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Preface

The present report is a follow up on the results from Environmental Project no. 2174 (Danish
Technological Institute and DHI A/S, 2021). Here, results of migration analyses of various
qualities of post-consumer recycled (PCR) plastic were presented together with an initial
safety assessment for a limited number of substances.

In order to conduct a more extensive evaluation of all of the migration results, an excel-based
screening tool has been developed. Here, the migration results can be matched up against
various hazard lists eg. SVHC, CMR, ED, allergy etc.

The project has been carried out with an overall aim to create a so-called ‘hotspot-list, i.e., a
limited list of problematic substances, which should be documented are not migrating from
PCR. We suggest that this documentation is used in the supply chain communication regard-
ing the PCR quality. The methodology for developing such a list was created through discus-
sions between the Danish Environmental Protection Agency and DHI A/S between October
2021 and September 2022.

From the Danish Environmental Protection Agency, the participants were:

Helle Antvorskov

Helle Simon Elbro

Peter Hammer Sgrensen
Camilla Maria Petersen
Maria Thestrup Jensen

From DHI A/S the project group consisted of:
Helle Buchardt Boyd
Sara Hagijriis

Lise Mgller
Dorte Rasmussen
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Summary

The present report is presenting the additional work done since the publication of the initial
safety assessment (Danish Technological Institute and DHI A/S, 2021)

This additional work comprises the following:

1. Search for other existing guidance documents and the like in recent literature (see appen-
dix 2)

2. Evaluation of other existing guidance documents (see chapter 2).

3. Interpretation and comparison of migration analyses of virgin PE polymers vs. PCR (anal-
yses of virgin PE polymers carried out outside the present project; see chapter 4)

4. Development of an excel-based screening tool for matching migration results with lists of
problematic substances e.g. SVHC, CMR, ED, allergy etc. (see chapter 3 and appendix 3)

5. Use of the excel tool to make a comprehensive evaluation of the detected chemicals in the
initial safety assessment (Danish Technological Institute and DHI A/S, 2021). The focus of
the evaluation is the development of so-called ‘hotspot’ lists, which we suggest should be
used by industry in their supply chain communication to document the PCR quality espe-
cially regarding the absence of a limited number of substances with problematic hazard
properties.

We have developed two hotspot lists for PCR to be used for packaging of cosmetics: One for
leave-on products and one for rinse-off products. The hotspot list for leave-on products com-
prises 28 substances or groups of substances, whereas the hotspot list for rinse-off products
comprises 11 substances.

The lists have been developed after considerations concerning:

- Worst case exposure

- Maximum found migration from PCR performed in an earlier project

- Appearance of the substances on various hazard lists

- Toxicological assessments resulting in TDI, DNEL, TTC etc.

- Absorption through skin

- Skin sensitisers

- Comparison of migration results from PCR and virgin PE plastic

- Other guidance documents and ongoing work on PCR for cosmetic packaging

Initially the hotspot lists were planned to be found using an excel screening tool developed as
part of the project. Here substances on various hazard lists can be matched up against a given
dataset. In the end, most of the hotspot substances were identified as the result of a risk-
based analysis, where the measured concentration of the substances was compared with a
calculated maximum acceptable concentration depending on a leave-on or rinse-off type of
cosmetic product.

The excel screening tool may be used as an aid to deal with the multitude of substances often
being the result of migration analyses of PCR.

The hotspot lists are a tool to demonstrate the non-presence of a limited number of problem-
atic substances in PCR intended for cosmetic product packaging. We suggest that this docu-
mentation of the PCR quality is communicated in the supply chain for the cosmetic product.
However, it does not free manufacturers of cosmetic products of the duties to 1) perform
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safety assessments of the packaging containing PCR 2) to adhere to other regulatory instru-
ments such as the absence of e.g. CMR-substances in cosmetics and conforming with
PAH/PAA restrictions. General guidance for providing information on PCR in the supply chain
for cosmetic product packaging can be found in the guidance documents mentioned in chapter
2.
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1. Introduction

1.1 Objective

Assessing the safety of post-consumer recycled plastic (PCR) in contact with cosmetic prod-
ucts is difficult, because of the immense numbers of substances which may migrate from the
plastic packaging into the cosmetic product. It is advantageous to try and limit the analytical
workload and the subsequent safety assessment to manageable levels. This may be done by
pointing out a limited number of ‘hotspot’ substances in PCR in relation to packaging of cos-
metic products. By ‘hotspot’ substances we mean substances, which are problematic regard-
ing their hazard profile to such an extent that their absence in the PCR raw material is an im-
portant quality parameter for the supply chain communication on the packaging of cosmetic
products.

Acceptable concentrations in PCR packaging may differ from product type to product type of
cosmetics, most notably between rinse-off and leave-on products. Developing criteria for mak-
ing a list of such hotspot substances is therefore the prime objective of this project.

In this report, we provide the technical basis for developing criteria for two lists of hotspot sub-
stances, one for leave-on products and one for rinse-off products. The lists of hotspot sub-
stances are not exhaustive and does not alleviate the company of performing proper safety as-
sessments of all other migrating substances and conform to other regulations such as 1) avoid
CMR in cosmetics products 2) restrictions on PAA and PAH. Conversely, the lists of hotspot
substances are intended as an aid to preclude and document absence of a limited number of
problematic substances that we know can occur in PCR. We suggest that this can be used as
an element in the quality documentation for the supply chain communication.

1.2 Background

Previously, the Danish Environmental Protection Agency (Miljgstyrelsen, MST) has funded
and published the results of a study on migration of substances from samples of PCR and an
initial safety assessment when used as packaging in contact with cosmetic products (Danish
Technological Institute and DHI A/S, 2021), which we refer to as Environmental Project no.
2174. The aim of that project was to generate knowledge and data on PCR plastics, to contrib-
ute to creation of guidelines for the cosmetics industry on how PCR plastic can be safety as-
sessed and used safely for packaging of cosmetic products for personal care (e.g., shampoo,
body lotion or liquid hand soap).

In addition to analytical laboratory screenings, specific laboratory analyses were performed for
selected substances/groups of substances, which were considered relevant in relation to the
safety assessment of PCR plastic material. The selected substances do not constitute an ex-
haustive list of substances relevant to analyse in connection with a safety assessment of PCR
plastic materials. Rather, the substances were prioritized based on the experience and
knowledge of the project group on PCR plastic, problematic substances, and available analy-
sis methods.

The following substances were selected for substance-specific laboratory analyses:

o Polycyclic aromatic hydrocarbons (PAH), as they were previously found in products of recy-
cled plastic and are considered carcinogenic upon skin contact.
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e Primary aromatic amines (PAA), as they were previously found in food contact materials of
recycled plastic. These are considered carcinogenic and are subject to restrictions in, for ex-
ample, legislation on food contact materials.

e Possible degradation products of antioxidants and stabilizers (often referred to as ‘phenol
(PE)’, even if the group also includes substances without a phenol-structure), which accord-
ing to experience from, among others, measurements in drinking water pipes, can migrate
out of PE-plastic. These include substances, which affect liver and kidneys and are sus-
pected of having a damaging effect on genetic material.

o Perfluoroalkyl and polyfluoroalkyl substances (PFAS), which may be absorbed from other
PFAS-treated products and may have toxic effects on reproductive system, immune system,
persistent and neurotoxic effects.

In total, around 317 substances were identified, most of them down to CAS number. In the fol-
lowing this dataset will be referred to as the migration dataset.

Out of this dataset, an initial safety assessment was performed for a limited number of sub-
stances.

The present report is presenting the additional work done since the publication of Environmen-
tal Project no. 2174 in order to make a more comprehensive evaluation taking into account all
of the migrants detected in the previous project.

This additional work comprises the following:

1. Search for other existing guidance documents and the like in recent literature (see
appendix 1)

2. Evaluation of other existing guidance documents (see chapter 2).

3. Interpretation and comparison of migration analysis of virgin PE polymers vs. PCR
(analysis of virgin PE polymers carried out outside the present project) (see chapter
4)

4. Development of an excel-based screening tool for matching migration results with
lists of problematic substances e.g. SVHC, CMR, ED, allergy etc. (see chapter 3 and
appendix 3)

5. Use of the excel tool to make a comprehensive evaluation of the detected chemicals
in in Environmental Project no. 2174. The focus for the evaluation is the development
of so-called hotspot lists, which can be used by industry in their supply chain commu-
nication to document the PCR quality especially regarding the absence of a limited
number of problematic substances. The evaluation includes a risk-based analysis
and some further additional considerations regarding some selected chemical groups
(sensitisers, phthalates, CMR, PAH, PAA).

At present, it is practice in the cosmetic product industry to accept plastic intended for food as
safe to use for cosmetic products (see chapter 2.1. The Cosmetics Europe advisory document,
2019). This practice is difficult to apply to PCR, because:

e PE and PP-PCR is usually not of a quality which fulfil the requirements for food contact ma-
terials and has not been approved as such.

e PE and PP-PCR can potentially contain hundreds of substances which may migrate into the
cosmetic products.

o |t is difficult to distinguish non-intentionally added substances (NIAS) in PCR from those
which are normally occurring in virgin plastic.

8 The Danish Environmental Protection Agency /Problematic chemcials in recycled plastic



List of terms and abbreviations

ADI Acceptable Daily Intake

Bw Body Weight

CMR Carcinogenic, Mutagenic and Reprotoxic. CMR-substances are carcinogenic, mutagenic
and reprotoxic substances.

DMEL Derived Minimal Effect Level

DNEL Derived no-effect level

FCM Food Contact Material

Mo$S Margin of Safety

NIAS Non-intentionally added substances (=contaminants)

PE Polyethylene

PP Polypropylene

REACH Registration, Evaluation, Authorization and Restriction of Chemicals, Regulation (EC) No

1907/2006 of the European Parliament and of the Council of 18 December 2006 con-
cerning the Registration, Evaluation, Authorization and Restriction of Chemicals
(REACH), establishing a European Chemicals Agency, amending Directive 1999/45/EC
and repealing Council Regulation (EEC) No 793/93 and Commission Regulation (EC) No
1488/94 as well as Council Directive 76/769/EEC and Commission Directives
91/155/EEC, 93/67/EEC, 93/105/EC and 2000/21/EC

SCCS Scientific Committee on Consumer Safety - EU's scientific committee for consumer
health and safety

SVHC Substance of very high concern

TDI Tolerable Daily Intake refers to the daily amount of a chemical that has been assessed
safe for daily intake for human being on a long-term basis (used in case of contamina-
tion)

TTC Threshold of Toxicological Concern refers to the lowest exposure that may cause a toxi-

cological effect. TTC may be used as the tolerable daily intake of substances with miss-
ing toxicological data.
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2. Other existing guidance
documents and the like
found in recent literature

Two existing guidance documents about safety assessment of PCR for use as packaging ma-
terial for cosmetic products were identified: The Cosmetics Europe advisory document from
2019, and a Cosmetic Packaging Guidance prepared by Fraunhofer et al. from February 2021.
A literature search for other, similar guidance documents was carried out, and the search strat-
egy and results are presented in Appendix 1.

It should be noted that the content of these guidance documents does not necessarily agree
with the opinion of competent authorities.

In addition, we have learned that there is an industry working group, called Cospatox, whose
aim is to accomplish the so far missing specific safety standards for high-quality PCR for cos-
metics and other household packaging as well as the implementation of on-site measurement
methods for recyclers.

In the following, these two documents and the Cospatox work are briefly summarized. A dis-
cussion of their usefulness is given in the last section of this chapter.

21 The Cosmetics Europe advisory document, 2019

The advisory document (Cosmetics Europe, 2019) concerns information exchange on cos-
metic packaging materials along the value chain in the context of the EU Cosmetics Regula-
tion (no. 1223/2009). It points out the substances of concern to cosmetic safety assessors as
follows:

Substances of concern Reporting thresholds

Substances specifically banned or restricted in An- 10 ppm in the material or 100 ppb migrating level
nex Il or 11l of the Cosmetics Regulation, including
CMR-substances

Substances classified as skin sensitisers according When present at above 0.1 % (for skin sensitisers

to CLP Regulation, Annex VI table 3.1 Annex VI ta- Cat 1B or 1) or 0.01 % (for skin sensitisers Cat 1A)

ble 3.1 or, alternatively, when migrating in a relevant simu-
lant in levels above 100 ppb or 1000 ppb for sensi-
tisers categorised as Cat 1A or 1/1B, respectively

The guidance document states that communicating the occurrence of substances of specific
concern (namely those on Annex Il or Ill) to cosmetic safety assessors should be addressed

by:

e Statement on ‘no intentional addition or known presence’ OR
¢ Information on substances (name, CAS no., max. concentration)

Furthermore, reportable substances under REACH and Packaging Waste Directive no. 94/62
(heavy metals) should be mentioned by name, CAS no. and max. concentration.
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Supplier statements of compliance with the food contact materials (FCM) legislation should be
given, including:

e Condition/type of food under which the statement is valid

o Type of information available on migration (e.g. test with food/simulant, modelling, worst
case assumptions)

e Substances with migration limits (name, CAS no., max. concentration in the packaging com-
ponent or material)

If the material is non-compliant with FCM legislation, reason and, where applicable, name,
CAS-no, and max. concentration of the non-compliant substances in the material should be
given. This would be the case for most PCR made of PP or PE.

The advisory document is accompanied by an excel tool listing ‘disclosable substances’ (i.e.
substances to be disclosed by the material/packaging manufacturer to the next person in the
chain of supply). The excel-file for the guidance list was built as shown in the figure below
(from the advisory document).

CaL C&L 1223/2009 Plastics Swiss Ink EU Lists, National Industry
CMR Skin Annex Il & Regulation Ordinance eqg. Lists, e.g.
Substances Sensitisers i 10/2011 Annex 6 10/2011 BfR
Annex | XXXVI

\.L/

FACET Inventory List for
Plastics, Coatings, Adhesives,
Inks and Paper

Disclosable
Substances List

Discloaable Faod Contact
Substances Tool

Appendix |
“The Guidance List of
Disclosable Substances
Used in FCM”

Figure 1 Process for building the Guidance List (Excel file)

FIGURE 1. Process for building the Guidance List (Excel file from Cosmetics Europe).

In Figure 1 it can be seen that the list of disclosable substances is composed of substances
classified as CMR-substances, skin sensitisers and substances restricted in cosmetics accord-
ing to the Cosmetics Regulation, Annex Il and Ill. In addition, the substances listed in the Plas-
tic Food Contact Regulation (10/2011), Annex I, the Swiss Ink ordinance annex 6, and the
FACET Inventory list for Plastics, Coatings, Adhesives, Inks and Paper (Food Packaging
Forum, 2014)) are included.

