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Preface

Background and objectives

The Danish Environmental Protection Agency’s List of Undesirable Substances (LOUS) isintended
asa guide for enterprises. It indicates substances of concern whose use should be reduced or
eliminated completely. The first list was published in 1998 and updated versionshavebeen
publishedin 2000,2004 and 2009. Thelatest version, LOUS 2009 (Danish EPA, 2011)includes 40
chemical substances and groups of substances which havebeen documented as dangerous or which
havebeenidentified as problematicusing computer models. For inclusion in the list, substances
must fulfil several specificcriteria. Besidesthe risk of leadingtoseriousandlong-termadverse
effects on health or the environment, only substances which areused in anindustrial contextin
largequantitiesin Denmark,i.e. over 100 tonnes per year, are included in thelist.

Over theperiod 2012-2015 all 40 substances and substance groups on LOUS willbe surveyed. The
surveysinclude collection of available information on the use and occurrence of the substances,
internationally and in Denmark, information on environmental and health effects, on alternatives
to the substances, on existing regulation, on monitoring and exposure, and information regarding
ongoing activitiesunder REACH, among others.

On thebasisof the surveys, the Danish EPA will assess the need for any further information,
regulation, substitution /phase out, classification and labelling, improved waste m anagement or
increased dissemination of information.

Thissurvey concerns the substance m ethyl-tert-butyl ether; MTBE. This substance wasincluded in
thefirst revision of the LOUS list in 2000 and hasremained on the list since that time. The entry in
LOUS for the substanceisthe common abbreviation of m ethyl-tert-butylether; MTBE (CASNo.
1634-04-4 and EINECS No. 216-653-1).

The mainreason for the inclusionin LOUS isthat MTBE appears on the EUlist of substances with
suspected endocrine disrupting propertiesin Category 1: Substances for which there is "evidence of
endocrine disrupting activity in atleast one species usingintact animals".

The main objective of this study is,as mentioned, to provide background for the Danish EPA’s
consideration regarding the need for further risk management m easures.

The process
The survey hasbeen undertaken by COWIA /S (Denmark) from March to October 2013. The work
hasbeen followed by an advisory group consisting of:
e  Christinalhlemann, Danish EPA (Chairman)
e Katrine Smith, Danish EPA
e  Sidsel Dy ekjeer, Danish EPA
e Anne-Louise Jorgensen Ronlev, Danish EPA
e Anne Christine Duer, Danish Nature Agency
e Ulla Hansen Telcs, Confederation of Danish Industry
(from 01.09.2013 substituted by Nikolai Stubkjeer Nilsen)
e  Michael Miicke Jensen, Danish Oil Industry Association
e Jesper Kjglholt, COWI(Project Manager).
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Please note thatthe report does not necessarily reflect theviews of all the members of the Advisory
Group.

Data collection
Thesurvey and review isbased on the available literature on the substances, information from

databasesand direct inquiries totrade organisations and key market actors.

The datasearch included (but was not limited to) the following:

Legislation in force from Retsinformation (Danish legalinformation database) and EUR-Lex

(EUlegislation database);

Ongoingregulatory activitiesunder REACH and intentionslisted on ECHA’s website (incl.

Registry of Intentions and Com munity Rolling Action Plan);

Relevant documents regarding International agreements from HELCOM, OSPAR, the

Stockholm Convention, the PIC Conv ention, and the Basel Convention.

Data on harmonised classification (CLP) and self-classification from the C&Linventory

database on ECHAs website;

Data on ecolabels from the Danish ecolabel secretariat (Nordic Swan and EU Flower).

Pre-registered and registered substances from ECHA’s website;

Production and external trade statistics from Eurostat’s databases (Prodcom and Com ext);

Export of dangerous substances from the Edexim database;

Data on production, import and export of substances in mixtures from the Danish Product

Register (confidential data, not searched via the Internet);

Date on production, importand export of substances from the Nordic Product Registersas

registered in the SPIN database;

Monitoring data from the National Centrefor Environment and Energy (DCE), the Geological

Survey for Denmark and Greenland (GEUS), the Danish Veterinary and Food Adm inistration,

the European Food Safety Authority (EFSA) and the INIRIS database.

Waste statistics from the Danish EPA;

Reports, memorandums, etc. from the Danish EPA and other authoritiesin Denmark;

Reportspublished atthe websites of:

—  TheNordic Council of Ministers, ECHA, the EU Commission, OECD, IARC, IPCS, WHO,
OSPAR, HELCOM, and the Basel Convention;

—  Environmental authorities in Norway (Klif), Sweden (KemIandNaturvarsverket),
Germany (UBA), UK(DEFRA and Environment Agency), the Netherlands (VROM,
RIVM), Austria (UBA). Information from other EU Member States was retrieved if quoted
in identified literature.

—  US EPA, Agency for Toxic Substances and Disease Registry (USA) and Environment
Canada.

PubMed and Toxnet databases for identification of relevant scientific literature.

Besides, direct enquiries were sentto Danish and European trade organisations.
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Conclusion and summary

Thisreview report concerns the substance methyl-tert-butyl ether, normally referred toby its
abbreviation MTBE, which is one of 40 chemical substances on the Danish Environmental
Protection Agency’s (DEPA) so-called “List of Undesirable Substances” (LOUS). Allof these
substances areundergoing similar reviews ov er the period 2012-2 015.

MTBEis a liquid at ambient temperaturebuthas a boiling point of only 55 degrees Celcius. The
substance isknowntohave a low threshold for odour and tastein water. The dominant use of
MTBEis asan additive to petrol where its functionistoincrease the octane rating (“octane
booster”). Minor usesincludeas a raw material in the production of high-purity isobutylene and as
a specialty solventin certain processesin the pharmaceutical industry.

Regulatory aspects

EU and Danish legislation as well as other regulatory instruments (e.g. international conventions)
pertainingtoMTBE havebeen examinedaspartofthereview. It hasbeen concluded that
legislation inthe EU aswellasnationally in Denmarkregulating the use of MTBE islimited
regarding both theexposureof humansto MTBE and the emissions of MTBE tothe environment.
MTBEis not listed by ECHA as a substance of very high concern (SVHC).

AttheEUlevel, a limit for MTBE contentin petrol for vehicles exists, which is implemented into
Danish legislation. Further, due toconcern about the risk for contamination of groundwater
resources, a voluntary agreement was made in Denmarkin 2000 between industry and the Ministry
of Environment. Accordingtothis agreement, MTBE would only be added to 98 octane petrol,
which, additionally, would only be sold at a limited number of service stations. Though this
agreement does not formally existanymore, the situationisin reality unchanged with regard tothe
saleand use of 98 octane petrol in Denmark. Noother initiatives toreduce theuse of MTBE appear
to exist at presentin the EU, including Denmark. However, a substanceevaluation of MTBE under
REACH is scheduled for 2014 with France as Rapporteur MS.

AttheEUlevel, only anindicative Occupational Exposure Lim it exists, whereasin Denmark,
environmental standardsin airin the working environment (slightly lower than the EU indicative
OEL) andlimit valuesin fresh and marine surface waters, aswell asin groundwater/drinking water,
havebeen established.

Manufacture and uses

MTBE wasintroduced in Europe in 1973asan octane booster for petrol and hasbeen applied
extensively for thisuse sincethen. However, in recent years theconsumption has decreased as
MTBE is gradually being replaced by (bio-) ETBE. Thisreplacement has occurred mainly because of
theintroduction of EUrequirementsastocontentsin fuel of com ponents produced from renewable
sources, such asbio-ethanol, a precursor of ETBE and more easily available than bio-m ethanol
(precursor of MTBE). Thus, the production capacity of MTBE in the EU has decreased from about
3,300ktonnesin 2002 toabout 1,800 ktonnesin 2010 with an actual production volume in 2010 of
about 1,600 ktonnes. Some of the produced MTBE is exported outside the EU but thereisalsoan
importtothe EU, primarily from the USA.
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Other usesof MTBE, such asasanintermediatein the production of high purity isobutylene or asa
process solv entinthe pharmaceutical industry, are quantitatively only of minor importance
comparedtoitsmainuse aspetrol additive.

Duetothevoluntary agreement between industry and the Danish government, mentioned above
the annual consumption of MTBE for usein petrolisata level of only a few hundredtonnes
(registered usein 2012:lessthan 400 tonnes). The consumption of MTBE in Denmark for other
purposestotalledabout14tonnesin 2012. Updated information on import/exportof MTBEin the
EU hasnot been possible toobtain as separatefiguresfor MTBE are not reported by Eurostat (only
for a group of acyclic ethers, which includes MTBE).

Waste aspects

MTBEis not manufactured in Denmark and the extent of industrial uses (e.g. as a process solvent)
is limited. MTBE-wastefrom such uses should be handled ashazardous waste and destroyedby
incineration. The use of MTBE in mixtures and articles (inreality only 98 octanepetrol) only results
in a smallvolume of wasteat service stations, which is subject to controlled collection and
subsequent destruction, similar toindustrial MTBE-waste.

Environmental effects, fate and exposure

The environmental hazards of MTBE were reviewed in the 2002 EU Risk Assessm ent Report
(RAR), a document which is still considered valid. MTBE is not very toxictoaquatic organisms; the
lowest acute EC50is136mg/1(Mysidopsis bahia, marine crustacean) and the lowest chronic NOEC
is 26 mg/1 for the same species. The RAR does not mention possible endrocrinedisrupting effects
of MTBE in the environment and novalid information on thisissue hasbeen identified.

Duetothe knownstrongodour and tasteoflow concentrations of MTBE in water, a tainting (“ off-
taste”) study and an avoidance test, both with fish, havebeen conducted. The tainting study showed
nooff-tasteat an exposurelevelof 15 ug/l1butat31 pug/l the taste of MTBE could be distinguished.
The avoidancetest with eel showed some attraction tothe MTBE-treated zoneat3oug MTBE/L

No data on the toxicity of MTBE toterrestrial organisms were identified.

With regard tothe environmental fate of MTBE, thesubstance was found tobe not readily
biodegradablein aquatic screening tests (OECD tests) in which only very limited biodegradation
wasobserved. Based on the physico-chemical properties of MTBE and constants for sorption to
particulates and organic matter, the substance is consideredtobe highly mobile in soil. The
bioconcentration potential of MTBE isinsignificant.

Thehigh vapour pressure of MTBE will lead to partitioning to the atmosphere when MTBE is
released tosurface waters or soil surfaces. If introduced into subsurface soils or to groundwater, e.g.
in connection with leakage from underground tanks or separation wells, MTBE may be fairly
persistent since volatilization tothe atmosphere is reduced significantly. Due toitsrelatively high
water solubility combined with little tendency to sorb tosoil particles, MTBE can be expected to
migrate tolocal groundwater supplies. Degradation of MTBE in groundwater aquifersis slow to
non-existentunder both aerobicandanaerobicconditions. If degraded, the primary degradation
product insoil and groundwater is TBA (Tertiary Butyl Alcohol).

At contaminated sites (petrol stations), MTBE hasbeen found in concentrations above 5 ug/l (the

limitvalue for drinking water) in slightly fewer than 50% of the cases. In wells n ot associatedwith
contaminated sites, the average concentration for allsamples where MTBE was detected peaked at
14 png/lin 2001 and then gradually fell, untilit was below 1 ug/lin 2009.
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Monitoring of MTBE in the effluents from municipal wastewater treatment plants performed as
part of the national Danish environmental surveillance programme (NOVANA) shows low levels of
MTBE, i.e. average values of 0.03-0.04 ng/l. NoDanish monitoring dataon MTBEin the natural
environment (soil, surface water, biota, ambient air) have beenidentified.

Human health effects and exposure

MTBEis of low acute toxicity via oraland dermal end inhalation routesin both humansandtest
animals. Effects observed in patients exposed to MTBE during treatment for gallstonesinclude
central nervous system effects and local burning sensations. The kidney isthe main target organ
after repeated dosing, in particular in malerats. MTBE is classified as a skin irritant butisnot
considered an eyeor respiratory irritant. MTBE has not been shown to cause sensitisation in two
guinea pig studies, considered sufficient in terms of, but not formally following, OECD guidelines.
There are noobservations available on sensitisation in humans.

MTBEis not considered a mutagen basedon results from a number of bacterialtestsand is
considered tobe of a non-genotoxicnature. Nofirm conclusions regarding the carcinogenic
potential of MTBE and the relevance for humans can be drawn based on the different
carcinogenicity studies. In conclusion, the rapporteur of the RAR considers MTBE as a borderline
case between non-classification and Carc.Cat.3 (limited evidence of carcinogeniceffect).

In the EU, MTBE is prioritised for further evaluation of endocrine disrupting effects. The Danish
Centreon Endocrine Disrupters has evaluated MTBE and concluded that MTBE should be
categorised asan endocrinedisrupter Category 1 according tothe Danish proposal on criteria for
endocrine disruptors.

Exposureto MTBE would occur primarily from itsuse asan additive in petrol. Because of the
voluntary agreementin Denmarkbetween industry and government to phase out MTBE in petrol,
exposurein Denmarkhasbeen reduced considerably since 2000. Only 31service stationsin

Denm ark offer 98 octane petrol containing MTBE and all are equipped with vapourrecoveryto
reduce the exposure. No Danish exposure values are available. The RAR estimates thatthenormal
concentration of MTBE during refuellingis 1,000-10,000 ng/m3. Thedurationisshort, e.g. between
1 and 5 minutes, and thefrequency is 2 -3 times per week at themost. The reasonable worst-case
(RWC) concentration is 300-29,000 ug/m3wherethe low end would correspond tothe MTBE-level
in petrol in Denmark.

Occupational exposure toMTBE in Denmarkis alsoprimarily related to exposure to MTBE-
containing petrol. Results from worst case measurements and EASE estimations of the identified
occupational exposures (RWC, 8 hour)takingintoaccount the low concentration of MTBE in
Danish petrol donot give rise toparticular concern when com paring with the occupational ex posure
limit. Usein the pharmaceutical industry is not expected toresultin any significant exposure.

Indirect exposurecan occur through air, drinking water and food. Nom easurements have been
identified for Denmark, buturban backgroundlevels are expected tobe lower than the average for
the EU. MTBE hasbeen identified in groundwater at contaminatedsitesin concentrations above
the water quality criteria. Estimated MTBE levelsin food do not indicate that MTBE is of concern.

Based on theavailable data,the RAR concludesthat at present there isnoneed for further
information and/or testing and noneed for risk reduction measures beyond those which are
currently being applied. Thisis alsotrueinrelation tocombined exposure.

Alternativesto MTBE
The alternatives described are all considered tobe technically relevant alternativesto MTBE. ETBE
and ethanol can be produced from biomass, where the evaluation of appropriatenessis specific to
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thesource of biomassused. The EU setsrequirements for thisin Directive 2009/28/EC on the
promotion anduse of energy from renewable sources.

The classification of the possible alternatives does not giveany indication of serious health effects or
environmentalimpacts. It should be noted, though, that the classification criteria donot include
endocrine disrupting effects and e.g. possible risk of groundwater contamination or negative
organolepticproperties of the substances and, hence, such aspects cannot be assessed through the
classification. However, none of the mentioned alternatives to MTBE are included on EU’s list of
substances with endocrine disrupting propertiesin Category 1. On the other hand, ETBE,
chemically closely related to MTBE, could be suspected of having similar properties e.g. with regard
to mobilityin soil.

Conclusions

MTBE is considered undesirable mainly due toits suspected endocrineeffects and very low taste
and odour thresholds. The current risk reduction measures ensuring minimum contamination of
the environment, including groundwater andexposure of workers, are therefore important to
upholdin the future. It isnoted that novalid data on possible endocrine effects of MTBE in the
environment hasbeen identified.

MTBE has previously been registered as a major potential groundwater contaminant, primarily at
service stations where petrol containing MTBE has been stored. These siteshave allbeen cleaned
upunder the programme carried out by the Environmental Fundof the Danish Oil Industry
Association, EOF; hence, the risk of further contamination from these sitesis considered limited.

Theimplementation of the Statuary Order on minimisation of risk of soil and groundwater
contamination at petrol stations (Statuary ordernr 555af09/06/2001) hastightened the
requirements for technical installations at petrol stations (e.g. storagetanks and pipelines) andthe
monitoring thereof. This tightening will reducethe risk of future groundwater contamination with
MTBE substantially, alongside thereduction of the use of MTBE in petrol and the number of sites
wheresuch petrol is sold. Thisreduction is assumed to continue despite the fact that the previous
voluntary agreement ensuring thisreductionisnolonger in force.

The classification of the possible alternatives to MTBE does not give any indication of serious health
effects or environmental impacts. However, the classification criteria donot include endocrine
disrupting effects and e.g. possible risk of groundwater contamination or odour /off-taste properties
of the substances and, hence, such aspects cannot be assessed through theclassification. None of
the MTBE alternatives are included on the EU’s list of substances with endocrine disrupting
properties (Category 1) but ETBE, chemically closely related to MTBE, could be suspected of having
similar properties e.g. with regard to m obility in soil.
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Sammenfatning og konklusion

Denne rapportomhandler stoffet m ethyl-tert-butyl-ether, normalt omtalt som MTBE, der eren af
de ialt 40 stoffer pa Miljestyrelsens Liste over ugnskede stoffer (LOUS). For alle disse stoffer
udarbejdestilsvarenderapporteriperioden 2012-2015.

MTBE er en v aske ved stuetemperatur, men nar sit kogepunkt allerede ved 55 grader Celcius.
Stoffet er meget mobiltijord og er kendt for at give afsmag og lugt selv i m eget lave koncentrationer
ivand. Hovedanvendelsen af MTBE er som tilsetningsstof (additiv) til m otorbenzin, hvor dets
primarefunktion er at gge oktantallet. MTBE har derudover en r &kke mindre anvendelser f.eks.
som rématerialetil fremstilling afisobutylen og som oplgsningsmiddel til visse synteser inden for
farmaceutisk industri.

Lovgivning oganden regulering

Lovgivningi Danmark og EUsamtandreformer for aftaler (f. eks. internationalekonventioner), der
relaterersig til MTBE er blevet gennemgaet som del af projektet. Det konkluderes overordnet, at
der kun i begraenset om fanger lovgivning i EU eller Danmark, der specifikt regulerer anvendelsen
af MTBE og eksponeringen af mennesker eller miljg for stoffet.

I EU-lov givningen angives et maksimalt indhold for MTBE i m otorbenzin (22 %), der ogsé er
implementereti dansklovgivning. Som felge af bekymring for mulig forurening af den danske
grundvandsressource blev deri Danmark i 2000 indgéet en frivillig aftalem ellem branchen og
Miljeministeriet, derindebar, at MTBE fremover kun maétte tilsettes 9 8-oktan benzin og kunblive
forhandlet pd etbegranset antal tankstationer. Aftalen eksisterer formeltikke leengere, men i
realiteten er situationen med hensyn tilanvendelse og salgaf MTBE-holdigbenzini Danmark
uandret. Der er ikke identificeret andre eksisterende eller planlagte initiativer i EU eller Danmark
til begraensning afanvendelsen af MTBE. Dog er der for 2 014 planlagt en stofevalueringaf MTBE
under REACH, som Frankrigvil vaere ansvarlig for.

P4 EU-niveauer der kun en vejledende graensevardifor eksponering i arbejdsmiljeet, mensder i
Danmarkfindes en egentlig graenseverdi, der erlidtlavere end EU-veardien. Desuden er deri
Danmark fastsatkvalitetskravfor MTBE i savel vandmiljeet som i grundvand/drikkevand.

Fremstilling og anvendelser

MTBE blev introducereti Europai1973som et middeltil athaeve oktantalleti motorbenzin, og har
veretanvendt udbredt til detteformaél ligesiden. Dog er forbruget gdetnedide senere ar, hvor
MTBEIi stigende grad er blevet erstattet af(bio)-ETBE (ethyl-analogen til MTBE) som folge afkrav
fra EUom, at et vist minimum afindholdskomponenterne i br eendstoffer skal veere produceret ud
fra fornybare ressourcer. Her er ramaterialet bio-ethanol (til ETBE) letteretilgengeligt og billigere
end bio-methanol (tilMTBE). Saledes er produktionskapaciteten for MTBE i EU-landene géet ned
fra 3,3 mill. tonsi2002til 1,8 mill. tonsi2010. Den reelle produktion vari 2010ca.1,6 mill. tons.

