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Foreword

We are pleased to present this Risk Assessment Report which is the result of in-depth work
carried out by experts in one Member State, working in co-operation with their counterparts in
the other Member States, the Commission Services, Industry and public interest groups.

The Risk Assessment was carried out in accordance with Council Regulation (EEC) 793/931 on
the evaluation and control of the risks of “existing” substances. “Existing” substances are
chemical substances in use within the European Community before September 1981 and listed in
the European Inventory of Existing Commercial Chemical Substances. Regulation 793/93
provides a systematic framework for the evaluation of the risks to human health and the
environment of these substances if they are produced or imported into the Community in
volumes above 10 tonnes per year.

There are four overall stages in the Regulation for reducing the risks: data collection, priority
setting, risk assessment and risk reduction. Data provided by Industry are used by Member States
and the Commission services to determine the priority of the substances which need to be
assessed. For each substance on a priority list, a Member State volunteers to act as “Rapporteur”,
undertaking the in-depth Risk Assessment and recommending a strategy to limit the risks of
exposure to the substance, if necessary.

The methods for carrying out an in-depth Risk Assessment at Community level are laid down in
Commission Regulation (EC) 1488/942, which is supported by a technical guidance document?.
Normally, the “Rapporteur” and individual companies producing, importing and/or using the
chemicals work closely together to develop a draft Risk Assessment Report, which is then
presented at a meeting of Member State technical experts for endorsement. The Risk Assessment
Report is then peer-reviewed by the Scientific Committee on Health and Environmental Risks
(SCHER) which gives its opinion to the European Commission on the quality of the risk
assessment.

If a Risk Assessment Report concludes that measures to reduce the risks of exposure to the
substances are needed, beyond any measures which may already be in place, the next step in the
process is for the “Rapporteur” to develop a proposal for a strategy to limit those risks.

The Risk Assessment Report is also presented to the Organisation for Economic Co-operation
and Development as a contribution to the Chapter 19, Agenda 21 goals for evaluating chemicals,
agreed at the United Nations Conference on Environment and Development, held in Rio de
Janeiro in 1992 and confirmed in the Johannesburg Declaration on Sustainable Development at
the World Summit on Sustainable Development, held in Johannesburg, South Africa in 2002.
This Risk Assessment improves our knowledge about the risks to human health and the
environment from exposure to chemicals. We hope you will agree that the results of this in-depth
study and intensive co-operation will make a worthwhile contribution to the Community
objective of reducing the overall risks from exposure to chemicals.

Roland Schenkel Mogens Peter Carl
Director General Director General
DG Joint Research Centre DG Environment

10J.NoL 084, 05/04/199 p.0001 — 0075
2.0.3.No L 161, 29/06/1994 p. 0003 — 0011
3 Technical Guidance Document, Part I — V, ISBN 92-827-801 [1234]



0 OVERALL RESULTSOF THE RISK ASSESSMENT

CAS Number: 994-05-8

EINECS Number: 213-611-4

IUPAC Name: 2-methoxy-2-methylbutane
Environment

Conclusion (iii) There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

Conclusion (iii) applies to aquatic ecosystem (including marine environment) and groundwater.
The conclusion is reached because of:

1. exposure arising from intermittent releases to surface water from storage-tank bottom-
waters at terminal sites and from releases to surface water from transportation, storage
and delivery of petrol at terminal sites with direct discharge. Risk reduction
measurements to the aquatic compartment should also cover possible risks to sediment.

2. the overall quality of groundwater. The conclusion is reached because of concern of
potability of groundwater with respect to taste and odour as a consequence of exposure
arising from leaking underground storage tanks and tank piping, as well as spillages from
overfilling the tanks. Please note that this conclusion is not based on ecotoxicological or
toxicological endpoints.

Conclusion (ii)  There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

Conclusion (ii) applies to the assessed risks to the atmospheric compartment, terrestrial
ecosystem, micro organisms in the sewage treatment plant and secondary poisoning.

Human health
Human health (toxicity)

Workers, Consumers and Humans exposed via the environment

Conclusion (ii)  There is at present no need for further information and/or testing and no need
for risk reduction measures beyond those which are being applied already.

Conclusion (ii) applies to acute toxicity, repeated dose toxicity and reproductive toxicity
(development). Irritation, sensitisation or mutagenicity was not included in the risk
characterisation because these endpoints were assessed not to pose a hazard. Carcinogenicity was
not taken forward to the risk characterisation because of the inadequacy of the available data.

Combined exposure

No assessment was conducted on combined exposure, due to negligible additional contribution
to risk.
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Human health (physico-chemical properties)

Humans exposed via the environment

Conclusion (iii) There is a need for limiting the risks; risk reduction measures which are
already being applied shall be taken into account.

Conclusion (iii) applies to drinking water contamination and concerns for the potability of
drinking water in respect of taste and odour as a consequence of exposure arising from leaking
underground storage tanks and tank piping, as well as spillages from overfilling of the storage
tanks.
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1 GENERAL SUBSTANCE INFORMATION

CAS Number: 994-05-8
EINECS Number: 213-611-4
IUPAC Name: 2-methoxy-2-methylbutane

Molecular formula: CgH 40
Structural formula:

Molecular weight: 102.18 g/mol
Synonyms: tert-Amyl-methyl ether (TAME),
1,1-dimethylpropyl methyl ether, Butane, 2-methoxy-2-methyl-,
Ether methyl tert-pentyl, tert-Pentyl methyl ether,
Methyl 1,1-dimethylpropyl ether, Methyl 2-methyl-2-butyl ether,
SMILES: COC(C)c)cC

11 PURITY/IMPURITIES, ADDITIVES

Tertiary amyl methyl ether (referred to TAME onwards) is chemically stable. Hazardous
polymerisation, like formation of peroxides, will not occur under normal conditions of
temperature. The degree of purity of the produced TAME within the EU is > 96% w/w (if
purified). However TAME is not normally purified to high concentrations but produced and used
further as 10-30% hydrocarbon mixture. TAME does not contain any additives.

Table 1.1 Overview of impurities and additives

CAS-No Name Value | Commentireference
Purities 994-05-8 Tertiary amyl methyl ether >96% | (refinery stream purity < 30%)
Impurities 110-82-7 Cyclohexane <4% IUCLID data
7732-18-5 Water <0.5% | IUCLID data
Cr-ether <1% | IUCLID data
75-85-4 2-methyl 2-butanol 1.23% | Huttunen etal. (1997 b)
Cs — Cs hydrocarbons 0.50% | Huttunen et al. (1997 b)
67-56-1 Methanol 0.33% | Huttunen et al. (1997 b)
1634-04-4 methyl tert-butyl ether 0.30% | Huttunen et al. (1997 b)
75-65-0 tert-butanol 0.17% | Huttunen et al. (1997 b)
butyl tert-butyl ether 0.06% | Huttunen et al. (1997 b)
637-92-3 ethyl tert-butyl ether 0.02% | Huttunen et al. (1997 b)
563-46-2 2 methyl-1-butene
513-35-9 2-methyl-2-butene
71-43-2 Benzene IUCLID data
Additives No additives
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12 PHYSICO-CHEMICAL PROPERTIES

Pure TAME is clear, colourless and volatile liquid at 20°C and 1,013 hPa. It has a low viscosity.
It is soluble into most organic solvents and water. TAME is flammable and it reacts violently
with oxidizing agents, strong acids and bases. The physico-chemical properties and validity of
data are presented below.

Table 1.2 Summary of physico-chemical properties

Discussion on data validity

121

Only one melting temperature, -80°C, is reported for TAME (Erddlchemie 2000, Fortum 2001,

Property Value Reference
Physical state Liquid
Melting point -80°C Erddlchemie 2000, Fortum 2001, Chemsafe 1994
Boiling point 86°C Fortum 2001, Chemsafe 1994
Density 0.77 g cm?3 at 20°C Erddlchemie 2000, Chemsafe 1994, CRC 1989
Vapour pressure 90 hPa at 20°C Huttunen et al. (1997), Huttunen (1996),

120 hPa at 25°C

Water solubility

11 g/l at 20°C

Huttunen et al. (1997), Huttunen (1996),
Stephenson (1992)

Partition coefficient

n-octanol/water (log value)

1.55 at 20°C

Huttunen et al. (1997), Huttunen (1996),

Granulometry

not relevant

Conversion factors

1ppm= 4.24 mg/m?

Flash point -11°C Erddlchemie (2000), Chemsafe (1994)
Autoflammability 415°C Erddlchemie (2000), Chemsafe (1994)
Flammability Highly flammable Erddlchemie (2000), Fortum (2001)

Explosive properties

Lower limit 1.0% vol in air;
42 g m3 and upper limit
7.1% vol in air; 300 g m*3

Chemsafe (1994)

Oxidizing properties

Not oxidising for structural
reasons

Viscosity

0.50 mm2 s at 40°C

Huttunen et al. (1997), Huttunen (1996), API (1984)

Henry’s constant

83 Pa m®mol at 20°C

calculated (EUSES)

Melting temperature

Chemsafe 1994).

122

Boiling temperature

Two boiling temperatures, 86 and 86.3°C, are reported for TAME (Erd6lchemie 2000, Fortum
2001, (Chemsafe, 1994) (CRC, 1989). The difference is negligible and the former one has been
used in environmental models.
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123 Density

Density of 0.77 g cm™ at 20°C (Erddlchemie 2000, Chemsafe 1994) and 0.775 g cm™ at 15°C
(Huttunen, 1997b) (Huttunen, 1996) are reported. These are in good agreement with the density
of 0.7703 g cm™ at 20°C reported in handbook (CRC 1989).

124 Vapour pressure

Various vapour pressures of TAME at different temperatures are reported in the references and
they are summarised in Table 1.3. Krdhenbiihl and Gmehling (1994) have reported 29 measured
vapour pressures of temperature range from 306.236 K (33.09°C) to 359.252 K (86.10°C). From
that study selected vapour pressures are presented in Figurel.l.

Table 1.3  Vapour pressures of TAME at different temperatures with reported standard deviations (std)

Vapour pressure (std), hPa Temperature,°C Reference
90 (6) 20 Huttunen et al. (1997), Huttunen (1996)
210 (10) 378 Huttunen (1996)
100 38 Erddlchemie (2000)
220 38 Fortum (2001)
145.44 33.09 (Kréhenbiil and Gmehling 1994)
196.83 40.09 (Kréhenbiil and Gmehling 1994)
262.01 47.12 (Krahenbiil and Gmehling 1994)
422.75 59.80 (Kréhenbiil and Gmehling 1994)
667.5 73.0 (Krahenbiil and Gmehling 1994)
1,010.76 86.10 (Krahenbiil and Gmehling 1994)

No data was available for the vapour pressure at 25°C. The vapour pressure at that temperature
was estimated by interpolation of data from the studies done by Huttunen (1996) and Kréhenbiihl
and Gmehling (1994) are presented in Figure 1.1. The vapour pressure of 120 hPa at 25°C and
90 hPa at 20°C seem to be realistic.
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Figure 1.1 Vapour pressure of TAME at different temperatures. Data from Huttunen (1996) and (Krahenbil and Gmehling 1994)
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If the vapour pressure is extrapolated to 12°C, the relevant temperature for the regional model,
approximately 60 hPa were the first approximate result from Figure 1.1. A vapour pressure of
56 hPa at 12°C is calculated using MPBPWIN model Antoine Method (EPIWIM 2000) (Lyman
et al. 1990). The value of 56 hPa is used in the characterisation of the temperature effect on
environmental partitioning in Section 3.1.2.2.

125 Log Kow

An octanol-water partition coefficients (log Koy) of 1.55 (£ 0.021) at 20°C is reported, study
based on the OECD guideline 107 according to GLP (Huttunen et al. 1997, Huttunen 1996).
Identical calculated value of 1.6 at 20°C was reported also in the safety data sheet of producer
(Erdoélchemie 2000). A value of 1.55 has been selected for the risk assessment calculations.

126 Water solubility

The highest reported value is 12 g I'' (Erdslchemie 2000) and the lowest 10.71 (+ 0.51) g 1" at
20°C (Huttunen 1996; Huttunen 1997 b; Huttunen et al., 1997 a). The latter one is measured
based on the OECD guideline 105 according to GLP. Stephenson (1992) has studied the
solubility of TAME in water at different temperatures (standard addition method with thermal
conductivity GC, Figure 1.2). The solubility of TAME in water decreased as the temperature
increase. At 20°C the study results agreed well with the value of 11 g I'' presented in the other
literature and thus the rounded integer has been used in the environmental calculations.
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Figure 1.2 Solubility of TAME in water and water in TAME at different temperatures (standard deviation
+ 0.2, Stephenson 1992)
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If water solubility is extrapolated to 12°C, the relevant temperature for the regional model,
approximately 15 g/1 is the approximate result from Figure 1.2 above.

The solubility of TAME into water from petrol is approximately 2,400 mg/l (US EPA 1999).

1.2.7 Surfacetension

Surface tension is reported to be 22.5 mNm™ at 20°C and 20.5 mNm™ at 40°C measured by DIN
53914 (Bayer 2001).

1.2.8 Flash Point

Value of —11°C is reported for TAME measured by the closed cup method (Erddlchemie 2000,
Chemsafe 1994).

129 Autoflammability

Values of 415 and 430°C are reported based on measurements done by DIN 51794 method
(Chemsafe 1994, Erdolchemie 2000, Huttunen et al. 1997, Huttunen 1996).

1.2.10 Flammability and explosive properties

TAME is highly flammable. Its vapour is heavier than air (vapour density 3.52) and explosive
mixtures with air can be formed at high temperatures. The explosive limits are: lower limit
1.0%-vol in air; 42 g m™ and upper limit 7.1%-vol in air; 300 g m™ (Chemsafe 1994).

10
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1211 Oxidising properties

TAME is not an oxidising agent on the basis of structural considerations.

1212 Viscosity

For kinematic viscosity a value of 0.50 mm” s at 40°C is reported (ASTM D455 method,
Huttunen et al. 1997, Huttunen 1996). For dynamic viscosity a value of 0.42 mPa at 20°C is
reported (Erddlchemie 2000).

1.2.13 Henry'slaw constant (H)

The calculated value at 20°C is 83.5 Pa m*mol™ (0.035 dimensionless) (using vapour pressure of
90 hPa and water solubility of 11 g/l) and 111 Pa m’mol™ at 25°C (0.047 dimensionless). (EQC
1,1 model, EUSES 1.1 model) (measured, original study not allocated Miller and Stuart (2000)
1.27 - 10 atm-m’/g-mole (temperature not reported))

If H is calculated to the relevant temperature for the regional model of 12°C, Henry’s law
constant is 38.1 Pa m*mol™ (using vapour pressure of 56 hPa and water solubility of 15 g/l). This
clearly indicates lowered (slower) volatility from water to air at environmentally relevant
temperatures (Generic TGD approach).

For saline water (physiological saline), a measured dimensionless air/water partition coefficient
of 0.084 at room temperature is available (corresponding to 200 Pa m*mol™). This value gives an
indication that TAME is more volatile from saline water (sea water) compared to fresh water
(Nihlen et al. 1997).

1.2.14 Odour threshold in air

Values are from a study by Vetrano et al. (Vetrano 1993)
Detection (average) 0.027 ppm (0.12 mg/m”)
Recognition (average) 0.047 ppm (0.20 mg/m”)

Results by Vetrano et al. are from a study in laboratory conditions from one set of tests (panel
with 6 adult persons).

1.2.15 Odour and taste threshold in water

General odour and taste threshold values has not been determined here. This report refers only to
one study and the results show that TAME may have very low limits for sense perception for
instance in drinking water.

If any generalisation of odour and taste thresholds in water is drawn from the test results
presented below, the results should be treated with care and always in comparison with other
results by the same author (see MTBE results described in the last two paragraphs of this
section). If larger test and data sets were available, the lowest odour and taste detection
thresholds might be far below the values presented below.

Estimated values are from Vetrano (1993):

11
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Odour detection (average) 0.194 mg/1
Odour recognition threshold (average) 0.443 mg/1
Taste detection threshold (average) 0.128 mg/1

In general, compounds with odour threshold below 1 mg/l are considered highly odorous.
Results by Vetrano et al. are from distilled water in laboratory conditions from one set of tests
(panel with 6 adult persons). However, these test results do not reflect the natural environmental
situation, where e.g. water hardness, temperature, chlorinating or other contaminants influence to
taste and odour. Thus, the concentration, at which the taste or odour makes water unacceptable
for consumers, may vary greatly. Also the thresholds values differ between various persons.
Values sited above are just indicative and refer only to one study. These values should not be
regarded as odour and taste threshold values for TAME in general.

The situation is comparable with MTBE (CAS 1634-04-4) where a variety in the range of
sensitivity of more than 100 times has been observed between tests and persons. TAME and
MTBE are close structural analogs (one methyl group difference). For MTBE Vetrano et al.
measured odour detection and recognition thresholds 0.095 mg/l (average) and 0.193 mg/l
(average), and taste detection threshold 0.134 mg/l (average) in water (Vetrano and Cha 1993b).
Methods and equipment used by Vetrano were similar (or the same) in TAME and MTBE tests.
Results show that odor detection and recognition thresholds were approximately 2-3 fold higher
for TAME compared to MTBE. The taste detection threshold was slightly lower for TAME, but
the thresholds were very close to each others for MTBE and TAME: 0.134 mg/l and 0.129 mg/I
respectively. It can be concluded from these results that inherent taste characteristics in water for
humans for TAME and MTBE are similar. The measured odour thresholds are slightly different,
but at the same order of magnitude.

Overall the odour detection thresholds reported for MTBE in water are 2.5 - 190 ug/l (variable
sources) and taste detection thresholds in water are 2.5 - 680 pg/l (variable sources) (FEI 2001).

1.2.16 Odour

The odour of TAME has been described sweet, rubbery, fruity, ether-like and paint-like (Vetrano
1993). Camphor like.

1.2.17 Conversion factors
(101 kPa, 20 °C): 1 ppm = 4.24 mg/m?; 1 mg/m* = 0.24 ppm

The density of TAME is 0.775 g cm™ at 15°C and the density of petrol at 15°C depending on
composition may vary between 0.725-0.780 g cm™ (BUA 1996). Therefore the weight % of
TAME in petrol may be variable and not directly proportional on volume % (variability:
14.9-16.0%-wt conv. ratio: 0.994-1.068). If average density of petrol is taken as 0.750 then
15%-vol is proportional to 15.5%-wt and the conversion ratio is 1.033 consequently.
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131

CLASSIFICATION

Current classification

The substance is not listed in Annex I of Council Directive 67/548/EEC.