" The Swiss Ink ordinance specifies the materials and articles intended to come into contact with food-
stuffs and lays down the requirements relating thereto.
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The FACET inventory list is based on the following data:
- Regulation (EU) 10/2011, which sets out safety requirements for plastic materials
and articles intended to come into contact with food
- BfR XXXVI, Recommendation for paper and board for food contact
- Industry developed requirements

2.2 Cosmetic Packaging Guidance prepared by Fraunhofer
et al. from February 2021

The intention of the document is to summarize the knowledge on post-consumer contaminants
in HDPE and PP recyclates and consumer safety evaluation. This should give practical guid-
ance and reliable criteria for the safe use of post-consumer HDPE and PP recyclates in cos-
metic packaging. In particular, the maximum concentrations of post-consumer contaminants in
cosmetic packaging should be given, which can be used in routine control to assure the high-
quality standards of cosmetic packaging materials (Pereda, Gerber, Sander, & Welle, 2021).

According to the guidance, manufacturers of cosmetic products consider the packaging to be
safe if food compliance can be confirmed according to Regulation (EU) No 10/2011 and Regu-
lation (EC) No 1935/2004 on food contact materials. However, since this is usually not possi-
ble for post-consumer recyclate materials, the company must prove the safety of these materi-
als for cosmetics by evaluating all toxicological endpoints of any migrating substance. A batch-
related control of the post-consumer materials by means of analysis and the evaluation of the
substances found, either directly in the material or after migration tests in the respective prod-
uct, is mandatory. Based on the concentrations found in the materials, a toxicological evalua-
tion can be applied, e.g. by evaluating the specific toxicity of any impurity or by applying the
threshold limits of the TTC approach?. By means of examples, detection limits needed for
rinse-off and leave-on products of 12 mg/kg and 3 mg/kg, respectively, are calculated. Non-
identified substances should be below these threshold limits. It's important to note, that a gen-
eral threshold limit cannot be applied, because the detection or threshold limits depend on the
exposure scenario. In addition, the necessary detection limits depend on the recyclate amount
in the final packaging, the volume of the packaging and the packaging weight. Therefore, the
detection limits necessary for compliance evaluation depends on exposure of the consumers
to the specific cosmetic product.

2.3 Cospatox

CosPaTox Consortium counts 38 major European brand owners of the cosmetic industry, hy-
giene and detergents & cleaning agent sector, committed recycling companies, plastic manu-
facturers and plastic convertors (Cospatox, 2021). They have partnered up with:

e Fraunhofer Institute for Process Engineering and Packaging IVV
o University of Applied Sciences Vienna
e Fabes Forschungs-GmbH for Analytic and Evaluation of Mass Transfer Processes

CosPaTox states that the use of recyclates in the context of a growing circular economy is,
with a few exceptions, limited to the approved food-grade recyclates for which there are legal
regulations.

CosPaTox seeks to define toxicological safety guidelines for PCRs used in cosmetics packag-
ing, with a first focus on polyolefins (rPE-HD, rPE-LD and rPP; if time and budget allows also
PET). Three different types of packaging are in the focus of CosPaTox:

2 See chapter 4.3 for more information about TTC
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e |eave on cosmetics,
¢ rinse-off cosmetics and
e Wash- and cleaning detergents.

The aim is to establish a test strategy and a dossier to facilitate the implementation of an EU
voluntary industry standard.

2.4 Discussion

The two guidance documents are much in line with the analysis work and recommendations
found in Environmental Project no. 2174 (Danish Technological Institute and DHI A/S, 2021).

The guidance list provided by Cosmetics Europe includes some of the same lists as the excel-
tool for screening of substances developed in this project. However, our excel tool (described
in the next chapter) also includes the REACH restricted substances, the SVHC, the SIN list,
endocrine disruptors, and STOT RE classified substances. The Cosmetics Europe guidance
list is useful as a reference when exchanging information on cosmetic packaging materials. It
is leaning much against the established system of declaration of compliance with FCM legisla-
tion, although it also states that, “It does not provide safety assessment methodologies for in-
tegrating such information into the cosmetic product safety assessment. This remains fully in
the role of the cosmetic product safety assessor.” The guidance document does not specifi-
cally consider packaging materials made of PCR.

The Fraunhofer et al. guidance calculates needed detection limits for rinse-off and leave-on
products of 12 mg/kg and 3 mg/kg, respectively, based on TTC and exposure of adults, where
Environmental Project no. 2174 finds 49 ug/kg and 0.8 ug/kg based on TTC and worst-case
exposure scenarios for babies. Possibly, the reason for this difference (a factor 1000) is that
Fraunhofer et al. uses a scenario with exposure of an adult and larger packaging size (more
volume in relation to packaging material) whereas the scenario in Environmental Project no.
2174 is exposure of a baby with lotion from small packaging (less volume in relation to pack-
aging material), and in addition we apply a 10% allocation factor to cosmetic packaging, since
the consumer may be exposed to the same substances from other sources, such as drinking
water, food and medical supplies.

Finally, we note that Cospatox also seems to rely on approved food grade recyclates. This is

not necessarily a good idea, since some substances may be more critical in contact with skin
than when ingested.
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3. Excel-tool for screening of
substances

During the Environmental Project no. 2174, a long list of substances identified in recycled plas-
tic materials to be used as packaging materials for cosmetic products were found by chemical
analysis (= “the migration dataset”). A human risk assessment of a few of these substances
was carried out. However, no further assessment was done for the rest of the substances, and
a hazard screening of these remaining non-assessed substances may give an overview of,
whether some of these substances are of concern. Therefore, DHI A/S was requested to de-
velop an excel-based tool, where the substances in the migration dataset could be matched up
against various lists of problematic substances. The details of these lists can be found in Table
1, and a comprehensive description of the excel tool can be found in appendix 3.

In Figure 2 is shown an example of an analysis made with the new excel tool on a reduced set
of substances in the migration dataset.

Substances used in Classification
plastic (packaging) Problematic substances
2=a = T el
H aH == =
aﬁuwﬁeg;.;uﬁﬁm&‘ HAR ADV
w g &
=&
Component PLASI FCM CPPdb) =
2,4-Dimethylheptane orisomer
Repr. 18;

Diethylhexyl phthalate (DEHP)

Skin Irrit. 2; Eye Irrit. 2; Skin Sens
1,6-Hexanediol diacrylate (HODA) 1
1-Butoxy-2-propanal Skin Irrit. 2; Eye Irrit. 2;
1-Decanal Skin Sens. 1
1-Tetracosene (C24:1) Skin Sens. 4
22,4 46,8 8-Heptamethylnonane Skin Irrit. 2
2,2 4-Trimethyl-1,3-pentanediol Repr. 2; Aquatic Acute 1; Aquatic
diisobutyrate (TXIB) Chronic 1

Carc. 2; Muta. 2; Acute Tox. 4;

2,4 5-trimethylaniline Skin Sens. 1

Carc. 1B; Muta. 2; Acute Tox. 4 %,
2 4-diaminoanisol Aguatic Chronic 2;

Carc. 1B; Muta. 2; Repr. 2; Acute
2.4-Diaminotoluene Tox. 3* Acute Tox 4% STOTRE

Acute Tox. 4

2,4-Diethyl-9H-thioxanthen-9-one

2 4-ditert-butylphenal Aquatic Acute 1; Aquatic Chronic

Muta. 2; Acute Tox. 4; Skin Sens
Butylated Hydroxftoluene 1; Skin Irrit. 2; Aquatic Acute 1;

Skin Sens. 1; Skin Irrit. 2; Aguatic

a-Hexylcinnamaldehyde Acute 1, Aguatic Chronic 1

n-Hexyl salicylate .?quat\c.‘\cule 1; Aguatic Chronic

Skin Sens. 1; Aguatic Acute 1;
Aguatic Chranic 1

a-Pinene

FIGURE 2. Example of an analysis made with the excel tool on a limited number of sub-
stances from the migration dataset.

Each substance is matched up against four types of information (see Table 1 for a more de-
tailed description of the individual lists):
a. Existing lists of chemical substances known to be used in plastics (PLASI, FCM,
CPPdb). A grey box indicates that the specific substance can be found on this list.
E.g. DEHP is found on FCM.
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b. Existing list of chemical substances of concern (SVHC, XVII, ED1, ED2, COS2,
CO3, SIN, RSL). A red box indicates that the specific substance can be found on this
list. E.g. DEHP is also found on SVHC, XVII, ED1, COS2 and SIN).

c. For each substance the harmonized classification (HAR) and advisory list for self-
classification of hazardous substances (ADV) is included. The columns CMR, STOT
RE and Allergy are based on the classification text and if the individual substance
contains this endpoint, and if it is found on the harmonized or the advisory list, re-
spectively, a dark or a light red box is indicated in the three columns. As an example,
DEHP has the harmonized classification Repr. 1B and therefore a dark red box is in-
dicated under the CMR column. Furthermore, 1-Decanol has the advisory classifica-
tion Skin Sens. 1 and therefore a light red box is indicated under the Allergy column.

d. Fragrances which are included in either of the following groups (i) declarable (ii) un-
der considerations regarding declaration or (iii) residual group of fragrances. The
presence of a given substance in any of these three groups are indicated respectively
with a dark red, light red and grey box. As an example, a-Hexylcinnamaldehyde is on
the existing list of declarable fragrances (dark red box), a-Pinene is in the group of
considerations for declaration (light red box) and n-Hexyl salicylate is in the residual
group (grey box).

The full analysis of all the substances in the migration dataset can be found here:
https://mst.dk/media/256345/excel-analysis_recycled-plast.xlsm

It shows that there are a lot of substances in the migration dataset with problematic proper-
ties. Initially the further hotspot analysis was planned to be done on substances from each
hazard group. However, as it turned out (see chapter 5), most of the hazard groups could be
analysed collectedly under the risk-based analysis. Only results shown in the two columns Al-
lergy and Fragrances were actively used in the hotspot analysis.

Regardless of this limited use of the excel tool in this project, it is still available for ad hoc eval-
uations of large groups of substances of unknown hazard profile. Presently, the migration da-
taset from the Environmental Project no. 2174 is inserted in the excel tool, but other datasets
may be inserted in the excel tool.

TABLE 1. Overview of Public lists included in the tool (as of April, 2021)

Theme Description of list

Substances used PLASI (Plastics additives initiative, https://echa.europa.eu/da/plastic-additives-ini-
in plastic tiative)

PLASI lists over 400 additives in plastics used in high volumes in the EU. It
A grey box indi- should be noted, that this relates to all plastic materials, including, but not only for
cates that the sub- those meant for food contact. In this context, “additive” means a substance which
stance appears on s intentionally added to plastics to achieve a physical or chemical effect during
the list. processing of the plastic or in the final material or article; it is intended to be pre-
sent in the final material or article. Dyes, slip promoters, and polymeric impact
modifiers were not covered in the search.

ECM: Union list of authorized monomers, other starting substances, macromole-
cules obtained from microbial fermentation, additives and polymer production aids

Commission Reqgulation (EU) No 10/2011 on plastic materials and articles in-
tended to come into contact with food (Annex I)

Annex1 to (EU) No 10/2011° Union list of authorized monomers, other starting
substances, macromolecules obtained from microbial fermentation, additives and
polymer production aids. This is a so-called positive list, meaning that only the

% EUR-Lex - 02011R0010-20200923 - EN - EUR-Lex (europa.eu)
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substances mentioned in this list may be used in plastic intended for food contact.
The list also specifies specific migration limits and other conditions for the appli-
cation of the substances. The list does not comprise colorants; solvents; certain
salts of authorized acids, phenols or alcohols; polymers with a weight of 1000
kDa or more; and aids to polymerization.

CPPdb (Chemicals associated with Plastic Packaging, Food Packaging forum,
from https://zenodo.org/record/1287773#.YEnMwThYZZV

The CPPdb covers both food and non-food packaging. It currently contains 3377
chemicals that are possibly associated with plastic packaging.

Classification Classification (no H-phrases specified)

HAR: List of harmonised classification (EU) in force from 9 September 2021,
which was taken from: https://echa.europa.eu/documents/10162/17218/an-
nex vi_clp table atp14 en.xlsx/c767afd2-4d53-b8d5-de2b-0820680cac95

ADV: The advisory list for self-classification of hazardous substances, found on
https://mst.dk/kemi/kemikalier/stoflister-og-databaser/vejledende-liste-til-selvklas-
sificering-af-farlige-stoffer/. The list is provided by the Danish Environmental Pro-
tection Agency to aid businesses in self-classification. The list includes more than
54,000 substances.

Problematic sub- SVHC (Substances of Very High Concern). The list is taken from the ECHA web-

stances site (https://echa.europa.eu/da/candidate-list-table)
REACH Restriction list, Annex XVII. This list is taken from the ECHA web-site
A red box indi- (http://echa.europa.eu/addressing-chemicals-of-concern/restrictions/substances-

cates that the sub- restricted-under-reach)
stance appears on
the list.

For the following
lists, the match is

further differenti-
ated: 1) CMR The lists are taken from https://edlists.org/the-ed-lists

Endocrine Disruptors

ED1: Substances identified as endocrine disruptors at EU level

ED2: Substances under evaluation for endocrine disruption under an EU legisla-
tion.

STOT and Allergy  Substances with a harmonized classification with:
2) Fragrances CMR
(see further details STOT RE

in the table
) ALLERGY (Skin Sens)

For all endpoints, all subcategories are be included (ex. 1,1a,1b). A dark red box
indicates that a substance has a harmonized classification with this end point.

Substances with a classification from the advisory list of classification with:
CMR

STOT RE

ALLERGY (Skin Sens)

For all endpoints, all subcategories are be included (ex. 1,1a,1b). A light red box
indicates that a substance has an advisory classification with this end point.

Commission Regulation (EC) No 1223/2009 on cosmetic products

COS2: List of substances prohibited in cosmetics products (Annex II)

COSa3: List of substances which cosmetic products must not contain except sub-
ject to the restrictions laid down (Annex Il1)

SIN list, ChemSec

The SIN list is a comprehensive list of substances that has been identified by
ChemSec as fulfilling the criteria for Substances of Very High Concern (SVHC),
as described in the EU chemicals regulation REACH article 57: CMR, PBT/vPvB
and “substances of similar concern” (ED, specific organ toxicity, allergenes, PMT,
vPVM).

The list is retrieved from https://sinlist.chemsec.org/
RSL Restricted Substance List, ref. Cradle to Cradle (se link)

The Cradle to Cradle Products Innovation Institute is a non-profit organization that
maintains a standard for products and materials to become ‘Cradle to Cradle cer-
tified’. This is a certification for sustainable products and certifies them as safe,
responsible, and fit for a circular economy. The Restricted Substances List (RSL)
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Fragrances

is a checklist for materials that are not allowed to be used in certified products.
The list is comprised of restrictions on chemicals from multiple existing chemical
regulations such as the one mentioned above. The most conservative thresholds
for each substance in any of the combined regulations is chosen.

