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PROPOSAL FOR IDENTIFICATION OF A SUBSTANCE AS A
CMR 1A OR 1B, PBT, VPVB OR A SUBSTANCE OF AN
EQUIVALENT LEVEL OF CONCERN

Substance Name(s): 4-Nonylphenol, branched and liag ethoxylatec?
EC Number(s): -
CAS number(s): -

* It is proposed to identify 4-Nonylphenol, branched linear, ethoxylated [substances with a
linear and/or branched alkyl chain with a carbomhbar of 9 covalently bound in position 4 to
phenol, ethoxylated covering UVCB- and well-definsdbstances and UVCB substances,
polymers and homologues, which include any of tidividual isomers and/or combinations
thereof] as substances meeting the criteria ofclkertb7 (f) of Regulation (EC) 1907/2006
(REACH) because (through their degradation) they sarbstances with endocrine disrupting
properties for which there is scientific evidendegpmbable serious effects to the environment
which give rise to an equivalent level of concerrthose of other substances listed in points (a)
to (e) of Article 57 of REACH.

Summary of how the substances meet the criteria éfrticle 57(f) of REACH

4-Nonylphenol, branched and linear, ethoxylated$sances with a linear and/or branched alkyl
chain with a carbon number of 9 covalently boungdasition 4 to phenol, ethoxylated covering
UVCB- and well-defined substances and UVCB subs&anpolymers and homologues, which
include any of the individual isomers and/or conaltions thereof] are proposed to be identified as
substances of very high concern in accordance Auiticle 57 (f) of Regulation (EC) 1907/2006
(REACH) because, due to their degradation, theyaarmelevant source in the environment of
substances of very high concern (4-Nonylphenolnditad and linear (4-NP)). Therefore, there is
scientific evidence of probable serious effectdh® environment from these substances, through
their degradation to 4-Nonylphenol, branched anddr, which gives rise to an equivalent level of
concern to those of other substances listed intp@a) to (e) of Article 57 of REACH.

This conclusion is based on the fact that 4-Nongtah, branched and linear, ethoxylated (4-
NPnEQO) degrade to 4-Nonylphenol, branched and fingither already in wastewater treatment
plants, or via further degradation processes innssuts (e.g. of aquatic bodies receiving the
wastewater effluents) and soils (e.g. receivingaggnsludge). Available information for 4-NPnEO
indicate that 4-NPnEO contribute to the 4-NP cotre¢ion in the environment. A significant
amount is either degraded to 4-NP itself in wasséewtreatment plants or is released to rivers in a
form which may undergo further degradation to 4-Mecording to available data from sewage
treatment plants, 4-NP formed from degradation-BiRhEO is responsible for an increase of the 4-
NP load to the environment (soil, sediment and wydtg 54 to 758 %. Sediment organisms may be
exposed to the 4-NP, which results from the dedmadaf 4-NPnEO, either directly, downstream

2 4-Nonylphenol, branched and linear, ethoxylated [dostances with a linear and/or branched alkyl chairwith a
carbon number of 9 covalently bound in position 4 d phenol, ethoxylated covering UVCB- and well-defied
substances, polymers and homologues, which includey of the individual isomers and/or combinationsfiereof]
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of the effluent, or in the longer term after itssarption to sediment and soil. Similar holds trae f
pelagic organisms such as fish which may be expeseemobilisation of 4-NP from sediment to
the water body.

Based on the above conclusion, evidence that thdsstances are of an equivalent level of concern
includes:

* 4-Nonylphenol, branched and linear have been ifietitas substances of very high concern
and included in the Candidate List due to the endedlisrupting properties which cause
probable serious effects to the environment

* To be consistent with the approach implemented nnex Xlll of the REACH regulation
for PBT substances, it seems reasonable to contthati@ny substance which may result in
relevant exposure to a SVHC (i.e. due to degraddbcdhis substance under environmental
conditions) should be considered as SVHC itself essults in the same equivalent level of
concern.

* Once released to the environment 4-NPnEO will reanadiong-term source of 4-NP due the
tendency of short chain ethoxylates to bind to sediment combined with a very slow
degradation in anaerobic sediments of both thexgthtes and their degradation product 4-
NP. Therefore, 4-NP formed by degradation of itorylates may accumulate in sediment.

» Especially due to the fact, that short term exp@sard-NP may result in life time effects in
aquatic organisms and due to the fact that suddeimoamental events may increase short
term exposure concentrations, such a sink (maihghort chain ethoxylates) and long-term
source for 4-NP is considered of very high concern.

The equivalent level of concern is based on theradkgion to 4-NP. However for further
considerations it is important to note that avddahbformation for NPnEO indicate that short chain
ethoxylates (NP1EO and NP2EO) show endocrine &gtiemselves: Results f@nchorhynchus
mykissandOryzias latipesvith NP1EO and NP2EO indicate that the in vivo anditro endocrine
activity is nearly as high (factor 10) or similar the endocrine activity of 4-nonylphenol. These
tests do not include adverse endpoints. Hence,not possible to conclude whether 4-NP1EO and
4-NP2EO are endocrine disruptors themselves, oHmwever due to the similar in vivo endocrine
activity and information available for 4-NP it seemossible that these substances may cause
endocrine disrupting adverse effects.

Registration dossiers submitted for the substancesione
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PART I

JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES

1.1 Name and other identifiers of the substance

Table 1: Substance identity

EC number: -

EC name: -

CAS number (in the EC inventory): -

CAS number: -

CAS name: -

IUPAC name: 4-Nonylphenol, branched and lineay ethoxylated
[substances with a linear and/or branched alky
chain with a carbon number of 9 covalently
bound in position 4 to phenol, ethoxylate
covering UVCB- and welldefined substances
polymers and homologues, which include angf
the individual isomers and/or combinations
thereof]

Index number in Annex VI of the CLP Regulation

Molecular formula: (CH40)N GisH240 |, with rel

Molecular weight range: -

Synonyms: -

Structural formula:
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1.2

Name:

O—C—C—-OH
ik
( C, branched or linear)

Composition of the substance

4-Nonylphenol, branched and linear, ethoxyla&d [substances with a linear
and/or branched alkyl chain with a carbon number of9 covalently bound in
position 4 to phenol, ethoxylated covering UVCB- amh well-defined substances
and UVCB substances, polymers and homologues, whighclude any of the

individual isomers and/or combinations thereof]

Description: group entry

Degree of purity:-

Table 2: Constituents

Constituents

Typical concentration

Concentration range

Remarks

no information available

Table 3: Impurities

Impurities

Typical concentration

Concentration range

Remarks

no information available

Table 4: Additives

Additives

Typical concentration

Concentration range

Remarks

no information available

No detailed composition of the substance can bengiVhe given identity 4-Nonylphenol, branched
and linear, ethoxylated [substances with a lineaf@ branched alkyl chain with a carbon number
of 9 covalently bound in position 4 to phenol, etylated covering UVCB- and well-defined
substances and UVCB substances, polymers and hguespwhich include any of the individual
isomers and/or combinations thereof] ues shall ctve group of ethoxylates of 4-Nonylphenol,

branched and linear.

In table 5 all substances are listed which are /by the group entry and are pre-registeredror fo
which a C&L notification has been submitted. Nois&@gtion dossiers have been submitted for the

substances which are listed in table 5.

Table 5 provides a non-exhaustive list of exampfesibstances covered by the group entry.
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Table 5: Non-exhaustive list of substances covbsetthe group entry and for which there is
information available in REACH-IT *

EC Name
CAS Name:
I[UPAC Name:

EC

Nr.

CAS
Nr.

Molecular

formula

Structure

EC Name: -

CAS Name: Poly(oxy-
1,2-ethanediyl)a-(4-
nonylphenyl)e-hydroxy-

IUPAC Name: Poly(oxy-
1,2-ethanediyl)q-(4-
nonylphenyl)e-hydroxy-

2602
7-38-

(C2H4O)n
CisH240

O_CHQ_CH3+OH
n

Me— (CH : ) g

EC Name: 2-[2-[2-[2-(4-
nonylphenoxy)ethoxy]eth
oxylethoxy]ethanol

CAS Name: Ethanol, 2-
[2-[2-[2-(4-
nonylphenoxy)ethoxy]eth
oxylethoxy]-

IUPAC Name: 2-(2-(2-(2-
(4-
Nonylphenoxy)ethoxy)et
hoxy)ethoxy)ethanol

230-
770-

7311-
27-5

C23H400s

EC Name: 2-[2-(4-
nonylphenoxy)ethoxy]eth
anol

CAS Name: Ethanol, 2-
[2-(4-
nonylphenoxy)ethoxy]-

IUPAC Name: 2-(2-(4-
Nonylphenoxy)ethoxy)et
hanol

243-
816-

2042
7-84-

C1oH3203

i . (CH 3 ) g— e

HO—CH; —CH3;—O—CH,;—CH; —0O

EC Name: -

CAS Name: 3,6,9,12,15-

Pentaoxaheptadecan-1-¢
17-(4-nonylphenoxy)-

IUPAC Name: 17-(4-
Nonylphenoxy)-
3,6,9,12,15-
pentaoxaheptadecan-1-g

3416
6-38-

Co7H4e07
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EC Name: 20-(4-
nonylphenoxy)-
3,6,9,12,15,18-
hexaoxaicosan-1-ol

CAS Name:
3,6,9,12,15,18-
Hexaoxaeicosan-1-ol, 20
(4-nonylphenoxy)-

IUPAC Name: 20-(4-
Nonylphenoxy)-
3,6,9,12,15,18-
hexaoxaicosan-1-ol

248-
743-
1

2794
2-27-
4

CooH520s

FAGE 1-R
HO—CHy—CH—0— CE;—CHy — 0— CH, — CHy— 0—CHy— CH,—0—CH, — CHy—0— CHy — CEz—0—
FAGE 1-B

e

o .
|~|. .4;‘\ -
T emay

EC Name: -

CAS Name:
3,6,9,12,15,18,21,24-
Octaoxahexacosan-1-ol,
26-(4-nonylphenoxy)-

IUPAC Name: 26-(4-
Nonylphenoxy)-
3,6,9,12,15,18,21,24-
octaoxahexacosan -1-ol

1440
9-72-

Cs3HeoO10

* This is a list of substances identified as coddoy the generic substance description, howevénduisubstances not

listed here may be covered as well.

The following abbreviations are used throughoutdbssier:

4-NPnEO:

para - nonylphenol ethoxylated with unknar variable branching of the

alkylgroup. If not indicated otherwise n descsilbee median grade of
ethoxylation of the substance.

NPnEO

of ethoxylation of the substance.

4-NP

NP
alkylgroup

1.3

No physical and chemical properties could be founaccepted databases for the exemplary noted

Physico-chemical properties

nonylphenol (branched) ethoxylated with unkmor variable position and
branching of the alkylgroup. If not indicated etWwise n describes the median grade

para - nonylphenol (branched) with unknowrariable branching of the alkylgroup

nonylphenol (branched) with unknown or variaptesition and branching of the

substances in Table 5. Furthermore no registralomsiers are available for these substances.

Hence no physical and chemical properties can iaged.
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Table 6: Overview of physicochemical properties

Property

Value

Remarks

Physical state at 20°C and
101.3 kPa

no information available

no information available

Melting/freezing point

no information available

no information available

Boiling point

no information available

no information available

Vapour pressure

no information available

no information available

Water solubility

no information available

no information available

Partition coefficient n-
octanol/water (log value)

no information available

no information available

Dissociation constant

no information available

no information available

[enter other property, if
relevant, or delete row]

no information available

no information available

10
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2 HARMONISED CLASSIFICATION AND LABELLING

4-nonylphenol ethoxylates are not classified adogrdo Annex VI of Regulation (EC) No
1272/2008 (CLP Regulation).

