on individual chemicals of commercial interest.
Knowledge of the expected biological effects of the category will be helpful in deciding not only
whether testing is needed, but also the nature and scope of the test to be carried out. Where
confirmation is sought that an individual category member does not have a particular property (e.g.
acute oral toxicity), a simple limit test might be adequate to provide the necessary confirmation.
Where an individual category member is expected to have an effect (e.g. skin irritation or
corrosion), a simple in vitro test might provide adequate confirmation of the predicted effect.

Another benefit of using a category approach is that this approach allows for an evaluation of the
biological basis for the effects seen in a group of chemicals within a category. When it is known
that members of a chemical category share a presumed common mechanism of action, the
confidence in the category is significantly g  er than that assoc  «d withthe use ofa  d~  ss
approach to fill data gaps. This confidence increases with increasing numbers of chemicals included
in the category. For a large category?!, both the presence and absence of certain hazards, as well as
the trend of an effect across a category, can be identified. This provides a basis on which the
properties of individual members of the category can be identified with the necessary confidence.
For more limited comparisons, particularly with chemicals containing multiple functional groups, it
is harder to obtain the same level of confidence. A category approach can provide significant
advantages compared to the read-across techniques for filling data gaps, in that it is possible to
analyse trends in properties. Read-across techniques between chemical analogues have been
extensively used (e.g. within the OECD HPV Chemicals Programme, the EU Existing Chemicals
Programme or for Classification and Labelling in the EU), often on an ad hoc basis and it is
foreseen that they will continue to be used extensively. Nevertheless, an important consideration in

21 Based on the current experience at OECD, any category with morc than 10 members is a farge category.
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preparing this Guidance is to encourage the replacement of these ad hoc approaches by a more
wide-ranging approach that can provide a greater degree of confidence in the result.

Guidance on the analogue aoproach is provided in and guidance on category
formation is provided ir

R.6.2.1.2 Explanation of relevant concepts

The term grouping or chemical grouping describes the general approach to assessing more than one
chemical at the same time. It can include formation of a chemical category or identification of a
chemical analogue for which read-across may be applied. In this document, the more specific terms
chemical category and analogue approach are used.

A chemical category is a group of chemicals whose physico-chemical and human health and/or
environmental toxicological properties and/or environmental fate properties are likely to be similar
or follow a regular pattern as a result of structural similarity. The similarities may be based on the
following:

- common functional group(s) (e.g. aldehyde, epoxide, ester, specific metal ion);

- common constituents or chemical classes, similar carbon range numbers. This is frequently
the case with complex substances often known as substances of Unknown or Variable
composition, Complex reaction products or Biological material (UVCB substances);

- an incremental and constant change across the category (e.g. a chain-length category), often
observed in physico-chemical properties, e.g. boiling point range;

- the likelihood of common precursors and/or breakdown products, via physical or biological
processes, which result in structurally similar chemicals (e.g. the metabolic pathway

approach of examining related chemicals such as acid/ester/salt).

Categories can be developed systematically on the basis of structure (or other similar characteristic)
alone. It is recognised that in many cases the formation of a chemical category is also dependant on
which chemicals are manufactured by the consortium of companies sponsoring the category and/or
the regulatory context under which the evaluation is being made. While these considerations can
legitimately influence the formation of a category, they are independent of the scientific analysis of
a category.

Within a chemical category, data gaps may be filled by read-across, trend analysis and QSARs.
Read-across is a technique used to used to predict endpoint information for one chemical by using
data from the same endpoint from another chemical which is considered to be similar in some way
(on the basis of structural similarity and similar properties and/or activities). For a given category
endpoint, the category members are often related by a trend (e.g. increasing, decreasing or constant)
in an effect, and a trend analysis can be carried out using a model based on the data for the
members of the category. Data gaps can also be filled by an external QSAR model, where the
catesorv under examination is a subcategory of the wider QSAR. Further details are given in

While read-across is a technique for data gap filling within the context of a category approach, it is
also a useful tool for data gap filling in cases where comparisons are based on a very limited
number of chemicals. The simplest example of the category approach is a comparison between two
chemicals. This form of evaluation is often called a read-across approach, and this is the term used

69






CHAPTER R.6 - QSARS AND GROUPING OF CHEMICALS

Category membership

In an ideal situation, a category would include all potential members of the category when first
developed. This ideal situation will be difficult to achieve in practice. For example, even when a
category includes all the single compounds that can be included, it may not necessarily include the
additional commercial products that are complex substances containing a mixture of compounds
which are also included in the category.

Practical considerations will often influence the choice of chemicals included in the category. Since
categories have often been developed in the context of a High Production Volume Chemicals
programme, the selection of the chemicals that are included in a particular chemical category has
frequently been guided by the fact that the chemicals in the category are produced in high volumes
and likely to be dependant on which chemicals are manufactured by the consortium of companies
sponsoring the category.

However, it should be noted that the category may also contain substances that are not produced in
high volumes, or indeed, substances that are not necessarily commercially available, as well as
other substances put on the market by companies not involved in the category evaluation.
Substances included in the category that are not formally evaluated have previously been described
as surrogate substances. This term is not used in the guidance as these substances may subsequently
be assessed, e.g. if their production volume changes.

There are significant potential advantages associated with the evaluation of a category which
contains a high proportion of its potential members. The conclusions drawn from the evaluation are
likely to be more robust, since the category evaluation is less likely to be affected by the subsequent
addition of other substances, and the potential advantages of limiting animal and other testing are
also likely to be greater.

As chemical categories submitted to authorities for review often do not contain all potential
members of a category, due to the practical considerations outlined above, they are evaluated based
on the data available for the chemicals submitted. If subsequently chemicals are assessed which fit
within the definition and rationale of the category, the category might have to be re-evaluated based
on the available data for those additional chemicals.

A substance can potentially belong to more than one category. For example, a multifunctional
compound can belong to a category based on function A as well as to the category based on
function B. The properties of the compound will be influenced by the presence of both functional

groups.

Assessment of categories and individual compounds in a category

The successful use of a category approach should lead to the identification and characterisation
(qualitative or quantitative) of the hazards for all the members of the category, irrespective of their
production volume or whether or not they are produced by the companies carrving out the category
evaluation.

Under REACH, however, as substances are registered on a substance-by-substance basis, a category
evaluation does not necessarily result in all the individual substances included in the category
evaluation being registered to the Agency, although the data from these substances will be included
in the category report in support of the registration.

If a substance is assessed and subsequently identified as a member of an existing category, it will be
necessary to evaluate both the data for this substance in the light of the category evaluation and the
category evaluation in the light of the data for the additional substance. If the initial category
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The presence of a breakpoint can indicate a change in the mode of action or the effect of a
consistent tendency across a category. In a homologous series of organic compounds, there is often
a breakpoint e.g. the loss of aquatic toxicity as carbon chain length increases and solubility
decreases.

The importance of a common mechanism of action is also a factor in deciding what chemicals
would not be expected to be relevant members of a category. Variations in chemical structure can
affect both toxicokinetics (uptake and bioavailability) and toxicodynamics (e.g. interactions with
receptors and enzymes). For example, the introduction of a carboxylate or sulfate function often
decreases bioavailability and toxicity to mammals, whilst halogen substituents tend to increase
lipophilicity and increase toxicological activity (see example in Worth et al, 2007). Thiols and
esters are not considered as relevant analogues for evaluation of ether activity (see example in Hart
and Veith, 2007).