132

Proposed classification

The Meeting of the Technical Committee for the Classification and Labelling of Dangerous
Substances in March 2005 agreed on the following classification and labelling of TAME:

Classification

F; R11 Xn R22 R67

Labelling

F; Xn R11-22-67

S(2)-9-16-23-33

Explanation

F Highly flammable

Xn Harmful

R11 Highly flammable

R22 Harmful if swallowed

R67 Vapours may cause drowsiness and dizziness

S(2) Keep out of reach of children.

S9 Keep container in a well ventilated place.

S16 Keep away from sources of ignition — no smoking
S23 Do not breath vapours

S33 Take precautionary measures against static discharges

The lack of environmental classification is based on the acute toxicity values of 10-100 mg/l and
not ready biodegradability which would lead to classification R52-53. However, the long-term
NOEC for the species that is most sensitive in acute tests is greater than 1 mg/l, leading to no
classification for environmental effects.

13



2 GENERAL INFORMATION ON EXPOSURE

21 PRODUCTION

211 Production processes

The substance TAME belongs to the group of ethers. It is an anthropogenic chemical and there
are no known natural occurring sources of the substance.

TAME is manufactured in the petroleum refineries and it is formed by the chemical combination
of either of the two reactive Cs olefins (2-ethyl-2-butene and 2-methyl-1-butene) with methanol.
Fluid cat cracker (FCC) light petrol is mixed with methanol. The mixture is conducted to acidic
ion exchange resin, which act as catalyst. Tertiary ether TAME is formed in an equilibrium
reaction from methanol and the Cs olefins.

After this, the reactor effluent is distilled to recover TAME. The distilled product is typically
10-30% TAME in petrol hydrocarbon mixture and not produced or isolated as a chemically pure
substance. This on site product is used as a blending component of standard unleaded petrol.
Some plants produce TAME and heavier ethers from tertiary olefins (Cs-C7) in a same process.

Only a small fraction (approximately 3%) of the total amount of TAME produced in the EU is
isolated as ‘pure’ TAME (> 96% purity), the majority (97%) is part of a ‘mixed’ refinery stream
containing 10-30% TAME together with other mixed hydrocarbons.

212 Production capacity

TAME only began receiving serious consideration as a component for petrol blending during the
early 90’s. Production started in the USA in 1991 and in 1992-1994 low production was
performed in UK and Germany (as an intermediate). Higher production started in Europe as the
NExTAME process to produce TAME was launched in Finland in 1995 (Kivi et al. 1997).

The EU production volume exceeded 175,000 tonnes in the year 2000. The EU production sites
larger than 1,000 tonnes per year were located at the following places in the year 2000 (see
Table 2.1) A remarkable increase in capacity building and production has happened between
2000-2002, since production reached 250,000 tonnes in 2002.

Table 2.1 Production sites of TAME

Company Location

AGIP Gela, ltaly

BP Chemicals (ERDOLCHEMIE) Cologne, Germany

FORTUM OIL OY Porvoo, Finland

SARAS SpA Sardinia, Italy
TOTALFINAELF (LIDSEY OIL) Killingholme, United Kingdom

The produced TAME is mainly used in the EU-European market. There are no merchant plants
producing TAME to refineries, but producing plants are “captive” plants located in refineries.
One producer is processing TAME on site to other chemicals. There has not been remarkable
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international marketing of TAME in the 90’s. From the EU area, it was only once exported to
Canada, 50,000 tonnes as 30%-liquid (15,000 tonnes 100% TAME) in 1999 and once imported
from India (producers information). Import and export has increased slightly during the last few
years (2000-2002) showing 30,000 tonnes net import to the EU —area in the current reference
year 2002.

2.2 USES

221 Introduction

Table below shows the industry and use categories of TAME for the EU in 2002. The main use
of TAME is as an additive/component in petrol and it is the second largest used oxygenate after
MTBE. Other uses of the substance are as an intermediate in the production of pure methyl
butenes.

Table 2.2 Quantities (production + import), Industry and use categories

Industry category Use category Quantity used | Percentage of
tonnes total use

Mineral oil and fuels industry (9) | Fuel additive (28) 277,000 97

Chemical industry, chemicals Intermediate (33) 10,000 3

used in synthesis

Total 287,000 100

TAME is a petrol blending component which aids to meet current EU petrol specifications
concerning octane number (RON, MON) and volatility (RVP). Research Octane Number (RON)
is an indicator of petrol's anti-knock performance at lower engine speed and typical acceleration
conditions, while MON (Motor Octane Number) is an indicator for fuel under higher engine
speed and higher load conditions. Octane rating of TAME is 104.5 ((Research + Motor)/2). Reid
Vapour Pressure (RVP) is the direct measure of volatility at ambient temperatures.

These parameters have direct influence on engine fuel economy, vehicle driveability and
environmental emissions of certain regulated pollutants. The oxygen containing fuel additives
improve the combustion process, resulting in a decrease in hydrocarbon and carbon monoxide
emissions.

TAME is blended in petrol alone or often together with other oxygenates (MTBE, ETBE or
ethanol) and other octane boosters to meet desired petrol specifications. Typically petrol may
contain < 1% — >10% TAME. In Finland premium blend (95-octane petrol) contains 4-11%
TAME and super blend (98- and 99-octane) typically less, since other octane boosters are used
(mainly MTBE).

A significant proportion of the EU gasoline pool contains no TAME. Since many oil refining
companies have no capacity to manufacture TAME, this fraction of the total EU gasoline pool is,
by definition, TAME-free. International marketing, import to EU area by these companies may
somewhat blur this basic composition. Anyway, the use of TAME is at the moment more or less
localised to the market areas of the European TAME producers.

Table 2.3 presents information on TAME consumption volumes in different EU member
countries in the year 2002. Average concentrations in petrol are included. These averages are
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calculated for petrol that contain TAME, not for total consumed petrol volume for each country.
Data in Table 2.2 has been compiled from information submitted by the producers to the
rapporteur. However, the data is not complete as a remarkable proportion of consumed total
volume is not included (no data available). It can not be concluded that TAME is not in use in a
certain country if the name of the country is not mentioned in the table. For countries mentioned
in the table, the consumption volumes can be regarded as a consumption that surely has come
true, but the figures can still be high underestimates for some of the countries.

Table 2.3 Annual TAME consumption in certain EU countries in the year 2002

EU-Country Consumption of TAME in Average conc. %-wt
the year 2002 (tonnes) of TAME in petrol

Greece 2,400 3,7%

Finland 55,000 4-11% (known range)

France 500 3,7%

ltaly 70,500 0.9-3,7%

Netherlands 1,200 3,7%

Spain 7,200 3,7%

UK 45,100 3%

others (no data available)

222 Release Scenarios

TAME may be released into the environment during its life cycle steps; production, formulation,
transport, storage, delivery and use. General characteristics of TAME which are relevant for the
exposure assessment are listed below and discussed in more detail in Section 3.1.2.

The environmental emission/exposure scenarios during life-cycle of TAME used in the
assessment are as follows:

1.1 Production of TAME

1.2 Formulation: petrol blending with TAME (on site and off site)

1.3 Industrial use 1 (processing 1 in EUSES): storage, transport and delivery of petrol
1.4  Private use: consumer use of petrol

1.5  Industrial use 2 (processing 2 in EUSES): TAME used as chemical intermediate
1.6  Waste disposal

The environmental exposure assessments combine the relevant exposure scenarios for TAME
and apply recommended assessment methods for deriving PEC local and regional according to
Technical Guidance Document (TGD 2003) and European Union System for the Evaluation of
Substances (EUSES model ver. 1.0 (1997)) if applicable.

2.3 TRENDS

A remarkable increase in capacity building and production of TAME has happened between
1998-2002. In 1998 the annual consumption of TAME in Europe was approximately

16



CHAPTER 2. GENERAL INFORMATION ON EXPOSURE

100,000 tonnes and in the year 2002 consumption reached 277,000 tonnes as a petrol component.
The tonnages used as an intermediate in chemicals industry have been rather stagnant.

The EU Fuels Directive 98/70/EC (EC 1998) set new mandatory specifications on petrol. From
1 January 2000 new limits on aromatic 42% v/v were set and no later than 1 January 2005. The
total aromatics shall not exceed 35% v/v. Because of high intrinsic octane rating of aromatics,
decrease in aromatics leads to loss of octane rating in base petrol. The change in aromatics
concentration in petrol, approximately 7% v/v drop in five years, means a remarkable loss in
octane number. This loss has to be replaced with non-aromatic, high octane blending
components. That would mean substantial continuous increase in annual consumption volumes
of TAME or other suitable blending components in coming years.

Demand for high octane blending compounds may increase also due to the 10 new EU-member
countries where the use of lead as octane booster stops as they join the EU. This may have
remarkable influence on TAME production volumes as well.

24 LEGISLATIVE CONTROLS

24.1 Petrol composition and emission contr ol

Composition

Based on the results of the Auto/Oil programme, Directive 98/70/EC (amend 2001/71/EC)
regulates the maximum content of TAME as “ethers containing 5 or more carbon atoms per
molecule” to 15% v/v. In addition, leaded petrol to be phased out by year 2000 and new
improved petrol quality standards from 1 January 2000: restrictions on volatility (Reid Vapour
Pressure summer (1.May-30.Sep) maximum 60.0 kPa and maximum 70kPa in Member States
with arctic or otherwise severe winter conditions and winter grade gasoline with a maximum
allowance level of 90kpa) and maximum content of sulphur (150 mg/kg) olefins (18% v/v),
aromatics (42% v/v) and benzene (1% v/v). In addition, no later than 1 January 2005, total
aromatics shall not exceed 35% v/v and maximum content of sulphur 50 mg/kg.

According to the joint text approved by the Conciliation Committee of the European Parliament
and Council the new directive amending Directive 98/70/EC will lower the allowed maximum
concentration of sulphur to 10 mg/kg from 1 January 2009. Furthermore, article 6 of Directive
98/70/EC will be amended to allow the Member States by way of derogation to take more
stringent measures on the quality of the petrol marketed in specific areas in order to protect the
health of the population or the environment, if there is a risk of groundwater pollution.

Emission Control

Hydrocarbons (HC) from motor vehicles are regulated pollutants in the EU and historically
emissions standards have been addressed to the mass of total hydrocarbons (THC) or
non-methane hydrocarbons (NMHC).

A primary reason for these regulations is that vehicular HC emissions are major contributor to
the formation of tropospheric ozone. As a group, all HC (except methane) are considered ozone
precursors.
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Directive (98/69/EC) introduce new mandatory (gradually tightening) limit values on emissions
from new cars and light commercial vehicles. From year 2000 hydrocarbon exhaust emission
limit for petrol fuelled cars is 200 mg/km. On board diagnostics required on petrol vehicles from
2000. The driving cycle test procedure is modified to include a cold start at -7°C.

Directive 94/63/EC (1994) “Stage I & II“ is for limiting emissions of volatile organic
compounds (VOC-emissions) during the storage of petrol and its distribution from the delivery
centres to the service stations (refuelling stations). This vapour recovery system called Stage |
will be in use at all service stations in the European Union by the end of the year 2004. Stations
with annual throughput over 1,000 m® should have already been repaired before the beginning of
1999. There is as yet no obligation regarding vapour recovery systems during refuelling
automobile tanks (Stage II). Thus the introduction of Stage II shows large regional variations in
Europe. At Stage I stations, during unloading from tank truck to station tank, vaporised gasoline
is collected, which reduces the release to the air and also limits the human and environmental
exposure. At Stage II stations, vaporised gasoline is collected also during refuelling by an inlet
which is attached to the gasoline pistol.

In general, the “VOC directive” (1999/13/EC) sets rules for hydrocarbon emissions from petrol
storage and delivery in large installations (storage terminals etc.).

24.2 Waste water dischargesto surface waters

The IPPC (Integrated Pollution Prevention and Control) Directive lays down measures designed
to prevent or control emissions in order to achieve high level of protection to the environment as
a whole. IPPC-installations are typically large industrial activities such as refineries. Thus the
tank fields in refineries and TAME production plants are controlled through permits given and
supervised by national authorities. These permits may cover the treatment of tank bottom waters.
For new installations permits shall be given prior to the beginning of the operation and for
existing installations by the end of 2007. However, many member states have been subject to
national permit systems prior to the IPPC directive.

Storage tank fields in depots not in connection with industrial facilities are not covered by the
IPPC Directive. These separate tank fields are in some Member States subject to national permit
systems and thus there are site specific requirements which may cover the treatment of tank
bottom waters.

There is no data available on what type of permit conditions are set for the treatment and
emissions of tank bottom waters in different Member States. So far the main focus seems to have
been oil compounds, which can be separated from waste waters with oil traps. Oil traps do not
remove water soluble fractions, such as TAME.
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31 ENVIRONMENTAL EXPOSURE

311 General discussion

The emissions have been estimated using industry-specific and use pattern specific information
wherever possible. For some lifecycle stages and environmental compartments, emissions have
also been estimated using the default methods from the TGD. In these stages insufficient specific
information is available to estimate the emission by other methods.

In this release estimation, organic compounds in the gas phase, excluding particular matter, are
referred as VOCs, TOCs (total organic carbon) or HCs and mean the same (cited as it is in
original reference). If methane is excluded, abbreviation “NMVOC?” is used.

3111 Release from production

TAME is produced at 5 sites within the EU. TAME is produced in closed systems in either wet
or dry processes. Atmospheric emissions are expected from both types of processes but release to
water occurs primarily from the wet process. Typical (but not entire) production of TAME in the
EU is part of oil industry.

During the manufacturing process of TAME, the product is never in direct contact with water.
Water is used in some processes (the so called wet processes) to wash the methanol from the
methanol-hydrocarbon stream. The TAME product is extracted before the wash. Some traces of
TAME can, however, be present in the MeOH-HC stream. To avoid concentration of the water
stream, a small side stream is extracted from the water stream and led to the wastewater
treatment unit. In the dry process, excess methanol is extracted by other means and recycled back
to the process feed.

In the following emission calculations for production the default emission factors to air and
waste water according to the Technical Guidance Document (TGD) are replaced by site specific
data (see Table 3.5).

Regional and continental emissions from production

In calculating the contribution of production plants to regional and continental concentrations the
following emissions will be used. There are site specific data from all of the five production
sites. Total emission to air from production and formulation (formulation on site) was
43.8 tonnes/year and emissions to waste water 26.9 tonnes/year.

Table 3.1  Summary of emissions from TAME production sites (tonnes/year)

Site Releases to Air Releases to water | Notes

A1 15.5 0.005 site specific data
A2 10.5 1.2 site specific data
A3 11.2 2.3 site specific data

Table 3.1 continued overleaf

19



EU RISK ASSESSMENT — 2-METHOXY-2-METHYLBUTANE (TAME) FINAL REPORT, 2006

Table 3.1 continued Summary of emissions from TAME production sites (tonnes/year)

Site Releases to Air Releases to water | Notes

A4 1.1 5.7 site specific data
A5 55 0.25 site specific data
Total 43.8 9.45

Instead of using default emission factors in regional/continental modelling, measured (or site
specific calculated) release data is used as far as possible. The TGD default value of 10% for
regional production has been substituted by production volume data of the highest production
volume site.

The highest site specific emission factors (EF) reported are EF,;; =0.015 and EF =1 - 107,
The highest EF,;; are calculated from total HC —emissions of the production site since no TAME
determinations are available. These highest values are not used in EUSES calculations, but the
TGD default factor of 0.001 is used instead for emissions to air generic calculations.

3112 Release from for mulation

In the Technical Guidance Document, a formulation is defined as the stage where the chemical is
combined in a process to obtain a product or preparation. Formulation of TAME covers the
blending of petrol with TAME. Emissions into environment are mainly atmospheric.

There are basically two formulation techniques for blending petrol, in-line blending and batch
blending. In in-line blending the petrol components (including TAME) are pumped from their
storage tanks to a common line and pumped further through the common line to the product
storage tank. The components are blended both during the pumping through the common line
and in the product tank. In batch blending the petrol components are pumped through separate
lines to the storage tank. The blending of the components hence takes place only in the product
tank.

When TAME is blended into petrol outside the refineries, e.g. in commercial terminals, both
techniques can be used for the blending. Batch blending is however usually more used. There are
4-8 commercial terminals within the EU that do blending of petrol (Fortum 2001). It is expected
that the TAME emissions in these terminals do not differ from the emissions from blending
activities in the refineries since the techniques used are similar. Emissions from formulation are
hence included partly in production sites and partly in “industrial/professional use 1” category
(see Section 3.1.1.3), apart from EUSES calculations where the formulation stage is included
separately.

Because formulation takes place in production and terminal sites, site specific emission data
contain emissions from formulation but do not make a difference between specific emission
sources and functions (production, formulation, storage, pump leaks, etc.). Therefore the
proportions of emissions arising specifically from the formulation stage is not known, but
formulation emissions are included in site specific totals (see Table 3.1).

3.1.1.3 Release from industrial/professional use 1 (processing 1)

The industrial use scenario (1) covers life cycle stages where transportation, storage and delivery
of TAME and blended petrol takes place. Emissions are mainly atmospheric, even if emissions
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to all environmental compartments are possible during storage, loading/reloading, transportation
and delivery of petrol at service stations.

The default emission factor from the Technical Guidance Document for mineral oil and fuel
industry (A3.8) is used (see Table 3.3), except emissions to air where a more detailed, vapour
pressure dependent factor is used.

Release to the aquatic environment may occur during transportation of petrol/TAME through
waterways and refuelling of watercrafts. Intermittent releases to the aquatic environment, to
wastewater and surface water, may arise from storage tank bottom waters in terminal sites (local
PEC calculation).

Release to waste water happens from petrol stations. At new and sanitised stations the car
maintenance and repair halls and the service station pump island have closed pavements with
rain and waste water drainage to an oil/water separator and normally further to a local municipal
sewage system.

Release to soil during storage and transportation is assumed to be low, in terms of emitted
volumes, compared to emissions directed to air. However these emissions are existing and soil in
refuelling stations and depot areas are more or less contaminated with petrol based
hydrocarbons. Such slight diffuse emissions can be considered as prevailing practice because of
the widespread occurrence, even if regulations and technical standards exist to minimise such
emissions. Serious soil and groundwater pollution may happen in the case of leaking of
underground storage tanks or piping. More or less frequent overfilling of the tanks may lead to
similar consequences. However no specific local PECs are derived here for leaking tanks.

Emissions to air are predominantly fugitive emissions directed to air during storage of petrol in
tanks and during loading/emptying phases.

Reid Vapour Pressure (RVP) is the direct measure of volatility at ambient temperatures. The
RVP of pure TAME is rather low, approximately 11kPa (1.6 psi), and it can be used to reduce
evaporation losses from vehicles and during bulk storage and distribution of petrol.