Der videsatder eksporteresen del MTBE ud af EU, men der er omvendt ogsé enimport til Europa,
primeaert fra USA. Det har dog ikke vaeret muligt at fa opdateredetal for denne import/eksport
specifikt for MTBE da Eurostat kun opger tallet for en samlet gruppe af acykliske ethere (heriblandt
MTBE).
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Som folge af den foromtalte frivillige danske aftaleom begreensning afbrugen af MTBE til 9 8-oktan
benzin er forbruget af stoffeti Danmark megetlavt, det samlede registrerede forbrug var séledes
mindreend4o00tonsi2o012,hvoraf omkring 14 tonsvar til andreformé&l endsom benzinadditiv.
Forbruget af 98-oktan benzin og dermed ogsé forbrugetaf MBTE i benzin solgti Danmark ventes at
falde y derligere i de kommende r.

De andreanvendelser af MTBE, som intermedizr ved syntese afisobutylen afhgj renhed samt som
oplesningsmiddel i farmaceutisk industri mv., er sdledes kvantitativt af begraenset bety dning ift.
anvendelsen som additivtil benzin, bade internationalt og i Danmark.

Affald

MTBE produceresikkei Danmark og om fanget af industrielle anvendelser (f.eks. i farmaceutisk
industri) er meget begraenset. MTBE-affald fra sddanne anvendelser skal bortskaffes og behandles
som farligt affald, almindeligvis ved destruktion ved forbranding pa et specialanlaeg. Anvendelsen
af MTBEiprodukter/artikler erirealiteten begranset til anvendelsenibenzin (98 oktan) og denne
resulterer kunimeget sm & maengder affald pa tankstationer (bundslam i tanke), der indsamles og
bortskaffeskontrolleret ved forbraendingligesom industrielt MTBE-affald.

Miljom zessige effekter og opfersel samt eksponering

De miljomessigeegenskaber ved MTBE er gennemgaet grundigti EU’s risikovurderingsrapport fra
2002, der fortsat anses for at vere gyldig og dekkende. MTBE u dviser retlav giftighed ov er for
vandorganismer med en laveste akut EC50 p& 136 mg/1for krebsdyret Mysidopsis bahia og en
lavestekronisk NOEC pa 26 mg/1 for den samme art. EU’srapport omtaler ikke mulige
hormonforstyrrendeeffekter af MTBE i miljoet og der er heller ikke fundet andre palidelige

oply sninger om dette emneilitteraturen.

P3 grund af den velkendte kraftige lugt og smag afstoffet i vand er der udfert en test for
undvigeadferd ("avoidance”) hos fisk (&l) tillige med en undersggelse af afsmag (“tainting”),
ligeledes med fisk (regnbuegrred) som undersggelsesobjekt. Afsmagsundersggelsen viste,at MTBE
kunnesm agesved et eksponeringsniveau pa 31 ug/l, menikke ved 15ug/1, men testen for
undvigeadfeerd med al pegede pa en vistiltreekning mod den MTBE-behandlede zone ved en
koncentration pad3opug/l

Der er ikke fundet oplysninger om giftigheden af MTBE over for terrestriske organismer.

Hv ad angar opfersel og skeebne af MTBE i miljget er stoffet fundetikke atvere let bionedbrydeligt i
akvatiske screeningstest efter OECD’s guideline, hvor kun m eget begreenset om dannelse kunne
observ eres. Ud fra stoffets fy sisk-kemiske egenskaber og begransede bindingsevne til partikler og
organisk stof vurderes MTBE at veere m eget mobilti jord. Stoffets potentiale for bioakkumulering
vurderes som megetlavt.

Pa grund afsit hgjedamptrykvilMTBE primert vaere atfindei atmosfaeeren nér det afgives til
overfladevand eller jordoverflader. Hvis stoffet slipper ud under jordoverfladen, f.eks. fra utette
benzinlagertanke, vil det vere ret persistent da muligheden for afgivelse til luft vil vaere begreenset.
Pa grund af MTBEsret hgje vandopleselighed og detslave binding tiljor dpartikler kan stoffet

forv entes at kunne for drsage forurening af grundvand. Det har vist sig, at MTBE ikke nedbrydes,
eller i hvert fald kun megetlangsomt, i grundvandsmiljeer. Hvis der sker en nedbrydninger det
prim arenedbrydningsprodukt stoffet TBA (tertizer butylalkohol).

I grundvandet under forurenedegrunde, hvor der har ligget benzintanke, er MTBE pavist i

koncentrationer ov er kvalitetskravet for drikkevand (5 pg/1) iopimod 50 % aftilfeldene. I
boringer, derikkevarrelateret til forurenede grunde, var gennemsnitskon centrationen af MTBE i
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allede prover, hvor stoffetblev pévist, 14 ug/li 2001, hvor niveauet var hgjest, men aftog herefter
gradvist til under 1 ug/li 2009.

I proverafrenset spildevand frarenseanleeg udtaget i forbindelse med det nationale
miljgovervigningsprogram, NOVANA, er MTBE kun pavistilave koncentrationer, dvs. 0.03-0.04
ng/l. Der erikke fundet datafor MTBE i miljeprever afjord, overfladevand, biologisk m ateriale
eller luft.

Sundhedseffekter og eksponering af mennesker

Den akutte giftighed af MTBE er lavi savel forsggsdyr som mennesker, bdde ved indidnding,
indtagelse gennem munden og optagelse gennem huden. Der er observeret effekter pa
centralnervesystemet samtlokalt en breendende fornemmelse hos mennesker, der er blevet udsat
direkte for MTBE i forbindelse med behandling med stoffet mod galdesten. Nyrerneer fundet at

v &re det primaere mélorgan ved gentagne udsettelser for stoffet, primart hosrotter af hanken.
MTBE er klassificeret som hudirriterende, men anses ikke for at virke irriterende pa gjet eller pa
adndedraettet. Der erikke fundet tegn pa sensibiliseringi studier med marsvin og der er ikke fundet
studier om sensibilisering af mennesker.

MTBE ansesud fra resultater af et antal bakterietest ikke for at veere et mutagent stof og det anses
for at v eere afikke-genotoksisk natur. Der har ikke kunnet drages definitive konklusioner mht.
eventuelle MTBEs kreftfremkaldende egenskaber ud fra de foreliggende undersogelser. IEU’s
risikovurderingsrapport for MTBE konkluderes det,at MTBE er et graensetilfaelde mellem ikkeat
kreeve klassificering og at kreeveklassificering som Carc.Cat.3 (mulighed for kraftfremkaldende
effekt) efter de gamleklassificeringsregleri Stofdirektivet (Dir. 67/548/EEC).

I EUer MTBE prioriteret med hensyn til evaluering af mulige hormonforstyrrende effekter. Det
danske Center for Hormonforstyrrende Stoffer har evalueret MTBE og konkluderet, at stoffet bor
kategoriseres som hormonforstyrrendei Kategori 1 i henhold tid det danske forslag tilkriterier for
hormonforstyrrende stoffer.

Hum an eksponering for MTBE hidrerer ov ervejende fra dets anvendelse som additiv til
motorbenzin. P4 grundafden tidligere eksisterende frivillige aftale mellem den danskeregering og
branchen om atudfase MTBE frabenzini Danmark, med undtagelse af 9 8 oktan benzin, er
eksponeringen faldet betydeligt siden 2000. Kun 31 tankstationer i Danmark selger 98 oktan
benzin med MTBE. Samtligedisse stationer er forsynet med systemer til genvinding af dampe for at
reducereeksponeringen. Der findes ingen danske data for eksponeringen.

I EU’srisikovurderingsrapport vurderes det, at den typiske koncentrationaf MTBE i lufteni
forbindelse med pafyldning er omkring 1,000-10,000 ug/ms3. Varigheden af eksponeringen afkort,
dvs. mellem 1 og 5 minutter, og frekvensen er maksimalt 2-3 gangeom ugen. Koncentrationeniden
sikaldte "reasonableworst-case” (RWC)er 300-29,000 pug/ms3, hvor denlaveende svarer til
indholdsniveauet for MTBE i dansk benzin (98 oktan). Resultater af estimeringer foretaget med
EASE-modellen (RWC, 8 timer) under hensyntagen til den lave koncentration af MTBE i dansk
benzin giver ikke anledningtil seerligbekymring nar der sammenlignes med den tilladte
grenseverdii arbejdsmiljoet. Anvendelsen af MTBE i farmaceutisk industri vurderesikke at give
anledningtilnogen betydende eksponering for stoffet.

Indirekte eksponering kan ske gennem luft, drikkevand og madvarer. Der er ikke identificeret
nogen danske maleresultater, m en baggrundsniveauet i danske by miljoer forventes at veere lavere
end gennemsnittet for EU. MTBE er pavisti grundvand under forurenede grunde i koncentrationer
over drikkevandskravet. Skegnnede niveauer af MTBE i m advarer antyder ikke, at stoffet skulle give
anledningtilbekymring.
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Pa baggrund afde eksisterende data konkluderes det i EU’s risikovurderingsrapport, at der for
gjeblikketikkeer behov for yderligere information eller testning eller for risikoreducerende tiltag
ud over dem, som allerede findes — ogsa i forhold til kom bineret eksponering.

Alternativer tilMTBE

De beskrevnealternativer tilMTBE vurderes alle at vaere teknisk relevante. ETBE og ethanol kan
produceres frabiomasse, hvor evalueringen af egnetheden vil vaere specifikift. oprindelsen af den
anvendte biomasse jf. kravene i EU’s direktivom biobrendstoffers beredy gtighed mv. (Dir.
2009/28/EF).

Klassificeringen af alternativerneantyder ikke, at der skulle vere alvorlige sundheds-eller
miljomessige effekter forbundet med nogen af dem. Det skal dog bemaerkes, atklassificerings-
kriterierne ikke om fatter h ormonforstyrrende effekter eller egenskaber knyttet til risiko for
grundvandsforurening eller afsmagi vand eller fadevarer, hvorfor sddanne aspekter ikke kan
bedemmesud fra stoffernes klassificering.

Konklusion

MTBE betragtes som “ugnsket” hovedsageligt pa grund af stoffets misteenkte hormonforstyrrende
egenskaber og megetlave teerskelverdier for lugt og smagi vand og fedevarer. De eksisterende
risikobegransendeforanstaltninger, der skal sikre minimal eksponering af miljoet, herunder af
grundvandet, og i arbejdsmiljeet, er derfor vigtige at opretholde fremover. Det bemerkes, atder
ikke er fundet palidelige data om eventuelle hormonforstyrrende effekter af MTBE i miljoet.

MTBE er tidligere blevetidentificeret som et potentielt hovedproblem i forhold til forurening af
grundvand, primeert om kring tankstationer, hvor der har veeret opbevaret MTBE-holdig benzin. De
forurenede tankstationsgrunde er alle blevet oprenset under det undersagelses- og
oprensningsprogram, der er gennemfort under Oliebranchens Miljopulje, og derfor vurderes
risikoen for yderligere forurening fra disse at vaere meget begraenset.

Im plementeringen af bekendtgerelse nr. 555 (2001) om forebyggelse afjord-og
grundvandsforurening frabenzin- og dieselsalgsanlegharbevirket en stramning af kravenetilde
tekniskeinstallationer pé tankstationer, herunder lagertanke og reorledninger, og tilmonitering
heraf. Disse stramninger vil, sammen med den stadig mindreanvendelse af MTBE-holdig benzin,
y derligere reducere risikoen for fremtidige grundvandsforureninger med MTBE. Det forventes, at
udviklingeniretning afetmindre salgaf MTBE-bezin vil fortsatte selv om den tidligere frivillige
aftalemellem branchen og regeringen formelt ikke eksisterer lae ngere.

Klassificeringen af de mulige alternativer til MTBE antyder ikke, at der skulle veere alvorlige
sundheds- eller miljomaessige effekter forbundet med nogen af dem. Det skaldog bem rkes, at
klassificeringskriterierne ikke om fatter hormonforstyrrende effekter eller egenskaber knyttet til
risiko for grundvandsforurening eller afsmagivand eller fedevarer, hvorfor sidanne aspekter ikke
kan bedem mes ud fra stoffernes miljo- og sundhedsklassificeringer. Ingen af alternativerne er
registreret af EU som v &rende potentielt hormonforstyrrende i Kategori 1, men ETBE, som er
kemisk neertbeslegtet med MTBE, kan forventes ogsa athave miljg- og sundhedsmaessige
egenskaber af samme karakter som MTBE (f.eks. med hensyn tilmobilitetijord).
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1. Introduction to the
substance

1.1 Definition ofthe substance

Methyl-tert-butyletheris commonly abbreviated to MTBE (tobe used in the reporthereafter) and
hasCASNo. 1634-04-4 and EINECSNo. 216-653-1. The [IUPAC name is 2 -m ethoxy-2-
methylpropane. It isa m an-made chemical with noknown natural sources.

TABLE 1
NAME AND OTHER IDENTIFIERS OF MTBE

ECnumber 216-653-1
CAS number 1634-04-4
Sy nonyms Methyl-tert-butylether (MTBE)

2-methoxy-2-methyl propane
Molecular formula CsH1:0

Molecular weight range 88.15

The molecular structureof MTBE is as follows:

GHs
CHg—0—C—CHs

CHg
MTBEis considered chemically stable (European Commission, 2002). It does not poly merize or
decompose under normal temperature conditions and, unlike many other ethers, doesnot tend to
form peroxides during storage.
MTBEis known tohave a rather strong, terpene-like odour and tastein water. The following odour
and taste thresholdsin water were used for the EU risk assessment of the substance (European
Commission, 2002):

Odour threshold: 15ug/l (reported range 2.5-190 pg/1)

Tastethreshold: 40ug/l (reported range 2.5-680 pg/1).
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1.2 Physicaland chemical properties
Some central physical and chemical properties of MTBE are presented in Table 3 below.

TABLE 2
PHYSICALAND CHEMICALPROPERTIES OF MTBE

Phy sical state Liquid ECHA 2013a*
Melting point /Freezing point -108.6°C Do.
Boiling point 55.3 °C Do.
Relative density 0.74g/cm3 (20 °C) Do.
Vapour pressure 33,000 Pa (25°C) Do.
Surface tension 19.3mN/m (25°C) Do.
Water solubility 41,850mg/L (20°C;pH7) | Do.
Log P (octanol /water) 1.06 (20°C;pH7) Do.

* http://echa.europa.ecu /web/guest/information-on-chemicals/registered-substances.

1.3 Function of MT BE for main application areas

The dominantuse of MTBE isasan additive topetrol, where its functionistoincrease the octane

rating ("octane booster"). MTBE belongstoa group of chemicals with this function known as fuel
oxy genates and was, until recently, them ost widely used of such oxygenatesinthe EU. It hasnow
been surpassed by the related ether ETBE.

Minor uses of MTBE include production of high-purity isobutylene and use as a speciality solvent
e.g. asprocessreaction solvent in the pharmaceutical industry (European Commission 2 002).

The European Commission (2002) states that 98.5% of the consumption in the EU (2.3 million
tonnesin 1998) isasa fuel additive, while 1.2%is used for the produ ction of isobutylene and only
0.3% asa solvent. During the last decade the consumption of MTBEis, however, believed tohave
decreased, mainly due tosubstitution by (bio-)ETBE (CONCAWE, 2012). Thisbeliefisduetothe
fact that fuel must currently have a certain minimum of com ponents originating from biological
materialandthatbio-ethanol is more easily available than bio-methanol (precursors of ETBE and
MTBE, respectively).
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2. Regulatory framework

Thischapter gives an overview of how MTBE is addressed in existing andupcoming EU and Danish
legislation, international agreements and by eco-label criteria. Appendix1 givesa brief, general
overview oflegalinstrumentsinthe EUand DKand how they are related. The appendix alsogivesa
briefintroductiontothe chemicalslegislation, explainsthelistsreferred toin section 2.1.3, and
providesa briefintroduction tointernational agreements and selected eco-labelling schemes.

2.1 Legislation
This section firstlists existinglegislation addressing MTBE and then provides an overview of on -
going or planned activitiesin relation tovarious REACH provisions.

2.1.1 Existinglegislation

Table 3 provides an overview of existing legislation addressing MTBE. For each area of legislation,
thetable first lists the EU legislation (if applicable) and then possible transposition of thisinto
Danish law and/or other national rules. Thelatter willonly be elaboratedupon in case of Danish
rulesdiffering from EUrules.

The EUlegislation regulating the marketing and use of MTBE specifically is sparse and consists
primarily of Directive 2009/30/EC on the specifications for petrol, diesel and gas oil, whichisan
update of Directive 98/70/EC. Thedirective establishes,among other aspects, them aximum
contentof MTBE (“ethers containing 5 or morecarbon atoms per molecule”) inmarketfuelat22 %
v /v (15%in theformer directive). However, other provisionsin the directive, e.g. the permissible

contents of oxy gen and ethanol, have anindirectimpact on the actual level of MTBE that can be
added tofuels.

Directive 2009/28/EC on the promotion of energy from renewable energy sources establishes a
targetvalue for Bio-MTBE in Annex III, accordingtowhich 22 % of the energy contentin MTBE
produced on thebasis of bio-m ethanol (35 MJ/kg) canbe considered to originate from renewable
resources (the targetisthat 10 % of the total energy usedfor transportation purposesistobe
produced from renewableresourcesin 2020).

In Denmark, Directive 2009/30/EC isimplemented in the national legislation by Statutory Order
No. 366 0of 15 April2011, while Directive2009/28/EC is im plemented by Statutory Order No. 1402
of 15 December 2009. As for the EU directives, the provisions on maximum contents of oxy gen and
ethanol have a bearing amongst other factors (such asXx,xx) on how much MTBE will be possible
to addtofuelsfor vehiclesin practice.

Wasteis currently not considered a major issuein relationto MTBE, as most of the MTBE usedin
vehiclesis combusted and thereby transformed (ultimately) to carbon dioxide and water. However,
Statutory Order No. 555/2001 does contain provisions for collection and m anagement of waste
(sludge and otherresidues) at petrol and diesel service stations, which would include9 8 octane
petrol containing MTBE.

tThisisa consequence of adecision to increase the permitted level of ethanol in gasolineto 10 % (to enable a higher content of
bio-fuel components in gasoline as required in EC directive 209/28/EC on energy from renewable sources), which corresponds
to 3.7 % oxy gen. This level of oxygen corresponds ap proximately to 22 % of “ethers containing 5 or more carbon atoms per
molecule”.
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TABLE 3

EU AND DANISH LEGISLATION ADDRESSING MTBE

Legal instrument *1

EU/n ational

Substances

Legislation addressing quality and use of MTBE

Requirements

Directive 98/70/EC on the EU Petrol and diesel fuels | Specification of max. contents of MTBE and
quality of petrol and diesel fuels includingMTBEand oth er oxygenates in market fuelsfor vehicles
other additives (AnnexI). Max. content 15%Vv/v.

Directive 2009/30/EC on the EU Petrol and diesel fuels | Updated version of 98/70/EC e.g. withregard

specificationsfor petrol, diesel including additives to specification of max. contents of MTBE and

and gas-oil oth er oxygenates in market fuelsfor vehicles
(AnnexI). Max. contentincreasedto 22 % v/v.

Statutory Orderno. 366 of DK Petrol and diesel fuels | Specification of max. contentsof MTBE and

15.04.2011 (implements Dir. includingMTBEand otheroxygenates in market fuelsfor vehicles

98/70/ECand 2009/30/ECin otheradditives (AnnexI). Max. content22 % v /v.

Danish legislation)

Directive 2009/28/EC on the EU Renewable energy Energy content of bio-MTBE (Annex IIT). Min.

promotion of the use of energy sou rces (bio-fuels) requirementstocontent of renewable energy

from renewable sources components in fuels for transport. A minimum
of 22 % should come from bio-m ethanol.

Statutory Order no. 1403 of DK Renewable energy The Danish statutory order does not

15.12.2009 on the sustainability sources (bio-fuels) im plementrequirementsto MTBE and related

of bio-fuels (implements Dir. ethersas mentioned in AnnexIII of the EU

2009/28/ECin Danish Directive.

legislation)

Statutory Orderno. 1432 of DK vVocC Requirements to installationsand

20.12.2012 on installationsand activities where organic solventsare used,

activities where organic solvents including pharmaceutical industry.

areused

Legislation addressing waste

Statutory Order No. 5550f DK Petrol and diesel for Amongothers, requirementsregarding

09.06.2001 on prevention of automobiles, which collection and management of storage tank

groundwater pollution from (may) contain MTBE | sludge and residues in oil separatorsat service

service stations stations.