R.6.2.1.4 Application of the chemical category approach

In cases where the approach to chemical hazard and risk assessment is based on the evaluation of
substances on an individual basis (e.g. the approach taken for the notification of new substances)
testing requirements are primarily based on the production volume of the chemical. This approach
is consistent with the fact that the legal obligations are placed on individual producers, and as a
result, producers are legitimately concerned to provide information on their own product, but do not
necessarily have any interest in acquiring data on related substances in which they have no
commercial interest.

As stated ir since categories have often been developed in the context of a High
Production voiume Lnemicais (HPVC) programme, the selection of a particular chemical category
has normally been guided by the presence of a number of chemicals in the category that are
produced in high volumes. However, it should be noted that a category may also contain other
substances that are not HPV chemicals (or indeed, are not necessarily commercially available).
These chemicals are still members of the category, and may prove to be relevant candidates for
further testing in order to evaluate the properties of the category as a whole.

The formation of a category has in many cases also been dependant on which chemicals are
manufactured by the consortium of companies sponsoring the category. Different industry sectors
may cooperate on category assessments. This guidance recognises that it is a challenge for Industry
to include all relevant members based on the basic properties excluding use pattern/exposure. There
may be different needs for hazard information for different members of a consortium dependii  on
uses and thereby the outcome of the risk assessments for the individual members of the chemical
category. It is therefore important to develop incentives or articulate benefits for industry taking this
approach, as it would be desirable for the consortium to check with other producers/manufacturers
for appropriate support and information.

R.6.2.1.5 Robustness of a chemical category

The chemical category approach can be very beneficial when information from other category
members help to fill data gaps for untested chemicals. However, the approach may not always be
straight forward, especially when a category has many members, when the trend analysis does not
show an obvious ‘trend’, and/or when different kinds of information (e.g., computational data as
well as experimental data) lead to different results are available within a category. The experience
from the OECD HPVC program, where industry has had a possibility to discuss their category
approach with a Sponsor Member Country, has shown that this collaboration is very helpful. The
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R.6.2.2 Approaches to data gap filling in chemical categories

The absence of relevant, reliable and sufficient experimental data for a chemical, results in one or
more data gaps which need to be filled in order to finalise the hazard and/or risk assessment. This
chapter explains the following non-testing techniques for filling data gaps:

- read-across
- trend analysis and use of computational methods based on internal models

- use of computational methods based on external models

In principle, these techniques can be used to indicate either the presence or the absence of an effect.
In certain cases, the application of these techniques to assess a particular chemical may benefit from
the generation of test data for one or more other chemicals in the category. In other words, the
generation of additional experimental data by strategic testing may be useful

In this document, the term model refers to any formalised method for estimating the properties of
chemicals, and typically refers to a QSAR, QAAR or expert system. These models are only useful
for data gap filling when they are based on data of sufficiently high quality. This is particularly
important when applying a model to the interpretation of boundary substances.

The use of these three techniques is described in more detail below. It should however be
recognised that whilst these three techniques are described separately in the following section, there
are many elements that are common to all three approaches. All three techniques can be used with
varying degrees of applicability in the context of both the analogue approach and the wider category
approach. Experience from current practice shows that the first of these three techniques, the use of
qualitative or quantitative read-across is already widely used and is often accepted as a valid
approach for regulatory purposes. Whilst computational approaches based on SARs, QSARs,
QAARs or expert systems can also provide a basis for filling data gaps, experience shows that
additional supporting evidence is often required for acceptance of these estimates.

R.6.2.2.1 Read-across

In the read-across technique, endpoint information for one chemical is used to predict the same
endpoint for another chemical, which is considered to be similar in some way (usually on the basis
of structural similarity). In principle, read-across can be applied to characterise physico-chemical
properties, environmental fate, human health effects and ecotoxicity. For any of these endpoints,
read-across may be perforr  in a qualitative or quantitative manner. In practice, j-acr  for
basic physico-chemical properties is not generally recommended, since reliable data should
normally be available or easily obtainable, does not involve the use of animals and provides key
information for the assessment of a chemical. However, there may occasionally be practical
problems, especially for UVCBs, when the use of these techniques will be required.

Within a group of chemicals, read-across can be performed in the following ways to fill data gaps:

- one-to-one (one analogue used to make an estimation for a single chemical)
- many-to-one (two or more analogues used to make an estimation for a single chemical)
- one-to-many (one analogue used to make estimations for two or more chemicals)

- many-to-many (two or more analogues used to make estimations for two or more chemicals)

The transition between comparisons using an analogue apptoach involving more than two
chemicals and a more comprehensive category approach described in the following chapter is of
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toxicity and absence of skin sensitisation potential. It is particularly important to adequately justify
read-across of negative findings. The read-across approach is most robust ' ien a quantitative trend
between the analogues can be established.

A stepwise approach for nerformineg read-across on a limited number f chemicals (analogue
approach) is given ir : of this approach for filli ; data gaps in a larger
category approach is s

a) “*+~ice of qualitative or quanti*~*ive meed ~rrgsg

Before deciding on the type of read-across approach which is necessary, it is important to determine
why the data gap is being filled and what type of data is required. [s a specific value required or
does the endpoint need to be checked against a threshold or hazard banding/cut off (for example a
classification banding)? Read-across has been used for a range of different reasons to date. For
example:

- To fill a data gap for a specific endpoint - both threshold and non-th shold values23
- Toreduce an assessment factor used to derive a PNEC24
- To flag a concern for further testing25

- To read-across classification and labelling26

In deciding on whether to use quantitative or qualitative read-across, th. nature of the property
should also be considered. It may be expressed on a numerical or categorical scale. In most cases, a
specific value is required for risk assessment, such as a NOEC or NOAEL :nvironmental half-life
or partition coefficient. A numerical value obtained by quantitative read-across would normally be
needed. For conducting a hazard assessment, PBT assessment or assigning classification and
labelling, one generally needs to know whether that substance fits the --ticular hazard criteria.
Identification of the hazard by qualitative read-across may be adequate.

Under REACH, the result of read-across should be adequate for classific...ion and labelling, risk
assessment or PBT (vPvB) assessment, which implies the need for both qualitative and quantitative
read-across, depending on the particular situation.

An issue that may arise when read-across is carried out in the context ui a category is that the
experimental results for different category members may be available for different test methods or
species relating to the same general endpoint. For example, in the case of reproductive toxicity, only
screening studies may be available for some category members, whereas twc  neration studies
may be available for other members. As the estimated results from the category approach have to be
useful for risk assessment and classification, the uncertainty associated with the underlying results
has to be ascertained. It is clear that the scope of the estimated results for a member of a category

23 For example, the ESR risk assessment of short chain chlorinated paraffins CAS 8553  14-8 where the NOAEL for
effects via lactation was read-across from medium chain chlorinated paraffins,

24 For example, the ESR risk assessment of medium chain chlorinated paraffing CAS 85535-85-9 where aquatic toxicity
data from short chain chlorinated paraftins was used to show invertebrates are most sensitive and thus reduce the
assessment factor from 50 to 10 to derive the PNECaquatic.