The degradation product 4-nonylphenol is a substamic very high concern included in the
Candidate List because of its probable serious&sft® the environment as a result of its endocrine
disrupting properties, which give rise to an eglama level of concern (European Chemicals
Agency, 2012b). It is listed in Annex VI of Regutat (EC) No 1272/2008 as follows:

Table 7: Classification and labelling of 4-nonylphenol aating to part 3 of Annex VI, Table 3.1
of Regulation (EC) No 1272/2008

Index | Internation | EC- | CAS | Classification Labelling Specifi
-No | al Chemical | No | -No pa o Hazard | Pictogra | Hazard |°©
Identificatio Class and Stateme | m, Signal | statemen | CONCEN
n Category nt Word t Code(s) | fration
Code(s) Code(s) | Code(s) I'I\T'ts’
factors
] Tone. Repr. 2 H361fd | GHS08 | H361fd
ggé_ Fﬁ”y'phe”c’" é‘;g_ 421?15 Acute Tox.4*| H302 | GHS05 | H302
00-8 0 50.3 | Skin Corr. 1B| H314 GHSO07 | H314
4- [1] Aquatic H400 GHSO09 H410
nonylphenol,| [1] Acute 1 H410 Dgr
branched [2] 284.- 8485 Aquati_c
395. | 2 Chronic 1
5 15-3
[2]
[2]

Table 8 Classification and labelling of 4-nonylphenol aating to part 3 of Annex VI, Table 3.2
of Regulation (EC) No 1272/2008

Index | International EC- CAS- Classification | Labelling Concentration
-No Chemical No No limits
Identification

601- | nonylphenol; [1] | 246- | 25154- | Repr.Cat. 3; |C; N
053- 672-0 | 52-3 R62-63 R: 22-34-
00-g | 4-nonylphenol, [1]  |Xn;R22 62-63-50/

284- 51338;’2' N; R50-53 | S: (1/2-)26-

3255 | 15 ) 36/37/39-

[2] 45-46-60-61
[2]

11




ANNEX XV — IDENTIFICATION OF 4-NONYLPHENOL, BRANCHIB AND LINEAR,
ETHOXYLATED AS SVHC

3 ENVIRONMENTAL FATE PROPERTIES

3.1 Degradation

In the following chapter, degradation data are yaea with respect to the question whether or not
they indicate that 4-nonylphenol ethoxylates (4-E@n) may be of equivalent level of concern due
to their degradation to 4-nonylphenol (4-NP). 4-idR substance of very high concern included in
the Candidate List because of its probable sereftects to the environment as a result of its
endocrine disrupting properties, which give riseatoequivalent level of concern. Information for
4-tert-octylphenol ethoxylates (4-tert-OPnEO) isluded as supportive information. 4-tert-OPnEO
were identified as substances of very high conoeidecember 2012 due to their degradation to 4-
tert-octylphenol (4-tert-OP) which is a SVHC its@uropean Chemicals Agency, 2012a). With
regard to the endpoints of concern, 4-tert-OPnE©cansidered close analogues to 4-NPnEO due
to their similar chemical structure with the oniffefence being the alkylgroup differing by one C-
Atom. Both alkylphenol ethoxylates are degraded abytepwise degradation of the terminal
ethoxygroup. Although the length of the alkylgromgght influence the degradation process, it is
unlikely that the change by one C-atom only, welult in strong differences.

Most biodegradation data and distribution datalakée include NPnEO or 4-tert-OPnEO with an
average chain length of up to 20 (NP20EO). Manyliss were performed with the technical
nonylphenol ethoxylate (NPNnEO) and thus the excachposition of the test material is often
unknown. As the technical nonylphenol consistshafu 95% para-nonylphenol, it can be assumed
that the main constituents of the technical nongijt ethoxylate (NPnEQO) were para-nonylphenol
ethoxylates (4-NPnEQO). However, in order to be dpament only in those tests clearly indicating
that 4-NPnEO was used the substance was labelletNRBNEO and for all other studies the
unspecific name NPnEO was used. If not indicatéutretise, the nonylphenol etoxylates tested
consist of a gauss distribution of differen gradesthoxylation and n describes the median degree
of ethoxylation.

Two studies (Teurneau, 2004 and Rudling and Solyi®i4) with NPnEO up to n = 40 show that

biodegradation for longer chain ethoxylates is Emor even quicker compared to the shorter chain
ethoxylates in sewage sludge and sediment (fronbditiem of a settling basin from an industrial

site) (see table 11 and 14). Although it is, impiple, possible that the degradation pathway could
change for longer chain ethoxylates leading to rothetabolites than the alkylphenol e.g. by

cleavage of the alkylgroup ahead of the cleavagbetthoxygroup, this is very unlikely based on

the following facts:

- Rudling and Solyom (1974) clearly showed by GC wsialthat degradation of NPnEO up
to n=14 includes a sequential removal of the ethgnoyp leading to NP2EO.

- Data provided by Teurneau (2004) indicate thatstmme holds true for NPNnEO with up to
40 ethoxy groups. Chromatograms using a HS-PEGnuolgshowed that in a batch
experiment with STP sludge at 10 °C, degradatioN®10EO resulted in the formation of
NP2EO both under aerobic and anaerobic conditiBas NP40EO the same holds true for
aerobic conditions while under anaerobic conditisome undefined slightly more polar
compounds occurred which the author suggests tetlhexylates with an ethoxy chain
length between 4 and 10. In the experiment withsi@diment from an industrial site under
anaerobic conditions NP was accumulating in thensewot.

The study by Teurneau (2004) is not a peer reviestiedly but the findings are supported by further
information about the mechanism involved in therddgtion process:
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- Data provided by Jonkers et al. (2001) (NPnEQJ5) in river water samples show that
degradation of the alkylgroup requires removalhef éthoxy-group down to n= 2 before the
degradation of the alkylgroup starts via carboxglat This indicated that carboxylation of
the alkylgroup occurs only if the ethoxylgroup egdaded first.

- Biodegradation of the ethoxychain prior to degremtabf the alkylchain is expected to be
more energy efficient. As described by Karsa anddPq1995), biodegradation of the
alkylchain of surfactants would require-oxidation as a first step (which is an energy
demanding process). In additifroxidation as a second step of the alkylchain déagran
pathway is hampered by branching (Karsa and PA®85).

In summary it can be concluded that although degarainly available for ethoxylates with a chain
length up to 20 ethoxy groups, enough evidencevéalable to conclude that the degradation
pathway is the same for longer chain ethoxylates.

3.1.1 Abiotic degradation

3.1.1.1 Hydrolysis

It is expected that 4-nonylphenol ethoxylates wifit be subject to abiotic degradation via
hydrolysis. The nonyl group and the phenolic ringucture are chemically stable against
hydrolysis. Also the ethoxylate chain is not suspeédo be degraded via hydrolysis, but via biotic
degradation.

In conclusion it is supposed that hydrolysis is reotrelevant degradation process under
environmental conditions.

3.1.1.2 Phototransformation/photolysis

3.1.1.2.1 Phototransformation in air

As there is no experimental information availalvtat registration dossiers on phototransformation
in air an estimation of half-lives was done with R@in (v1.92aj for certain ethoxylation grades of
4-nonylphenol and under the supposition that pyttotlegradation will occur due to the presence
of OH-radicals. No further evaluation of the QSA&garding the domain of applicability was
conducted as the information on phototransformaitioair is regarded not essential for the SVHC
identification.

Table 9: estimated half-lives in air for assortdtb&ylation grades of 4-nonylphenol

Grade of ethoxylation 1 2 4 6 8

Estimated half-life (hours) 266 206 1.42 1,08 80.8

Due to the low vapour pressure of the ethoxylat@peration into the atmosphere is expected to be
negligible. For example short chain 4-NP1EO hasyour pressure of 2.38 * 2(Pa, the vapour
pressure is expected to decrease with increasingtHeof the ethoxylate chain. Therefore

3 Environmental parameters used for calculationpeenature 25°C, 12-hr day, OH-radical concentratidrt10® /cm?
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photodegradation in air is expected not to be aveit path of degradation for 4-nonylphenol
ethoxylates.

3.1.1.2.2 Phototransformation in water

As described further in the chapters on biotic ddgtion processes, the main products being
released directly or indirectly to the water bodg an-degraded long chain ethoxylates (4-NPnEO
with n > 2) as well as ethoxylates with a low grad ethoxylation (4-NP1EO und 4-NP2EO) and
its carboxylates (4-NPnEC) and — to a lesser ext@nrhonylphenol.

Based on the expected adsorption behavior andldisan modelling summarized in chapter 3.2,

long chain ethoxylates are expected to remainenathter body, while short chain ethoxylates and
4-nonylphenol have higher log Pow—values and aesetbre expected to adsorb to suspended
organic matter and sediment. Thus phototransfoonatiight be a relevant route for ethoxylates
with a high grade of ethoxylation only. However,opfdegradation is a relevant degradation
process in the first few centimetres layer of theex column only or in shallow clear waters. Thus
aquatic phototransformation is considered not teeha relevant impact on the degradation of
4-nonylphenol ethoxylates in the aquatic environinen

3.1.1.2.3Phototransformation in soil

Not assessed for the identification of this substaas SVHC in accordance with Article 57(f).

3.1.2 Biodegradation

With regard to biodegradation, several studies available that provide information about
degradation pathways of 4-nonylphenol ethoxyladeslPnEQ) in sewage treatment plants, surface
water, sediment and soils. They are analysed wigland to the question whether or not 4-NPnEO
will contribute to the emission of 4-nonylphenotN¥P) to the environment. Data are analysed with
regard to the following aspects:

- Are 4-NPnEO released to the environment (and tekvaktent)?

- Does the degradation to 4-NP in sewage treatmantgktontribute to the emission of 4-NP
to the environment?

- Do 4-NPnEO released to the environment contriboitdhé environmental concentration of
4-NP due to their degradation in environment cortmpants?

3.1.2.1 Biodegradation in water

Some of the most important studies describing lgoatkation in water are summarized in the
subsequent chapter. In order to facilitate the udision in chapter 6, available information on
biodegradation in sewage treatment plants andcivfater is analyzed separately.

Results suggest the following general pathway, escribed in the European Risk Assessment
Report (European Commission, 2002) and Jonkers @omkers et al., 2001).

As a first step the ethylene oxide groups (EO)afker chain 4-NPnEO (n>4) are rapidly removed
resulting in ethoxylates with less than four etHaxyits (usually one or two units, 4-NP1EO and 4-
NP2EO). The rate of removal of the EO chain inasaagith increasing chain length. Under aerobic
conditions the shorter chain 4-NPnEO (n<4) will hether oxidised to the corresponding
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carboxylic acids (for example nonylphenoxyacetiz gd-NP1EC) or nonylphenoxyethoxyacetic

acid (4-NP2EC)) and carboxylated alkylphenol et@boxylates (CAMPENC with m=5-9 and n=0

or 1) (Jonkers et al., 2001). Under anaerobic d¢ad the shorter chain 4-NPnEO will be degraded
to nonylphenol diethoxylate (4-NP2EQO) and nonylgilanonoethoxylate (4-NP1EO). Finally the

4-NP1EC and 4-NP1EO will be converted into 4-nohegipol (4-NP), especially under anaerobic
conditions (Environment Agency UK, 2005; Europeaontinission, 2002; Vlaardingen et al.,

2003).
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Figure 1: Biodegradation scheme for nonylphenabegtates (Vlaardingen et al., 2003)

A more recent study shows that 4-NP1EC may degrede4-NP under oxic condition
(Montgomery-Brown et al., 2008). The degradatiothpays of 4-NP1EC were studied in oxic
microcosms with organic carbon-poor soil and orgainh sediments. The results show that the
availability of dissolved oxygen determined the dwant degradation pathway. As observed in
other studies, NP1EC was mainly degraded to CAPdiB@lkyl chain ethoxylation under microxic
conditions (trace amounts of oxygen). On the othend, under oxic conditions ether cleavage
occurred and 4-NP was formed. However, under thesditions further rapid conversion of the 4-
NP to nonyl alcohols occurred. This might be thasom why this degradation pathway was not
observed in previous studies (Environment Agency RIO8).