Typically vapour pressures of ethers in hydrocarbon mixtures have good linearity over wide
concentration range (European Commission 2001; Kivi et al. 1991). Therefore in estimating
volatile releases of TAME from various petrol blends linear volatility behaviour can be expected
over concentration range of < 1-15% TAME.

Petrol hydrocarbon releases to air during storage and refuelling

In the following section an emission factor for petrol hydrocarbons to air will be derived. This
factor is further used to estimate the emission factor for TAME to air from transport, storage and
delivery.

Table 3.2 summarises measured/estimated emissions to air from certain operations of petrol life
cycle.
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Table 3.2 Emissions factors of petrol hydrocarbons during turnover and
storage of petrol and refuelling of vehicles

Operation Emission kg/tonne
Filling

Tank barges or rail tank cars 0.49
Road tankers 0.44
Mobile refuelling vessels 0.0002
Intermediate storage tanks 1.12
Gas station tanks 1.4
Gas station tanks, with gas balancing 0.14
Breathing

Intermediate storage tanks 0.16
Gas station tanks 0.08
Refuelling of vehicles

Displacement emission, without gas recovery 14-148
Displacement emission, gas recovery (80% efficiency) 0.31
Leaking (refuelling) 0.14-0.08

Sources  Gasoline /GDCh Advisory Committee on Existing Chemicals of
Environmental Relevance. BUA report 1996 (BUA 1996).
EMEP/CORINAIR Atmospheric Emission Inventory Guidebook.
European Environment Agency 1996 (CORINAIR 1995).

Taking into account filling and breathing emissions from intermediate storage tanks
(1.12 + 0.16 kg/tonne), petrol station tanks (1.4 + 0.08 kg/tonne) and refuelling emissions
(1.48 kg/tonne) the data presented assume the average turnover and storage VOC emission factor
for petrol to be about 4.5 kg/tonnes maximum (without gas recovery, no Stage I or Stage II
controls).

A great deal of petrol is transported directly from the refinery depot to service stations and there
are no emissions from unloading/loading and storing phases in intermediate depots leading to
lowered total emissions. A similar lowered trend is achieved, as the gas recovery equipment is
becoming more common in refinery and intermediate depot dispatch stations and petrol stations
(Stage I controls). Refuelling gas recovery is also common in service stations in some of the EU
member states (Stage II controls) cutting emissions to air by 80-90%.

Taking into account the data in Table 3.2, and different emission control stage implementation
in different member states (Stage I and II controls common in some EU countries with high
petrol consumption) an average EF of 3 kg/tonne for petrol is used in further emission
calculation.

As a conclusion the TGD defaults values are used in the further emission estimation (industrial
use 1) for soil and wastewater and a specific emission factor of 3.0 kg/tonne is used for air.

Evaporative Emission factor for TAME

The reid vapour pressure of TAME (RVP) is lower than the reid vapour pressure of average
European grade petrol. This means that reductions in total evaporative HC emissions are reached
when low vapour pressure blending components in fuels are used.
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In previous sections a total petrol emission factor of 3 kg/tonne (for industrial use 1 phase) was
derived. The volatility of the blending component MTBE is very close to the average petrol
volatility (European Commission, 2002). This means that pure 100% MTBE would emit the
same 3 kg/tonne under the same conditions and if petrol would contain 10% MTBE, so 10% of
the emitted hydrocarbon mass would be MTBE. Relational volatility between the two
oxygenates TAME/MTBE is approximately 11/56 (TS 75/95 and 128/96) (Fortum 2001). This
means that TAME volatility from petrol is about 20% of MTBE volatility in mass units if the wt-
% concentration of these substances in petrol is equal.

RVP based volatility of TAME is herewith about 20% of the total emitted mass volume. Taking
this into account and performing a comparative approach, this leads to a TAME emission factor
of 0.6 kg/tonne (20% of 3kg). A good linearity of TAME evaporation over a concentration range
of < 1-15% is assumed and therefore 0.6 kg/tonne TAME for the total petrol blended tonnage is
used in the emission calculation for industrial use 1.

Table 3.3 Emission factors and total emissions for Industrial use 1

Compartment EF TAME Release (tonnes)
Air 0.0006 166.2
Wastewater 0.0005(d) 138.5
Surface water 0(d) 0

Sail 0.001(d) 277

d) TGD Default emission factor

3114 Release from private use

The private use scenario covers emissions of TAME from the use of petrol as a fuel in spark
ignition engines under typical operation conditions (cars, boats, stationary engines, etc.).
Emissions to all environmental compartments are possible although emissions to environment
are mainly atmospheric.

Emissions to air from the use of petrol are the main source of TAME released to the
environment. It covers the majority of the total emitted mass volume. Emissions are divided into
two main categories: 1) evaporative emissions and 2) exhaust emissions.

The total (continental + regional) exhaust and evaporative emission of TAME is calculated using
a single emission factor (0.025). The emission factor for the exhaust emission has been derived
elsewhere, in the risk assessment report of MTBE (European Commission 2001). The calculation
method used statistical data on annual driven mileage and fuel consumption within EU as well as
measured data of pure MTBE proportion as a component in exhaust HC- emission gases per
different vehicle fleet classes. Finally the emission factor and MTBE emission to air for the
petrol consumption were calculated as a ratio of total emitted/consumed tonnage. Because of the
similar chemical structure of MTBE and TAME the results of the previous assessment is used
here. There are also studies showing absence of significant differences in the emission
characteristics between MTBE and TAME petrol blends (Noorman 1993).

Releases to surface water are caused by motor boating and related activities and by urban runoff
in general (roads). As far as detailed information is available these are used later in the report to
calculate local PECs. Otherwise the Default emission factor from the Technical Guidance
Document for mineral oil and fuel industry (private use category) is used (see Table 3.4)
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Motor boating and comparable activities lead to direct emissions of petrol to the aquatic
environment through spills and exhaust gases. There are studies showing that engine exhaust and
not spills are the major emission source. Certain types of water-crafts (most outboard motors and
ski jets) release their exhaust gases directly under the water surface. This technique is used for
lowering the exhaust noise. The basic technique for releasing exhaust gases under water is
similar in most petrol fuelled boats regardless weather the type of the motor is two- or
four-stroke. Exhaust TOC emissions from four-stroke engines (and injection fuelled two-stroke
engines) are normally far lower than from traditional two-stroke engines. Typically even > 25%
of fuel may be directed unburnt to surface water from two-stroke engines.

Direct release to soil may occur for instance as a result of malfunctioning fuel systems in
vehicles and engines. Accidental spillages during transport of petrol (tank trucks) and car
accidents are undoubtedly potential sources of soil and groundwater contamination with TAME.
However, a quantitative local estimation has not been carried out from sources mentioned above,
except EUSES calculation at regional/continental level. The default emission factor from the
TGD is used (mineral oil and fuel industry, private use category, fraction of tonnage released to
industrial soil 0.0001).

It can be assumed that environmental concentrations would locally be highest along the
roadsides. On the other hand there is not much evidence that leaking fuel systems in vehicles
would cause remarkable general petrol based soil contamination on road banks, parking- and
related areas. The high volatility rate of petrol and its components from the top surface of ground
decreases the possibility of soil contamination contrary to less volatile leaking motor oil and
diesel gas oil.

Table 3.4 Emission factors and total release of TAME from use of petrol

Compartment EF TAME Release (tonnes)
Air 0,025 6,925
Water 0,0005(d) 139
Surface water 0,0001 (d) 28

Sail 0,0001(d) 28

d) TGD Default emission factor

Regional consumption of TAME needs some consideration. On average petrol consumption
within the EU is about 310 kt per million inhabitants (in 1997). The consumption has been rather
stagnant over the last years. Assuming this average value for 20 million inhabitant (in
40,000 km?) the regional consumption of petrol would be 6.2 Mt. If 6.2 Mt petrol is blended with
27,700 tonnes TAME (TGD 10% rule) the average regional concentration of TAME in petrol
would be only 0.45%.

Actually the consumption of TAME is remarkably more common in some member states and
sub regions than in others and therefore the actual realistic regional consumption of TAME is far
higher than 10% of the total EU consumption. If the 6.2 Mt petrol is accepted as regional
consumption of petrol and a total consumed volume (0.277 Mt) is used in the region the average
percentage of TAME blend were 4.4% v/v at regional level. This 4.4% can be seen as a realistic
value for regional assessment even if it comprises 100% of total EU consumption of TAME.
Regional real 4.4% average TAME petrol blend is not uncommon (see Section 2.1.1). Thus,
277,000 tonnes are consumed regionally as a petrol blending component for private use in
regional assessment.
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3.1.15 Release from Industrial use 2 (processing 2)

Industrial use 2 covers emissions from the use of TAME as an intermediate in transformation of
TAME into high purity isopentene in a continuous process. Emissions into environment are mainly
atmospheric.

The processed TAME volume is used exclusively as captive on-site intermediate. The current
default emission factors from the Technical Guidance Document for Chemical industry,
intermediates have been replaced by specific data as it is available regarding emissions to air and
waste water. The default fraction of the main source is also replaced by specific data.

3.1.16 Release from disposal

Soil and groundwater in petrol retails and storage sites may often be contaminated with petrol
hydrocarbons. In connection to remediation activities, discharges of TAME contaminated
groundwater take place to municipal sewage system or directly to surface water. This situation is
rather common and because of high volumes of often just slightly contaminated water, there is a
frequent wish for permission of discharge of contaminated water to surface water. Remediation
is normally managed by local or regional pollution control authorities and decisions for
permissions are decided on the case by case basis. More detailed qualitative or quantitative risk
characterisation has not been carried out in this risk assessment concerning above-mentioned
recovery/waste disposal issues.

Site specific available data below briefly describes waste disposal protocols used in the
production sites of TAME.

Site 1

Sludge from STP is pressed and landfilled, concentration of TAME in sludge and in dry sewage
sludge was not detected (N/d). Washings from motor spirit tank sludges may contain up to 1%
TAME. Approximately 50 tonnes/year is incinerated off-site. Solid waste: Ion exchange Resin
purged and landfilled off site

Site 2

Solid waste treatment: Amount of TAME in solid waste was below the detection limit. If
necessary, solid waste is always inertised with calcium oxide or burned.

Site 3

STP sludge is sent to industrial landfill. The landfill site is specially designed with several
sealing layers to prevent leakage to groundwater. Any liquid that may escape is re-routed back to
the WWTP for re-treatment. Spent catalyst is steam treated before it is removed from the
reactors. No TAME remains after steam treatment.

Site 4

All formed STP sludge is incinerated. Concentration of TAME in sludge (mg/kg) was not
detected. Solid waste treatment is incineration.
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Site 5

No data available.
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Table 3.5 Emission Summary Table

Production1 | Formulation1 | Industrial use 1 | Private use 1 | Industrial use 2 | Total tiyr
Relevant tonnage for application (tonnes/year) 257,000 277,000 10,000
Regional tonnage of substance (tonnes/year) 130,000 130,000 277,000 277,000 10,000
Continental tonnage of substance (tonnes/year) 107,000 147,000 0 0 0
Emission factors A1.1(1b) A2.1 (1b) A3.8 A42 A3.3
Air 1E-03 1E-03 0.0006¢ 0.025¢ 0.0001
Waste water 1E-4 @ 1E-4 @ 0.0005 0.0005 0.0005
Surface water 0 0 0 0.0001 0
Industrial soil 0.0001 0.0001 0.001 0.0001 0.0001
Fraction of the main source B1.4 B2.6 B3.7 B4.1 B3.2

0.6 0.2 0.05 0.000002 ® 1

Emission days 350 300 350 365 350
Regional release kg/d
Air 356 759 455 19,000 2.7 7,490
Waste water 35.6 75.9 379 379 13.7 226
Surface water 0 0 0 75.9 0 124
Industrial soil 35.6 75.9 759 75.9 2.7 346
Local emission to air during episode kg/d 223 185 23.7 2
Local emission to wastewater during episode kg/d 223 18.5 19.8 14
Local indirect emission to air from STP during episode kg/d 13.3 1 11.8 8.5

1) Imported volume included
2)  See sections on emission scenarios and local PECs
3)  Use volumes submitted by industry

4)  Specific factor see 3.1.2 subsections.
5)  Norelease to waste water expected

6)  Fraction of emission per vehicle/engine assuming 0.5 million vehicles in use simultaneously
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312 Environmental fate
3121 Degradation in the environment
31211 Atmospheric degradation

Direct photodegradation

There are spectral data available to assess the absorptivity of sunlight (UV at 190-400 nm) and
hence the possible direct photodegradation potential of TAME. According to spectra
UV-absorption of TAME is very poor at wavelengths higher than 280 nm (BP 2002). Therefore
direct photodegradation of TAME can be regarded as very low or negligible at normal
environmental conditions

Indirect photodegradation

The indirect degradation rate constants for TAME, 5.5 - 10 ? cm® molecule/s at 298 K has been
measured. The rate constant is not very temperature dependent and the corresponding half-life

for a 24-hour average OH radical concentration of 5 - 10 ° molecule/cm’ is 2.9 days
(24-hour days) for TAME (ManTech 1993) (NSTC 1997).

The products of the gas-phase oxidation of TAME reacts to form tertiary-amyl formate, methyl
acetate, acetaldehyde, acetone (minor), formaldehyde, and a number of other organics and
organic nitrates in low yield (Smith et al. 1995).

Further degradation rates of primary degradation products of TAME for the same OH radical
concentration are estimated as follows. The calculated lifetime of tertiary-amyl formate is 4 days.
A lifetime or “residence time” 4 days is comparable to half-life 2.77 days (t/2 = 0.693 - lifetime)
(Lyman et al. 1990). Formaldehyde, acetaldehyde and acetone also undergo photolysis (Atkinson
1987), with photolysis being calculated to dominate over the OH radical reaction for
formaldehyde, to be of similar importance as the OH radical reaction for acetone, and to be less
important than the OH radical reaction for acetaldehyde. The lifetimes of acetone and
acetaldehyde are expected to be approximately 50 days for acetone and 1.4 days for
acetaldehyde.

One investigator reports the lifetime of formaldehyde in the sunlight atmosphere due to
photolysis and reaction with HO radicals as 4 hours. The measured half-life for direct photolysis
for formaldehyde as measured in simulated sunlight is 6.0 hours (HSDB 2000).

The kinetics of the reaction of OH with TAME was examined using a relative rate technique in
which photolysis of methyl nitrate or nitrous acid was used as a source of OH. GC/FTIR/MS was
used for product identification. The OH rate constant for TAME and two major products, t-amyl
formate and methyl acetate, were measured. Rate constants were - 5.48 - 102 cm® molec™ s
(TAME), 1.75 - 10" ¢cm’® molec” s™ for t-amyl formate (t%= 4.5 days) and 3.85-10"° cm’
molec” s for methyl acetate (t'4= 20 days). In the presence of NOx, the yield of primary
products was 0.366 t-amyl formate, 0.340 methyl acetate, 0.338 acetone, 0.549 formaldehyde,
0.026 t-amyl alcohol, 0.030 3-methoxy-3-methyl-2-butyl nitrate and 0.004 for
2-methoxy-2-methyl butyl nitrate. For TAME a tropospheric lifetime of 2.1 days was calculated
(ManTech 1993).
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Absolute rate constants for the reaction of OH radicals with TAME and other oxygenates in a
helium atmosphere were determined over the temperature range of 230-372 K, using a pulsed
laser photolysis-laser induced fluorescence technique. Based on these results
(k=628 -107> cm®), a tropospheric lifetime of 32 hours was estimated for TAME (Teton et al.
1996).

The calculated rate for atmospheric oxidation is close to measured ones. A rate constant
5.22 --10 '* c¢m® molecule/s at 298 K (OH conc.0.5 - - 10° cm ) is the calculated value for
TAME using AOPWin v.1.9 program (AOPWin 2000). The calculated rate constant is
comparable to a half-life of 3.1 days/24 hour days (assuming OH conc. 0.5 - 10° cm ~ to
represent a 24-hour average, covering day/night fluctuations ).

Photodegradation test results for TAME are summarised in Table 3.6.

a) Summary of degradation results for the atmosphere

Table 3.6 Photodegradation test results (Indirect photolysis)

No. | Type of test | Rate const.and | Sentisiser Method Test Reference
Deg substance

1 relative rate 5.48 - 102¢m3 | OH OH source, methyl nitrate TAME (ManTech 1993)
/molecule-sec and nitrous acid

2 absolute rate | .28 - 10-2¢cm3 | OH pulsed laser photolysis- TAME (Teton et al. 1996)
32 hr lifetime laser induced fluorescence

3 relativerate | 55 - 10 -12cm?3 OH TAME (Smith et al. 1995)
Imolecule-sec

4 calculated 5.22 - 10-12 OH (conc.0.5 | SAR- method developed TAME (AOPWin 2000)
cm3/molecule- - 108 cm —3) by Atkinson et al. (SMILES)
sec

b) Discussion of degradation results for the atmosphere

There is a rather good agreement with the tested and calculated rate-constants. Hydroxyl -radical
mediated photo-oxidation is the predominant photodegradation process of TAME in the
atmosphere. Degradation half-lives are of the order of a few days depending on environmental
conditions. Thus primary degradation of TAME is rapid in the atmosphere.

The main measured degradation products are: t-amyl formate, methyl acetate, t-amyl alcohol,
acetone,  formaldehyde,  acetaldehyde and in  the  presence of  nitrate:
3-methoxy-3-methyl-2-butyl nitrate and 2-methoxy-2-methyl butyl nitrate. The main degradation
products are further degraded within a few days (form- and acetaldehyde) up to tens of days
(acetone). Further degradation data is not available for all known degradation products of
TAME.

¢) Conclusion

Based on study data available, TAME is indirectly photodegraded in the atmosphere in few days.
The estimated degradation half life of 2.9 days, which is based on study results, is used in further
assessment.
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31212 Aquatic degradation

Hydrolysis

Based on physical-chemical properties of TAME and the properties of other structurally related
aliphatic ethers TAME is not expected to significantly hydrolyze in natural waters under
environmentally relevant pH conditions (pH 4-10) (Prager 1992).

Photolysis in water

Data on experimental determination of photolysis in water is not available. However, because of
structural reasons, TAME is not expected to photolyze directly, or photooxidize significantly via
reactions with photochemically produced hydroxyl radicals in water. In this assessment the
calculated (EUSES) half-life value for photolysis in water DTso PhotoWater is 1 - 10° days.