25 For example, the ESR risk assessment of p-t-butylphenol CAS 98-54-4 where data from p-t-pentylphenol were used
to request further testing on endocrine disruption in fish (Tsakovska and Worth, 2007).

26 For example, the common EU classifications for skin irritation and sensitisation ag :d for sulphate, dichloride,
nitrate and carbonate salts of nickel (Hart, 2007).
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sensitive and thus reduce the assessment factor from 50 to 10 to derive the PNEC,quatic despite the
fact that no chronic fish test was available for medium chain chlorinated paraffins.

There is no experience to date with the use of DNELs for human health risk assessment so further
guidance should be developed on the use of read-across data in DNEL derivation once experience is
gained with its use.

In cases where there are concerns that the relative potency of the different chemicals may be
sufficiently large to affect the conclusions of either hazard identification (in cases where the criteria
contain a quantitative cut off) or risk assessment (based on an estimated PNEC/DNEL), additional
testing specifically designed to demonstrate differences in potency across a category can be
considered.

d) Choice of endpoints for the application of read-across

In principle, read-across can be applied for any property or endpoint, irrespective of whether it is a
physico-chemical property, environmental fate parameter, human health effect, or ecotoxicological
effect.

In practice, read-across is not encouraged for basic physico-chemical properties (e.g. water
solubility, log Kow) since these properties provide key information for the assessment of a chemical
in particular for the assessment of the environmental properties, and experimental data or valid
QSAR predictions should normally be available (or should be reasonably obtainable).

e) General considerations when performing read-across

Irrespective of the type of read-across, it is important to consider a number of factors (Hanway and
Evans, 2000):

- Whether the data point of the source chemical is relevant and reliable for the purpose of the
read-across. If read-across data have not been produced using the most current OECD test
methods, particularly careful consideration of the quality and suitability of a method is
important.

- Whether the source and/or target chemical is a multi-functional compound and whether the
additional functionality may therefore affect the reliability of the read-across.

- The purity and impurity profiles of the target and source chemicals need to be assessed.
There is a need to identify those impurities which might influence the overall tomcny of the
source chemicals and to * the consequ s these ~~ urities wi'
robustness of the chemical _ 7y and hence for the : I~ S. cé
have the same sort of impurities, then they may not have any relevant influence on the r
across. If there is a very biologically active impurity (e.g. CMR substances) in one category
member, but not the other members, then the results from that category member might not
be appropriate for read-across.

- Comparison of the physico-chemical properties of the target and source chemicals,
particularly the physical form, molecular weight, water solubility, particle size and
structure30, partition coefficient and vapour pressure, provides useful information as to their
similarity.

- The likely toxicokinetics of the substances, including the possibility of different metabolic
pathways coming into play, needs to be considered where possible.

30 There is debate ongoing on the regulatory application (classification and derivation of dose-descriptors).
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to be a determinant of the toxicity in aquatic organisms when the effect is mediated by mechanisms
of narcosis. If the chemical is known or expected to act by a non-narcotic mode of action, additional
properties might provide useful supporting information. For example, experience with new
chemicals in the EU suggests that tests such as acute toxicity to Daphnia can provide additional
confidence that read-across of other data is possible, i.e. if toxicity differences are found between
the source and target chemical then further testing for other endpoints may be appropriate (Hanway
and Evans, 2000). The acute Daphnia toxicity test raises few animal welfare issues while providing
good confirmation of the comparability of aquatic toxicity.

Furthermore, in the case of read-across of aquatic toxicity endpoints, results (fish, invertebrates and
algae) for source and target chemicals should be compared. For example if a read-across to acute
toxicity to fish is based on a presumed mode of action, and if this mode of action is applicable to
invertebrates and algae, the available results for invertebrates and algae for the source and target
chemicals should confirm the applicability of the read-across.

h) Supporting information for human health endpoints

What constitutes appropriate supporting information will depend on the human health endpoint
being read-across. However, physico-chemical properties that determine biokinetics and
bioavailability (e.g. molecular weight, partition coefficients such as log Koy, water solubility, pH,
vapour pressure, viscosity) will generally be useful. Particle size and structure’® may also be
relevant.

In general, current practice relies heavily on expert judgement. The type and amount of supporting
evidence needed may vary with the endpoint concerned.

In the case of musk ketone, the target chemical, read-across for carcinogenicity can be based on the
data for musk xylene, the source chemical (SCHER, 2006). Important considerations for the read-
across were:

- musk ketone (the target chemical) has similar physico-chemical properties as musk xylene
(the source chemical)

- there are structural similarities between the two chemicals
- both chemicals have been tested for mutagenicity; neither chemical is genotoxic

- both nitro musks are inducers of cytochrome P450 2B1

Hov , Xy tsont lir cytochron P. }activit a { ent fromth :of
musk ketone. While both musk xylene and musk ketone induce CYP 2B gene expression, the
induced cytochrome P450 2B protein is present in an inactivated form after musk xylene
administration resulting in a much lower CYP 2B1 associated catalytic activity. Due to its chemical
structure, musk ketone cannot be reduced to an enzyme inhibiting p-amino metabolite and therefore
induces, but does not inactivate CYP 2B enzymes in mice. Hence, high levels of active cytochrome
P450 2B are present after administration of musk ketone.

- The mode of action of musk xylene in both mice and rats seems to be identical, while some
species differences in the pattern of cytochrome P450 induction by musk ketone are
observed

- The role of enzyme induction in the development of liver tumours by musk xylene in mice
and in the toxicity of repeated administration of musk ketone is not well defined.

- There are similarities of the effects of both musk xylene and musk ketone to effects of
phenobarbital, which also induces liver tumours in rodents by a non-genotoxic mode of
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read-across from analogues to fill a data gap. The robustness of any extrapolations used to fill data
gaps will be closely related to the general evaluation of the whole category.

When establishing trends in data, laboratory and experimental variations should be considered.
Similar species/strains, endpoints and test protocols should be compared. Deviations from a trend
should be clearly identified and possible reasons for the deviations laid out in the category analysis.

In principle, it is possible to predict the presence or absence of a property/effect by applying trend
analysis The category approach is most robust when a quantitative trend between the category
members can be established. A lack of observed toxic effects for a chemical substance in a study of
a specific endpoint (especially if no dose-relationship can be established because no effects are
observed at some of the doses tested) requires further consideration and in such circumstances, the
data need to be carefully evaluated. It is important to distinguish between cases where the lack of
response can be explained on the basis of the mechanistic understanding for that endpoint, or
whether the tests have failed to demonstrate the absence of an effect for the category as a whole.

The larger the category, the more likely that there may be breaks in trends which may affect the
reliability of interpolation or extrapolation. The observation of a break in a trend among some
members of a category is a warning sign, but is not necessarily an indication that the chemicals with
different trends exhibit different toxicity pathways. Bioassay measurements frequently are only
comparable over a narrow range of chemical properties with the result that different
pharmacodynamic factors are controlling the bioassay results for different chemicals. The bilinear
or multilinear nature of trends in measured data, if observed, can be used to confine the methods for
scaling intensity of the endpoint to specific members of the category.