3.1.2.1.1Biodegradation in sewage treatment plants

Different types of studies are available to analyme biodegradation of 4-nonylphenol ethoxylates
(4-NPnEO) in sewage treatment plants. Five screestndies for 4-NPnEO and two studies for 4-
tert-octylphenol ethoxylates (4-tert-OPnEQO) providéormation about the degree of degradation
for long and short chain ethoxylates, without pdavg information about degradation products. In
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addition three simulation tests for 4-NPnEO and tesis with 4-tert-OPnEO are available which
provide information about the degree of degradaai®mvell as about the type of metabolites formed

and the rate of degradation.

Screening tests

Table 10 Summary of Screening tests

Test substance | Method | Result | Reliability Reference
4-NPEO
NP9EO OECD 301 B NPOEO: 74.8 +1.92 % 2 (Gledhill, 1999;
NP1.5EO Adapted CO; evolution in 28 days Staples et al.,
CAS Nr. 9016- | inoculum NP1.5EO: 45.3 +18.4 % 2001)
45-9 CO, evolution in 28 days
10 day window was
failed
NPOEO ISO 14593 after 28 days: 2 (Staples et al.,
CAS Nr. 9016- | headspace CO2 | 69.5 % CO2 2001)
45- biodegradation | (unaclimmated microbial
test seeds)
70.2 % CO2
(acclimated microbial
seeds)
NP1EO OECD 301 F NP1EO: 25.9+8.1 % 2 (Stasinakis et al. |
CAS Nr. 27986- NP2EO: 0 % 2008)
36-3
4-NP2EO
CAS Nr. 20427-
84-3
NPO9EO OECD 301 B 53-58 % CO2 evolution 4 (European
in 28 days (no details| Commission,
of the test)| 2002)
NP12EO Closed bottle test30 % ThOD 4 (Hughes et al.,
OECD 301 B 65% ThCO2 (secondary 1989;
Gledhill test (US-| 42% ThCO2 literature) | Environment
EPA method (acclilmated inoculum) Agency UK,
835.3120) 45% ThCO2 2008)
(unacclimated inoculum
OPEO
OP9EO OECD 301 B OP9EO: 79.8 +1.59 % 2 (Gledhill, 1999;
OP1.5EO Adapted CO; evolution in 28 days Staples et al.,
CAS Nr. 9036- | inoculum OP1.5EO: 61.1 +0.98 % 2001)
19-5 CO; evolution in 28 days
10 day window was
failed
poly(oxyethylene) OECD 301 C 22 % degradation 2 (National
octylphenyl ether (measured by BOD) in Institute of

n=7-11(average
of 9)

CAS Nr. 9036-
19-5

28 days

Technology and
Evaluation, 2002
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The biodegradation of nonylphenol ethoxylates withigh number of ethoxyl groups (NP9EQO) and
its biodegradation intermediate NP1.5EO was medsusang OECD 301B (Gledhill, 1999; Staples

et al., 2001). The test was run with adopted inarufrom a waste water treatment plant. 45.3 %
(NP1.5EO), and 74.8% (NP9EO) g€¥olution was observed after 28 days (58.7% ant¥s&fter

35 days respectively). The 10 day window was fail@8.4% (NP1.5EO) and 17.5% (NP9EO)

suspended organic carbon was determined on dayI8%.suggests that NPEO incorporated into
biomass or adsorbed to suspended material. Stapkds calculated first order half-lives (primary

degradation) of 18.9 days (NP1.5EOQ; lag time =@s@land 13.6 days (NP9EO; lag time = 1 day).
This study was also performed with OP9EO and ORQ.®Hich showed similar results (79.8%

(OP9EOQO) and 61.6 % (OP1.5EO) CO2 evolution afted@s). The 10 day window was failed in

either case. The calculated first order half-ligg@smary degradation) were approximately 10 days
(10.2 days OP9EO, 10.7 days OP1.5EO) with a lag o days.

Furthermore Staples et al. investigated the bicabiility of NPOEO with an ISO headspace CO2
biodegradation test (Staples et al., 2001). Slddya the same wastewater treatment plant as for
the OECD 301B test was used. Each day for 7 dajisated sludge was settled for 30 min, 100 ml
of supernatant were removed, and fresh sludge wdedato the two semicontinuous activated
sludge units. One unit received 10 mg C(NP9EO)/cheday and the other unit remained
unacclimated. The prepared inocula were added ¢otést medium. After 28 days 69.5%
(unacclimated) and 70.2% GQacclimated) were measured. 12.9% or 11.7% of dhdoon
remaining was in the dissolved phase and 17.6%8dt% was detected as suspended organic
carbon.

In an OECD 301F test with NP1EO and 4-NP2EO adutlid0 mg/L allythiourea was added for
preventing nitrification (Stasinakis et al., 2008fter a lag phase of 17.3+0.7 days, NP1EO was
aerobically biodegraded with 25.9+8.1% at day 28.4NP2EO no biodegradation was observed.

The study of Hughes et al. (Hughes et al., 1989 diacussed in a unpublished report of the
Environment Agency UK, which has been copied herédalic letters (Environment Agency UK,
2008):

Hughes et al. (1989) compared the ready biodegraithalmof NPE12 in different standard test
systems: the modified Sturm test (OECD 301B), tleehdl test (US EPA method 835.3120) and
the closed bottle test. In all tests, ultimate egihdation ranged between 30 and 65% as measured
by conversion to carbon dioxide. Using the Gledtelt, the effect of using both acclimated and
unacclimated microbial seed on biodegradation ofEMP to carbon dioxide was investigated.
However, no significant differences were noted: 48802 mineralisation was reached with the
unacclimated seed versus 42% ThCO2 mineralisatitman acclimated inoculum.

In a 28 day ready biodegradability test (OECD 3018ing 100mg/L of the poly(oxyethylene)
octylphenyl ether (OPnEO with n=7-11, average oa®)l 30 mg/L sludge 22% degradation was
measured by BOD (National Institute of Technologyg &valuation, 2002).

In summary, the results (based on 4-NPnEO and NPsBEQw, that both long and short chain 4-
NPnEO are not readily biodegradable using stantest methods. However, the results do not
allow any conclusion about degradation product®yTprovide some evidence, that 4-NPnEO are
metabolized to some extent and that degradationinvajve some stable metabolites.

Simulation tests
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Table 11: Summary of biodegradation tests for nonylhenol ethoxylates in waste water

treatment plants

[

Test substance | Type of test| Result Reliability | Reference
conditions
NPNnEO (n = Sewage Increase of NP1EO and NP2EO 2 (Lu et al.,
average of 9) | sludge; concentration during decrease |of 2008a)
(68412-54-4) anaerobic NPNnEO concentration (peak on
day 14), NP1EO and NP2EO
degrade to NP (peak on day 21)
30% dissipation of total NPnEQO
after 3d
NPNnEO (n = Sewage Increase of NP2EO (peak on dEy 2 (Lu et al,
average of 9) | sludge; 7), NP1EO and NP (peak on day 2008b)
(68412-54-4) anaerobic 21, maximum NP about 8 pM)
(sulphate- concentration during decrease |of
reducing NPNEO concentration
conditions) | 50% dissipation of total NPnEQO
after 3d
4-NP1-2EO Sewage 10% digester sludge: 31 % NP 2 (Ejlertsson e
mixture (0.15% sludge; was formed during 150 days al., 1999)
NP, 70%| anaerobic 100% digester sludge: 57 % NP
NP1EO, 28% was formed during 150 days
NP2EO, 2 %
NP3EOQ)
NPnEO (n = 8 Laboratory | Degradation > 80% after 30 days 2 (Rudling and
10,14,16,30) scale (metabolites were not analysed) Solyom,
activated 1974)
sludge Metabolites were analyzed by gas
system; chromatography in a previous
aerobic screening test:
Main  product of NPnEQ
(n=8,10,14) was NP2EO after |4
days (20°C);
Further degradation of NP2EO:
20°C: 50% after 28 days
15°C: 0 % after 28 days
NPnEO Batch Within 44 days: 2 (Teurneu,
(n=4,10,40) experiment, | theoretical calculations: 2004)
sewage Aerobic:
sludge; NP1OEO degradation 29 %
aerobic and (27°C) and 25 % (10°C)
anaerobic NP40EO degradation 63% (27°C)

and 21 % (10°C)
Anaerobic:

NP10EO degradation
(27°C) and 0 % (10°C)

40

NP40EO degradation 79% (27°C

and 30 % (10°C)
Formation of NP2EO an
unknown products of a siz
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| | between 4 and 10 ethoxylates | \ |

Results by Lu et al. (Lu et al., 2008a; Lu et 2008b) showed under anaerobic and sulphate
reducing conditions constant degradation of thgéorchain ethoxylates with NP1EO and NP2EO
being the most prominent ethoxylates from day dap 60. After 3 days about 30 -50% of the total
NPnEO concentration dissipated to undefined pradudhder both conditions (Lu et al 2008a and
2008b) NP concentration increased from 0 to abguiMBduring the rapid degradation of NP9EO
(until day 21) and slowly decreased during theofwlhg phase of low NPnEO degradation,
indicating, that its formation exceeds its transfation if its ethoxylates are available as a soofce
NP.

The degradation of a 4-NP1-2EO mixture (2, 60 a0l i@g/L) in digester sludge (10% and 100%),
landfilled municipal solid waste and landfilled dge was determined under methanogenic
conditions for 150 days (Ejlertsson et al., 1990)this chapter results with regard to the digester
sludge are reported while results for landfills described in chapter 3.1.2.3. The background
levels of 4-NP, 4-NP1EO and 4-NP2EO were high ia thocula. In all inoculates using a
concentration of 2 mg/L 4-NP1-2EO the short chdahoeylates were slowly transformed to 4-NP
by anaerobic microorganisms. Transformation wghkdst in the 100% sludge sample compared to
the diluted sample (57 and 31 % of the total 4-NRPhEO concentration respectively at day 150).
4-NP was not further degraded and incubation vathalabelled 4-NPnEO showed that the phenol
ring remained intact (nd*C0, or **CH, production). Results with 60 and 308 mg/L 4-NPnEO
indicate that degradation is concentration dependéan 60 mg/L 4-NP1-2EO was slowly
transformed to 4-NP1EO in 100% digester sludgenbutransformation occurred in the 10% sludge
sample and at 308 mg/L 4-NP1-2EO less than 1%eoétided 4-NP1-2EO was transformed into 4-
NP.

Rudling and Solyom investigated the biodegradabdit longer chain ethoxylates (NPnEO up to
n=30) with a laboratory scale activated sludge esys{Rudling and Solyom, 1974). The initial

concentration of the nonylphenol ethoxylates in itifeient of the system was approximately 5.5
mg/L. The test was performed with presettled mymaicsewage under treatment plant conditions.
All NPnEO derivates (n=8, 10, 14, 16, and 30) slaosimilar degradation of more than 80% after
30 days. Further tests show that the removal isemhly degradation and not by adsorption to
sludge.

The degradation of NPnEO (n=4, 10, and 40) wasexughder aerobic and anaerobic conditions at
27°C and 10°C (Teurneu, 2004). For the batch expmris sludge samples from a waste water
treatment plant were used. The initial concentrattd NPnEO was 500 mg/L. The degradation
rates were higher at 27°C than at 10°C. For theetdemperature a longer lag phase was observed.
The degradation under anaerobic conditions resuitadonger lag phase, too.

The study found an unusual high NP4EO removal {@8% at 27°C and 50% at 10 °C) under
aerobic conditions for which the author consideiwther experiments would be needed. HPLC
analysis showed removal percentages of 90-100%IR¥OEO and NP40EO based on theoretical
calculations using the coefficient of the reactequation and the oxygen demand. At 10 °C,
degradation of NP10EO resulted in the formationN&f2EO both under aerobic and anaerobic
conditions. For NP40EO the same holds true for l@era@onditions while under anaerobic
conditions some undefined slightly more polar commuts occurred which the authors suggest to be
ethoxylates with a chain length between 4 and 10.