Statutory Order No. 650 of DK MTBE (among many Groundwater criteria that must be complied

29.06.2001 on landfill facilities othersubstances) withat landfills (equal to drinking water

criteria, see Statutory Order No. 1024 below)

Legislation addressing emissions, and environmental and health quality criteria

Statutory Order No. 1022 of
25.08.2010 on requirements to
theenvironmental quality of
surface waters and to discharge
of pollutants to rivers, lakesor
thesea.

DK

MTBE (among many
othersubstances)

Environmental Quality Standards for the
aquatic environment:
AA-EQS for MTBE is 10 ug/L while MAC-EQS

isgoug/L
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Requirements ‘

Legal instrument *1 EU/n ational Substances
Statutory Order No. 1024 of DK MTBE (amongmany | Requirements tothe maximum contentof
31.10.2011 on water quality and oth er substances) MT BE in drinking water when leaving the
control of water works and water w aterworks, at the entrance tothe consumer’s
distribution facilities property, and at the consumer’s tap.

Th e maximum permissible contentis 5 g/l
Statutory Order No. 900 of DK MTBE (among many Precision and sensitivity of MTBE analyses in
17.08.20110n requirements to oth er substances) w ater compartments and sediments.

qu ality of environmental
analyses

Legislation addressing work with substances and materials

Directive 98/24/EC of 7 April EU MTBEis n ot specifically mentioned but is

1998 on the protection ofthe covered because it is classified as a dangerous

health and safety of workers chemical and itis and on thelist of

from the risks related to occupational limitvalues.

chemical agentsat work The Directive sets out rules for assessmentand
prevention of risks associated with hazard ous
chemical agents.

Danish Working Environment DK MTBEis n ot specifically mentioned but is

Authority Statutory Order No. covered because it isclassified as a dangerous

2920f26/4/2001 on Workwith chemical and itis and on thelist of

Su bstances and materials occupational limitvalues.

(implements Directive TheOrder setsoutrulesfor assessmentand

98/24/EC) prevention of risks associated with hazardous
chemical agents.

Directive 2009/161/EU on EU MTBE (among many Indicative occupational exposure limit for

indicative occupational othersubstances) MTBE: 50ppm (183.5 mg/m3)

exposure limit values.

Danish Working Environment DK MTBE (amongmany | Occupational limitvalue (8 hours) for MTBE:

Authority (AT) Statutory Order oth er substances) 40 ppm (144 mg/m3)

No. 507 of 177May 2011 on
occupational limitvalues for
substancesand materials

Legislation addressing major accident hazards

Directive 96/82/EC of9 EU Highly flammable The Directive applies at qualifying quantities
December 1996 on the control of substancessubstances | (tonnes) of MTBE of: 5000 tonnes (column 2)
m ajor accident hazards witha flash point and 50000 (column 3) and sets out rules for
involving dangerous substances lowerthan 21 ° C (note | prevention of accidents.

3(b)(2)
Statutory Order No. 1666 of DK Highly flammable Theorderappliesat qualifying quantities
14/12/2006 on "control of substancessubstances | (tonnes) of MTBE of: 5000 tonnes (column 2)
m ajor-accidenthazards witha flash point and 50000 (column 3) and sets out rules for
involving dangerous lowerthan 21 ° C (note | prevention of accidents.

substances”. (implements Dir.
9 6/82/EC in Danish legislation.)

3(b)(2)
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Danish Working Environment DK Highly flammable Theorderappliesat qualifying quantities

Authority Statutory Order No. substanceswith a flash | (tonnes) of MTBE of: 5000 tonnes (column 2)
20 of12/01/2006 on ”control point lower than21° C | and 50000 (column 3) and sets out rules for
withthe work environmentin (note 3(b)(2) prevention of accidents.

relation to major-accident
hazards involving dangerous

substances

*1 Unofficial translation of name of Danishlegal instruments.

Statutory Order No. 1022 0f 25 August 2010 on environmental quality standards and requirements
for discharges of polluting substances torivers,lakesand the sea establishes environmental quality
standards (EQS) for MTBE (among many other substances) in freshwater environments and marine
waters. Theannual average EQS (AA-EQS) for MTBE in both fresh and saltwateris 10 ug/Lwhile
theshort term EQS (MAC-EQS)is90 ug/L.

Statutory Order No. 1024 of 31 October 2011 0on water quality and control of waterworks and water
distribution facilities also com prises a threshold value for MTBE in groundwater/drinking water of
5 ug/L. Thisthreshold value for MTBE in groundwateris alsolistedin the annex to Statutory Order
No. 650 of 29 June 2001 on requirements for landfill facilities. It should be mentioned that thisisa
national Danish requirement regarding the quality of groundwater/drinking water, which is not
included in thecorresponding EC directives (9 8/83/EC for drinking water and 99/31/EC for the
landfill of waste).

The Danish EPA (2010) has published a list of environmental quality criteria for several chemical
substancesinsoilsand drinking water. There isat present no criterion for MTBE in soil, while the
criterion for groundwater/drinking wateristhesame as stated in Statutory Order No. 1024/2011,
i.e. 5 ug/L. However, itisstated thata level of max. 2 pg/Lshould be aimed for.

With regard tolimitation of air pollution from installations, the Danish EPA (2002, revised in
2008)hasissued a Guideline for Air Emission Regulation. Closely related tothis guideline are the
C-valueGuidelines, including the contribution values (in Danish: B-vardier). The C-valuefor
MTBEis 0.3 mg/ms3.

In the working environment, the Danish limit value for 8 hour exposure to MTBE is 40 ppm (144
mg/ma3) (Statutory Order No. 507 of 17 May 2011), whilethe corresponding indicative EU limit
value accordingtoDirective 2009/161/EUis 50 ppm (183.5 m g/m3).

2.1.2 Classification and labelling

The harmonised classification andlabelling of MTBE isshown in Table 4. It showsthatthe
substanceis a flammable liquid (cat. 2) and a skinirritant (Cat. 2). MTBE is not classified with
regard toenvironmental properties.

TABLE 4
HARMONISED CLASSIFICATION ACCORDING TO ANNEX VI OF REGULATION (EC)NO 1272/2008 (CLP REGULATION)

6 03-181-00-X tert-butyl methyl ether; 1634-04-4 Flam. Liq. 2 H225
MTBE; 2-m ethoxy-2- Skin Irrit. 2 H315
m ethylpropane
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The Classification of MTBE according tothe Dangerous Substance Directive (67/548 /EEC) is: F;
R11 and Xi;R38.

The majority of industrial classifications submitted to ECHA arein agreement with theharmonised
classification. An additional classification as Eye Irrit. 2 is suggested by 28 out of 1435 notifiers.
Otherwise, deviations are only with regard tothelabelling (choice of pictograms) and, therefore,
most likely duetotyping mistakes.

2.1.3 REACH

Substance evaluation

Table 5 showsthat MTBE is scheduled for REACH substan ce evaluation under the Community
Rolling Action Plan by 2014 with France as Rapporteur Member State. The suspected endocrine
disrupting properties com bined with the high tonnage/exposure potential are the grounds for
concern.

TABLE 5
SUBSTANCES IN THE DRAFTCOMMUNITY ROLLIN G ACTION PLAN, 2013-2015 UPDATE (ECHA, 2012)

1634-04-4 216-653-1 Methyl-tert-butyl | 2014 France Suspected Endocrine Disruptor;

ether Exposure/high tonnage and
exposure for workersand

consumers

Registry of Intentions

The Registry of Intentions by ECHA and Mem ber States’ authorities list theexisting proposals for
restriction, for harmonised classifications and labelling and for identifyinga chemicalasa
Substance of Very High Concern (SVHC). It alsoshows the possibl e intentions for introducing
further restrictions on the import, use and marketing of a substance.

Asof March 2013, MTBE isnot included in the Registry of Intentions.

Candidate list
Asof September 2013, MTBE isnot included in thecandidate list of SVHCs.

Authorisation List / REACH Annex XIV

Annex X1V isa list of substances requiring authorisation for continued use in the EU.

These substances are selected from the candidatelist. Aslongas MTBE isnot on the candidatelist,
it cannot beincluded in Annex XIV.

2.1.4 Other initiatives/agreements

Whereasthe official Danish legislation pertainingtothe use of MTBE in petrolisin accordance with
the EUlegislation, theactualsituation in Denmark is significantly different from thatin the other
EU Member States. This situation isdue toan agreement made in November 2000 (and renewed in
2004) between the Danish Oil Industry Association (OFS, 2000) and the Danish Ministry of
Environment, which came into effectin the summer of 2001. According tothe agreement, MTBE
andrelated ethers areonly allowed for usein 98 octane petrol. The background for the agreement
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wasa concernin the Ministry of Environment that the use of MTBE could pose a significant risk of
sev eregroundwater contamination as demonstrated in several cases, e.g. in California, USA. This
concernled tothe formulation in 1998 by the Danish EPA (Miljestyrelsen) of a nationalaction plan
for MTBE (Miljestyrelsen, 1998).

The agreement also significantly reduced the number of servicestations where9 8 octane petrol
could be purchased by establishing strict requirements on the technical standards of the stations
with regard toprevention, detection and collection of possible spills or leakages (Statutory Order
No. 555/2001).

However,duetojudicialissuesrelated topossible constraints tocom petition, around 2 005 the
Danish Competition and Consumer Authority expressed some reluctance concerningthe
agreement, which was therefore discontinued. However, in practicethe situation hassofar
continued unchanged on anindividual, non-formalised basis.

To the knowledge of the Danish Oil Industry Association (EOF, 2013, pers.comm.) there are no
other existing or ongoinginitiatives in other EU Member States regarding restrictions on the use or
sale of MTBE.

Furthermore, MTBE isincluded on the EUlist of substances with suspected endocrine disrupting
propertiesin Category 1: Substances for which thereis "evidence of endocrinedisrupting activity in
at least one speciesusingintact animals"2.

2.2 International agreements

Table 6 givesan overview of variousinternational agreements addressing the use, trade,
transboundary movementand/or emissions of hazardous chemical substances. Asappears from
thetable, MTBEisnot addressed as a specific substance by the listed conventions.

TABLE 6
INTERNATIONALAGREEMENTS ADDRESSING MTBE

OSPAR Convention MTBE Not addressed
HELCOM (Helsinki MTBE Not addressed
Convention)

Rotterdam Convention MTBE Not addressed
(PIC Convention)

St ockholm Convention MTBE Not addressed
Basel Convention MTBE Not addressed
Convention on Long-range MTBE Not addressed
Transboundary Air

Pollution (CLRTAP)

2 European Commission, DG ENV: http://ec.europa.eu/environment/endocrine/strategy /substances enhtm
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2.3 Eco-labels

MTBEis not addressed, either asa substance or a component of certain types of petrol, by the EU or
Nordic labelling schemes (the EU “flower” and the Nordic “Swan”). In general, petrol isnot a
product category being eco-labelled.

2.4 Summary and conclusions

EU and Danish legislation is targeted towards the use of MTBE in petrol and related human
exposure and environmental emissions during this use and waste handling. Atthe EUlevel, a limit
for the contentsin petrol for vehicles exists, which is im plementedinto the Danish legislation. In
addition tothis, a voluntary agreement was made in Denmarkin 2 000 between industry and the
Ministry of Environment according towhich MTBE was only tobe added to 98 octane petrol, which,
additionally, would only be sold at a limited number of service stations. Though this agreement
does not formally exist anymore, the situation isin reality unchanged with regard tothe sale and
use of 98 octane petrolin Denmark. Due tothe suspected endocrine disrupting properties and the
widespread use of MTBE in Europe,a REACH substance evaluation is planned for 2014.Noother
current riskmanagement activitieson MTBE have been identified.

In the EU, only an indicative Occupational Exposure Limit exists, whereas for the Danish situation,
alimitvalue for MTBEin air in the working environment hasbeen introduced (slightly lower than
the EUindicative OEL). Furthermore, official standards for MTBE concentrationsin fresh and
marine surface waters and in groundwater/drinking water have been established and are

im plemented through national statutory orders. This comesasa result of concernabout MTBE in
Denmark’s environment, leading tothe formulation of a National Action Planin 1998 and the
identification of the substance as “undesirable” (LOUS list).
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3. Manufacture and uses

3.1 Manufacture and use of MT BE

3.1.1 Manufacturing processes

AccordingtotheRisk Assessment Report (RAR) for MTBE published by the European Chemicals
Bureau (European Commission, 2 002), commercial production of MTBE started in Europe in 1973
andin the USA in 1979. MTBE manufacturing typically takes place in petroleumrefineries but also
in other organicindustrial chemical plants.

The principal way of sy nthesizing MTBE is by reaction of isobutene (isobutylene) with m ethanol
over anacidicion-exchange resin catalystunder pressureandat arelatively low temperature; 38-93
°C (thereactionisreversible and can alsobe used toprodu ce high-purity isobutene from MTBE). It
can alsobe sy nthesized from methanol, tert-butylalcohol (TBA) and diazomethane.

There are four different sources of isobutene for the MTBE synthesis:
e “Fieldbutanes”i.e. mixed butanesisomerised anddehydrogenated toyield isobutene;
e propyleneoxide;
e steam cracker C4s (where isobutene is simply extracted asa by -product from the
cracking),and
e fluid catalytic cracker C4s (very similar tosteam cracking).

The plants producing the two former feedstocks are often big, having capacities at or exceeding
500,000 tonnes/year (European Commission, 2002). The types of MTBE plants are:

e Refinery-based plants using Fluidized Catalytic Cracking Units (FCCU).

e Refinery-based plants using FCCU andraffinate feed.

e Merchant plants usingraffinate feed.

e  Merchant plants using TBA from propylene oxide production.

3.1.2 Manufacturingsites

In 1997, there were 25 com panies in Europe producing MTBE at 35 facilities in 11 different EU
countries. About 30 % of the total tonnageof about 3.0 million tonnes was produced in1997in The
Netherlands, while 18 % was produced in France, 13 % in Germany and 10 % in Spain (European
Commission, 2002). There hasnever been any production of MTBE in Denmark.

Theleading European oil producers’ environmental branch organisation, CONCAWE, reports that
in 2010there were about 55 facilities with fuel oxygenate production capacity in the EU, with50 %
of the production capacity waslocated in Germany, Franceand the Netherlands (CONCAWE,
2012). The twolargest production facilities arelocated in The Netherlands and France, each with a
capacity of close to 600,000 tonnes/year.

An overview of location and capacity of plants within the European Union producing MTBE, ETBE
and TAMEin 2010isgivenin Figure 1 below. Asseen, the production of MTBE is distributed
throughout m any European countries (15) with most of the production units being located in Italy,
Romaniaand the UK.
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FIGURE 1

OVERVIEW OF PRODUCTION FACILITIES FORMTBE, ETBE AND TAME IN EUROPE IN 2o010.
PRODUCTION CAPACITIES IN KTONNES/Y EAR. ACTUAL PRODUCTION VOLUMES MAY BE DIFFERENT.
COUNTRIES IN WHITE WERE NOT PART OF THE STUDY (REPRODUCED FROM CONCAWE, 2012).

Figure2 showstherecent trendsin the EU production capacities of MTBE, ETBE and TAME. As
seen, MTBE production capacity hasbeen reduced by almost 50% since 2002 and replaced by (bio-)
ETBE. See section 3.1.3 for actual production volumes.

GEO production capacity
TAME
12002
ETBE m2005
w2010
|
|
MTBE
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FIGURE 2

TRENDS IN THE PRODUCTION CAPACITIES OF MTBE, ETBE AND TAME IN THE EU, 2002 — 2010
(REPRODUCED FROM CONCAWE, 2012).
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3.1.3 Manufacturing volumes
MTBEis not, and never was, m anufactured commercially in Denmark. The Danish production

volumeiszero.

In the EU, theactual MTBE production volume in 1997 was 3,030,200 tonnes, of which 2,126,400
tonneswere consumed in the EUand 903,800 tonnes were exported (European Com mission,
2002).

The Fuel Ether REACH Consortium (FERC) formed for registration of MTBE in the EU has about
60 members with an accumulated volume of 1,000,000 — 10,000,000 tonnes/year. REACH
volumes coverimportto, aswell as manufacturingin, the EU. All individual submissions are above
the highest REACHtonnage trigger of 1000 tonnes/year. None of the consortium members are
located in Denmark.

TABLE 7
IDENTIFIED MTBE PREREGISTRATION WITH INDICATION OF REGISTERED TONNAGE AS OF JUNE 2013.

1634-04-4 | 216-653-1 | Methyl-tert-butylether | MTBE | Individual Submission:
10,000-100,000
Joint submission:
1,000,000-10,000,000

*1 Ch emical name according to pre-registration /registration.
*2 Asindicated in thelists of pre-registered and registered substances at ECHA’s website.

For each separate registration (which may cover more than one manufacturer) the registered tonnage is indicated.

In 2010, thetotal production capacity for petrol oxygenates (MTBE, ETBEand TAME)in the EU
was 6.05 million tonnesin total. More than 3.5 million tonnes of this capacity was for production of
ETBE, while that for MTBE was approximately 1.8 million tonnes. The production of ETBE has
increased dramatically since 2002, while MTBE production has declinedtoabout 6 0 % of the 2002
capacity (CONCAWE, 2012).

Accordingtothe EU RAR for MTBE (European Commission, 2002), the worldwide production
capacity in 1994 was 2 0.6 million tonnes/year. The actual worldwide production wasabout 15
million tonnesin 1995and about 21 million tonnesin 1999. Updated figures on worldwide
production havenot been identified.

An overview of the European production capacities for petrol ether oxygenates (GEO) in different
EU countriesis shown in Figure 3 below (CONCAWE, 2012).
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FIGURE 3
OVERVIEW OF PRODUCTION CAPACITIES FOR MTBE, ETBE AND TAME IN DIFFERENT EUROPEAN
COUNTRIES IN 2005 AND 2010 (REPRODUCED FROM CONCAWE, 2012).

Accordingtothe European Fuel Oxygenates Association, EFOA (pers.comm.,2013), the actual
production volume of MTBE in the EU was approx. 1.4 million tonnesin 2009, 1.6 million tonnesin
2010 and 2.0 million tonnesin 2011. EFOA did not have any information about theworldwide
production volume for MTBE.

The volume of MTBE produced inthe EUin recent years for uses otherthanasa fuel additiveisnot
known but ismuch lessthan this. The EU RAR (European Commission, 2002) mentions that the
volume of MTBE in 1997 usedfor other purposes was about 1.5 % of the total volume.

3.2 Importand export
3.2.1 Import and export of MBTE in the EU

Accordingtothe EU RAR (European Commission, 2002),theimportof MTBE tothe EU decreased
from 317,000tonnesin 1994 t0187,000 tonnesin 1997,and then increased againto291,000
tonnesin 1999. During the same period, the export of MTBE from the EU increased markedly from
207,000tonnesin 1994 t0935,000 tonnesin 1999. Eight-three percent of the exported volume was
exported tothe USA and Canada.

Specific, updated figures for the import /export of MTBE at the EUlevel have not been identified.

CONCAWE (2012)statesthat “detailed import and export numbers of GEO in the EU are currently
not known” (GEO = Gasoline Ether Oxygenates). However, it ismentioned thatin 2003, 539,000
tonneswere exported out of the EUwhile the corresponding import figure was 609,000 tonnes. A
peak import from the USA wasreached in 2006 (caused by thephasing-out of MTBE in petrol in
the USA3) atalmost 1,000,000 tonnes. In 2009, the import from the USAhad decreased to 250,000
tonnes.

3 In the USA, Congresspassed The Energy Policy Act in 2005 that removed the oxygenate requirement for
reformulated gasoline (RFG). At the same time, Congressalso instituted a renewable fuel standard. In response,
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European statistics on manufacture and import/export of MTBE on its own
Eurostat(2012) hasnofigureson the importand export of MTBE as a separatechemical substance,
only aspartofa group of various acyclic ethers with the CN8 code:

2909- Ethers,ether-alcohols, ether-phenols, ether-alcohol-phenols, alcohol peroxides, ether
peroxides, ketoneperoxides (whether or not chemically defined), and their halogenated,
sulphonated, nitrated or nitrosated derivatives.

Thisgroupisconsidered toodiverse touse for estimating import/exports of MTBE.
3.2.2 Import and export of MTBE in Denmark

Theimport of MTBE and other ethers asretrieved from Statistics Denmark (2013) isshownin the
table below.