The observation of a trend break should not be confused with differences in the hazard
classification of the members of a category. When the cut off dividing different classification bands
is between the extreme values of the trend, then the members of the category will be classified
differently. If all members of the category have properties above or below the administrative cut off
agreed for that property, the trend analysis may be useful for judging the adequacy of forming the
category but apparent breaks in the trends would not lead to differences in the classification.

There is little current experience in the use of the type of formal trend analysis shown here.
However, there is good reason to believe that arguments based on this approach would be
acceptable to estimate missing data, and that this technique provides a basis for a robust estimate.

The data for a particular endpoint can be used to construct a QSAR that describes the properties of
the members of the category. A Quantitative Structure-Activity Relationship (QSAR) is a
quantitative (mathematical) relationship between a numerical measure of chemical structure, or a
physico-chemical property, and an effect/activity. QSARs ofien take the form of regression
equations, and can make predictions of effects/activities that are either on a continuous scale or on a
categorical scale. Thus, in the term QSAR, the qualifier guantitative refers to the nature of the
relationship, not the nature of the endpoint being predicted.

An example of a QSAR is the prediction of acute toxicity to an invertebrate species (Tetrahymena
pyriformis) by means of a regression equation with the partitioning behaviour (log K,w value) of the
chemical as a descriptor (Schultz ef al, 2002).

A trend might also be expressed as a quantitative activity-activity relationship (QAAR). A
Quantitative Activity-Activity Relationship (QAAR) is a mathematical relationship between two
biological endpoints, which can be in the same or different species. QAARs are based on the
assumption that knowledge about the mechanism or mode of action, obtained for one endpoint, is
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Figure R.6-5: Stepwise procedure to the analogue approach
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R.6.2.4 General guidance on a stepwise procedure to develop categories

Chemical categories accomplish the goal of obtaining hazard information through the evaluation of
all available experimental data for the individual chemicals in the category, so that reliable

that ate for ¢ sifi v d i ling ori | ide
without further testing of the individual members of the category. If there is sufficient experimental
data to support the category evaluation that the chemicals in the catecary behave in a similar or
predictable manner, then the relational features described ir zan be used to assess the
chemicals instead of conducting additional testing. If not, it may pe necessary to: a) perform limited
and targeted testing; b) revise the category hypothesis (and therefore the applicability of the
category in terms of members and/or endpoints); or c) as a last resort abandon the category
hypothesis.

The review of the use of chemical categories carried out in preparation for the development of this
guidance3! concluded that the main lessons learned with the use of the chemical category approach
are:

31 Modified from Appendix 9 in the Tapir final report (see ECB, 2005)
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Figure R.6-6: Stepwise procedure to category development
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Step 0: Check whether the chemical is a member of an existing category

Before considering whether to develop a category for a group of substances, the first step should be
to determine whether the chemical(s) is (are) a named member of a category that has already been
evaluated. Information sources on existing categories include:

- US-EP
- OECD

- United

A number of industry sectors have applied the principles of grouping for use in evaluation of health
and environmental hazard properties. Examples, including rationales for grouping, include
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petroleum substances (Concawe 2001), dyes and pigments (ETAD, 2001), chlorinated paraffins
(CPIA, undated), surfactants (CESIQ, 2000, 2003) hydrocarbon solvents (HSPA, 2002), acrylate
resins (UV/EB Acrylate Resins, 2003), petroleum additives (ATC, 2000a, b) and bitumen
(Eurobitume, 2002) (see also Appendix 9 in the Tapir final report: ECB, 2005).

Categorisation approaches have been applied to flavours and fragrances (Salvito, 2007) under
JECFA, USHPV, Environment and Health Canada DSL Program, SPORT, and the safety
assessment of fragrance ingredients under RIFM.

Under REACH guidance on the identification of substances and the description of their identity is
given in Guidance on substance identification.

Under REACH it would be helpful for potential and actual registrants if the Chemicals Agency
would collect and make available information on categories that have already been evaluated. In
addition, on the basis of the information provided by industry in the pre-registration phase it would
be helpful if the Agency would be able to make suggestions for new categories that could be further
developed by industry.

If the chemical is a member of a category that has already been evaluated, its inclusion into the new
category should be justified. It is usually sufficient to refer to the evaluation of the category when
assessing the chemical, and to refer to the results that have been agreed for the category, taking
account of the position of the chemical in the category. Where new data are available for some
endpoints, these may be used to verify the existing category and could, depending on the results,
lead to a revision of the category.

In some cases, a relevant category may exist, but where the chemical of interest has not been
specifically included in the category. For example, this can be the case where a category including
only a number of HPV chemicals has been evaluated. In this case, it would be appropriate to extend
the membership of the currently defined category to include the chemical of interest. For further
guidance on the consequences of extending a category in this way sex

Step 1: Develop category hypothesis and definition and identify category members
The first step in developing a category is to develop a basis for the proposed grouping of chemicals.

The category definition should list all of the substances and endpoints covered. Chemical category
definitions have referred to chemical classes with a common functional group (e.g. epoxides) or
chemicals with an incremental and constant change across the category (e.g. a chain-length
catt ry).

Although the chemical structure is usually the starting point, a category definition could also refer
to a group of chemicals related by a mechanism of action (e.g. non-polar narcotics) or a particular
property. In practice, this particular property is largely related to the chemical structure. For
example, in the case of hydrocarbon solvents, products were separated into categories based on
basic hydrocarbon structure - aliphatic or aromatic - and then further separated based on boiling
ranges, carbon number, and other properties. In some cases, the aliphatic hydrocarbon categories
were further separated into subcategories based on specific aliphatic structure such as normal or
branched aliphatics (IHSC, 2004/2005).

Some categories have been defined in terms of a metabolic pathway, i.e. they have a stepwise
metabolic pathway producing the different members within the category with each metabalic sten.
More detailed examples of how these types of categories have been evaluated are shown ir
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chemicals at a future date would lead to revision of the conclusions for the chemicals specifically
under evaluation.

There are many approaches to making a list of category members from the use of simple manual
approaches to the use of automated computer-based analogue searching methods.

In preparing a comprehensive list of ethers to form a category of low molecular weight ethers with
carbon numbers from 2 to 6, permutations of the SMILES notation for these compounds was used
(see Hart and Veith, 2007) This approach has the advantage of speed and simplicity, but there are
also disadvantages associated with the approach. Systematic use of the SMILES notation can ensure
that all possible members of a category are included, and the systematic names of the individual
members can be derived from the structures. However, it is often difficult to identify the CAS
numbers of the substances without additional work. The production process may also vary across
the range of a category, leading to the formation of commercial products of varying complexity, and
potentially differing impurity profiles, depending on carbon number. Whilst most of the low carbon
number ethers are produced as single compounds, many of the higher carbon number ethers are
produced as complex substances with varying components. These commercial compounds may
have their own separate CAS numbers, and the available data may only be available for the
commercially produced complex substance, rather than for the individual compounds identified on
the basis of their structure.