In summary available sewage treatment plant sinomatests for 4-NPnEO (based on studies
carried out with 4-NPnEO and | NPnEQO) substantthte degradation pathway described above.
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Four Studies show that NP1EO and NP2EO are formad fonger chain NPnEO £40) under
aerobic and anaerobic conditions. Formation of MBeu anaerobic conditions is substantiated in
two studies. In addition, studies provide evidemt®mut the degradation time of the different
metabolites. In two studies (Lu et al 2008a and8B)@lissipation of total NPnEO (including long
chain and short chain NPnEO) was 30 and 50% afttay3. The study by Ejlertsson et al, 1999
however indicates that the final step to 4-NP fdramamight be slower and that NP is a stable
metabolite under these conditions (31 — 57 % foionatf 4-NP during 150 d for 4-NP1-3EO.).

Supporting information for 4-tert-OPnEO

Results available for the close analogues 4-tegthmltenol ethoxylates (4-tert-OPnEO) further
substantiate the degradation pathways in anaeselwage sludge.

Table 12: Summary of biodegradation te$ts octylphenol ethoxylatesin waste water treatment
plants

Test substance| Type of test/| Result Reliability | Reference
conditions

Sewage, sewage sludge

Tert- activated Rapid transformation from 2 (Ball et al.,

octylphenol sludge OPNEO to OPNnEC (n=1-3) within 1989)

polyethoxylate | inoculation | 24 hours
(13% OP1EO, | (aerobic) 30% degradation to undefined

40% OP2EO, products

29% OP3EO, | primary Transformation of OPnEO to

14% OP4EO, | sewage OPNEO (n=1-3) within 2 days

4% OP5EOQ) inoculation Nearly no further degradation
(aerobic) until day 17 (4% formation of

undefined products)

80% degradation to undefined
products until day 36 with an
adaption time of 5 and 17 days for
OP1EO and OP2EO

anaerobic Transformation OPnEO ¥2) to
bioassay OP1EO within 10 days (no
further degradation)

18% conversion to OP after 66 g

P, tert.- Shake culture > 90% primary degradation within 2 (Lashen et
octylphenoxyno| tests (aerobic, 7 days al., 1966)
naethoxyethanaol acclimated

(OPE10) sludge)

Bench-scale | 90-95 % primary degradation
activated after 11 days (acclimatization
sludge teststime 5-11 days)

(aerobic) 63-66% loss of’C (degradation
of the ethoxy-group) after 20 days
acclimatization

Continuous | 58 % primary degradation in the
model septig septic tank (anaerob) (average
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tank until day160)

(anaeraob) 93 % primary degradation after
with percolation (average until day160)
subsequent

percolation | 7% loss of**C (degradation of the
field ethoxy-group) in the septic tank

(acclimated) | (average until day 170)
**C and °H | = 65 % loss ofC (degradation of
labelling) the ethoxy-group) after
percolation (at day 170)

No loss ofH (no degradation of
the phenol ring)

Ball et al. studied the biotransformation of tectydphenol polyethoxylate under aerobic and
anaerobic conditions (Ball et al., 1989). The testbstance mixture of tert-octylphenol
polyethoxylates and the corresponding carboxylidsagvas inoculated with activated sludge (4-
tert-OPNEO residues were previously detected),aagraewage and anaerobic bacteria.

The tests with activated sludge showed a rapid ¢etenpransformation of 4-tert-OPnEO within 24
hours. 70 % of the initial 4-tert-OPnEO dissipated 4-tert-OPnEC (n=1-3) (4-tert-OP2EC
predominant product and 30% dissipated to unidedtgroducts).

Primary sewage as inoculum resulted in dissipatiof-tert-OPnEO (n=4-5) within 2 days and an

increase of 4-tert-OP2EO until day 17. Only 4 %tloé initial input was degraded to undefined

products. After an adaption time of 5 and 17 days 4-tert-OP1EO and 4-tert-OP2EO they

degraded to unidentified products. Hence, restitsvsthat 4-tert-OPnEO (n > 3) quickly degrade
to ethoxylates with lower grade of ethoxylation letfurther degradation of these products is much
slower. After 127 days more than 99% were dissib&deproducts different from 4-tert-OP, 4-tert-

OPNEO (n=1-5) and 4-tert-OPnEC (n=1-2).

Under anaerobic conditions 4-tert-OPnEO (n=2-5)lgeecompletely dissipated to 4-tert-OP1EO

within 10 days. No further degradation occurredteAthis, 4-tert-OP1EO converted slowly into

octylphenol and, to a less extent, 4-tert-PnEC amdefined products. After 66 days 18% of the
original 4-tert-octylphenol ethoxylates were congdrinto 4-tert-octylphenol, 6% were transformed
to 4-tert-OPnEC (mainly OP2EC). Subsequent degadadf 4-tert-octylphenol appeared to be

slow (7.9 % 4-tert-octylphenol at day 190). 89%laé input was degraded to undefined products
after 190 days.

The biodegradation of radiolabellefG in the ethoxylate chain arithl in the phenol ring) p,tert.-
octylphenoxypolyethoxyethanol (OPnEO, n =10) wasied out by Lashen et al. (Lashen et al.,
1966). The experiment included a) an aerobic sicakere test using acclimated bacterial culture
from a laboratory continuous activated sludge unia bench-scale activated sludge test with 3 and
6 hours retention time and inoculated with fresldge and c) a (anaerobic) model septic tank
percolation field system (retention time = 67 hQurs

In the shake culture test and the bench scal@tesary degradation was > 90 % within 7 days and
after 11 days (3 and 6 hours retention time) raspeyg. An acclimation period was observed if
fresh, not acclimated sludge was used. DissipatfoliC incorporated in the ethoxylate chain in
the bench scale test indicate that primary degi@datas mainly due to a transformation of the
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ethoxyl group (63-66%) while no degradation of fiteenol was observed (no dissipation®gf
incorporated in the phenol ring).

In the model tank-percolation field system primasgradation in the anaerob model tank was
lower (58%) but reached 93% after transfer throtrgh percolation field. Again this was mainly
due to a degradation of the ethoxylate group (68%ratiation) and no mineralization of the phenol
group was observed.

Based on measurements of degradation producta ibezoncluded that 4-tert-OPnEO are quickly
degraded to short chain 4-tert-OPnEO (n= 1-3) withidays in primary sewage with nearly no
further degradation. Especially 4-tert-OP2EO (th@mproduct) remains stable until day 17.

In summary, under aerobic conditions based on sitioul studies it can be assumed that about 70%
of the input is rapidly transformed to 4-tert-OPnED0% transformation after 24h) and 30% are
further degraded.

Under anaerobic conditions results seem to departietest conditions. Results from a static test
with anaerobic bacteria indicate that 100 % of itiput is transformed to 4-tert-OP1EO after 10
days and 18% is further transformed to 4-tert-GBr&6 days. But results of the continuous model
tank indicate that in a flow through system transfation might be slower (only 58% primary
degradation and only 7% transformation of the eghgroup).

Overall, between 70 and 100% of the 4-tert-OPnE@ois mineralized under sewage treatment
plant conditions.

These data support and further substantiate tdenfys for 4-NPnEO.

3.1.2.1.2Biodegradation in surface water

Table 13: Summary of biodegradation tests in surfaz water

Test substance | Type of test| Result Reliability | Reference
conditions

Fresh water

NP4EO (with | aerobic Primary degradation > 99 % after 2 (Jonkers et

an ethoxylate 100 hours; al., 2001)

range of 2-9 and Metabolites: NPnEC

NP10EO (with No change in initially NP

an ethoxylate concentration (31days)

range of 4-15)

4-NP9EO aerobic After 128 days: 2 (Naylor et al.,

(97.8% 4- Primary degradation 87-97% 2006)

NPOEO, 2.2% (adaption time: 28 days)

2-NP9EO) 40.5 %'CO2

40.2 % of the initial radioactivity
remaining in aqueous phase
20.8 % of the initial radioactivity
incorporated into biomass
Non-labelled test system:

0.4 % 4-NP as metabolite of
initial 4-NPnEO; < 2% 4-NPnEC

Estuarine water

NPnEO (n=1- | Die-away | DisT50 = 23-69 days (winter | 2 | Kvdstak and
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18, average test, aerobic | 13°C) Ahel, 1995)
=10) DisT50 = 2.5-35 days (summer

22.5°C)

Main intermediate NP2EO
NPnEO (n=7- | Die-away Primary degradation 100% after 2 (Potter et al.
24, average 18)| test, aerobic | 4-24 days (adaption time: 0-12 1999)

days)

Maximum concentration of
NP2EO in 4-16 days
Maximum concentration of
NP2EC in 20-76 days

NP was not detected

Aerobic biodegradation of NPnEO was investigated laboratory-scale bioreactor filled with river
water (Jonkers et al., 2001). The bioreactor wakedpwith two different technical mixtures of
NPNnEO (NP1OEO, NP4EO) at concentration of 10 mddmall amounts of OPnEO and
decylphenol ethoxylated were present in the migtuidter 4 days 99% of the NPnEO mixtures
were dissipated (primary degradation). Nonylpharawboxylates (NPnECs) were identified as the
main group of metabolites. The concentration of E@s increased until day 5 and subsequently
decreased. No change in initial NP was observedngluthe experiment (31 days). Further
degradation of NP1-2EC by a carboxylation of thieylahain was observed in this experiment
(CAMPENC with m=5-9, n= 0 orl). Both short-chain B and CAPEC metabolites were still
present in the bioreactor after 31 days.

Aerobic Biodegradation of'fC] 4-NP9EO was examined and changes in the oligatiséribution
and mineralization t&*CO, were monitored for 128 days (Naylor et al., 208§)-97% of the initial
4-NPnEO was degraded to metabolites other than /4NNPNEO and 4-NPnEC after 128 d. Only
0.4% 4-NP was detected (non-labelled test systengjgesting that NP is a minor metabolite under
aerobic conditions in river water. After 128 days5% of “C] 4-NP9EO converted t5'CO, but

an acclimation period of 28 days was needed.

Biotransformation of NPnEO by estuarine mixed baateultures was analyzed under laboratory
conditions by using a static die-away method (Kalesnd Ahel, 1995). The experiments were
performed with autochthonous bacterial culturesmfrthe brackish water and saline water.

Biotransformation kinetics of mixed bacterial cuddrom the brackish water layer was faster than
that from the saline water layer at all temperaueeamined and at both concentrations of NPNnEO
(0.1 and 1 mg/L). This was probably due to a beiteradaptation of the brackish water bacteria to
NPNnEOs in their natural habitat. Under winter terapge conditions (13°C) the estimated DisT50

ranged from 23-69 days, while the DisT50 under semtamperature conditions (22.5°C) ranged

from 2.5-35 days. Transformation to NPnEC was ndibdved and the main intermediate formed

during the experiment was NP2EO.

A further static die-away test was performed wiltuarine water from four sampling sites in
Tampa Bay, FL (Potter et al., 1999). Dependingaming site (middle of the Bay, port area and
tidal river) the temperature ranged from 27.5 to03’IC. The concentration of NP2EO, NP1EO,
NP2EC, NP1EC, NP and total surfactant were mordtatantervals of 4-8 days for 89 days and at
30-day interval thereafter until 183 days. Due he tifferent sampling locations the following
results are stated as a range. Complete primamadation of NPNnEO (n =18) was detected after 4-
24 days with an adaption time between 0 and 12.d&ge formation of NP2EO reached its
maximum concentration in 4-16 days. NP2EC increas®i day 20-76 with little or no decrease
until the end. Smaller amounts were detected folBMP (<0.1 mg/L) and NP1EC (maximum
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concentration 20% of NP2EC). NP was not measurete¢tion limit 0.01 mg/l). Potter et al.
estimated that approximately 36 to 56 % of the astdnts converted to G@nd HO or other
metabolites. However, this was not confirmed amzajty.