Biodegradation

Aerobic Standard Ready Biodegradation Tests

In a Closed bottle study (OECD 301D) with 1.99 + 0.03 mg/1 of test substance, 4.0% degradation
of TAME was observed after 28 days (Huttunen 1996, Huttunen et al. 1997, Bealing 1995).
Based on this study it can be concluded that TAME is not readily biodegradable in the aquatic
environment.

Aerobic Standard Inherent Biodegradation Tests

There are no standard inherent test results available.

Non-standard Aerobic Biodegradation Tests

Jensen and Arvin (1990) observed no biodegradation of TAME in 32 days aerobic aquatic
screening studies using activated sludge inoculation material. In the same test conditions
aromatic petrol components (benzene, toluene, xylenes, ethylbenzene, naphthalene) were well
degraded (> 95% in 15 days) indicating that the system applied had high biodegradation
potential in general (Jensen and Arvin 1990).

In an aerobic study by Steffan (1997) several propane oxidising bacteria were tested for their
ability to degrade TAME. Both a laboratory strain and natural isolates were able to degrade
TAME in laboratory conditions after growth on propane. High degradation rates were achieved
(42%-100% mineralisation depending on the test organism in 24 hours at 25°C, 8 mgl™ test
substance, 70-100 mgl™” inoculum). The initial oxidation of TAME resulted in the production of
tert-amyl alcohol (TAA). Because propane oxidisers are widespread in nature, the authors
suggest that these bacteria may provide a basis for the development and implementation of
biologically mediated treatment processes for petrol oxygenates.

A mixed aerobic microbial culture growing on MTBE was tested for its ability to grow on other
petrol components like TAME. Results showed that the culture was able to degrade TAME
(benzene and toluene as well). Samples were incubated at 21-23°C. Test replicates (2) contained
30 mg/l TAME and 30 mg/l MTBE (tot. 60 mg/l oxygenates each). 100% of TAME was
degraded in 7 days. TAME had little or no effect on MTBE degradation (Eweis et al. 1999).
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Hernandez-Perez et al. (2001) used strains Gordonia terrae IFP 2001 from activated sludge and
G. terrae IFP 2007 derived from IFP 2001. Ethyl t-butyl ether (ETBE) was use as the growing
base and sole carbon and energy source. TAME was not used as carbon and energy source as this
strain did not grow on TAME under the study conditions. However, cometabolic degradation of
TAME was demonstrated to t-amyl alcohol (TAA) in the presence of a carbon source such as
ethanol. A monooxygenase was noticed to be involved in the degradation of ethers. The ratio of
alcohol produced (TAA, mol) / ether degraded (TAME, mol) was measured 0.91 + 0.20 and for
specific activity (umol TAME g™ protein min™") 45 + 1.5 using 0.5 g cells I and 1-1.2 mmol I
TAME incubated at 30°C. About 50% degradation of TAME was noticed after 50 hours.
Degradation was very slow until addition of 2 mmoll™” ethanol after 140-hour incubation. After
that rapid degradation to TAA occurred within some 30 hours (Hernadez-Perez et al. 2001)
(Hernandez-Perez et al. 2001).

TAME was mineralised as a sole source of carbon and energy (at 30°C) by a specific set of
undefined mixed cultures enriched from a petroleum refinery wastewater activated sludge. The
initial concentration of 77 mg/l was mineralised in 160 hours. Tert-amyl alcohol (TAA) was
formed as an intermediate during biodegradation of TAME but did not accumulate in acclimated
batch cultures because it was degraded much faster than it was formed through biodegradation of
TAME. TAME degradation in this test system was the slowest of the five different substances
tested (TAME, MTBE, ETBE, TBA and TAA). The test conditions were favourable for
biodegradation and enriched cultures had a high potential to degrade tertiary ethers due to all the
tested compounds were completely mineralised during the tests (Cowan and Park 1996).

Aerobic biodegradation of an oxygenates mixture TAME, ETBE and MTBE was studied in an
upflow fixed-bed reactor (Kharoune et al. 2001). The upflow fixed-bed reactor (UFBR) used an
external oxygenator and sintered glass rings as biomass carriers and test substances as sole
source of carbon for adapted specific microbial population. The highest ETBE, MTBE and
TAME removal rates achieved throughout the UFBR runs, with efficiency better than 99%, were
140 £ 5, 132 £ 2 and 135 + 2mg/l - day, respectively. No metabolic intermediates including
tert-butyl alcohol (TBA), tert-butyl formate (TBF) and tert-amyl alcohol (TAA) were detected in
the effluent during all the reactor runs. Furthermore, based on the chemical oxygen demand
balance, all the removed oxygenates were completely metabolized. The results of this study
suggest that the higher resistance to biodegradation exhibited by the MTBE and the TAME is
probably due to the steric hindrance for the attacking enzyme(s); and the major limiting step to
the oxygenate degradation maybe the accessibility and the cleavage of the ether bond, but not the
assimilation of their major metabolites such as TBA, TBF and TAA. These results were
concomitant with the batch tests using the reactor's immobilised biomass as inoculum.

Anaerobic biodegradation

In an anaerobic, static sediment/water microcosm study TAME was not degraded in 180 days
(6 months) under all conditions tested; sulfate and/or nitrate reducing conditions and/or
methanogenic conditions (Mormile et al. 1994). Sediments were collected from sites chronically
contaminated with petroleum hydrocarbons. Inoculum was indigenous sedimentary
micro-organisms occurring under anoxic/anaerobic subsurface conditions. Both sulphate
reducing and nitrate reducing metabolic pathways were explored using appropriate co-incubation
factors. Metabolism under methanogenic conditions was also assessed.

After 182 days of incubation TAME did not biodegrade under the test conditions in anaerobic
sediment/water test system (Suflita and Mormile, 1993). Samples were collected from sites of
contaminated chronically with municipal landfill leachate.
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The anaerobic biotransformation of TAME in sediments was evaluated under different anoxic
electron-accepting conditions over 3 years by Somsamak et. al. (2001). Enrichments were
established with a polluted estuarine sediment inoculum under conditions promoting
denitrification, sulfate reduction, Fe(Ill) reduction, or methanogenesis. Complete primary
degradation of TAME was observed under sulfate-reducing conditions, concomitant with the
reduction of sulfate. The primary degradation product of TAME was tert-amyl alcohol (TAA)
indicating that O-demethylation was the initial step in TAME biodegradation under
sulfate-reducing conditions. Further degradation of TAA did not occur. No transformation of

TAME was observed under the other electron-accepting conditions over 3 years (Somsmak et al.
2001).

a) Summary of degradation results for the aquatic compartment

Abiotic
Table 3.7 Photodegradation half-life in aquatic environment
No. | t1/2 and Deg. Method Reference
1 1 - 100 days EUSES TGD 2003
Biotic

Table 3.8 Summary table of biodegradation results for the aquatic compartment

No. | Type of test Detection | Degradation | Period Conc. | Inoculum Reference
1 Closed bottle O2 uptake | 4,0% after 28 | 28 days | 2mgll Huttunen (1996),
OECD 301D days Huttunen et al.
(1997), Bealing
(1995)
2 Non standard GC 0% after 32 32days | 3mg/l | Activated sludge non Jensen and Arvin
aerobic days adapted (1990)
3 Non standard 0% 180 Variable, from petroleum Mormile et al.
anaerobic, days contaminated sites (1994)
static

sediment/water

4 Non standard 0% 182 From sites contaminated Suflita and
anaerobic, days chronically with landfill Mormile (1993)
sediment/water leachate

5 Non standard GC 100% primary | 1,160 1.0 50 ml underwater sediment Somsamak et al.
sulfate degradation days mM slurry from contaminated site | 2001
reducing to TAA
conds.

Table 3.8 continued overleaf
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Table 3.8 continued Summary table of biodegradation results for the aquatic compartment

No. | Type of test Detection | Degradation | Period Conc. | Inoculum Reference
6 Non standard 50% 50 1-1.2 | 0.5 g/l Gordonia terrae IFP Hernandez-Perez
aerobic 100% hours mM 2001 from activated sludge etal. (2001)
o 80 and G. terrae IFP 2007
primary degr, h derived from IFP 2001. Ethy|
to t-amyl ours t-butyl ether (ETBE) was use
alcohol (TAA) as the growing base and sole
carbon and energy source.
7 Non standard GC 42-100% 24 8-200 | Special propane oxidising Steffan et al.
aerobic hours mg/l bacteria (25 °C) (1997)
8 Non standard 100% 7 days 30 Special bacteria growing on Eweis et al.
aerobic mg/l MTBE (21-23 °C) (1999)
9 Non standard Oz uptake | >99% 160 7 Undefined mixed cultures Cowan and Park
aerobic +GC hours mg/l enriched from a petroleum (1996)
refinery wastewater activated
sludge
10 Non standard GC >99% continu | 130- Adapted, specific microbial Kharoune et al.
aerobic ous 140 population (2001)
reactor | mg/l

GC  Substance specific Gas Chromatographic analysis

b) Discussion of degradation results for the aquatic compartment

Biodegradation in aquatic compartment:

TAME is not readily biodegradable in aquatic environment according to the standardised aerobic
ready biodegradation tests. No test results from standard inherent test systems for aquatic
biodegradation are available and conclusions are made according to the non-standard tests.
Degradation has been observed in non standard aerobic tests using special types of inoculum,
pure cultures and mixed cultures. Anaerobically, primary degradation (transformation) to
t-amyl alcohol has been demonstrated as well in specific sulphate reducing conditions. These
studies show that at least some microbial species are capable to degrade TAME and to use it
even as their sole carbon source. Thus, it can be concluded that TAME is biodegradable under
certain conditions in aquatic aerobic environment. However, these natural potential microbial
TAME degraders in the aquatic environment are extremely rare.

¢) Conclusion

The characterisation of biodegradability of TAME in aquatic environment and STPs are “not
biodegradable” which is used in the EUSES model calculations.

For those STPs having continuous TAME exposure, adapted microbial population capable to
degrade TAME may exist. Existing monitoring data from production sites seems to confirm this.
However, adaptation is not regarded here as a default condition for all STPs and scenarios and
therefore a more conservative approach regarding the biodegradability classification in STPs has
been chosen.
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31213 Degradation in soil

The susceptibility of TAME to anaerobic (sulphate and/or nitrate reducing conditions and/or
methanogenic conditions) biodegradation has been evaluated. No degradation was observed in
180 days when the microcosms were incubated with various inocula, regardless of the electron
acceptor status (Mormile et al. 1994). Sediments, soil and groundwater used in the test system
were from sites chronically contaminated with petroleum hydrocarbons.

TAME (3 mg/L) was not degraded in 60 days when incubated with aquifer material, soil, or
activated sludge (Moller and Arvin 1990).

Soil with previous exposure to MTBE was tested in laboratory microcosms to measure its
capacity to biodegrade TAME. Microcosms were constructed using contaminated soil, sterile
groundwater and were incubated at ambient groundwater temperature (16°C) under aerobic
conditions.

Zenker et al. observed no biodegradation of TAME after one year (neither MTBE, ETBE or
DIPE). In the same test conditions tert-butyl alcohol (TBA) was completely biodegraded after
approximately 200 days (Zenker et al. 1999).

a) Summary of degradation results for the terrestrial compartment

The stability in soil test results for TAME are summarised in Table 3.9.

Table 3.9 Stability in soil test results

No. | Type of test Dissipation Method Reference

1 anaerobic no biodegradation after 180 days | sediment/water microcosm Mormile et al.1994
from contaminated sites

2 aerobic no biodegradation after 60 days | soil (+ sludge and aquifer Moller and Arvin
material) 1990

3 aerobic no biodegradation after 1 year soil/groundwater microcosm. | Zenker et al. 1999

from contaminated area

b) Discussion of degradation results for the terrestrial compartment

Based on the few studies available it may be concluded that rapid and reliable biodegradation of
TAME in soil can not be assumed in any normal environmental conditions indicating very slow
degradation in soil. The biodegradability of TAME in soil in aerobic and anaerobic conditions
seem to be very slow and favourable conditions for degradation are difficult to attain.

¢) Conclusion

In the further EUSES model calculations the characterisation of biodegradability in soil is “not
biodegradable” (half-life 1 - 10° day).

31214 Summary of environmental degradation

Table 3.10 summarises the half-life/rate constants which have been used in environmental
transformation and distribution assessment for TAME. It should be noticed that a great deal of the
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rate constants and half lives in Table 3.10 are just EUSES default values for non degradable

substances, but not actual measured values for TAME.

Table 3.10 Environmental degradation rates used in modelling

Parameter Value Description

Ko 5.5 - 102 cm3molec s (measured) | Specific degradation rate constant with OH-radicals

Kbegair 0.24 /day (measured) Rate constant for degradation in air

DTsoHydrwater 1- 106 day Half-life for hydrolysis in water

DTsophotowater 1- 106 day Half-life for photolysis in water

Kaiowater 0 day Rate constant for biodegradation in surface water

DT500egwater 5 - 105 day Total half-life for degradation in bulk surface water

DT508i0soi 1 - 106 day Half-life for biodegradation in bulk soil

Kbegsoi 2.31- 103 day Total rate constant for degradation in bulk soil

DTsoBioAersed 1 - 106 day Half-life for biodegradation in aerated sediment

Kbegsediment 1 - 107 day Total half-life for degradation in bulk sediment

Ksiostp 0 /day Rate constant for biodegradation in STP

Koegstp 0 /day Total rate constant for degradation in STP
3122 Distribution

The theoretical distribution of TAME between four environmental compartments at equilibrium
is calculated at two temperatures using the fugacity model EQC v.1.1 (Mackay level I). The
results in Table 3.11 clearly indicate that volatilisation may be expected from water and soil and
adsorption to particulate matter is poor. The change in temperature has clear effect on the
distribution between compartments.

Table 3.11 Static equilibrium partitioning

Compartment | Partitioning % at 20°C | Partitioning % at 12°C
Air 95.7 90.2

Water 4.264 9.68
Sediment 0.0008 0.0019

Soil 0.038 0.086

At lower temperatures as the water solubility of TAME increases and vapour pressure decreases
the equilibrium partitioning is less in the air compartment side and higher proportion of the
substance is in the water phase. In EUSES modelling vapour pressure and water solubility values
for 20°C are used (water solubility 11 g/l at 20°C, 15 g/l at 12°C and vapour pressure 90 hPa at
20°C, 56 hPa at 12°C).

31221

Adsor ption

The partition coefficients for TAME have been calculated using EUSES (see Table 3.12).
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Table 3.12 Partition coefficients used in modelling

Parameter Value Description

Koc 22.7 llkg Partition coefficient organic carbon-water

Kpsusp 2.27 likg Partition coefficient solids-water in suspended matter
Kpsed 1.131/kg | Partition coefficient solids-water in sediment

Kpsoi 0.454 I/kg | Partition coefficient solids-water in soil

Ksoi-water 0.88 m3m? | Partition coefficient soil-water

Ksusp-water 1.47 m3m3 | Partition coefficient suspended matter-water

Ksed-water 1.37 m3¥m3 | Partition coefficient sediment-water

Kprs 6.81 m¥m3 | Partition coefficient solids-water in raw sewage sludge
Kpps 6.81 m3m3 | Partition coefficient solids-water in settled sewage sludge
Kpa 8.4 m3m?3 | Partition coefficient solids-water in activated sewage sludge
Kpsis 8.4 m3¥m?3 | Partition coefficient solids-water in effluent sewage sludge
Kair-water 0.016 m3/m3 [ Partition coefficient air-water

Because of structural reasons (low molecular weight aliphatic ether) it can be concluded that
physisorption is the predominant adsorption mechanism of TAME. No chemisorption processes
like covalent bond formation or ion exchange is expected. TAME is expected to have moderate
to high mobility in soil based on an estimated Koc of 22.7

31222 Precipitation

There are no measured data available on atmospheric dry or wet precipitation of TAME.

3.1223 Distribution in wastewater treatment plants

The fraction of TAME in the STP directed to air, water and sludge is 0.40, 0.60 and 2.5 - 102 ,
respectively (EUSES data). A removal percentage of 40% in STP is used in local PEC
calculations.

3.1.2.3 Accumulation and metabolism

a) Summary of results for accumulation and metabolism

There are no bioconcentration test results available for TAME. Neither there exists information
on possible metabolic pathways in species in the environment, except what has been observed in
mammalian tests and reported in sections dealing with human health.

The measured octanol/water partition coefficient value of TAME is 1.55 (log value) This value
gives first estimate of low bioconcentration potential of the substance. Calculated BCF values
are summarised in Table 3.13.
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b) Discussion of accumulation and metabolism

There are no bioconcentration studies available. However, it is unlikely that TAME would
bioconcentrate in high extent or would accumulate in biota for long time periods.

c) Conclusion
The following BCFs and BAFs for TAME have been calculated using EUSES.

Table 3.13 Bioconcentration factors used in modelling

Parameter | Value Description

BCFrish 414 LIKG Bioconcentration factor for fish

BCFsiota 414 1/kg Bioconcentration factor for aquatic biota
BCFworm 2.73 kg/kg Bioconcentration factor for earthworms
BAFmeat 8.91E-07 d/kg | Bioaccumulation factor for meat

BAFwmik 7.94E-06 d/kg Bioaccumulation factor for milk

Calculated results indicate low bioconcentration potential of TAME from abiotic environmental
compartments to biological material and bioconcentration via the food chain is unlikely.

3.13 Aquatic compartment (incl. sediment)

3131 Calculation of predicted environmental concentrations (PECiocal)

Local aquatic PECs are derived for the emission sources mentioned below. The surface water
assessment is expected to be protective for sediment too.

« production and formulation (site specific and generic)
. industrial use (generic)
. intermittent release from storage tank bottom waters (generic calculation)

o Dboating

The local PEC calculations and results are presented in the sub-sections of Section 3.1.4.1. In
addition, stormwater runoff is a source of TAME to surface water. However, there is not enough
monitoring data available to make quantitative PEC calculations for runoff. Known
concentrations in runoff are only few micrograms/litre maximum and remain clearly below the
current PNEC values, indicating no risk for runoff waters.

31311 Calculation of PECiecq for production

Site specific PECiocawater) from production and formulation sites

All sites known to produce TAME in EU region in February 2002 are listed in alphabetical order
in Table 2.1. There are 5 production and/or formulation sites and one production/industrial use
2 site in the EU region. If there are not specific information on possible formulation on-site, it is
assumed that all TAME is formulated on site. When actual emission or concentration data is

37



EU RISK ASSESSMENT — 2-METHOXY-2-METHYLBUTANE (TAME)

FINAL REPORT, 2006

available it is assumed that emissions from formulation are included in the site specific emission
data submitted by the producer.

There are emission data or measured concentrations reported from all production and/or

formulation sites.

