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Abstract

REACH, the European chemicals regulation, aims to substitute substances of very high concern
(SVHC). Substances identified as SVHC are placed on tloaedREACHA Candi d ahee Li s
intention of REACH is toenforce thesubstitution of SVHC eventually However, numerous
substitutesare notadequatelyesearchedbut are still industrially used. Given these substamaces
emitted to the environmetihey canconstitute a future thretéd humans and the environmemhe
scientific community accepts thattimans and the environment wiice anew class of merging
pollutants (EPs)The goas of the thesisarean understading of theimpact of regulation on the use

of SVHC, thepatterns of substitutionf chemicalgwhich dhemicals are substituted and by what)

and the identification asubstances that could constittueure EPs irSwedishsurface waters

To address these goals, tderdic SPIN database was used to retri@we trends ofvater relevant
substances ofrery high concern rSVHC). Moreover SPIN was used to identifgubstitute
chemicalsn Sweden.It was shown that the Swedish industiezreasedhe totaluseof SVHC over

time in accordance with the regulatiexertedby the candidate list under REACIAs contol

group a group ofless regulated water relevant chemicalpersistent and mobile organic
contaminantsPMOC) was analyzed, showing no decrease in total use over Timanalyge the

pattern of substitutiodior SVHC, the technical use categoriésp | agefiébame r et ar c
fisurfactantd were introducedand analyzed in depthin order to identify potential future EPs in
Swedish surface waters, a&entified substitutesverecompared tadhe NORMAN listof emerging
substances the environmentThis resulted invarioussubstances with increasingetrend that

were already found in European surface waterstloer environmental matrixeMonitoring data

for the identifiedemerging substances is scarce in SweHetureinvestigationneeds to beone on

the emissiorof the identified substances that are used increasingly and are classified as emerging
substances. Moreovethe individual physiechemical properties of the substances and their
behavior in the environment nee¢d be researched ammbupled with monitoring programs in

Sweden.

Keywords: REACH regulation, SVHC, chemical substitution, regrettable substitution,
emerging substances, emerging pollutants in surface water, SOLUTIONS project



Zusammenfassung

Durch die Regulierung von lang genutzten sogenannten besonders besorgniserregenden
Chemikalien(SVHC) wurde der Ersatzdieser Chemikaliemndere Stoffeunumganglich. Haufig

sind dese Substituteengentgend erforsclind werden trotzdenndustriell genutztVorausgesetzt

diese Stoffe gelangen in die Umwekinnensie einezukinftige Bedrohung fur Mensch und
Umwelt darstellenExperten erwartendass Mensch und Umwetturch die Nutzung neuartiger
Chemikalienzukiinftig mit einer Vielzahlneu aufkommender Sclustoffe (EPs)belastet werden

Das Ziel dieser Masterarbeit ist,eden Einfluss der REACH Kandidatenliste auf die Nutzung
bestimmter SVHC zu quantifizieren. AufRerdem sollerusir der Substitution(welche
Chemikalien werden substituiert und wonat)fgedeckt werdenNeiterfiihrendsollen Substanzen
identifiziert werden, die eine zuklnftige Geféahrdung von schwedischen Oberflachengewassern
darstellen kdnnten.

Hierzu wurde die nordische SPIN Datenbank genutain Zeitreihen der wasserrelevanten
besondes besorgnis erregendeubstanzefwrSVHC) fir Schweden abzurufen. Die schwedischen
SPIN Daten wurden weiter genutzt um Substitutionschemikalien zu identifiziBenwvurde
gezeigt, dass die schwedische Industrie die Regulierung der Nutzung SMHG@runta der
REACH Kandidatenliste fur die 8VHC Uber die Jahre umsetze. Als Kontedilir nicht reguierte
wassergefahrdende Staffarurde eine Grupp&on wasserrelevanten, persistenten und mobilen
organischen Schadstoffen (PMOC) ausgew&dt.ihnen zeigt dieAnalyse, dass die verwendeten
Mengenim Gegensatz zu den wrSVH@icht zuriickgehen Um das Substitutionsmuster der
WrSVHC zu analysieren, wurden die technischen Nutzungsklasgévie i c hmac her
AFl ammschut zmitt eihgéfihrulnd zkinige auskimthenéle Schadstoffén
schwedischen  Oberflachengewéassern zu identifizierewurden alle identifizierten
Substitutionschemikaliemit der europaischeNORMAN Liste der in der Umwelaufkommenden
Substanzen verglichen Dies ergab einige Substanzen die bereits in européischen
Oberflachengewassern oder angrenzenden Umweltmatrizen gefunden .wWiohetoring Daten

der Oberflachengewésser in Schweden sind unzureichend fiir die identifizierten Steffedoch

in Schweden zunehmend genutzt werded als atkommende Substanzen in der EU registriert
wurden Daher wird Schweden verstarkte Forschung zum Verhalten dieser Chemikalien in der

Umwelt, gekoppelt arin Monitoring Programnfir diese Substanzen empfohlen.

Keywords: REACH Regulierung, SVHC, chemische Substitution, aufkommende
Schadstoffe, Chemikalien in Oberflachengewéassern, SOLUTIONS Projekt
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List of Abbreviation

and terms

Abbreviatiory Terms

Stands for

REACH

Registration, Evaluation, Authorisation and Restriction of Chern
Substance$EUlegislation)

Regulated substance

Chemicals which are under strict regulatory control (RE
authorization process incl. REACH Candidate List, restrictions).
regulatory steps go beyond registration.

REACHandidate List

List holding Substances wéry high concern

REACH restriction i

List holding substances that are restricted for certain us

(Annex XVII) applications

REACH authorizatig List holding substances of very high concern that cannot be use(
list (Annex XIV) longer, unless autbrized for specific uses/applications
SPIN Substances in Preparations in Nordic countries (Database)
SVHC Substance of high concern according to REACH

wrSVHC Water relevant substance of high concern

STP Sewage teatment plant

ES Emerging substance

EP Emerging pollutants

HFR Halogenated flame retardant

HFFR Halogen free flame retardant

OP Organophosphates

TCCP Tris(2,3dichloropropyl) phosphate

PVC flexible polyvinyl chloride

DEHP Bis(2ethylhexyl) phthalate

DINCH 1,2-Cyclohexane dicarboxylic acid diisononyl ester

QA Quaternary ammonium

LAS linear alkylbenzene sulfonate

APE Alkylphenol ethoxylate

AE Alcohol ethoxylate
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1. Introduction

Chemical pollution of European surface waters has been on the agenda of the European
Commission since the 70ties and resulted in the regulation of chemical pollutants in water with
Directive 76/464/EEC in 197@European Commission, 2000However, despite significant
achievements regarding European surface water quality, chemical pollution poses a risk to almost
half of the water bodies monitored in Eurofpdalaj et al., 2014 At present, 33 substances or
groups of substances on the list of priority substances which are frequently mo(torepean
Commission, 2007)Yet, there are numerous unmonitored substances in the aquatic environment
which are expected to be of ecotoxicological and potentially human health c§Regrie et al.,

2014) These emerging pollutants (EPs) are the product of various industrial, societal, economical
and climatic changes and can originate from various sources such as industries, personal care
products pharmaceuticalsr household chemicals. Currenittythe EU, manmade products contai

30,000 to 70,00QLoos, 2012) Mary of these substees finish their life cycle as unidentifiédPs

in the environment in multiple environmental matrixes one of them Isirfgce watex Plenty of
research has been conducted on speddisseof EPs, such as pharneaticalsor pesticide which

are regularly detected in many European rivers and lakédshave an established rank in the
discussions of the scientific communitylowever, little research has been conduded huge
number ofindustrial chemicals and their faith and potenitidluence as E®in surface waterdn

order to prevent future pollution of aquatic environmemtergingindustrialchemicals need to be
identified, reduced and/or replacedtleir source. Howevera great difficulty is to identify and
prioritize chemicals as the whole cycle of these chemicals from the production and use over the
emission up to their hazapdofiles need to be evaluated@he problem starts with the use onbével
chemicals that are insufficiently studied with respect to their itrfpathe environment and human
health.Given those chemicalare emittedto the environmenand certain exhibit certain physio
chemical properties such as slow biodegradability or specific mode of actions (e.g. photosynthesis
inhibition or cholinesterasmhibition), thesechemicals can constitute EPs. Howevereds to be
emphasized that industrial use doesdiogctly translate to emission to the environment. Emission

can occur however, via various routes such as leaching from chemical productsportrand
dischargeof chemicals illegal dumping,insufficiently treated effluents from sewageatment

plants (STPs), or wet dry depositigHolt, 2000. The amount of chemical that is found in the
environment is strongly dependent on the use category of the chemical. A fertilizer for example is
very likely to be a dangerous ngoint source for import of problematic substances to various

environmenth matrixes, whereas an industrial chemical that is used in a closed system as an

12



intermediate in a production procaswder strictly controlled conditionis unlikely to be emitted to

the environment. Nonetheless, emission of industrial chemicals to the environment is commonly
observed, also via leaching frarticles.

With the establishment of the network of reference laboratories, research centers tmad rela
organizations for monitoring of emerging environmental substances (NORMAN network) in 2005
the first institution concerned with EPs was foundsitice thenpver 600 EPs have been identified

and categorized intovarious technical useclasses s u cfhl aaree i éitpd radsantcs e er
As ur f aGivermthetnsed for a platform that combines information on chemicals and their faith
in the environmentthe European Commission launched IPCHERhe Information Platform for
Chemical Monitoring. IPCHEM dids all information of the NORMAN network plus data from
other databases on occurrences of chemical substances in the environment or the human body.
Apart from the existing databases and networks, specific EU prdjketsSOLUTIONS were
designed to modéhe aquatic pollution of tomorrow.

The European Uniomesearch mject SOIUTIONS! has the objective tdeliver tools and models

to identify substances and mixtures that endanger aquatic ecosystems and human health. This is
done ) analyzing the complex contamination present in the environment and IlI) analyzing the
multitude of chemicals produced and use@&urope(Brack et al., 2015)SOLUTIONS is divided

into various sukprojecs (SPs) concerned with different tasks, such as a monitoring based
approaches for chemicals that are already in the environment, exposure and effect modelling for
compounds that are produced, applied and probably emitted to the environment, and scenarios t
identify future trends in pollution(Brack et al., 2015)The SOLUTIONS poject includes
predictions of timdrends for industrial chemicals and which are registered tREACH (Moritz

et al., 2017) They are produced used andare likely to beemittedvia one or multiplepossile
routesto surface wiers Data sources fouse trend analysis arenarketand use volumes for
chemicalsregistered undeREACH (givenas tonnageband3 and information fromthe Nordic

SPIN database(given asprecisefit 6 uset o n n afg enslididual substances)Moreover,
SOLUTION operates on multiple scales such asl&il or national level.Of the multiple
databases used and for SOLUTIONS, this thesiuses theNordic SPIN database, tREACH
candidate listand databases from tiMORMAN network topredict futureEPsfor Sweden.The
contributions to SOLUTIONS artne evaluation of utilityand reliabilityof the different functions

and dataetsfound in the NordicSPIN databaseAs described abovejsecategorief chemicals

are important to estimate the likelihood of emissiosiofface waters. To this end it was planned to

use SPIN Use Category dathplding tonnage data for individual chemicals witb2 specific use

! SOLUTIONS: EU 7th Framework program: http://www.solutions-project.eu/
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categoriesand anExposureTool, estimating risk to various environmental matrike@svever, in the
course of the thesis the usefulness and reliability of the Exposuraiddhe Use Categoriegere
guestioned and rated assufficient & can be seen in the appendix chapt@r Nonethelessthe
TotalUse data was found to bperative holdingspecificusetonnage datarhese specific tonnage
data allow modeling of the time trends of surface water releés®(htC in Sweden. Surface water
relevantSVHC are defined aSVHC that are either: llisted on the Water Framework Directive
(2000/60/ECYWEFD) substance list or 2) adhe NORMAN list ofemerging substances

1.1. Registration, Evaluation, Authorization and Restriction of Chemicals (REACH)

for substances of very high concern (SVHC) leads to declining SVHC use

With the REACH Regulation (Registration, Evaluation, Authorizatiomnd Restriction of
Chemicals)in 2007 legislationwas adopted to ensurebeyond other objectivesthe saé use of
chemicals To surveil safe usechemicals have to be registered before they can be placed on the
European market. For substances with anuahproduction volume of 10 tons and more (per
producer or importer), a chemical safety assessment has to be made in order to dertt@idtrate
substances can be used safely. Beyond registration, REACH haghevprocesses for substances
which even #er registration caposea risk to humans and the environmerdamelyrestrictionand
authorization Restriction aimsat prohibition of spedfic uses ofparticularchemicals, such as for
exampleToluenewhich is restricted as adhesige spray paints intended for supply to the general
public. Even though certain uses are restrictaitl,other uses of the chemical are still allowed.
Currently there areé5valid entries on REACH restriction list (AnnexVIl) (ChemSafetyPro,
2017) Contrary, Authorization aims to replace very problematic substances by less problematic
substances or processes, whenever technically and economically feasible. Authorization applies to
the most problematic substa e s . Under REACH, these substanc
high concerfSVHC)0 . T h glaged artheso-calledcandidate lis{CL). The list is called this

way because placing on this listadfirst step of imposing an obligatiar authorizationon them
(Grunwald and Hennig, 2014)he REACH candidate list currenthplds173entries ofsubstances

of very high concernQVHC) (ECHA, 2017a) Most of these entries refer to a distinct chemical
substance. However, quite a relevant number of entries refer to more than one sulrstana
complete group of substances. As described below in the methodology chapter, iBGdiatiAct
substances have been identified which refer to the 173 entries of the REACH candidatecést.

the substances asssesseds SVHCand placed on the Candidate Ligtese chemicals can be

forwarded to the Annex XIV authorization lisAt present, this lisincludes more tham3

14



substances that after a given sunset,dakéch is a binding fade owequirementcannot be used

any longer (ECHA, 2017b) Solely in rare cases companies can advocate that there is no other
chemical which could substitute the chemical of contdma specific useAn example here ithe
plasticizerDEHP, which isauthorized foblood transfusion bags to courdet blood coagulatiornit

is expected that industries react to the placement of chemicals on the candidate list by replacing the
SVHC with substitutive chemicalasthe SVHC hold the riskof undergoing strict regulatiom the
foreseeable futureCurrently there are no indicators for policy performance of REACH in place.
Within this thesisnot only potential emerging pollutants are identified, but & impact of
regulation of the REACH Candidate lis¢ analyzed. This is done witlthe temporaluse
developmentdor SVHC in the SPIN databasewhere scenarios before and with REACH are
compared.This is a sound indicator for the policy performance of REEACH Candidate Lisin
Sweden.

SPIN, even though holding merely data from the Nordic counsie$ great interest. SPIN holds
information of about 27 000 chemical substances in mixtures, recorded annualtiaérgear2000
onwards in Denmark, Sweden, Finland and Norv&®IN data is derived from the NPG (Nordic
product register) where the chealdicomposition and volume of alhemical productsy Sweden is
registeredHowever, it is important to mention that SPIN does not include articles that are imported
to Sweden, which can also contribute to #mvironmentalpollution burden in Sweden. For
example an imported plastic toy using DEHP as plasticizer, which is discarded in the environment,
can contributeéo DEHP occurrence in the Swedish environmemtst likely by leaching from the
article The same holds for PVC floorings, facades and othpoitad construction or consumer
articles. Swedish officials asavare of this and argetting up a database for the inclusion of articles

to the chemical burdecurrently. For this thesis only the use and potential emissions from chemical
products(substanes as such and mixturas)Sweden are considerediven the regulatory impact

of REACH onthe Swedish industryf§VHC use isexpected to decreasmost likely resulting in
decreased emissions 8¥VHC to the environmentJnderstandably, the decreased us&WHC in

the industry needs to be compensated for by substitution efribidy regulated chemical.