The list is retrieved from https://www.c2ccertified.org/resources/detail/cradle-to-
cradle-certified-banned-list-of-chemicals

Three groups of fragrances are included in the excel tool:

A group of 26 fragrance allergens subject to individual labelling according to the
Cosmetics Regulation (annex Il of Regulation no. 1223/2009). These fragrances
should be declared on the ingredient list if intentionally used in cosmetic products
above a specific concentration limit. In the following, this group is referred to as
declarable fragrances, and a dark red box indicates that a given substance is in-
cluded in this group.

Fragrances listed in Table 13.1 of SCCS (2012) excluding group 1 above. A fu-
ture declaration requirement for some of these substances are currently dis-
cussed under the auspices of amendments to the Cosmetics Regulation. In the
following, this group is referred to as fragrances under consideration regarding
declaration, and a light red box indicates that a given substance is included in this
group.

Fragrances listed in Tables 13.2-13.4 of SCCS (2012). These substances have
less evidence as established contact allergens in humans. In the following, this
group is referred to as the residual group, and a grey box indicates that a given
substance is included in this group.

For the substances found in the analyses of Environmental Project no. 2174, information on
DNEL or DMEL oral, general public, dermal general public, dermal workers, and dermal ab-
sorption was added to the tool after retrieval of the data from ECHA. If dermal absorption was
not available an estimated value was added (see appendix 3.5).
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4. Comparison of migration
from virgin and PCR PE
samples.

In the Environmental Project no. 2174, a large number of compounds was detected in the mi-
gration from PCR PE samples. It was speculated, that if an analysis of virgin PE samples also
showed the same complexity, the safety assessment requirement to the use of PCR PE for
packaging of cosmetics products should be extended to the virgin PE samples. It was there-
fore decided to analyse three commercially available virgin PE samples in a similar way to
what was already done on the PCR PE samples in the previous project. The virgin PE sam-
ples were obtained from large suppliers of PE for packaging materials. The analysis was car-
ried out outside of the present project and the details of the work can be seen in Appendix 2.

The components found in an analysis of three virgin PE samples consist of two categories:

1. Linear aliphatic compounds (C10-C34, with even numbers of carbon atoms). In sam-
ple 970130-1 the dominant compounds were saturated alkanes, whereas the domi-
nant compounds were unsaturated alkenes in sample 970130-2 and -3. This probably
has to do with variations in processing, time and temperature. It is very likely, that
these compounds are the parts of the molecular weight distribution for the PE poly-
mer, which is small enough to migrate into the product simulant.

2. Various well known plastic additives and/or their degradation products (“PE-phe-
nols”). Examples of antioxidant and stabilizer additives found in highest concentration
indicating intended addition are:

e 970130-1: Tris-(2,4-di-t-butylphenyl) phosphite (CAS no 31570-04-4; concentra-
tion 150 ppm)

e 970130-2: 2,6-Di-tert-butyl-4-[(2-octadecyloxycarbonyl)ethyl]phenol (Irganox
1076) (CAS no 2082-79-3; concentration 26 ppm)

e 970130-3: Tris-(2,4-di-t-butylphenyl) phosphite (CAS no 31570-04-4; concentra-
tion 220 ppm)

The remaining compounds identified in the semi-quantitative GC-MS analysis and the specific
“PE phenols” analysis all belong to the group of degradation products for antioxidants and sta-
bilizers and were found in concentrations below 20 ppm.

No PAH components were found in the analysis of the virgin PE samples.

Hence, the conclusion from the comparison is that the compounds found in the analysis of vir-
gin PE all have an explanation. The complexity observed in the analysis of the migration from
PCR PE samples was not repeated, and the additional substances found in the PCR samples
should therefore be further investigated in any safety assessment of the use of these qualities
for packaging of cosmetics products.
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5. Method of developing a
hotspot list

The principle behind a hotspot list is for it to identify problematic substances, which industry as
a minimum should document are not migrating from PCR qualities used as packaging material
for cosmetic products.

The number of relevant problematic substances could potentially be counted in thousands.
Hence, the development of the present hotspot list should be taken as an attempt to identify a
limited number of problematic substances observed to be migrating from PCR in the earlier
Environmental Project no. 2174.

The documentation for the absence of substances on the hotspot list cannot be used as a doc-
umentation for a complete safety assessment of all possible migrants from a PCR packaging
to a certain cosmetic product. Rather, it is envisaged as an aid in the supply chain communica-
tion for industry and could for instance be included as part of the specific documentation of
commercial PCR qualities.

The hotspot list identified in this project contains the most problematic substances found as
migrating from the PCR samples evaluated in Environmental Project no. 2174. The identifica-
tion of these is mainly based on risk-assessment principles, where the actual maximum meas-
ured concentration? of the substance found to be migrating from PCR is compared with a max-
imum calculated acceptable concentration (see chapter 5.2). The hotspot list collects sub-
stances, where the maximum measured concentration is larger than the maximum calculated
acceptable concentration. In addition to these substances, two other groups of substances
were also included in the hotspot list: 1) a few fragrances and 2) a selected group of
phthalates.

The total number of substances found migrating from PCR in Environmental Project no. 2174
was 319 most of which was identified with a unique CAS number. In the following, we will refer
to this list of substances as the total migration dataset. From this dataset, the following sub-
stances were not included in the further analysis:
a. Substances not identified unambiguously by a unique CAS number
b. Substances without a measured concentration
c. Substances, which corresponds to the low-molecular part of the normal molecular
weight distribution of virgin PE (i.e. C10-C34 alkane/alkenes). These substances are
found also as migrating from virgin PE (see section 4.5).
A total of 127 substances remained and was included in the further analysis for populating the
hotspot list. In the following, this list will be referred to as the reduced migration dataset.

We present here two versions of a hotspot list: One for leave-on products and one for rinse-off
products. The number of problematic substances for leave-on products will be larger than for
the rinse-off products, as systemic exposure is higher in leave-on products.

4 Several PCR samples were evaluated in the Environmental Project 2174, and in some cases the same
substance was found using different analytical measurement. For each substance only one measured
concentration was selected for the analysis: the maximum concentration measured in either of the PCR
samples or either of the analytical techniques.
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5.1 Exposure scenarios

Two exposure scenarios were chosen as basis for the analysis for the two versions of the
hotspot list:
d. The leave on hotspot list was based on the scenario of exposure to baby body lotion
e. The rinse-off hotspot list was based on the scenario of exposure to baby shampoo
In both cases, a baby exposure scenario was selected in order to make the most conservative
selection of candidates for the hotspot list.

The parameters below have been identified in the previous Environmental Project no. 2174.

Basic data for baby bodylotion (SCCS, 2018)

Average body weight), baby, K:.........cccooviiiiiiii e, 3.4 kg

EXPOSUIE FOULE: ......ooiiiiiiiiieee e Dermal

Kind Of @XPOSUIE: ... Leave-on

Quantity per skin surface area Ga: .........cccccoeveviiiiiieeiniiinenns 0.5 mg/cm? (adult, Table
2A&3; 7.829/15670cm?)

Daily frequency of application F: .............ccccocoiiiiiiiiiieniaens 1

Surface area per application A: ...........ccccceeeeeeiiiiieiieeeeeee, 2200 cm? (Cato, 2020)

Retention factor R: .........cccoiiieeiiee e 1

Dermal absorption fraction/Percutaneous permeation P: ........ Dependent on the substance

Dermal eposure, Edermal
Edermai = (Ga*A*F *R) /K =(0,5*2200 *1 * 1) / 3,4 = 323,5 mg baby body lotion /kg bw/day

In addition, we consider the scenario of exposure to shampoo in combination with shower gel
for adults but adjusted afterwards to fit babies by adjusting for surface area.

Basic data for shampoo (adults) (SCCS, 2018)

Average body weight, K: ..o 60 kg

EXPOSUIe route: .........c..ueeeiiiiiiieee et Dermal

Kind Of @XPOSUIE: ...t Rinse-off

Quantity per day, shower gel GsG: .........ccocveririieeeiiiieeeeiieeeee 18.67 g/day

Quantity per day, shampoo GsH: .........ccceeeiviireiniiiiineee e 10.46 g/day

Retention factor, shower gel RsG: ........cooccuiiiiiiiiiiiiiiiiiieeees 0.01

Retention factor, Shampoo RsH: .........ccovviiviiiieeiiiiciiiiiee e, 0.01

Dermal absorption fraction/Percutaneous permeation P: ........ Dependent on the substance

Dermal exposure, Edermal (adult)
Edermal = (Gsc + GsH)* Rsc+sn / K = (18.67+10.46) * 0.01/ 60 = 4.86 mg shampoo /kg Igv/day

Dermal exposure, Edermal (baby)

Edermal = ((Ababy/Aaduit)*Gse + Gsn)* R / K = ((2200/17500)*18,67+10,46)*0,01/3,4 = 37,7 mg
shampoo/kg bw/day

The exposure of babies to shampoo and shower gel is not very well quantified. Data from a

Korean study (Lee & al., 2017) exist, but for our purpose of creating a hotspot list, we consider
the above approximation of Egermal (baby) as sufficient.
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5.2 Calculation of the maximum acceptable concentration

The Margin of Safety (MoS) is Point of Departure (PoD) divided by the Systemic Exposure
Dose (SED). Often the NOAEL-value is used for the PoD. Therefore normally (SCCS, 2018),
the margin of safety (MoS) is calculated as the ratio of the NOAEL-value to the systemic expo-
sure dose (SED), i.e.

v1os — NOAEL
%= TSED

The systemic exposure dose (SED) depends on the dermal absorption fraction (P), and is cal-
culated as:

Conc
100

Systemic exposure dose; SED = ( ) *P* Egormal

Here, we apply the DNEL instead of NOAEL, because the DNEL already contains the appro-
priate uncertainty factors in relation to data quality, critical study duration etc., and in the
screening tool, we have inserted DNEL values (or TDI or ADI) found in the ECHA database.

A MoS of at least 100 is normally accepted when using NOAEL, but when using DNEL (or TDI
or ADI) we only need a MoS of 10 to account for the 10% allocation of DNEL to cosmetic prod-
ucts, to allow for exposure to the same chemical substance from other sources, such as drink-
ing water and food.

With a MoS of 10, we can derive the following maximum calculated acceptable concentration,
C:

100 - DNEL 10 - DNEL
C(%) <

10 - P Egermar ~ P Egermal

If we, for example, make the calculation for DEHP in baby body lotion, we apply the following
values:

e DNEL = 0.05 mg/kg bw/day
e P=0.05
e Edermal = 323,5 mg/kg bw/day (for a baby)

. __mg
10-0.05 kg bw day

. __ms
0.05-323,5 kg bw day

C(%) < = 0,0309%

or 309 mg/kg baby body lotion.

Likewise, the acceptable maximum concentration for migrants in shampoo was found for each
migrant by applying Edermai = 37,7 mg shampoo + shower gel/kg bw/day.

The calculated maximum concentrations were compared to the measured maximum concen-
tration of the 127 migrants in the reduced migrant dataset. In principle, larger concentrations of
migrants found than acceptable, leads to inclusion on the hotspot list. Subsequently, the
hotspot list was modified by applying certain other considerations as described in chapter 5.5.

5.3 Key parameters: DNEL and P and their substitutes
In cases where no literature value of the dermal absorption fraction, P, was found, it was pre-

dicted by the FiniteDoseSkinPerm program (CDC/NIOSH, 2022). If this was not possible, the
dermal absorption fraction was assumed to be 1.
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If DNELoral or TDI/ADI values are found, these are applied in the calculations.

If a DNELdermal is found, it can be used instead but without modification with the dermal absorp-
tion fraction (P).

If no DNELorai; TDI/ADI or DNELgermal Values were found, the ‘Threshold of Toxicological Con-
cern’ (TTC) is applied.

The TTC can be differentiated by applying the Cramer classification, i.e. a classification of the
substance according to its chemical structure (Kroes & al., 2007). To get help making a
Cramer classification the programme Toxtree may be used.

TABLE 2. The Cramer classification scheme for estimating the TTC based on chemical struc-
ture (Kroes & al., 2007)

Cramer Class Description TTC [pg/person/day]*

| Substances of simple chemical structure with known 1800
metabolic pathways and innocuous end products (30 pg/kg bw/day)
which suggest a low order of oral toxicity.

Il Substances are intermediate. They possess struc- 540
tures that are less innocuous than those in Class | (9 ug/kg bw/day)
but they do not contain structural features that are
suggestive of toxicity like those in class IlI.

] Substances with chemical structures that permitno 90
strong initial impression of safety and may even (1.5 ug/kg bw/day)
suggest a significant toxicity.

o For substances with genotoxic alerts, 0.15 pg/kg bw/day can be applied.

e For anticholinesterases (organic phosphates and carbamates), 0.3 ug/bw/day can be ap-
plied.

¢ In the calculations, TTC of 0.15 ug/kg bw/day has been applied for substances with non-
genotoxic potential and CMR classification category 1A and 1B.

o Substances classified as CMR category 2 were assigned to Cramer class Il with a TTC of
1.5 pg/kg bw/day.

e Substances with the remainder of hazard classifications including STOT SE were assigned
to Cramer Class | with a TTC of 30 ug/kg bw/day.

The results of the calculations are given in Table 3. Calculated maximum acceptable concen-
trations for the two exposure scenarios, which are below the measured maximum concentra-
tion are highlighted in green. The calculated maximum concentrations are converted into more
practical threshold values for the hotspot list by rounding off to 1-2 significant digits (see col-
umns “HOTSPOT”).
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TABLE 3. Excerpt from Excel tool showing maximum found migration in CPR and virgin polymers, parameters used for each substance, the resulting maximum acceptable concen-
tration for baby body lotion and baby shampoo and gel, and the hotspot maximum acceptable migration. Fields marked in grey denote identified hotspot substances.