TABLE 8
DANISH IMPORT AND EXPORT OF ETBE AND OTHER ETHERS (INCLU DING MTBE) (STATISTICS DENMARK, 2013)

29091910 Tert-butyl ethyl ether (ethyl-tertio-butyl- | 502.8 57.4 0.57 o 0 0
ether,ETBE)

29091990 A cyclic ethers and hal ogen-, sulfo, nitro- | 13,000 4,220 130.4 23.1 0 0
or nitrosoderivatives of these (except
diethyl ether and tert-butyl ethyl ether
[ethyl-tertio-butyl-ether, ETBE])

Accordingtoinformation obtained from the Danish Oil Industry Association (EOF, formerly named
OFS) (2013, pers. comm.), the importtoand export from Denmark of MTBE used as a fuel additive
hasdecreased considerably in recent years. Thus, thetotal importin 2007 was 30,077 tonnes while
thesamefigurein 2012 wasonly 3,985 tonnes. Most of this tonnage was re-exported in the form of
MTBE-oxy genated petrol formulated at Danish refineries. Com plete figures for the period 2 007-
2012 are provided in

Table 9 below.

According toinformation from the Danish Oil Industry Association (EOF, 2013, pers. comm.),
formulated 9 8 octane petrol isnot im ported to Denmark anymore.

therefinersmade a wholesale switch removing MTBE and blending fuel with ethanol. According to EPA's RGF
Survey Data, MTBE has not been used in significant quantities in RFG areassince 2005. A similar decrease in
MTBE usehas also been observed in conventional gasoline areas (US EPA,2013).
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TABLE 9
IMPORT/EXPORT FIGURES FOR MTBE USED AS FUELADDITIVE TO/FROM IN DENMARK, 2007 -2012.
SOURCE: DANISH OILINDUSTRY ASSOCIATION (EOF, 2013, PERS. COMM.)

MTBE 2007 30,077 28,977 1,100
2008 26,988 26,238 750
2009 13,435 13,035 400
2010 23,004 22,754 250
2011 11,698 11,498 200
2012 3,985 3,410™* 575"

* Approximate figures
** Exact figures, reported to the Danish Prodcut Registry in August 2013

3.3 Uses of MBTE

3.3.1 Uses of MTBE in the EU

Thevastmajority ofthe MTBE consumed inthe EUis used as an additive (octane booster) in petrol.
The EU Risk Assessment Report (RAR) for MTBE (European Commission, 2002) reports that98.5%
of thetotal volumeof MTBE produced inthe EUin 1997 was allocated tothisusage. Thecurrent EU
legislation (Directive 2009/30/EC) allows asmuch as 22 % content of MTBE in petrol (previously
only 15%); however, normally the percentage usedin petrolissignificantly lower (in Denmark

ty pically around 10 % in 98 octanepetrol). In the RAR, average contents of MTBE in 1997in different
European countries are presented that range from 0.2 % (Denmark4) to 8.5 % (Finland) with m ost
levelsbetween1.5and 4.0 %. Thelevelshave tendedtoincrease inlater years due tothe phasingout
of lead, restrictions on content of aromaticsin petrol etc. CONCAWE (2012) reports a median level of
4.25% in the period 2000-2009.

Of theremaining 1.5% of the consumption of MTBE in the EUin 1997 (correspondingtoabout
30,000tonnes), 1.2 % wasused for production of high-purity isobutene while thelast 0.3 % were
for differentusesasa solvent, e.g.inthe pharmaceutical industry (all these uses considered tobe in
closed sy stems). Minor application areas include use as chromatographic eluentand asa
therapeutic agent for in vivo dissolution of cholesterol gallstones in humans (European
Commission, 2002).

3.3.2 Uses of MTBE in Denmark

Theusesof MTBE are, in principle, thesame asin the EUin general. However, duetothe voluntary
agreementin Denmark in 2000 (renewed in 2004) between industry and the governmentto phase
out theuse of MTBE in petrol except in 9 8 octane petrol, therelative distribution of the total
consum ption of MTBE in the main use categories differs slightly from the EU figures mentioned
above.Today, thereislimited use of 98 octane petrolin Denmark, which is only for saleat31
service stations nationwide (EOF, 2013).

Thus, the total amount of MTBE im ported to Denmark in 2012, asregistered by the Danish Product
Register (2013)5, was approx. 391tonnes, of which 377tonnesor 96 % wasregistered in the

4 The percentage is so low for DK because the amount of MTBE is compared to the total amount of petrol used in
Denmark, and not only to the small fraction to which MTBE was actually added.

5 The Danish Product Registerincludes substances and mixtures used occupationally and which contain at least
on e substance classified asdangerous in a concentration of atleast 0.1%t01% (depending on the classification
of thesubstance). MTBE isonly classified as a Class 2 Skin Irritant. For the other non-classified substances, the
registration will only occurifthey are constituents of mixtures which are classified and labelled as dangerous
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categories “fuel” and “fuel additives”. The remaining 14 tonnes (4 %) were registered under a
number of different categories, primarily different usesasa solventor as “raw material”. There isa
currentuse of MTBE in Denmark as a process solv ent in a few specific productions within the
pharmaceuticalindustry (Danish EPA, 2 013, pers. comm.).

It isnoted thatthere is a significant discrepancy between the figure for consumption asa fuel
additive in Denmark provided by the Danish Association of Oil Industries, EOF (

Table 9),and the figures registered by the Danish Product Register (PR). The reason for this
discrepancy appearstobe an error inthe reporting of datatothe PR (Statoil, pers.comm. 2013).
Updated figureshave been reported tothe PR after the data collection for this report was finalised
(see, however, the corrected figures for 2012in

Tableg).

3.4 Historical trendsin use

The production and use of MTBE as a fuel additive inthe EU peaked in the late 1990sbut now
tendstobereplaced by ETBE in several countries, which isreflected in the MTBE consumption
being only slightly morethan 50 % of the consumption 10-12years ago. In Denmarkthe use and
consum ption of MTBE as a fuel additive has decreased significantly following the voluntary phase-
out agreement between the oil industry andthe Danish governmentin 2000, and today the
consumption isonly a small fraction of what it wasbefore2000.

No information hasbeen obtained on the historical trendsin use for the various application areas
for MTBE other than asfuel additive.

3.5 Summary and conclusions

MTBEwasintroduced as an octanebooster for petrol in 1973 in Europe and hasbeen applied
extensively for thisuse sincethen; however,in recent years the consumption has decreased as
MTBEis gradually being replaced by (bio-) ETBE. This decrease ismainly due tothe introduction of
EU requirementsregarding contentsin fuel of com ponents produced from renewable sources such
asbio-ethanol, whichisa precursor of ETBE and is m oreeasily available than bio-m ethanol
(precursor of MTBE). Thus, the production capacity of MTBE in the EU has decreased from about
3,300ktonnesin 2002 toabout 1,800 ktonnesin 2010. Some of the produced MTBE is exported
outsidethe EUbutthereisalsoanimporttothe EU, primarily from the USA.

Other usesof MTBE, e.g. asan intermediate in the production of high purity isobutylene or asa
process solventinthe pharmaceuticalindustry, are quantitatively only of minor importance
compared tothemain use asa petrol additive (in therange of 1 -2 %).

Duetoa voluntary agreement between industry and the Danish government, the use of MTBE in
petrol in Denmark has since 2000 been restricted to9 8 octane petrol, sold only ata verylimited
num ber of service stations. The agreement is now formally discontinuedbut the situation remains

duetothepresence of other constituents. The data consequently do not provide a com plete picture of the
presence of the substances in mixtures placed on the Danish market. On the other hand, for substances included
in mixtures used for formulation of other mixtures in Denmark (e.g. those included in raw materials used for
production of paint), the quantitiesmay be double-counted as both the raw material and the final mixture in the
register. Asstated above, the amounts registered are for professional use only, butfor substancesused for the
m anufacture of mixtures in Denmark, the data may still indicate the quantities of the substances in the finished

products placed on the marketboth for professional and consumer applications.
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unchanged and the annual consumption of MTBE for use in petrol is only a few hundred tonnes.
The consumption of MTBE in Denmark for other purposestotalled about 14tonnesin 2012.

Updated information on im port/export of MTBE in the EU hasnotbeen possible toobtain.
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4. Waste management

4.1 Waste from manufacture and industrialuse of MT BE
Thereisnomanufacture of MTBE in Denmarkand therefore nowastegeneration from processes
related tothesynthesis and production of the substancein Denmark. Neitheristhe use of MTBE as
a chemicalintermediateto produce high-purity isobutylene relevant to Denmark.

Theindustrial applications of MTBE alsoinclude use as a process solventin the pharmaceutical
industryand as a solv ent and chromatographiceluentin laboratories. MTBE-containing waste
from these uses must, according to Danish legislation, be disposed of ashazardous waste.

4.2 Waste products from theuse of MT BE in mixtures and articles
Thevastmajority of MTBE isused as an additive to 9 8 octane petrol. By thisuse, MTBEis
combusted and thereby transformed towater and carbon dioxide; therefore, theuse asa fuel
additive doesnot in itselflead to generation of waste. However, at servicestations selling 98 octane
petrol, a limited amount of water and sludge may build up in storagetanks ov er time (perhaps100-
200 litresin one tank) and willbe removed when needed; however, typically only once every 10th
yearinconnection with the mandatoryinspection of the tanks according tothe current Da nish
legislation (EOF, 2013, pers.comm.)®. Such waste is classified ashazardous wasteand, in Denmark,
will typically be transported toNord A /S (formerly named Kommunekemi) for destruction by
incineration, thereby not generating amounts of waste for disposal of any practical significance.

The EURAR (European Commission, 2002) mentions that MTBE is alsoused therapeutically to
dissolve cholesterol gallstonesin humans in vivo. Thisis considered tobe a very minor use of
MTBE, not leadingtowastegeneration of any significance (waste would be disposed of as
hazardouswaste).

1. Release of MT BE from waste disposal
Based on the above, it is estimated that virtually no MTBE is disposed of aswaste and, hence,
release from waste disposalis not a relevantissue for this chemical substance.

4.3 Summary and conclusions

MTBE is not manufactured in Denmark and the extent of industrial uses (e.g. as process solvent)is
limited. MTBE-waste from such uses should be handled ashazardous waste and destroyed by
incineration. The use of MTBE in mixtures and articles, actually mainly including 9 8 octane petrol,
only resultsin smallvolumes of waste at service stations, which is subject tocontrolled collection
and subsequent destruction similar toindustrial MTBE-waste. The vast m ajority of MTBE will be
combusted duringitsuse asa petrol additive.

6 Statuary order no. 555 of 09.06.2001 on prevention of soil and groundwater contamination from service stations contains
requirements for measuring of liquid volumes in oil separators and r elated alarms which may trigger emptying at more frequent
intervals.
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fate

5.1 Environmental hazard

5.1.1 Environmental classification

None.

5.1.2 Effectsin the aquaticenvironment

The EU RAR for MTBE (European Commission, 2002) finds thatthere is a reasonable amount of

Environmental effects and

data from studies of an acceptablequality available for assessment of effects of MTBE in the aquatic

environment. Anoverview ofthe resultsof the main studies, allwith endpoints based on measured
concentrations, is presented in Table 10 below.

TABLE 10

OVERVIEW OF DATA ON TOXICITY OF MTBE TO AQUATIC ORGANISMS IN LABORATORY STUDIES

(DATA FROM EUROPEAN COMMISSION, 2002).

Fish, Pimephales promelas 96, flow-through or )
freshwater static renewal LCs0 672-980"
Onchorhynchus mykiss 96 h, flow-through LC50 887
Lepomis macrochirus 9 6 h, flow-through LCs0 1054
Pimephales promelas 7 days, static renewal NOEC 234
Pimephales promelas (eggs) | 31 days, flow-through | IC20 279
Fish, marine Menidia beryllina 9 6 h, static renewal LC50 574
Gasterostus aculeatus 9 6 h, flow-through LC50 929
Cyprinodon v ariegatus 96 h, flow-through LCs0 1358
Invertebrat Daphniamagna h. flow-thr r
fr esilv:abtei - ’ ’ jtiti:: anewalough ’ EC50 4726817
Cerodaphnia dubia 4 8 h, static renewal LC50 340
Daphniamagna 21 days, flow-through | NOEC 51
Invertebrates, | Mysidopsis bahia 9 6 h, flow-through EC50 136
m arine Five other marine species 9 6 h, flow-through EC50/LCs50 150-306
Mysidopsis bahia 2 8 days, flow-through | NOEC 26
Algae Selenastrum capricornutum | 96 h, static ErCso 184
Selenastrum capricornutum | 96 h, static IC20 103

*

Summary of four studies (3 of 4 were flow through)
** Summary of three studies (1 flow through)
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It appears from the above data that, whereas the toxicity of MTBE to freshwater and m arine species
of fish seemstobe approximately the same, the substance tends tobe m ore toxic tomarine species
of invertebrates than to freshwater species. The toxicity level for algae corresponds tothe toxicity
for marine invertebrates. In any case, theecotoxicity is solow thatit does not qualify for
environmental classification of MTBE with respect toaquatictoxicity.

Therefore, the critical endpoints are the acute EC50 of 1 36 m g/ for the marine invertebrate
Mysidopsis bahia and the corresponding chronic NOECof 26 mg/1 for the same species.

Based on the data presented above, the EU Com mission (2002) calculatesa PNEC of 2.6 mg/1 for
the aquatic compartment.

In an addendum tothe EU RAR (European Commission, 2003), results of a fish tainting study and
a fish avoidance test with MTBE are presented:

The fish tainting test was carried out with rainbow trout (Onchorhynchus mykiss) and showed that
it waspossible totaste MTBE in fish exposed toa concentration (measured) of 31 pug/l at a
significancelevel of 5 %, while no such effect could be distinguished at an exposure level of 15 pg/l.

Possible avoidance behaviour was studied in a flow-through test with juvenile stages of eel
(Anguilla anguilla) exposed to a concentration of MTBE in water of 30 pg/l. The eelswere allowed
to mov efreely between the fully exposed zone (“impact zone”) and a control zone with clean water
(and a mixed zone in between). A significant difference in the distribution of the eelsbetween the
twozoneswasnoted; the eels were significantly more presentin the exposed zone thanin the
control zone.

Thus, the eel, a speciesknown tohavea very sensitive olfactoric system, apparently does n ot show
avoidance behaviour at the concentration tested (rather the opposite). However, as eels are known
tobeattracted toorganic moleculesit cannotbe excluded that other species with different feeding
behaviour would try toavoid MTBE exposure.

The RAR (European Commission, 2002) does not contain any data or m ake mention of information
on endocrine-disrupting effects of MTBE in the environment and nov alid information on thisissue
hasbeen identified in other data sourcesidentified and reviewed in this project.

5.1.3 Effectsin theterrestrial environment

The EURAR (European Commission, 2002) does not identify any data on the toxicity of MTBE to
terrestrial or soil dwelling organisms. Therefore,a PNEC for the soil com partment was calculated
using aquatic data and theequilibrium partitioning m ethod. Using this method, a PNEC sor, of
0.730 mg/kgwwtwas determined.

It isalsoconcluded that duetothelow bioconcentration factors (BCFs) of MTBE (calculated and
measured), secondary poisoningis not likely.

5.1.4 Effectsin the air compartment

MTBEis considered tobe only a negligible contributor todepletion of ozone (European
Commission, 2002). There isnoinformation about MTBE as a greenhouse gas.
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5.2 Environmental fate

5.2.1 Partitioning/distribution

Basic physico-chemical properties of MTBE (see section 1.2) of relevance for the assessmentof the
distribution in theenvironment aree.g. the vapour pressure, the water solubility and the octanol -
water partitioning coefficient.

From the vapour pressure andwater solubility, a Henry’s Law Constant, H, of 56.7 Pa-m3/mol at 20
°C isderived (there are measured values between 43.8 and 53.5 Pa-m3/mol) indicating that MTBE
volatilises easily from water toair (European Commission, 2002).

Using a level 1 fugacity m odel, thetheoretical distribution between the main environmental
compartments wasfoundtobe 93.9 % in air, 6.05% in waterand 0.05 % in soil. Atlower

tem peratures, the fraction in air will be lower and the fraction in water correspondingly higher
(European Com mission, 2002).

Phy sisorption is the dom inant sor ption m echanism for MTBE while chemisorption is not expected.
Some sorption on minerals willtake place but sorption toorganicmaterial is a more significant
process. The organic carbon normalised partitioning coefficient between water and soil, Koc, is
estimated by QSARtobein therange 9-12, which indicates a high potential for m obility in soil with
aresulting highlikelihood of groundwater contamination in case of spills or tank/pipelineleakages
(European Commission, 2002).

5.2.2 Fatein the aquaticenvironment

The EURAR (European Commission, 2002) concludes, based on results from the OECD 301D d
tests (Closed Bottle test), that MTBE is not readily biodegradablein water. In one of the tests
conducted, nodegradation atall was observed after 28 days (the duration of the test) whilein
anothertest, 1.8 % degradation was observed after 28 days. Nodata on inherent biodegradability
areavailable.

Somenon-standard tests indicate that aerobic biodegradation can take place tosome extent,and in
a few casesevenrapidly, under favourable conditions (high density of bacteria, rather high MTBE
concentration)by special groups of microorganisms adapted to MTBE. A major degradation
product was found tobe tert-Butyl alcohol (TBA). Under anaerobicconditions in water/sediment
sy stems, MTBE was found todegradeslowly in one study (152 days)and not atall in another study
after 249 days.

Based on analogy with other ethers, the potential for bioconcentration appearstobe minor. In a
Japanese study using Japanese carp and a flow-through water system with exposure over a 4 -week
period, it was foundthat thehighest m easured BCF for wholetissue was 1.5 (Fujiwaraet al. 1984).
Following theend of exposure, tissue levelsrapidly declined. A BCF of 3 was estimated from
octanol /water partition coefficients for the fathead minnow (ASTER 1995; Veith and Kosian 1983).
Based on these results, the bioconcentration potential for MTBE may be rated asinsignificant.

5.2.3 Fatein soil and groundwater

Thehigh vapour pressure of MTBE will lead to partitioning tothe atmosphere for MTBE releasesto
surface waters or soil surfaces. In model systems, half-lives (first-order kinetics) in moving water
havebeen estimated in theneighbourhood of 4.1 hours. Ifintroduced into subsurface soils or to
groundwater, e.g. in connection with leakage from underground tanks or separation wells, MTBE
may be fairly persistent since volatilization totheatmosphere is reduced significantly. Where MTBE
isintroduced as part of a petrol mixture from the above mentioned sources, its relatively high water
solubility combined with low tendency tosorb tosoil particles canbe expectedtoencourage
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migration tolocal groundwater supplies. This resultis accordance with the findings described in
Section 5.3.1.

Degradation of MTBE in groundwater aquifersis slow tonon-existent (Dakhel et al. 2003).
Biodegradation of MTBE hasbeen observed under both aerobic and anaerobic conditionsin
laboratory tests, and the US EPA (2000) concludes anaerobic degradation of MTBE tobe difficult.
The European Commission (2002) also concludes that biodegradation of MTBE in soil under
aerobic and especially anaerobic conditionsis slow, and favorable conditions for degradation are
difficulttoattain. Theprimary degradation productin soil andgroundwateris TBA (Tertiary Butyl
Alcohol), but fewinvestigations of contamination by MTBE includethe degradation products
(Smithet al, 2002). See chapter 7 (alternatives to MTBE) for properties of TBA.

5.2.4 Fatein the atmosphere

MTBEis degraded by photo-induced hydroxylradicalsin air with a half-life of 3-7 days while
photolysisisnot animportant mechanism (CONCAWE, 2 012). The main degradation productis
tert-butylformiate; minor amounts of methylacetate, acetic aldehyde and formaldehyde are
formed. These substances are allnaturally occurring substances and can be considered general
VOCs.

5.3 Environmental exposure

5.3.1 Sources of release

Releases from service stationstoairare related tofilling tanks with 9 8 octane petrol. Total
evaporative lossestoair during refuelling of carsison the order of 0.15 kg/tonne petrol when
vapourrecovery systemsare used, asisthecase at modern service stationsin Denmark. With an
MTBE content of approx. 10 %, this correspondstoapprox.30kg MTBE per year.