Il n the f ol | oregulategl chemidafe itser ms @d f or c hestrictcal s
regulatory control T with the aim to replace these substances. Strict regulatory control goes
beyond registrationin this thesis this term igsel for two groups of chemicals: chemicals of very
high concermplaced on the REACH Candidate list, and prioritpstances of the Wat&ramevork
Directive. For these priority substances use and emissions have to be reduced as far aspossible
Europe

15



1.2. The need for substitut ion of SVHC: Substitutes as emerging pollutants ?

Subst i thetreplaceamemt sr reduction of hazardous substances in products and processes by
less hazardous or ndrazardous substances, or achieving an equivalent functionality via
technol ogi cal or o(Litpraat al.z 2003) Howesaelr, chemgicaby-chendcal O
substitution as currently the most widely applied op({iéantke et al., 2015)n many cases these
chosen substitutes are of minor change in chemical composition which results in a similar hazard
profile. This incremental change hampers the successful tadeof hazardous chemicals and
thereby thenecessarghift towards green chemistfysustainable chemistry (Blum et al. 20-nd

cleaner surface waterd/hen a chemical substitution does not mitigate the negative environmental

or human healtimpact and merely shifts the burden to another sector the substitution is termed
"regrettable"(Fantke et al. 2015)Substitution of hazardous chemicals is strongly reinforced and
promoted by chemical agencies such as the ECHA. Ideh#ége substitutions lead tdfunctional
substitution, meaning that the efficiency and cost are not substantially higher and the environment
and human safety isnproved However, numerous substituteEhazardous chemicaégetermed
Aregr et t ab |sebétituttonotbisphendA for higphenol S. Regrettable substitution can
impact many environment and health aspects. Howevethignthesis the term regrettable is
exclusively used for substitutes that degfrimental to the environment, especialyface waters,

not taking ino account possible detrimental implications for human health or other nsaifiiee
envirorment. Given the evidence of occurrence of substitute chemicals in surfacestedtat,by

the NORMAN list of emerging substances, thes#stances can beortsideed as emerging
substances. In order to determine if the emerging substance could also be an emerging pollutant,
risk assessment can be perfornatsbtakingthe exposure levéhto account

The term emerging pollutant suggests that the pollutant hdseeatonsidered athreat to humans

or the environment before amehs discovered jusecently. However, this is not the case as many
pollutants, such as lead, have been around for centuries but only recently came into public
discussionsSauvé and Desrosie(8014)s uggests t hat EPs shoul d be
emer ging concer nonregartlieg sgeafie supstancgssismpediaadcexpressed

by the NORMAN network The NORMAN networkwas formed in 2005 to collect data on
emerging pollutants and to encourage validation and harmonization of measurement methods and
monitoring tools for an impved risk assessme(Brack et al., 2012)According to the network
emerging pollutants are Asubstances currentl
programs and which may be candidate foufetlegislation due to its adverse effects and / or
per si NORMANynetwork, 2005)Moreover, the NORMAN network has a list of Emerging
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substances thacaf be defined as substances that have been detected in the environment, but which
are currently not included in routine monitoring programs at EU level and whose fate, behavior and
(eco)toxicological effects are not well underst@odhémical substansecan be considereof
scientific importanceonce the NORMAN network has put the substance on the NORMAN list,
which expresses that the substance is of emerging concern for the environment according to
NORMAN network specialistsUntil today, theNORMAN nework has classified EPs into 20
substance ¢l asses, of which Afl ame extensively dant
discussed and researched with regard to their detrimental effect on surface waters in the scientific
community.In the following section a short introduction to thebeee water relevargubstance
classeds given Within this thesisthoses ub st ance c | geshsieasusaategoriec.al | e
With accordancéo the NORMAN networkthey are named f | ame r et ardaot aod
A pl a s t.The intma@uctientof technical use categoigsssential to the analysis of substitution
patterns as one chemical usually not replaced bysolely one other substitutdndustry wide,
regulatedchemicals ardikely to be replaced bypumerous substitutes, dependingtbe industrial

context and process the original chemical was useMast likely, the substitute fulfills the same
technical function as the chemical it repladesr example a plasticizer ikély to be replaced by
another plasticizer. However, which exact plasticizer the substitute is going to be, is dependent on
the process and industrial context of the chemical it repldtesefore;t is necessary to look at a

list of plasticizers that add be used as substitutes.

Often, chemicatlasseswithin a specific technical function were used in the past then some of

them were regulateduch as foexample phthalate plasticizers. One typical example is that DEHP

as a highly used phthalateapticizer entered the REACH Candidate List and was forwarded to the
Authorization List. Many other phthalates were then further discussed and the whole chemical class
of phthalates came into critical focudltimately not only DEHP is expected to be sufoséid but

most of the chemicals belonging to the class of phthalates. They are expected to be substituted by
non-phthalatesThis shift is called pattern of substitution in this thesis and applies to all technical
use categorie¢flame retardants and suctants alike) with different chemicals classes that are
known to be problematidcach of the technical use categories holds substance groups that have
been used in the past and are now considered hazardous. In plasticizers phthalates for plasticizers
are kown to be hazardous, in flame retardants, halogenated flame retardants are commonly
addressed as problematic, and surfactants alkylphenol ethoxylates are subject of scientific concern.
Interestingly, also substitutes that are not in these criticizes chkeasses can pose problems and

lead to regrettable substitution. An introduction to all the technical use categories and the known
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emerging substances from the respective chemical classes is given belall temhnical use
categories.

1.2.1. Flame retardants

Flame retardants (FRs) are necessary additiveelectronics, textiles and plastics, to inhibit the
flammability of products and have contributed greatly to fire safety over the last detades.
occurrence of FRs in the water ecosystems depends ompitbéirction volumes, usagedisposal,

their persistence antheir fate in the environment (their distribution between the environmental
compartments is often characterized in a first step bgdtaenol water partition coefficielfkgbal et

al., 2017) Emission water solubility and octanol water partition coefficient are the key elements for
prediction of behaviors of flame retardants in fresh water ecosystémmore detailed
characterizatin of these elemenis beyond the scope of this thesis as it adses industrial use
time trendsnot substance properties

The first EPs of public concern wenalogenated flame retardants (HlFR$FRswere found in the
environment due to a strong industrial use between 1929 and(%8u@vé and Desrosiers, 120),
where it became apparent that industrial activitgtr®ngly connected to the emergence of new
pollutants in the environment. Concerning surface water, the leveldFBS in Swedish river
systems seemingly indicate that the environmental relddbese compounds is declining, yet high
levels in sperm whales demonstrate that loMERsalready haveeached the deeper regions of the
Atlantic Ocean(R.W.P.M. Laane, 2000Knowing thatmost HFRsare lipoghilic (expressed ihigh

log Kow valug they bind well to particles and are therefore below detection limit in the water but
accumulate in river sediments and fish (de Wit, 2008gse finding underline the importance

industrial use data analysis to quatify the potential emerge of novel pollutants right on the

25 production sitenot only with

respect to surface waters but

other environmental

matrixes. In order to

15

understand the nature of

novel flame retardant that

Number of flame retardants

are released in the

5_

environment and can

Halogenated flame retardants . Halogen-free flame retardants potentlally contribute  to

_ _ adverse  effects, flame
Figure 1: Number of emerging flame retardants by class

retardants are grouped into
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3 tons of plasticizers (2000- 2014)

two classesn accadance with ENFIRO (EU ProjecEnvironmentCompatible Flame Retardants)
classifications i) Halogenated Flame Retardants (HFRs) and ii) halogerflame retaraints
(HFFRs). As described above, HFRs are widely under critique due tdktioeim impact on the
environment.Novel halogenated flame retardants that substituted the initial HFRs, have been
proven slightly less, or even equally harmful to the environrfighal et al., 2017)giving a typical
exampeé of regrettable substitution. During recent yeardustrial substitution efforts were mostly
directed towards replacing HFRs by HFFRs assutthiagthese are less harmful to the environment
and human healtiHowever, HFRs are not the only flame retardants thainaestrially usedand

can beclassifiedfound in the European environmel¥hen comparing the seltompiledflame
retardant list withthe NORMAN listof emerging substances it becomes apparenthat-Rs and
also 11HFFRs that are used in the Swedish industry were found in the European envirasment
shown inFigurel. Therefore substitution efforts do not need to be only directed at replacing HFRs
but rather at replacingPsas classified by the NORMAN networklovel flame retardants should
equally beincluded in future policieandregulationgrrespective othemical class but rather based
on their classification as EEdnducted by the NORMAN expert team

1.2.2. Plasticizers

Plasticizers area substancegroup used in polymer production to facilitgpeocessing and to
increase the flexibilityf the finalplastic product. An estimated 880 % of the plasticizer use is in
flexible polyvinyl chlaide (PVC).Over the last 60 years more than 30,000 different substances
have been evaluated for their plasticizing properties. Of treggaroximately 50are today in
commercial use. The plasticizer list compiled for the thesigers all high volume plasticizers,

2000000 - holding 80 plasticizers (Malveda,

1750000

2015) Plasticizers are grouped into

1500000

phthalates, terephthalates, epoxy,

1250000

aliphatics trimellitates, polymerics and

1000000 - phosphates  of which  phthalates

750000

accounted for 70% of the world
500000

0

Others | Phthalates ~accounted for88% and in 2019 a

consumption of plasticizers in 201#h
2005 the phthalate marked share

Figure 2: Quantitative dominance of phthalate further decrease t065% of world
plasticizer use in Sweden consumption is expected (Malveda,

2015) The decrease in market shaam beexplainedoy fading out of thenainphthalateplasticizer
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DEHP. As mentionedDEHP is strictly regulated in many regiondue toits human health and
environmentathreatsand therefore replaceBor Sweden it was corroborated tiphthalatesvere
guantitatively far more important than other plasticizers as slowigure2.

During the last decades multiple efforts were put into substituting DEHP and other phthglates
other non-plasticizers.However a comparison of theelt compiled plasticizerslist with the
NORMAN list of emerging substanceshows that a total of 13 ngohthalate plasticizerare
consideredy the NORMAN list of emerging substanaasdwere registered on the Swedish SPIN
databaseas substances that are industrially used in Swetleare should be awareness in the
industry, that there are ngohthalate plasticizers that are also considénethe NORMAN list of
emerging substances and can potentially threaten the environdrenformed substitution of a
phthalate for a apparently less hazardonsn phthalate plasticizeis the basis foregrettable
substitution.

Again, theoccurrence of plasticizers the water ecosystems depemas onlyon their production
volumes andusage, disposal, their persistence gattition behavior.Most plasticizers are

14 characterized by a high log

Kow, indicating poor water

-
™~

solubility, pointing to

10+

accumulation of plasticizers in

8+

fatty tissue. Due to the high fat

6_

solubility ~ and  structural

Number of plasticizers

similarity to estrogen

numerous plasticizers such as

Others Phthalates BPA and phthalates are

Figure 3: Number of emerging plasticizers by class characterized as endocrine

disrupting clemicals (EDCs)

(Fromme et al., 2002)Plasticizers are often not covalently bound to the polymer matrix of the
plastic and can thefore leach from plastics into the environment. Therefore, the major source of
plasticizer contamination in the environment is landfill leachate of disposal sites where plastics are
discardedZheng et al., 200). Again, the analysis and modelling of the behavior of plasticizers in
water is beyond thscope of this thesis as it exclusively addregseégstrial use data timgeendsto

identify potentially emerging poltants.
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1.2.3.  Surfactants

Surfactantsare compounds that lower surface tensimetween molecules and constitute the main
components in detergents, wetting agents, emulsifiers and dispersants, and foaming Thateols

are various classes of surfactants of whichrtfuest widely used are anionic surfactants, such as
linear alkylbenzene sulfonateAS) usedfor cloth and dish washingletergents and shampaoeth

global market share of 53%Ceresana, 2015)Another high volume surfactant is the nonionic
surfactant,are alcohol ethoxylateAE) (CowanElisberry et al., 2014)Most laundry detergents

contain both nonionic and anionic surfactants because nonionic surfactants contribute to making the
surfactant system less sensitive to water hardfigssend use of #se high volume surfactants is

in laundry detergents, dishwashing detergents, household cleaners, and personal care products bott

in the home, industrial, and institutional applications. These applications will result in release to the

5 environment, primaly in

wastewater dsharges,

which makes surfactants

especially interesting when

considering EP in surface

waters Suffactants are

hazardous to aguatic

organisms due to heir

Alkylphenols LAS Perfluorinated Quaternary surface activeproperties and
compounds ammaoniums

Figure 4: Number of emerging surfactants by class numerouls detergents ?X_hibit
estrogenic activity,
egecially alkylphenols likenonylphenols (NPs) and tytphenols (OPs), whichare degradation
products of the widely used alkylphenol ethoxylate surfactants (APEs). Due to their low
biodegradability, the toxicity of NPs and endocrine disruptive characteARES are priority
hazardous substances in listed in the Water Framework Directive 2000/60/EC and the final
European Union decision No. 2455/2001/ECopez de Alda et al.,, 2003)The European
Parliament approved market and use restrictions in 2003 so APEs cannot be used at 0.1% or greater
in a wide variety of applications. Common substitutes Bnear alcohol ethoxylates (AESs)
(Burlington Chemical G., L. L.C and Leuk, 2011) class of surfactants that has no compound
listed on the NORMAN lisbof emerging substancekie to rapid biodegradability. Yet, there are
other classes of surfactants that hold substances considsreb. Especially, quateary

ammoniums that are used for softening purposes in hair rinsing and in fabric softeners and the high
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volume calls LAS holding cloth and dishwashing detergents both registered 4 substances in Sweden
that are listed on the NORMAN list.

1.3. Other substances of emerging concern : Persistent and mobile organic
chemicals ( PMOC)

Persistenand mobile organicchemicals PMOC) are found to be very water relevant by an expert
team (Stefanie Schulze, Daniel Zahn, Rosa Montes, Rosario Rodil, José Benito Quintana, Thomas
P. Knepper, Thorsten Reemtsma, Urs Berger) as they are highly mobile pardisaentthus

fulfilling important criteria to become an a pollutant of emerging cond¢&xOC depict a threat to

the quality of our water resources as they are higblgr canpass through wastewater treatment
plants, subsurface environments and potentially dtsiking water treatment processes. Very few

compounds are known in terms
50

of analysis, monitoring, water
treatment  and regulation
(Reemtsma et al., 2016This
was corroborated comparing
the list of 43 PMOC to the
NORMAN list of EPs on which
only 3 PMOC are already
listed. Even thoughPMOC are
O'MN not yet considered as EP not found on the candidate list
this thesis takesPMOC into

consideration for the lack of

40

30

# of PMOCS

20

10

Figure 5: Number of PMOC already considered
by the NOMAN list
regulative legislation and the

evident detrimental impact on surface watersictvimakes them very potent ERdoreover, they

can be used as a control group for the regulated wrSVHC as theydatg wnregulated.

In the previous sectionall substance groups and potential pollutants of emerging cohesm

been introduced and the relevance of regulation in the emergence of novel substance and/or
pollutants in the environment has been explaineded¢ame clear that there are various knowledge
gaps: 1) currently there is no indicator to evaluate the impact of (REACH) regulation on the use of
problematic chemicals. Z)here might be patterns of substitutioould leado emerging substances

from chemical classes that were thought to be sédtiernatives
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To fill these knowledge gapthe SPIN database was used as analytical tool of choice. The
following sectiondescribeghe SPIN database including opportunities and limitations

1.4. Introduction to NPG & SPIN

The Nordic product registe(tNPG) areworldwide under the most comprehensive databases with
respect tacompleteness of information and the number of registered products and subd&tes.
data have already been used for risk assessments, subiktanaealyses and many more purposes
(NPG, 2007) The data in the NPG is based orormation from four individual countries:
Denmark, Sweden, Finland and Norway. The respective nategialationrequiresmanufacturers
and importersof chemical productsto inform their respective product register abduiction,
industrial category, classification, compgasn and quantity of the substance/product. However,
there are differences in repiog and the type of dateequired by the respective coues|
depending on the country where the substance/product is manufactured. For the purpose of the
thesis thadata from the Swedish product register is used. In the following segpportunitiesand
shortcomingf this data are described asgplained The detaileddata analysis can be fouird

the appendix8.2 The Swedsh product register is represented KEMI (Swedish Chemicals
Agency) and contains informatioron the largest numbers ehemicalproducts and the highest
proportion ofthoseon the marketAll chemical productshatare produced or imported into Sweden
with more than 10@g/yearhave to be registereahnuallywith respectivequantities classificaion;
codes for areas of usnd the codes for product typd8he declaration requirements apply to all
chemical productssubstances anchixturesalike according to the custom tariff codéshe NPG

passes data on to the SPIN database, given the data@fidential.