Component CALCULATIONS HOTSPOT
Max. Conc.
(mglkg)
CAS no. > DNEL/TDI/ Dermal Choice of Baby body lotion Baby shampoo Leave-on Rinse-off

. g Cramer Class abs. DNEL/TDI/Cramer Max Conc and gel

ko4 .g’ mg/kg bw day Class (mg/kg) Max Conc

2 g (mg/kg)

= -5

%) ¢ =

< <]

8 S E

3 38

= = E
2,4-Dimethylheptane or isomer 2213-23-2 12 3,00E-02 0,0000595 CClI 151 260,50 1337 647,06
Bis(2-ethylhexyl) phthalate 117-81-7 40 0,05 0,05 TDI EFSA 300,00 2 653,00
(DEHP)
1,6-Hexanediol diacrylate (HDDA) 13048-33-4 0,4 2,1 0,0471 Oral DNEL 13 375,80 118 286,62
1-Butoxy-2-propanol 5131-66-8 6 12,5 0,3 Oral DNEL 12 500,00 110 541,67
1-Decanol 112-30-1 30 12,5 0,0433 Oral DNEL 86 605,08 765 877,60
1-Hexadecanol 36653-82-4 60 55 0,01 Oral DNEL 1650 000,00 14 591 500,00
2,2,4,4,6,8,8-Heptamethylnonane 4390-04-9 4 3,00E-02 0,0281 CCI 320,28 2 832,38
2,2,4-Trimethyl-1,3-pentanediol 6846-50-0 7 5 0,07 Oral DNEL 21 428,57 189 500,00
diisobutyrate (TXIB)
2,4-diaminoanisol 615-05-4 0,015 1,50E-04 0,2584 CCIV 0,17 1,54
2.4-Diaminotoluene 95-80-7 0,006 0,001 0,237 Oral DNEL 1,27 11,19
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Component

2,4-Diethyl-9H-thioxanthen-9-one
2,4-Dimethyl-1-heptene or isomer
2,4-Di-tert-butylphenol

Butylated Hydroxytoluene
2,6-di-tert-butyl-1,4-benzoquinon
2-Ethylhexyl salicylate
2-Ethylhexyl-4-(dimethyla-
mino)benzoate

Oxybenzone
2-Isopropylthioxanthone (2-1TX)
o-Ansidine
2-Methyl-4'-(methylthio)-2-mor-

pholinopropiophenone

2-Methylbenzophenone og/eller 4-
methylbenzophenone
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CAS no.

82799-44-8

19549-87-2

96-76-4

128-37-0

719-22-2

118-60-5

21245-02-3

131-57-7

5495-84-1

90-04-0

71868-10-5

131-58-8

Max conc. (mg/kg)

0,25

160

50

50

0,28

0,17

0,6

0,04

0,6

Max conc. i virgin poly-

mer (mg/kg)

CALCULATIONS
DNEL/TDV/ Dermal
Cramer Class abs.
mg/kg bw day
0,104 0,1
3,00E-02 0,0093
6 0,007 1
0,25 1
25 0,0015 0,3295
2,4 1
6,7 1
2 0,1
0,1 0,1
0,00015 1
0,05 0,9715
0,03 0,4029

Choice of
DNEL/TDI/Cramer

Class

HOTSPOT
Max. Conc.
(mglkg)

Baby body lotion Baby shampoo
Max Conc and gel
(mg/kg) Max Conc

(mg/kg)

Oral DNEL 312,00 2759,12

CC1 967,74 8 558,06

Oral DNEL

N

Oral DNEL 75,00 663,25

CCllI

=

Oral DNEL 720,00 6 367,20

Dermal DNEL 2 010,00 17 775,10

Oral DNEL 6 000,00 53 060,00

Oral DNEL 300,00 2 653,00

CCIvV 0,05

Oral DNEL 15,44 136,54

CC1 22,34 197,54

Hvis benzophenone

sa CCIV

Leave-on Rinse-off

20
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0,5



Component CALCULATIONS HOTSPOT
Max. Conc.
(mglkg)
CAS no. > DNEL/TDI/ Dermal Choice of Baby body lotion Baby shampoo Leave-on Rinse-off

. g Cramer Class abs. DNEL/TDI/Cramer Max Conc and gel

2 .g‘ mg/kg bw day Class (mg/kg) Max Conc

g S (mg/kg)

-~ - ’a

%) g =

< c o

8 S E

x X =

(]

= s £
2-Phenyldodecane 2719-61-1 B) 0,03 0,3023 CCl 29,77 263,28
2-Propylheptanol 10042-59-8 16 0,75 0,0526 Oral DNEL 4 277,57 37 827,95
3,3'-dichlorobenzidine 91-94-1 0,1 0,00015 0,9927 CCIV - 0,40 0,05
3,5,5-Trimethyl-2(5H)-furanone 50598-50-0 7 0,03 0,0915 CCl 98,36 869,84
3,5-di-tert-butyl-4-hydroxyaceto- 14035-33-7 0,7 0,03 0,8009 CCl 11,24 99,38
phenon
3,5-di-tert-butyl-4-hydroxybenzal- 1620-98-0 5 0,5 0,03 0,9887 CC1 9,10 80,50
dehyd
3,5-di-tert-butyl-4-hydroxystyren 52858-87-4 0,7 0,8 0,03 0,0061 CC1 1475,41 13 047,54
3-methyl-3,5-di-tert-butyl-4-hydro- 6386-38-5 0,8 12 0,03 0,9787 CC1 9,20 81,32
xyphenylpropanoate
Methyl 3-(3,5-di-tert-butyl-4-hy- 6386-38-5 14 5 0,03 1 CC1 79,59 10
droxyphenyl)propionate
3-Methyltridecane 6418-41-3 4 0,03 0,000771 CC1 11 673,15 103 229,57
4,4-Diaminodiphenylmethane 101-77-9 06 0,00015 1 cav _ 0,05 05
4-butoxyphenol 122-94-1 0,08 0,03 0,5252 CCl 17,14 151,54

The Danish Environmental Protection Agency / Problematic chemicals in recycled plastic 25



Component CALCULATIONS HOTSPOT

Max. Conc.
(mglkg)
CAS no. > DNEL/TDI/ Dermal Choice of Baby body lotion Baby shampoo Leave-on Rinse-off

. g Cramer Class abs. DNEL/TDI/Cramer Max Conc and gel

2 '%-, mg/kg bw day Class (mg/kg) Max Conc

g S (mglkg)

-~ - a

%) g =

< c o

8 S E

3 38

= = E
p-Chloroaniline 106-47-8 0,022 0,0015 0,125 CCIV 3,60 31,84
4-Chloro-o-toluidine 95-69-2 0,04 0,0015 0,1027 CCIvV 4,38 38,75
4-ethylphenol 123-07-9 1,2 0,417 0,1226 Oral DNEL 1 020,39 9 023,66
4-Methyloctane or isomer 2216-34-4 3 0,03 0,0000704 CCl 127 840,91 1130 539,77
4-Phenylbenzophenone 2128-93-0 2,8 0,33 1 Oral DNEL 99,00 875,49
4-Phenyldodecane 2719-64-4 5 0,03 0,0974 CC1 92,40 817,15
4-Phenyltridecane 4534-51-4 4 0,03 0,1901 CCH1 47,34 418,67
4-tertbutylphenol 98-54-4 0,12 0,29 0,026 1 Oral DNEL 7,80 68,98
5-Phenyldodecane 2719-63-3 2,7 0,03 0,0974 CC1 92,40 817,15
5-Phenyltridecane 4534-50-3 4 0,03 0,1901 CC1 47,34 418,67
6-Phenyltridecane 4534-49-0 4 0,03 0,1901 CC1 47,34 418,67
7,9-Di-tert-butyl-1-ox- 82304-66-3 310 20 0,03 0,9394 CC1 10 90
aspiro(4,5)deca-6,9-diene-2,8-di-
one
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Component

Acenaphten
Acetophenon
Alifatic aldehyde, could be unde-
canal

Aluminium
Anthracen

Barium
Benzoguanamine
Benzophenone
Benzyl Benzoate
Benzylbutylphthalate

Bumetrizole

Calcium

CAS no.

83-32-9

98-86-2

112-44-7

7429-90-5

120-12-7

7440-39-3

91-76-9

119-61-9

120-51-4

85-68-7

3896-11-5

7440-70-2

Max conc. (mg/kg)

0,5

0,22

S

0,6

1,7

0,29

0,6

2,2

0,4

30

Max conc. i virgin poly-

mer (mg/kg)

CALCULATIONS

DNEL/TDI/
Cramer Class
mg/kg bw day

0,03

3,1

1,65

3,95

1,2

0,021

0,096

0,05

1,42

0,5

0,03

0,03

Dermal
abs.

0,3559

0,75

0,7

0,7

0,05

0,9897

Choice of
DNEL/TDI/Cramer
Class

CC1

Oral DNEL

Dermal DNEL (work-
ers)

Oral DNEL

Dermal DNEL (work-

ers)
TDI

(Drinking water)
Oral DNEL
Oral DNEL

Oral DNEL

Oral DNEL

CC1

Baby body lotion
Max Conc

(mglkg)

25,29

930,00

495,00

1185,00

360,00

6,30

38,40

21,43

608,57

3 000,00

9,00

Baby shampoo
and gel
Max Conc

(mg/kg)

223,63

8 224,30

4 377,45

10 479,35

3 183,60

55,71

339,58

189,50

5 381,80

26 530,00

80,42

79,59

HOTSPOT
Max. Conc.

(mg/kg)

Leave-on Rinse-off

10
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Component

Co-elution, alifatic alcohol and
eicosane (C20)

Eicosane

a-Hexylcinnamaldehyde

Tributyl acetylcitrate

Decane, 2,3,5,8-tetramethyl-

Decene

Dibutyl sebaccate

Dibutylphthalate

Diethyl Phthalate

Diisobutylphthalate

Dodecanoic acid, dodecyl ester

Ester of benzoic acid, may be
benzoic acid, undecyl ester

CAS no.

112-95-8

112-95-8

101-86-0

77-90-7

192823-15-7

872-05-9

109-43-3

84-74-2

84-66-2

84-69-5

13945-76-1

6316-30-9

Max conc. (mg/kg)

400

900

23

0,6

40

80
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Max conc. i virgin poly-

mer (mg/kg)

1100

1100

CALCULATIONS
DNEL/TDV/ Dermal
Cramer Class abs.
mg/kg bw day
0,03 0,139
0,03 1
0,03 0,1446
0,5 1
0,03 0,1
0,03 0,0000504
0,03 0,2282
0,007 0,05
0,75 0,5
0,21 0,0921
0,03 0,7891
0,03 0,3556

Choice of

DNEL/TDI/Cramer

Class

CC1

CC1

CC1

Oral DNEL

CC1

CC1

CC1

Oral DNEL

Oral DNEL

Oral DNEL

CC1

Baby body lotion
Max Conc

(mglkg)

62,24

150,00

90,00

178 571,43

39,44

42,00

450,00

684,04

25,31

Baby shampoo
and gel
Max Conc

(mg/kg)

550,41

1326,50

795,90

1579 166,67

348,77

371,42

3 979,50

6 049,19

100,86

223,82

HOTSPOT
Max. Conc.
(mglkg)

Leave-on Rinse-off

10



Component

Ethyl 4-dimethylaminobenzoate
Ethyl Oleate

Ethyl phenyl(2,4,6-trimethylben-
zoyl)phosphinate

Fluoranthen

Fluoren

Hexadecanoic acid, decyl ester
Hexadecanoic acid, dodecyl ester
Hexadecanoic acid, methyl ester
Isophorone

Isopropyl myristate

Isopropyl palmitate

Jern

CAS no.

10287-53-3

111-62-6

84434-11-7

206-44-0

86-73-7

42232-27-9

42232-29-1

112-39-0

78-59-1

110-27-0

142-91-6

7439-89-6

Max conc. (mg/kg)

0,08

24

0,016

1,6

0,8

22

40

21

40

50

0,28

Max conc. i virgin poly-

mer (mg/kg)

CALCULATIONS
DNEL/TDV/ Dermal
Cramer Class abs.
mg/kg bw day
0,15 1
0,03 0,3764
0,5 1
0,0015 0,9732
0,0015 0,7039
0,03 0,812
0,03 0,8223
0,03 0,105
0,5125 0,0281
1,6 0,0661
1,83 0,1811

0,71

HOTSPOT
Max. Conc.
(mg/kg)
Choice of Baby body lotion Baby shampoo Leave-on Rinse-off
DNEL/TDI/Cramer Max Conc and gel
Class (mg/kg) Max Conc
(mg/kg)
Dermal DNEL (work- 45,00 397,95
ers)
Oral DNEL 150,00 1326,50
CCIvV 4,09 0,5
CClll 5,65 0,6 6
CC1 98,02 10
CC1 96,79 10
CC1 85,71 758,00
Oral DNEL 5471,53 48 386,57
Oral DNEL 7 261,72 64 217,85
Oral DNEL 3 031,47 26 808,34
Oral DNEL 213,00 1883,63
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Component CALCULATIONS HOTSPOT

Max. Conc.
(mglkg)
CAS no. > DNEL/TDI/ Dermal Choice of Baby body lotion Baby shampoo Leave-on Rinse-off

. g Cramer Class abs. DNEL/TDI/Cramer Max Conc and gel

g’ .g, mg/kg bw day Class (mg/kg) Max Conc

g s (mglkg)

= -5

%) g =

< <)

8 S E

3 S8

= = E
Kalium 7440-09-7 1,2 0,03 1 CC1 9,00 79,59
Kobber 7440-50-8 0,05 0,041 0,001106 Oral DNEL 11 121,16 98 348,10
Limonene 138-86-3 24 0,03 0,000356 CC1 25 280,90 223 567,42
Magnesium 7439-95-4 0,4 3,6 1 Oral DNEL 1 080,00 9 550,80
Mangan 7439-96-5 0,011 0,0021 1 Dermal DNEL 0,63 5,57
Methyl (3-oxo-2-pentylcyclopen- 24851-98-7 9 2,5 0,459 Oral DNEL 1633,99 14 449,89
tyl)acetate (hedione)
Methyl dihydrojasmonate 24851-98-7 5 2,5 0,459 Oral DNEL 1633,99 14 449,89
Methyl elaidate (double bond may 112-62-9 14 0,03 0,2725 CC1 33,03 292,07
be different position)
Methyl stearate 112-61-8 7 6,95 0,4983 Oral DNEL 4 184,23 37 002,51
Methyl-2-benzoylbenzoate (MBB) 606-28-0 0,4 0,052 0,9085 Oral DNEL 17,17 151,85
Naphthalen 91-20-3 4 0,0015 0,0723 CClll 6,22 55,04
Natrium 7440-23-5 7 0,03 1 CC1 9,00 79,59
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Component

n-Hexyl salicylate

tert-Butyl cyclohexyl acetate

n-Propyl 11-octadecenoate

Octadecenamide or isomer

Octadecenoic acid ethyl ester

Octan-2-yl palmitate

Octane

Octanoic acid, dodecyl ester

Octinoxate

Octocrylene

Octyl ether

o-Cymene (or isomer)

CAS no.