In the case of new category proposals, computational methods can help to develop the category
hypothesis (rationale) and to define the category in terms of its endpoints and members. The choice
of computational method(s) is likely to depend on the starting point of the investigation. For
example, the user may start from a single chemical or a small group of chemicals, with the intention
of building up a category by drawing on data from multiple sources (bottom-up or systematic
approach). Examples of tools that might help include expert systems such as Derek (LHASA Ltd,
UK) or other tools such as Leadscope (Leadscope Inc, USA) or AIM (US-EPA) which are
described i In addition, combinatorial methods exist for identifying, a priori, the
possible permutauons o1 me substituents on a given substructure. Examples of tools capable of this
include TSAR or Cerius2. A varietv of comnuter-based analogue-searching tools have been
summarised in in . In some cases, these techniques may identify
compounds which contain more than one 1somer, which can give rise to difficulties in estimating
the properties of the individual components (see example in Worth ef al, 2007). However,
regulatory experience with the use of these computational tools is still limited, and further guidance
will need to be developed in the near future.

In identifying a category, it is important that all potential category members are described as
comprehensively as possible. For potential members of a category, all relevant CAS numbe
should be selected. For some substances, there may be more than one CAS number, and studies
may contain relevant data reported under different CAS numbers. Due to historic reporting errors, a
CAS number used to describe a substance may not accurately describe the substance as marketed.
The CAS numbers of members of the category should also be checked against different chemical
inventories (e.g. TSCA, EU, Customs Inventories) as these inventories may indicate which CAS
numbers are used for marketing the substances and hence for which CAS numbers additional data
might be available.

It is important that information on the purity and impurity profiles of all potential category members
is collected at the same time as details of the molecular structure. Differing purity or impurities
could influence the overall toxicity. For example, a category member may contain a particularly
toxic impurity that is not present in the other substances making it difficult or impossible to draw
conclusions on the toxicity of other substances in the category. It is therefore important that
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category members have similar purity profiles or, where they differ, the effect of the differing purity
profiles is known.

Step 2: Gather data for each category member

For each member of the category, published and unpublished data should be gathered on physico-
chemical property(ies), environmental fate parameter(s), toxicological (human health) and
ecotoxicity (environmental species) effect(s). This should include all existing relevant data and not
be limited to the endpoints that are mandatory within a given programme (e.g. metabolism and
cancer studies are relevant but not part of SIDS in the OECD HPV Chemicals Programme). In some
cases where estimated data have been included in an internationally accepted evaluation, these
estimates can be included on the same basis as other data that has been critically evaluated.

The computational methods described in Step 2 can also be used to identify
analogues (and corresponding data) that are includea in one or more databases. Having identified a
range of possible chemicals, one or more databases could then be searched to identify those
chemicals for which data are available. Guidance on data gathering for analogues is also given in

Dossiers should be prepared for each category member. Specific guidance on how to prepare
Dossiers for chemical categories with the TUCLID software will be develoned and made available
in a separate guidance document. Reporting formats are described ir

Step 3: Evatuate available data for adequacy

Available data should be evaluated for its adequacy according to Chapter R.4 or by using the OECD
Guidance for Determining the Quality of Data for the SIDS Dossier (see Section 3.1 of the OECD
Manual for Investigation of HPV Chemicals).

In evaluating the available data for a category, a number of additional factors will apply that are not
relevant when evaluating test results for individual compounds.

Different types of data may be available for the same endpoint. It is clear that the scope of the
estimated results for a member of a category cannot exceed the scope of the underlying data for the
other members of the category, e.g. if for genotoxicity, only in vitro results are available for some
members of the category (source chemicals), only conclusions on in vitro genotoxicity can be
reached for the members of the category for which experimental results are lacking (target
chemical). If the scope of the underlying experimental results for an endpoint vary (e.g. a mix of
results from screening tests and higher tier tests), it is necessary to clarify the scope of the estimated
results for the category members for which no experimental results are available. It may be possible
to apply a Weight of Evidence approach to all the data, which could lead to the same I rd
identification for all the members of the catcgory, irrespective of the data available for the
individual compounds.

An effect that is defined by a particular numerical cut off may lead to different conclusions for
individual compounds. This type of data should be studied carefully to ensure that the compounds
are evaluated in a way that reflects the underlying trends across a category. For instance, a series of
compounds may give rise to data that shows a borderline positive irritant effect for some members
of the category and a borderline negative effect for others. The data should be carefully evaluated to
decide whether (a) this reflects accurately a trend across the whole category or whether (b) the
uncertainties in the experimental data justify allocating the compounds to different subcategories (in
this example, classifying some category members as irritant and not classifying others). If the
second option is considered as the most biologically plausible explanation, the conclusion of the
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to other members of the category that have no data or proposed testing The catecorv rationale
should be documented in the Category Reporting Format, as described ir

The test plan needs to summarise the adequacy of the existing data, and how the proposed testing
will adequately characterise the category.

The matrix of data is a useful part of the test plan and provides a tool for consideration and
presentation of the available data. The endpoints are rows in the matrix. If toxicity is expected to
vary in a regular pattern from one end of the range of category members to the other end (e.g. high
toxicity to low toxicity), samples chosen for testing should bracket both ends of toxicity. If the
category is large, testing also needs to be performed and/or data should be available for one or more
members in the middle of the range of toxicity. Any change in a tendency for a property should be
accompanied by data in the adjacent cells in order to define the limits for the resulting subsets of the
category or subcategories. Assuming the columns are the category members, there are no rules for
the number of columns and cells that must be filled nor the number that can be empty. Acceptability
of the matrix will depend on the number of members in the category, the endpoint, and the
confidence in the interpolation and extrapolation.

When selecting a sample to test, it should be representative of the substance marketed, including the
presence of any manufacturing impurities.

It should be noted that the category test plan is intended to provide information about the properties
of the group as a whole rather than the properties of any specific, individual compound. A category
test plan may thus identify as key substances for testing substances of little or no commercial
importance. Whilst in some cases this may even require the synthesis of chemicals specifically for
this purpose, the approach may still prove more economical, both in terms of expense and numbers
of animals used for testing, than a more conventional testing strategy based on individual
commercially available chemicals.

Under REACH, whether or not testing needs to be proposed (to the Agency) depends on whether
the information sought is part of the standard information requirements in Annexes VII or VIII
(testing may be performed) or Annexes IX or X (testing must be proposed). The Registrant needs to
decide which substances should be included in a category. However, in the case that a testing
proposal needs to be submitted, the Agency may decide not to accept a testing proposal for a certain
substance if it considers that the substance belongs to a category that already contains the necessary
data element.

o~ -~ ~ ~ s . ~

If new test data are generated, the category should be revised and further assessment to determine
whether the criteria outlined in Step 5 are satisfied and therefore whether the category can be
finalised and documented.

If the results support the category, the testing phase is complete and the chemical categorv can he
finalised and documented. Remaining data gaps can be filled according to the guidance ir

If the results do not support the category, further testing may be carried out, members of the
category may be changed (e.g. dividing the category as appropriate), or the category proposal may
be dropped altogether. The latter implies that testing will then be done to fill all appropriate
endpoints for each category member.
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predicted. This similar property should be demonstrated by the available experimental data.
QSAR models and trend analysis can also be used in addition to experimental data to
support the estimate.