1.4.1. SPIN Data: Opportunities and Limitations

SPIN Substances inPreparationsin the Nordic countries holdsfin ecao nf i ddataobni al 0
substanceas suchand in mixtureslerived from the confidential data in the NP&RIN publishes

as mu ¢ h data as possible to without tbhyr eat e
aggregahg data SPIN can be used by the publicegearch institutes, governmeuwtsindividual
researchergare encouraged tose SPIN datdor their purpses The information included in the

SPIN databases thenumber of products containing the substance, the annual tonhaggiven
substanceused inmixture and theindustrial categories and use categomésthe mixture the
substance is part of. Moreovdhe annual tonnage within these categories and the presence or

absence of the substance in consumer prodsicegistered in SPINNPG, 2007) This enables to
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analyzetime trends for substancesd the numberof the substansas used in As compared to

other databases f -isend dat a, s tranhEureswat,SAAN hwldsGubstances with
individual and unambiguou€AS numberas compared to substance groups, which are used in
ProdCom.In addition SPIN covers polymers, a group of substances not registered elsewhere in
Europe and also exempted from REACkhrens and Reihlen, 20Q7)here are various features of
interest in SPIN that can be taken into account for analysis and risk asseséiEBgtsuch as the
exposure toolboxwhich describes the risk of chemical substances to humans and the environment
by variousindices in numericalorm but was evaluated to besifficiently consistent in theotirse

of this thesis as shown @&2in theappendix.

SPIN offers data on chemical produeis defined above (substances as such and mixttines)
neither non-chemical productsnor articles are included Foodstuffs, cosmetics, medicinal
products biocides, pesticidequre heavy metaland quantitie®f chemical productiess than 100
kg/yearper company are naibligatorily included but can still be mentionethere are no data
about substances in articlesly about substances in chemical prodykiSMI, 2017). The saddle

of a bicycle, for instancis anarticle andoften contains softeners and it may be painiée: saddle
would not be listed in SPINHowever, substances in the paint and the softener are expected to be
accounted for in SPIN the saddle was produced in Sweaenthey were once in a mixture (paint

or polymer granulate)These substances are not accounted in Rl article was importedhis

mainly hampers the evaluation of emerging pollutants freakihg substances from imported
articles, such as plasticizers that are mainly imported from Asia.

Another shortcoming of SPIN is that some substances are subjeatfidentiality and are only
mentioned in by their name but not as total quantities. t8nbss do not have to be reported in
SPIN if the substance igeported to the NPG by less than 3 comparmiesn less than 4
preparationsThis confidentiality issue can depict a major source of data exclusion especially for
SVHC that are used in very sp@c processes by one company in one or two products but could
still be used in largguantity. Theimpactof confidential data in Swedish SPIN data was analyzed
and specified in the append&22. The analysis shows tha@here are many confidentiaata;
however, the total volume of these confidential data is not expected to be of major importance.
SPINs information on areas ofeugindustry sector or function of chemical) is only available for
25% of the substancgghrens and Reihlen, 20Q7naking theuse categories unreliabldor
analysis, which wagonfirmed by the data analysi;h 8.2.2 the appendix. SPIN furthermore
describes potential sources of error with regard to total quantities swduble registrationof
chemical productsThis risk is estimated to be between 20% and 50%, being more prevalent in the

categories raw materia(d1 July 2017; 18 August 2017However, the double counting always
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overestimates the actual quantity, therefore adding a buffer zone, which is not delrimignta
regard to risk assessment.

Having described alimportantshortcomings and pitfalls of SPIN44 of thel73 entries of the
REACH Candidate list can beund in the Swedish SPIkbtal usedatabaselt is important to
emphasize that one SVHC entry cstand for one chemical with unambiguous CAS, but some
entries do hold a group of chemicalfie one entry one substance scenario is true foiS132C.

The remaining entries hold more than one chemigtl at least 2 CAS number3hese entries

hold groupsof chemicalsbecause there aosely related chemicals like isomdhat are easier
classified with one entry but several CAS numbérdotal 12 of the 144 SVHC entries hold more
than oneCAS as illustrated inTable 1. For 22 entries (13%) no datawas found. It has been
analyzedwvhether this fraction could be relevant for the total amount used. The analysis showed that
the missing substances probablyly have anegligibleimpact on the total volume (seppendix
8.21). Concludingthe opportunities and limitations of SPIN to retrieve time trends for individual
substanceshe tableshows the data richness of SPIN with respect to the SVHC entries from the
REACH candidate listFrom the 173 entries (substances or substance groups) listed on the
Candidate list, data fdt44 entrieswere found This means: the SPIN database covers 84% of all
entries of the REACH Candidate list.

Table 1: Number of SVHC entries on the REACH Candidate list for which data are
found in SPIN, and related number of substances per entry.

Total 1CAS# | 2CAS# | 3CAS# 4CAS# | 5CAS#H 8CAS# | 24 CAS #
Identification of SVHC entries
# of entries 173 157 5 6 1 1 1 2
% of entries 100% 90,8% 2,9% 3,5% 0,6% 0,6% 0,6% 1,2%
SVH@ntriesfound in SPIN
# of SVHC entries in SPIN 144 132 4 4 0 1 1 2
% of SVHC entries in SPIN 83% 84% 80% 67% 0% 100% 100% 100%

No other database in Europe is known which has a similar amount of publicly available data.
Therefore, SPIN can be consideredls a valuable tool for identification and prioritization of
industrially usedchemicals It represents data base for the majority of chemicalsie ones not
registered on SPIN have been demonstrated to be of low quantitative impoAppeeadix Table

10: Quantitative relevance &/HC absent on SPINor exempted from SPIN but available on other

databases (pharmaceuticals, heavy metBis¥pite the hugamount of data, SPIN has not been
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used before to calculate and compare time trendwdter relevanSVHC and their substitutet.
has been used to show time trends for specific groupshstancese.g.plasticizerd KEMISTAT,
2012) The figures from these earlier assessments have been used to validate the methodology

applied in this thesis.
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2. Goal & Research Questions

The goals of this thes@re an understanding of the impact of regulation on the use of SVHC, the
patterns of substitution of chemicals (which chemicals are substituted and by what) and the
identification of substances that could constitute RitiPs in Swedish surface waters.
To address these goals, the Nordic SPIN database was used to retrieve time trends of water relevant
substance of very high concern (wrSVHG® develop a quantitative picture of time trends for the
use of problematic substees and their substitutes. The analysis is based on industrial use data for
chemicals.A methodology has been developed which all@msweringthe following research
guestionsl) Is the SPIN databasa workable and datach databasdor time trendsof industrial
chemicals?l) Does strict regulatory action (such as placing on the REACH Candidate list) cause a
reduction in the amourdf water relevanthemica$ used?ll) D oes strict regulatory action cause
increased use of substitutes and patterns ofsubstitutionbe detecte® V) Can substitutede
identified which have the potential to be future emergingstances and possitgellutants?V)
Does thedentification of substituteallow for future monitoringecommendatiors
These research questicare described in more detail in the following sections.

1) Is the SPIN database workable and dataich databaseto develop time trends for

industrial chemicals?

The starting point of this thesis wasfiod a way to gather industrially used tonnatpta fom
national chemical registers to develop time trends for selected chenfioatkis end the SPIN
database needed to analyzed in terms of reliability and utility for time trend analysis and other
features oflte database that promise risk assessment, agitihe ExposureToolhese results are
found in the ppendix orB.2

2) Regulativernpact of REACH candidate lish water relevant SVHC use in Sweden
The firsthypothesisvasthat chemicals under regulatory pressure bellused in smaller quantities.
Therefore the regulative impact on 8VHC under the REACH candidate ligtas quantifiedfor
individual wrSVHC usedin SwedenTo comparethe impact ofstrict regulationwith less regulated
problematic substances with water relevance, time trends for-eegatated class of persist mobile
chemicals PMOCQC) are analyzed and compared to the under REACH regulatS8¥H€. The
assumption is that wrSVHC decrease drastically due to the regulatiten REACH as compared
to less stridly regulatedMOC.

3) ldentification of substitute chemicals anaktferns of substitution
In accordance with the expected decreaseegiilatedwrSVHC use an increase in substitutes is

expected The substitutes are groepg into threetechnical usegr ou p s Apl astici z
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retarcant s 0, A sAs oné ragalateal prokdematisubstance can lead to numeraiferent
substitutesas described in chaptdr2, technical use categories are implemented to follow the
patterns of substitution.

4) Identificationof substitutes which are already listed as emerging substances
The ultimate goal is to ideify substitutes that are increasing in useSwedenand camalready be
found in theEuropeanenvironment.The hypothesis is that substances already found in surface
waters in Europe are likely to be found in Swedish surface waters too given that they are
increasingly used and possibly emitted to the environnidrd.final emission modelling and risk
estimation needs to be done by Swedish officials that have access to emission data.

5) ldentification of substitutess bases for future monitorimgcommendatios
In order to develop monitoring recommendations for Sweden, the industriall\suisstitutesvith
increasing trend need to be compared to the existing monitorindodaarface watergathered in
the NORMAN EMPODAT databaseEMPODAT holds all European monitoring data in various
environmental matrixesGiven, that there is no entry for the increasing chemical and physio
chemical characteristics that indicate slow degradation in the environment, monitoring could be

recommended.
3. Methods

In order to answer all research questionsjudtitude of tests and querieas beerronductedising

the SPIN database and various other data sources described ibaletail
3.1. Data collection:

The relevant databases (SPBQL databaseREACH aandidate List,SIN list, NORMAN list,
WFD substance listwere downloadedduring May 2017 from following websites:REACH
Candidate List(ECHA, 2017a) Norman List {ttp://www.normandata.eu/?g=node),LNorman

suspect list f{ttp://www.normarmetwork.com/datatablg/ SIN list (http://sinlist.chemsec.org/)

SPIN databaseh(tp://www.spin2000.e)/ WFD priority substances and certain other pollutants

(http://ec.europa.eu/environmémater/wateifframework/priority _substances.htm)The REACH
candidate list was completed withhemicals names and CAS numbasssomesubstances in the
candidate list aréisted as groups of substances. Therefordiyidual CAS numbers needed to be
allocakd for all of the representatives of the respective grolg.original 173 SVHC that included
substance groupsere processednto 250 individual substances with unambiguous CAS number.
The individual CAS numbers were found via ECHA whapportdocuments supply an exhaustive

list of the CAS nurbers https://echa.europa.eu/de/candid&etabld. This was accessed and
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conducted during May 201Moreover an account for the NORMAN EMPDAT database

(http://www.normandata.eu/empodawwas created to access the European monitoring data for

emerging substances. The SIN bttp://sinlist.chemsec.org/ and SINimilarity

(http://sinimilarity.chemsec.orplist were used for qualitative analysis of the identified emerging

substances
3.2.  Definition of groups with water relevance:

wrSVHC

Surface water relevai@VHC were defined aSVHC present in the NORMANist or on included

in the WFD.As a result 16 wBVHC were found on SPIN with eAg-end time trends fit for
analysis A total of 16 wSVHC were defined 9 from the WFDBFf which 3 were also present on the
NORMAN list and7 that are eglusively found orthe NORMAN list All wr SVHC with respective
abbreviation code and CAS number are found in the app8rdi8. 1

Flame retardants

The list of flame retardants was compileg research for common substitutes for the flame
retardantswrSVHC [Tris(2-chloroethyl)phosphate (CAS: 1:B%-8), Short Chain Chlanated
Paraffins (CAS: 855384-8), DecaBDE (CAS: 116395)], HBCDD (CAS: 319455-6)] on
SUBSPORT ande SIN (substitute it now) liskurther, the list was extended with flame retardants
from the NORMAN network supplemented by flame retardants fromatiiee reviewgCovaci et
al., 201; Igbal et al.,, 2017; R.W.P.M. Laane, 2000; Richardson and Ternes, 2014; NORMAN
network, 2005) In total, the list holds33 flame retardants and is found chapter8.1.2in the
appendix.

Plasticizers

The list of plasticizers was compiled by research for common substtut@SVHC plasticizers
[DEHP (CAS: 11781-7), BBP (CAS: 8568-7), DBP (CAS: 8474-2), BPA (CAS: 8005-7)] on
SUBSPORTand the SIN listFurther the list was supplemented with other filagers retrieved
from the NORMAN network(NORMAN network, 2005)the German Environmental Specimen
Bank (German Environmental Specimen Bank, 2047) some relevant publicatio(@eng et al.,
2007; Fromre et al., 2002)The plasticizer lisaims to cover alhigh volume plasticizers, holding
80 plasticizergdoundin chapter8.1.3in the Appendix.

Surfactants

The list ofsurfactantsvas compiled by research for common substitategrSVHC surfactantg4-
Nonylphenol, branched and linear, ethoxyla(€AS: 2515452-3), 4-Nonylphenol, branched and
linear (CAS: 10440-5), 4-(1,1,3,3tetramethylbutyl)phenolCAS: 140-66-9)] on SUBSPORT and
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the SINIist (substtute it now).The surfactant list holds 133 of surfactants and egmsplemented
by a literature Survey of Surfactants in the Nordic Counfdeblansson et al., 201 #)e surfactants
from the NORMAN networNORMAN network, 2005)the HERA report(Environmental HERA
report, 2013pand a book vih an extensive list on APEs and AEEalmage, op. 1994pund in the
appendixin chaptei8.1.4

Exceptions

For Benzo[a]pyrene (CAS0-32-8) no substitutes were found on SUBSPORT or. BaP belongs
to the polycyclic aromatic hydrocarbons (PAHSJhey areformed as a side product during
incomplete combustion or pyrolysis of organic material. Benzo[a]pysenet used on purpose and
therefore will notbe substituted bgnotherchemical.

Persistent and mobile organic contaminar®8400C)

The PMOC list was obtained by a cooperation with Dr. Reemtsma and Hg8dsubstances
considered to be water relevant by an expert t€achulze et al., 2017Df those, 43 substances
were found in SPIN of which 12 had etwend time lines. These areuiodin chapter8.1.5in the

appendix.
3.3. Software and databases:

The SPIN database was operated and managed in Microsoft Access (Version: 14.0.7181-5000 (32
Bit)) and the relevantlists mentioned abovePMOC, plasticizers, etc)were incorporatedor

analysis SQL queries were conducted and further data modification and analysis was carried out in
Microsoft Excel (Version: 14.0.7181.5000 (B#)).

3.4. Data processing:

Development of regulated $%HCin Sweden

In order to compare he situation before RB&kCald uaderd- un d e
REACH scenarioy a percentage change in use volumes was calculateddierdual wiSVHC.

Due toannualfluctuationof the tonnagean average of the tonnages in the g&2000, 2001 and

2002 were calculated and compared to the average of years 2012, 2013 and 2014.

Development of unregulatétMOC

SPIN annual tonnage data for BIMOC was retrieved12 PMOC of quantitative relevance (<5t in

2004) were selecteahd plottedseeFigure8: Time trends of unregulatde@MOCin Swedei).

Comparison of regulated BVHCand unregulated®MOCin Sweden

Data for all w6VHC and PMOC in 2004 and 201l14vere retrieved via an SQL query in the

database. These years were picked, as in the early years some substances were subject of
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underreporting and a ten year time span seemed adequate to ctwifoaeeREACH and with
REACH. All substances that yielded etatend time trends without confidential data were selected
and plotted irFehler! Verweisquellekonnte nicht gefunden werden.