6259-76-3

88-41-5

1000336-71-7

301-02-0

6114-18-7

55194-81-5

111-65-9

20292-09-5

5466-77-3

6197-30-4

629-82-3

527-84-4

Max conc. (mg/kg)

40

11

20

18

22

40

60

23

17

Max conc. i virgin poly-

mer (mg/kg)

CALCULATIONS

DNEL/TDI/

Dermal

Cramer Class abs.

mg/kg bw day

0,3

0,0015

0,03

0,03

0,03

0,03

699

0,03

0,0015

0,3825

25

0,03

0,078

0,0083

0,4956

0,9881

0,3764

0,667

0,4079

0,8622

0,002

0,005

0,000766

HOTSPOT
Max. Conc.
(mglkg)
Choice of Baby body lotion Baby shampoo Leave-on Rinse-off
DNEL/TDI/Cramer Max Conc and gel
Class (mg/kg) Max Conc
(mglkg)
Oral DNEL 1 153,85 10 203,85
CCllI 54,22 479,46
CC1 160,59 20
CC1 80,55 10
CC1 23,91 211,45
Dermal DNEL 209 700,00 1854 447,00
CC1 22,06 195,12
Oral DNEL 57 375,00 507 386,25
Oral DNEL 1500 000,00 13 265 000,00
CC1 11 749,35 103 903,39
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Component CALCULATIONS HOTSPOT

Max. Conc.
(mg/kg)
CAS no. > DNEL/TDI/ Dermal Choice of Baby body lotion Baby shampoo Leave-on Rinse-off

. g Cramer Class abs. DNEL/TDI/Cramer Max Conc and gel

g’ .g‘ mg/kg bw day Class (mg/kg) Max Conc

g s (mglkg)

= -5

%) ¢ =

< c o

8 S E

X X

(]

= s £
o-Toluidin 95-53-4 0,5 0,00015 0,0434 CCIV 1,04 9,17
Pentacosane (C25) 629-99-2 12 0,03 0,6551 CC1 13,74 121,49
Phenanthren 85-01-8 6 0,0015 09177 calll _ 05 5
Piperonyl butoxide 51-03-6 2,8 0,221 0,021 Oral DNEL 3157,14 27 919,67
Pyren 129-00-0 0,9 0,0015 0,9894 CClll - 4,02 0,5
Salicyclic acid 69-72-7 0,21 1 0,6 Oral DNEL 500,00 4 421,67
Squalene 111-02-4 8 1,94 0,7893 Oral DNEL 737,36 6 520,74
Strontium 7440-24-6 0,07 0,396 0,001 Oral DNEL 118 800,00 1 050 588,00
Tetradecanoic acid, dodecyl ester 2040-64-4 50 0,03 0,812 CC1 - 98,02 10
Tetraethylene glycol di-2- 18268-70-7 7 0,523 0,1 Oral DNEL 1569,00 13 875,19
ethylhexoate
Tri(propylene glycol) diacrylate 42978-66-5 0,14 0,85 1 Dermal DNEL (work- 255,00 2 255,05

ers)

Tributyl citrate 77-94-1 0,21 12,5 1 Oral DNEL 3 750,00 33 162,50
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Component CALCULATIONS HOTSPOT

Max. Conc.
(mglkg)
CAS no. > DNEL/TDI/ Dermal Choice of Baby body lotion Baby shampoo Leave-on Rinse-off

. g Cramer Class abs. DNEL/TDI/Cramer Max Conc and gel

2 .g, mg/kg bw day Class (mg/kg) Max Conc

g S (mg/kg)

-~ - ’a

%) g =

< c o

8 S E

x X =

(]

= s £
Tridecane (C13) 629-50-5 12 0,03 0,000947 CC1 9 503,70 84 044,35
Trimethylolpropane triacrylate 15625-89-5 0,025 0,03 0,3934 CC1 22,88 202,31
Tris-(2,4-di-t-butylphenyl) phos- 31570-04-4 1000 150 0,6 0,801 Oral DNEL 1987,27 225
phite
Undecane (C11) 1120-21-4 5 0,03 0,000151 CC1 59 602,65 527 086,09
Versalide 88-29-9 21 0,03 0,2865 CCH1 31,41 277,80
Zink 7440-66-6 0,18 0,83 1 Oral DNEL 249,00 2 201,99
a-Pinene 80-56-8 6 0,225 0,0000895 Oral DNEL 754 189,94 6 669 553,07
4,4'-diaminodiphenylmethan 101-77-9 0,026 0,00021 1 Dermal DNEL (work- 0,06 0,56

ers)

An excel version of the data in Table 3 is found here:
https://mst.dk/media/256347/risk-analysis_recycled-plast.xlsm
Here, all the background data for the calculations are also included.
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It could be discussed whether substances such as ethyl oleate and octan-2-yl palmitate should
remain on the hotspot list. These are derivatives of the well-known fatty acids oleic acid and
palmitic acid, and they do not appear on any of the hazard listings considered. Likewise, ali-
phatic alcohol and eicosane (C20) are common ingredients in cosmetics with no apparent tox-
icity. However, since no toxicological data could be readily found for these four substances,
they were assigned a Cramer classification leading to a TTC of 0.03 mg/kg bw/day. The maxi-
mum concentrations found are larger than the acceptable concentrations calculated as a result
of the TTC, but since no specific toxicological effects can be expected and that they are deriv-
atives of relatively innocuous substances, we see no reason to justify their inclusion on a
hotspot list. They are therefore removed from the two hotspot lists.

The total number of hotspot substances found by the risk-based method is the following:
- Leave-on hotspot list: 20 substances
- Rinse-off hotspot list: 7 substances

54 Selection of sensitising hotspot substances

In the previous sections, the selection of problematic substances for the hotspot list was based
on a risk-based analysis. In this section, we would like to focus on sensitising substances. The
risk-based analysis is less useful here because the sensitising mode of action is not systemic,

but occurs locally, and does not necessarily require complete absorption through the skin.

Two groups of substances are considered in the following:
- substances, which are classified as skin sensitisers in the list of harmonised classifi-
cation (HAR) or in the advisory list for self-classification (ADV)
- substances belonging to the group of fragrances. Focus is on the group of 26 declar-
able perfume substances or which is under consideration regarding declaration under
the auspices of amendments to the Cosmetics Regulation (see more details in Table

1),

In figure 3 the result of an analysis with this focus is shown with the excel tool on substances
in the reduced migration dataset. Substances are flagged with red and grey boxes, and are ei-
ther classified as sensitisers (all are Skin Sens 1) or included on the total list of fragrances ta-
bled in the SCCS report (2012)

Substances classified as sensitisers

Using the reporting threshold of 1000 ppb (= 1mg/kg) for sensitisers categorized as 1/1B in
The Cosmetics Europe Advisory Report from 2019 (see also chapter 2.1 for further details),
most of the substances highlighted with a red box in the Allergy column of Figure 3 would
need to be reported. Including all of these substances, however, does not meet the goal of col-
lecting a limited number of substances in the hotspot list.

A special case exists for the C12-C34 alkenes migrating from the samples, which we earlier
decided not to include in the reduced migration dataset because their migration was observed
originating both in PCR but also in virgin PE. These alkenes are on the Danish EPA advisory
classification list, which is the result of QSAR estimations. However, upon a short search in the
literature in PubMed, no cases of skin sensitisation to such substances are readily available.
We therefore consider it doubtful whether these long-chain alkenes constitute a real hazard,
and therefore conclude that the decision on not including them on the reduced migration da-
taset seems reasonable. This may be subject to further investigations.
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. Classification
Problematic
HAR ADV
= _
=)
s |52 B ¢
g - @ - 3
2 el = | B
= |2g @ ¥
= ™ o =
" = -
= -«
|Component casnr. T |-
Carc. 18; Muta. 2 Repr. 2; Acute Tox. 3 *; Acute Tox.
2 4-Diaminotoluene 95-80-7 011 4* STOT RE 2 * Skin Sens. 1; Aquatic Chronic 2
Butylated Hydrontoluene 128-37-0 Muta. 2; Acute Tox 4; Skin Sens. 1; Skin Irrit. 2;
50 Aguatic Acute 1; Aguatic Chronic 1
Repr. 2, Skin Sens. 1, Aquatic Acute 1; Aquatic
2 6-di-ert-butyl-1.4-benzoquinon [ 798-29.3 50 25 Chronic 1
Skin Sens. 1
2-Propyiheptanol 10042-59-8 15
Carc. 1B; Acute Tox. 4 *, Skin Sens. 1; Aguatic Acute
3.3-dichlorobenziding 191-84-1 0.1 1; Aguatic Chronic 1;
Carc. 18 Muta. 2, STOT SE 1; STOT RE 2 *; Skin
4 4-Diaminodiphenylmethane 101-77-8 0.6 Sens. 1; Aguatic Chronic 2
Care. 1B; Acute Tox. 3 *; Acule Tox. 3 *, Acute Tox 3
p-Chioroaniline 106-47-8 0,022 *. Skin Sens. 1; Aquatic Acute 1; Aguatic Chronic 1;
|4-ethyiphenol 123-07-8 12 Acute Tox 4; Skin Sens. 1; Skin Imit. 2
Alifatic aldehyde, could be 112 7
undecanal 31 Skin Sens. 1; Aguatic Acute 1
o-Hexylcinnamaldehyde 101-86-0 Skin Sens. 1; Skin Imit. 2; Aquatic Acute 1. Aquatic
270 Chronic 1
Limenene 138-86-3 Flam. Lig. 3; Skin Irit. 2. Skin Sens. 1; Aquatic Acute
24 1; Agualic Chronic 1;
Skin Sens. 1
Octyl ether 629-82-3 ;
1
Skin Sens. 1
Sgualene 111-024 8
STOT SE 3; Skin hit. 2; Eye Imit. 2; Skin Sens. 1
Tri(propylene glycol) diacrylate 42978-86-5 230 Aguatic Chronic 2;
Ti p triacriate 15625-89-5 140 Skin Irrit. 2. Eye Imit. 2; Skin Sens. 1;
Skin Sens. 1; Aguatic Acute 1; Aguatic Chronic 1
a-Pinene 80-55-8
&
Care. 18; Muta. 2; STOT SE 1, STOTRE 2 *; Skin
4 4-diaminodiphenyimethan 101-77-8 0,026 Sens. 1; Aguatic Chronic 2,
Acute Tox 4 *; Aquatic Chronic 2;
Benzyl Benzoate 120-51-4
[}
Methyl (3-oxo-2-
pentyicyclopentyljacetate (hedione) R 3
Methyl dihydrojasmonate 24851-98-7
5
Aquatic Acute 1; Aquatic Chronic 1
n-Hexyl salicylate 6250-78-3
40

FIGURE 3. List of substances, which are either classified as sensitising or included on the fra-
grance list (SCCS, 2012) (ref. SCCS, 2012). Substances classified as sensitising can either be
part of the harmonized or the advisory list respectively flagged with a dark or a light red box.
Fragrances can either be part of the original 26 declarable, under consideration regarding dec-
laration or on the residual list of fragrances flagged respectively with dark red, light red or grey
boxes

Sensitising fragrance substances
Instead of focusing on all the substances classified as sensitisers, we would like to focus on
the specific group of fragrances many of which also have sensitising properties.

Figure 3 includes four fragrance substances belonging to the group of declarable substances
or the group of fragrances under consideration regarding declaration (see Table 1 for more de-
tails of these groups):

e Limonene (declarable)

¢ o-Pinene (under considerations for declaration)

¢ a-Hexylcinnamaldehyde (declarable)

e Benzyl Benzoate (declarable)

The concentration limits for when perfume substances must be declared in cosmetics are the
following:
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f.  Leave-on products: 0,001% (10 mg/kg)
g. Rinse-off products: 0,01 % (100 mg/kg)

We have therefore added these four perfume substances to the hotspot lists for leave-on and
rinse-off products with these concentration limits.

5.5 Other considerations

Finally, we would like to raise the question whether there are important categories of hazard-
ous substances, which were not identified in the preceding chapters, but should be considered
for the hotspot list.

Phthalates

No phthalates were identified as a problematic substance in the risk-based selection above.
However, phthalates are known to be problematic, and in the Environmental Project no. 2174,
the migration of phthalates were found to be a safety concern for baby body lotion, when the
weighted concentration of DEHP equivalents were above = 150 mg/kg (0,015%). We have
therefore included a selection of phthalates on the hotspot list for leave-on products with a
maximum weighted concentration limit of 150 mg/kg.

CMR; PAA and PAH substances
According to article 15 in the Cosmetics Regulation, CMR-substances are prohibited in cos-
metic products.

Primary aromatic amines (PAA’s) as a group could also be denoted as hotspot substances,
since we do not have DNELs or TDIs for them, and they're illegal when found as migrants from
plastic food contact materials. Presumably, they’re all carcinogenic.

Polycyclic aromatic hydrocarbons (PAHSs) as a group (including pyrene, fluoranthene, fluorene
and naphthalene found in the analyses) could furthermore be denoted as hotspot substances,
since they are regarded as no-threshold carcinogens, also in contact with skin.

The migration dataset contains members of all three of the above group of substances, not all
of which were identified as hotspot substances in the preceding chapters. For all three groups,
there are however many more members of the group, than what can in practice be analysed
for. So even if we expanded the hotspot list with the additional CMR, PAA and PAH sub-
stances found in the migration dataset, it would still not be complete.

Also, as highlighted earlier, the lists of hotspot substances are not meant to be exhaustive and
does not alleviate the user of performing proper safety assessments of all other migrating sub-
stances and conforming to other regulations such as 1) avoid CMR in cosmetics products 2)
restrictions on PAA and PAH. Conforming to these regulations are the responsibility of the re-
sponsible person for the cosmetic product, whereas the hotspot documentation is intended to
be used solely in the supply chain communication dealing with the PCR quality.

We have therefore decided not to include any additional CMR, PAA and PAH substances in
the hotspot lists.
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5.6

Resulting hotspot lists

The hotspot lists for the two areas: Use of recycled plastic respectively for Leave-on or Rinse-
off packaging of cosmetics products is included in Table 4. The number of substances in-

cluded in the two lists are:
- Leave-on: 28
- Rinse-off: 11

The migration analysis for the substances included in these two lists should document that the
concentration is below the maximum concentration given here.

TABLE 4. Hotspot list for leave-on and rinse-off recycled plastics for packaging of cosmetics

products.