The emission of MTBE toair while filling up with petrol containing MTBE has been registered by
Hartle (1993)asbeing1to4 ppm in thebreathingzone and 0.001 to 0.1 ppm inside the car (1 ppm
= 3.57 mg/m3). The Health Effects Institute in the US (2004) m easured concentrationsin the
breathing zone of 0.2 to1.5 ppm. The Finnish Occupational Health Institutem easured average
concentrationsof MTBEin the air atservice stations of around 0.001 ppm in 1996, when MTBE in
petrol was common (Vainiotaloet al, 1996).

Astheprimaryuse of MTBEin Denmarkhasbeen asan oxygenate in petrol (since 1985), MTBE is
closely related tothe risk for soil and groundwater contamination in connection with service
stations etc. where petrol is stored.

Since 2001, MTBE has only been inuse in 98 octane petrol, which isused by a limited number of
cars. The number of service stations providing 98 octane petrol hastherefore been reduced
substantially. In 2002, 128 servicestations wereregistered, distributed across the country. Thenew
regulation regarding the control of contamination at petrol stationsis expected toreduce the
present and future risk for petrol contamination at these stations. According toinformation from
the sector,the number of service stations providing 98 octaneis 31 at present (EOF, 2013).

Based on statistics from Energi-og Olieforum (EOF, 2013), the total consumption of automotive
petrol fell from 1.99 mio.m3in2011t01.85mio. m3in 2012, while the consumption of 98 octane
petrol decreased from gooom3in 2011to2000m3in2012.

Accordingtoinformation from the oil companies that refine oil in Denmark, one of them nolonger
uses MTBEin their products, whilein 2012 the other reduceditsusetolessthan 20 % of whatit
wasin 2007. Based on recent information from EOF, 9 8 octane petrol isnot imported to Denmark
any longer,and hasnot been for a while.
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Twosurveyscarried outin 2003 and 2006 (for Funen County and the Danish EPA, respectively,
Funen County, 2001) showed that MTBE could be found in groundwater at more than 80 % of the
closed down service stations and approx.75 % of the service stations in use. The surveys also
showed thatat approx.75 % of the stations surveyed, the concentration of MTBE in thegroundwater
wasabove the water quality criteria of 5 ug/1. Atalmost all of the stations where MTBE was found,
the contamination extended beyond the site borders.

Therelease of MTBE tosurface waters from treatment plants for urban wastewater islimited, as
reflected in theverylow levels observed in the effluents from such plants (e.g. reported in “Point
Sources 2011” by Naturstyrelsen, 2012), see section 5.3.4.

No data havebeen identified on the contentin road runoff from separateoutlets.

5.3.2 Environmental monitoring, air
MTBEis not included in the Danish environmental surveillance programme, NOVANA, for the air
compartment. Noair monitoring data have been identified.

5.3.3 Environmental monitoring, soil and groundwater
Duetothe properties of MTBE?, analysis for thesubstance is generally not carried outin soil.

In 2006, Oliebranchens Miljepulje (the Environmental Fund of the Danish Oil Industry
Association, EOF) reportedtothe Danish EPA abouttheir findings of MTBE in relation to
contaminated petrol station sites. Thefindings are summarised in Table 11. The costs are not only
related totheclean-upof MTBE, but also other contaminants.

TABLE 11
SUMMARY OF MTBE FINDINGS IN DANISH GROUNDWATERAT CONTAMINATED SERVICE STATIONS
AND TOTAL CLEAN-UP COSTS (NOT ONLY MTBE) (OM, 2006)

<5 38 82 464,000
5—-30 9 16 622,000
30-100 6 19 699,000
100 — 1000 16 16 770,000
1000-10,000 6 9 1,392,000
>10,000 4 8 1,715,000
Total 79 150 625,000

Ascan be seen from the table, 48 % of the samples were above thequality criteria of 5 ug /1. Thisisa
smaller percentagethan theone registered by the authoritiesin 2002 and 2003 (see 5.3.1). The
report does not provide information about the number of casesin which MTBE was detected in
concentrations above the detection limit (= 1 ug/1) but below thequality criterion (5 ug/1).

In 2011, GEUS (Geological Survey for Denmark and Greenland) carried outa study for the Danish
EPA with theaim of investigating the information in the JUPITER database with respecttothe
presence of a number of organic contaminants in Danish groundwater and their development over

7High solubility and low sorption
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time (Briisch &Villholt, 2011). One of the objectives was to evaluate the results of the effort to
reduce impact from point sources. MTBE was one of the contaminants investigated.

GEUS hascom piled data from the GRUMO database of projects. For the whole period investigated,
1997t02009, MTBE hasbeen analysed approx. 7300 times and been identified in slightly more
than1oo00occasions. The number of water samples analysed per year has varied substantially. In
2001, where the largest number of sam ples was analysed (1979), MTBE was found in app. 5 % of the
samplesandin concentrations above the water quality limitof 5 ug/lin 0.5% of the samples. In the
earlieryears, this percentage wasbetween 1 and 3 %, while during thelast 3 years of the period it
hasbeen below 1 % on average.

In the whole period, MTBE hasbeen foundin 409 wells, corresponding toapprox. 12 % of the wells
analysedfor MTBE. The wells encompass both water supply wells and monitoring wells.

The dev elopment in average concentrations for the samples analysed can be seen in Figure 4. In this
figure, data from investigationsrelated tocontaminant cases are not included. It can be seen from
thefigure that the average concentration has decreased over time.
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FIGURE 4

DEVELOPMENT IN AVERAGE CONCENTRATION OF MTBE IN DANISH GROUNDWATER PER YEAR FOR SAMPLES
WHERE MTBE WAS FOUND FOR THE PERIOD 1998 TO 2009. SAMPLES FROM CONTAMINATED SITES EXCLU DED.
DATA FROM THE JUPITER DATABASE. THE BLUE CURVE SHOWS THE AVERAGE CONCENTRATION OF ALL SAMPLES
WHERE THE CONCENTRATION WAS BELOW 100 uG/L (841 SAMPLES), AND THE RED CURVE SHOWS THE
DEVELOPMENT IN THE AVERAGE OF ALLSAMPLES WHERE THE CON CENTRATION WAS BELOW 10 pG/L (760
SAMPLES).

MTBEis measured as partof the general survey of groundwater quality in Denmark. The extent
(number of wells, number of sam ples) varies from year toyear. Only one water supply has
registered MTBE atleast 5 timesin the period from 2006 to2 010 (GEUS, 2011).

Similarresultshave beenregistered in other EU countries wheremonitoring for MTBE hasbeen
carried out, e.g. Finland and the UK (European Commission, 2002).
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5.3.4 Environmental monitoring, effluents and surface water

MTBEis included in the national Danish environment and nature surveillance programme,
NOVANA, for the period 2011-2 0151n the categories "point sources" (WWTP effluents) and
"streams" (NOVANA, 2011).

In the preceding national surveillance programmefor theaquaticenvironment, NOVA 2003, MTBE
wasincluded inthecategories "groundwater”, "streams”, "lakes", "WWTPs" (effluent and sludge)
and "stormwater" (Miljgstyrelsen, 2000).

The most recent monitoring data concerning municipal wastewater treatment plants (MWWTP)
from the NOVANA programme are shown in the table below.

No data on contents of MTBE in separate rainwater outlets (road runoff etc.), industrial effluents or
watercoursesin Denmarkhave been identified.

TABLE 12
MOST RECENT MONITORING DATA FOR MTBE IN OUTLET FROM POINT SOURCES FROM THE NATIONAL DANISH
MONITORING AND ASSESSMENT PROGRAMME

MTBE WWTP 40 (6) 0.03 0.00 2011 Naturstyrelsen,
2012

MTBE WWTP 36(8) 0.04 - 2004 Miljostyrelsen,
2005

*1 Number of positive samplesin brackets
<d.l.: Below detection level. n.i.: not indicated

It isoutside the scope of thisreport tosummarise MTBE m onitoring data from outside Denmark.

5.4 Environmental im pact

The EUrisk assessment of MTBE (European Commission, 2002) concludesthatonly withregardto
intermittent releases tosurface water from terminal site storage tankbottom water istherea need
for limiting the environmental risks. The RAR identifies a need for more information to adequately
characterise the risks tothe aquaticecosystem regarding the emission of the substance tosurface
water, more specifically a need for investigation of avoidance behaviour in fish. Thisissue has,
together with tainting of fish, been addressed in an addendum tothe RAR. Eels were found tobe
somewhat attracted to MTBE at the tested concentration of 30 pug/1.

MTBE has previously been registered asa major potential groundwater contaminant, primarily at
service stations where petrol containing MTBE hasbeen stored. The impactisrelated tothe odour
and taste thatthepresence of MTBE givesrise to, rather than toxicity. Since MTBE is barely
degradable in the groundwater aquifer, if atall, contaminant plumes can spread tolarge areas and
be maintained for a longtime.
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5.5 Summary and conclusions

The environmental hazards of MTBE were reviewed in the 2002 EU Risk Assessm ent Report
(RAR), whichisstill considered valid in terms of MTBE properties. MTBE isnot very toxicto
aquatic organisms, the lowest acute EC50 being 136 mg/1(Mysidopsis bahia, m arinecrustacean)
andthelowest chronicNOEC being 26 mg/1for the same species.

In an addendum tothe RAR, a tainting study and an avoidance test with fish have been conducted.
The tainting study showed nooff-taste at 15 ug/l, but at 31 ug/1, the tasteof MTBE could be
discerned. The avoidance test with eel showed some attraction toMTBEat3opg/lL

No data on the toxicity of MTBE toterrestrial or soil-dwelling organisms were identifiedin the
RAR.

MTBEis not readily biodegradable in aquaticscreening tests, in which limited biodegradation was
observed. Based on the physico-chemical properties of MTBE and constants for sorptionto
particulates andorganic matter, the substance is consideredtobe highly mobile in soil. The
bioconcentration potential of MTBE isinsignificant.

Thehigh vapour pressure of MTBE will lead to partitioning tothe atmosphere for MTBE being
released tosurface waters or soil surfaces. If introduced into subsurface soils or togroundwater, e.g.
in connection with leakage from underground tanks or separation wells, MTBE may be fairly
persistent since volatilization tothe atmosphere is reduced significantly. Due toitsrelatively high
water solubility combined with low tendency tosorb tosoil particles, MTBE can be expectedto
encourage migration tolocalgroundwater supplies.

Degradation of MTBE in groundwater aquifersis slow tonon-existent. Thisis true for both aerobic
and anaerobicconditions. If degraded, the primary degradation product in soil and groundwater is
TBA (Tertiary Butyl Alcohol).

At contaminated sites (petrol stations), MTBE hasbeen found in concentrationsabove 5 ug/lina
littlelessthan 50 % of the cases. These sites have all been cleaned up under the programme carried
out by the Environmental Fund of the Danish Oil Industry Association (EOF). This programmehas
included clean-up of all petrol related compounds, including MTBE, tolevels set by theregionin
charge. In wells not associated with contaminated sites, theaverage concentration for all samples
whereMTBE was detected peaked at14 pug/l in 2001 and then gradually fell tobelow 1 pg/lin 2009.

Monitoring of MTBE in effluents from wastewater treatment plants performed as part of th e Danish
environmental surveillance programme show low levels of MTBEi.e. average values of 0.03-0.04
pg/1.NoDanish monitoring data from the natural environment (soil, surface water, biota, ambient
air) have beenidentified.
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6. Human health effects

6.1 Hum an healthhazard
6.1.1 Classification

MTBEis subjecttoharmonised classification as a skinirritant (cat.2) and as a highly flammable
liquid (cat2).

TABLE 6.1
HARMONISED CLASSIFICATION ACCORDING TO ANNEX VI OF REGULATION (EC)NO 1272/2008 (CLP REGULATION)

603-181-00-X | MTBE 1634-04-4 Flam.Liq. 2 H225
2 -methoxy-2-
metiony Skin Irrit. 2 H315
m ethylpropane
tert-butyl methyl ether
6.1.2 Toxicokinetics

Toxicokineticdata are available in the RAR for MTBE (European Commission, 2002) and
summarised in the following. MTBE is rapidly absorbed by the oraland inhalatory route and
available datasuggestthat MTBE, with its com bination of polar and non-polar characteristics, isa
moderate skin penetrant under occlusive (closed) conditions. In open contact the high volatility will
limitskin absorption due torapid evaporation. MTBE is widely distributed in the body tissues,
reachingsimilarlevelsin soft tissues asin blood, indicating that distribution is determined by
solubility. A 10-fold higher concentration may be reached in fat. In vitro studies show a specific
bindingof MTBE tomale rat proteinin the kidney.

Metabolism of MTBE seemstobe qualitatively similar in rats and humans. MTBE is m etabolised to
formaldehyde and t-butanol (TBA). Formaldehyde has not been measured in vivo following MTBE
exposuresbutisbelieved tobe rapidly metabolised toformicacid and CO2, or become incorporated
intothe one-carbon pool8.

Saturation of metabolism hasbeenindicated in rat studies after intraperitoneal (i.p.)
administration of MTBE or followinginhalation exposure to 8000 ppm for 6 hours. In humans
inhalingupto75ppm for four hours, there wasnosign of saturation. Most MTBE is excreted as
urinary metabolites, and less than halfis exhaled unchanged (theopposite isthe case with high
uptakerate). The elimination half-time for MTBE in blood isabout 0.5hourin theratand about 1o
timeslongerin humans.

8 Pool of metabolites with one carbon atom
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TBA ismoresolublein water and blood and is expected tobe distributed rather evenly in body
waterand nottobe stored in any particular tissue compartment. Clearance is suggested totake
place through metabolism, since little unchanged TBA isexcreted in exhaled air or urine. TBA is
further metabolised to a-hydroxy-isobutyric acid, 2-methyl-1,2-propanediol, TBA conjugates and
acetone. The metabolism appearstohavelimited capacity, as the elimination half-time for TBAin
blood was3 hoursintheratand on theorder of 10 hoursin humans, both after exposure tolow
levelsof MTBE. This was alsotrue among patients with high MTBE (and TBA)body burdens
received during dissolution of gallbladder stones.

A number of clinical studies with human volunteers are reported in the literature. The specific
background for carrying out thetestsin humans and the guidelines providing the basis for
conducting these studies are not specified in the reviewedliterature. However as the substance can
be used for treating patients with gallstones, they most likely originate from pharmaceutical testing.
It should, however, be emphasised thataccordingto ECHA guidance documents on the hazard
assessment of chemicalsunder REACH, good quality data from human experimental toxicity
studies shouldonly be used as appropriate, in well-justified cases.

In a clinical study with 14 volunteers exposed to MTBE by theoral, dermaland inhalation routes,
the metabolite TBA was found in higher concentrations in blood following oral administration than
after inhalation or dermal administration. Levels were still elevated above pre-exposure baseline
levelsat 24 hours. It was suggestedthat this finding was due tothe occurrence of first-pass
metabolism9, based on TBA’s water solubility and its blood/air partition ratio, which would reduce
itsability tobe eliminated by exhalation. A dermal permeation coefficient was estimated tobe
0.028 cm/h, similar tothat of ethyl ether (Health Canada, 2006).

The RAR (European Com mission, 2002) concludes that the generation of form aldehyde in MTBE
metabolism is of particular toxicological interest because of the reactive and mutagenic properties.
Howev er, the limited database available suggests that formaldehyd e produced intercellularly from
MTBE at rates which are lower than those of its further metabolism havelacking or diminished
reactivity.

6.1.3 Acute and chronictoxicity

The toxicology of MTBE hasbeen intensively investigated and data are available from both humans
and test animals. Information on effectsin humans is availablefrom investigationsinvolving
volunteers, from investigations of occupational exposures, representatives exposed to MTBE in
petrol, and from medicinal use of MTBE introduced intothe gall bladder todissolvethe gallstones.

Based on the available information, MTBE is concluded tobe of low acute toxicity via oral, dermal
andinhalationroutesin both humans and test animals. Theprincipal effects observed in patients
exposed to MTBE duringtreatment areeffects on the central nervous sy stem with symptoms
including drowsiness, nausea and vomiting. Localburning sensations werealsofrequent. In a study
involving 27 gallstone patients treated with MTBE for typically 5 hours,a mean concentration of 0.5
mM (maximumabout 1 mM) of both MTBE and its TBA m etabolite were m easured in blood. Thisis
considered a high body burden, about 17timeshigher than thelevels obtained following inhalation
exposure over four hoursto7 5 ppm MTBE. Assuminga direct correlation between developed blood
concentrationsand inhaled levels of MTBE, the measured body burden correspondstothelevel
which could be achieved from inhalation exposure to 1200 ppm. Atblood MTBE levels of
approximately 1 mmol/l, signs of intra-vascular haemolysis can be detected (European
Commission, 2002).

9 First-pass metabolism refers to the situation where after oral dosing and absorption, the substances pass through the portal
veininto the liver and undergo a degree of metabolism by theliver enzymes, which can result in a reduced amount reaching the
sy stemic circulation.
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LD50/LCso values obtained from animal studies have not triggered classification. Typical symptoms
observed in animal studiesincludedecreased ability for muscle coordination and hypoactivity.

MTBEis classified asa skinirritant but not considered an eye or respiratory irritant. Signs of
pulmonaryirritation were observed in mice when exposed to 30,000 mg/m3for one hour by
inhalation but thisfinding was not supported by lunglavage measurements or observationsin
humans.

MTBE hasnot been shown to cause sensitisation in two guinea pig studies, considered sufficient
with respect tobut not formally following OECD guidelines. There areno observations available on
sensitisation in humans (European Com mission, 2 002).

Thekidney isthe main target organ after repeated dosing, particularly in male rats. Mild liver
effectswerealsoobservedin a 13-week study with rats exposed by inhalation, supported by a 2-year
carcinogenicity study in rats. A NOAEC of 800 ppm for inhalation was selected in the RAR based on
the 13-weekstudy. A NOAEL of 300 mg/kg was chosen for oraladministration based on findingsin
theratliver (weightincrease of liver, increased AST and cholesterol levels) ina 9 0-day study
(European Commission, 2002).

MTBEis not considered a mutagen based on results from a number of bacterial tests. One positive
resultwasobtained inan Amestest with S9 metabolicactivation, suggesting formaldehyde
involvement. As formaldehyde was generated outside the cell, it was not considered toreflect MTBE
metabolism in a realistic manner. Based on thesestudies and results from a range of other
mutagenicity / genotoxicity studies in vitro and in vivo showingthe non-genotoxic nature of MTBE,
the RAR (European Commission, 2002) concludes that MTBE cannot be considered a mutagen.

Sev eral studiesinvestigating the carcinogenic potential of MTBE are availableanddiscussionsare
ongoing regarding the evaluation and human significanceof the findings from these studies, in the
lightof the conclusions regarding the non-genotoxic nature of MTBE as well.

Summary tables from the RAR (European Commission, 2 002) providing overviews of the neoplastic

and proliferative lesions seen in studies with mice and rats are shown in Table13, Table 14 and
Table1s.