Development of flame retardants

The flame retardant list was subset into HFRs and HFESRseen iliAppendix Table2: Compled
flame retardantdist. Annual tonnage data was retriewdd an SQL queryrom SPIN However,
aluminumhydroxide(CAS: 2164551-2) had to be excludefifom the HFFR listdue to it being a
high volume substance that is predominantly used in water purification as flocculation agent and
only secondarily used as flame retardéntorder to identifyflame retardantsubstituts SPIN was
searched by an SQL quyefor all flame retardants present in Sweden. Témultinglist held 77
flame retardants and was then manually filtered for substances exhibiting upwards trends, resulting
in 11 substance&Ps were identified by intersecting the flame retardant list with the NORMAN list
of EPs as attached Wppendix Table3: Flame retardant ESIn this table flame retardants with

i ncreasi ng consemingtrernduaneensrkef i red

Development of plasticizers

The plasticizer Bt was subset into phthalates and others as seenAppleadix Tablet: Compiled
plasticizer list Plasticizer substitutes were identified by a SQleryin SPIN for all plasticizers
present in Sweden. Thesultinglist held 68 plasticizersit was manually filtered for substances
exhibiting upwards trends, resulting in 16 substand&&®s were identified by intersecting the
plasticizer list with the NORMAN list of EPs as attachE&s with concerning trend are marked in
redas shown in

Appendix Table5: PlasticizerESs. Of the plasticizer liswith 80 substances 21 substances were
listed on NORMAN and found in the Swedish SPIN data. Of the 21 Substances 2 have at least in
one year confidential tonnages. 19 substances hawto@mtl time trends. Othose 3 shows
concerningrends.

Developmentfosurfactants

The surfactant list was subseto alkylphenol ethoxylates, alcohol ethoxylates and other as seen in
Appendix Tables: Compled surfactant listSurfactansubstitutes were identified by a SQL query

in SPIN for allsurfactantgpresent in SwedePs were identified by intersecting the plasticizer list
with the NORMAN list of EPs as attached EPs with concerning trend are marked in hedvasrs
Appendix Tabler: Surfactant ES

Appendix Table7: Surfactant ES Of the 133 substances 11 substances were listedOfIVDAN

and found in tB Swedish SPIN data. Of the libstances 5 have at least in one year confidential

tonnages 6 substances have ettdend time trends. Ghose 3 shows increasing trends.
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4. Results

4.1. Regulative i mpact of REACH on SVHC use in Sweden

Thefollowing results show that industrial use of substance graongsr strict regulatio(REACH

regulation in combiration with theWFD) strongly decreased over timig.was shown thaeach

individualwrSVHC developed independenthyt neverthelessvith similar trends.

4.1.1. Development of regulated wrSVHC in Sweden

The ime trends forl5 wrSVHC show a clear decrease, howe\vep, dichlorethands sharply
increasingThis figure also serves as first impression of SPIN data, with strongly fluctuation curves.
For unambiguous identification of the SVHCs $egure 7. Cumulative ime trendsof regulated

wrSVHC in Sweden
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Figure 6: Time trends

The sharp increase @2, dichlorethaneoul originate througlalack of reporting in the early years

as shown in red ifrigure 6. An other possible explaination is thk2, dichlorethanés used as an
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intermediate under strictly controlled conditions reactingityl chloride monomes which is the
precursor ofpolyvinyl chloride (PVC). Under REACH these intermediates are strictly controlled

and therefore exempted from authorization, which means that they can be used unrestricted as
intermediates. As 80% of tHe2, dichlorethanés used as intermediated in PVC prodret the use

data is also not expected to decline. Therefdrg& Dichlorethane is exempted from further
considerationAll other wrSVHC are used less over time in Sweden

The percentage change of every wrSVHC was calculated indicating a notable datralise

substanceacross all chemical groups shown inrable2.

Table 2: Use volumes of individual wrSVHC, before REACH and under REACH

CAS Name Tons before- | Tons under | % change | Chemical Group
REACH REACH

117-81-7 DEHP 6816 904 -87% Surfactant
50-32-8 Benzo[a]pyrene 1011 2 -100% Surfactant
85-68-7 BBP 524 8 -99% plasticizer
84-74-2 DBP 184 18 -90% Others

79-01-6 Trichloroethylene 411 35 -91% plasticizer
80-05-7 BPA 61 29 -53% Others
11596-8 TCEP 11 1 -91% plasticizer
8553584-8 | SCCP 25 2 -91% Flame retardant
2515452-3 | 4NP, ethoxylated 31 11 -65% plasticizer
104-40-5 4ANP 16 1 -94% Others
140-66-9 Tetramethylbutylphenol 7 1 -86% Flame retardant
1163195 DecaBDE 39 1 -97% Flame retardant
3194556 HBCDD 32 1 -97% Flame retardant
78-00-2 Tetraethyllead 4 2 -54% Others
7440439 Cadmium 1 1 0% Others
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Together, all WEVHC (exemptingl-2, dichlorethandor previously named reasgnshow a clear
time trend patterngonfirming the restrictive impact ®EACH and other regulationgseeFigure
7).
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Figure 7: Cumulative t ime trends of regulated wr SVHC in Sweden

4.1.2. Development of unregulated PMOC
As compared to regulate8VHC thereis no overall decrease patteim unregulatedPMOC as
shown inFigure8. PMOCare not in polical focus and notregulated, therefore depicting a control

group of substances to the regulate&WHC.
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Figure 8: Time trends of unregulated PMOC in Sweden
In unregulatedMOC thereis use trend found over time. Several fliations mainly in the highly
used melamine constitute variety, however no clear trends are found. This confirms that the use of

unregulated substances does not decrease ower tim
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4.1.3. Comparison of regulated wr SVHC and unregulated PMOC in Sweden

Given the clear decreasing time trend seen in the regulated grougéH®rand no trend pattern
in unregulatedMOC, these groups are compared in a sqaitiervith industrial uselata from 2004
as pre REACH scenario antchdustrial usedata from 2014 agost REACH scenario. As shown in
Fehler! Verweisquelle konnte nicht gefunden werdenall regulated W8VHC decreased from

2004 to 2014 whereas numeramigthe PMOC stayed on similar levels.
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Figure 9: Comparison of regulated wrSVHC and unregulated PMOC

The decrease of @VHC is expected to be accompanied by an increase in substitutes according to
the defined use of the chemicatowever, the decrease in regulat®dHC could also be partially

be explaind by other regulationsTherefore a policy framework analysis for SweHipolicies was
conducted in order talentify potential confoundingA Swedishinstitution (IVL) conducted the
policy framework analysian collaboration.IVL compiled areview of EU regulations, EU
directives and multilateral environmental agreements mtalatabase(Lexén et al., 2015)
WrPMOC and wrSVHChave been searell in database via a S@cript to see if and in which
legislation they are regulated is seen inTable 3, PMOC are seldom listed in regulatory
frameworks, whereas all 8WHC are by definition regulated under the REACH candidate list and

additionallyappear on numerous other regulatory frameworks
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Table 3: Regulatory framework analysis for

PMOC and wr SVHC in Sweden

Class Name CAS REACH| REACHY| Drinking | PRTR [ WFD | Other
Annex | Annex | Water =
14 17 Directive | PRTR
PMOC Melamin 10878-1
PMOC Aminoethylpiperazine 140-31-8
PMOC Toluenesulfonic acid 104154
PMOC Cyanguanidine 461-58-5
PMOC Isophoeonediamine 2855132
PMOC Benzyldimethylamine 103833
PMOC Sodium Vinylsulfonate 3039836
PMOC TCPP 1367484
5
PMOC Sodium xylenesulfonate | 130072-7
PMOC - Caprolactam 10560-2 Cosmetic Product Regulation
PMOC Diphenylguanidine 102-06-7
PMOC DABCO 280579
wrSVHC DEHP 117-81-7 |x X X X Cosmetic Product Regulation
wrSVHC Benzo[a]pyrene 50-32-8 X Cosmetic Product Regulation
wrSVHC BBP 85-68-7 X X Cosmetic Product Regulation
wrSVHC DBP 84-74-2 X X Cosmetic Product Regulation
wrSVHC Trichloroethylene 79-01-6 X X X X
wrSVHC Bisphenol A 80-05-7
wrSVHC TCEP 115968 |x Cosmetic Product Regulation
wrSVHC SCCPs 8553584- X X Cosmetic Product Regulation
8
wrSVHC 4NP, ethoxylated 2515452- X X Cosmetic Product Regulation
3
wrSVHC 4NP 104-40-5 X
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wrSVHC Tetramethylbutylphenol | 140-66-9 X

wrSVHC DecaBDE 1163195

wrSVHC HBCDD 3194556 X

wrSVHC Tetraethyllead 78-00-2 Cosmetic Product Regulation,
Rotterdam Convention

wrSVHC 1,2-dichloroethane 107062 |x X X Cosmetic Product Regulation,
Rotterdam Convention

Supplementry information :

Reach Annex 14Authorization

Reach Annex 17 Restrictions

Drinking Water Directive (98/83/EC)

Ground Water Directive (2006/118/EC)

Protocol on Pollutant Release and TranfiRRTR, EPRTR)

Water Framework Directive (2000/60/EC) (WFD prigri substances Annex |, WFD priority hazardous substances Annex |)
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4.2. Flame retardants

42.1. Identification of substitute  flame retardants

8 flame retardants are usedSweden irclearlyincreasing amountdt is reasonable to assume that

these flameetardants are used as substitutesstactly regulated flame retardants (which show

decreases in the amount used)of these substitutes are halogese flame retardantsThe

halogenated flame retardardgnmonium bromideis marked in red, indicating a regrettable

substitution of a restricted halogenated substance by another, structurally closely related substance.

However, ag-igure10 showsmostincreasing trends were foundhalogen free flame retardants.
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Figure 10: Flame retardants with increasing  trend in Sweden
The CAS numbers of the respective flame retardaiitts clearly increasing trendare given in
Table4.

Table 4: Identified flame retardant substitutes

CAS Name
130942-8 Magnesium hydroxide
1200%26-2 Mica Minerals
532-32-1 Sodium benzonate
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68333799 Ammonium polyphosphate
1212497-9 Ammonium bromide
3764057-6 Melamine cyanurate
2644449-5 Diphenyl cresyl phosphate
1330785 Tricresyl Phosphate

Someotherflame retardants also showal$o temporaryncreass, butwerefluctuating. Thus, they

are notlisted.

4.2.2. Patterns of substitution  for flame retardants

Figure 11 shows the increase of halogenated flame retardants (HFR) and a steady use of halogen
free flame retardants (HFFRd)he quantitative importance of the regulatedSVHC is shown as

green lineand negligiblecompared to thquantities of halogen free flame retardants.
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Figure 11: Time trends of halogenated and halogen -free flame retardants in Sweden
UnexpectedlyHFRsdo not show a clear pattern of decredgs, HFFRs are increasindgrom 2010
onwards.The increase is mainly attributed to the previously shown substitutes. It beigidt the
HFRs stay on a similar level because some of them are authemwEad REACHfor special
applicationgREACH- Annex XIV).
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4.2.3. Identi fication of emerging flame retardant substitutes

Flame retardants, which are used in increasing amounts, and which at the same time are already
listed on the NORMAN lisbf ES are considered as potential emerging pollutasepending on

their environmeratl behavior From the flame retardanist, some are already found in the
environment. To identify the emerging flame retardants in the environtherflame retardant list

was compared to NORMANSst of ESand 4 substances show concerning trends. THregich

are HFFRs marked in blue and one HFR in t¢ERs are thought cdsregrettable substituteas

they arefound to be detrimental to human health and the environrfientever, also HFFRs are

found in the environment as these findings show. This codidatethat regrettable substitutions

could not only take place in HFRs but also in HFFRs.
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Figure 12: Emerging flame retardants with concerni ng trends in Sweden

4.3. Plasticizers

4.3.1. Identification of substitute plasticizers

14 plasticizers are used in Sweden in clearly increasing amounts. It is reasonable to assume that
theseplasticizersare used as substitutes for strictly regulgikesticizers(which show decreases in

the amount used), 1 of these substitusgshthalatemarked in red, which shows a sharp increase
from 2001 to 2010 and then decreases addiis suggests that it was used as a phthalate substitute
for a major plasticizer such 8&tEHP in the beginning and then was substituted itself.

Some plasticizers showed increasing trends, but were not included due to small quanthiese,

3 were identified as phthalates however, their quantity is small compared to the other plasticizers
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(<50 t in 2014) and therefore not includedrigure 13. Four nonphthalates are also excluded due
to small quantities (<50 t in 2014).
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Figure 13: Substitute p lasticizers in Sweden

Figure13 shows the cumulative increase of all plasticizers with increasing trends, most of which are
found in thephgtrhoaulpatefsofindrmi s is corroborate
plastcizers according to grou@ll quantitatively relevant plasticizer substitutes are listed with
CAS inTable5.

Table 5: Identified plasticizer substitutes

Name CAS
DINCH 16641278-8
Citric acid 77-92-9
Epoxidized soybean oil 801307-8
DPHP 5330654-0
Alkylsulfonic phenyl ester 9108217-6
DINP 2855312-0
DEHA 103231
Trioctyl trimellitate 3319311
DOTP 6422-86-2
Hydroxycyclohexydhenyl ketone 947-19-3
Tri(N-octyFN-decyl) trimellitate 67989235
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Dipentaerythritol 126-:58-9
Triethyl Citrate 77-930
Trimethylsilyl terminated 68037%#59-2
Diundecyl! phthalate 85507795
Non phthalate15 26444495
Non- phthalate16 1330785
Non- phthalatel7 362284-2

4.3.2. Patterns of substitution for plasticizers
Figure 14 shows the development of plasticizexcording to chemical clasas discussed in the
introduction, phthalates are the class that has been widely discusseffioatsdhavebeen directed

towards replacement of them, as confirmed here.
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Figure 14: Time trends of p hthalates and other plasticizers in Sweden
Phthalates decrease notably in 2013, whereas an increase-phthafate plasticizers can already

be observegradually from 2009 onwards. Tlg@antitative importance of the regdtwiSVHC is

important and it can be derived, that even though phthalates such as DEHP were regulated and

decreased they were subgti first by other phthalates up until 2012, where a regime shift from
phthalates to nephthalates occurred.
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4.3.3. Identification of emerging  plasticizer substitutes

Four substances were listed on NORMAN and foundha Swedish SPIN data. Of those two
plastiazersonewas a phthalate marked in red, which has confidential data after the year 2007 but
shows a sharply increasing trend befdteis marked in red, as phthalates are considered as
generallyas regrettablsubstitutes by the scientific community. Weasnonphthalatesould be

functional substitutes, given enough (eco) toxicological data is available.
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Figure 15: Emerging plasticizers with concerning trends in Sweden

4.4. Surfactants

44.1. Identification of substitute  surfactants

20 surfactants are used in Sweden in clearly increasing amounts. It is reasonable to assume that
these plasticizers are used as substitutes for strictly regulated surfeég8RINsvas searched by an

SQL query for all surfactants in Sweden. The resultisg Held 109 surfactants and was then
manually filtered for substances exhibiting upwards trends, resulting in 20 substances. Of these 20
surfactants the 7 surfactants with smallest quantity were excluded (< 400 t in Riide 16

shows13 quantitatively relevant surfactants with increasing trend in Sweden
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Figure 16: Substitute surfactants in Sweden

Table6 shows the names, abbreviations and CAS numbers of the substitute surfactants in Sweden.