In summary three tests support the hypothesis,uhdér aerobic conditions in fresh water long-
chain 4-nonylphenol ethoxylates (based on studaesed out with 4-NPnEO and NPnEOQO) will be
rapidly degraded to 4-NPnECs (99% primary degradaditer 100 hours (Jonkers et al., 2001) and
formation of the corresponding alkylphenol is ofhom relevance. However results by Kvestak and
Ahel with a mixed culture of bacteria from brackishter indicate that transformation to 4-NP2EO
may occur in brackish water and that degradatioy & much slower during winter (DisT50
between 23 and 69 days) (KveStak and Ahel, 199%)jthErmore, only 40% of 4-NPnEO
mineralized to CQin 128 d (Naylor et al., 2006).

3.1.2.2 Biodegradation in sediments

Table 14: Summary of biodegradation tests in sedime

Test substance| Type of test/| Result Reliability | Reference
conditions

Estuarine water sediment

NP4EO (with| aerobic DisT50 = 85 days 2 (Ferguson

an  ethoxylate anaerobic DisT50 = 289 days and

range of 0-9) Brownawell,

2003)

Fresh water sediment

4-NP1EO aerobic DegT50 = 69.3 — 115.5 days 2 (Yuan et al.
(primary degradation) 2004)

4-NP1EO anaerobic DegT50 = 49.5 — 77.0 days 2 (Chang et al.|
(primary degradation) 2004)

Sediment from an industrial site (sedimentation basin)

NPnEO aerobic and Within 44 days 2 (Teurneu,

(n=2,4,10,40) | anaerobic theoretical calculations: 2004)
aerobic:

NP2EO degradation 4 % (27°C)
and 0 % (10°C)
NP4EO degradation 10 % (27°C)
and 7 % (10°C)
NP1OEO degradation 24 %
(27°C) and 19 % (10°C)
NP40EO degradation 31% (27°C)
and 12 % (10°C)
anaerobic:

NP2EO degradation 5 % (27°C)
and 1 % (10°C)
NP4EO degradation 21 % (27°C)
and 0 % (10°C)
NP1OEO degradation 36 %
(27°C) and 26% (10°C)
NP40EO degradation 49% (27°C)
and 10 % (10°C)
Formation of NP
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The degradation of radiolabelled NP4EO mixture (H@nn=0-9) in estuarine sediment was
investigated under aerobic and anaerobic conditiobatch sediment slurry experiments (Ferguson
and Brownawell, 2003). The sampling site (Jamaiag, BNY, USA) has been extensively studied
with regard to the NPnEO fate. It is situated neathe outfall of a major waste water treatment
plant (NPNnEO concentration in sediment >40 pg/g weight, mostly NP and NP1EO) and
represents a highly polluted site (high contamoratvith heavy metals and organic contaminants).
The total NPNEO mixture dissipated significantlgtéa under aerobic conditions (DisT50 = 85
days) than under anaerobic conditions (DisT50 =&88). Even under aerobic conditions only 1.7
% CO2 of the initial added{C6]- NP4EO was formed. This is contrary to otheidis that have
been reported that NPnEO converted to, @@der aerobic conditions. The authors stated wuario
reasons, for example: reduced bioavailability ohEBPs due to sorption to the highly organic-rich
sediment; inhibition of mineralization by high cemtrations of toxicants (sediment is known to be
toxic to microorganisms in Microtox™ assays). Nghgnol was present at low levels (~5%) in the
[*“C6]- NP4EO spiking material and was observed tsigeat these low levels throughout the
degradation experiment in both oxic and anoxicttneats. At the end of the experiment, NP
accounted for only approximately 3% of the initjaidded™“C activity in both the aerobic and
anaerobic treatments. The authors mentioned thatntight be due to a small amounts of NP
formed and removed at similar rates or that the tazale of the experiment was not long enough.
Even if there are some concerns about this studytathe toxicity and high organic carbon content
of the sediment, the study provides some indicatibat could happen if a site is very polluted.

Chang et al. studied the degradation of 4-NP1E@raerobic microorganisms from NP-acclimated
river sediments (Chang et al., 2004). The Dgdprimary degradation) ranged from 49.5 to 77.0
days (30 °C). After day 8, 4-NP was determinechéermediate product. The concentration of 4-NP
increased from day 8 to day 14. Degradation rates4fNP1EO were enhanced by increasing
temperature and inhibited by the addition of aegtpyruvate, lactate, manganese dioxide, ferric
chloride, sodium chloride, heavy metals, and piitredid esters.

Yuan et al. sampled sediment from the same sansles as Chang et al. 2004 and studied the
aerobic degradation of 4-NP1EO (Yuan et al., 2004 half-lives DegT50 (primary degradation)
ranged from 69.3 to 115.5 days. These results stiglgat microorganisms adapt in a site specific
manner, and therefore vary in terms of biodegradiagacity. If the sediment was additionally
acclimated with nonylphenol, NP1EO was completétgigated after 56 days.

The degradation of NPnEO (n=2, 4, 10, and 40) wadiesd under aerobic and anaerobic conditions
at 27°C and 10°C (Teurneu, 2004). For the batclemxents sediment samples from the bottom of
a sedimentation basin of an industrial site (préidac of NPnEO) were used. The initial
concentration of NPNnEO was 500 mg/L. The long-cletlmoxylates showed greater degradation
than the short-chain ethoxylates. This was confitrbhg screening of degrading organisms in the
sediment. A higher presence of bacteria capabl®a@ind 40 ethoxylate degradation was observed.
The results of the sediment analysis indicate aaraalation of NP in the sediment.

In summary, only little information is availablerfbiodegradation of 4-NPnEO in sediment. These
data show that in sediments 4-nonylphenol ethoggl@based on studies carried out with 4-NPnEO
and NPnEOQO) degrade to 4-nonylphenol under aerotgicanaerobic conditions. Degradation of the
short chain 4-nonylphenol ethoxylates (n = 1-4)slew and depends on temperature with
dissipation half-lives of 49-115.5 d and even lan@&89 d at a highly polluted site). Although

results in aerobic sewage treatment plants indittete under aerobic conditions dissipation of 4-
nonylphenol ethoxylates and formation of the cqroesling carboxylates is a fast process, results
by Ferguson and Brownawell (Ferguson and Browna€l03) indicate that in pre-contaminated
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sediment this process may be hindered. Overallteesulicate that 4-nonylphenol ethoxylates may
degrade to 4-nonylphenol in sediment. Because datjom may be slow, it can be expected, that
they are a constant source for 4-nonylphenol imseot.

3.1.2.3 Biodegradation in soll

Table 15: Summary of biodegradation tests in soil

Compound Result Reliability |Reference
NP12EO 90-99% dissipation within first week 2 (Sjostrom et
Biphasic kinetic al., 2008)

1. DisTsp = 0.3 — 5.2 days
2. DisTsg=11.40 - 48.0 days

Mixture of 4- |4-NP1EO: 90 % dissipation after 322 days 2 (Marcomini et
NP1EO, 4- triphasic kinetics: al., 1989)
NP2EO and 4-| 1. Initital period (1-14 days): Disg = 7 days

NP3EO 2. Transition time (30 — 90 days): DigE 150 days

Imbentin - 3. Long-term persistence (> 150 days): RisT 360

N/7A days

4-NP2EO: 86 % dissipation after 322 days
triphasic kinetics:

1. Initital period (1-14 days): Dig§= 8 days

2. Transition time (30 — 90 days): DigFE 110 days
3. Long-term persistence (> 150 days): RisT 360

days
Linear 4- Mineralization after 2 months: 2 (Gejlsbjerg et
NP2EO sludge-soil ratio 1:20 (40% water content) = 61.4| % al., 2001)

sludge-soil ratio 1:20 (80% water content) = 12.4/%
sludge-soil ratio 1:100 (40% water content) = 70.2
%
sludge-soil ratio 1:100 (80% water content) = 43.4
%

sludge only = 14.8 %
soil only = 64.4 %

4-NP1-2EO [landfilled sludge: 81 % 4-NP was formed during 53 2 (Ejlertsson et
mixture (0.15%days; > 53days concentration remained constant al., 1999)
4-NP, 70% 4-

NP1EO, 28%
4-NP2EO, 2 %

4-NP3EO)
NP4EO, NP4EO: 12-29 % mineralization within 150 days 2 (Dettenmaier
NP9EO NPOEO: 17-28 % mineralization within 150 days and Doucette,

2007)

Sjostrom et al. examined degradation of NP12Eim €ontrasting agricultural soils (Sjostrom et
al., 2008). A biphasic dissipation kinetic was alisd. The rapid initial dissipation with DisT50 =
0.3 — 5.2 days were followed by a slower dissipapbase (DisT50 = 11.4 - 48.0 days). After 30
days results showed the formation of NP from NP12NB remained nearly stable at the end of the
experiment. No detectable NP12EO remained in this sfter 105 days and no intermediate
degradation products were found.
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The fate of a mixture of 4-NPnEO (n= 1-3) in sludgeended soil was studied by Marcomini et al.
(Marcomini et al., 1989). The soil samples werdeotéd from the upper 5 cm of planted grass
land. This site was part of a long term filed staahl had received anaerobically digested sludge at
an average application rate of 13.5 tonnes/ha (ergr weight). The sludge was applied to the
surface soil as a liquid spread, four to six tipesyear. The initial concentrations of 4-NP1EO and
4-NP2EO in the amended soil were 1.1 and 0.09%gn@lry weight). 320 days after the last
sludge application the residual mean concentratieere 0.11 and 0.013 mg/kg (dry weight) for 4-
NP1EO and 4-NP2EO, respectively. The disappearahdeNP1EO and 4-NP2EO were fast in the
first two weeks followed by a slow disappearanaenirdays 30-90; from day 150 no significant
disappearance was noted and 4-NP1EO and 4-NP2EOclaased as being persistent. The
estimated degradation half-lives of 4-NP1EO indbi in the initial phase was 7 days (4-NP2EO =
8 days), 150 days for the transition phase (4-NP2E0 days) and >360 days after 150 days of
application. These half-lives are for primary bigd®lation and were calculated assuming pseudo
first order kinetics.

The mineralization of‘C-labelled 4-NP2EO was investigated in differenidgle-soil mixtures and
soils (Gejlsbjerg et al., 2001). The mineralizatioh 4-NP2EO was indirectly affected by the
amount of sludge in the test mixtures. A higherteohof sludge in the mixtures reduced the overall
concentration of oxygen, which resulted in a desweaf the mineralization of 4-NP2EO. A higher
water content resulted in lower concentrationsofgen, thus in decrease of mineralization, too.
Mineralization of 4-NP2EO was not affected by tlod $ype since the percentage of compound
mineralized (64.4 %) after two months was not défe between any of the test mixtures.

The degradation of a 4-NP1-2EO mixture (2, 60 ad@ Bg/L) in landfilled municipal solid waste
and landfilled sludge was determined under methamogconditions for 150 days (Ejlertsson et al.,
1999). In both inocula at a concentration of 2 mgANP1-2EO the added 4-NP1-2EO was
transformed to 4-NP by anaerobic microorganismise Background level of 4-NP in the landfilled
municipal solid waste was so high that a transfdionaof 4-NP1-2EO would only increase the
indigenous 4-NP concentration with 5-10% (significdecrease of 4-NP1EO and 4-NP2EO was
observed within 22 days). An increase to 81 % du®3 days was observed in samples with
landfilled sludge. At a concentration of 60 mg/IN&81-2EO approximately 20 % 4-NP was formed
during 40 days (landfilled municipal solid wastepa880 days (landfilled sludge). The concentration
of formed 4-NP remained constant until day 150.388 mg/L 4-NP1-2EO less than 1% of the
added 4-NP1-2EO was transformed into 4-NP.