There can be instances within a category of structural isomers when the estimate for an endpoint is
not appropriate. An example is illustrated with two categories of isomers: the pentanes and hexanes.
Although the pentanes may be broadly described as isomers, they actually represent three types of
hydrocarbons, normal alkanes, branched alkanes, and cyclic alkanes. It is known that n-pentane, 2-
methylbutane, 2,2-dimethylpentane, and cyclopentane exhibit distinct differences in potential
biodegradability. n-Pentane and 2-methylbutane are readily biodegradable, whereas 2,2-
dimethylpentane and cyclopentane are poorly biodegraded. Therefore, it is not possible to assess the
biodegradability of the poorly biodegradable pentanes by using the results from the readily
biodegradable pentanes, even though the pentane isomers could still be considered a category for
other endpoints. In such a case, the potential biodegradability of the two groups of pentanes would
each have to be characterised separately within the context of the category. Likewise, the peripheral
neurotoxicity in humans associated with exposure to n-hexane has not been demonstrated to occur
with exposure to other hexane isomer. Therefore, a discussion of this effect within a hexane isomer
category would have to isolate n-hexane from the other isomers.

Based on the category of butenes and their mixtures, the following general principles were derived:

- selected properties of isomers may be read-across to another isomer(s) or to an isomeric
mixture within a category if the data are similar and/or if the structure of the isomer(s)
without data is similar to the isomers with data.

- extrapolating properties to isomeric mixtures should take into account mode of action,
potential additivity and synergy, as well as purity profiles, and mixture composition.

- for toxicological endpoints (e.g. LC50, NOAEL), a range of toxicity or the lowest value in a
range of toxicity may be used for read-across.

- read-across from one isomer to another may not be straightforward. Metabolic data may be
needed if existing knowledge of category members or related non category members
suggests that differences may be expressed within a biological endpoint of interest.

R.6.2.5.5 Complex substances (UVCB)

Complex substances include a diverse range of materials which are defined (see Guidance on
substance identification) as substances of Unknown or Variable composition, Complex reaction
products or Biol cal material (UVCB " stances). Thera  of dif  mttyp of ~ ~ is very
wide and the specitic properties may be diverse, such that the applicability of a common approach
needs justification. The following section highlights the key issues, however, it is recognised that in
some sectors this approach has been more widely used than others and thus there needs to a
cautious approach to defining categories and applying the following recommendations. There are
many different types of complex substances, although generally they all have the following
characteristics in common:

- they contain numerous chemicals (typically closely related isomers and/or chemical classes
with defined carbon number or distillation ranges), and cannot be represented by a simpie
chemical structure or defined by a specific molecular formula.

- they are not intentional mixtures of chemicals.

- many are of natural origin (e.g., crude oil, coal, plant extracts) and cannot be separated into
their constituent chemical species.

- the concept of impurities typically does not apply to complex substances.
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Hydrocarbon solvents

Hydrocarbon solvent categories are based on typical chemistry and carbon-number range. Common
use can also contribute to the category definition. Under this approach, those hydrocarbon solvent
substances with similar chemistry and carbon-number range are grouped within a category that is
generally defined by the predominant constituents of the category members. This approach is
practical and has the benefit of ensuring that similar commercial products are grouped together in
the same category.

¢ ~~1 derived complex substances

The principle described ir for petroleum derived complex substances also applies
to coal derived complex substances. 1ne longer geological history of coal compared to crude oil
explains the higher degree of cross-linking of coal derived constituents. This results in a
predominance of aromatic ring systems in coal derived complex substances. Longer alkyl chains do
not appear. Processing of a coal derived feedstock separates according to volatility (size of
condensed ring systems) and/or the extractability of acidic/ alkaline constituents. Formation of
categories makes use of the applied processing techniques and of a similar spectrum of intrinsic
properties for substances having a similar matrix of physico-chemical properties.

Natural complex substances (NCS)

NCS are botanically-derived substances obtained by subjecting specific parts of the plant to a
physical treatment such as extraction, distillation, expression, fractionation, purification,
concentration or to fermentation. Their compositions vary depending on the genus, species, the
growing conditions and maturity of the crop used as a source, and the process used for its treatment.

NCS constitute a very specific subgroup of UVCBs (substances of unknown or variable
composition, complex reaction products or biological materials) and include primarily essential oils
and extracts obtained by various separation techniques.

Inclusion in a chemical group is possible based on the constituents of the NCS where the major
components can be clearly identified as the same as known chemical substances. An example is
provided by Salvito (2007).

Use of toxic equivalency factors or toxic units approach for filling data gaps

The use of toxicity equivalency factors and the estimation of toxic units for mixtures of chemicals
which contribute to a biological effect through a common toxicity pathway is a useful approach for
filling data gaps in the assessment of chemical mixtures. ...e techniques are applied to mixtures of
compounds in order to express the mixture’s toxicity as a single value. The principle requirement is
that the chemicals in the mixtures are active in a common toxicity pathway, and so this approach is
strictly only applicable for chemical mixtures that have been formally grouped based on
mechanistic considerations. Furthermore, toxicity data for the endpoint being assessed must be
available for each component in the mixture.

Complex mixtures of PCBs (Clemens et al, 1994), furans (Parrott, 1992), dioxins (Safe, 1991; van
der Weiden, 1992) and aromatic hydrocarbons (Walker, 1991; Zabel, 1995) have been assessed
using toxicity equivalency factors based on Ah receptor binding and joint toxicity models amongst
others. Joint toxicity models for calculating the toxic units generally use a strict addition model
when a common toxicity pathway is a reasonable approximation. Although synergist effects are
conceivable, they are only observed when chemicals in a mixture have different mechanisms, which
should not be the case within a chemical category rigorously formed by the principles including
toxic mechanistic considerations.
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Sum RCR = X Cjgeal Equation 6-3

PNEC

In another adaptation of the method, the OECD HPV assessment of Ce.22 Aliphatic Alcohols (Long
Chain Alcohols), measured acute fish toxicity data were not available for all of the aicohols present
in these complex mixtures. Therefore (Q)SAR estimation was used to fill toxicity data gaps and so
predict the toxicity of the complex mixtures.

In summary, toxic equivalency can be used for complex mixtures when there is a common mode of
toxic action such that the effect is additive across the components of the mixture: there is no
synergism. In addition, measured toxicity data should be available for each individual component of
the mixture. Differences in test protocol for each data point can have a marked effect on the derived
TEFs (and so TEQ), therefore if this approach is followed then it is necessary to present all
available data and justify the use of the approach. This includes discussion of the shared toxic
mechanism of the components in the mixture, choice of data for deriving the TEFs, discussion of
the purity of the mixture/presence of impurities and their effects, and any deviations from the
method.

R.6.2.5.,6 Metals, metal compounds and other inorganic compounds

The concept of chemical categories has traditionally been widely used for hazard assessment for
certain endpoints and risk assessment of inorganic substances. The approaches have generally been
based on the occurrence of a common metal ion or anion and the use of read-across to fill data gaps.