TABLE 13
NEOPLASTIC LESIONS IN MALE FISHER-344 RAT EXPOSED TO MTBE (EUROPEAN COMMISSION, 2002)

Parathyroid adenomas?© 0% 0% 8% 2%

Renal tubular cell tumours 2% /0% 0% /0% 10% /6% 26% /0%

(adenomas/ carcinomas)

Testicularinterstitial cell 64% 70% 82% 84%"

tumours (adenomas)

) Statistically significantly different from control (p<0.01)

10 Usuallybenign tumour of the parathyroid
1 Kidney tumours in the small tubes of the kidney
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TABLE 14

Proliferative lesion

PROLIFERATIVE LESIONS IN CD-1 MICE (EUROPEAN COMMISSION, 2002)

Lesion frequency in percentages per dose group of animals examined

‘ O ppm

400 ppm 3,000 ppm 8,000 ppm
Hepatocellular hypertrophy (9) 10% (49) 12% 20% 30% (49)*
Hepatocellular hypertrophy (J) 8% 4% 6% 18%
Hepatocellular adenom as / 22%/4% /25% | 22% /8% /24% | 18%/6% [ 24% | 24%/16% /33 %
carcinomas /combined (&)
Hepatocellular adenomas / 4% /0% | 4% 2% /2% /4% 4% /0% [ 4% 20%** /2% [ 22%
carcinomas /com bined ( 9)
Cy stic hyperplasia of uterine 52% 35% (48) 30%* 12%%*
endometrium (9)

Num bers in parenthesisrepresent the t otal number of animals examined, otherwise 50 examined in all dose

groups

* = Statistically significantly different from control (p<0.05)
** = Statistically significantly different from control (p<0.01)

TABLE 15

SUMMARY OF PROLIFERATIVE LESIONS SEEN IN SPRAGUE-DAWLEY RAT (EUROPEAN COMMISSION,

2002)

Proliferative lesion

‘ Lesion frequency in percentages per dose group of animals examined

250 m g/kg

omg/kg 1,000 mg/kg
Ly mphoimmunoblastic 5% 26.7% 20%
dysplasia,? (§)
Lymphom a & Leukaemia,? 3.3% 11.7% 20%
Proportion of lymphoma 100% 85% 91.7%

Testis interstitial Cell Hyperplasia
(focal + diffuse/ focal)

6.7% /25%

13.3% /37.5%

15.0% /2.2%

Testis interstitial Cell adenomas

3.3%

3.3%

18.3%*

Sixty animalsexamined in all cases

* = Statistically significantly different from control (p<0.05)
§ = Dy splasiasobserved in animalsbearing lymphoma or leukaemia are not included

Discussionsregarding the observed lesions have led tothe following conclusionsin the RAR
(European Commission, 2002):

Dev elopment of kidney tumoursin Fisher-344ratsis expected tobe related to proliferation caused
by MTBE interaction with a2 u-globulin, which only occursin malerats. In addition, induction of
tum ours requires extremely high concentrations (3000 ppm); the relevance for humansistherefore

likely tobe insignificant.
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With regard totheliver tumoursin CD-1 mice, the difference between the occurrence of carcinoma
in the high dose groupand the controls was not statistically significant, and when all malignant
liver tumours were summed, there was alsonodifference from the controls. MTBE causes changes
in oestrogen-sensitive tissues without affecting the serum oestrogen level. The RAR concludes that
there may be a connection between these changes andthe increased amount ofliver adenomasin
thehigh dose female group, but there isnoevidence of such a theory. Proliferation increased by
MTBE may havecontributed tothe generation of tumours athigh dosesneeded toproduce liver
adenomas, butthe relevance for manis questionable. MTBE did alsonot express promoter activity
when tested with N-nitrosodiethylamine (European Com mission, 2002).

Sev eral mechanisms are discussed in relation tothe aetiology 2 of Ley dig Cell Tumours (LCT)in
Fisher-344and Sprague-Dawley rats. The RAR concludes that there is evidence that MTBE causes
an increase of LCT in rats,butlimited data are availableupon which todraw conclusions regarding
the mode of action behind the induction. It isalsounclear how differencesin physiology and
anatomy between ratand human testes contribute tothesusceptibility to LCT. High doses are also
requiredfor the development of LCT. The overall conclusion is th ereforethat nodefinitive
conclusion can be drawn about the relevance of these tumours due tolack of knowledge. Relevance
tohumansisnot expected tobe v ery significant (European Com mission, 2 002).

With regard tohaematopoieticneoplasms3in Sprague-Dawley rats and parathyroid hyperplasia
and neoplasia’sin Fisher-344 rats, nofirm conclusions can be drawn regarding carcinogenicity.
Thisisduetolimitationsin study reportingin the study with Sprague-Dawley rats,and in the case
of proliferative changes seen in the parathyroid, the possibility that these changes are a result of
chronic renal failure (European Commission, 2 002).

The primary metabolite of MTBE, form aldehyde, hasbeen classified as "probably carcinogenicto
humans” by IARC. Based on availablestudiesitappears that the formaldehyde, which is
endogenously formed from MTBE in mouse liver cells, doesnot lead toa significant increase of
DNA-crosslinks. In addition, formaldehyde is rapidly metabolised to formic acid catalysed by
formaldehyde dehydrogenase, available in a wide range of tissues. The RAR does not consider
formaldehyde tobe a relevant factorin the tumour formation seen with MTBE.

In carcinogenicity studies with TBA in Fisher-34 rats, anincrease in adenomaincidence was
observed. Theincidence was not statistically significant but exceeded the historical controls.
Overall MTBE hasbeen shown toproducetumoursin both miceand rats, and development of
testicular interstitial adenomas observed in twoseparate rat strains suggeststhat MTBE isa rodent
carcinogen. However, nofirm conclusions regarding the relevance for humans canbe drawn based
on the different carcinogenicity studies. In conclusion, the rapporteur of the RAR considers MTBE
tobe a borderlinecase between non -classification and Carc.Cat.3 (limited evidenceof carcinogenic
effect) (European Commission, 2002). This conclusion, reached in 2002, hasnot triggered
harmonisedclassification of MTBE for carcinogenicity.

The International Agency for Research on Cancer (IARC) hasconcluded thatthereisinadequate
human evidence, and limited animal evidence, for the carcinogenicity of MTBE, leadingtoan
overallevaluation of MTBE as "not classifiable astoits carcinogenicity tohumans."

Effects on fertility were studiedin 1-generation and 2 -generation studies in rats exposed via
inhalation. Nosignificant treatment-related effects were observed. Based on results from

2The study /science of the causes or origin of disease.

13Neoplasms (benign or malignant tumours) located in the blood and blood-forming tissue (the bone marrow and lymphatic
tissue).

4 Parathyroid hyperplasia is the enlargement of all four parathyroid glands. The parathyroid glands are glands in the neck that
produce parathyroid hormone (PTH).

15 Abnormal growth of cells, which may lead to neoplasm.
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developmental toxicity studiesin mice and rats, it was also concluded that MTBE isnot considered
toxic tofoetal development. Although sternebrae m alformations were observedat high dosesin
mice, they were considered tobe a result of m arked maternal toxicity and nottobe treatment-
related (European Commission, 2002).

6.1.4 Endocrine disruption properties

The RAR (European Commission, 2002) concludes that MTBE exerts different effects on the
endocrine system athigh doses. Increased metabolism of oestrogen is observed in mouse liver,
which doesnot affectthelevel of free hormone and MTBE appearstohave a slight antioestrogen-
like activity at very high doses.

Observ ed effectsinclude:

e  Weightlossand morphological changesin uterine;

e  Altered oestrous cycle length;

e Increasedinterstitial testosteronelevel;

e  Decreased serumtestosterone and LH (noindication of mode of action);

e Elevated corticosterone and aldosterone levels (continued exposure tohigh levels), and

e Clear decrease in serum corticosterone level (later phase of chronicstudy).

Thesignificance of e.g. the altered m orphology of the adrenal gland isnot clearand noNOAELis
assigned in the RARbecause data are insufficient.

The Danish Centreon Endocrine Disrupters (DCED) 6 has evaluated MTBE as partof 22 SIN
(substitute it now) List 2.0 substances according tothe Danish proposalon criteria for endocrine
disrupters (DCED, 2012). These substances have been identified by the NGO ChemSec as
Substances of Very High Concern (SVHC) according the criteriain REACH solely with reference to
their endocrinedisrupting properties.

Proposed criteria are as follows:

Category 1 - Endocrine disrupter

Substances are placed in category 1 when they are known tohave produced ED adverse effectsin
humans or animal speciesliving in the environment or when there is evidence from animal studies,
possibly supplemented with other information, toprovide a strong presumption that the substance
hasthe capacity tocause ED effectsin humans or animalsliving in the environment.

The animal studies shall provide clear evidence of ED effect in the absence of other toxic effects, or
ifoccurring together with other toxic effects, the ED effects should be considered nottobe a
secondary non-specific consequence of other toxiceffects. However, when thereis e.g. mechanistic
information that raises doubt aboutthe relevance of the adverse effect for humansor the
environment, category 2a may be more appropriate.

Substances canbe allocated tothis categorybased on:

e Adverseinvivoeffectswhere an ED mode of action is highly plausible

e ED modeof actionin vivothatisclearlylinkedtoadverse in vivo effects (by e.g. readacross) .

Category 2a - Suspected ED

Substances are placed in category 2a when thereis som e evidence from humans or experimental
animals,and wherethe evidenceis not sufficiently convincing to place the substance in
category 1. If for examplelimitationsin the study (or studies) make the quality of evidence less
convincing, category 2a couldbe more appropriate. Such effects should be observed in the
absence of other toxiceffects, or if occurring together with other toxiceffects, the ED effect
should be considered not tobe a secondary non -specific consequence of other toxic effects.
Substances canbe allocated tothis categorybased on:

16 Center for Hormonforstyrrende Stoffer (CEHOS) (in Danish)
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e Adverseeffectsinvivowhere an ED mode of action is suspected

¢ ED modeof actionin vivothatissuspected tobelinked toadverse effectsin vivo

e ED modeof actionin vitrocombined with toxicokinetic in vivodata (and relevant non
test information such asread across, chemical categorisation and QSAR predictions)

Category 2b — Substances withindications of ED properties (indicated ED)
Substances are placed in category 2b when there is in vitro/in silico evidence indicating
potential for endocrine disruption in intact organisms. Evidencecouldalsobe observed effects
in vivothat could be ED-mediated.

Briefstudy summaries are available in the DCED ev aluation. The evaluation of available in vitro
and invivo data are cited below (DCED, 2012):

In vitro

Li etal. (2006)investigated the toxicity of methyl tert-butyl ether (MTBE) on m ouse spermatogenic
cellsin vitro. The results suggest thata high dose MTBE could exert a direct toxic effect on Sertoli
cellsthat would impair their function and subsequently impair spermatogenesis or ev en cause cell
death.The Sertolicellis a terminally differentiated testicular cellin the adultthatisrequired to
maintain the process of sperm atogenesis. Sertoli cells have multiple functions such as providing the
cy toarchitectural supportand microenvironment for developing spermatogenic cells.

In vivo

The effects observed in animal studies of adult ratsinclude: decreased relative ov ary and pituitary
weights and increased oestrous cycle length (Moser et al. 1998), decreased serumtestosterone,
DHT, LH, prolactinand T3 levels (Williams et al. 2009), increased abnormal sperm percentand
irregular histopathology of testes and altered levels of testosterone, LH, FSH (Li et al. 2008). Thus
the effects observed in adult ratsinclude both adverse effects (increased abnormal sperm percent,
irregular histopathology of testes) and relevant mode of action data (altered levels of testosterone,
LH and FSH).

DCED concludes that MTBE should be categorised as an endocrine disrupter in Category 1
accordingtotheDanish proposalon criteria for endocrine disruptors, based on direct toxiceffectin
vitro on Sertoli cellsresulting inimpaired spermatogenesis and MTBE resulting in decreased
testosteronein rat Leydig cellsathigh doses. From studies with adultrats, the significant effects
included decreased relative ov ary and pituitary weights and increased oestrus cycle length,
decreased prolactinand T3 levels, increased abnormal sperm percent and irregular histop athology
of testesand alteredlevels of testosterone, LH (luteinising hormone) and FSH (follicle stimulating
hormone).

MTBE hasbeen prioritised for REACH substance evaluation in 2014, triggered by suspected
endocrine disrupting effects and its widespread use.

6.1.5 No-effect levels

Occupational exposurelimit values

Occupational exposure limit values for MTBE for selected European countries arepresented in
Table 16.
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TABLE 16

OCCUPATIONAL EXPOSURE LIMIT VALUES FOR MTBE FOR SELECTED COUNTRIES

Limit value 8-hours

Limit value short term

Ppm mg/ms3 Ppm mg/ms3
Belgium 40 146 100 367
Denmark 40 144 80 288
European Union* 50 183.5 100 367
France 50 183.5 100 367
Germany 50 180 75 270
Sweden 30 110 60 220
TheNetherlands 180 360
United Kingdom 25 92 75 275

tIndicative OEL (see Chapter 2)

It can be seen thatthe Danish OELs fall between less stringent (e.g. France and EU) and more
stringent (e.g. UKand Sweden) levels.

Derived no-effectlevels and limit values
Derived no-effectlevels for MTBE registered under REACH are shownin Table 17. TheDNELsare
based on information from ajointsubmission and are established by the registrant for the different
exposed populations and for the different exposure types. ECHAs dissemination website does not

include the full justification behind the values. DNELs are used for risk assessment of specific

exposure situations.

TABLE 17
DERIVED NO-EFFECT LEVELS (DNELS) FOR MTBE (ECHA, 2013A)

Population / -route Sensitive endpoint
Workers Lon g term exposure 178.5 mg/m3 Repeated dose toxicity
- inhalation - sy stemic

Acute/short term No threshold available | -

- sy stemic

Lon g term exposure No threshold available | -

- local effects

Acute/short term 357 mg/m3 Irritation (respiratory

-local effects tract)
Workers Lon g term exposure 5100mg/kg bw/day Repeated dose toxicity
- dermal - sy stemic

Acute/short term No threshold available | -

- sy stemic

Lon g term exposure No threshold available | -

- local effects
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Acute/short term Nothreshold available | Skin

- local effects irritation/corrosion
General population Lon g term exposure 53.6 mg/ms3 Repeated dose toxicity
- inhalation - sy stemic (AF:17)

Acute/short term No threshold available | -

- sy stemic

Lon g term exposure No threshold available | -

- local effects

Acute/short term 214 mg/ms3 Irritation (respiratory

- local effects (AF:17) tract)
General population Lon g term exposure 3 570mg/kgbw/day Repeated dose toxicity
- dermal - sy stemic

Acute/short term No threshold available | -

- sy stemic

Lon g term exposure No threshold available | -

- local effects

Acute/short term No threshold available | Skin

- local effects irritation/corrosion
General population Lon g term exposure 7 .1 mg/kgbw /day Repeated dose toxicity
-oral - sy stemic

Acute/short term No threshold available | -

- sy stemic
6.2 Hum an exposure
6.2.1 Direct exposure
Consumers

Petrol refuellingistheonly known consumer use scenario where inhalation exposure isthe
principal route of exposure. Exposure of the consumer will depend on the presence of a v apour
recov ery unit. In the RAR (European Commission, 2002), itis estimated based on a source from

1998thatthe proportion of stations with vapour recovery during refuellingis 38 -90% in thesix
most advanced countries. The percentage of stations with vapour recovery in Finland in 1998 was
5%. In Denmark, all 31 stations (both "stage I"and "stage II") 7 offering petrol with MTBE are
equipped with vapour recovery (EOF 2013, pers. Comm.).

17 Stage I petrol vapour recovery system aims to recover petrol vapour emitted from the storage and distribution of petrol
between oil terminals and service stations. Stage I petrol vapour recovery system means equipment aimed at recovering the
petrolvapour displaced from the fuel tank of a motor vehicle during refuelling at a service station and which transfers that petrol
vapour to a storage tank at the service station or back to the petrol dispenser for resale; (DIRECTIVE 2009/126/EC of 21
October 2009 on Stage II petrol vapour recovery during refuelling of motor vehicles at service stations).
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Duetothevoluntary agreementin Denmarkbetween industry and governmenttophase outthe use
of MTBEin petrol except in 98 octane petrol, the MTBE consumption and exposure have been
reduced considerably since 2000 when the agreement was made. Currently, the con sumers
potentially exposed to MTBE are primarily those whoare driving and repairing classical cars that
use 98 octane petrol.

MTBE concentrations measured in thebreathing zone of 4 0 randomly selected customersin
Finland during refuelling showed average concentrations of 1 5.3 mg/m3without recovery and 3.4
mg/m3withrecovery. The temperature varied between 10-17°C and theduration between 6 -49
seconds (23 seconds on average). The wind speed was2-4 m /s.

Measurements from Italy of attendant personnel (similar exposure as consumersinindividual
measurements) showed geom etricmeans between 0.1 and 0.44 mg/m3with a range of 0-2.46
mg/m3. Alower MTBE-contentislikely the reason behind these figures, which are lower as
compared totheFinnish results. More measurements areavailableand assuch, it would be
expected the highest concentrations are measured for individuals using pumps without "stage II"
controls.

Based on the meanvaluesavailable, the RAR estimates that the normal concentration of MTBE
duringrefuellingis1-10mg/m3. The durationisshort, e.g. between 1 and 5 minutes, and the
frequency is 2-3 times per week at the m ost. The reasonable worst-case (RWC) concentration is 0.3-
29 mg/m3. Thelower valuerepresentsan MTBE contentof 2.8 vol. % of MTBE and the upper value
representsthe situationin Finland, where thepetrol contained11 vol. % atthe time.

No measurements of derm al exposurecaused by refuelling of a car or motor boat are available.
Dermal deposition /exposure estimated using EUSES resulted in a potential dermal deposition of
11.4 ng/kg without considering evaporation. Input data were:

e Durationof contact per event: 0.5hour

e  Surfaceareaof exposed skin (palm ofa hand): 200cm?2

e  Average concentration of substance in product: 0.08 g/cm?2

e  Volume of diluted products contacting the skin: 0.01 cm3

e thicknessoflayerof producton skin: 0.1 mm.

Skin contactis, however, not expected tohappen regularly, and the RAR considersthe potential
dermal exposure tobe insignificant.

Occupational exposure

MTBEis primarily used as a petrol additiveand, consequently, the occupational exposure is m ainly
related toproduction, formulation, transporting, distribution, servicestations, m aintenance
operations, automotive repair and related sources, and todrivers and professionals using vehicles
or in contact with vehicles using MTBE-containing petrol. Exposure from the use of MTBE as a
solventmay alsooccurin the pharmaceuticalindustry and various laboratories (European
Commission, 2002).

In Denmark thereisnoproduction of MTBE and therefore norelated exposure from this activity.
Exposure from transportation, distribution, work at the 31service stations with 98 octane,
maintenance operations, automotive repair and related sources may resultin occupational
exposure, butnonewer monitoring data are available for Danish conditions. The number of drivers
and professionals using vehicles with 9 8 octane petrolis most likely low, since mainly classiccars
use 98 octane.

Use of MTBE as a solvent inthe pharmaceutical industry is expected totake place under strictly
controlled conditions. In laboratories, theamounts areexpected tobe small and thesubstance
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would be expected tobe handled under fumehoods, usinglaboratory equipment and protective

gloves.

Resultsfrom EASE-estimations of reasonable worst -case exposures for relevant identified scenarios
from the RARare presented in Table18.

TABLE 18
SUMMARY OF OCUPATIONAL EXPOSURE ESTIMATES FOR MTBE (EUROPEAN COMMISSION, 2002)
Industrial | Duration of Reasonable worst EA SE-model exposure estimation Source of data
category case, TWA(8h)
Actual Fre- m g/m3, by measured Inhalation, Dermal exposure,
period quency concentrations mg/m3 mg/cm2/d
h/d d/a
Production 2 200 50 (undiluted) 1,800-3,600 (undiluted) Industry
2 5 (sampling and (0-0.36 closed 0.1-1 (sampling and
laboratory work) process) laboratory work)
Form ulation 2 200 50 (undiluted and fuel) 1,800-3,600 0-0.1 (undiluted); Industry
2 5 (sampling and (undiluted), 0.1-1 (undiluted,
laboratory work) 360504 (11vol%), | samplingand
72-180 (2.8vol%) | laboratory work)
Transporting 4 200 1 00 (undiluted: ship, rail 1,800-3,600 0.1-1 (undiluted); Industry
car loading,) (undiluted), 0.01-0.1 (11v0l%);
3 0 (fuel: ship, truck 360504 (11vol%), | 0.003-0.03 (2.8
loading) 72-180 (2.8vol %) | vol%)
25 (sampling and
laboratory work)
Distributing 4 200 40 (11vol% fuel) 360504 (11vol%), | 0.01-0.1(11vol%); Industry;
30 (2.8vol% fuel) 72-180 (2.8vol%) | 0.003-0.03(2.8 Hakkola et al. (1996b);
v 0l%) Saarinenet al. (1998);
V ainiotalo et al.1999b)
Service 3 200 20 (11vol%) 360504 (11vol%) | 0.01-0.1 (11vol%); Industry;
stations 3 (2.8vol%) 72-180 (2.8vol%) | 0.003-0.03 (2.8 Hakkola et al. (1999);
v 01%) V ainiotalo et al. (1999a)
Maintenance 4 150 60 (production, 1,800-3,600 1-5 (undiluted); Industry
formulation and (undiluted) 0.1-0.6 (11 vol%);
transportation) 720-1080 (11 0.03-0.14 (2.8 vol%)
40 (distributing and v 01%)
service stations, 11 vol%) 504-720(2.8
3 0 (distributing and v 0l%)
service stations, 2.8 vol%)
Automotive 2 200 10 (11vol%) 360-504(11vol%) | 0.01-0.1 (11v0l%); Buchta(1993)
repair 3 (2.8vol%) 72-180 (2.8vol%) | 0.003-0.03(2.8
v 01%)
Drivers and 10 200 0.2 360504 (11vol%) | Verylow Buchta(1993)
otherpro- min/d 72-180 (2.8 vol%)
fessionals
Solventuse 2 60 2 5 (undiluted 97.5%); 360720 0.1-1 (undiluted) Industry
of MTBE (expert judgment) (undiluted)
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Ascan be seen from the table, the EASE modelling gave much higher results than the measured
concentration. In theRAR, thedifferences are explained as a result of the factthatthe EASE
modelling does not consider fluctuating exposures and variableexposure times. It does alsonot
consider amounts (volumes) of exposed products. Furthermore, the exposure predictions given
directly by EASE are only exposures for 8-hour work and the frequency and duration of the peaks
areunknown. The EASE model wasjudged asbeingthe only reasonable way to ev aluate the dermal
exposure (European Com mission, 2002).