Dettenmaier and Doucette conducted microcosm axgets to evaluate the mineralization of
NPNnEO (n= 4, 9) in a soil/biosolids (99.5:0.5 w/grnvironment planted with crested wheatgrass
(Dettenmaier and Doucette, 2007). The microcosm® Waxated in a greenhouse with a 18:6-h
light:dark photoperiod and a day/night temperatfr20+1/16+1 °C. Three inital concentrations (6,
24, 47 mg/kg dw) of NPnEO were tested. 12-29 % BANO and 17-28% of NPO9EO mineralized
to *C0O, within 150 days. No statistical difference was whobetween planted and unplanted
systems.

In summary results (based on studies carried abt4NPnEO and NPnEO) show, that the overall
biodegradation of 4-nonylphenol ethoxylates in s#$low and depends on the amount of oxygen
available. Results by Sjostrom et al. (Sjostronalet2008) and Ejlertsson et al. (Ejlertsson et al.
1999) show that nonylphenol is formed during thiscgss. While it was only a minor pathway in
agricultural soil (Sjostrom et al., 2008), 81 % ufe overall 4-nonylphenol ethoxylates
concentration at the end of the experiment (2 mon#s 4-nonylphenol in a landfill with anaerobic
sludge (Ejlertsson et al., 1999). Thus resultscaei that 4-nonylphenol ethoxylates may degrade to
4-nonylphenol. Because conversion is slow, it canelpected that the remaining ethoxylate
concentration is a constant source of 4-nonylphansoil.
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Results froma-NP studies show dissipation or primary degradatigh DisT50 = 2.1-51 dayst-
Nonylphenol degrades as well @&NPnEO biphasic (fast inital phase (DegT50 < 16.ysdand a
following slower degradation phase (DegT50> 40 ylaysvo studies investigated mineralization
with 5 % CQ after 58 days and 7% GQ@fter 150 days (European Chemicals Agency, 2012b).
These results show that the ratetafiP-removal is not faster than the rateteflP-formation from
4-NPnEO.

3.1.3  Summary and discussion on degradation

In summary data on degradation of 4-nonylphenabetlates (4-NPnEO; based on studies carried
out with 4-NPnEO and NPnEO) indicate the following:

Ready biodegradability tests with short and longheiNPNEO provide evidence, that 4-NPnEO are
metabolized to some extent and that degradationinvajve stable metabolites.

In sewage treatment plants it can be expected thgtending on the test conditions - between 70
and 100% of the 4-NPnEO is not mineralized; 4-NPniilDtherein be converted into short chain
ethoxylates and be further degraded to the correBpg carboxylates or to 4-nonylphenol (4-NP),
during aerobic and anaerobic phases respectivelgnsiormation to 4-NP (during sewage
treatment) is actually expected to occur to a lowert, due to slow degradation rates of the short
chain ethoxylates. Thus, in summary it is expedtet 4-NPnEO in sewage will be basically
transformed to short chain nonylphenol ethoxylated their corresponding carboxylates, which
will be the main compounds released to the agestironment.

Even if photodegradation might occur in water, tiverall contribution to the whole degradation
process is negligible. The low vapour pressure ofgl chain 4-NPnEO indicates that
photodegradation in air is only a minor degradapaith but it might be of some relevance for 4-
NP1EO.

In aerobic surface water, further biodegradatiornthef short chain 4-NPnEO to its corresponding
carboxylates (4-NPnEC) is expected to be the praaammh pathway. While such transformation
may be quick in summer (DisT50 = 2.5-35 days fornE®), results for a brackish bacteria
community indicate that it may be slower in win{@®isT50 between 23 and 69 days). Further
degradation of the short chain 4-NPnEC may occuwoutih carboxylation of the alkylchain
(Jonkers et al.,, 2001). However, as summarized lmardingen et al. evidence of complete
degradation under natural conditions is scarcegidiagen et al., 2003).

Once transferred into sediment, it can be expetttadthe 4-NPnEO are transformed to the stable
4-NP. Degradation half-lives indicate that thisasslow process under anaerobic conditions
(Dis/DegT50 = 49-77 or even 289 days (NPnEQ)). Wkibme data for activated sludge indicate
that under aerobic conditions formation of nonylpiecarboxylates is the dominant process, data
in a pre-contaminated sediment indicate, that mhight be hindered in contaminated sediments
(DisT50 = 69.3 — 115.5 days). Overall, sedimenésextpected to be a continuous source of 4-NP
formed from 4-NPnEO due to the slow degradatioa.rBue to the even slower degradation of 4-
nonylphenol compared to 4-NP1-2EO (DegT50 46.2 dpgisnary degradation) to no elimination
after 703 day in anaerobic freshwater sedimenpedeing on linear or branched isomers), it can be
assumed that the formation of 4-nonylphenol exceeddegradation. But available information
does not allow to calculate steady state concemtiafor 4-nonylphenol based on the degradation
of its ethoxylates.
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Processes in soil are similar to those observesediment but primary degradation seems to be
even slower. Results indicate that, after a quicst fdegradation, further biodegradation of 4-
NPnEO will be slow. Thus, similar to sediment, ormentaminated with 4-NPnEO, soils are
expected to be a continuous source for 4-NP inafimronment. Information provided in the
biodegradation tests for NPnEO indicate that then&tion of NP exceeds its degradation as
complete mineralization of NPnEO was low and nohglml was continuously formed and thus the
overall degradation rate of 4-NP decreased (Sjas&idal., 2008).

In summary, available studies indicate that 4-NPrieQrade to 4-NP, especially under anaerobic
conditions. Hence, 4-NPnEO are relevant precurfeorthe substance of very high concern 4-NP.

4-NP itself is a stable metabolite which stronglig@rbs to soil, sludge and sediment. In sediment a
DegT50 of 46.2 days (primary degradation) to nmelation after 703 days (depending on linear or
branched isomers) was observed under anaerobidiomsd European Chemicals Agency, 2012b).

3.2 Environmental distribution

3.2.1 Adsorption/desorption

According to Leisewitz and Schwarz (Leisewitz anthWarz, 1997), the affinity to the organic
phase (soil, sediment, organic material) increasdls decreasing length of the ethoxylate side-
chain (which is subject to processes of biotic ddgtion).

No experimental information from registration dessiis available yet. Therefore QSARs were
used to estimate the adsorption potential for &etubf ethoxylation grades (Table 16). No further
evaluation of the QSAR regarding the domain of ipility was conducted as the information on
adsorption is regarded not essential for SVHC ifleation.

Table 16: Adsorption potential for assorted ethakgh grades of 4-nonylphenol

Grade of log Koc log Koc loc Koc @ pH
ethoxylation |(KOCWIN (KOCWIN 7.4
v2.0¢, log v2.00%, MCI- |(ACD/Labs"
Kow-method) | method) @ pH 7.4)
1 3.66 3.48 4.51
2 3.41 3.39 4.46
4 2.93 3.22 4.20
6 2.44 3.04 3.95
8 1.96 2.86 3.69

Explanation of footnotes:

& calculation was conducted with KocWIN v2.00 whistan integral part of the QSAR suite EPlweb v2008)

b calculation was conducted on the ChemSpider-welisityw.chemspider.copavailable 19.04.2012). The QSAR for
the calculations are included in the ACD/PhysCheiteS
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The QSAR-predicted values for the adsorption paéninderline the conclusions made by
Leisewitz and Schwarz. The relatively high log Poind-NPnEO with low grades of ethoxylation
argues for accumulation in the compartments sedinsent and organic material.

3.2.2 Volatilisation

The calculation of the Henry-Constant with QSAR H8MIN v3.20 (Sept. 2011; group estimation
method) revealed a value of 0.127 Pa*m3/mole fonorethoxylated 4-nonylphenole, indicating a
moderate tendency for volatilisation from aqueousdi@. No further evaluation of the QSAR
regarding the domain of applicability was conduasdhe information on volatilisation is regarded
not essential for SVHC identification.

Since the vapour pressure further decreases wetieasing grade of ethoxylation volatilisation is
not expected to be a relevant path of removal eiremmental distribution for 4-nonylphenol
ethoxylates.

3.2.3 Distribution modelling

Distribution modelling according to Mackay Levdl I

The data on distribution in the environment in tlsigbsection is based on QSAR-predicted
substance properties calculated within EPIsuité®4No further evaluation of the QSAR regarding

the domain of applicability was conducted as tHermation on adsorption is regarded not essential
for SVHC identification.

Table 17: Adsorption potential for assorted ethakgh grades of 4-nonylphenol

Distribution to:
Grade of
ethoxylation| Ajr (percent) | Water (percent)  Soil (percent) (Speedricrr;ﬁgt
1 0.59 22.5 74.8 2.13
2 9.16E-06 92.7 1.24E-03 7.32
4 6.09E-14 91.6 2.63E-08 8.43
6 2.37E-22 94.3 1.23E-13 5.69
8 9.75E-31 95.7 8.83E-19 4.33

As a result of the low tendency for evaporatiomnfraqueous media, the predicted adsorption
behaviour, and the outcome of the Level Il disttibn modelling, it could be concluded that, for

4-NPnEO released in water, higher ethoxylated nubdscwill remain in the water phase whereas
low ethoxylated ones will adsorb to organic susgentatter or the sediment.

3.2.4 Measured distribution data

Information from studies about the behaviour of yiphenol ethoxylates in surface water and
during waste water treatment are summarised ifolleving tables.
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Table 18: Summary of behaviour NPNnEO during wasteentreatment

Test
substance

Result

Reliability

Reference

NPnEO
(n=1-20),
NP1EC,
NP2EC, NP

Average value from 11 waste water treatment plant
(Switzerland):

Primary effluent:

NPnEO (n=3-20)=82.4 %
NP1EO + NP2EO =11.5%
NP1EC + NP2EC =3.1 %
NP =3 %

Secondary effluent:
NPnEO (n=3-20)= 28.2 %
NP1EO + NP2EO =21.8 %
NP1EC + NP2EC =46.1 %
NP =3.9 %

Increase of NP mass compared to influent in two
selected waste water treatment plants: 181 - 758 ¢
(comparison of raw seawage mass (mol/day) with
mass in digested sludge and secondary effluent
(mol/day). 96.7% and 92 % of mass efflux
respectively are adsorbed to sludge

60-65% of all nonylphenol compounds that have
entered sewage treatment are released into the
environment:

NPnEC =19 %

NP1EO + 4-NP2EO =11 %

NP =25 %

NPnEO (untransformed) = 8 %

60 % of total load (NPNnEO und NPnEC) are
discharged into receiving waters via secondary
effluent; 40 % of the total load (> 90 % NP) dispos
to the environment via digested sludge

S

D

2

(Ahel et al.,
1994a)

NPnEO
(n=1-12), NP

Tanguu WWTP, Tianjin
Influent NP = 0.93 — 6.0 pug/L
Effluent NP = 1.32 — 5.22 pg/L
Removal (average)

Total NPnEO (n=1-12) = 70 %
NPnEO (n>6) = 82.6 - >99 %
NP5EO =43.2 %

NPNEO (n=1-4) = 62.4-74.6 %
NP = 70.8% increase in effluent compared to inftue
NP was accumulated in all effluent samples (excep
April 2004)

—

(Yu et al.,
2009)

NPnEO (n=
1-12),
NPnEC (n=
1-3), NP

carbonaceous treatment:

total removal NPNnEO (NPnEO, NP1-3EC, NP) = 36.