Table 3.14 Site specific local aquatic concentrations from production and production/formulation sites (values received

from industry in bold)

Company-site specific data Site 1 Site 2 Site 3 Site 4 Site 5
Release waste water (kg/d) 58 4.6 (280ug /1) 6.6 12 (C) 0.8 (ind)
Removal rate in WWTP (%) 40 40 40 40 40
WWTP effluent flow (m?/day) 7.8 - 108 16 - 104 6.2 - 10¢ 1.2 - 10¢ 7108
Flow receiving water (m?3/day) sea sea sea
Dilution 10 100 (D) 1000 (D) 70 (M) 100 (D)
D D 3600 (M)
Conc. in effluent (mg/l) 0.00026 (M) | 0.185 (C) 0.11(C) 0.1 (M) 0.0001
<det. level | Notdetectable | <det. Level
(not given) (0.1 mgll) | <det.level (0.5 ug/l)
PEC surface water (mg/|) 0.0005 0.0015 0.0001 0.0015 0.0005
(PECregional = 0.0005)

1) Known to be based on various measurements
D) Default;

IND)  Industry;

C) Calculated by rapporteur

M)  Measured

Site 1

Continuous process. Water: Concentrations in influent and effluent of WWTP [mg/1] Inlet ex
Dissolved Air Flotation (DAF) units =7.7mg/l Ex Biological WWTP Plant = <lmg/l, :HC
effluents: Outlet: 3,595 (kg/year) WWTP effluent flow [m’/s] 0.091m’/s. Emission rate to waste
water kg/day Ex DAF units 58kg/day Emission to surface water with WWTP effluent < Skg/year
TAME. There is also a limited set of TAME measurements, showing at the time of
measurements a maximal WWTP inlet concentration 6,614 pg/m’ and outlet concentration of
263 pg/m’. With an annual WWTP flow of 2.8 - 10° m® (=0.091 m?/sec), this corresponds to
around 0.75 kg TAME/year.

Site 2

Continuous process. All waste waters are treated in WWTP. Emission rate to waste water (inlet
WWTP) 4.6 kg/day WWTP effluent continuous flow 0.19 m’/s Concentrations in influent of
WWTP 280 pg/l Concentrations in effluent of WWTP <200 pg/l (analytical LOD) Emission to
surface water as WWTP effluent < 1,200 kg/year (worst possible case: upper limit corresponding
to continuous effluent flow at a concentration equal to the analytical detection limit) Sampling
protocols not given. Analysis protocols GC/MS. Emission to surface water: Sea — estimated
concentration < 1 pg/L (derived from the dilution factor) Dilution factor in receiving water
> 1,000,000
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Site 3

Continuous process. All waste water and storm waters are routed via phase separator to the
biological WWTP. Concentrations in influent and effluent of WWTP [mg/1]

During the period January 1999 to August 2000, 3 samples per day (each representing an 8-hour
average) were taken at the inlet and outlet of the WWTP. Influent 0.275 kg/hour (minimum
0.143, maximum 5.923, SD 0.178) (1,667 values available, of which 1,606 were below a
100 pg/l limit of detection). Note that a value of 100 pg/l has been used in calculating the mean
when no TAME could be measured, leading to an overestimate of concentration in influent).

Effluent 0.048 kg/hr (minimum 0.003, maximum 1.441, SD 0.093, 95% of all values below
0.223 kg/hour) (1,570 values available, of which 396 were below a 2 pg/l limit of detection.
Note that a value of 2 pg/l has been used in calculating the mean when no TAME could be
measured, leading to an overestimate of concentration in effluent.)

Average throughput of WWTP: 2,584 m’/hour (minimum 1,429, maximum 3,615, SD 264,
accuracy of flow meter +/- 3%) Receiving water = river, flow rate 2,500 m’/s at point of
discharge.

Site 4

Continuous process All waste waters treated in biological WWTP. Frequent monitoring of
TAME in waste water. Sampling and analysis protocol is well described. Concentrations in
influent 0.1-2.3 mg/l (N=>13,000) and effluent 0,1 mg/1 results 98, 5% (N=390) of WWTP

Note: the mean influent concentration overestimates the amount of TAME entering the WWTP.
This is because of the number of results < 0.1 mg/l which have been entered as 0.1 mg/l when
calculating the average. WWTP effluent flow 12,000 m’/day Dilution factor in receiving sea
water; 70 — 100.

Site 5

Continuous process. 0.8 kg TAME is released daily to waste water. No frequent analytical
monitoring. According to site specific data 1.5 kg/year is released via WWTP effluent
(0.09 m*/s flow) to sea water. TAME is not detectable in effluent. Analytical GS/MS detection
limit is 0.5 pg of TAME/ 1.

3.13.12 Calculation of PEC, oy for formulation

Formulation takes place in refineries. Site specific data is available and release from formulation
stage of TAME life stage is included. See previous section.

3.1.3.13 Calculation of PECiecq for industrial/professional use

TAME may pose a significant wastewater treatment problem especially at petrol product
terminals. Few wastewater characterisation works have been done concerning oxygenates
concentration in waste streams. Because of high water solubility of ether oxygenates, petrol tank
bottom water may contain these substances at concentrations of several grams per liter (Sun et al.
1993).
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During the storage and turnover of petrol in storage tanks water is condensed on the bottom of
these tanks. Because of the high water solubility of TAME tank bottom waters may have high
concentration. From time to time tank bottom water is removed and disposed either directly or
via STP to surface water causing intermittent releases. The volume and frequency of tank bottom
water releases are highly site specific. Bottom water problems are difficult in cavern storage
since these caverns always have an oil-water interface, through which oxygenate migration occur
(Dewitt and Company Inc. 1998). Tanks having floating roofs without weather roofs have
bottom water problems as well (frequent need for watering).

Aquatic PEC local, intermittent release from tank bottom waters

Because there is a large number of terminal sites in the EU storing and handling petrol a generic
emission estimate is made for tank bottom waters. Some of the sites do not have actual waste
water treatment systems for tank waters (except water/oil separators and API pools).

In a simplified realistic worst case emission scenario a rather high concentration of TAME in
storage tank bottom water is drained directly (via water/oil separator) to surface water in a short
period of time. If this happens just a few times a year, releases can be regarded as intermittent.
Intermittent release is defined in the TGD as “intermittent but only recurring infrequently i.e.
less than once per month and for no more than 24 hours” and PEClocal is calculated on the basis
of a daily release rate. For intermittent releases to the aquatic compartment a dedicated PNEC,
derived from acute ecotoxicity test data is used in risk characterisation.

Here, a intermittent PEClocal for surface water is calculated for one operation of draining water
(10 cm) from a medium to high size (30,000 m®) cylindrical storage tank. The bottom area of a
10 m high tank is 3,000 m” and the volume of 10 ¢cm thick bottom water layer is 300 m’.

In oil and fuels industry TAME is not purified but always handled as a component in mixture of
petrol hydrocarbons. The solubility of TAME into water from petrol is approximately 2,400 mg/I
(US EPA 1999).

If released directly to surface water (or via a water/oil separator like API pool) as a realistic
worst case situation 300 m® water and 720 kg TAME in it is released in a short period of time. If
released during 24 hours the flow rate is 0.0035 m’ /s.

SAMS, screening assessment model system (OECD 1992), can be used for a crude estimation of
PECioca1  at the recipient (TGD 2.3.8.3). SAMS — river is a 50 box steady state model for
chemical transport in rivers. A flow rate, of 20,000 m3/day (0.232 m3/s), was selected for the
river, which is 10 times the TGD default STP flow. Other parameters were:, 10 m wide, 0.5 m
deep, 10 km long river with 100 g/m’ suspended matter (4% organic C). Tank bottom water
(300 m®) was released to the river in constant 0.0035 m’/s flow (24 hours) and initial TAME
concentration was 2,400 mg/l. As a result of SAMS calculation, concentration PEClocal was
35 mg/l at 400 m from the release point, which is regarded as a reference point here. (In
comparison the estimated concentration was 18 mg/l at 5 km from the release point). Hence,
calculated PEC local for surface water from depot tank bottom water is 35 mg/l
(PECregionalgyfacewater 0.0005 added).

PEC iocal intermittent = 35 mg/1 (dissolved)

In large depot areas releases may happen more often or even continuously like in cavern storage.
In these cases it is not appropriate to regard emissions as intermittent but rather continuous and
generic PNEC for surface water has to be used in deriving the PEC/PNEC ratios.
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3.1314 Calculation of PECjqc4 for private use

F)ECI ocal_boating

TAME is released directly to surface water as an unburnt petrol component from most petrol
fuelled water crafts (boats, water-jets etc.). Especially older two stroke engines, common as
outboard motors, are inefficient in fuel combustion. Even > 25% of petrol hydrocarbons can be
released unburnt into the water.

A minor part of the substances in engine exhaust gas distributed into the water will be dissolved
to water. The diffusion time of the substances is rather limited and the major part of the
substances are released to atmosphere as the exhaust bubbles enter the water/air interface. Test
results not for TAME but MTBE partitioning are available. When petrol is released from normal
operation of a motorboat, approximately 40% of the MTBE is retained in the water, while 60% is
immediately lost to the atmosphere over the short time course of these tests (Keller et al. 1998).

Assuming a petrol consumption of 0.5 I/km (approximately 375 g/km) of a boat and a TAME
concentration 10 wt-% in petrol and 25% emission leads to 375 g/km - 0.40 (EFpartitioning) - 0.25
(EFengine) * 0.10 (TAME wt% in petrol) = 3.8 g/km TAME emission. Assuming continuous heavy boat
traffic, 100 boats per hour passing the detection point on a 10 m wide boat lane (depth 1 m,
length 1 km)) would lead to continuous 38 mg/m*/hour TAME emission to surface water.

Non-equilibrium, steady state model simulation (EQC v1.0 level III) can be used to estimate
steady state PEC in the water course after continuous constant emission. Simulation takes into
account primary loss mechanisms, volatilisation, advection, adsorption and degradation. Using a
constant emission rate of 38 mg/m’/h for TAME directed to surface water, a steady state
concentration of 13 pg/l in surface water is achieved.

Table 3.15 EQC v.1 Level Ill Phase volumes, rates and steady state concentrations for TAME

Phase Air Water Soil Sediment
Bulk vol m? 1-10M 2 -10M 1.8 - 101 5 - 108
Emission mg/m3/h 0 38 mg/m3/h 0 0
Degradation t’2 h 96 no degr. no degr. no degr.
Concentration g/m?3 29 - 106 0.013 37 - 105 0.011

This EQC calculation contains high emission rate assumptions and it therefore obviously gives a
worst case concentration of 13 pg/l estimation for TAME in surface water for boating. Adding
the calculated PECregionalsrfacewater (0.5) gives a PEClocalpeasing (dissolved) =

PEC local boating = 13.5 ug/l

Existing monitoring data (see Section 3.1.3.2) shows that concentrations normally are far below
of (< 20 times) the calculated worst case concentration. Normally dilution factors are higher and
traffic intensity lower. The calculated value should be regarded as a worst case scenario which is
not realistic for open waters, but might be realistic only in marinas and very narrow and shallow
heavy traffic boat lanes having very poor dilution conditions. For more open waters, application
of an additional dilution factor, at least 10, is justified.
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3.1.32 Aquatic monitoring data

Even if TAME is a high volume chemical and has “open” use as a petrol component, there seems
to be a rather limited set of environmental monitoring data available. The extent of monitoring
data available are not capable to describe well the actual exposure situation.

A total of 249 stormwater samples were collected from 46 different sampling locations in North
Carolina over an approximate 1-year period and analyzed to identify land use types where fuel
oxygenates and aromatic hydrocarbons may be present in higher concentrations and at greater
frequency. TAME was detected in < 10% of samples, typically <1 pg/l. All of the locations with
significantly higher contaminant concentrations were associated with direct runoff from a gas
station or discharge of contaminated groundwater from a former leaking underground storage
tank (Borden et al. 2002).

Lakes and streams

US Geological Survey detected Volatile organic compounds in 42 surface-water samples
collected from streams on Long Island, New York, and in New Jersey, January 27-30, 1997.
TAME was detected in 11 samples (26%). The median concentration in all detections was
0.02 pg/l and the maximum concentration in all detections was 0.08 pg/l (USGS 1997).

In Lake Tahoe (USA) TAME was measurable in three samples from the nearshore,
boat-trafficked area (0.20, 0.14 and 0.14 pg/L relative to the 0.11 pg/L LOD) (Reuter et al.
1998).

In four lakes in Byram Township, Sussex County, NJ, in the summer of 1998, concentrations of
TAME in water samples ranged from 0.07 to 0.43 ug/l on June 24 and from 0.2 to 0.69 pg/l on
September 8. Lakes are surrounded by densely populated communities where the use of
gasoline-powered watercraft is prevalent (Baehr and Zapecza 1998).

3.1.33 Comparison between predicted and measured levels

In general, comparison between measured and calculated values is difficult. Concentration of
TAME in petrol and used total volumes in the region were needed if full comparison were
possible. However, measured levels are rather low and generally at the same order of magnitude
as calculated ones. An exception is the boating scenario, which is known to be a realistic worst
case scenario. Actual measured levels from US lakes are approximately 20-200 times lower.

314 Terrestrial compartment

3141 Calculation of PECqca

Generic EUSES estimations has been carried out for relevant life-stages of TAME and results
are tabled below in the relevant sub-sections.

There are specifically three exposure routes to be considered when estimating PECqc, in soil:

o direct (point source) release of TAME during petrol storage and refuelling tanks and
vehicles;

o  STP sludge field application;
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« dry and wet deposition from the atmosphere (infiltration of stormwater runoff and
precipitation).

The first issue, soil contamination in petrol stations and storage depots, is difficult to express
quantitatively. It is often, but not always a question of accidental spillages, but continuous slight
contamination of storage and delivery area soil. However, in the long term, accidental spillages,
like leaking under ground storage tanks (USTs), may have a remarkable contribution on
contamination of soil. This kind of contamination has not directly been taken into account in
local PEC calculations. PECj,,1 soil for petrol stations has not been calculated for normal
refuelling leaks. No probabilistic approach for the number of leaking UST or accidents has been
carried out. Instead, a set of monitoring data from contaminated sites is presented in
Section 3.1.4.2 Measured levels in soil and ground-water.

Two latter issues are taken into account as modelling output. The EUSES model takes into
account both the application of STP sludge on agricultural soil and the deposition from air for
the calculation of TAME concentrations in the terrestrial compartment. Table 3.16 gives the
terrestrial PECs at a local scale (i.e. the concentration measured 30 days after sludge
application).

31411 Calculation of PECiecq for production, formulation and industrial use

The exposure routes taken into account in PEClocal calculations are application of sewage
sludge in agriculture and dry and wet deposition from the atmosphere.

Concentration in soil (Clocaly,) can be estimated using the aerial deposition flux per kg of soil
and the sludge concentrations estimated above. The predicted environmental concentration
(PEClocaly,y) is estimated by adding the concentration in soil to PEC regionalyagra soit Which is
5.3 - 10° mg/kg wet weight.

Table 3.16 Local PECs in soil, concentrations of TAME in agricultural soil and grassland EUSES calculations

Life cycle step PECicca terrestrial PECiocal terrestrial
Concentration in grassland Concentration in agricultural soil
> 180 days (mg/kgwwt) > 30 days (mg/kgwwt)
A1 Production 1 0.0038 0.034
C1 Industrial use 1 0.0014 0.028
C2 Industrial use 2 0.0008 0.021
31412 PECs; for petrol stations

Because of the large volumes of petrol used daily in the EU (> 400 million litres) and large
(> 100,000) service stations network, petrol storage capacities and transportation systems
required to provide petrol to end users, surface and subsurface releases are likely to occur.

During the refuelling of motor vehicles at service stations leaking of petrol to the pavement of a
pump island is estimated to be 0.14 kg/tonne (CONCAWE 1978). In the past at filling stations
spilled fuel could penetrate the pump island pavement causing continuous soil contamination.
New and sanitised stations get closed pavement with drainage to an oil/water separator and soil
contamination caused by normal refuelling operation is prevented.
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More serious sources of soil and groundwater contamination include leakage in storage tanks,
piping and joints and tank overfilling. Technical condition of underground storage tanks is more
difficult to check regularly than above ground tanks. Leaks from underground tanks are also
difficult to notice at once. In the case of leaking underground storage tanks or piping released
amounts can be very high compared to releases from normal operations. These accidental leaks
may contaminate soil and spoil the ground water in large areas.

The intrinsic chemical properties and use pattern of TAME are very close or similar to MTBE,
known ground water contaminant (properties like chemical structure, water solubility, log Kow,
Koc, biodegradability, taste and odour threshold, etc. Reference to sections 1 and 3.1.2 of this
report and MTBE risk assessment (European Commission, 2001).

In many of the contaminated petrol station areas in Finland both MTBE and TAME have been
detected. Finland is a region where both of these substances have been in use simultaneously for
almost ten years. When remediation of the petrol station soil has been carried out in recent years
in Finland, both of these substances has often been found in the soil. In the case that the
groundwater has been polluted by petrol oxygenates in larger areas (outside the station area) both
of the substances TAME and MTBE have been often measured indicating similar mobility and
persistency in soil.

Consumption volume of TAME is expected to increase continuously in coming years adding a
risk to general ground water quality. In that respect, some regions in the EU are more vulnerable
areas than others because of their geomorphology.

A small set of data dealing with TAME occurrence in soil and groundwater is presented in the
next section.

3.14.2 Measured levelsin soil and ground-water

Terrestrial monitoring data

All data comes from Finland and has been compiled from various sources. The data set presented
here is not representative even for Finland, but rather indicative of concentrations found in some
contamination/remediation cases, few years back.

Majority of the data are monitoring data from contaminated sites, mainly petrol stations. These
often high concentrations are mostly caused by leaking joints in underground tank pipings. In
some cases these levels are caused by accidental larger or more frequent (slight) overfilling of
underground storage tanks in connection to insufficient pavement isolations at underground
storage tank refilling points at the petrol stations.

Due to lack of routine monitoring programs of TAME in Finland or any other EU country, there
are no known background detection or concentration trends in time. A pilot program for regular
monitoring of background concentration of TAME in groundwater in Finland is under way, and
the first results are available. The pilot survey covers 9 groundwater areas.

Monitoring Data - Background concentrations in groundwater

In a pilot monitoring study in Finland, background concentrations of TAME and MTBE in
groundwater were investigated in November 2003. The intention was to clarify the influence of
road traffic TAME/MTBE emissions in precipitation to the general groundwater quality. Nine
sites for groundwater well sampling were selected in the vicinity of roads and remote areas. All
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of the sampling sites were far from refueling stations to avoid direct influence of such point
sources.