From thetableit canbe seen that theestimated 8 -hour exposure (inhalation)to MTBE from petrol
containing 11vol. % MTBEisbetween 360 and 504 mg/m3in all but one scenario. Only inthe case
of exposure related tomaintenance (distributing and service stations) would the EASE -estimated
exposure be considerably higher,i.e. 720 -1 080 mg/m3. However, the reasonable worst case
exposure by measured concentrationsis shown as 40 mg/ms3for petrol with 11vol% MTBE, well
below the exposure limit. In Denmark the employers have an obligation to mitigate exposure to
ensure thatthe exposure limitis not exceeded.

6.2.2 Indirect exposure

Air
A summary of exposure estimates viaambient air from the RAR (European Commission, 2002) is
presentedin Table19.

TABLE 19
EXPOSURE TOMTBE VIAINHALATION SCENARIOS

Urbanbackground Car exhausts, rain 12/24hours/day 0.5-3 About 98%
Areas polluted by Industry, petrol 12 hours/day 5-100 <1%
refineries stations

or contaminated area

Perimeter of petrol Petrol stations, car 1224 hours/day 4-141) <1%
stations exhausts

Commutingin caror Car exhausts, 1-2 hours/day 15-70 ?
bus refuelling

Pump area of service Refuelling, spills, cars 1-5 min./day, 100-500 15%
station 1-3 visits/week

Note: Therepresentative concentration ranges are based on published data presented in Table 4.23 and 4.24
and Appendix Table A.7.

1 4 -14ug/m3 arethe mean ambient concentrations in the perimeters (50 m) of four stations studied by

V ainiotalo et al. (1998¢). It is assumed that the indoor concentration is the same, since the release of MTBE from
thestation iscontinuous and diffusion to the indoor air doesnot remarkably decrease the concentration.

2) Adjacent roads with high traffic density (about 15,000 cars/day) contribute to the MTBE levels observed
(Vainiotalo, pers.comm.).

No measurements havebeen identified for Danish ambient air conditions. However, due tothe

agreementtophase out MTBE, the urban background mustbe expected tobelower than the
average for EU.
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Soil
Exposure viasoil isnot considered relevantas MTBE will evaporate or leach intothegroundwater.

Drinking water
A table with MTBE concentrationsin potablewater sources from different geographical areasin the
EU ispresented inthe RAR. Datafor the Danish situation are presented in Table 20.

TABLE 20
MTBE IN POTABLE WATER SOURCES IN DENMARK (EUROPEAN COMMISSION, 2002)

Denmark ? 6 sites 42-547,000% | Extractable / potable water Miljestyrelsen
aquifiers, mixed loading (1998)**

(unpublished)

Copenhagen, 1997 25/8 0.1-0.15 Potable groundwater Miljestyrelsen
Denmark (1998)**

(Unpublished)

*) Expected tobe measurements from contaminated sites.
*#*) Danish Environmental Protection Agency (DEPA)

The concentration of MTBE in drinking water and groundwater in m onitoring wells not directly
related tocontaminated sitesis estimated at 0.1-1 ug/Lbased on the available data. For the
Reasonable Worst Case scenario, a concentration of 15 ug/Lisregardedasthemaximum
concentration for drinking water. At this concentration, the organolepticodour threshold is
exceeded andthe public/municipal potablewater source would not likely be used anylonger. The
Danish water quality criterion is 5 ug/L.

More recent Danish Measurements reported in 2006 presentedin section 5.3.3 show that 48% of
thesamplestakenin relation tocontaminated sites were above the quality criteria. The measured
concentrationsranged from < 5 pg/lto> 10,000 pg/l.

MTBEin tap water would resultin thefollowingexposures, as stated in the RAR:

e  Throughingestion of drinking water and food, an assumption is made that the daily ingestion
is 2.0 L, thustriggering an intake of 0.2 ng/day,

e Inhalation of MTBE v olatilising from tap water during showering and bathing. Accordingto
Stern etal. (1997),the doseisestimatedtobe 2.7 * 103g/kg/day,

e  Dermal absorption of MTBE during showering and bathing (geom etric mean of daily dose is
assessedtobe 2.6 *10-5ug/kg/day),and

e  Other water contact activities.

Food

An overview of estim ated human intake from indirect exposure in local and regional scenarios
calculated using EUSES isshown in Table21. In the differentlocal assessm ent scenarios, all food
products come from the vicinity of a point sourceof concern. In the regional assessment, all food
productsare taken from the regional model environment.
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TABLE 21
ESTIMATED HUMAN INTAKE OF MTBE IN MG/KG BW/DAY, LOCAL AND REGIONAL (EUROPEAN
COMMISSION, 2002)

Produc- 0.24 0.022 0.0003 0.001 0.000002 | 0.00003 | 0.059 0.324
tion
Formula- 0.010 0.0009 | 0.00001 | 0.00005 7%10° 0.000001 | 0.003 0.014
tion
Process- 0.007 0.0006 | 0.00002 | 0.00004 | 5.41*10°8% | 0.000001 | 0.004 0.012
ing1
Process- 0.005 0.00005 0.001 0.001 5%107 0.000009 | 0.237 0.244
ing2
Process- 0.005 0.0005 0.00005 | 0.0001 5%10°8 1¥10°° 0.01 0.016
ing3
Regional 0.00004 | 0.000004 | 8*1077 3*107 6*1010 1*10°8 0.0002 | 0.0002

A Tolerable Daily Intake (TDI) of 0.1 mg/kg bw/day hasbeen derived using an ov erall safety factor
of 1000 anda NOAELestablished on a 9o-day study (Larsen, 1998).

Accordingto ASTDR (1996), there isnoindication that MTBE isa concern in any raw or processed
food items.

6.3 Bio-monitoring data
No biomonitoring data for Denmarkhave been identified.

6.4 Human healthim pact

Consumers

The RAR (European Com mission, 2002) concludes that petrol refuelling is the only known
consumer use scenario where inhalation exposure is the principal route of exposure. The NOAELSs
obtained from inhalation experiments were compared with the highest m easuredair concentration
met in a European petrol station and itwas concluded that at present there isnoneed for further
information and/or testing, and noneed for risk reduction measures beyond those which are being
applied. This conclusion is drawn for all toxicological end-points.

Workers

For workers, the general conclusionin the RARregarding the identified uses of MTBE as a fuel
additive and laboratory solventisthat at present there isnoneed for further information and/or
testingand noneed for risk reduction measures beyond those which are being applied already . Only
for long-term localendpointsinrelation to maintenance operations and automotive repair the
conclusionisthatthereisa need for limiting therisks; riskreduction measures which are already
being applied shall be takenintoaccount. However, due torestricted use of MTBE in Denmark, and
considering the occupational exposure limit tobe observed, theexposure scenariois considered of
limited relevance for the Danish situation.
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Humans exposed via theenvironment

With allthe indirect exposure sources combined, EU Com mission (2002) concluded thatat present
thereisnoneed for furtherinformation and/or testingand noneed for riskreduction measures
bey ond those which are being applied already. This conclusion was drawn for all toxicological end-
points.

Combined exposure

Using the worst-case uptakefrom consumer use and indirect exposurevia the environment
combined, and the worst-case occupational exposure, the RAR alsoconcludesthat at present there
is noneed for further information and/or testing and noneed for risk reduction measures beyond
those which are being applied — in relation tocombined exposure.

6.5 Summary and conclusions

The EUrisk assessment (European Com mission, 2002)isidentified asthe most recent
comprehensiveevaluation of MTBE,; it therefore provides themain background for the present
evaluation.

MTBEis of low acute toxicity via oraland dermal end inhalation routesin both humansandtest
animals. Effects observed in patients exposed to MTBE during treatmentinclude central nervous
sy stem effects and local burning sensations. The kidney isthe main target organ after repeated
dosing, particularly in male rats. MTBE is classified as a skin irritant but not considered an eyeor
respiratory irritant. MTBE hasnot been shown to cause sensitisation in two guinea pig studies
considered sufficient with regard to, but not formally following OECD guidelines, and thereare no
observ ations available on sensitisation in humans.

MTBEis not considered a mutagen basedon results from a number of bacterialtestsand is
considered tobe of non-genotoxicnature. Nofirm conclusionsregarding the carcinogenic potential
of MTBE and the relevance for humans canbe drawn based on the different carcinogenicity studies.
In conclusion, the rapporteur of the 2002 RAR considers MTBE tobe a borderline case between
non-classification and Carc.Cat.3 (limited evidence of carcinogenic effect). However, MTBE isnot
currently subject toharmonised classification for carcinogenicity. Thislackof classification isin line
with theIARC ev aluation "not classifiable astoits carcinogenicity tohumans."

In the EU, MTBE hasbeen prioritised for REACH substance evaluation in 2014, triggered by
suspected endocrine disrupting effects and its widespread use. The Danish Centre on Endocrine
Disruptershasevaluated MTBE and concluded that MTBE should be categorised as an endocrine
disrupter Category1.

Exposure to MTBE occurs primarily from itsuse as an additive in petrol. Because of the voluntary
agreementin Denmark between industry and government to phase out MTBE in petrol, exposure in
Denmark hasbeenreduced considerably since 2000. Only 31 service stations in Denmark offer 98
octane petrol containing MTBE; all areequipped with vapour recovery toreducethe exposure. No
Danish exposure values are available. The RAR estimates that the normal concentration of MTBE
duringrefuellingis 1,000-10,000 pug/ms3(1-10 mg/ms3). The duration isshort, e.g.between1ands
minutes,andthe frequency is 2 -3 times per weekat most. The reasonableworst-case (RWC)
concentration is 300-29,000 ug/ms3(0.3-29 mg,/ms3) where the low end would correspond tothe
MTBE-levelin petrol in Denmark.

Occupational exposure toMTBE in Denmarkis also primarily related toexposure to MTBE-
containing petrol. Results from EASEexposureestimations (RWC, 8 hour) taking intoaccount the
low concentration of MTBE in Danish petrol donot give rise to particular concern when com paring
with theoccupational exposure limit. Use in the pharmaceutical industry isnot expected toresultin
any significant exposure.
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Indirect exposurecan occur through air, drinking water and food. Nom easurements have been
identified for Denmark, buturban backgroundlevels are expected tobe lower than the average for
the EU. MTBE hasbeen identified in groundwater at contaminatedsitesin concentrationsabove
the water quality criteria. Estimated MTBE-levelsin food do not indicatethat MTBE is a concern.

Based on the available data,the EU RAR concludesthat at present there isnoneed for further
information and/or testing and noneedfor risk reduction measures beyond those which are being
applied for human health protection — alsoin relation to combined exposure. However, asnoted,
further, risk reduction may be put in place as a result of the upcoming REACH substance

evaluation.
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~7. Information on alternatives

7.4 Identification of alternatives
7.1.1 Alternativesto MTBE as a fuel additive

MTBEis used in petrol asa meanstoraise the octane number. In principle, there are twowaysto
avoid the use of MTBE: changing the composition of the petrol in a way that initselfraisesthe
octane number or using another oxygenate. The first method wasused in Denmarkaround 2000to
avoidtheuse of MTBE in petrol of 92 or 95octane. This,in connection with changesin the
construction of automobile motors, reduced theneed for oxygenates substantially (section 3.3.2).

In connection with theimplementation of the fuel directive, the Danish oil industry stated that it
would be possible to produce petrol without MTBE from one of the Danish refineries from the
second halfof 2002, and from the other from the beginning of 2003 if sufficient high octane
alkylate could be im ported. Otherwise, the change would occur from 2004 if the production
facilitieshad tobe altered (OFS, 2003). Information was not given astowhich changesin
production were necessary, andit isnot known whether such changeshave been implemented.

Alongside MTBE, a number of other oxygenates have been used in other countries and they are still
the primary alternativesto MTBE in high octane petrol. The choice of which oxygenate isused in
which countryis madeprimarily according tothe specific development in production and import of
oxy genatesin the specific country. Earlier, MTBE was ov erall the m ost common oxygenatein
Europe buttertiary amyl methyl ether (TAME) and ethyl tertiary butyl ether (ETBE) werealsoused
in relatively large quantities, the latter primarily in Russia, France and Italy (Smidtetal., 2000).
However,asshownin section 3.1.2, inrecentyears ETBE has taken over the position astheleading
fuel oxygenatein Europe. The main reason for thisbeing that ETBE canbe produced from
bioethanol, which is cheaper and more easily availablethan biomethanol, and iseasier tomix with
petrol than with ethanol. Thisisa contribution tothe use of biofuelsin the transport sector as
requiredby EU.

In the EU, according to Directive 9 8/70/EC amended by Directive 2009/30/EC, thereare limits set
on the maximum concentration of the different oxygenates that may be used in order toavoid
adverse impactson startand driving (cold start, acceleration), corrosion of plastic parts or
unacceptable fuel economy. These limits are givenin Table 22.

EU alsosetsrequirements for theamount of biobased fuelthatis placed on the Member States’
markets (5,75 %, calculated on the basis of energy content) of all petrol and diesel for transport

purposesby 31 December 2010 (EU Directive 2003/30/EC).

Both ethanol and ETBE canbe produced from a number of different ty pes of biom ass, including
biom ass waste products, which would make them the preferred additives in this context.

Survey of MTBE 59



TABLE 22
MAXIMUM CONCENTRATIONS OF DIFFERENT OXY GENATES ALLOWED IN PETROLIN EU

Substance Abbreviation H Maximum allowable concentration, %
Methyl-tertiary- butyl ether | MTBE 22

Ethyl tertiary-butyl ether ETBE 22

Tertiary amyl methyl ether TAME 22

Ethanol 10

Methanol 3

Tertiary butyl alcohol TBA 7

7.4.2 Technical aspects

Table 23 gives an ov erview of some relevant technical properties of a number of possible
alternativesto MTBE, whileother relevant physico-chemical properties are givenin Table 24.

Methanol is generally not usedas an oxygenate in petrol, because the resulting vapour pressure of
thepetrolistoohigh,leading tohigh air emissions directly from the engine. Met hanol is therefore
not included in the below overview.

TABLE 23
TECHNICAL PROPERTIES OF POSSIBLE ALTERNATIVES TO MTBE

Abbre- Density, | Vapour | Heating Oxygen @ Octane

viation g/cm3 pressure value, content, number
(RVP), GJ/tonne %
kPa

Ethanol 0.79 124 26.7 34.8 110
Tertiary butyl alcohol TBA 0.79 48 35,2 21.6 100
Tert-amyl alcohol 0.81 41 37.5 18.2 97

Methyl tertiary butyl ether MTBE 0.75 55 35 18.2 110
Ethyl tertiary butyl ether ETBE 0.75 28 36 15.7 112
Methyl tertiary amyl ether TAME 0.75 10 37.7 15.7 105
Diiso propyl ether DIPE 0.73 20 37.4 15.7 105

Ethanol raises RVP (Reid Vapour Pressure) when blended with petrol in concentrationsup to5-10 %.
During thesummer period, blending ethanol in petrol raises the RVP from approx. 60 kPato7okPa,
thusleadingto greater evaporation of VOCs from the canister.

California's EPA has carried out calculations based on a combination of their m odel for calculation
of emissions from cars and a model for the calculation of ozone generation. Their calculations show
thateventhough the volatilization of VOCsincreases due tothe higher RVP caused by addition of
ethanol, this process may not generatemore ozone, sincethe emitted VOCs contain m ore oxygen
andarelessreactive (Whitten,1999). They have also dem onstrated that exchanging MTBE for
ethanol willreduce the emission of CO and formaldehyde by 3 — 6 % and increase the acetaldehyde
emission by 4 %, while the other emissions will remain unaltered (Ca EPA,1999).
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Potter & Argyropoulos (2001) conclude that emissions of VOCs, NOx and CO will be reduced twice
asmuch throughtheuse of ETBE instead of ethanol. This finding is based on theoretical
evaluations and noton testsin test motors.

The water solubility of ethanol can possess a risk for phase separationifwater getsintoa petrol
ethanol blend.

The automobile industry (in the form of the Alliance of Automobile Manufacturers) mentions that

ethanol does not cause problemsin themotor, and that ethanol enhances the com bustion efficiency
(AAM, 2004).

Risk of groundwater contamination from the other oxygenateshasnot beeninvestigated tothe

same degree as MTBE, but Franklin et al. (2000) suggeststhatit would be the same,iftheywere
used in similar amounts.

TABLE 24 PHY SICAL-CHEMICAL PROPERTIES OF DIFFERENT OXY GENATES

Ethanol 78.3 miscible 57 -0.32 — -0.14—1.77 | 0.0002
0.16

Tertiary butyl alcohol 82.2 miscible 25 0.35 0.37—-1.57 0.0005

Tert-amyl alcohol 91.2 miscible nodata

Methyl tertiary butyl ether 55.3 42 -54 5.5 0.94—1.3 | 0.55-1.91 | 0.02—-0.12

Ethyl tertiary butyl ether 72.8 7.7 -26 3.3 1.74 0.75—2.2 0.11

Methyl tertiary amyl ether 86.3 11.5 -20 2.4 1.55 1.27-2.2 [ 0.05-0.08

Diiso propyl ether 65.4 2-12 no data 1.52—2.03 | 1.13—-182 | 0.2 - 0.4

7.1.3 Environmental and health aspects

The harmonised classifications of the possible alternatives are presented in

Table 2 5. For one possible alternative (ethyl tertiary butyl ether (ETBE)), noharmonised
classification isavailable;the industry self-classification suggested by most notifiersis presented in
Table 26.
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TABLE 25
HARMONISED CLASSIFICATION OF POSSIBLE ALTERNATIVES TO MTBE ACCORDING TO ANNEX VI OF
REGULATION (EC) NO1272/2008 (CLP REGULATION)

Index No International Classification
Chemical
em}ca : Hazard Classand Hazard
Identification
Category Code(s) statement
Code(s)
2005786 Ethanol 64-17-5 Flam. Liq. 2 H225
200-889-7 Tert-butyl alcohol (TBA) 75-65-0 Flam. Liq. 2 H225
Ey eIrrit. 2 H319
AcuteTox. 4 H332
STOTSE3 H335
2009089 Tert-amyl alcohol (TAA) 75-854 Flam. Liq. 2 H225
H
Skin Irrit. 2 H3 15
2
AcuteTox. 4 - 33
STOTSE3 335
213-6114 Methyl tertiary amyl ether | 994-05-8 Flam. Liq. 2 H225
(TAME) H322
AcuteTox. 4 Hant
STOTSE3 33
203-560-6 Diiso propyl ether (DIPE) | 10820-3 Flam. Liq. 2 H225
STOTSE3 H336
TABLE 26

INDUSTRY SELF-CLASSIFICATION OF THE ALTERNATIVE ETBE ACCORDING TOANNEX VI OF
REGULATION (EC) NO1272/2008 (CLP REGULATION)

Index No International Classification”
Chemical
: : Hazard Classand Hazard
Identification
Category Code(s) statement
Code(s)
211-309-7 Ethyl tertiary butyl ether 637-92-3 Flam. Liq. 2 H225
(ETBE) STOTSE3 H336

*) Classification suggested by most notifiers.

The classification of the possible alternatives does not giveany indication of serious health effects or
environmentalimpacts. It should be noted, though, that the classification criteria donot include
endocrine disrupting effects or provide information on e.g. risk for groundwater contamination or
negativeorganoleptic properties of the substances. However, none of the m entioned alternatives to
MTBE areincluded on the EU’slist of substances with endocrine-disrupting propertiesin Category 1.