%

Increase of NP concentration by 25.5 % in effluent

(McAdam et
al., 2011)
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compared to influent
carbonaceous/nitrification treatment:
total removal NPNnEO (NPnEO, NP1-3EC, NP) =59 %
NP removal = 42.6 £ 30.4 %
carbonaceous/nitrification/denitrification treatrtien
total removal NPNnEO (NPnEO, NP1-3EC, NP) = 26.8
%

Increase of NP concentration by 54.1 % in effluent
compared to influent

NPNnEO Calculation based on measured data: 50% (mola) base 2 (Brunner et
(n=1-2), NP | of NPnEO in influent was transformed to NP and al., 1988)
accumulated in digested sludge
NPnEO 20.8 % of the influent radioactivity removed as CO2 4 (Varineau et
(n=9) 55.9 % was found in effluent as NP/NPnEO (6.9 M$econdary al., 1996;
NPnEC (26 %) and highly degraded metabolites (23iterature) | European
%) Commission,
6 % adsorbed to sludge (3.5 % as NP/NPnEO and 2.5 2002)

% as biomass)

8.35 % remained in agueous part of the system
0.72 % removed from the system in sludge
8.23 % of the radioactivity was unaccounted for
Increase of NP = 112.5 %

The behaviour of NPnEO in several full-scale meatasbiological waste water treatment plants in
the Glatt Valley, Switzerland was investigated dyeRet al. (Ahel et al., 1994a). The concentration
of NPNnEO (n=3-20) decreases from primary to secgnddfluent (82% to 28%), while the
concentrations of the metabolites NPnEO (n=1-2, 1@%2%), NPnEC (n=1-2, 3% to 46%) and
NP (3% to 4%) increase. 60-65% of all 4-nonylphesarhpounds that have entered the waste water
treatment plants are released into the environnag@moximately 25% released to the environment
in the form of NP and 11% in the form of NP1EO &R2EO. Almost all of the released NPnEO
and NPnEC, as well as the majority of NP1EO andBP2are discharged into receiving waters via
secondary effluents (60% of the total input inte #mvironment). NP (>90%) is disposed to the
environment via digested sludge (40% of the tatput into the environment). Analysis of mass
flux in two waste water treatment plants revealet the overall NP concentration compared to the
influent increased by 181 — 758 % due to the degraid of NPnEO to NP with most of the NP
being adsorbed to the sludge

Yu et al. monitored NPnEO and their metabolites/aste water treatment plants of Tianjin (Yu et
al., 2009). 70% of NPnEO (n=1-12) was removed. linnaste water treatment plants effluent
samples (except the sample from April 2004) NP aasumulated (average 70.8%) with a mean
value of 2.92 pg/L.

The fate of NPnEO during different activated sludggeatments (carbonaceous treatment,
carbonaceous/nitrification treatment, carbonacewiication/denitrification treatment) was
investigated by Mc Adam et al. (McAdam et al., 201Based on mass balance, overall
biodegradation efficiencies for NPnEOs, NPnEC (8Fknd NP were 37%, 59%, and 27% for the
carbonaceous, carbonaceous/nitrification, and cedmous/nitrification/denitrification activated
sludge plant, respectively. Beside short chaingtlabes and carboxylates (n=1-3) NP was also
formed at the carbonaceous (25.5%) and carbonalcétoifisation/denitrification activated sludge
plant (54.1%). In contrast, NP removal of 42.6+30.4was observed at the
carbonaceous/nitrification activated sludge plant.
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The behaviour of NPnEOs and their biodegradatioterinediates during sewage treatment
procedure were investigated (Shao et al., 2003ng2aoed with concentrations of NP and NP2EO,
the concentration of NP1EO was significantly lowggesting that once NPnEOs were degraded
into NP1EO, they would be easily transformed int®. Nhe removal of NPNnEOs has a tendency to
increase with the increase of EO chain length. fEmeovals of NP2EO, NP3EO and NP4EO were
below 60%, significantly low in comparison with ge@of NPnEOs at n>9 (>70%, exception n=7

with 59.6%). The removal of NPnEO was contribubgdtwo paths: biodegradation of NPNnEOs

from longer ones to shorter ones, and sorption BhEROs to sludge. For NP sorption was the
primary path. The relatively low removals of NPnB@th short EO chains were perhaps due to the
simultaneous occurrence of decomposition and foomatf these compounds.

Brunner et al. determined NP, NP1EO and NP2EOvins&wage, secondary effluent and stabilized
sewage sludge of 29 Swiss sewage treatment pl&ntsir{er et al., 1988). They showed that
NP1EO and NP2EO were formed by degradation fromB@MNP1EO and NP2EO were partly
attached to the sludge and partly discharged tcettheéent. By sludge treatment under anaerobic
conditions large amounts of NP were formed by NP1H@Yy calculated (based on measured data)
that 50% on a molar base (17% w/w) of the NPnE@aw water finally ends up as NP in sewage
sludge.

The study of Varineau et al. was discussed in ik Rssessment Report of 4-nonylphenol, which
has been copied here in italic letters (Europeami@ission, 2002):

The biodegradation of**C ring-labelled NPNEO (average n=9) has been stmidia a
semicontinuous activated sludge treatment systemattivated sludge was derived from the mixed
liquors from the aeration basin of a wastewateatneent plant. The water used in the test was the
primary effluent from the settling basin at the teasmter treatment plant, supplemented with
nutrient broth. The background concentration of ylphenol and NPnEO (range n=1-17) were
43.6 g/l and 978 pg/l respectively. Before thewsss started, the activated sludge was acclimated
for 14 days by exposure to the primary effluentertAf4 days 300 ml of the activated sludge was
placed into the degradation reactor and primaryluht containing 2 mg/l of th¥C labelled
NPnEO was fed into the reactor. A semi-continudbsrid draw procedure was used such that
around 200 ml of the liquid in the reactor was drawff and replaced by the primary effluent
containing the C-labelled substance every 2.3 days. This gaveudgsl retention time and
hydraulic retention time of 52 and 3.45 days re$ipely in the system. The total sampling time was
30 days. Based on radioactivity measurements, 2@B#te influent radioactivity was removed as
CO,, 55.9% was found in effluent as nonylphenol/NPnB®%), NPnEC (26%) and highly
degraded metabolites (23.1%), 6% remained in tre system adsorbed to sludge (3.5% as
nonylphenol/NPNnEO and 2.5% as biomass), 8.35% needain the aqueous part of the system
(2.03% as nonylphenol/NPnEO, 2.88% as NPnEC, an8%.as highly degraded metabolites),
0.72% of the radioactivity was removed from thdesysin sludge (0.09% as nonylphenol/NPnEO,
0.34% and NPnEC and 0.3% has highly degraded métabpand 8.23% of the radioactivity was
unaccounted for. Overall, there was a 93% removiathe NPnEO from the influent. Specific
analysis for nonylphenol showed that from the tatllent concentration of nonylphenol/NPnEO
compounds (total 204 pg, of which around 8 pg wasyiphenol), around 4 pg of nonylphenol was
discharged in effluent, 5 pg was adsorbed on slualyk 8 ug was retained in the system. Thus
there appears to have been a net generation oflpbarol in the system (i.e. 8 pg was added to the
system, 17 ug present in the system - if it ismasduthat no degradation of nonylphenol occurred
then around 4.6% of the NPnEO was converted to Ipbeyol) (Varineau et al., 1996Based on
the data net generation of NP accounted for areasa of the overall NP by 112.5% compared to
the influent.
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Soares et al. analysed data of approximately 3@@ge treatment plants in 14 countries (Soares et
al., 2008). Nonylphenol occurs frequently as a Istabtermediate in effluents and sewage
sludge.Different results (removal of NP 11-99%) éndbeen found, due to varying factors like
treatment process, temperature or region. Nonylpheas a higher occurrence in waste water of
industrial or highly populated regions (urban ayedsigher concentrations of nonylphenolic
compounds were found during working days and l&erreoons than at weekends and during the
night. However, the results indicate that sewagatinent plants are only partially efficient in
removing nonylphenolic compounds (Environment Aged&, 2008).

Table 19: Summary of behaviour of NPnEO in surfaeger

Test Result Reliability | Reference
substance

Surface water

NPNnEO, Glatt River, Switzerland: 2 (Ahel et al.,
NP1EO + Total Input (n=10): 1994b)
NP2EO, NPNnEO (n=3-20)= 21.6 % (23.4 mol/day)

NP1EC + NP1EO + NP2EO = 22.5 % (24.3mol/day)
NP2EC, NP | NP1EC + NP2EC = 51 % (55.2 mol/day)

NP = 4.9 % (5.3 mol/day)

Output

NPNnEO (n=3-20)= 3.4 % (2.8 mol/day)
NP1EO + NP2EO = 8.8 % (7.2 mol/day)
NP1EC + NP2EC = 85.4 % (70.1 mol/day)
NP = 2.4 % (2.0 mol/day)

Dissipation nonylphenolic compounds = 24 %

The behaviour of NPNnEO and their metabolites irfamer water (Glatt River, Siwtzerland) was

studied by Ahel et al. (Ahel et al., 1994b). Sel/eempling sides along the river were analysed.
Discharge of secondary effluents from municipal &gevtreatment plants into the river was the
predominant source of nonylphenol ethoxylates. €ntration varied substantially depending upon
sampling location, season and time of the day. ddvecentrations of nonylphenolic compounds
were significantly lower in summer than in wint@he overall dissipation efficiency on the river

section was 24 %. While 88 % of the total NPnEQuininto the river based on effluents form

sewage treatment plants was eliminated only 62 %naofylphenol disappeared and the

concentration of the short chain carboxylates (IREC) increased. Results indicate that although
some mineralization occurred, most of the nonylpliercompounds remained in the river- during

summer predominantly as NP1-2EC and in winter a$-RPO. Degradation toward NP occurs, but
degradation to short chain NP1-2EO and NP1-2EC wétagher relevance. However, although

NP usually belongs to the less abundant surfactarted nonylphenolic compounds in the Glatt
River, a majority of the concentration values whigher than 1 pg/L. In sediment NP was the
predominant nonylphenolic compound.

3.2.5 Summary distribution

The fate of 4-nonylphenol ethoxylates (4-NPnEO;eblasn studies carried out with NPnEO) in
waste water treatment plants varies because dérelift source water, operating conditions and
treatment technologies. Measured data in sewagéntemt plants are difficult to interpret with

regard to the question whether or not degradatighiPnEO to 4-nonylphenol (4-NP) results in a
relevant contribution to the overall 4-NP concetidrain the environment; as usually already the
influent contains alkylphenols and both formatidriree alkylphenol and its degradation contribute
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to the overall concentration. However results f6iNEO reveal some general aspects which are in
line with results of the biodegradation experiments

Overall results show, that the concentration ofgl@hain ethoxylates in sewage treatment plants
decrease as expected based on degradation data.sOladtantiate that the ethoxylates are not
subject to complete mineralization. The ultimatgrddation of the ethoxylates (mineralization and
degradation to metabolites other than short chdinxglates, carboxylates and alkylphenol) was
between 27 and 45%. Results by Ahels et al. sutstanthat the formation of nonylphenol
carboxylates may be the predominant route of toansdtion, as NP1-2EC were the most dominant
metabolites in the waste water treatment plantuefft (Ahel et al., 1994a). Net load data indicate
that the contribution to the overall 4-NP conceirareleased to the environment may be high: All
studies suggest that the net loads of nonylphemmokase during sewage treatment. Varineau et al
(Varineau et al., 1996) described a net increasteii@nce between influent and effluent) of about
112.5% (17 pg/L compared to 8 pg/L at the influewt)ile the net increase was 71 % in the study
by Yu et al (Yu et al., 2009) and 181- 758% in ¢ihedy by Ahel et al. (1994a). Data by McAdam
suggest, that 4-NP formation is mainly a resulttteé denitrification step (54% in this study)
(McAdam et al., 2011).

Results by Ahel et al. and Varineau et al. sugtiegtthe majority of the remaining NPnEO will be
released into receiving waters via secondary eifluéhile sludge will be a significant pathway for
NP (Ahel et al., 1994a; Varineau et al., 1996).rwr et al. calculated that about 50% (molar base;
17% wiw) of the NPnEO in the raw sewage were tanséd to NP, which then accumulated in the
digested sludge (Brunner et al., 1988).

Based on such data reasonable worst-case assumfitiothe fate of 4-NPnEO during anaerobic
waste water treatment were estimated in the enwiemt risk assessment report for nonylphenol
(European Commission, 2002). According to this waliton 45% of the 4-NPnEO would be
mineralized, 33 % would be released via effluend-&P1EO, 4-NP2EO and 4-NPnEC (25%) and
as 4-NPnEO (n>3) (8%) and 21.5% would leave theevaater treatment plant as 4-NP (19% via
anaerobically digested sludge and 2.5 % via eftluédditionally, 2.5 % of the released 4-NPnEO
could be further degraded to 4-NP in the environm&his worst-case assumption was based on
data collected during the 1990s. An unpublishedbntefrom 2008 show that this worst-case
assumption still appears to be reliable based aendata (Environment Agency UK, 2008).