Table 6: ldentified surfactant substitutes

Full Name Abbreviation
Alcohols, C145, ethoxylated AE23 68131395
Alcohols, C41, ethoxylated AE31 6843946-3
Alcohols, C148, ethoxylated AE23 68213230
Sodium alkylbenzene sulfonate LAS4 6841130-3
Polyalkylenglycolether AE1l 900292-0
Benzalkoniumchloride QA10 68424851
Cl214 QA21 86367920-3
alkylmethylaminethoxylatmethylchlorid
Polyalkylenglycolether AE32 6843949-6
Alcohols, C146, ethoxylated AE38 6855%12-2
Decanol, ethoxylated AE10 2618352-8
Alcohols, C146, ethoxylated AE51 6922722-1
n-Octyloligo-oxyethylene AE12 27252751
Polyethylene Glycol Monooleyl Ethe | AE4 900498-2

The chemicals groups of surfactants with increasing trends are diverse. However, the most

discussed group alkylphenol ethoxylaesot represented here.
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4.4.2. Patterns of substitution for surfactants
Figure 17 depicts the pattern of substitution for the distinct substance classesscussed inhe
introduction,alkylphenol ethoxylateare the class that has been widely discusse¢he scientific

communityand efforts has been directed towards replacement of thexiscashowrhere.
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and other surfactants in Sweden mmm Alcohol ethoxylates

Total Use in Sweden [t]

wrSVHCs (4NP, 4NP
ethoxylated, 4-(1,1,3,3-
tetramethylbutyl)phenol)

Figure 17: Time trends of alkylphenol ethoxlates and other surfactants in Sweden
Alkylphenol ethoxylates decreasgchdually from 200 onward3he quantitative importance of the
regulaed wiSVHC is negligible. However, &ter research with other CAS numbers of the
nonylphenol entrpn the Candidate list (CA8485215-3), showed a tremendous increése83 t)

in one specificnonylphenolthat was not used before at ail Sweden It can be considered
regrettable substitutioand distorts the results present&tis increase is not st in the figure.
This later discovery of an unknown CAS number is a good example for thextmaustiveness of

the analysisThe lack of all some CAS numbers of Candidate List entries is discussed further in

chapters.1.2
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4.4.3. Identification of emerging surfactant substitutes

In order to identify EPs with increasing trends shefactant lisivas compared to NORMAMNvO
substances were listed on NORMAN and foumdhe Swedish SPIN dataith increasing trends
Of thoseoneis aQAs marked in redand one is an LA&s shown irFigurel8.
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Figure 18: NORMAN list surfactants with concerning trends in Sweden
These findings show that themaght beregrettable substitution in groups of chemicals, which are
not inherently perceived as threatening.
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5. Discussion

The results presented in the previous chapter demonstrate thadt#héJse data fronSPINis a
workable anddatarich source to develop time trends for problematic substances and their
substitutes.This enabled the laboration on the followingour reseach questions as stated in
chapter2: Goal & research question) Does strict regulatory action (such as placing on the
REACH Candidate list) cause a reductinrthe amount of water relevant chemicals used? IIl) Does
strict regulatory action caus@creased use of substitutes and qatterns of substitutiome
detecte@ IV) Can substitutes be identified which have the potential to be future emerging
substances ral possible pollutants¥) Does the identification of substitutes allow for future
monitoring recommendations?

All of the statedresearch questions are discusisedetail as follows:

5.1.1.  Regulative impact of REACH on SVHC use in Sweden

Time trends weresed to evaluate the impact of REACH candidate list regulation on water relevant
problematic substances this thesistiwas shown that the placement of water relepaoiblematic
substancesn the REACH candidate lisiad a clear impact on the timertds of the amount of the
wrSVHC wereused in Swedert was shown that regulated 8WHC were decreasing over time as
compared to an unregulated set of chemicals”RREOC, which did not show clear time trend
patternsUntil today therewvereno studies thaattest the expected decreas&®HC use in any EU
member state. Therefore, this thesis provides the first data on the impact of the REACH candidate
list regulationon the time trends o8VHC used.However the decreasef wrSVHC cannot
exclusively be acamted for by REACH, as @&VHC are also frequently regulated under other
regulatory frameworks in Swederspecially the WFDTo decrease the impact of confounding
originating from the WFDan analysis of the time trends aif 173 SVHC was conducted and is
found in theAppendix Figurel showing a clear pattern of decreadencethe regulatory impact of

the REACH candidate list can be regarded axessful in SwederSimilarly the timetrends of

total SVHC usewerefound todecreasing iFinlandandDemmark as shown il\ppendix Figure2
andAppendix Figure3 respectivelyHowever, Nrway as a noiieU countrydoes not show a clear
pattern of decrease as illustratedAippendix Figured.This might bedue to the fact that Norway is

not an EU memberstate NonethelessREACH theoreticallyapplies to all the EEA (European
Economic Areajncluding Norway(EUROPA/GROW, 2015)This suggests that there is no proper
implementation of REACH in brway. Alternatively itcould be assumed that the reporting of the

Norwegian officials is erroneous SVHC do an be used furthe€onclusive SPIN data confirmed
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that regulation lead ta decrease of 8WHC use in Swederfurther research should be conducted
on the unexpectegattern of SVHC use in Norwawpcluding a detailed analysis which substances
are dominating the time trends in the distinct Nordic count8&N could be further used as an
indicator for policy assaesnent in chemical regulations, as it provides clear and workable use

trends.

5.1.2. Identification of substitute chemicals and patterns of substitution

The hypothesishathazardoushemicalsare substitutesvas confirmedvhen looking at patterns of
substitution For each of the three substance groups (flame retardants, plasticizer and surfactants)
numerous substances with increasing trend were ident#ietl assumed to be substitutes for
regulated chemicals. It was assumed thatihcreasing trends are likely be due to the need for
substitutedor regulated substancedowever, it is possible that some substances with increasing
time trend aremerely due tancreasing production volumes of a particular product. For instance
steadily increasing production oWE containing a plasticizer can also drive the increasing use of
this substance and does not necessarily be a substitute for another substance. Nonetheless, it is
expected that most of the increasing trends originate due to the need for substitutiomlshtemic
replace strictly regulated chemicaBrevious studies conducted for the European Commission
suggest that by regulating a substance on the REACH candidate list the substance is likely to be
substituted This is represented by a request for substiutof SVHC from suppiers (51%).
Moreover, 27% of the companies that uS&HC launchinitiatives to develop new substances to
substitute the use®VHC (CESS, 2012) The results presented in chapter 4 shows these
developments for the first time in a quantitative manner.

To address the patterns of substitutiaihtechnical use classegeresplit into two chemical classes
respectively Oneclass that is considerdthzardousand is also mostly regulateahd the second

class containingall other chemicals that are not widely dissedas hazardousFor i f | a me
ret ar plastdizer® , amd 0 s the useatanmhages ohentcal classes that are considered

less hazardous increaseé¥trosstwo of the thregechnical use categories addres@eg | ast i ci z
and f s u)afdecedsan ohiersidal classesonsidered hazardoyghthalates and alkylphenol
ethoyxlates respectivelyas observed while the use in chemictdssesthat arenot under
discussiorincreasedOf the classes considered hazardous various chemicals arg¢adguider the
REACH Candidate ist, suchas DEHPin phthalates andamylphenolsin alkylphenol ethoyxlates.

The general observation of patterns of substitution confirms the hypothesis of substitution. The

patterns of substitution are further discussed for each technical use category separately.
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Flame retardants

For flame retardants the widely discusdedogenated flame retardants of which some are also
regulated (DecaDBE, HBCCD) did not decreaBkis was unexpected arwbuld be due to two
causes: 1Regulated halogenated flame retardantd@eithorizefor specific uses according to the
authorizationlist. Howeverthis was not confirmedecaDBE is not any more used afte08Gand

HBCCD also decreased to ze2605 in Sweden. However, a steady increasenonium bromide

(CAS: 1212497-9) was observed, indicatimggrettable substitutioof regulated halgenated flame
retardants for a neregulated HFR Regardless of this regrettable substitutionthe realm of
halogenated flame retardana® increase in halogen free flame retardants was observed. This
however does not guarantee that the substittgakl not alsobe regrettableeventually, due to a

|l ack of knowl edge with r egaMaidentify if & Bubstitigeuid st i t
functional according to state of the art knowledge, SIN (substitute it now!) list and SINimilarity

can be sarched. SIN and SINimilarithow chemicasimilarities to hazardous substanc@snilar
substances are likely to behave in a similar manner, and therefore the chances for regrettable
substitution increase.

Quantitatively importansubstituteflame retardantat are not suspected from SIN or SINimilarity

and therefore considered functioraibstitutesare magnesium dihydroxide (CAS: 130238),
Mica-group minerals (CAS: 120026-2), Polyphosphoric acids, ammonium salts (CAS: 68333

9) and GraphitdCAS: 778242-5). Magnesium dihydroxide is, similar to aluminum dihydroxide
expected to be used in waste water treatment as flocculation agent and therefore is of high use.
Similarly for graphite, the main uses are st@aking, foundry moldings, refraaies, auto parts,

and as lubricantd-lame retardantises are expected to be smdlbre concerning are high use
volume chemicals that are suspected from SIN/SINimilarity, such as sodium benzoate (CAS: 532
32-1). None of the chemicals listed above has taoimg data, neither in Europe nor Sweden
according to the NORMAN EMPODAT databasés mentioned before, the emission to the
environment is essential to derigensiblerecommendations for monitoring. SPIN offers the
exposure tool, which estimates the exyp@ of substances to various matrixes in the environment

on a scale from 1 to 5, with 5 being high exposure. SPIN estimates the exposure to of the mentioned
substances to surface waters as medium exposure with following vadagsesium dihydroxide

=4, Mica-group minerals= 4, Graphite= 4. For the inorganics andlyphosphoric acids 4, no

threat to surface waters is expectsdthey are not listed on SIN or SINimilarity and are (except for
polyphosphoric acigsinorganics However, sodium benzoate whicls also widely used food
preservative has aexposure of 4According to ECHA thebiodegration rate is 507 % over 60
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days(ECHA, 2017c) Therefore,no monitoring is required, unless it is found to be emitteth

point source# very high quantities to surface waters.

Plasticizers

The technical use category fnpl a-phthalateszPhthatates wa s
are widely discussed in the scientific community with regard to their hazardous impé#oe on
environmentand the endocrine disrupting charag®ao and Wen, 2016)n the use data analysis,
phthalates showed a clear decreasing trend whilephtitalate plasticizers depicted an increasing
trend. The wrSVHC are quantitatively of importance in the early 2000, due to theigienyse of

DEHP that was regulated under REACH as SVHC s2¥8 The strong decrease of the wrSVHC,
especially DEHP occurred before 2008, which could be explained by public discussions thereby
publicly increased awareness of consumers in the Nordicreesittiat triggered industrial change.
While DEHP was decreasing drastically from 2000 onwards, the general use of other phthalates
increased further until 20012, from where a clear decrease in phthalates can be observed.
Meanwhile, the noiphthalate plastizers show a sharp increase from 2011 onwards. It is likely that
during the last years numerous of the phthalates were substituted {phthafates as shown in
Appendix Figures. It can be clearly seen, that regulated phthalates like DEHP decreased and were
replaced by other phthalates. Especidlig(2-propylheptyl) phthalat§ CAS: 5330654-0) was a

very prominent phthalate in2011 and 2012, withrd®®@000 t used in Sweden in 2012. However,
from 2013 the use shrinks to a minute tonnage, while-pidhalates sky rocket after 2012,
replacing the declining phthalates. Conclusive it can be said that regulated phthalates declined first
and were replacedybother norregulated phthalates that were ultimately replaced by non
phthalates. However, the fact that the substitutes arginibralates is no reason to cut back on risk
assessment. Contrarily, it should be strongly encouraged to find and test thesaigiolume
chemicals, which are supposedly replacing phthalates, such as DINCH (&6&81278-8),
melamine (CAS10878-1), citric acid (CAS:77-92-9) andEpoxidized soybean oil (ESBQTAS:
801307-8). For neither melamine, pexidized soybean qil DINCH nor bis(2-propylheptyl)
phthalatethere are monitoring data available on NORMAN EMPODADwever, citric acidjs
expected to degrade rapid§PIN estimates the exposure to of the mentioned substances to surface
waters as medium exposure with @olling values: DINCH=3, melamine= 3, citric acid= 4,
Epoxidized soybean oil (ESBOW}, bis(2propylheptyl) phthalate 3. Combined with the high use
volume, this could constitute results that are detectable in the environment. Given their quantitative
relevanceand high emission rankinbiodegradation data needs to be collected and in case of slow
degradation,monitoring should be initiated in Sweden. Monitoring matrixes chosen should be

based on the physichemical properties of individual substances.
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Surfectants

The technical use category Asurfactant so w a
ethoxylates (APEs) and others. The alkylphenol ethoxylates showed a clear decreasing trend,
however compared to the tonnages of alcohol ethoxylates with #® @AS numbers. The
decrease in APEs is expected as it encompasssdphenol ethoxylatewhich are restricted under
REACH and the WFD. Howevem later analytics it showed that other CAS numbers from a

al kyl phenol et hoxyl at e s re aat texhgustive haedhe filecreasiggl p h e |
alkylphenol ethoxylatesletectedand shown in resultsvere substituted by another nonylphenol
(CAS: 84822-15-3), that is registered with a highly concerning volumd @82 tons in 2015This

can be considered a remarlalexample of regrettable substitutiokloreover, it shows the
incompleteness of the data used. This is discussed in more detail in the limitation section.
Generally all nonylphenolsneedto be surveilled, not only in use but also in surface waters and
other environmental matrixesor the regrettable substitute four@#85215-3) no monitoring data

is available on NORMAN EMPODAT, however on Spin the Exposure to surface water is 4. This is
very concerning. Officials need to check the use categories and to corroborate the emission to the
environment. Rising afonitoring data ishighly recommended.

With regard to functional surfactant substitution in the surfactant category, literature suggests that
APEs are commonly substituted by alcohol ethoxylates @tsglington Chemical Co., L. L.C and

Leuk, 2011) However, if also functional substitution occurred is difficult to evaluate from the
results obtained from SPIN. This is dueatonual fluctuation of AEshat do not allow for clear
trends.Nonetheless, a ear decrease in APEs is evident for the regulated APEs, while APEs that
are only suspects from the SIN/ SINimilarity list do not vagrgatlyshown inAppendix Figure7.

The substances that are not suspeote&IN/SINimilarityand therefore considered functional and
increased rapidly to high volumeareAE31 (CAS: 6843946-3) and AE23 (CAS:6813139-5).

Another quantitatively important substance is a suspect from SINimilBetyzenesyhonic acid,

C1013 alkyl derivatives (CAS6841%30-3). Exposure of the substances to surface waters is
estimatedby SPIN for both AEs andenzenesyhonic acid as high (index= 4). The AEs are
expected to be readily biodegradable, howd®enzenesuylhonic acid needs to be checked for

potential slow biodegradability and, given slow degradallégds to benonitored.

5.1.3. Identification of substitutes listed as emerging substances
The ultimate goal of the thesis was to identify substitutes that are increasing in use in Sweden and

can already be found in the European environment. The hypothesis was that substances already
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found in surface waters in Europe (NORMAN list of emerging substances) are likely to be found in
Swedish surface waters too given that they are increasingly used and possibly emitted to the
environment. The emission modelling could be done with use caesgwhich indicate in what
applications the substances are used. For example a substance used as fertilizer is more likely to be
emitted to surface water than a substance that is used in a closed system approach in the industry.
Yet, as described in thatroduction, the use categories in the SPIN are insufficient and therefore
the emission cannot be modelled due to lack of data. The final emission modelling and evaluation
of biodegradability and (eco) toxicity needs to be conducted by experts. Nonetteladsntified
substances wereentativelyresearched to understand the state of the art knowledge about these
substances and their hazard potential in the environment, especially surface waters.

Flame retardants

Four flame retardantwhich are used imncreasing amounts weltisted on the NORMAN list of
emerging substances$,4,5,6,7,7hexachlore,9,10trinorborn5-ene2,3-dicarboxylic anhydrideis

an HFRwith a peak trend cumulating in 100t in 2013. Yet, the use strongly declines afterwards to
25 t1in2014. This peak behavior is probably due todtiempted substitution of another HFR, with

the late understanding that the replacement was a regrettable substiE@léA. has no public
registered data on the routes by which this substance is most tikebe released to the
environmentand further, no environmental fate data is available. However, studies describe that in
agueous solution, the substance is rapidly hydrolyzed to chlorendic acid, with-lgehaff
approximately one houiinternational Programme on chemical safety, 1996¢refore risk from
bioaccumulation is not exgted.Given the substance &mitted in small quantitieghe threat to
surface watergan beconsideredminimal, especially given theutd&cl i
peak.

However, the otherteeflame retardant EPs with increasing trgfidiethyl phosphat€ CAS: 78

42-2), Tris(2-methylpropyl) phosphate(CAS:133078-5), Tris(2,3dichloropropyl) phosphate
(TCCP)(CAS:1367484-5)) are more interesting frormanvironmental hazard perspective. All are
classified as organophosphates (OFkg increase of OPs as a result of restrictesel of HRFs has

been reported in the US and the burden shift from HFRs to HFFRs qiS@ip¢eton et al., 2@).