7.1.4 AlternativestoMTBE in the production of isobutylene

MTBE decomposes under suitable conditions directly toisobutylene and is thereforeused
specifically for production of high-purity isobutylene. Thisis a very specialized type of process
which does not take placein Denmark;therefore, possible alternatives have not been investigated
furtherinthisstudy.
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7.1.5 Alternatives to MTBE for use as a solvent

MTBEis known tobe used as a process solventin the pharmaceutical industry (including in

Denm ark)for a few specialized processes. Nodetails on theseprocesses are available for
confidentiality reasons andit is therefore not possible to discuss possibl e alternatives. However, as
indicated in Chapter 3, the volume for this application islimited.

7.2 Historical and future trends

Themainuse of MTBE hasbeen as an oxygenate in petrol in passenger cars (more than 98 % of the
total quantity produced inthe EU (European Commission, 2002)). This use started in the second
halfofthe 1970s, withlowlevelsof MTBE (2 — 5 %) used at the time toboost the octane rating of
unleaded petrol. Later, higherlevels (typically 11 — 15 %) were added to promote more efficient
combustion.

Starting when MTBE was discovered tobe a major threat to groundwater due toitshigh solubility,
low sorption and low degradability, the use in petrol hasbeenreduced in several countries
(including Denmark) toonly encompass high octane petrol. Because of the development over time
in motor engines, these types of petrol are only usedin a limited number of cars.

MTBE hasbeen detected as a groundwater contaminantin a number of cases relatedto petrol
stations. These stationshave been cleaned up as part of the remediation program carried outby the
oil companiesin Denmark. MTBE hasalsobeen detected at other water borings, but the content has
been reduced substantially over the years (below 1 pug/l in the measured boringsin 2009).

7.3 Summ ary and conclusions

Alternatives to MTBE as a fuel additive

The alternatives described are all considered tobe technically relevant alternativesto MTBE in
petrol. ETBE and ethanol can be produced from biom ass, wherethe evaluation of their
appropriatenessis specific tothe source of biom ass used, for which the EU sets out requirementsin
Directive 2009/28/EC on the promotion and use of energy from renewablesources. Atthe
Europeanlevel, bio-ETBE hastoa significant extent replaced MTBE during the last decade, as
ETBEiseasier and cheapertoproduce from such sources than MTBE.

The classification of the possible alternatives does not giveany indication of serious health effects or
environmentalimpacts. It should be noted, though, that the classification criteria donot include
endocrine-disrupting effects or giveinformation on e.g. mobility in soil or negative organoleptic
properties of the substances and, hence, such aspects cannot be assessed through the classification.
Howev er, none of the mentioned alternativesto MTBE are included on the EU’slist of substances
with endocrine-disrupting propertiesin Category 1. On the other hand, ETBE, being chemically
closely related to MTBE, could be suspected of having properties similar to MTBE, e.g. with regard
to mobilityin soil.

Alternatives to MTBE for use as a solvent
No detailson alternatives werefound. However, the consumption of MTBE for this purposeisvery
limited.
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8. Abbreviations and

ADI
BCF
CEFIC
CLP
DCED
DT

ECn
ECB
ECHA
EFOA
EFSA
EPA
EOF
EQC
EQS

EU
HELCOM
Kow
Koc

Kp

LC
LOUS
MWWTP
NMC
NOAEL
NOEC
NOVANA
OECD
OSPAR
PEC
PNEC
PR
QSAR
RMS
RWC
REACH
SIDS
STP
SVHC
TGD
ThOD
TDI

acronyms

Acceptable dailyintake

Bioconcentration factor

European Chemical Industry Council

Classification, Labelling and Packaging Regulation

Danish Centre for Endocrine Disrupters (Center for Hormonforstyrrende Stoffer)
Degradation time

Effect concentration where n % of the species tested show the effect
European Chemicals Bureau

European Chemicals Agency

European Fuel Oxygenates Association

European Food Safety Authority

Environmental Protection Agency

The Danish Oil Industry Association

Equivalentlevel of concern

Environmental Quality Standard

European Union

The Baltic Marine Environment Protection Commission (Helsinki Commission)
Octanol /water partitioning coefficient

Organiccarbon /water partitioning coefficient

Partial pressure equilibrium constant

Lethal effect concentration

List of Undesirable Substances (of the Danish EPA)

Municipal waste water treatment plant

Nation Mean Concentration

No observable adverse effectlevel

No observ able effect concentration

Danish national monitoring and assessment programme
Organisation for Economic Co-operation and Development

Conv ention for theProtection of the Marine Environment of the North-East Atlantic
Predicted environmental concentration

Predicted noeffect concentration

Produktregistret (The Danish Product Register)

Quantitative Structure and Activity Relationship

Rapporteur Mem ber State (inthe EU)

Reasonable Worst-Case

Registration, Evaluation, Authorisation and Restriction of Chemicals
Screening Information Data Sets

Sewagetreatment plant

Substance of Very High Concern

Technical guidance document

Theoretical oxygen demand

Tolerable daily intake
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Appendix 1: Backgroundinformationto Chapter 2 onlegal
framework

The following annex provides som e background information on subjects addressed in Chapter 3.
Theintention isthatthe readerless familiar with the legal context m ay read this concurrently with
Chapter2.

EU and Danishlegislation
Chemicalsareregulated via EU and nationallegislation, the latter often being a national
transposition of EU directives.

There are four main EUlegal instruments:

e  Regulations (DK: Forordninger) are bindingin their entirety and directly applicable in all EU
Member States.

e Directives (DK: Direktiver) are binding for the EU Mem ber Statesastotheresultstobe
achieved. Directives have tobe transposed (DK: gennemfert) intothe national legal framework
within a given timeframe. Directives leave margin for m anoeuvering astothe form and means
of implementation. However, there are great differencesin the space for manoeuvering
between directives. For example, several directives regulating chemicals previously wererather
specific and often transposed more or less word-by-word intonational legislation.
Consequently and tofurther strengthen a level playing field within the internal market, the
new chemicals policy (REACH) and the new legislation for classification andlabelling (CLP)
were implemented as Regulations. In Denmark, Directives are most frequently transposed as
laws (DK: lov e) and statutory orders (DK: bekendtgerelser).

The European Commission hasthe rightand the duty tosuggest newlegislation in the form of
regulationsand directives. New or recast directives andregulations often have t ransitional periods
for the various provisionsset out in the legal text. In thefollowing, wewill generally list the latest
piece of EUlegal text, evenifthe provisionsidentified are not yet fully implemented. On the other
hand, we willinclude currently valid Danish legislation, e.g. the implementation of the cosm etics
directive) evenifthiswillbe replaced with the new Cosm etic Regulation.

e Decisionsarefullybinding on those towhom they are addressed. Decisionsare EUlaws
relatingtospecificcases. They can come from the EU Council (sometimesjointly with the
European Parliament) or the European Commission. In relation to EU chemicals policy,
decisionsaree.g.used inrelation toinclusion of substancesin REACH Annex XVII
(restrictions). This takes place viaa “comitology” procedure involving Member State
representatives. Decisions are alsoused under the EU ecolabelling Regulation in relation to
establishing ecolabel criteria for specific product groups.

e Recommendationsandopinions are non-binding, declaratory instruments.

In conformity with thetransposed EU directives, Danish legislation tosome extent regulates
chemicals viavarious general or sector-specificlegislation, most frequently via statutory orders
(DK: bekendtggrelser).
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Chemicalslegislation

REACHand CLP

The REACH Regulation® and the CLP Regulation are the overarching pieces of EU chemicals
legislation regulating industrial chemicals. The below briefly summarisesthe REACH and CLP
provisionsand gives an overview of 'pipeline procedures, i.e. procedures which may (or may not)
resultin an eventualinclusion under one of the REACH procedures.

(Pre-)Registration

All manufacturers and importers of chemical substance > 1 tonne/year have toregister their
chemicals with the European Chemicals Agency (ECHA). Pre-registered chemicals benefit from
tonnage and property dependent staggered deadlines:

e 30 November2010: Registration of substances manufactured or im ported at 1000 tonnes or
more per year, carcinogenic, m utagenic or toxic toreproduction substances above 1 tonneper
year,and substances dangeroustoaquaticorganisms or the environment above1 00 tonnes per
year.

e 31 May 2013: Registration of substances m anufactured or importedat 100-1000 tonnes per
year.

e 31 May 2018: Registration of substances manufactured or imported at 1-100 tonnes per year.

Evaluation

A selected number of registrations will be evaluated by ECHA and the EU Mem ber States.
Evaluation covers assessment of the com pliance of individual dossiers (dossier evaluation) and
substance evaluationsinvolving information from allregistrations of a given substancetosee if
further EU action is needed on that substance, for example as a restriction (substance evaluation).

Authorisation

Authorisation aims at substituting or limiting the m anufacturing, import and use of substances of
very high concern (SVHC). For substancesincluded in REACH annex XIV,industry hastoceaseuse
of those substancewithin a given deadline (sunset date) or apply for authorisation for certain
specified uses within an application date.

Restriction

If the authorities concludethat that thereis a risk tobe addressed at the EUlevel, limitations of the
manufacturing and use of a chemical substance (or substance group) maybe implemented.
Restrictions are listedin REACH annex XVII, which hasalsotaken over the restrictions from the
previouslegislation (Directive 76/769/EEC).

Classification and Labelling

The CLP Regulationimplements the United Nations Global Harmonised System (GHS) for
classification and labelling of substances and mixtures of substancesinto EU legislation. It further
specifies rules for packaging of chemicals.

Twoclassification and labelling provisions are:
1. Harmonised classification and labelling for a number of chemical substances. These

classifications are agreed upon at the EUlevel and canbe found in CLP Annex V1. In additionto
newly agreed harmonised classifications, the annex has taken over the harmonised classifications in

Regulation (EC) No 1907/2006 concerning the Registration, Ev aluation, Authorisation and Restriction of Chemicals
(REACH)

19 Regulation (EC) No 1272/2008 on classification, labelling and packaging of substances and mixtures
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AnnexIof the previous Dangerous Substances Directive (67/548/EEC) -classifications which have
been 'translated'accordingtothenew classification rules.

2. Classification and labelling inventory. All manufacturers and importers of chemical
substancesareobliged to classify and label their substances. If noharmonised classification is
available, a self-classification shall be done based on availableinformation accordingtothe
classification criteriain the CLP regulation. As a new requirement, these self-classifications should
benotifiedto ECHA, which in turn publishes the classification and labelling inventory based on all
notificationsreceived. Thereis notonnagetrigger for this obligation. For the purpose of thisreport,
self-classifications are summarised in Appendix 2 tothe mainreport.

Ongoing activities - pipeline

In additiontolisting substances already addressed by the provisions of REACH (pre-registrations,
registrations, substancesincluded in various annexes of REACH and CLP, etc.),the ECHA website
alsoprovidestheopportunity for searching for substancesinthe pipeline in relation tocertain
REACH and CLP provisions. These are briefly summarised below:

Community Rolling A ction Plan (CoRAP)

The EU Member Stateshave theright and duty tocon duct REACH substance evaluations. In order
to coordinatethis work among Member States and inform the relevant stakeholders of upcoming
substance evaluations, a Community Rolling Action Plan (CoRAP) hasbeen developed and
published, indicating when andby whom a given substanceis expected tobe evaluated.

Authorisation process; candidate list, Authorisation list, Annex XIV
Before a substanceisincluded in REACH Annex XIV, and thus subject to Authorisation, it hastogo
through thefollowing steps:

1. It hastobeidentifiedasa SVHCleadingtoinclusion inthe candidatelist20

2. Tt hastobeprioritised andrecommended for inclusionin Annex XIV (these canbe foundas
Annex XIV recommendation lists on the ECHA web-site)

3. Ithastobeincludedin REACH Annex XIV following a comitology procedure decision
(substances on Annex XIV appear on the Authorisation list on the ECHA website).

The candidate list (substances agreed to possess SVHC properties) and the Authorisation listare
published on the ECHA website.

Registryofintentions
When EU Member States and ECHA (when required by the European Commission) prepare a
proposal for:

e harmonisedclassification and labelling,
e anidentification of a substance as SVHC, or
e arestriction.

Thisisdoneasa REACH Annex XV proposal.

The registry ofintentions'gives an overview of inten tionsin relation to Annex XV dossiers, divided
intothethree types of Annex XV dossiers:

e currentintentions for submittingan Annex XV dossier,

e  dossierssubmitted,and

e  withdrawnintentions and withdrawn submissions.

201t should be noted that the candidatelist is also used in relation to articles imported to, produced in or distributed in th e EU.
Certain supply chain information is triggered if the articles contain more than 0.1% (w/w) (REACH Article 7.2 ff).
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International agreements

OSPAR Convention

OSPARis the mechanism by which fifteen Governments of the western coasts and catchments of
Europe, together with the European Com munity, cooperate toprotect themarine environment of
the North-East Atlantic.

Work toimplement the OSPAR Convention and its strategies is taken forward through the adoption
of decisions which are legally binding on the Contracting Parties, recommendations and other
agreements. Decisions and recommendations set outactionstobe taken by the Contracting Parties.
These measures are com plemented by other agreements setting out:

e issuesof importance;

e agreed programmes of monitoring,information collection or other workwhich the Contracting
Parties commit tocarry out;

e guidelinesor guidance setting out theway that any programmeor measure should be
implemented, and

e actionstobetakenby the OSPAR Commission on behalfofthe Contracting Parties.

HELCOM - Helsinki Convention

The Helsinki Commission, or HELCOM, works to protect the marine environment of the Baltic Sea
from all sources of pollution through intergovernmental co-operation between Denmark, Estonia,
the European Community, Finland, Germany, Latvia, Lithuania, Poland, Russia and Sweden.
HELCOM isthe governing body of the "Convention on the Protection of the Marine Environment of
the BalticSea Area"- more usually known as the Helsinki Convention.

In pursuing this objective and vision the countries have jointly pooled their effortsin HELCOM,
whichworksas:

e anenvironmental policy maker for the Baltic Sea area by developing common environmental
objectivesand actions;

e anenvironmentalfocal point providing information about (i) the state of /trendsin the marine
environment; (ii) the efficiency of m easurestoprotectit and (iii) common initiatives and
positions which can form the basis for decision-makingin other international fora;

e abody for developing, according tothespecificneeds of the Baltic Sea, Recommendations of
itsown and Recommendations supplementary to m easures imposed by other international
organisations;

e asupervisory body dedicated toensuring that HELCOM environmental standards arefully
implemented by all parties throughout the Baltic Sea and its catchment area; and

e aco-ordinatingbody, ascertaining multilateral response in case of m ajor maritime incidents.

Stockholm Convention on Persistent Organic Pollutants (POPs)

The Stockholm Convention on Persistent Organic Pollutants is a globaltreaty toprotecthuman
health and the environment from chemicalsthat remainintactin theenvironment for long periods,
become widely distributed geographically, accumulate in the fatty tissue of humans and wildlife,
and have adverse effectstohuman health or totheenvironment. The Convention is administered by
the United Nations Environment Programme and isbased in Geneva, Switzerland.

Survey of MTBE 73



Rotterdam Convention
The objectives of the Rotterdam Convention are:

e topromotesharedresponsibility and cooperative efforts among Partiesin the international
trade of certain hazardous chemicalsin order to protect human health and the environment
from potential harm,;

e tocontributetothe environmentally sound use of those hazardous chemicals, by facilitating
information exchange about their characteristics, by providing for a national decision-making
processon their importand export and by disseminating these decisionsto Parties.

e TheConvention createslegally binding obligations for theimplementation of the Prior
Informed Consent (PIC) procedure. It built on the voluntary PIC procedure, initiated by UNEP
and FAOin 1989 and ceasedon 24 February 2006.

The Convention covers pesticides and industrial chemicals that have been banned or severely
restricted for health or environmental reasons by Parties and which have been notified by Parties
for inclusion in the PIC procedure. One notification from each of two specified regions triggers
consideration of addition of a chemical to Annex ITI of the Convention. Severely hazardous pesticide
formulations that present a risk under conditions of use in developing countries or countries with
economiesin transition may alsobe proposed for inclusion in Annex ITL.

Basel Convention

The Basel Convention on the Control of Transboundary Movements of Haza rdous Wastes and their
Disposal wasadopted on 22 March 1989 by the Conference of Plenipotentiaries in Basel,
Switzerland, in response toa publicoutcry following the discovery, in the 1980s, in Africa and other
partsofthe developing world of deposits of toxic wastes imported from abroad.

The ov erarching objective of the Basel Conventionistoprotect human health and the environment
againstthe adverse effects of hazardous wastes. Its scope of application covers a wide range of
wastes defined as “hazardous wastes” based on their origin and/or composition and their
characteristics, aswell astwotypes of wastes defined as “other wastes” -household waste and
incinerator ash.

The provisions of the Convention centre around the following principal aims:

e thereduction of hazardous waste generation and the promotion of environmentally sound
management of hazardous wastes, wherever theplace of disposal;

e therestriction of transboundary movements of hazardous wastes except whereit is perceived
tobein accordance with theprinciples of environmentally sound management, and

e aregulatory system applyingto cases wheretransboundary movements are permissible.

Convention on Long-Range Transboundary Air Pollution, CLRTAP

Since 1979 the Convention on Long-range Transboundary Air Pollution (CLRTAP) has addressed
som e of the m ajor environmental problems of the UNECE (United Nations Economic Commission
for Europe) region through scientific collaboration and policy negotiation.

Theaim of the Convention is that Parties shallendeavourtolimitand, asfar as possible, gradually
reduce and prevent air pollution includinglong-range transboundary air pollution. Parties develop
policies and strategiestocombat the dischargeof air pollutants through exchanges of information,
consultation, research and monitoring.

The Convention hasbeen extended by eight protocols that identify specificmeasures tobe taken by

Partiestocuttheir emissions of air pollutants. Three of the protocols specifically addressthe
emission of hazardous substances, of which some are included in LOUS:
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e The1998Protocol on Persistent Organic Pollutants (POPs); 33 Parties. Entered intoforce on
23 October 2003.
The 1998 Protocol on Heavy Metals; 33 Parties. Enteredinto force on 29 December 2003.
The 1991 Protocol concerning the Control of Emissions of Volatile Organic Com pounds or their
Transboundary Fluxes; 24 Parties. Entered into force 29 September 1997.

Eco-labels

Eco-label schemes are voluntary schemes where industry can apply for the right touse the eco-label
on their productsifthese fulfil the ecolabelling criteria for that type of product. An EU scheme (the
flower) and various national/regional schemes exist. In this project we have focusedon the three
most common schemes encountered on Danish products:

EU flower

The EU ecolabelling Regulation lays out the generalrules and conditions for the EU ecolabel; the
flower. Criteria for new product groupsaregradually added tothe scheme via 'decisions’; e.g. the
Commission Decision of 21 June 2 007 establishing the ecological criteria for theaward of the
Comm unity eco-labelto soaps, shampoos and hair conditioners.

Nordic Swan

The Nordic Swanisa cooperation between Denmark, Iceland, Norway, Sweden and Finland. The
Nordic Ecolabelling Board consists of members from each national Ecolabelling Board and decides
on Nordic criteria requirements for products and services. In Denmark, the practical
implementation of the rules, applications and approval processesrelated tothe EU flower and
Nordic Swanishosted by Ecolabelling Denmark "Miljemeerkning Danmark"
(http://www.ecolabel.dk/). New criteria are applicable in Denmark when they are published on the
Ecolabelling Denmark’s website (according to Statutory Orderno. 447 of 23/04 /2010).
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Thissurvey is partof the Danish EPA’sreview of the substances on the List of Undesirable Substances
(LOUS). The survey concerns the substance methyl-tert-butyl ether; MTBE. This substance wasincluded
in thefirstrevision of the LOUS list in 2000 and hasremained on the listsince thattime. Thereport
definesthe substanceandpresentinformation on the use and occurrence of MTBE internationally and in
Denmark, information on existing regulation, on environmental and health effects, on monitoring and
exposure,on waste management and on alternativestothe substance.

Denne kortlegning er et led i Miljestyrelsens kortleegninger af stofferne pa Listen Over Ugnskede Stoffer
(LOUS). Denne rapport om handler stoffet methyl-tert--butyl-ether, normalt omtalt som MTBE, der er
en afdei alt 4ostoffer pd Miljostyrelsens Liste over ugnskedestoffer (LOUS). Rapporten definerer
stoffet og indeholder blandt andet en beskrivelse af brugen og forekomsten af MTBE internationalt og i
Danmark, om eksisterende regulering, en beskrivelse af miljg- og sundhedseffekter af stoffet, af
moniteringsdata, af affaldsbehandling samt alternativer til stoffet.
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