Component

2,4-Di-tert-butylphenol
2,6-di-tert-butyl-1,4-benzoquinon
o-Ansidine
3,3'-dichlorobenzidine

Methyl 3-(3,5-di-tert-butyl-4-hydroxy-
phenyl)propionate

4,4'-Diaminodiphenylmethane

7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-6,9-
diene-2,8-dione

Bumetrizole

Dodecanoic acid, dodecyl ester
Fluoranthen

Fluoren

Hexadecanoic acid, decyl ester
Hexadecanoic acid, dodecyl ester
n-Propyl 11-octadecenoate
Octadecenamide or isomer
Octinoxate

Phenanthren

Pyren

Tetradecanoic acid, dodecyl ester
Tris-(2,4-di-t-butylphenyl) phosphite
Bis(2-ethylhexyl) phthalate (DEHP)

Diisobutylphthalate (DIBP)

Dibutylphthalate (DBP)
Benzyl Butylphthalate (BBP)
Limonene
a-Hexylcinnamaldehyde
Benzyl Benzoate

a-Pinene

CAS nr.

96-76-4
719-22-2
90-04-0
91-94-1
6386-38-5

101-77-9
82304-66-3

3896-11-5
13945-76-1
206-44-0
86-73-7
42232-27-9
42232-29-1
1000336-71-7
301-02-0
5466-77-3
85-01-8
129-00-0
2040-64-4
31570-04-4
117-81-7

84-69-5

84-74-2
85-68-7
138-86-3
101-86-0
120-51-4
80-56-8

HOTSPOT

Max. Conc.

(mg/kg)

Leave-
on

0,05
0,05
10

0,05
10

10
10
0,5
0,6
10
10
20
10
0,5
0,5
0,5
10
225

150

10
10
10
10

Rinse-

off

20
10
0,5

0,5
90

100
100
100
100

Comments

RISK-BASED SUBSTANCES

This section list the hotspot substances identi-
fied by the risk-based method (chapters 5.1-
5.8

From this result, four substances were re-
moved from the list as discussed in chapter
5.3,

- Ethyl oleate

- Octan-2-yl palmitate

- aliphatic alcohol

- Eicosane (C20)

since they are judged to be relatively innocu-
ous substances

PHTHALATES SUBSTANCES
Concentration limit is a weighted total concen-

tration of the four phthalates DEHP, DIBP, DBP

and BBP.

FRAGRANCE SUBSTANCES
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5.7 Discussion

The hotspot list is created mainly with worst case exposures of babies in mind, comparing the
maximum concentrations found in PCR samples in Environmental Project no. 2174. We have
checked whether any of the samples analyzed could have passed the leave-on hotspot list as
created here. The answer is no. In the initial safety assessment, all but one sample was found
to contain problematic substances to an unacceptable extent. The last sample will fall on the
content of a-hexylcinnamaldehyde, a perfume substance. This emphasizes the need to be
careful about selecting the sources of PCR, since perfume contamination seems to be limiting.

The fact that the PCR samples evaluated in this project all failed the leave-on hotspot list does
not mean that there is no chance some other samples could meet the criteria in the leave-on
hotspot list. Industry is presently working at improving the process for recycling the plastic, and
the developed set of hotspot substances might also guide these developments to develop
higher quality PCR plastic. The rinse-off hotspot list is easier to pass, and hence a few of the
PCR samples might be used for rinse-off cosmetics.

Finally, our risk assessment, as in the initial project, is based on small packages. It should be
borne in mind that dilution may solve some of the problems: Dilution by only using a fraction of
PCR in the plastic packaging material; or dilution by using PCR for containers holding large
volumes of product and/or smaller thickness of the container.
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6. Total migration as criteria
for PCR quality

The primary focus for the activities in this project is to develop hotspot lists of hazardous sub-
stances, which should be documented not to be contained in PCR recyclates.

In addition to the specific hotspot criteria, a total migration limit could also be considered. Plas-
tic for food contact must always be tested for total migration, where the limit is 60 ppm for the
total amount of migrants. In the following, we will discuss a basis for the introduction of a total
migration limit in the PCR documentation. The discussion will mainly be based on data from
the comparison between migration from virgin and PCR PE samples.

Table 5 lists substances, which were not identified in the migration dataset as matching any of
the hazard lists. The table compares the maximum migration found in PCR with the maximum
migration found in the virgin PE samples.

It is clear from this table that the alkanes are found migrating at around the same level from
PCR and virgin PE. The three substances marked in green seem to migrate from PCR in con-
siderably higher amounts than from virgin PE. Of these, 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca-
6,9-diene-2,8-dione (CAS no 82304-66-3) deserves a little more attention because of the max-
imum migration of 310 mg/kg.

TABLE 5. Comparison of maximum migration from PCR of substances, which could not be
matched with any hazard list with the maximum migration found in the virgin PE samples.

Analysis CAS Substance name Max conc.
Method mg/kg
PCR Virgin

PE-phenols 1620-98-0 3,5-di-tert-butyl-4-hydroxybenzalde- B 0.5
hyd

PE-phenols 52858-87-4 3,5-di-tert-butyl-4-hydroxystyren 0.8 0.8

PE-phenols 6386-38-5 3-methyl-3,5-di-tert-butyl-4-hydroxy- 0.8 12
phenylpropanoate

GC-MS 6386-38-5 Methyl 3-(3,5-di-tert-butyl-4-hydroxy- 14 3
phenyl)propionate

GC-MS 82304-66-3 7,9-Di-tert-butyl-1-oxaspiro(4,5)deca- 310 2.7
6,9-diene-2,8-dione

PE-phenols 82304-66-3 7,9-di-tert-butyl-1-oxaspiro(4,5)decra- 26 20
6,9-diene-2,8-dione

GC-MS 593-45-3 Co-elution, Octadecane (C18) and 900 900
unsaturated alkane

GC-MS 593-45-3 Octadecane (C18) 900 900

GC-MS 629-97-0 Docosane (C22) 900 1300

GC-MS 112-40-3 Dodecane (C12) 500 240

GC-MS 544-85-4 Dotriacontane (C32) 40 50

GC-MS 630-01-3 Hexacosane (C26) 700 1200

GC-MS 544-76-3 Hexadecane (C16) 800 900
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Analysis CAS Substance name Max conc.

Method mg/kg

PCR Virgin
GC-MS 630-02-4 Octacosane (C28) 500 800
GC-MS 646-31-1 Tetracosane (C24) 800 1200
GC-MS 629-59-4 Tetradecane (C14) 700 700
GC-MS 638-68-6 Triacontane (C30) 230 240

To solve the problem of dealing with the migration of many toxicologically unknown and non-
intentionally added substances, it might be fair to have a total migration limit for PCR in line for
what is required for plastic food contact materials. For plastic food contact materials, the total
migration limit is 60 mg/kg food. In Environmental Project no. 2174 we calculated that a TDI
value of 10 mg/kg bw/day would result in a maximum allowable concentration of 3000 mg/kg
cosmetic product. With this calculation as a point of departure, a total migration limit could be
suggested to be 3000 mg/kg cosmetic product.

The total migration limit of 3000 mg/kg cosmetic product or simulant should be understood as
the total count of all migrants added up. Substances with a lower TDI value than 10 mg/kg
bw/day should still be subject to the corresponding lower acceptable concentration but be in-
cluded in the total migration.

From table 6 below, it appears that not all virgin PE samples would be below the total migra-
tion limit. Here it is only one out of three, and for the PCR-samples, it was three out of seven.

TABLE 6. Comparison of total migration and number of detected components in virgin and

PCR PE

Sample Plastic source Total amount de-  Number of de- Green: results
tected, [naphtha- tected compo- below sug-
lene equivalent nents gested total mi-
mg/kg] gration limit

970130-1** Virgin 9400 65

970130-2** Virgin 640 17

970130-3** Virgin 4700 66

1.1%%* PCR PE 2100 41

2.1 PCR PE 7700 48

3.3 PCR PE 4000 69

3.5%* PCR PE 3700 95

4.2%* PCR PE 2300 57

5.3%** PCR PE 5700 116

5.4%* PCR PE 980 30

**: Samples and results from DTI report 970130 rev.1. (see appendix 2) and private communication
***: Samples and results from (Danish Technological Institute and DHI A/S, 2021).

The product simulant used for PCR-PE resin was 95%-ethanol, and for virgin PE resin there was used isooctane

(both 3 days at 60°C) with the proposed total migration criterion of 3000 mg/kg cosmetic product.
Since it was not possible to differentiate between total migration for virgin and PCR PE, we do

not recommend that this criterion is included in the proposal for a PCR documentation at this
time. The option could be considered in later revisions.
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7. Conclusion

We have developed two hotspot lists for PCR to be used for packaging of cosmetics: One for
leave-on products and one for rinse-off products. The hotspot list for leave-on products com-
prises 28 substances or substance groups, whereas the hotspot list for rinse-off products com-
prises 11 substances.

The main components on the lists have been developed by a risk-based screening method.
Additional substances have been added based on evaluation of sensitising substances and
considerations regarding the phthalates group.

As part of the work, an excel screening tool have been developed. The excel screening tool
may be used as an aid to deal with the multitude of substances often being the result of migra-
tion analyses of PCR.

A total migration limit corresponding to what is required for plastic food contact materials have
been considered but has not been included in this first version of our recommendation for
hotspot lists.

The hotspot lists are thought of as a tool to document whether a limited number of problematic
substances will be migrating from a PCR sample. We suggest that this documentation can
then be used in the supply chain communication relating to the PCR quality. However, it does
not relieve manufacturers of cosmetic products of the duty to perform safety assessments of
the packaging containing PCR and conforming to other regulation.
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9. Appendices

Appendix 1. Results of
literature search

A search for additional guidance documents in PubMed, Google Scholar and Science Direct
was carried out.

Search terms Limitation No of hits Remarks

Recycled plastic/Pub- 3479

Med
AND post consumer 199
AND post consumer 83 Predominantly safety as-
safety sessments from EFSA

concerning recycling
processes of PET

Recycled plastic/Google 544.000
Scholar
AND post consumer 61.600
AND post consumer 52.900
safety
Recycled plastic post Since 2020 12.400 No further guidance
consumer safety cos- found
metic packaging/Google
Scholar
Recycled plastic post Since 2020 155 No further guidance
consumer safety cos- found
metic packaging/Sci-
ence Direct

The following publications of interest were identified:

O. Horodytska, A. Cabanes, A. Fullana. Non-intentionally added substances (NIAS) in recy-
cled plastics, Chemosphere, Volume 251, 2020,126373,ISSN 0045-6535,
https://doi.org/10.1016/j.chemosphere.2020.126373.
(https://lwww.sciencedirect.com/science/article/pii/S004565352030566X)

Abstract

The demand for high quality recycled polymers in the European plastic industry is on the in-
crease, likely due to the EU’s Plastic Strategy intended to implement the circular economy
model in this sector. The problem is that there is not enough recycled plastic in the market. In
terms of volume, post-consumer plastic waste could be key to meet the current and future de-
mand. Nevertheless, a high level of contamination originated during the product’s life cycle re-
stricts its use. The first step to change this must be identifying the undesired substances in
post-consumer plastics and performing an effective risk assessment. The acquired knowledge
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will be fundamental for the development of innovative decontamination technologies. In this
study, 134 substances including volatile and semi-volatile compounds have been identified in
recycled LDPE and HDPE from domestic waste. Headspace and solvent extraction followed
by GC/MS were used. The possible origin of each substance was studied. The main groups
were additives, polymer and additives breakdown products, and contamination from external
sources. The results suggest that recycled LDPE contains a broader number of additives and
their degradation products. Some of them may cause safety concerns if reused in higher
added value applications. Regarding recycled HDPE, the contaminants from the use phase
are predominant creating problems such as intense odors. To reduce the number of undesired
substances, it is proposed to narrow the variety of additives used in plastic manufacturing and
to opt for separate waste collection systems to prevent cross-contamination with organic
waste.

Keywords: Mechanical-recycling; Plastics; Domestic-waste; Polyolefins; NIAS; IAS

lllustration from the article: This shows the differences between recycled HDPE and recycled
LDPE. Recycled LDPE contains a broader number of additives and their degradation products
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Lopez de Dicastillo C, Velasquez E, Rojas A, Guarda A, Galotto MJ. The use of nanoadditives
within recycled polymers for food packaging: Properties, recyclability, and safety. Compr Rev
Food Sci Food Saf. 2020 Jul;19(4):1760-1776. doi: 10.1111/1541-4337.12575. Epub 2020
May 31. PMID: 33337105.

Abstract

Nanotechnology is considered a highly valued technology to reduce the current environmental
problem that is derived from plastic accumulation. The need to recycle and reuse packaging
materials is essential to create a sustainable society towards a circular economy. However,
the reprocessing of polymers leads to the deterioration of their characteristic mechanical, opti-
cal, thermal, and barrier properties due to the degradation of their polymeric chains. When re-
cycled polymers are reinforced with nanoadditives, aforementioned properties improve and
their use in the circular economy is more viable. In this review, different types of nanoadditives
and recent advances in the development of recycled polymer nanocomposites reinforced with
nanoadditives will be presented. In addition, there is a description of two research topics of
current interest, recyclability of nanocomposites and safety for food packaging applications.
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Recyclability of nanocomposites requires a study that includes the nature of the polymer ma-
trix, the type of polymer and the concentration of nanofiller, the morphology, the presence of

additives, and the conditions of the thermal-mechanical cycles. Finally, safety section is dedi-
cated to clarify the migration process in nanoreinforced-recycled polymers in order to assess
their safety for food contact applications.
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Appendix 2. Analysis report

Assignor:

Item:
Sampling:

Period:

Storage:

Remark:

Terms:

Date/place:

Signature:

DAMISH

IMSTITUTE

Teknologlparken
Kongsvang All& 25
C4C-EQ0D Aarhwus T
+45 72 30 20 0]
Infofteinaloglsk. dic
www. beknclagisic. dic

Danish Environmental Protection Agancy
Teldedundsvej 5
DK-5000 Odense C

Analysis of wirgin PE resin (MST ID nr.: 2641528)
The assignor

Samples received: 1 and 3 March 2021
Test performed: 2 March - 5 May 2021

The test material will be destroyed after 3 menths, unless
otherwise agreed in writing.

The account of the method({s)} used only cencerns the analysad
sample(s).

This test was conducted in accordance with internatienal
reguirements [ISO/IEC 17025:2017) and in accordance with the
General Terms and Conditicns of Danish Tachnological Institute.
The test results solely apply to the tested item(s) or to the sub-
sample(s) selected for analysis. This analysis report may be
quoted in extract only if Danish Technological Institute has
granted its written consent.

26 August 2021
Danish Technelegical Institute, Aarhus
Laboratory for Chemistry and Microbiology

Seren Ryom Villadsen
Senior Consultant

Saren Ryom Villadsen
2021.08.26 12:40:31 +02°00'
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Introduction

Three samples of virgin PE resin has been received for an accelerated migration
study wsing the product simulant iso-cctane. The ise-cctane has then bean
analysed for the content of PAH and PE-phencls, and a general GC/MS screening
has been performed,

This report follows a study performed previcusly and which has been presented in 2
@ project report! authored by both Danish Technolegical Institute and Danish
Environmental Protection Agency. The project report was focwsed on on migration
from post-censumer recycled PE resin (PCR PE resin) to product simulants.