For example, the chemical category approach based on the metal ion has been extensively used for
the classification and labelling of metal compounds in the EU?., Other category entries are based on
certain anions of concern such as oxalates and thiocyanates. For these EU classifications the
category approach has often been applied to certain endpoints of particular concern for the
compounds under consideration, and has not necessarily been applied to all endpoints of each
individual compound in the category of substances. A category approach has also been used during
the categorisation of existing chemicals on Canada’s domestic substances list (Environment
Canada, 2003).

This approach has also been used for estimating the potency of the effects as well as for their
identification. NOAEL(s), NOEC(s) and comparable quantitative estimates have been read-across
from data obtained from water-soluble compounds to other water-soluble compounds, including, in
the absence of specific data, to compounds of substantially lower water-solubility. One example is
the EU risk assessments on nickel (Tsakovska and Worth, 2007).

The application of these concepts has been useful 3
- to evaluate hazards for substances for which data are limited rather than relying exclusively

on conducting tests.

- to evaluate hazards for a range of compounds regarded as difficult substances as< thev can
present technical difficulties when carrying out standard test protocols (set

- to evaluate hazards for a number of metal compounds, for which animal models do not

34 The EU terminology for this type of entry is a “group entry” rather than a category.

35 The approach of grouping melals and metal compounds in risk assessments has also been applied because it allows
addressing together all compounds which potentially lead to exposure to the same metal moicty.
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ion is not likely to be present in the same form as for inorganic compounds. In such cases,
read-across between inorganic and organometallic compounds is not recommended,
although read-across may well be appropriate between different organometallic compounds.
On the other hand, especially for environmental risk assessment, if an organometallic
compound degrades rapidly to its inorganic metal moiety, it can be assessed together with
the inorganic metal moiety.

- Metals
Particular difficulties have been seen in evaluating the properties of metals on the basis of
data for metal compounds. In some cases, read-across of properties from the metal
compounds to the metal itself (metallic, zero-valent form) has been agreed (e.g. cadmium
oxide to cadmium metal, EC 2007a,b.c, EC 2008), whilst for others it has not (e.g. soluble
nickel salts to nickel metal, EC 2006). These need to be evaluated on a case-by-case basis.

- Metal containing UVCBs
Some metal containing UVCB compounds may not be appropriate for consideration in a
category approach, as their effects will not be expected to be adequately described by their
metal content. These include compounds such as asphalt, frits and drosses. In cases where
read-across is not considered appropriate, clear arguments should be put forward as to why
the known hazard profile of the metal is not expected to be relevant (for example very low
bioavailability).

- Crystalline structure
The crystalline structure of insoluble metal compounds could influence the hazard profile. If
there is reason to believe that the crystalline structure influences significantly the effects of
the compound to be assessed, this must be taken into account in the evaluation. An example
is silica of which the crystalline and non-crystalline forms have a different hazard profile
(see category for synthetic amorphous silicas assessed within the OECD HPV Chemicals
Programme; Silicon dioxide [CAS Nos 7631-86-9, 112945-52-5, 112926-00-8] Silicic acid,
aluminum sodium salt [CAS No 1344-00-9] Silicic acid, calcium salt [CAS No 1344-95-2]).

Preliminary evaluation of the category and read-across

The water solubility of the metal compounds is often used as the starting point for establishing a
category, as this provides a first indication of the availability of the metal ion in the different
compartments of interest. For example, for inorganic nickel a number of sub- categories have been
suggested, reflecting different ranges of aqueous solubility (Hart, 2007).

The most simplistic approach to hazard evaluation is to assume that the specific metal-containing
compound to be evaluated shows the same hazards as the most water-soluble compounds. This is a
conservative approach, since systemic metal ion availability will normally be reduced with
decreasing water-solubility and consequently reduced bioavailability.

This simplistic approach can be refined for categories containing many substances by building
subcategories based on water solubility, when data is available on trends with water solubility. For
example, mixed oxides with limited water solubility can be evaluated by comparison with the
hazard profile for the metal oxides (where this is known) rather than for the soluble salts.

This difference in trend is clearly recognised in evaluating the environmental hazards of metals and
metal compounds, where the relevant hazards can be evaluated using a transformation/dissolution
protocol (OECD 2001).

Information from other endpoints could further support the systemic bioavailability assumptions.
For example, the LDsy values for the semi-soluble nickel compounds was used to demonstrate
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systemic uptake to justify classification for reproductive toxicity for these compounds, but not for
the less soluble oxides and sulfides (Hart, 2007). For endpoints where a threshold occurs, estimates
of the systemic bioavailability (i.e. toxicokinetics) of the metal ion can be ascertained for
representative members of each category in order to ascertain whether the bioavailability exceeds
the threshold for the compounds.

In addition to water solubility, phagocytosis, bioaccessibility in synthetic biological fluids, and
organ deposition and clearance rates are relevant parameters to be considered (Schoeters and
Verougstraete, 2007).

Where toxicokinetic data is available, this should be used as this provides relevant information on
whether the source and target chemicals in question behave similarly as expected from read-across
or whether there are biologically differences that would bring into question the validity of the
category hypothesis.

Other factors may also need to be taken into account.

Counter ions and other metal ions:

The assumption that the metal ion is responsible for the common property or effect implies that the
toxicity of the counter ion or of other metals present in the compound will be largely irrelevant in
producing the effects to be assessed. This assumption could be affected by interactions between the
metal ion and other parts of the substance e.g. the counter ion. It is noted that in certain cases the
effect of the counter ion in acute toxicity studies exert another effect than in repeated dose studies
using lower dose levels. This could obscure the role of the metal ion in either the acute or repeated
dose studies. The influence of the counter ion should be checked for each endpoint. If there is
reason to believe that the counter-ion (such as cyanates, oxalates) or other metal ions present in the
compound influence significantly the effects of the compound to be assessed and alter the
assumption of commonality, this must be taken into account in the evaluation. One option may be to
use the additive approach described in the foreword to Annex I, Directive 67/548/EEC, in the
guidance to Note A. (see alsc

Crystalline structure:

The crystalline structure of insoluble metal compounds could influence the hazard profile. If there is
reason to believe that the crystalline structure influences significantly the bioavailability and so the
effects of the compound to be assessed, this must be taken into account in the evaluation. An
example is the low bioavailability of spinels and rutiles.

Particle * :information:

Particle size information of the substance influences the deposition behaviour in the respiratory tract
and potential toxic effects. Based on particle size distribution data, trends in deposition and potency
of effects can be assessed for locally acting substances.

If there is evidence that the crystalline structure and particle size influence significantly the
bioavailability and so the severity of the effects of the compound to be assessed, this must be taken
into account in a Weight of Evidence approach considering all available information (e.g.
toxicokinetics).

Considerations of the need for further refinement

As described previously, a preliminary assessment of the read-across or category should be carried
out to determine whether the rationale is supported and whether the approach is sufficiently robust
for the assessment purpose. If these criteria are satisfied for a particular endpoint, the data gaps can
be filled according to the guidance it
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If these criteria are not satisfied (there is uncertainty or contradictory information), the registrant
should consider what additional information may be required. Additional data could include
demonstrating a difference in bioavailability/bio accessibility between the substances in a proposed
read-across or category.