Most samples were taken from public water supply groundwater wells/boreholes in service or in
reserve. Determination limits were 0.08 ug/l for TAME and 0.1 ug/l for MTBE.

Nine samples were taken on 25-28/Nov/2003. The concentration of TAME was below the
determination limit in all of the samples. In two samples, MTBE was detected at 0.48 pg/l and
0.20 pg/l concentrations. These values are well below the odor and taste threshold).

The data set available at the moment is so limited, that any firm conclusions can not be drawn.
However, it seems that TAME in precipitation may not have much influence in general on
groundwater quality.

(Additional information: Site parameters for 0.48 pg/l concentration sampling site: Community
groundwater well 200 m from the road having traffic intensity 12,000 vehicles per day.
Groundwater level at 10 m in sandy soil. The surface area of the groundwater area is 6.3 km?

Site parameters for 0.20 pg/l concentration sampling site: Community groundwater well 1,000 m
from the road having traffic intensity 10,000 vehicles per day. Groundwater level at 5.4 m in
sandy soil. The surface area of the groundwater area is 10.9 km?).

Monitoring Data - Concentrations affected by point sources

Table 3.17 shows a set of data concerning TAME concentrations in soil and groundwater. Since
this is risk assessment for TAME, only the measured concentrations of TAME are reported here.
Even if not reported, the other petrol components, like aliphatic- and BTEX-hydrocarbons are
often, and MTBE almost frequently, present and measured together with TAME in the water
samples. Since the oxygenates are exceptionally mobile and poorly biodegradable, they are
detected more frequently far from known point sources compared to sole hydrocarbons.

In a number of cases, the first sign of an under ground accidental spillage, has been sense
perception of tertiary ether oxygenates in drinking water of private wells.

Removal rate of TAME in groundwater is mainly dependent on dilution properties of the aquifer.
As can be seen from the monitoring data, it may take several years until the aquifer can be
regarded practically taken clean after a severe contamination has taken place.

Table 3.17 Monitoring data in soil and groundwater

Location Site type Conc pgll Year
llomantsi. Finland Petrol station soil 1,100 1997
and groundwater close to petrol station 700
Kuusaa, Finland Groundwater close to petrol station 5,200 1997
Pyhaselka, Finland Groundwater/wells close to petrol station 900-4,000 1998
Kirkkonummi, Finland | Large groundwater area 5-50 1995-2000
Salo, Finland Petrol station groundwater 100-600 1997
Turku, Finland Petrol station groundwater 30 1998
Espoo, Finland Petrol station groundwater, potable well 21,000 2002

Table 3.17 continued overleaf

45



EU RISK ASSESSMENT — 2-METHOXY-2-METHYLBUTANE (TAME)

FINAL REPORT, 2006

Table 3.17 continued Monitoring data in soil and groundwater

Location Site type Conc ugll Year
Karjaa, Finland Groundwater source: petrol station 20-30 96-98
Tuusula, Finland Large contaminated area, source petrol station | 73,000 — 150,000 potable well | 1999->
50 — 24,000 groundwater area
Tampere Finland Groundwater close to petrol station 20-30 2001
Nastola, Finland Service station, petrol leak (approximately max. 14,000 (in groundwater) | 1995-2002
1,000 liter in 1995)
Hausjarvi, Finland In the vicinity of a service station area max 3,700 in groundwater 2000-2002
Loppi, Finland Detections in groundwater and community max 23 1996-2003
drinking water abstraction well
Jokioinen, Finland Contamination of groundwater in the vicinity of max 20,000 in groundwater | 1997
petrol station (caused mainly by diffuse
emissions)
Hameenlinna, Finland | Dontamination of groundwater in the vicinity of max 3,500 1995-2002
petrol station (caused mainly by diffuse
emissions)
Jyvaskyla, Finland Community drinking water extraction well, 550 (in 1987 and slowly 1987-1995
pollution source leaking UST, released amount | decreasing until clean in 1995)
unknown
Huhdasjarvi, Finland | Private well contamination caused by 47 2002
accidental car petrol tank leak 25 m aside from
the well
Jaala, Finland Private drilled well contamination caused by 2,400 2001
accidental car petrol tank leak 10 m aside from
the well
3.14.3 Comparison between predicted and measured levels

Since background data from soil or groundwater is not yet available, a comparison between
calculated and measured values is not possible.

Measured concentrations from contaminated sites do represent site specific case by case
measurements and no modell predictions (PEC calculations) for leaking underground storage
tanks or other similar sources has not been carried out here. Anyway, some of the measured
levels from groundwater indicate clearly local contamination of groundwater by TAME.

3.15

3151

Atmosphere

Calculation of PECca

Local atmospheric PECs are derived for the following emission sources: the generic EUSES
calculations and site specific calculations for production, formulation and industrial use 1 and 2.
In addition a generic local PEC calculation for petrol station, the concentration 100 m from a
point source, has been carried out.
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31511 Calculation of PEClocal for production, formulation and industrial use
EUSES calculation

The concentration of the substance in air is estimated according to the TGD at a distance of
100 meters from a point source. In the calculation of PECj,, for air, both emissions from a point
source as well as the emissions from a STP are taken into account.

Table 3.18 EUSES calculations, PECs in air from production, formulation and industrial use

Local concentration in air during | Annual average conc. In air, 100 m | Annual PEClocal in air
emission episode (mg/m?) from point source (mg/m?) (mg/m?) (local + regional)
Production 1 0.062 0.059 0.060
Industrial use 1 0.109 0.105 0.105
Industrial use 2 0.002 0.002 0.003
3.151.2 Site specific PECjoca_air Calculationsfor production, formulation and

industrial use 2

There are site specific data available from five sites. The emission factors for the sites in
Table 3.19 range from 0.0000002 to 0.001. The default value according to the Technical
Guidance Document is 0.005. The annual average concentrations in air range from 0.033 to
111 pg/m® and the annual average predicted environmental concentration in air ranges from
0.777 pg/l to 439 pg/l.

According to the TGD concentration of the substance in air is estimated at a distance of
100 meters from a point source. In the calculation of PECiu for air, both emission from a point
source as well as the emissions from a STP are taken into account. However the maximum from
the two concentrations is used as the PECjqcal.

Clocal,ir = max (Elocalyir, Estpair) - Cstdair

where Clocal,;; = local concentration in air during emission episode, mg/rn3
Elocal,i; = local direct emission rate to air during episode (kg/day)
Estpair = local indirect emissions to air from STP during episode (kg/day)

Cstd,i; = concentration in air at source strength of 1 kg/d (2.78 - 107 mg/m3)

Table 3.19 Site specific local concentrations in air and deposition fluxes from production and production/formulation
sites (values received from industry in bold)

Site 1 Site 2 Site 3 Site 4 Site 5
Production Production Production Production | Production
Formulation | Formulation | Industrial use 2 | Formulation | Formulation
Local direct emission to air 51.6 28.7 3 15
Elocalair (kg/day)
Local indirect emission to air 16.9 (from aq. 5.3 (from aq. n.d.
from STP Elocalstp (kg/day) emiss. data) emiss. data)

Table 3.19 continued overleaf
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Table 3.19 continued Site specific local concentrations in air and deposition fluxes from production and production/formulation
sites (values received from industry in bold)

Site 1 Site 2 Site 3 Site 4 Site 5

Production Production Production Production | Production
Formulation | Formulation | Industrial use 2 | Formulation | Formulation

Local concentration in air 16.2 (15.5) 7.9 <100 1,5 0.3
Clocalair (Annual average
Temission =350) (ug/m?)

Annual average predicted 16.5 8.2 100 1.8 62.6
environmental concentration in
air (regional = 0.34 ug/md)
PEClocalair,ann (ug/m?)

Site 1

Continuous process. TAME emissions to air calculated from VOC emissions. No TAME
monitoring in ambient air.

Site 2

Continuous process. Emission to air from TAME equipment leaks 677 kg/year. Emission to air
from TAME storage tanks 85 kg/year. Emission to air: monitoring concentration in ambient air
< 400 pg/m’ Sampling protocols not given. GC analysis.

Site 3

Continuous process, 24 hours/day, 365 days/year Emission to air not given. Concentration in
ambient air sampling indicates concentrations of well below 0.1 mg/m’. Sampling and analysis
protocols not given.

Site 4

Continuous process. Estimated emissions to air 1,1 tonnes of TAME per year (3 kg/day),
estimated from total VOC emissions. No TAME monitoring in ambient air.

Site 5

Continuous process, 24 hours/day, 365 days/year. Emissions to air estimated 5,500 kg/year.
Concentration in ambient air sampling indicates low concentrations below 1 ug/m’.

31513 Calculation of PECiucq for industrial/professional use 1

Car refuelling causes evaporative emissions of TAME. Total evaporative losses of petrol
components to air during refilling of cars is on average 0.15-1.5 kg/tonne petrol depending on if
a vapour recovery system is used or not (uncontrolled or Stage I and II controls).

TAME concentration at pump island of two service stations during refuelling of vehicles has
been measured. The median values) obtained were 1.1- 4.9 mg/m’. The highest measured value
was 29.1 mg/m3 (Vainiotalo et al. 1999). The content of TAME in petrol handled was about
8.5%.
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Estimation of local PECiocal air according to TGD (100 m from point source):

This estimation is a generic calculation assuming still that TAME is used in high %-proportion in
petrol in the region. A large size petrol station delivers annually 10,000 tonnes petrol. Using an
emission factor of 1.54 kg/tonne petrol the emission would be 15,400 kg petrol. Reid vapour
pressure (RVP) of TAME is approximately 1/5 of the RVP of the whole petrol mixture (on
average). The emitted annual amount of TAME in petrol containing on average 10%-wt TAME,
would be 15,400 kg/10/5=308 kg.

Clocalairann = max (Elocalair) . Cstdair = 308 kg/365 days . 2.78 . 10-4 mg/m’ = 0.23 pg/m’
Elocal,i: max =local direct emission rate to air during episode (kg/day)
Cstd,i; = concentration in air at source strength of 1 kg/day = 2.78 - 10 mg/m’

Annual average local concentration in air PEC localsirann, 100 m from a petrol station, when
regional concentration PEC regional,;; has been taken into account:

PEC localair,ann = Clocalairann + PEC regionalair =

0.23 pg/m’ + 0.34 pg/m’ = 0.57 pg/m’

31514 Calculation of PECiocq for private use

Local concentrations due to car exhaust can be estimated with computer models e.g. the
CAR-model. This estimation has been done in the Risk Assessment of Existing substances for
some substances present in exhaust gases (cyclohexane, pentane). Calculation for TAME has not
been carried out.

3.15.2 Atmospheric monitoring data

No European studies of TAME peak concentrations in urban air or average background
concentrations have been located.

Instead a summary of the New Jersey air quality data for 2000 reports annual maximum TAME
concentrations of 0.05 and 0.07 ppb (vol) and annual average 0.01 ppb. (0.21 pg/m’, 0.30 pg/m’,
0.04 pg/m’ correspondingly) (NJ 2002). TAME levels are low compared to concentrations
reported for MTBE in the same report (maximum 8.99 ppb and annual average 1.79 ppb).

3.15.3 Comparison between predicted and measured levels

Referring to the New Jersey air quality study, information on consumption volumes of TAME at
the region is not available. The comparison between calculated background values is therefore
difficult to interpret. However, the calculated TAME background concentrations are at the same
level as the highest annual values measured in New Jersey. Therefore, most obviously the real
regional TAME consumption intensity in New Jersey is lower than the regional consumption
intensity of TAME in the current risk assessment’s regional EUSES calculation.
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3.1.6

Concentrations of TAME in fish and worm (EUSES calculation, local and regional combined)

are given in Table 3.20.

Secondary poisoning

Table 3.20 PECs in fish and worm

FINAL REPORT, 2006

Site | Life cycle step PEC wormmgl/kg | PEC fish mglkg
A1 Production 0.011 0.88
C1 industrial use 1 0.007 0.78
C2 industrial use 2 0.005 0.57
D1 private use 2 .10% 0.002

3.1.7 Calculation of regional concentrations PEC;egionas and PEContinental

Table 3.21 shows the calculated regional concentrations PEC;cgiona for air, water and soil.
PEC-continental values are not regarded important here, since practically taken almost all of the
consumed volume of TAME is consumed regionally. Only some production takes place outside
the region.

Table 3.21 Regional PECs in air, water and soil

Compartment PEC regional
Surface water (total), ug/l 0.52
Surface water ( dissolved), ug/l 0.52

Air (total), mg/m3 0.34
Agricultural sail (total), mg/kg (wwt) 9.3 - 10%
Pore water of agricultural soils, mg/| 1.7 - 105
Natural soil (total), mg/kg (wwt) 53 -106
Industrial soil (total), mg/kg (wwt) 0.007
Sediment (total), mg/kg (wwt) 0.0005
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3.2 EFFECTSASSESSMENT: HAZARD IDENTIFICATION AND DOSE
(CONCENTRATION) - RESPONSE (EFFECT ASSESSMENT)

321 Aquatic compartment (incl. sediment and micr o-or ganisms)

3211 Toxicity test results

There is a full base set available on the aquatic toxicity of TAME. There are two valid studies on
fish, 3 valid studies on aquatic invertebrates and two valid studies on algae. An acute toxicity test
on bacteria is also available. In addition there is a chronic study on Mysid. Only results of the
studies that are considered valid are cited in the tables.

A general problem in testing the toxicity of TAME to aquatic organisms is the volatility of the
substance. The vapour pressure shows TAME to be highly volatile and according to the Henry’s
law constant the volatility from water is also very high. Volatilisation has been prevented as
much as possible in the test designs and measured concentrations are essential when validating
the tests.

32111 Fish

Acute toxicity
The TAME short-term toxicity studies for fish are summarised in Table 3.22.

Table 3.22 Short-term toxicity data for fish

No. | Type of test | Species LCso " Exposure Method Test Reference
mg/l period substance
1 Flow through | Oncorhynchus 580 (m) 96 hours EPA OTS 98.8% TAME | American
mykiss 797.1400 Petroleum
Institute (1995¢)
2 Semistatic Oncorhynchus | >100 (n), 96 hours | OECD 203 | >96% TAME | Mattock (1995b)
mykiss (limit test)

Nominal concentrations (n);
Measured concentrations (m)

Test number 2 is a limit test showing that a concentration of > 100 mg/l had no toxic effects on
fish during a 96 hour test. The concentration stated is nominal but the measured concentrations
seem to be very close to nominal ones in this study (102 — 109 mg/l). Measurements were done
for the 0 hour, 24 hour (old), 24 hour (new) and 48 hour (old) test media. The fact, that the test
vessels in this semistatic test were fully filled with no headspace and sealed with glass tops, did
not seem to have an adverse effect to the standard test conditions monitored during the test.

Test number 1 is a 96-hour flow-through test giving a LCsy of 580 mg/l. Test vessels were not
covered during the exposure period. Mean measured concentrations averaged 79% of the
nominal and coefficients of variation averaged 12% for all mean measured concentrations. The
measurements were done at the beginning and at the end of the test and consequently the test is
considered valid.
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Since there are no chronic fish tests available, the LCs value from this test on Oncorhynchus
mykiss will be taken into consideration for the derivation of PNEC for the aquatic environment.

32112 Aquatic invertebrates

Acute toxicity
The TAME short-term toxicity studies for aquatic invertebrates are summarised in Table 3.23.

Table 3.23 Short-term toxicity data for aquatic invertebrates

No. | Type of test Species | ECs "‘mg/l | Exposur | Method Test Reference
e period substance

1 Static Daphnia | >100 (n) 48 hours | OECD 202 | >96% TAME | Mattock (1995a)
magna (limit test)

2 Flow through Daphnia 100 (m) 48 hours | EPAOTS 98.7-98.8% | American Petroleum
magna 797.1300 TAME Institute (1995a)

3 Static renewal | Mysidops | LCso: 96 hours | EPAOTS 98.7-98.8% | American Petroleum
is bahia 14 (m) 797.1930 TAME Institute (1995b)

" Nominal concentrations (n);
Measured concentrations (m)

Test 1 is a static limit test. The test vessels were completely filled with no headspace and
covered with screw tops. The toxicity value is based on the nominal concentration. The mean
measured concentration of TAME in the test media containing a nominal concentration of
100 mg/l was 94 mg/l. At the highest concentration tested, 100 mg/l, none of the Daphnia
magnas were immobilised after 24 and 48 hours exposure.

Test 2 is a flow-through test in which Daphnia magnas are exposed to five concentration levels
of TAME. Mean measured concentrations averaged 19% (max) from the nominal concentrations.
The relatively low recovery obtained for the tested treatment levels is most likely due to the
volatility of the substance. The maintenance of the test substance from 0 hours to 48 hours was
without one exception within 80%. The concentration measurements were performed at the
beginning and at the end of the test. The result of the test is a 48-hour ECs value of 100 mg/I1.

The test organism in test 3 is a marine invertebrate Mysidopsis bahia (new name Americamysis
bahia). The test is a static renewal test using seawater diluted with freshwater as test media
(salinity 17-23%). The test duration was 96 hours which is the test duration required in the test
guideline used (TSCA 797.1930) US EPA guideline 2007.0 Acute Toxicity Test for Mysid,
Mysidopsis bahia in Methods for Measuring the Acute Toxicity of Effluents and Receiving
Waters to Freshwater and Marine Organisms gives an option to choose the test duration from 24,
48 or 96 hours (US EPA, 2002). The purpose of this method, however, differs from testing of
chemicals. Test vessels were completely filled with no headspace and covered with a metal
screw-top lid to minimize evaporation and loss of test substance. Still, the concentration of the
test substance has not been maintained within 80% (lowest 67%) in all treatment levels. The
concentration measurements have been made only at the beginning and at the end of the test. The
result of the test was a 96-hour LCs value of 14 mg/l based on measured concentrations.
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Result above indicates that TAME might be more toxic to marine invertebrates than to fresh
water invertebrates. Consequently, the 96-hour LCs, value of 14 mg/1 for Mysidopsis bahia will
be taken into consideration in the derivation of PNEC for the aquatic environment.

It was concluded in a chronic flow-through toxicity test to the Mysid, Americamysis bahia that
survival at the highest concentration tested, 65.1 mg/l, was greater than 50% and all LCs, values
are therefore greater than 65.1 mg/l (Fortum 2004). This test result shows a greater LCsy value
for Americamysis bahia than in the older test described above. Both tests are considered valid.