OPsare used aboth, flame retardantand plasticizers in flexible PVC and polyurethane feard

other applications such asmputer housings or hydraulic fluigBolimann et al., 2012)As they

are not covalently integradanto the polymers, they are likely to leaitbm plastic materialsOP
leaching from plastic films used for greenhousess bund an importansource of import to
surface waterg¢Cho et al., 1996)Emissionsof OPsinto the environment are still increasirtgus,
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OPscan be |l assi f-e mar quisn i r(Reeintsmatetaah, 20d.&oncernings that the
Exposure indexes suggest values of 3 and 4 for the exposure of OP to the environment.
Quantitatively the most concerning OP T&CCP,with an annual use of 150 t in 2014. TCCRuis
chlorinated OP that isnostly contaminating surfaceaters by emssions fromWWTPs For
chlorinated OPghe removalratein WWTP is minimal resulting in high #luent concentrations
(Reemtsma et al., 20Q8)ccording to asurvey of WWTPs in several European countries TGPP
routinely cetected inWWTP effluents, at concentrations of a few hundred ndfurthermore,
chlorinated OB are likely tobio- accumulateas they do nophotodegrade like the nashlorinated
OPs(Bollmann et al., 2012Based on WWTReffluent concentratianandtheir persistence, TCPP
was found to bealmost as problematic a contaminantts commonly known pharmaceutical
carbamazepine in partially closed water cyc{®eemtsma et al., 20Q06An analysis on the
EMPODAT database created thetNORMAN network exhibited that there are no environmental
measurement data for TC@PSweden, where the increasing use trend was identifiedever, in
Germany and other countries there is plenty of data showing concerning leupl$o@.47 g/l in

river water measured iMylau in 2012(NORMAN EMPODAT, 2017) Given the increasingseof
TCCP inSwedenand the high exposure index gfmoreattention should be placed on surveillance

of TCCP in Swedish surface waters. Furthermpmditical effort should be placed on preventing
the regrettable substitution of HERndor plasticizers by TCCP.

Plasticizers

Fourplasticizerghat were listed on the NORMAN list of emerging substances were identified.
Triethyl citrate (CAS77-93-0) is a norhazardousbstitute for common plasticizers with total use
volumes around 100tpa in 2014, trend increading.alsoused asood additive(E numbefE1505)

This suggests thatriethyl citrate is gunctional substitute, as it is even allowed as food additive
However also sucralose is used in the food industry and is lately in scientific focus due to its slow
biodegralability and accumulation in surface waters. Currently ECHA has no data on the
biodegradability oftriethyl citrate or the environmental pathways. Triethyl citrate is marketed as
safe and environmentally friendly plasticizer alternative. The data safe¢y states that there is
low risk of bioaccumulation and that triethyl citrate is mostly found/gsor in the ahosphere.
Vapomphase triethyl citrate will be degraded in the atmosphere by reaction with photochemically
produced hydroxyl radicals; thelf-life for this reaction in air is estiated to be 4 days, according

to PucbemPubchem, 2017However, ibdegradation data in water were not availgBlebdiem,
2017) Givenon data for acetyl tributyl citrate, a structural analog, triethyl citrate may be expected
to biodegrade rapidly¥et, in NORMAN EMPODAT for the Netherlands concentrations u@.23

Mg/l in surface waters were found in 2014. For Swetlhere is no data availabded the exposure
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index is 3 ECHA states that there is mazardfor aquatic organismilentified Nonetheless, it is
suggested to introduce spot sample momtpfor Swedish surface waters fioiethyl citrate Even
though tle substance might appear harmlessits ownit can contributedo unexpected mixture
effects with other chemical$o prevent mixture effects it is important what substancesrarged

and in what concentrations they can be found in the environment

Di-n-octylphthalate(CAS: 117-84-0) is a phthalate plasticizer thaith a use volume 090 tpa in
2007, with an increasing trend pattemwhich is confidential from 2008 onwardsThe exposure
index is estimated at 2 on SPIN. However;n-octylphthalatecan leach frommaterials such as
plastic rubberand textiles and release to the environment likely to occur from leaching from
products. However, ECHA has no detailed information on DOP about these K&soesling to

the datasafetysheet ofDi-n-octylphthalate the substance candamaging fertility or thainborn
child. Yet, there is nothing as known abgetsistenceand biodegradability. Known are the aquatic
toxicity valueseC50/48 h > 100 mgfor daphnia magna andd50/72 h> 100 mg/Ifor agae
(Kolar, 2011) Due to the badolubility in water, Di-n-octylphthalateis concentrated in sewage
sludge. According tothe NORMAN EMPODAT databas®i-n-octylphthalatewas found in
Swedishsewagesludgein 2007in concentrations up t650 pg/kg dry weightin Ryaveket STP.

This is the highest measured concentration in the whole datdb&sestingly a sharp increase in
Di-n-octylphthalatdas shown from 2006 to 2007, probably as a response to the decrease in DEHP.
However, after 2007 the data is confidentiEtherefore,it is highly recommended to KEMI, who
have access to the confidential data, to check these time airdde encourage more monitoring
measuremest to fill data gapsFurthermore, assessments regarding the PBT criteria should be
encouraged.

Tricresyl phosphate (CAS: 133078-5) is used as PV@Ilasticizerin plastics such apolystyrene

with a use tonnage of 20 tpa in 2014, trend increa3ihg exposure index is defined for Sweden at
4, thus very high. Due to thephysicawhemical properties of TCP, there is a high potential for
bioaccumulationAccording to ECHAtricresyl phosphatés very toxic to aquatic life witHong
lasting effectsandsuspected of damagirigrtility or the unborn child.Already in the 1990 it was
reported thatainbow traut is adrersely affected by TCP concentrations below ¥lnwgth sign of
chronic poisomg ard hassynergisticeffect on ogang@hosphorus insecticide activifizassen et al.,
1999) Accordng to NORMAN EMPODAT, the highest levels measured were in the Danube in
Hungary with 0.054 pg/l in 2013. For Sweden there is no data availafileerefore,it is
recommended to raise monitoring data to evaluate if there is a threatricoesyl phosphatén
Swedish surface waters.
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N-butyl-benzenesulfonamide (CAS862284-2) is a plasticizer, whit was not used in Sweden until

it appeared in the use data with 1¥he exposure to surface waters is with 2 relatively BGHA

found thatN-n-butylbenzenesphonamide does not biodegrade in a simulation test with natural
surface water, according to test guideline OECD 3@%0 for freshwater fishvas determined at

37 mg/L According to the NORMAN EMPODAT database, monitoring data exists, however
always belowLoQ. Yet, no monitoring data is available for Sweden. Given the increase in use for
N-butyl-benzene sulfonamide monitoring of this substance in Swedish surface waters will probably
result in similar results like obtained in other countries where the cwatien was below the limit

of detection. Thereforenonitoringwould probably be in vairHowever, the time trends of the use

of N-butyl-benzenesulfonamide need to be followed closely.

Surfactants

Two surfactantghat were listed on the NORMAN list afmerging substances were identified.
Sodium dodecylbenzenesulfond@AS: 2515530-0), is a LASwith a usetonnage around 250tpa

in Sweden. It showsend fluctuation buis increasing.The exposure index is with 4 very high, as
expected for detergent&8ccording to ECHASodium dodecylbenzenesulfonadeoften used apH
regulator and water treatment products, coating products, metal surface treatment products,
laboratory chemicals, polymeasid washing & cleaning products. Tiedease to the environmeist

likely to occur from liquids/detergentsare products, painty fragrancesSodium dodecylbenzene
sulfonate is classified a®adily degradableThere is no entry in the EMPODAT database for
Sodium dodecylbenzenesulfonatieerefor there is no moniiog data available. As the substance
appears on the NORMAN list of emerging substances and no monitoring data is available it is
recommended toaisethosedata based on the use trend of the substance in Sweden

Benzalkonium chloridéCAS: 6842485-1) is a QAused as a biocidand cationic surfactantvith
strongly a use volume of around 250tpa in Sweden in,28ddd increasingvith an exposure index

of 4. There is no entry in the EMPODAT database Benzalkonium chlorideHowever, ECHA
stateghatBenzalkonium chloridés very toxic to aquatic lifgvith long lasting effectand indicates
release to the environment is likely to occur fréime manufacturef the substancélhe effective

toxic and genotoxiaconcentrations obenzalkonium chloridevere found to befar lower than
measured ccurrence in surface waters (eg/ L) a cor
(Lavorgna et al., 2016)hereforejt is strongly recommendet update the NORMAN EMPODAT
database with the monitoring data, this research is based on and to impéemenitoring in
SwedenThese were tentative qualitative analyzes for the identified emerging substances. However,
the final emission modelling amik estimation needs to be done by Swedish officials that have

access tguantitative emission data.
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5.1.4. Identification of emerging substances as bases for future monitoring
recommendations

All identified substances that were present in high quantities dr ihereasing trends were
compared to the NORMAMEMPODAT database order to estimate if the substances are already
occurring in the environmenEor all substancesinavailable orEMPODAT, data could be could
potentially be availableon IPCHEM, a supradatabase, redirectintp other databasesuch as
NORMAN EMPODAT. Possibly there is internal Swedish monitoring data that is not publicly
available. Swedish officials should check internal databases for such data and make it available on
the NORMAN BMPODAT database for emerging pollutants.

The recommendations that derive for monitorimginly address these time trends. As mentioned
before a complete qualitative analysis holding emission data, toxicological prfitephysie
chemical propertieseed to be discussed further to evaluate if a substance needs to be monitored.
This was done tentatively, however a sound validation of the risks of the identified chemicals needs

to be addressdaly expertsaand is beyond the scope of this thesis.

5.1.5. Limitati ons

There are limitations with regard to data quality and assumptions made in this thesis that need to be
addressed. An important limitation of the results was shown in chagt@where the lack of one

CAS number in the Candidate |ist entry fAnonyl
lack of an official and exhaustive list of CAS numbers that belong to one Candidate List entry.
There are lists provet by ECHA that list various CAS identifiers, but ECHA states that those are
Anemxhaustiveo i sts. During the | ast anal ys
nonylphenol increased tremendously in 2014. Therefore, it is important to emphasizertte
substances can slip through the analysis not only with regard to this thesis but also official
screenings. Possibly the indusisyaware of substances that fall under an entrthercandidate list

but not clearly identified with a CA8s in the dscribed exampléhis could be used for regrettable
substitutionas it happened in Sweden witbnylphenol, where a nonylphenol with well stated CAS
number(104-40-5) was replaced by one that was less accesgdlg5215-3). The first step is to

have official exhaustive listsy ECHA of isomers that belgy to one Candidateidt entry.

The same nonexhaustiveness applies to the selbmpiled lists of surfactants, plasticizers and
flame retardants in this thesis. There is & the possibility and high likelihood that relevant
substances were not taken into account. There are thousands of industrially used flame retardants,
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surfactants and plasticizers, which could not all be researched and included in this thesis.
Nonetheles, the used lists were compiled with the aspiration of covering most of the quantitative
relevant substances within the respective technical use categories.

As ageneral limitationfor the substitution patterns it needs to be stated, that the listed flame
retardants, plasticizers and surfactants are likely to have uses additional to their application as flame
retardants, plasticizers or surfactantBhis means that a substance can be used mainly as flame
retardant but also in other uses such as flocaumatigent, such as seen in the examples of
aluminum hydroxide and magnesium hydroxiBer this reason it was originally planned to work

with the Use Category tonnages from SRPMiere tonnages of certain substance for particular uses
were ment to be listedHoweveras described in detail in chapt®r3 Utility of the SPIN use
categories Yse category UCH2 , these showed tremendous dat ¢
workable. Yet, total use data gives clear hints and patterns for chemicals independent of their

additional uses.
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6. Conclusio n

The goals of this thesis weam understanding of the impact of regulation on the use of SVHC, the
patterns of substitution of chemicals (which chemicals are substituted and by what) and the
identification of substances that could constitute future EPs in Swedish surface Watertends
for various problematic substances and substance gtmgesl on th&wedish SPIN datavere
retrieved. SPIN contains data on annual use of industrial chemicals. Those time trenaseddoe
1) analyze the regulative impact of REACH candidate IstivoSVHC use in SwedeR) identify
substitute chemicals and patterns of substitugpsingle outpotentially hazardous substitutes by
the NORMAN list of emerging substancdaurther, theidentification of substitutesvas used to
make tentativenonitoringrecommendations that need to be revalidated by experts.

It was found that REACH regulation lead to a clear desgres wrSVHC use in Sweden. These
findings were compared to a contgybup of unregulated WMOC, which showed no decrease in
industrial uselt can be concluded that regulattosuch as REACH or the WFBecreaseshe
industrialuse ofthe substancesegulated This resultwasexpectedout never proven before on the
base of industrial use data. The results shown can be considered as validtite@B8PIN total use
data.

Further,multiple substitute chemicalaith increasing industrial use trendere identified and are
presented according to technical use categoresults Foreach technical use category thaterns
of substitutionwere icentified. In Sweden,plasticizersshoweda clear substitution patterdrom
phthalates to noephthalate plasticizersvith a regime shift around 2012A sharp decline of
phthalates was observed in 2013, accompanied in a graxduease in nohthalate plagizers
starting from 2009 Flame retardants experienced no decrease in halogenated flame retardants,
however an increase in halogdree flame was observedu®actantsshowed a decreased use
alkylphenolswith clearly stated CAS in ECHAtarting from 2000 witltomplete disappearanae
2012 Yet, onealkylphenol with a little accessible CAS numbegoitylphenal CAS: (8485215-3)
skyrocketsn 2015 fran O tons to over 1600tlemonstrating regrettable substitutidalditionally,
substitutesthat are already found in the environment wenegled out by comparison of the
identified substitutes witthe NORMAN list of emerging substanceGenerally, the found
substances are ndtighly utilized substancesvith all chemicals being used < 300tp&he
NORMAN EMPODAT databaselid not holdsufficient data to any of the identified chemicals,
probably requiring monitoring in the future.

The greatest challengeth regard to emerging pollutantsirrently isthe determiration of mixture

effects ofchemicals in the aquatic environmeNbnetheless, the determination of mixture effects
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does not solve the problem of chemical burden and emerging pollutants in surfaseandt¢ner
environmental matrixes. In order to combat emerging substances @ntirenment sustainably,

use and emission of hazardous substances need to be minifhizeéssential to have a good
database for analysis of reduction and patterns of substitution such asCBPdlEuropean scale,
REACH offers a database with registoat data. However, use categories for emission modelling
are absolutely necessaand not available yetTherefore, more effort should be placed at the
creation of solution oriented data collection with industrial use data holding use categories to derive
reliable exposure estimations. Moreover, surveillance the chemical composition of imported articles
needs to be implemented. Furthétre SPIN database for Nordic countries could be extended by
pesticides and chemicals in articles. Industrial use timeldréave shown to be a useful tool in
detecting substitution patterns for EP screening. Not only in Scandinavia but also on European scale
a database with time trends for industrial use is a long term goal for preventative medisures
respect to regrettébdsubstitution

Most importantly, @iture effortsneed tobe directed atfunctional substitution ofhazardous
chemicals.Regrettable substitution of hazardous chemicesd to be prevented, by analyzing
chemical use databases such as SPINsubstituton patterns Once regrettable substitution is
identified, nformation based approaches directed to companies using these substadctsbe

applied to informthe responsible compangbout tools and possibilities to avoid regrettable
substitution(Blum et al., 20T). Examples for such tools at@reenScreenSIN, SINimilarity,

Subsporamongother sustainable chemistry initiativesch aghe newly founded ISCs.
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8. Appendix
8.1. Substance groups and time trends

8.1.1. Water relevant Substances of Very High Concern (wrSVHC)

In this thesiswater relevan6VHC aredefined as SVHC from the REACH Candidate list, which
are also included in tltdORMAN list of emerging pollutanter in the list of priority substances of
the WFD. All SVHC were compared to the WFD listO SVHC have been found on the WFD list.
One of these substances hasufficient datain SPIN For nine substances time trends could be
derived from SPIN. These nine substances have been further assessed in this thddison, 20
SVHC have been found on tidORMAN list of ES Only sevenof these substances haadto-end
time trends They were further assessegdthe thesisin total, 16 SVHC have been identified as
waterrelevantSVHC. They are listed in the followingppendix Tablel

Appendix Table 1: List of 16 water relevant SVHC

CAS Name Abbreviations Source
1 104-40-5 4-Nonylphenol, branched and linear ANP WFD
2 107-06-2 1,2-dichloroethane Dichlorethane WFD
3 117-81-7 Bis (2ethylhexyl)phthalate (DEHP) DEHP WEFD
4 140-66-9 4-(1,1,3,3tetramethylbutyl)phenol Tetramethylbutylphenol WFD
5 2515452-3 4-Nonylphenol, branched and linear, 4ANP, ethoxylated WFD
ethoxylated
6 50-32-8 Benzo[def]chrysene (Benzo[a]pyrene) Benzo[a]pyrene WFD
7 7440439 Cadmium Cadmium WFD
8 79-01-6 Trichloroethylene Trichloroethylene WFD
9 8553584-8 Alkanes, C1Q3, chloro (Short Chain SCCP WFD
Chlorinated Paraffins)
10 11596-8 Tris(2chloroethyl)phosphate TCEP NORMAN
11 85-68-7 Benzyl butyl phthalate (BBP) BBP NORMAN
12 84-74-2 Dibutyl phthalate (DBP) DBP NORMAN
13 80-05-7 4,4 isopropylidenediphenol BPA NORMAN
Bisphenol A; BPA
14 1163195 Bis(pentabromophenyl) ether DecaBDE NORMAN
(decabromodiphenyl ether) (DecaBDE)
15 3194556 Hexabromocyclododecane (HBCDD) and all | HBCDD NORMAN
major diastereoisomerglentified: 1,2,5,6,9,10
hexabromocyclodecane
16 78-00-2 Tetraethyllead Tetraethyllead NORMAN
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8.1.1.1. Cumulative SVHC time trends Sweden and other countries

In orderto assess the regulative impact of the REACH Candidate list on the 8s#af(not only

the water relevarfVHC) queries were constructed to compare the development of SVHC use in all
Nordic countriesAppendix Figurel: Time trends of cumulative SVHC tonnage in Swedeows

the time trends for Sweden, where a clear decrease over time is observed.
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Appendix Figure 1: Time trends of cumulative SVHC tonnage in Sweden

The graph is dominated by some highly useldstances; therefore the biggest shares are indicated

Bright light green barsD = pitch coal ] tar, orange= methyloxirane
Light greer O - disodium tetraborategre;blue. = 1,2 dichlorethane.