This report enzables a comparison between the migration from virgin and PCR, and
this comparison is delivered in a separate addendum to this report.

Sample marking

Leboratory label Assigner label

S70130-1 Pobymer 1

S70130-2 Polymer 2

S70130-3 Polymer 3

Samples are provided by thres different Danish companies producing cosmetics. It
is informed that the samples are representative for pelymer qualities that weould
normally be used for packaging materizal for cosmetics. The samples were made
available through Danish Envirenmental Protection Agency and sent directly from
producers to Danish Technological Institute. The producers and cempounders of the
samples are known by Danish Envirenmental Protection Agency and Danish
Technological Institute. The knowledge is not disclesed in this report by request of
Danish Environmental Protection Agency.

Packaging

Sample 970130-1 and 970120-2 were received in plastic bags. Sample $70130-2
was received in a closed container,

| Figure 1: Pictures of the = samples as they were received. From left to right: 970130-1,
L570130-2, 970130-3. Whit= bars in pictur=s are =dits for anonymisation of samples.

1 Tnitial =afety azseszment of recycled plastic for packaging of cosmetic products™, Danish
EPA, unrelzase=d, DTI reference number 935452,

26 August 2021 Report No.: 970130 rev.1 Page 2 of 14
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Analysis program

A migration at 60°C for a peried of 2 days to the product simulant iscoctane was
performed. Pictures was taken before and after migration. The isooctane was
subsequently analysad for the content of PE-phenals {degradaticn products of
antioxidants and stabilizers), polyaromatic hydrocarbons (PAH) and screensd by
GC/MS screening procedure.

Analysis method

PE-phenpls (degradation products of antiexidants and stabilisers)

& part of the preduct simulant (iso-octane) was taken and diluted 1:1 with
dichloromethane with internal standards added. The extract was analysed by gas
chromategraphy coupled with a mass selective detector (GC/MS). The identification
of each component was identified by comparison of retention time and mass
spectrum to the of reference standard. The quantification was performed using a
calibration curve,

Detection limit: 0.1 - 1.5 mg/kg product simulant (see result table for compound
specific detection limit)
Uncertainty: 13 % R5D

PAH (polycydlic aromatic hydrocarbons)

A part of the product simulant (iso-octane) was taken and diluted 1:1 with
dichloromethane with internal standards added. The extract was analysed by gas
chromategraphy coupled with a mass selective detector (GC/MS). The identification
of each component was performed by comparison of retention time and mass
spectrum to the of reference standard. The quantification was performed using a
calibration curve,

Detection limit: 0.2 mg/kg product simulant (see result table for compound specific
detection limit)
Uncertainty: 15 % R5D

GC/MS screening

A part of the product simulant (iso-octane) was taken and diluted 1:1 with
dichloromethane with internal standards added. The extract was analysed by gas
chromategraphy coupled with a mass selective detector (GC/MS). The identification
of each component was performed using the NIST MS 2020 database and chemical
evaluation. The quantification was performiad semi-guantitatively and expressed
nzphthalene equivalents,

Detection limit: 3 mg/kg product simulant expressed as naphthzlens equivalents
Uncertainty: Unknown

26 Auwgus=t 2021 Report Mo.: 970130 rev.1 Fage 3 ol 14
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Results
Migration

Semple _— Sample Volumeof | e Migration

i ol m'. mlmul.unl_- amount simulant [°C] period

[a] [mL] [darys]

S70130-1 Iso-octane 33 30 ] 3

S70130-2 Iso-octane 35 30 &0 3

S70130-3 I=o-octane 35 30 &0 3

Figure 2: Picture of sample 970130-1 with product simulant [isooctane). The picture on the =T i

Before the three-day migration and the pictur= on the right is after the migration. MNote that no

=ignificant =welling is obsarved.

Figur= 3: Picture of sample 970130-2 with product simulant {iscoctan=). The pictur= on the =T is

before the three-day migration and the pictur= on the right is after the migration. Note that no

=ignificant swelling is observed.

Figure £: Picture of samgle 870130-3 with preduct simulant (iscoctane). The picturs on the =T is

bmfore the hres-dsy migration and the picture on the right is afer the migration. Note that no

=ignificant =welling is ohsarved.

25 Auwgu=t 2021 Flport MNo.- 87010 rew. 1 fage 4 of 14

AN 4 [of1d €T O
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Figure 5: Picture of the simulant (iso-cctane) afte=r migration. & blank sample is s=en to te =0
and going towards right, sample 970130-1, 970130-2 and to the far-right sample 970130-3.
| Samgl= 570130-1 and 570130-3 were | aft=r migration, w=e al=o figure G
Figure 6: Three pickures: of =imulant after migration from sample (o the right) in direct
comparizan to s Blank simulanst {to the k=t). From l=f to ight iz sample $70130-1, 970130-2 and
5701 30-3. The =imulant from mElE |70130-1 a_nﬂ S70130-3 spp=ars cloudhy.
26 Awgust 2021 Report Me.: 570130 pev.1 Page Zof 14
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FE-phenols migrated to iso-octane simulant
Dretection
8970130-1=  970130-2c | 970130-3< o
Component CAS no. limik=
i k m
[mgsks] | [mg/kl | [mgrkal | oo
Acetophenone SE-85-2 - - - 0.2
S-Methyl-2-hexanone= 110-12-3 - - - 1.5
4-Ethylph=nzl 123-07-% - - - 0.2
4-tert-Butylphenol TE-54-4 - - 0.29 0.1
4-Bultoscy phenol 122-8d-1 - - - 0.1
2,5 Di-tert-butyl-1,4- 719-22-2 13 - 085 0.8
Benzoguinon=
2.4-Di-tert-butylphe=ncl S6-To-4 - - - 0.8
2.8-Bix[1,1-dirmatiyl)-d-
methylphenct 128-37-0 2.5 014 6.4 0.1
3.5-Di-tert-bulyl-4- S3838-87-4 | 037 - 0.50 0.2
| Prydroxystyren=
3, 5-Di-t=ri-butyl-2-
| fyd berzaldehyd 1620-%8-0 0.53 0.20 0.2a 0.2
3.5-Di-tert-butyl-4- 14035-33-7 - - - 0.3
| hrydroxysc=tophenons
7.5-Di-t=ri-butyl-1-
oxaspin(d, 5)decra-5,5-diene- B2304-66-3 i7 047 20 a.2
| 2,8-dion=
3-Methyl-3,5-i-tert-butyl-4- £356-35-3 a5 17 12 0.2
frydroxyphenyl-propancate
3, 5-Di-tert-butyl-2-
| Perzoic acid 1471-45-4 - - - 0.8
IE-Di-tert-butyl-a-hydrophanyl | opuon oo = ~ . . 0.8
propionic ack )
#: Expressed as mg component per kg product simulant
-: There was not observed & conosntratlion abowe the detecticn limit
PAH compounds migrated to iso-octane simulant
Dretection
970130-1* | 970130-2% | 970130-3° -
Companent CAS no. limit®
[maska] [ma/kg] [mg/kg] [omgpfle]
Naphthal=ne 91-20-3 - - - 0.2
fo=naphten= 83-32-8 - - - 0.2
fo=naphtyl=ne 208-25-8 - - - 0.2
Ph=nanifir=ne 85-01-B - - - 0.2
Anthrecsne 120-12-7 - - - 0.2
Fluorens= 86-73-7 - - - 0.2
Fluoranthmne= 206-d4-0 - - - 0.2
Pyrens= 129-D0-0 - - - 0.2
Benzoia)anthracens= 56-55-3 - - - 0.2
Chrysana, 21E-01-5, : B - 0.3
triphenylene 217-58-4 B
Benzo{b]flucranthen 205-89-2,
Benzz{j]Muoranthen, 205-82-3, - - - 0.2
Benzof K] Muoranth=n 207-0E-5
Banzol=ipyre Banzol{=ipyren= 5i0-32-8,
i R E ) - - - 0.2
Eryien= 188-55-0
Indeno(1,2, 3-cd)}pyrene 183-35-5 - - - 0.2
Dibenzo[a, hjanihracemns= 200-181-B - - - 0.2
Benzcfghi]p=ryl=n= 191-24-2 - - - 0.2
Multipl= compownds and CAS no. for one result signifies, that The resull = 2 sum of the given PAH
#: Expressed as mg component per kg product simulant
-: There was nol observed & conoentration abowe [he delecticn limit
26 Augu=t 2021 Report No.: 570130 rev.1 Page & of 14
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GC/MS screening of sample 370130-1

RT Concentration*

Com, ent (970130-1 L CAS no.

panent (9 ) [min] [mg/kg]
Decane= 7.238 124-18-5 5.8
Dodmcan= B8.407 112-20-3 240
Satursfed, branched alifatic compouwnd {C12)| B8.441 - 25
Satursfe=d, branched alifatic compouwnd {C14)| 9.185 - i1
Saturat=d, branche=d alfatic compouwnd {C14)| 9.287 - 5.1
Tetradecan= 5441 525-59-4 S50
Satural=d, branched alifatic compound (C14) ] 9.512 - ii
Saturat=d, branched alifatic compouwnd (C18) | 10,172 - 7.8
Sabursted, branched alifatic compownd {C18) | 10.206 - i5
Sabursted, branched alifatic compownd (C18) | 10.320 - i3
Hexadecan= 10.450 344-76-3 S10
Mot id=ntifi=d, unsaturabed alifatic or alifatic 10.E0E - 20
mlcohol
Saturafe=d, branched alifatic compownd (C18) | 11.322 - 12
Mot identifizd, likely sabturat=d alifatic 11371 ~ 17
comipouncd
Sabursted, branched alifatic compownd (C18) | 11.516 - 1d
Octadecan= 11.725 553-45-3 sS40
Mot identifi=d, likely unsaturat=d alifatic
compound (C18:1) 11.B60 - 2.8
Mot idenlifizd, could be octadecanc] 11.804 {112-92-5) 20
Saburafe=d, branched alifatic compownd (C20) | 12.6B85 - 58
Satural=d, branched alifatic compouwnd (200 | 12,708 - ii
Satural=d, branched alifatic compouwnd (C200) | 12,773 - 20
Malhyl 3-(3, 5-di-tert-bulyl-2-
hyarmeypheny] matm 12 816 G6366-38-5 32
Saturat=d, branched alifatic compouwnd (C20) | 12.852 - i7
Eicozanz 13.200 112-95-8 1100
Pot identifi=d, unsaturabed slifstic or alifatic 43 383 - 33
alcohel
EI:;I::;IH;THFM, unsaturated slifatic or alifatiz 43438 148750-58-7 12
Nl_:!‘t i|_5=|1tiﬁ:d, likely =abturat=d, branched 14 048 ~ 37
alifatic compound
Mot identified, likely saburat=d, branched
alifatic compound L4287 - =t
Saturate=d, branched alifatic compownd (C22) | 14303 - 5.3
Saturate=d, branched alifatic compownd (C22) | 14379 - Z1
Saturat=d, branched alifatic compouwnd (C22) | 14.580 - i7
Docosans 14 B50 525-97-0 1300
Mot identifizd, unsaturated alifatic or alifatic 45 a7 . 12
alcohol
Mot id=ntifi=d, unsaturabed alifatic or alifatic 45 138 . 1
alcohol
Saburafe=d, branched alifatic compownd (C22) | 15.6592 - 3
Saturat=d, branched alifatic compound 15.935 - i5
Saturat=d, branched alifatic compound 15.9B80 - g8.7
Satural=d, branched alifatic compouwnd (C24) | 16.058 - 22
Satural=d, branched alifatic compound 16.265 - i7
Tetracosans 16.530 &45-31-1 1200
26 dugust 2021 Report Mo.: 970130 rev.1 Fage 7 of 14
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DAMISH

TECHNOLOGICAL
INSTITUTE
RT Concentration*
Com, ent (370130-1 " CAS now
EIE R I [min] [mg/ kgl
Mot id=nkiff=d 16.762 - 2.7
NI.!T i|_3=|1l:iﬁad, may b= unzaturat=d slifatic or 45 833 - a0
slifmtic sleohal
Saturaled, branched alifatic compouwnd (C28) | 17.340 - 53
Co-elution, saturated, hr.:!'u:l‘ll:q alifatic <7 5E - .5
compound (26} and not identifi=d
Nl.ﬂ ||_3=|1l:|ﬁed, likemly =aburated, branched 47 820 . s
mlifstic compound
NI.!T ||_3=|1l:|ﬁad, likely =aburai=d, branched 47700 - 21
alifstic compound
Saturaled, branched alifatic compownd (C28) ( 17.8900 - 15
Hecacosan= 1B.156 &30-01-3 1210
Mot id=niifi=d, may b= un=aturat=d slifstic or
=lifatic =lzonzl 8.emn - =8
Mot id=ntifi=d 1B.913 - 2
Saturaled, branched alifatic compownd (C28) (| 10,106 - 12
Saturated, branched alifatic compouwnd (C28) 10,168 - 3.5
Saturated, branched akfatic compouwnd 18 245 - 16
Saturaled, branched alifatic compownd (C28)( 10435 - a1
Octacosan= 18,664 £30-02-4 730
Saturated, branched akfatic compouwnd = =1=17} - i7
Saturaled, branched alifatic compownd (C30) [ 20.546 - 55
Saturaled, branched alifatic compownd (C30) (| 20.664 - &2
Saturated, branched akfatic compownd {C30)| 20.B67 - 2.8
Triscontsn= 21.065 538-48-5 240
Mot idzntifi=d 21458 208309-21-0 3.5
Dotriscontane 22.576 Z44-85-4 52
Triz-(2 4-di-t-butyiphenyl) phosghite 24 1B6 31570-04-4 150
Saturale=d alifatic compound 24382 - 15
Saturated slifatic comgound 26.746 - &5
*: Expressed as mg component as naphthalens equivalent per kg product simulant
26 August 2021 Report Mo.: 870130 rev.1 Page 8 of 14
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DAMNISH

TECHHOLOGICAL
INSTITUTE
GC/MS screening of sample 370130-2
RT Concentration*
Coamy ent (370130-2 i CAS no.
LIS ) [rini] [mg/kg]