Chronic toxicity

A chronic flow-through toxicity test was performed on Mysid Americamysis bahia, formerly
known as Mysidopsis bahia. The species appeared to be the most sensitive in acute aquatic tests
and was, therefore, chosen for chronic testing. The test was a flow-through chronic toxicity test.
The first experiment showed that the mean measured concentrations of the test substance ranged
from 54 to 65% of the nominal concentrations despite the renewal of the test solutions 2.3 times
per hour. Nominal concentrations were then corrected for the loss of TAME and mean measured
concentrations increased from 73 to 88%. Mean control survival at the end of the test was 85%
and each control replicate produced offspring. Mean offspring production averaged 12 young per
female in the control and 100% of the retained control offspring survived to the end of the test.
No sublethal effect were noted in the control during the test. The salinity range was 19 to 20%,
the pH ranged from 7.7 to 8.0, the temperature ranged from 23 to 26.8°C, and the dissolved
oxygen concentration was 7.5 to 8.5 mg/I.

Table 3.24 Chronic toxicity data for aquatic invertebrates

No. Type of test | Species Results (mg/l) | Exposure | Method Test Reference
period substance
1 Flow-through | Americamysis | LOEC(':9.14 @ | 28 days OPPTS TAME Fortum
bahia NOEC(- 3392 850.1350 (2004)
MATCU: 5.57@

1)  Based on the number of offspring produced by first generation mysids
2) Based on mean measured concentration of TAME

The results based on the most sensitive parameter, the number of offspring produced by first
generation mysids are shown in Table 3.24. Other measured biological parameters were the
survival of first and second generation mysids, sublethal effects of first and second generation
mysids, the length of surviving first and second generation mysids, and the weight of surviving
first and second generation mysids. Survival at 65.1 mg/L, the highest tested concentration, was
greater than 50%, and all LCsy values from this test, including the 28-day LCs, are therefore
greater than 65.1 mg/l.

The 28-day NOEC value 3.39 mg/l will be taken into consideration in the derivation of PNEC
for the aquatic environment.

3.21.13 Algae

Acute toxicity
The TAME short-term toxicity studies for algae are presented in Table 3.25.
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Table 3.25 Short-term toxicity data for algae

No. | Species EnCso " ErCso Exposure | Method Test Reference
mg/l period substance
1 Pseudokirchneriella | > 100 (n) (limit 72 hours EC-C.3+ TAME Fortum (2003b)
subcapitata test) specific test
design
2 Pseudokirchneriella | EsCso: 280 (n); 72hours | EC-C.3+ | TAME Fortum (2003c)
subcapitata 230 (m) specific test
ECso: 870 (n): design
780 (m)
NOEC: 100 (n);
77 (m)

Nominal concentrations (n);
Mean measured concentrations (m)

The volatility of TAME from test media was found to be critical in algae studies. A new test was
needed. The new limit test (test 1) was performed according to the European Commission
Guideline C.3 with specific arrangements to prevent volatilisation. Advise for the test design was
taken from a scientific article handling with the development of a closed test system for volatile
chemicals (Mayer et al., 2000). The volatilisation was minimised testing in completely filled
flasks without headspace. In order to prevent inhibition of growth due to restriction of gaseous
exchange, additional sodium bicarbonate was added to the culture medium to provide a source of
carbon dioxide for algal growth. The cell density at initiation of the test was 3 - 10> cells per ml,
lower than the standard cell density 1 - 10* cells per ml. An additional control and test material
vessel were prepared and incubated alongside the definitive test to provide control from vessels
that had not been opened throughout the test period. The pH was determined at the beginning
(pH 8.0) and at the end (pH 9.2) of the test.

The concentration and stability of the test material was verified at the beginning and at the end of
the test. Measured test concentrations ranged from 85% to 87% of nominal and the results are
based on nominal test concentration only. The result of the limit test is that no effect on the
growth of algae is observed at the concentration of 100 mg/I.

The dose-response test was performed according to the same guideline with similar
modifications. Exposure of Pseudokirchneriella subcapitata to TAME gave an 72-hour ECsg
value of 280 mg/l and an E,Csy value of 870 mg/l. The 72-hour NOEC value was 100 mg/l.
There was a decline in concentration of TAME in the test vessels. At 0 hours the measured
concentration ranged from 83% to 100% of nominal values. After 72 hours the concentrations
were 77% to 91% of nominal values. Analysis from samples taken from vessels that had not
been opened during the test period gave measured concentrations of 82% to 94% of nominal
values. It was therefore considered that the decline in measured test concentrations is the result
of losses due volatility. The 72-hour E,Csy based on the geometric mean measured test
concentrations was 230 mg/I and the E,Csy was 780 mg/l. The 72-hour NOEC was 77 mg/1.

A 96-hour ECsp of 0.11 mg/l for Selenastrum capricornutum (now Pseudokirchneriella
subcapitata) is reported in (American Petroleum Institute, 1995d). Due to the volatility of TAME
the exposure conditions were modified e.g. test vessels were completely filled and capped and
500 mg/l sodium bicarbonate was added. The test is, however, considered invalid. The
maintenance of the test concentration was, however, unacceptable, only 28% from 0 hours to
96 hours at some concentrations. In addition the cell concentration in the controls in all replicates
was smaller after 72 hours than after 48 hours.

54



CHAPTER 3. ENVIRONMENT

Consequently, the 72-hour NOEC of 77 mg/l will be taken into consideration when deriving the
PNEC for the aquatic environment. The E,Csy value of 780 mg/l for Pseudokirchneriella
subcapitata will be taken into consideration in the derivation of intermittent PNEC. E.Cs
(estimated from specific growth rate) is preferred to EyCso (estimated from biomass growth)
following the guidance in the Technical Guidance Document. The reason of not using the E,Cs
is that direct use of the biomass concentration without logarithmic transformation cannot be
applied to an analysis of results from a system in exponential growth.

32114 Micro-organisms

The test on TAME toxicity to micro-organisms is presented in Table 3.26.

Table 3.26 Toxicity data for micro-organisms

No. | Type of test Species Endpoint mg/l | Exposure | Method Test Reference
period substance
1 Cell Pseudomona | ECio: 29 (n); 16 hours ISO 10712 | TAME Fortum (2003a)
multiplication | s putida 25 (m)
inhibition test
ECso: 580 (n);
510 (m)

Nominal concentrations (n);
mean measured concentrations (m)

The test was performed according to ISO guideline 10712 with some exceptions. Due to the
volatility of the test substance the study was conducted using sealed test vessels and chemical
analysis of the test preparations were performed at the beginning and at the end of the test.
Chemical analysis of the test preparations showed that at all concentrations the measured
concentrations were 77% or higher of nominal values throughout the test period. At all
concentrations in excess of the statistically determined NOEC the measured concentrations were
80% or higher of nominal values and therefore the results are calculated as nominal
concentrations alone. The measured values are calculated in terms of the mean measured test
concentrations. The use of completely filled test vessels in order to minimise losses of test
material due to volatilisation was investigated, however bacterial growth in completely filled test
vessels failed to satisfy the validation criteria for multiplication.

The results of the test are EC;y of 29 mg/l and ECsy of 580 mg/l as nominal concentrations. The
corresponding measured concentrations are ECy of 25 mg/l and ECs of 510 mg/l. The EC; of
25 mg/l is used for PNEC derivation.

32115 QSAR calculation for aquatic organisms

QSAR calculations in Tables 3.26, 3.27 and 3.28 compared with the aquatic test results seem to
indicate that TAME acts by a non-specific mode of action. The ECOSAR (EPIWin, 2000)
calculation in Table 3.27 shows more toxic effect to marine organisms, which is seen in the
aquatic test results also.
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Table 3.27 Aquatic toxicity of TAME calculated with QSARs for non-polar narcosis in TGD(!

Species Endpoint Result in mg/l
Pimephales promelas 96-hour LCso 200
Brachydanio rerio 28-32-day NOEC, ELS test 20.6
Pimephales promelas

Daphnia magna 48-hour ECso, immob. 165
Daphnia magna 16-day NOEC, growth, reproduction 34.0
Selenastrum capricornutum 72-96-hour ECso, growth 170

1)  log Kow 1.55, molecular weight 102.18 g/mol

Table 3.28 Aquatic toxicity of TAME calculated with QSARSs for polar narcosis in TGD(!

Species Endpoint Result in mg/l
Pimephales promelas 96-hour LCso 58.1
Daphnia magna 48-hour ECso, immob. 22.5

1) log Kow 1.55, molecular weight 102.18 g/mol

Table 3.29 Aquatic toxicity of TAME calculated with ECOSAR (version 0.99g) (!

Organism Duration Endpoint Predicted mg/l
Fish, fresh water 96 hours LCso 200
Fish, fresh water 14 days LCso 338
Fish, fresh water 30 days Chv @ 24.0
Fish, salt water 96 hours LCso 36.9
Daphnid 48 hours LCso 208
Daphnid 16 days ECso 8.77
Green algae 96 hours ECso 126
Green algae 96 hours Chv @ 9.78
Mysid Shrimp 96 hours LCso 79.7

1) Chemical class Neutral Organics, measured water solubility 11,000 mg/,
molecular weight 102.18 g/mol, melting point -80 deg C, log Kow

measured 1.55

2)

ChV = chronic value

The Danish EPA QSAR database estimates a 48-hour LCs value of 73 mg/l for Daphnia magna.
It gives negative prediction for specific toxicity in the 96-hour LCsy model for fish (1,000 mg/1
or above) and negative prediction in the algae model (72-hour ECsy > 100 mg/l). Estimates of
polar/non-polar narcosis LCs for fish based on lethal body burden and Syracuse/Bintein BCF’s
suggest that the minimum toxicity (LCs) is in the order of 30-140 mg/1.

3.2.1.1.6

Avoidance behaviour

In relation to the risk assessment of MTBE (tert-Butyl methyl ether) a need for better
information to adequately characterise the risks to the aquatic ecosystem regarding the emission
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of the substance to surface water was identified. Consequently, an avoidance behaviour test with
fish was performed.

Because the inherent taste characteristics in water for humans for TAME and MTBE are similar
and the measured odour thresholds are slightly different, but at the same order of magnitude, it is
seen possible that the same concern for surface water might arise for TAME.

The target of the MTBE test was to investigate if there would be environmental, in this case,
avoidance, effects at a concentration of 30 ug/l which was the threshold value for tainting of fish
(Oncorhynchus mykiss) in a MTBE tainting study (Petersen and Moller 2001). The avoidance
test performed with eels (Anguilla anguilla) at the actual measured concentration of
approximately 16 pg/l showed that the eels did not avoid MTBE although there was a significant
difference in the distribution of eels between the control and impact study. In fact, the eels were
more present in the MTBE impact zone than in the clean water zone (Petersen, 2003).

The conclusion of the MTBE test was that there would be no additional concern from surface
water emissions to avoidance behaviour which would not be covered by the threshold value for
tainting.

Consequently, it is not seen necessary to investigate the avoidance behaviour within the risk
assessment of TAME.

3.2.2 Calculation of Predicted No Effect Concentration (PNEC)

3221 Aquatic compartment (incl. sediment and micr o-or ganisms)

There is a complete base set of acute toxicity data for TAME. The acute toxicity value for fish is
a LCsp of 580 mg/l. The acute toxicity tests for invertebrates show an ECsy of 100 mg/l for
Daphnia and a LCs of 14 mg/l for Mysidopsis bahia which is a marine invertebrate. The acute
E.Csy value for algae is 780 mg/l. The NOEC from this algae test is 77 mg/l. In addition, the
chronic test performed on Americamysis bahia, formerly known as Mysidopsis bahia, gives a
28-day NOEC of 3.39 mg/1.

According to the TGD an assessment factor of 50 applies to the lowest of two NOECs covering
two trophic levels when such NOECs have been generated covering that level showing the
lowest L(E)Cs in the short-term tests. In the case of TAME there is a 72 hour NOEC on algae of
77 mg/l and a NOEC on the invertebrate Americamysis bahia, which is the most sensitive
species in acute testing. Consequently, an assessment factor of 50 is used for the chronic
invertebrate NOEC value of 3.39 mg/I to derive a PNEC for aquatic environment.

AFaquatic =50
PNECaquaﬁc = 0.0678 mg/l

There are some arguments for the use of an assessment factor of 10. Mysidopsis bahia is the
most sensitive species from the base set. In addition there is a long-term NOEC for algae. It
would, in some cases, be possible to draw a conclusion from the base set that the long-term fish
test result would not be lower than the Mysidopsis NOEC and, therefore, an assessment factor of
10 could be used without having the chronic fish test result. In this particular case the conclusion
can, however, not be supported because of the limited dataset.

57



EU RISK ASSESSMENT — 2-METHOXY-2-METHYLBUTANE (TAME) FINAL REPORT, 2006

For intermittent releases an assessment factor of 100 is normally applied to the lowest L(E)so of
at least three short-term tests from three trophic levels according to the TGD. In case of TAME
the QSAR calculations, however, indicate that there is no specific mode of toxic action in aquatic
species. According to the test results the most sensitive group of organisms is invertebrates.
Since there is information on the marine invertebrate species which is more sensitive than the
fresh water Daphnia, an assessment factor of 10 is seen sufficient to provide adequate protection.
The assessment factor of 10 is used for the acute marine invertebrate, Americamysis bahia, LCs
value of 14 mg/1.

AFaquatic, intermittent =10
P NECaquatic, intermittent = 1.4 mg/ 1

In the absence of any ecotoxicological data for sediment-dwelling organisms, the PNECsegiment 18
calculated using the equilibrium partitioning method. EUSES calculation using PNEC,quaic of
0.0678 mg/1 gives a PNECgediment 0f 0.0713 mg/kgwwt.

However, no data are available on the occurrence of TAME in sediment. According to the
physico-chemical properties currently known, there is nothing indicating that TAME
accumulates in sediment. Therefore a quantitative risk assessment seems not to be necessary for
this compartment.

The value of ECy of 25 mg/l is used to calculate the PNECicro-organisms- According to the TGD
an assessment factor 1 is used for an ECyy from a growth inhibition test with Pseudomonas
putida following the ISO 10712 Guideline. Consequently the PNECyicro-organisms 1 25 mg/1.

3222 Terrestrial compartment

There are no tests on the effects of TAME to terrestrial compartment. In the absence of any
ecotoxicological data for terrestrial organisms, the PNEC,,; is calculated using the equilibrium
partitioning method. EUSES calculation using PNECyquaic 0f 0.0678 mg/l gives a PNEC,u; of
0.0354 mg/kgwwt.

3.2.2.3 Atmosphere
The is no data available on direct effects of TAME on biota through atmospheric exposure.

In a review off effects of airborne volatile organic compounds on plants (Cape, 2003) only
formaldehyde was raised as a potential damaging substance on plants amongst short—chain
oxygenated hydrocarbons. For formaldehyde 90 pg/m’ is mentioned as a concentration that
would be phytotoxic to some species. Measured concentrations, from all exposure scenarios in
the TAME environmental risk assessment (local PECs and measured annual averages) are well
below this concentration and therefore it is unlikely that TAME would directly cause phytotoxic
effects. The current approach in the environmental risk assessments (793/93 EC) has been that
there should be strong hints of possible high phytotoxicity before a test can be requested. Known
high phytotoxicity from structurally similar substances (e.g. within the group of pthalates) has
sometimes been a trigger for further testing requests. A high aquatic toxicity to algae may also
give some hints on high phytotoxicity in higher plants. In this view TAME would not have high
potential for phytotoxicity.
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Indirect effects through tropospheric ozone forming potential and formaldehyde (formaldehyde
in exhaust gases) are expected to be the most pronouncing atmospheric effects of TAME.

In general, hydrocarbons and vehicular hydrocarbon emissions are the major contributor to the
formation of low level (tropospheric) ozone. As a group, all hydrocarbons (except methane) are
considered ozone precursors. Therefore hydrocarbons (HC) from motor vehicles are regulated
pollutants in the EU and emissions standards have been addressed to the mass of total
hydrocarbons (THC) or non-methane hydrocarbons (NMHC). Using oxygenates in fuel
decreases the ozone forming potential of exhaust hydrocarbons in general (lowering HC
emissions). However, releases of TAME (unburnt and evaporative) to air are remarkable because
of its wide use and high tonnages as a fuel component.

One study examined the contribution of TAME to ozone forming potential in a complex
VOC/NOx mixture. The authors concluded that TAME has an incremental reactivity that is
higher than that of alkanes and similar to that of lower aromatics (Bowman and Seinfield 1995).

According to Derwent et al. (1998) the photochemical ozone creation potential (POCP) of
structurally close substance MTBE is 15.2 relative to ethylene as 100 (compared to ethane at
12.3 which is a negligible contributor to low-level ozone) (Derwent et al., 1998). On this basis
MTBE is considered to be a low to negligible contributor and it can be assumed (with
restrictions) that this conclusion holds true for TAME as well.

323 Secondary poisoning

Estimated BCF’s calculated by EUSES for fish (4.1) and earthworm (2.7) indicate that secondary
poisoning is not likely and it is not required to carry out a risk characterisation for secondary
poisoning.

3.24 Marine Risk Assessment

TAME is released to marine environment directly from several production sites. In addition
TAME is a fuel component that can reach marine surface water during the use of petrol in water
craft engines.

The basic principles in marine risk assessment according to the TGD (2003) is the concern that
hazardous substances may accumulate in parts of the marine environment and that the effects of
such accumulation are unpredictable in the long-term. Even if TAME is persistent, it has low
potential to cause secondary poisoning. The bioaccumulation potential of TAME is low as
indicated earlier in this risk assessment. TAME is not regarded as a PBT substance. However,
TAME needs further consideration regarding marine environment according to the TGD.
Because of poor adsorptivity and low bioaccumulation potential, specific assessments for
sediment and secondary poisoning are not regarded important for TAME for the marine
environment.

3241 Partitioning

Environmental partitioning of TAME is not expected to be very different in marine water
compared to fresh water. TAME is a non-dissociating substance and there is no change of
chemical structure in salt-water or water with alkaline sea-water (pH approximately 8). The
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water solubility of TAME is rather high and “salting-out” effect may have only a slight effect on
partitioning (no study data available).

Volatilization from water to atmosphere is expected to be the main removal process from marine
environment. However, no further modeling work has not been carried out here to determine
more precisely environmental distribution of TAME in marine environment.

However, for saline water (physiological saline), a measured dimensionless air/water partition
coefficient of 0.084 value at room temperature is available (corresponding to a value of
200 Pa m’mol™) (Nihlen et al., 1997). This value gives an indication that TAME is more easily
volatilized from saline water to air compared to fresh water (calc. fresh water value 0.035 at
20°C 83.5 Pa m’mol™).