The following options could be considered:

In vitro data:

In vitro information may be obtained by determining relative solubilities in physiological media
(e.g. synthetic gastric juice, synthetic sweat) or by the use of the transformation/dissolution protocol
(OECD, 2001) for the endpoints of sparingly soluble metal compounds related to the aquatic
environment.

The solubility in alveolar liquids, lysosomal liquid, mucous liquids may provide more relevant
information than simple water solubility for argumentation of the extent of availability of the
soluble fraction of material during its dwelling time in various regions of the respiratory tract. To
test whether slightly soluble, particulate metal compounds are taken up into mammalian cells and
release metal ions intracellularly as free metal ions or bound to cellular macromolecules and
whether the metal ions reach the cell nuclei, tests in vitro can be carried out using phagocytosing
mammalian cells in culture.

In vivo data:

In some cases, in vivo testing may be considered, especially for endpoints where there is
uncertainty about the role of the counter-ion. In planning the testing, a starting point for the studies
should be confirmation of the effects expected on the basis of a read-across. As an example, if read-
across would indicate the skin irritation is expected, an initial test could be carried out in vitro to
confirm this effect before in vivo testing is considered.

Toxicokinetic data:

Animal model systems (using rats and mini-pigs) have been successfully used to characterise the
speciation-dependent bioavailability differential for metals such as lead, arsenic and cadmium (US
Environmental Protection Agency, 2004). Alternative strategies using rare stable isotopes of metals
such as lead and zinc have been successfully used for the ascertainment of bioavailability of these
metals in humans and animals. These types of studies are not requested in most review programmes
and therefore would require a registrant to do additional work beyond what is normally considered
necessary. However, where such information is not available, information could be collected for
representative members of the category.

Genera  lidance for other compounds

Similar considerations are expected to apply to salts in which the anion is associated with the toxic
effects (e.g. cyanides, oxalates, thiocyanates). For categories that cover reactive chemicals, the
reaction/degradation products must be of a similar nature for each member of the category to be
plausible (Caley et 27 2007) One examnle is the Methanolates category assessed under the OECD
HPV programme . This consists of 17 potassium and sodium
methanolate and boin react rapiaty in water 10 Torm e corresponding hydroxide.

When comparing acids and their salts, differences arising from pH effects should be considered
(Caley er al, 2007). For example, skin and eye irritation are likely to be different for an acid
compared with its salt. This is illustrated by the Phosphonic Acid Comnound (Grouns 1. 2, 3)
categories assessed under the OECD HPV programme . For
these categories, dermal and irritation studies are considerea separately 1or tne acia ana saits,
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R.6.2.6.1 Reporting Format for the analogue approach

1. Hypothesis for the analogue approach
Describe the molecular structure a chemical must have to be suitable as a source chemical. All functional
groups need to be identified. Provide the hypothesis for why the read-across can be performed. If there is a
mechanistic reasoning to the read-across, describe the foreseen mode of action for source and target
chemicals and if relevant describe the influence of the mode of administration (oral, dermal, inhalation).
List the endpoints for which the read-across approach is applied.

2. Source chemical(s)
Describe the source chemical(s) as comprehensively as possible. Provide CAS numbers, names and chemical
structures of the source chemical(s).

3. Purity / Impurities
Provide purity/impurity profiles for the target and source chemicals, including the likely impact on the
relevant endpoints. 1t should be discussed which influence these impurities are thought to have on physico-
chemical parameters, fate and (eco)toxicology, and hence on the read-across.

4. Analogue approach justification
Based on available experimental data, including basic physico-chemical properties, summarise how these
results verify that the read-across is justified. The data should also show that functional groups not common
to source and target chemicals do not affect the anticipated toxicity. The available experimental results in the
data matrix reported under Section 5. should support the justitication for the read-across.
More detailed discussion of available test results for individual endpoints (i.e. discussion of the selection of
key studies, variability of experimental results between source and target chemicals etc.) should be provided
in the corresponding sections of the assessment report (e.g. Chapters 2-4 of the SIDS Initial Assessment
Report or Chapters 4-7 of the Chemical Safety Report).

5. Data matrix
Provide a matrix of data (endpoints vs. target and source chemicals) (ser
In each cell in the Data Matrix, the study result type should be indicated in the first line, e.g.:
- experimental result
- experimental study planned
- read-across from supporting substance (structural analogue or surrogate)
- (QSAR
If experimental results are available, the key study results should be shown in the Data Matrix.

6. Conclusions per endpoint for C&L, PBT/vPvB and dose descriptor

For the regulatory purposes of REACH, it should additionally be listed and substantiated, per endpoint and
substance, whether:

- C&L is similar to the source chemical;
- PBT/vPvB is similar to the source chemical;

- the dose descriptor is similar to the source chemical, or adaplations are necessary;
there are uncertainties in the read-across used that need to be addressed
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Acute Toxicity to Aquatic Invertebrates

Toxicity to Aquatic Plants

MAMMALIAN TOXICITY

Acute Oral

Acute Inhalation

Acute Dermal

Repeated Dose

Genetic Toxicity in vitro

. Gene mutation
. Chromosomal aberration

Genetic Toxicity in vivo

Reproductive Toxicity
. Fertility
. Developmental Toxicity

More detailed discussion of how data gaps are filled for individual endpoints and individual
category members (e.g. interpolation, extrapolation, (Q)SAR) as well as the rationales for the
chosen method of filling the data gaps should be provided in the corresponding sections of the
assessment report (e.g. Chapters 2-4 of the SIDS Initial Assessment Report or Chapters 4-7 of the
Chemical Safety Report).

For UVCBs it may not be feasible to establish a full data matrix, especially where the number of
substances in the category is very large. In such circumstances a single data set or template that
applies to all members of the category of UVCRBs in exactly the same way will be developed. The
template will include a clear indication of which members of the category experimental or
calculated data exist, and hence maintain complete transparency.

R.6.2.7 Case study using phosphonic acid compounds and alkali metal salts

1. Category definition and its members

1.1. Category Definition

l.l.a. | Category Hypothesis

This category covers 1-Hydroxy-1,1-¢”  :-diphosphonic acid (HEDP) and various sodium and potassium
salts of that acid. The different salts are prepared by neutralising the acid to a specific pH. All category
members are based on the HEDP structure, which can be de-protonated up to 5 times.

The category hypothesis is that all the members arc various ionised forms of the acid 2809-21-4. The main
assumption is that sodium and potassium are not significant in respect of all the properties under
consideration. In dilute aqueous conditions of defined pH a salt will behave no differently to the parent acid,
at identical concentration of the particular speciated form present and will be fully dissociated. Hence some
properties (measured or expressed in aqueous media, e.g. ecotoxicity) for a salt can be directly read-across
(with suitable mass correction) to the parent acid and vice versa. Where dermal or irritation studies are
available the acid and salts are considered separately.

The properties of HEDP and its salts are profoundly directed by their ionisation behaviour and complexation
of metal ions.

1.1.b. | Applicability domain (AD) ot the category
The category applies to HEDP and all of its possible sodium and potassium salts.

l.1.c. List of endpoints covered
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