Decene= (C10:1) 7.202 872-03-% X

Dodec=ne= (C12:1) 8.371 112-41-4 27

Telradeo=ne [(C14:1) 9.405 1120-36-1 46

Hexadecene (C16:1) 10455 625-73-2 63

Octadecen= (C18:1) 11.664 112-88-5 76

Methyl 3-(3,5-di-tert-butyl-4- 12,816 £366-35-5 4.7
hydrosyphenylicrogicnate

Eicosene {C20:1) 13.153 3d452-07-1 Bl

Mot identifli=d, may b= unzaturated slifstic or

slifatic slconal Le0os - 33

Docosen= (C22:1) 14.7497 1588-67-3 B&

Tetracosens (24:1) 16.482 10152-32-2 70

Hexacosene {C26:1) 16.106 18835-33-1 &5

Oclacosene (C28:1) 18.631 18835-34-2 45

Triacontene {C30:1) 21.054 18435-53-5 22

Dotriacont=ne {C32:1) 22.589 18435-55-7 &3

2,6-Di-tert-Bulyl-4-[(2-

octad=cyloxycarbomyl)=thyl]shenol {irganox 27.220 20B2-75-3 26

1076}
*: Expressed as mg componrent as naphthalen= eguivalent per kg product simulant
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GC/MS screening of sample 370130-3

RT Concentration®

Com, ent (870130-3 . CAS mo.

panent (9 ) [miin] [mgikg]
Mot identifi=d, likely =aturst=d alifatic §.824 - pli]
Mot identifi=d, likely saturat=d, branched
slifstic (C10) 8837 - =7
Mot identifi=d, likely unsaburat=d, branched -
aliratic (C10} 8.23% 5.2
Mot identifi=d, likely vnzaturated, branched -
slifatic (C10} 7oas 25
Mot identifi=d, likely vnsaturated, branched
slifstic (C10) 7aze - =3
Decene (C10:1) 7.206 872-05-% 21
Mot idenfifi=d, may b= unsaturaled,
branched siifatic (C10) or alifatic slzohel 7ETE - =4
Mot identiflizd, may bz unzaburale=d, 2.003 - 11
branched alifatic {C107 or alifatic alcohcl i
Mot id=ntifizd, may b= un=zaturai=d, 8403 . T4
Branche=d alifatc {C13) or alifatic alcohzl ) )
Mot identifi=d, may be unzaburabed, 8.137 - 83
branched slifatic {C12) or alifstic slcohal ) )
Unsaturated, Branched alifatic {C12) B.171 - 2.8
Un=saturated, branched alifatic {C12) 8.280 - 3
Dodez=ne [(C12:1) 8.375 1132-41-4 130
Unsaturated, Branched alifatic {C14) B.645 - 20
Mot idenfifizd, may b= unsaburale=d,
branched sifatic_or alifatic slcohol 2744 - ==
Mot idenfifi=d, may b= unsaburale=d,
branched sifatic_eor alifatic sicohol e - =3
Unsaturated, Branched alifstic 8.840 - 2]
Satural=d, branched alifatic 8.873 - 21
Mot identifi=d, may be un=aburated, -
branched alifatic or alifatic slcohol B.207 =
Unsaturated, Branched slifstic (C14) B8.938 - 2.8
NI.Jt i|..‘-=|1tiﬁ=d, likm zafyrated, branched g 020 - 3z
=lifstic
Unsaturated, Branched alifatic {C14) 9.028 - 5.5
Unsaturated, Branched alifatic {C14) 9.058 - 22
Mot id=ntifizd, may b= un=zaturai=d,
branched alifatic 5152 =
Tetradeoene [(C14:1) 9.415 1120-36-1 300
Unssturated, Bramched alifstic {C14) 9.470 - 2.5
Unssturated alifatic {C14) 9.540 - 313
Mot id=nfifizd, alifatic compeound 9. 687 - [
Mot id=niifi=d 8.752 - 8.7
Unssturated, Bramched alifstic {C16) 9.880 - 4.2
Mot identifi=d, alifstic comgeund 10.075 - 315
2, 4-Di-tert-butylphenol 10.118 BE-75-4 &.4
Mot identifi=d, alifstic compeound 10.150 - 3
Mot identifi=d, alifstic compzund 10.235 - 4.5
Mot identifi=d, may be alifatic compouwnd and
prssibly slcohal functiznality 10.300 - 7.2
Hexadezmme (C18:1) 10.465 82%-73-2 440
Mot identified, alifatic compound 10.583 - 7.7
Mot identifizd, may b= alifatic compound and -
possibly alcohc] functicnality 0828 =3

26 Swgust 2021
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DAMNISH

TECHHOLOGICAL
INSTITUTE
RT Concentration*
Com, ent (370130-3 ; CAS no.
e ? [min] [mg/kg]
Mot identifi=d, may be alifatic compound and 10,720 - 10
possilily slcobcl functicnality -
Mot identifli=zd, may be alifatic compound and .
possibily alcobcl functicnality 20.838 57
Mot identifi=d 11.343 - 16
Octadecen= [(C18:1) 11.701 112-88-% 470
Mot identifi=d, may be alifatic compound and 11 775 - 33
possibily slcobol functicnality - )
Mot identifi=d 12.570 - 18
Methyl 3-(3, 5-di-tert-bulyl-4- 12.917 £386-35-5 11
hydroxcyphenyl] progionale B
?:.B-Dl-tel't'!ﬂ.lt}q-i'ﬂxﬂﬁplrl!(d,s:lﬂEE'ﬁ,g- 13082 22304-55-3 17
dien=-2, 8-dion=
Mot identifizd, alifatic comgound i3.100 - s
Eicosene {C20:1) 13.176 3452-07-1 530
Mot identifizd, may be alifatic compound and 43 380 ~ 17
possibily slcobel functicnality - )
Mot identifi=d, may be alifatic compound and
poesibly slzafal functizoality 1LTes - 8%
Docosene (C22:1) 14.B24 1588-57-3 580
Mot identifi=d, may be alifatic compound 14,815 - 3.1
Mot identifi=d, may b= alifatic compound 15.663 - 29
Mot identifi=d, may b= alifatic compound 16.432 - 3.8
Tetracosens= (24:1}) 16.510 10153-32-2 570
Mot identifi=d, may be alifatic compound and 1580 . 34
possibly alcohol funchionality i} )
Mot identifi=d, may be alifatic compound and 1733 - 15
possibily slcobol functicnality - )
Hexacosene {C26:1) 16.131 18835-33-1 SO0
Mot identifi=d, may be alifatic compound and e ~ a7
possibly sleobcl functicnality - )
Mot identifi=d 16.B71 - 4.2
Octacosene {CZE:1) 19.640 18835-34-2 350
Mot identifi=d 20.34 - 18
Triacontene {C30:1) 21.069 18435-53-5 150
Dotriaconbene {C32:1) 22.SB6 18435-55-7 33
Tri=(2,4-di-tert-butylphenyl) phosphite 24,183 31570-04-4 220
Tetratriscontene {C34:1) d.dis G186E-12-0 6.7
*: Expreszed as mg oomponent as naphihalzne eguivalent per kg preduct simulant
26 August 2021 Report No.: 970130 rev.1 Page 11 of 14
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DAMISH
TECHNOLOGICAL
INSTITUTE

lII-II-II

—— e - —
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e e N T T T T

EC/MS chromatograms of sample $70130-1 st the top, $70130-2 n e middle and S70130-3 at
tive bottom. Mobe that all thres chrometograms are similar in being dominat=d by sliphatic
oompounds =huling at regular mt=rvals. All semples showed a relatively high cono=ntration of
in=ar aliphatic compounds, where ssmple $70130-1 contained ssturat=d compounds and samgl=
S70130-2 and §70130-3 containe=d un=sluratsd compounds.

26 August 2021 Report Mo.: 970130 rev.1 Fage 12 of 14
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Comments

The highest concentrations of PE phenols {degradation products of antioxidants and
stabilizers) were observed in the product simulant from sample 970130-1 and
970120-3, and the most dominant components were 7,9-di-tert-butyl-1-
oxaspirc(4,5)decra-6,9-diene-2,&-dione [CAS no. 82304-66-3) and 3-methyl-32,5-
di-tert-butyl-4-hydroxyphenyl-propanoate [CAS no. 6386-38-5).

PAH compounds were not observed above the detection limit in any of the samples.

Tha GC/MS screenings showed a large number of compounds with meost compounds
present in low cencentrations. The most dominant compeounds were linear aliphatic
compounds. In sample 970130-1 the dominant compounds were saturated whereas
the dominant compounds were unsaturated in sample $70130-2 and -3. The reason
for this is not known. It is noted that the position of the double bound is not well
determined by gualitative GC/MSE, and that the MS spectrum from an zlkene is very
-Iclc:-sel:a the M5 spectrum for the corresponding primary alcohol of same chain
ength.

26 Awgust 2021 Peport Mo.: 970130 rew.1 Page 13 of 14
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Appendix 3. Excel tool for the
screening of
identified
components in
recycled plastic
(PCR post-
consumer
recycled plastic)
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Appendix 3.1 Introduction

During the project “Initial safety assessment of recycled plastic for packaging of cosmetic prod-
ucts” from 2020 (ref. /1/), a long list of substances identified in recycled plastic materials to be
used as packaging materials for cosmetic products were found by chemical analysis. A human
risk assessment of a few of these substances was carried out. However, no further assess-
ment was done for the rest of the substances. Therefore, a hazard screening of these remain-
ing non-assessed substances may give an overview of whether some of these substances are
of concern. Therefore, DHI A/S was requested to prepare an excel-based tool, where it is
checked if the identified substances in the above mentioned analyses are placed on various
lists of substances identified to be of concern.

Appendix 3.2 Substances included
The basic idea is to create a database (in excel) including all identified substances in the recy-
cled plastic materials (also including those included in the risk assessment).

The identified substances will be compared to two types of external public lists:
o Existing lists of chemical substances known to be used in plastic
e Existing lists of chemical substances of concern.

DHI A/S received an excel-fil with the analysis results. These were organised into an overall
excel-file. One substance may well be present several times, as different types of chemical
analysis have taken place. Distinction is made between these analyses.

In addition, the results of the analysis of the virgin PE (Appendix 2) was included in the excel-
file.

The lists are organized in one sheet, with a long list of possible cas-numbers, and then it is
marked with a “X” if the substance is on the considered list.
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batance name

b
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mechyl N-(3-methosy-3-cuopeopyl)-N-methyi-B-alaninare
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N 2
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FIGURE 4. Organisation of the public list in the excel-database.
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Appendix 3.3 CAS-number check

The CAS-number is used as the key for checking if a substance is on a list or not. However, it
is a challenge that the CAS-number is not always unique — meaning for example that a spe-
cific substance may actually have more than one CAS-number assigned.

An illustrative example of this inherent difficulty is DEHP. Its main cas-number is 117-81-7 -
however DEHP has also been assigned the CAS-number 74746-55-7 in some of the reported
analysis in ref./1/. The CAS-number 74746-55-7 is not found in the ECHA database. However,
when googling the 74746-55-7, then the PubChem refers correctly to Bis(2-ethylhexyl)
phthalate (CID 8343) — even though the PubChem document does not refer to this CAS-num-
ber in the substance PubChem Entry. In addition, other CAS-numbers may be assigned to
DEHP, namely 82208-43-3, 15495-94-0, 52622-73-8, 8033-53-2. In addition, a number of dep-
recated CAS-numbers are assigned to DEHP: 126639-29-0, 137718-37-7, 205180-59-2,
40120-69-2, 50885-87-5, 8033-53-2, 275818-89-8, 109630-52-6, 607374-50-5.

Our solution to this challenge was to search the PubChem database for each of the reported
CAS-numbers in the chemical analysis, and then to include all assigned CAS-numbers men-
tioned in the PubChem in the check of if the substance is on one of the involved lists reported
in section 2.2. This may not give a 100% guarantee of that all matches are found. In addition, if
two cas-numbers are reported for the same substance then a check of if the substance is on
one of the involved lists for both cas-numbers are made.

Appendix 3.4 Organisation of the excel-file
The excel-file contains four sheets:
ReadMe: this sheet contains short introduction on how to operate the excel-file.
Summary: This sheet is the key sheet containing all the information i.e., analysis results, max.
concentration in the samples, the results of the virgin polymer analysis, indication of if the sub-
stance is found on one or more of the lists. Note that some of the columns are hidden; e.g.
Column D: this column contains the chosen unique name of the substance. It was nec-
essary to include this column, as the naming of the substances in the analysis report was
not completely consistent. It should be noted that this column is used for the sorting of
the results.
Column F: additional cas-number as reported in the analysis report
Column G-H: cas-numbers without hyphen
Column I. A unique substance ID number has been assigned. This was introduced in or-
der to be able to group different cas-number into one single substance group
Column J-L: analysis results for the virgin polymer
Column M-S: analysis results for the PCR
CASNumberCheck (hidden as default): This sheet contains all cas-number assigned to each
substance
TotalList (hidden as default): This sheet contains a list of all substances listed on the various
lists. See Tabel 1 for information on the structure.

Appendix 3.5 Other elements in the excel-file

During this project, a need for additional data was identified. Therefore, additional information
for some of the substances were provided:

Column DH: DHI has added information of relevance for the assessment of the substance
Column DI-DK: DNEL (Derived No Effect Levels) given in the REACH registration dossier for
the oral, dermal (general public), dermal (occupational)

Column DL-DN: Absorption values given in the REACH registration dosser (dermal, oral, inha-
lation respectively)

DO-DP: Calculated dermal absorption using the programme FiniteDoseSkinPerm from respec-
tively a solution of olive oil (column DO) and water (column DP).

DR-EP: EpiSuite calculation results:

The Danish Environmental Protection Agency / Problematic chemicals in recycled plastic 61



e Kp: dermal permeability coefficient

e DA event mg/cm2: dermally absorbed dose per event

¢ DAD mg/kg/d: Dermal Absorbed Dose (DAD) of organic compounds via water contact.
e Mw: molar mass

e LogKOW: netto logKOW: = measured logKow is available — otherwise calculated logkOw
e Sw (mg/cm3): water solubility (mg/cm3)

e Vp (Pa): vapor pressure

o VP@temp: temperature at which the vapor pressure is given

e SW: water solubility (mg/L)

o SW@temp: temperature at which the water solubility is given

¢ LogKow: calculated logKow

¢ logKow, exp: measured logKow
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Problematic chemicals in recycled plastic intended for cosmetics packaging
Assessing the safety of post-consumer recycled plastic (PCR) in contact with cos-
metic products is difficult, because of the immense numbers of substances which
may migrate from the plastic packaging into the cosmetic product. In this report, we
provide the technical basis for developing criteria for two lists of hotspot substances,
one for leave-on products and one for rinse-off products. We suggest that this can be
used as an element in the quality documentation for the supply chain communication.

The Danish Environmental
Protection Agency
Tolderlundsvej 5

DK - 5000 Odense C

www.mst.dk
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