Lavendel D = DEHP.

The slight increase in 2014 is dueth®e regrettable substitution dNP (CAS: 84852 5-3) that

peaked in 2014nd some othancreases in already existing SVHCs
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In Denmark the decrease of SVHCs becomes apparent after 2005 as siAqpendix Figure2:
Time trends of cumulativ€VHC tonnage in DenmarkAgain, thetrendsare dominated by few

substances as shown in the legend below.
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Appendix Figure 2: Time trends of cumulative  SVHC tonnage in Denmark

O Pitch, coal tar, high temp.
[0 Benzo[def]chrysene (Benzo[alpyrene)
O 1-Methyl-2-pyrrolidone (NMP)

Interestingly, Denmark exports pitch. Generally a slight increase in SVHC can be deteutie
last years, mainly caused my NMP and a multitude of SVHC in smadlints

67



In Finland the decrease of SVHC becomes also apparent after 2005 as shppendix Figure2:
Time trends of cumulativ&éVHC tonnage in DenmarkAgain, the trends are dominated by few

substances as shown in the legend below.
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Appendix Figure 3: Time trends of cumulative SVHC tonnage in Finland

Orange bar:D: Acrylamide Light greenD = Cobalt (Il) sulfate

Blue bars. = Formamide Red bara. = Diarsenic trioxide

Interestingly, Finland started 2012 with the use of diarsenic trioxide.
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In Norway the decrease of SVHC becomes apparent after 2006 as shgpendix Figure2:
Time trends of cumulativ&éVHC tonnage in DenmarkAgain, the trends are donated by few
substances as shown in the legend below. Norway is dominatpdchycoal tar use, which is

increasing. The decrease after 2006 is attributed to the decline dfch®rethane.
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Appendix Figure 4: Time trends of cumulative SVHC tonnage in Norway

] light green bars pitch coal tar

] dark green bars 1,2 dichlorethane
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8.1.2.  Substance groups: flame retardants

The flame retardant ligtonsists of two contributionSubstances from titdORMAN network list
ofemerging pollutants, whi ch arflameadiaedanst cepostedi z e d
in literature.In total, the list contain83 substances. They are divided in talasseshalogenated

flame retardants and halogéee flameretardants.

Appendix Table 2: Comp iled flame retardants list

Name CAS Class
1 Hypophosphite, calcium salt 7789799 HFFR
2 triphenyl phosphate 11586-6 HFFR
3 tetraphenyl mphenylene bis(phosphate) 5758354-7 HFFR
4 Tris(2methylpropyl) phosphate 1330785 HFFR
5 diphenyl tolyl phosphate 26444495 HFFR
6 sodium benzoate 532-32-1 HFFR
7 Dimethyl methyl phosphonate (DMMP) 756-79-9 HFFR
8 Magnesiumdihydroxide 130942-8 HFFR
9 SLL:)r:‘l)nhL:)Tugyé(:rl;)r);ldm(?é/;lttérglggs'gnhydrate (ATH) (recommended with further additio 2164551-2 HEFR
10 tributyl phosphate 126738 HFFR
11 triethyl phosphate 78-40-0 HFFR
12 Tris(2ethylhexylphosphat (TEHP) 78-42-2 HFFR
13 Tris(2butoxyethyl) phosphate 78-51-3 HFFR
14 Triisobutyl phosphate 126-71-6 HFFR
15 6H-dibenz|[c,e][1,2]oxaphosphorinéxide 35948255 HFFR
16 BisphenolA bis(diphenyl phosphate) 5945335 HFFR
17 2,2-Bispromomethyl}1,3-propanediol 329690-0 HFR
18 Boehmite (Al(OH)O) 1318236 HFFR
19 ammonium bromide 1212497-9 HFR
20 Polyphosphoric acids, ammonium salts 68333799 HFFR
21 Phospharic trichloride, reaction products with bisphenol A and phenol 181028795 HFFR
22 Graphite 7782425 HFFR
23 Melamine 108781 HFFR
24 Melamine cyanurate 3764057-6 HFFR
25 Melaminephosphate 4158309-9 HFFR
26 Melapur M 200 218768844 HFFR
27 Mica-group minerals 1200126-2 HFFR
28 Polyetherimide 61128469 HFFR
29 Phenol, isobutylenated, phosphate 6893740-6 HFFR
30 Pentaerythrityl phosphate 5301780 HFFR
31 Decabromdiphenylethan 8485253-9 HFR
32 tris(2,3dibromopropyl) phosphate 126-72-7 HFR
33 2,4,6 Tribromophenyl allyl ether 3278895 HFR
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34 big(allyl ether) of tetrabromobisphenol A 2532789-3 HFR
35 1,1,2,3,4,4Hexabrome2-butene 3667845-2 HFR
36 Tetrabromocyclooctane 31454485 HFR
37 Dibromoethyldibromocyclohexane 3322938 HFR
38 Chloropentabromocyclohexane 87-84-3 HFR
39 2,4,6tribromophenol 118796 HFR
40 Tetrabromobisphenol A 7994-7 HFR
41 tris[2-chloro-1-(chloromethyl)ethyl] phosphate 1367487-8 HFR
42 bis(2ethylhexyl) tetrabromophthalate 2604051-7 HFR
%3 | doresachloropentacyela{12.2.1.16.9.02.13.05 10jocadeds dene 13560899 | HFR
44 BDE No 153 solution 6863149-2 HFR
45 BDE No 47 solution 5436431 HFR
46 BDE No 28 solution 41318756 HFR
47 1,1-(isopropylidene)bis[3,Sslibromo-4-(2,3-dibromopropoxy)benzene] 2185044-2 HFR
48 tris(2,3-dichloropropyl) phosphate 78433 HFR
49 Tris(2,3dichloropropyl) phosphate 1367484-5 HFR
50 Alkanes, C128, chloro 8553586-0 HFR
51 Tetrabromophthalatediol(TBPD) 20566352 HFR
52 1,2-Bis(tetrabromophthalimido) ethane 3258876-4 HFR
53 Chlorendic acid 11528-6 HFR
54 1,4,5,6,7,7hexachlore8,9,10trinorborn-5-ene-2,3-dicarboxylic anhydride 115275 HFR
55 2,2-bis(chloromethyl)trimethylendis(bis(2chloroethyl)phosphate) 38051104 HFR
56 hexachlorocyclopentadiene 17-47-4 HFR
57 tetrachlorophthalic anhydride 117-08-8 HFR
58 1,2,4,5tetrabromo-3,6-bis(pentabromophenoxy)benzene 5896566-5 HFR
59 Tris(tribromoneopenthyl)phosphate 1918697-1 HFR
60 1,3,5Triazine, 2,4 ,4ris(2,4,6tribromophenoxy) 2571360-4 HFR
61 1,1 (isopropylidene)bis[38libromo-4-(2,3-dibromo-2-methylpropoxy)benzene] 9741684-7 HFR
62 N-(2,3-dibromopropyl}4,5- dibromotetrahydrophthalimide 9320289-2 HFR
63 1,1,2,3,4,4Hexabrome2-butene 72108737 HFR
64 Hexabromohexene 12551287-0 HFR
65 Tetrabromocyclooctane 319457-8 HFR
66 BDE No 206 solution 6338728-0 HFR
67 BDE No 183 solution 207122165 HFR
68 BDE No 154 solution 207122154 HFR
69 2,2',4,5 Tetrabromobiphenyl 6004424-8 HFR
70 2,4-Dibromophenol 615587 HFR
71 Dibromoneopentyl glycol 6892870-1 HFR
72 Benzene, ethenyl homopolymer, brominated 8849756-7 HFR
73 Hexachlorocyclopentadiene 119597893-8 HFR
74 ;zzg%;gggﬁzﬁiéngﬂin;eerr with 4,4(1-methylethylidene)bis[2,&libromophenol], 7134277-3 HER
75 Carbonic dichloride, polymer with 4-@-methylethylidene)bis[2,&libromophenol] and 0433464-2 HER

phenol
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76 Polypentabromobenzyl acrylate) 5944757-3 HFR
77 Benzene, ethenyl ar-bromo derivs 14899399-1 HFR
78 1,2,5,6,9,1eéhexabromocyclodecane 3194556 HFR
79 DecaBDE 1163195 HFR
80 diphenyl ether, octabromo derivative 3253652-0 HFR
81 tris(2-chloroethyl)phosphate 11596-8 HFR
82 1,1-[ethane-1,2-diylbisoxy]bis[2,4 ,@ribromobenzene] 3785359-1 HFR
83 Hexabromobenzene (HBB) 87-82-1 HFR

Appendix Figures: Impact of regulation on flame retardastsws the time trends of various flame
retardant groups according to their regulation status. Generally, not regulated, halogen free flame
retardants increase steadily. Moregvecan be sen that there are no halogen free flame retardants
that are regulated under REACH. Moreover, halogenated flame retardants that are suspect from
SIN/SINimilarity decline over time, whereas halogen free flame retardants that are suspects from
SIN/SINimilarty slightly increase. However, there are some halogen free flame retardants that are
suspect to be detrimental to humans or the environment based on their structural similarity to other

hazardous chemicals assessed by SIN/SINimilarity.
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Appendix Figure 5: Impact of regulation on flame retardants
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Appendix Table3: Flame retardant EESshows the flame retardants frohetself compiled list of
FRs thatis found in the environment according to the NORMAN network. Some of these

substances are found on SPIN, some show confidential data and others have no entries at all.

Appendix Table 3: Flame retardant ES s

Name ER with concerning time trend marked in red) CAS Used
amount
2014 [t]

1 | Tris(2,3dichloropropyl) phosphate 1367484-5 148

2 | triphenyl phosphate 115866 97

3 | Triethyl phosphate 78-42-2 36

4 | Decabromodiphenyl ethane 79-94-7 34

5 [ Tris(2methylpropyl) phosphate 1330785 27

6 |1,4,5,6,7,/hexachlore8,9,10trinorborn-5-ene-2,3-dicarboxylic | 11527-5 17
anhydride

7 | Brominated anionic styrene polymer 84852539 9
+ bis(pentabromophenyl) ethane

8 | Tris(2ethylhexyl) phosphate 7851-3 9

9 | Tris(2butoxyethyl) phosphate 126-71-6 8

10 | tetraphenyl mphenylene bis(phosphate) 5758354-7 7

11 | tributyl phosphate 126-73-8 6

12 | triethyl phosphate 78400 7

13 | bis(2ethylhexyl) tetrabromophthalate 2604051-7 1

14 | carbon tetrachloride 56-23-5 0

15 | hexachlorocyclopentadiene 77-47-4 confidential

16 | N,N=ethylenebis(3,4,5 @etrabromophthalimide) 3258876-4 0

17 | Tetrabromobisphenol A (TBBPA) 2056635-2 0

18 | 1,1-(isopropylidene)bis[3&libromo-4-(2,3 2185044-2 confidential
dibromopropoxy)benzene]

19 | 1,1 [ethane-1,2-diylbisoxy]bis[2,4,8ribromobenzene] 37853591 0

20 | 1,2,4,5tetrabromo-3,6-bis(pentabromophenoxy)benzene 5896566-5 N/A

21| 1,2,5,6,9,1eéhexabromocyclodecane 3194556 confidential

22| 1,4,5,6,7,fHexachlored,9,10Trinorborn5-ene-2,3-Dicarboxylic | 11528-6 N/A
acid

231,6,7,8,9,14,15,16,17,17,18418 13560899 confidential
dodecachloropentacyclo[12.2.1.16,9.02,13.05,10]octaded®
diene

24 | 1-Propanol, 3bromo-2,2-bis(bromomethyh, 1,1',1"-phosphate 1918697-1 confidential

25 | 2,2-bis(chloromethyl)trimethylene bis(bis(2 38051104 N/A
chloroethyl)phosphate)

26 | 6Hdibenz|[c,e][1,2]oxaphosphorin@xide 35948255 confidential

27 | DecaBDE 1163195 N/A

28 | diphenyl ether, octabromalerivative 32536520 N/A

29 | Phosphoric acid, P:R1-methylethylidene)di4,1-phenylene] 3296900 confidential
P,P,P',Ptetraphenyl ester
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30 | TCEP 51805459 confidential
31 | tetrachlorophthalic anhydride 117-08-8 N/A

32 | tris(2-chloroethyl) phosphate 115968 confidential
33 | Tris(2chloroethyl) phosphate 5945335 confidential

The list shows all the flame retardants that were found on NORMAN list of ES. This means that
those substances were already identified in the environment. ES with conderndgyare marked

in red.

8.1.3.  Substance groups: plasticizers

The plastiezer list holds 80 plasticizers, 34 phthalates and 46 others plastictteesed from the
NORMAN network (NORMAN network, 2005)the SIN list (The International Chemical
Secretaat, 2017) the German Environmental Specimen B&@lerman Environmental Specimen
Bank, 2017)and some relevant publicatiorfZheng et al.,, 2007; Fromme et al., 2Q02)I

substances that weretrieved from the described sources are liste&hipendix Tabled.