3.24.2 Degradation

Existing fresh water/sediment biodegradation studies clearly show that TAME is persistent.
There is no data available on standard or non-standard degradation test of TAME in marine
water or marine sediment. Neither studies have been located describing observations of enhanced
biodegradation of TAME in marine water.

Very poor biodegradation of TAME in fresh water most obviously holds true in marine water as
well and the degradation rate is obviously still lower compared to fresh water. Only specific
microbial strains can degrade TAME and the number of potentially competent degraders in
marine water is expected to be extremely low. The adaptation pressure is low in marine water
and therefore TAME can be classified as persistent in marine water as well.

3.24.3 Exposure assessment for the local marine environment.

Three of five of the TAME production sites distribute their waste waters directly to sea via
WWTP. Local PEC calculations are carried out in Section 3.1.3.1.1 and release to sea has been
taken into account in local PEC calculations.

A more generic local exposure assessment for certain use patterns is carried out in this section.

Generic local concentration in sea water is determined using the formula (formula no: 83 in TGD
2003):

Clocal seawater = Clocal eff /(1 + Kp susp [SUSP water - 10°]) - DILUTION
for TAME it is => Clocal eff /(1 +2.27 l/kg - 15 - 10° kg/l) - 100

Generic local concentration in freshly deposited bulk sea sediment is determined using the
formula (formula no: 87 in TGD 2003):

PEClocal sed = (Kp susp - water / RHO susp) - PEClocalwater - 1,000
=2.271/kg/1.150 - PEClocalwater - 1,000

For secondary poisoning, the concentrations in predators and top predators have been estimated
using the following equations (formula no: 92 and 94 in TGD 2003).

P ECoral, predator =0.5 - (P Eclocal, seawater, ann+ PECregional, seawater, ann) - BCF fish ~ BMFI
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PECoral, top predator — (01 : PEClocal,seawater, ann+0-9 . PECregional, seawater ann ) . BCFﬁsh : BMFI : BMF2

For TAME BMF1 and BMF2 are set to 1 since low log Kow —value (<< 4.5 the trigger value)
and the structure of TAME indicates that biomagnification is unlikely. BCF=4.14. The daily
emission is diluted into 200,000 m’. The regional PECs are set to 0 for technical reasons
(calculation method/software was not yet available).

Table 3.30 Local Exposure for the Marine Environment

Emission scenario Emission Daily Release PEC PEC local, | PEClocal, | PEC oral | PECoral
FACTOR emission, | days/ | local_sea, | seawater, | sediment | predator top-
kg year (mgll) annual | (mg/kgw | mg/kg fw | predator
(mgh) wt) food mg/kg fw
food
Production
(default emission factors) 0.003 1,520 350 7.59 1.27 19 0.0151 0.0030
Industrial Use 1, default 0.0005 19.8 350 0.1 0.1 0.25 0.0002 | 0.00004
Industrial Use 1, saturated 700 1 24 0.07 62 0.0001 0.00003
intermittent release solution
(2,400 mg/)
Industrial Use 2, default 0.0005 14.3 350 0.07 0.07 0.18 0.0001 0.00003

TAME used as a component in petrol is a relevant emission source to marine environment from
petrol fueled water crafts. Emission may happen in coastal areas, marinas and in open sea as
well. The most pronounced and highest concentration of TAME may be found in marinas and
boat lines. Typically petrol fueled water crafts are rather small work or pleasure boats. A worst
case PEC of 13.5 pg/l (dissolved) local calculation has been carried out for the fresh water in
Section 3.1.3.1.4. Since adsorption of TAME to suspended material is poor, no additional
adsorption correction for TAME is regarded necessary. Especially in marine environment, the
calculated worst case PEC is an overestimation, since almost minimal dilution was expected.
Higher dilution factors are needed if this scenario were carried out further.

3.244 Effects assessment for the marine environment

Aquatic

The most sensitive species tested in aquatic environment is a marine invertebrate mysid
Americamysis bahia (former name Mysidopsis bahia). Other taxa tested, marine and freshwater,
seems to be less sensitive. The Mysidopsis test is described in detail in Section 3.2.1.1.2. The result
of the 96-hour LCs test is 14 mg/1.

The mysids appeared to be the most sensitive in acute aquatic tests and was, therefore, chosen
for chronic testing. For the same species Americamysis bahia, a chronic 28 day toxicity test has
been performed. The salinity range was 19 to 20%, the pH ranged from 7.7 to 8.0. Based on the
most sensitive end-point, the number of offspring produced by the first generation mysids, a
NOEC of 3.39 mg/l was derived. The test is described in detail in Section 3.2.1.1.2.

At the moment, it is expected that TAME and other small molecule size tertiary ethers have no
specific mode of toxic action in aquatic species. QSAR calculations in Tables 3.27, 3.28 and 3.29
in comparison with the aquatic test results seem to indicate that TAME acts by a non-specific mode
of action. The ECOSAR (EPIWIN 2000) calculation in Table 3.29 shows more toxic effect to
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marine organisms, which is seen in the test results also. All acute test results for fresh water algae
and fish species are greater than 100 mg/I.

For the derivation of PNECurine, the lowest chronic aquatic test result is used and assessment
factor 500 applied (= 10 fold the fresh water assessment factor).

PNECmarine = 3.39 mg/1: 500 = 0.0068 mg/1

In the absence of any ecotoxicological data for sediment-dwelling organisms, the PNEC;cgiment
0.00713 mg/kgwwt is calculated using the equilibrium partitioning method from the PNECarine-

The PNEC sediment 18 0.00713 mg/kg wwt.

For intermittent releases, the PNEC aquatic, intermittent 1S 1.4 mg/1 (see Section 3.2.2.1).

PNECoral

The PNEC oral is based on the 28 day NOAEL for rats 125 mg/kg. The NOEC is calculated
using the conversion factor of 20 according to the formula

NOECmammal, food_chr = NOAELmammal, oral_chr COI\I\]mammal =0.000125 - 20 =0.0025 kg'kgfood_1
where NOECammal, food chr = NOEC for mammals (kg-kgfood'])
NOAEL mammat,oral cir=NOAEL for mammals (kg-kg bw-d"l)

CONVammai=conversion factor from NOAEL to NOEC (kg bw-d-kgfood'1)=20 (rats,
> 6 weeks) (Table 22 in TGD)

The PNEC oral is calculated from the NOECnammat food chr Of 0.0025 kgkgpoa ' using the following

formula and the assessment factor of 300 which is recommended in the TGD for a 28 day
NOECmammal, food chr (Table 23)

PNEC orat = NOEC mammal, food chr : AFora = 0.0025 kg-kgrooa " : 300 = 8.33 mg-kgrod”

The resulting PNECq is 8.33 mg'kgfood'l.
3.25 PBT -assessment

3.251 Conclusion for the PBT -assessment

According to existing data and assessment of inherent PBT -properties it can be concluded that
TAME can not be regarded as a PBT-substance since it does not meet all of the three criteria.
This conclusion has been drawn based on the following evaluation:

3.252 Persistence-criteria

According to existing biodegradation study results ready biodegradation may occur only if
special strains of microbes are used and degraders are well adapted. In environmental conditions
TAME has high resistance against biodegradation leading to high inherent persistency. In this
risk assessment TAME is considered to be not biodegradable. Hence it meets the screening
criteria for P and vP.
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3.253 Bioaccumulation-criteria

There are no bioaccumulation study results available for TAME. The measured octanol/water
partition coefficient value is 1.55 (log Kow). All predicted BCF values from log Kow are <10
(see Section 3.1.3.3) and therefore TAME does not meet the B-criteria (> 2000) for
bioaccumulation.

3.254 Toxicity-criteria

The lowest NOEC is 3.39 mg/l. This clearly exceeds the T-criteria of 0.0lmg/l. Hence TAME
does not meet the T criteria. Neither, based on the human health toxicity data, does TAME not
fulfill the T-criterion.
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3.3 RISK CHARACTERISATION

331 Aquatic compartment (incl. sediment)

Table 3.31 summarises the generic PEC/PNEC ratios for the aquatic emission scenarios. There
are EUSES calculation results for the sediment as well. No further quantitative risk assessment
seems to be necessary for the sediment compartment (poor adsorption to sediment and no effects
data to sediment organisms) and the surface water assessment is expected to be protective for
sediment also.

The Predicted No Effect Concentration for surface water PNECaquaiic 18 67.8 ng/l. The PNEC for
aquatic species is derived using assessment factor of 50. The PNEC for sediment is 71.3 pg/kg
wwt. For intermittent releases, the PNEC aquatic, intermittent 1S 1.4 mg/1.

Table 3.31 Local PEC/PNEC Ratios for Surface Water and Sediment

Process/Scenario PEC/PNEC water | PEC/PNEC sediment | Site code
Production, TGD default assessment 6.58 7.98 Generic, TGD
Industrial use 1. transportation, storage 5.83 7.08 Generic, TGD
and delivery of petrol

Industrial use 1. (tank watering at terminal 25 - Generic

sites, direct discharge)*

Boating (exhaust/worst case) 0.19 - Generic
Industrial use 2. Intermediate in chemicals 4.22 512 Generic, TGD

industry, TGD default assessment (note:
measured values in Table 3.32)

Regional 0.0077 0.0065

*

Intermittent releases (PNEC = 1.4 mg/l)

The generic assesment for production and industrial use 2 has a PEC/PNEC ratio greater than 1.
However, there are site specific data available which overrules the generic calculations (see site
specific data in the Table 3.32). Due to the presence of the site-specific data the final risk
characterisation will not be based on the generic scenario.

Industrial use 1 (processing 1 in EUSES nomenclature) has two calculations for PEC and PNEC
derivation. First one is a generic assessment using TGD default emission factors, and the second
calculation is for intermittent releases of tank watering at terminal sites. Both of these scenarios
have a PEC/PNEC ratio greater than 1. Conclusion (iii). In addition, if intermittent emissions are
discharged to sewage system and to biological waste water treatment plant, this may cause
problems to microbial populations at the WWTP (if PNEChicro-organisms Will be exceeded
remarkably).
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Table 3.32 Aquatic and WWTP Risk Characterization Ratios for the production sites

Producer 1 Producer 2 Producer 3 Producer 4 Producer 5
Site specific emission data yes yes yes yes Yes
Removal rate in WWTP (%) 40 40 40 40 40
WWTP effluent flow site specific site specific site specific site specific site specific
Receiving water river sea river sea Sea
Dilution default 10 default 100 default 1,000 | site spec. 70 default 100
RQR for WWTP Ceffluent/PNEC <01 <01 <01 <041 <0.1
micro-organisms
PEC surface water (mg/l) 0.0005 0.0015 0.0001 0.0015 0.0005
RiskCharacterisation Ratio <1 <1 <1 <1 <1
(RCR) for fresh water
PEClocal/PNECaquatic 0.007 0.22 0.001 0.22 0.07

Local Site Specific Risk Characterisation

None of the production/formulation sites have a surface water PEC higher than PNEC.
Conclusion (ii). Industrial use 2 is taking place in one of the production sites listed in
Table 3.32. Therefore it can be concluded that conclusion (ii) applies to industrial use 2 as well.

The PECwwtp for the production/formulation sites of TAME does not exceed the PNEC for
micro-organisms in any cases. Conclusion (ii).

Regional Risk Characterisation

The regional surface water PEC/PNEC ratio is 0.0077. This ratio indicates that there is no risk at
regional level in surface water or sediments. Conclusion (ii).

Conclusions to the risk assessment for the aquatic compartment

Conclusion (ii).

Conclusion (ii) applies to following scenarios:

1. Boating scenario
2. Production of TAME in existing production sites in EU. On-site/off site formulation.
3. Industrial use 2. Scenario: use of TAME as a process intermediate in chemicals

production. One of the production sites is the industrial use 2 site and no risks were
identified (see Table 3.32) except using the default emission factors (see Table 3.31).
Measured values are used for the risk characterisation according to the TGD.

4. Regional PEC for surface water and sediment
Conclusion (iii).

1. Conclusion (iii) applies to intermittent release scenario for storage tank bottom waters at
terminal sites. The currently applied risk reduction measures have proved not to be
effective enough to reduce the risk for surface waters to an acceptable level.
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2. Conclusion (iii) applies also to generic assessment for industrial use 1, terminal sites,
under use of default TGD emission factors. (No representative monitoring data is
available from these sites since the number of sites at EU level is very high).

It is believed, that terminal site tank bottom waters may still be one of the most pronounced
source of TAME to surface waters from these sites not only as intermittent emission parameter
(point 1), but as a more continuous emission source (point 2). In large depot areas with many
tanks, bottom water releases may happen monthly or more often or even continuously like in
cavern storage. In these cases it is not appropriate to regard emissions as intermittent but rather
continuous (PNEC derived from long term tests have to be used in deriving the PEC/PNEC
ratio).

If risk reduction measures are applied for intermittent emissions of tank bottom waters, it is
believed, that these actions might remove or decrease the expected, intermittent and continuous
emission (industrial use 1) risks in many real sites.

Conclusion (i) is not chosen for these scenarios since further testing leading possibly to the
lowering the assessment factor to 10 would not remove the concern.

No account has been taken in this environmental risk assessment as regards the low odour and
taste thresholds including the possibilities of behavioural effects of wild life (avoidance or
attraction) or for example tainting of fish.

Conclusions to the risk assessment for micro-organisms in waste water treatment plants

The PNECicro-organisms 18 25 mg/1.
Conclusion (ii).
This conclusion applies to all production/formulation and industrial use 1 and 2 sites.

(Note: however, this conclusion may not apply to intermittent releases, if directed to WWTP in
high >> PNEC concentrations).

3.3.2 Terrestrial compartment and groundwater

Conclusions to the risk assessment for the terrestrial compartment:

Conclusion (ii).

This conclusion applies to all generic production/formulation and processing sites and use of
TAME as an intermediate in chemicals industry. This conclusion applies also to private use of
TAME as a component in petrol.

Conclusions to the risk assessment for the groundwater

Conclusion (iii).

Conclusion (iii) applies to overall quality of groundwater. The conclusion is reached because of
concern of potability of groundwater in respect to taste and odour as a consequence of exposure
rising from leaking underground storage tanks and tank piping, as well as spillage from
overfilling the tanks.
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Conclusion (iii) is not based on concerns of ecotoxicological endpoints, but more on intrinsic
properties of TAME and general groundwater protection. The instrinsic properties of TAME
show high persistency in soil and groundwater. TAME is water soluble and has a high mobility
in soil and has the tendency to leach to groundwater. TAME is highly odorous and has low taste
threshold in water.

The consumption volume of TAME is expected to increase continuously in the coming years
adding risk to the general ground water quality. In that respect, some regions in the EU are more
vulnerable areas than others because of their geomorphology.

333 Atmosphere
Conclusion (ii).

Conclusion (ii) applies to direct effects of atmospheric emissions of TAME from all assessed
environmental scenarios.

A PNEC has not been calculated for the atmosphere. Therefore direct PEC/PNEC ratio for the
environment can not be derived. Specific endpoints like phytotoxicity have not been tested in
this risk assessment process.

Any specific problem regarding TAME emissions into the atmosphere has not been identified in
this environmental risk assessment. Based on calculated and measured atmospheric
concentrations, a direct effect on biota at these concentrations is not expected, even if there is
lack of substance specific effects data for terrestrial plants. These expectations are based on
general knowledge that these kinds of substances are not expected to have a specific mode of
action in plant cells and ambient concentrations would not have a direct effect on the vegetation.
There may be indirect effects, but this issue must be seen in a more general, larger scope of air
quality issues.

Conclusion (ii) in this risk assessment applies to the atmospheric compartment. However, this
conclusion does not apply directly to general air quality issues. TAME is an atmospheric
pollutant. Emissions of TAME to the atmosphere are high in terms of emitted volumes. More
than 7,000 tonnes (approximately 2.5% of total volume) are emitted annually to the atmosphere
as evaporative and unburnt exhaust emissions. The reasons for high emissions to the atmosphere
are high consumption volume and technical issues related to vehicular emissions in road traffic
in general.

TAME emissions are a part of the complex issue of ozone and smog formation and general air
quality. TAME itself is not regarded as a chemical of high strength ozone forming potential
(POCP). TAME is not expected to contribute to the ozone peak values significantly compared to
more reactive compounds in petrol and TAME is added as an oxygenate to reduce the ozone
forming potential of petrol.

However, it has been concluded here, that atmospheric TAME emissions should not be handled
separately in the ESR (793/93) program, but in the general scope of air quality issues in the EU.

334 Secondary poisoning
Conclusion (ii).

This conclusion applies to all environmental compartments and assessment endpoints.

67



EU RISK ASSESSMENT — 2-METHOXY-2-METHYLBUTANE (TAME) FINAL REPORT, 2006

3.35 M arine environment

The local risk characterisation ratios for sea water, PEClocal PNECmarinewater, are presented in
Table 3.33.

Table 3.33 Marine Risk Characterisation Table for the Industrial Emission Scenarios

Emission scenario PEClocal RCR=
seawater,mg/| PEC/PNEC
Production default 7.59 1,116
Industrial Use 1, default 0.1 14
Industrial Use 1, intermittent release 24 daily 3,530 (daily)
Industrial Use 2, default 0.07 10.3

The risk characterisation ratios (RCR) show local aquatic (and sediment) risk for all of the
industrial scenarios, if default emission factors are used. However, this conclusion does not
apply to the actual production and industrial use 2 plants, since measured PECs are below the
marine PNEC value. Conclusion (ii).

Industrial use 1 and intermittent release scenarios at terminal sites exhibit local risk in marine
water and sediments. Conclusion (iii). (This conclusion applies to the fresh water environment
as well, see Section 3.3.1).

The PEC/PNEC ratio is 1.9 for the boating scenario in marine environment entirely (since the
PNEC marine is 10 times lower than for the fresh water environment). However, it is realised
that the boating scenario exhibited clearly some realistic worst case assumptions (exceptional
high boat traffic & very poor water course dilution). Even if the conditions described in the
boating scenario may sometimes/somewhere in marinas and narrow boat lines hold true, it is
however believed, that in average situations concentrations may fall clearly below the calculated
PEC value (13 pg/l). For these reasons, Conclusion (ii) is regarded the most relevant conclusion
for boating scenario in marine environment.

Secondary poisoning via the marine food chain is unlikely. PECoral/PNECoral ratios for
predators and top predators are both << 1. Conclusion (ii).

Regional risk characterisation has not been carried out since regional PECs have not been
calculated.

Conclusion (ii).

Conclusion (i) applies to the following scenarios:

1. Secondary poisoning in marine food chain

2. Production of TAME in existing production sites in EU.

3. Industrial use 2. Scenario: use of TAME as a process intermediate in chemicals
production.

4. Boating scenario

Conclusion (iii).
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