Appendix Table 4: Compiled plasticizer list

No Name CAS Number Class
1 | Benzylbutylphthalate 85687 Phthalates
2 | Bis(2ethylhexyl)phthalate;DEHP 8477706-0 Phthalates
3 | Bis(2methoxyethyl)phthalate 117-82-8 Phthalates
4 | DEHP (bis(2thylhexyl) phthalate) 117-81-7 Others
5 | dihexylphthalate(DHP) 60550-5 Phthalates
6 | Diisobutyl phthalate 84-69-5 Phthalates
7 | Diisodecylphthalate 7188889-6 Phthalates
8 | Diisodecylphthalate 776297699 Phthalates
9 | Diisononyl phthalate 2855312-0 Phthalates
10 | Diisononylphthalat 6851548-0 Phthalates
11 | Din-butylphthalate 84-74-2 Phthalates
12 | Din-octylphthalate 117840 Phthalates
13 | Din-octylphthalate 131-180 Phthalates
14 | 1,2-benzenedicarboxylicacid;@810-branchedalkylesters,G8ch 6851550-4 Phthalates
15 | Bisphenol A 80-05-7 Others
16 | Din-hexyl phthalate 84-75-3 Phthalates
17 | N-Methyl-2-pyrrolidone 872504 Others
18 | BEHTEBP 2604051-7 Phthalates
19 | Diethyl phthalate 84-66-2 Phthalates
20 | DiisononylPhthalatese 84-61-7 Phthalates
21 | Diundecyl 364820-2 Phthalates
22 | LCCPS, Y XMy 6344939-8 Others
23 | Tris(2methylpropyl) phosphate 6841166-5 Others
24 | Tris(2ethylhexyl)trimellitat 331931-1 Others
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25 | Tricresyl phosphate 1330785 Others
26 | Trir(heptyl, nonyl) trimellitate LTM 67989235 Others
27 | oxydiethylenedibenzoate 120558 Others
28 | Monomethyl adipate 627-91-8 Others
29 | Isopropylphenyl diphenyl phosphate / IPPDPP 5680337-3 Others
30 | Diphenyl cresyl phosphate 26444495 Others
31 | Dioctyl terephthalate 6422-86-2 Others
32 | Dioctyl adipate 123795 Others
33 | Dimetylphthalate 131-11-3 Phthalates
34 | diisononyl adipate 3370308-1 Others
35 | Diisodecyl phthalate 26761400 Phthalates
36 | Dibutyl sebacate 10943-3 Others
37 | Cresyl diphenyl phosphate / CDP 28108998 Others
38 | bis(2propylheptyl)phthalate 5330654-0 Others
39 | Bis(2ethylhexyl)adipat 103231 Others
40 | 2-Ethylhexanoic acid-8thylhexyl ester 7425141 Others
41 | 1,2-Benzenedicarboxylic acid-@911-branched alkyl esters, Ciizh 6851549-1 Phthalates
42 | Triethylene glycaflihexanoate 94-28-0 Others
43 | Triethyl citrate 77-93-0 Others
44 | Tributylacetylcitrate 126-71-6 Others
45 | Tributyl phosphate 126738 Others
46 | Tetraethylene glycol diheptanoate 70913858 Others
47 | tert-Bytulphenyl diphenyl phosphate / TBPDPP 68937%40-6 Others
48 | Siloxanes and Silicones;Me, Me hydrogen 6803759-2 Others
49 | Siloxanes and Silicones;Meg, hydrogerterminated 70900219 Others
50 | N-ethyl toluene sulfonamide 8047-99-2 Others
51 | N-butyl-benzenesulfonamide 3622-84-2 Others
52 | N-(2-hydroxypropyl) benzene sulfonamide 3532502-1 Others
53 | Melamine 108781 Others
54 | MCCPs 8553586-0 Others
55 | hydroxycyclohexyl phenyl ketone 947-19-3 Others
56 | Epoxidized soybean oil (ESBO) 08.07.8013 Others
57 | Dipentaerythritol 126589 Others
58 | Dipentaerythriol 78-24-0 Others
59 | Dimethyladipat 627-93-0 Others
60 | Dimethyl adipate 47491959-0 Others
61 | Diisopropylnaphthalene 3864062-9 Others
62 | Diisononyl adipate DINCH 16641278-8 Others
63 | Dibutyl maleate 105-76-0 Others
64 | Citric acid 77-92-9 Others
65 | Chlorinated paraffins 8553584-9 Others
66 | Alkylsulfonic phenyl ester 9108217-6 Others
67 | Acetyltributylcitrate 77-90-7 Others
68 | 2,2,4trimethylpentanel,3-diol diisobutyrate 6846:50-0 Others
69 | Glycerides, castenil mono, hydrogenated, acetates/ COMGHA 73615063-3 Others
70 | Dimethyl phthalate 131-17-9 Phthalates
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71 | Diethyl phthalate 131-16-8 Phthalates
72 | Diallyl phthalate 84-64-0 Phthalates
73 | Din-propyl phthalate 146-50-9 Phthalates
74 | Din-butyl phthalate 41451289 Phthalates
75 | Diisobutyl phthalate 89-19-0 Phthalates
76 | Butyl cyclohexyl phthalate 2755426-3 Phthalates
77 | Din-pentyl phthalate 11907-3 Phthalates
78 | Dicyclohexyl phthalate 85507795 Phthalates
79 | Butyl benzyphthalate 11906-2 Phthalates
80 | Din-hexyl phthalate 6851547-9 Phthalates

Appendix Table 5: Plasticizer ES s

Name (EPs with concerning trends marked in red CAS Used amount 2014,
Sweden|[t]
1 | 2,2,4trimethylpentanel,3-diol diisobutyrate 6846:50-0 220
2 | 2-Ethylhexanoic acid-8thylhexyl ester 7425141 2
3 | Acetyltributylcitrate 77-90-7 5
4 | BEHTEBP 2604051-7 1
5 | Benzylbutylphthalate 85-68-7 7
6 | Bisphenol A 80-05-7 21
7 | Diethyl phthalate 84-66-2 9
8 | Diisodecyl phthalate 26761400 932
9 [ Diisononyl phthalate 28553120 967
10 | Diisopropylnaphthalene 3864062-9 19
11 | Dimetylphthalate 131-11-3 85
12 | Din-butylphthalate 84-74-2 8
13 | Din-octylphthalate 117-84-0 confidential
14 | hydroxycyclohexyl phenyl ketone 947-19-3 450
I5|[//tazx [ yxmy 63449398 191
16 | N-butyl-benzenesulfonamide 3622-84-2 19
17 | N-Methyl-2-pyrrolidone 872-50-4 196
18 | Tributyl phosphate 126738 6
19 | Tributylacetylcitrate 126-71-6 8
20 | Tricresyl phosphate 1330785 27
21 | Triethyl citrate 77-93-0 98

The list shows all the plasticizers that were found on NORMAN list of TE®s means that those
substances were already identified in the environment. ES with concerning trends areimadked

Appendix Figures: Impact of regulation oplasticizersshows the time trends of various plasticizer

groups according to their regulation status. Generally, not regulateebhthalate plasticizers
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increase steadilyinterestingly, phthalates that were not regulated under REACH increased until
2012. This indiates regrettable substitution of regulated phthalates in the early years of REACH.
Since then, other plasticizers skyrockelowever, there are somether plasticizersthat are
increasing and arsuspect to be detrimental to humans or the environment bastbeir structural

similarity to other hazardous chemicals assessed by SIN/SINimilarity.
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Appendix Figure 6: Impact of regulation on  plasticizers

8.1.4. Substance groups: surfactants

The surfactant list holds 133 of surfactants and was compiled based on a literature Survey of
Surfactants in the Nordic Countri€dohansson et al., 2012pmplemented with the surfactants
from the NORMAN networKNORMAN network, 2005)the SIN list(The International Chemical
Secretariat, 2017)he HERA report(Environmental HERA report, 2013nd a book with an
extensive list on APEs and AEg¢Talmage, op. 1994) All surfactants are listed as shown in
Appendix Tableb.
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Appendix Table 6: Comp iled surfactant list

Name CAS Class Subclass
1 20-(4-nonylphenoxy)3,6,9,12,15,1$exaoxaicosarl- | 2794227-4 APOs Alkylphenols
ol
2 4-Nonylphenol, branched, ethoxylated 12708%87-0 APOs Alkylphenols
3 Nonaethylene glycol-ponylphenyl ether 1440972-4 APOs Alkylphenols
4 4-TERINONYLPHENOLDIETHOXYLATE 15660910-8 | APOs Alkylphenols
5 2-[2-[2-[2-(4- 7311275 APOs Alkylphenols
nonylphenoxy)ethoxy]ethoxy]ethogthanol
6 2-[2-(4-nonylphenoxy)ethoxy]ethanol 2042784-3 APOs Alkylphenols
7 4-Nonylphenol, ethoxylated 26027-38-3 APOs Alkylphenols
8 4-Nonyl Phenol Monoethoxylate 104-35-8 APOs Alkylphenols
9 2-[2-[2-[2-[2[2-(4 3416638-6 APOs Alkylphenols
nonylphenoxy)ethoxy]ethoxy]ethoxy]ethoxy]ethoxy]d
hanol
10 2-[2-[4-(1,1,3,3 231561-9 Others Alkylphenols
tetramethylbutyl)phenoxy]ethoxy]ethanol / 4
Octylphenol diethoxylate
11 2-[4-(1,1,3,3tetramethylbutyl)phenoxylethanol / 4| 231567-5 Others Alkylphenols
Octylphenol moneethoxylate
12 Isononylphenckthoxylate 3720587-1 APOs Alkylphenols
13 Phenol, nonyl branched 9048104-2 APOs Alkylphenols
14 4-(1,1,3,3tetramethylbutyl)phenol 140-66-9 Others Alkylphenols
15 Nonylphenol, ethoxylated 9016459 APOs Alkylphenols
16 p-nonylphenol 104-40-5 APOs Alkylphenols
17 Nonylphenol 2515452-3 APOs Alkylphenols
18 Nonylphenol, branched, ethoxylated 6841254-4 APOs Alkylphenols
19 Perfluorooctanoic acid (PFOA) 33567-1 Others Perfluorinated
compounds
20 Nonadecafluorodecanoic acid (PFDA) 335762 Others Perfluorinated
compounds
21 PFHxS 35546-4 Others Perfluorinated
compounds
22 2-(2-(4-Nonylphenoxy)ethoxy)acetic acid 10680778-7 APOs Alkylphenols
23 4-Octylphenoxy acetic acid 1523485-2 Others Alkylphenols
24 C106C14LAS 6966944-9 Others LAS
25 C12LAS 25155300 Others LAS
26 Surfinot104 126-86-3 Others LAS
27 (1,1,3,3tetramethylbutyl)phenol 27193288 Others Alkylphenols
28 lithium heptadecafluorooctanesulfonate, lithiurl 2945%72-5 Others Perfluorinated
perfluorooctane sulfonate compounds
29 PFOS, heptadecafluorooctadesulfonic acid,| 1763231 Others Perfluorinated
perfluorooctanesulfonic acid compounds
30 ammonium heptadecafluorooctanesulfonat{ 2908156-9 Others Perfluorinated
ammonium perfluorooctane sulfonate compounds
31 Sulfluramid (PFOSA) 4151-50-2 Others Perfluorinated
compounds
32 potassium heptadecafluorooctanksulfonate, | 279539-3 Others Perfluorinated
potassium perfluorooctanesulfonate compounds
33 diethanolamine perfluorooctane sulfonate 7022514-8 Others Perfluorinated
compounds
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34 8:2-diPAP 67841-1 Others Perfluorinated
compounds
35 4-Nonylphenoxy acetic acid 3115499 APOs Alkylphenols
36 Naphthalene sulphonic acid 120183 Others LAS
37 Benzenesulphonic acid, G1@ alkyl derivs., sodiun 6841130-3 Others LAS
salts
38 Sodium decylbenzenesulphonate 1322981 Others LAS
39 Benzenesulphonic acid, mo@10613 alkyl derivs.] 90194459 Others LAS
sodium salt
40 Benzenesulphonic acid, mo@1014 alkyl derivs.| 8511750-6 Others LAS
sodium salt
41 OPE1 9002931 APOs APOs
42 OPE2 9036195 APOs APOs
43 OPE3 6898790-6 APOs APOs
44 LAS1 6808181-2 Others LAS
45 LAS3 6858422-5 Others LAS
46 LAS4 6858424-7 Others LAS
47 LAS5 70024690 Others LAS
48 LAS6 7002471-4 Others LAS
49 LAS7 85117493 Others LAS
50 LAS9 8553614-7 Others LAS
51 LAS10 9019426-6 Others LAS
52 LAS11 9019427-7 Others LAS
53 LAS12 90194459b | Others LAS
54 LAS13 115733103 Others LAS
55 LAS14 13475903-8 Others LAS
56 LAS15 15610531-6 Others LAS
57 LAS16 722503686 | Others LAS
58 LAS17 722503697 Others LAS
59 QA1 61789182 Others QAs
60 QA2 61789717 Others QAs
61 QA3 6178977-3 Others QAs
62 QA4 61791104 Others QAs
63 QA5 6344941-2 Others QAs
64 QA6 6800260-8 Others QAs
65 QA7 68139330-0 Others QAs
66 QA8 6815330-0 Others QAs
67 QA9 6839101-5 Others QAs
68 QA10 6842485-1 Others QAs
69 QA11 6891187-5 Others QAs
70 QA12 6895358-2 Others QAs
71 QA13 6898903-7 Others QAs
72 QAl14 71011240 Others QAs
73 QA15 71011251 Others QAs
74 QA16 7101126-2 Others QAs
75 QA17 7101127-3 Others QAs
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76 QA18 85409229 | Others QAs
77 QA19 121888662 | Others QAs
78 QA20 121888684 | Others QAs
79 QA21 863679203 | Others QAs
80 AE1L 9002920 AEs AEs
81 AE2 900477-7 AEs AEs
82 AE3 9004959 AEs AEs
83 AE4 9004982 AEs AEs
84 AE5 9005009 AEs AEs
85 AE7 9008575 AEs AEs
86 AES 9038953 AEs AEs
87 AE9 24938918 | AEs AEs
89 AE10 26183528 | AEs AEs
90 AE12 27252751 | AEs AEs
91 AE13 27306792 | AEs AEs
92 AE14 31729348 | AEs AEs
93 AE15 34398055 | AEs AEs
94 AE16 60828786 | AEs AEs
95 AE17 61702781 | AEs AEs
96 AE18 61791284 | AEs AEs
97 AE19 66455149 | AEs AEs
98 AE20 66455150 | AEs AEs
99 AE21 68002960 | AEs AEs
100 | AE22 6800297-1 | AEs AEs
101 | AE23 68131395 | AEs AEs
102 | AE24 68131408 | AEs AEs
103 | AE25 68154%1 AEs AEs
104 | AE26 68154972 | AEs AEs
105 | AE27 68154983 | AEs AEs
106 | AE28 68213230 | AEs AEs
107 | AE29 68213241 | AEs AEs
108 | AE30 68439452 | AEs AEs
109 | AE31 68439463 | AEs AEs
110 | AE32 68439496 | AEs AEs
111 | AE33 68439509 | AEs AEs
112 | AE34 68439510 | AEs AEs
113 | AE35 68439543 | AEs AEs
114 | AE36 68526943 | AEs AEs
115 | AE37 68526954 | AEs AEs
116 | AE38 68551122 | AEs AEs
117 | AE39 68551133 | AEs AEs
118 | AE40 68551144 | AEs AEs
119 | AE41 68603203 | AEs AEs
120 | AE42 68603258 | AEs AEs
121 | AE43 68937666 | AEs AEs
122 | AE44 68987815 | AEs AEs
123 | AE45 68991480 | AEs AEs
124 | AE46 69012857 | AEs AEs
125 | AE47 69013189 | AEs AEs
126 | AE48 69013190 | AEs AEs
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127 AE49 69227209 AEs AEs
128 AE50 69227210 AEs AEs
129 AE51 6922722-1 AEs AEs
130 AE52 7087983-3 AEs AEs
131 AES3 71012104 AEs AEs
132 AE54 7106057-6 AEs AEs
133 AES5 7124346-4 AEs AEs

Appendix Table 7: Surfactant ES s

Name (EPs with concerning trend marked in CAS Used amounts, 2014]
red)

1 [ Sodium dodecylbenzenesulfonate (LAS) 2515530-0 315

2 | Benzalkonium chloride (QA) 6842485-1 265

3 | Surfinot104 126-86-3 88

4 | Benzalkonium chloride (QA) 8540922-9 10

5 | QA9 6839101-5 5

6 | QAL 61789182 1

7 | 4-Nonylphenoxy acetic acid 3115499 confidential
8 | C16C14LAS 6966944-9 confidential
9 | Naphthalene sulphonic acid 120-18-3 confidential
10 | Perfluorooctanoic acid (PFOA) 33567-1 confidential
11 | Sulfluramid (PFOSA) 4151-50-2 confidential

The list shows all theurfactantghat were found on NORMAN list of E9 his means that those

substances were already identified in the environment. ES with concerning trends are marked in red.
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