Although only part (~21.5%) of the ethoxylates ni@yultimately degraded to 4-NP during sewage
treatment (which is probably due to the fact, thegradation of the short chain ethoxylates to 4-NP
is a very slow process), this transformation ctwites, as described in the chapters above,
relevantly to the overall 4-NP output of sewagatiment plants (increase by 25 — 758 %).

3.3 Bioaccumulation

Not assessed for the identification of this substaas SVHC in accordance with Article 57(f).

3.4 Secondary poisoning

Not assessed for the identification of this substaas SVHC in accordance with Article 57(f).
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4 HUMAN HEALTH HAZARD ASSESSMENT

Not assessed for the identification of this substaas SVHC in accordance with Article 57(f).
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5 ENVIRONMENTAL HAZARD ASSESSMENT

The following sections summarize available ecotibximformation for 4-nonylphenol ethoxylates
(4-NPnEO). Information showing that the degradapooduct 4-nonylphenol is a substance of very
high concern, due to its endocrine disrupting priige which cause probable serious effects in the
environment, is summarized in the SVHC supportimguinent for 4-Nonylphenol (European
Chemicals Agency, 2012b).

5.1 Aquatic compartment (including sediment)

5.1.1  Toxicity data

Available toxicity data for nonylphenol, brancheaddinear, ethoxylated (4-NPnEO and NPnEO)
are roughly summarized in order to analyze whetitenot they may give rise to an equivalent
concern compared to 4-nonylphenol, branched arehdif4-NP) with regard to their endocrine
properties. Only endpoints relevant with regartheendocrine properties are analyzed.

5.1.1.1 Invitro

In vitro results may provide information about @sific mechanism of action, in this case estrogen
receptor binding. They may also provide informatidrout the potency of this mechanism but do
not consider whether or not effects may occur tadhorganisms and do not provide information
on the potencyn vivo as this is influenced by pharmaco-kinetic processeh as uptake
distribution, accumulation and excretion.

Data for NPnEO and one of its degradation prod{sttert chain nonylphenol carboxylates (NP1-
2EC) are summarized in

Table20 supplemented with data for octylphenol ethoxylatbgch are used as supportive
information.
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Table 20: Summary oh vitro test results for nonylphenol branched and lin#ameylates and — as supporting information - fae#-octylphenol ethoxylates
using cells from aquatic organism VTG = vitellogerit2 = 17R3-estradiol; EE2 = Ethinylestradiol, RBlative potency) = ECE2/EG NPnEO, RIE (relative
inductive efficiency) =maximal induction comparednaximal E2 induction):

Test substance | Cell type | Test condition /| Effect concentrations Potency (relative to 17R-estradiol andf Reference
parameter or OP)
NPnEO
NP1EO/NP2EQ| Yeast YES assay, EC RP: (EGo E2/EG, NP(nEO):): (Metcalfe et
mixture cells al., 2001)
E2 0.022 pg/L NP: 0.000089
NP =246 ug/L NP1-2EO: 0.0000023

NP1EO = 10 000 pg/L

NP1-2EO Yeast YES assay, ECso. RP: (EGo E2/EG, NP(nEO):): (Isidori et al.,
cells - 2006)
NP6EO E2 =2.8° mg/L NP:.003
NP10EO NP= 9.3* mg/ NP6EO: ND
(technical NP6EO = 40% effect at 10 mg/L NP10OEO: ND
mixtures)
NP10EO = 30% effect at 6.6 mg/I
RIE:
NP:.72 %

NPGEO: 40 %
NP10EO: 30%
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—F

NP2EO Yeast Recombinant yeast (stra| LOEC (&) = 10° to 10° M RP (LOEC(E)/LOEC(4n-NP)) (Madigou et
cells BJ2168) heterogousl al., 2001)
expressing tER| LOEC (4-NP) = 16 M NP:1x10- 1x10°
Induction of B-
galactosidase activity:
N2EO = No estrogen activity up {
10" M (
NP2EO Yeast Recombinant yeast (stra| LOEC (B) = 10° M RP LOEC(R)/LOEC(4-NP(nEQ)) (Petit et al.,
cells BJ-ECZ) heterogousl 1997)
NP7EO expressing rtER. @ LOEC (4-NP) = 16 M NP =1x10
galoctisidase activity RIE:
ECrax(E2) = 10°M NP: 92%
ECrax (4-NP) = 10 M NP2EO: 39 — 64 % NP7EO: 21-34 %
NP10OEO YES 28 mg/L in increased YES response with increay (Pessala e
Assay, biodegradation assa degradation toward shorter chg al., 2009)
using inocolum  from NPnEO
Helsinki and Jyvaskyla
City WWTP
NP2EO MCF Induction of the| E2: 6 fold induction at 1tM Stimulation at 10 M, higher than forl (White et al.,
cells transcriptional activity of NP at 10 M 1994)
the estrogen receptor
NP2EO O.mykiss | VTG induction VTG induction at 10 M for both (White et al.,
Primary NP2EO and NP but less pronounced| 1994)
hepatocyt NP2EO
es
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NP2EO O.mykiss | Expression of vitellogenif ECs (E;) = 1.81 x 1M RP (EDy (E) / EDso 4n-NP(nEQ)): (Jobling and
Primary | protein (rtvVgt) Sumpter,
NP9EO hepatocyt ECso (NP) = 16.15 x 16M NP: 3.3x 16 1993)
es n?']e”"ed ECso (NP2EO) = 17.27 x 1M NP2EO: 6 x 16
male, ECso (NP9EO) = 82 x 18Mm NP9EO: 2 x 16
(mostly)
immature
fish
LOEC (E) =1 x 10"'M
EChax(E2) =1x10°M
NP2EO O. mykiss] Expression of vitellogeni] ECpax(Ez) =1 x 10° M RIE ((maximal) Vtg mRNA expressio| (Madigou et
Primary | mRNA (rtVgt mRNA) level induced by 4-NP relative to th| al., 2001)
hepatocyt ECrnax (40-NP) = 1 x 10 M induced by E):
es derived .
from male NP= 25 %
fish NP2EO: No estrogen potency up to*l
M
NP2EO O. mykiss, Expression of vitellogeni RIE: (Petit et al.,
Primary | mRNA (rtVgt mRNA) 1997)
es derived NP2EO: 156 % N7EO: 1%
from male
fish
NP10EO O. mykiss| VTG  induction  and No response (Pessala e
Primary | EROD activity al., 2009)
hepatocyt _
es 28 mg/L in
biodegradation asss
using inocolum  from
Helsinki and Jyvaskyl
City WWTP

—F
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OPNEO
OP2EO MCF Induction of the| E2: 6 fold induction at 1tM OP: 0.01 compared to E2 (comparig (White et al.,
cells transcriptional activity of . _ _ of concentrations inducing simil§ 1994)
I?ZnSElc)Z) (n 5 the estrogen receptor | OP: 4 fold induction at 1M induction)
OP2EO: 2 fold induction at 1/ OP2EO: half fold induction compared
OPnEO (n=34512): < 1fol OF
induction at 16M OPNEO: negligible effects
OP3EO Yeast YES assay, ECs RP: (EGo E2/EG, OPNEO): (Isidori et al.,
cells, . - 2006)
OP9-10EO human EC50:concentration E2 =2.8"mg/L OP:.001
(technical ER giving 50% of the 5 _
hERy | induced by 178 estradioll 5pgeq = 19 mg/L OP9-10EO: ND
OP9-10EO = n.d. (19% effect at
mg/L
RIE:
OP: 61%
OP3EO: 53%
OP9-10EO: 19%
NPnEC
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NP1EC

O.mykiss
Primary
hepatocyt
es derived
from

male,
(mostly)
immature
fish

Expression of vitellogenil
protein (rtvVgt)

ECs(E) =1.81x10M
ECs (NP) = 16.15 x 16M
ECso (NP1EC) = 15.3 x 1tM

LOEC (E) = 1 x 10" M
EChax(E2) =1x10'M

RP (ED (E,) / EDso 4n-NP(nEO)):
NP: 3.3x1C
NP1EC: 6.3 x 18

(Jobling and
Sumpter,
1993)

NP1EC

O.mykiss,
Primary
hepatocyt
es

VTG induction

VTG induction at 16 M for NP1EC,
similar to NP2EO

(White et al.,
1994)
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With regard to the short chain nonylphenol ethotegainformation for a mixture of NP1EO and
NP2EO and NP2EO alone are available from 6 studsisg three different study types (MCF,
primary hepatocytes form O.mykiss and the YES gsd$ayall except one study (Madigou et al.,
2001) short chain nonylphenol ethoxylates show&wgsn activity:

» Based on E§and EG values the relative potency in the YES assay w@2%0and 0.00012
compared to nonylphenol (Isidori et al., 2006; N et al., 2001) while Petit et al. (Petit
et al., 1997) showed that the activity was abolftdfahe activity of nonylphenol at 70M
and Madiguo et al. (Madigou et al., 2001) foundantivity at all up to 1GM.

* Based on the level of VTG induction at similar teshcentrations, the relative induction
efficacy in primary hepatocytes fro@.mykisswas similar or even higher compared to
nonylphenol in three of the four studies while @btedy (Madigou et al., 2001) showed no
induction up to 10°M.

» Similarly, an even higher induction compared toyilphenol was also observed in the sole
MCF assay by White et al, (White et al., 1994).

Thus in summary, results for short chain nonylplertboxylates support the finding that such
ethoxylates exhibit some estrogen activity in vilResults with primary hepatocytes fr@amykiss
indicate that the relative binding efficacy maydmailar or even higher compared to nonylphenol.

Less data are available for longer chain nonylphetitoxylates. Three studies compared short
chain ethoxylates and longer chain ethoxylates, diihese in the YES assay (Isidori et al., 2006;
Petit et al., 1997) and one using primary hepaesc{dobling and Sumpter, 1993). In addition one
study (Pessala et al., 2009) analyzed NP10EO. lIrstatlies estrogen activity decreased with
increasing chain length. However, while some showearly no estrogen activity for the longer

chain ethoxylates, others revealed estrogen acaltihough with low efficacy.

Results for octylphenol ethoxylates support thaseirigs:

Two studies are available using MCF cells (Whitalet1994) and the Yeast YES assay (Isidori et
al., 2006). Both tests included short chain ethated (OP2EO and OP3EO respectively) as well as
longer chain ethoxylates (OP3EO, OP5EO, OP12EQO# @t 10EO respectively).

In both tests short chain ethoxylates were estriogaetive but with a lower potency compared to
OP (half fold induction and 0.0088 potency compated OP respectively). Longer chain
ethoxylates showed only very weak estrogenic dgtivi

Overall studies for octylphenol ethoxylates andyhgimenol ethoxylates show that the short chain
ethoxylates still possess an estrogen activityiiro wvhile this activity decreases with increased
chain length.

In vitro studies for nonylphenol carboxylates wathow degree of ethoxylation (NP1EC) show that
their in vitro potency is similar to those of thenylphenol ethoxylates with low degree of
ethoxylation (see table

Table 20).

5.1.1.2 Long-term toxicity to fish

Long term toxicity studies are summarized in ortleranalyze whether or not 4-nonylphenol
branched and linear ethoxylates may result in emi®onediated adverse effects in fish. Thus only
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studies evaluating endocrine related endpointscansidered. Eight studies for three species are
available. Results are summarized in Table 21:
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Table 21: Summary of in vivo data for fish exposeth nonylphenol ethoxylates

Referen|Life Test Concentratio |Vitellogeni |Histology Fertility/ Sex — [Sec. sex charac- |Other Relia-
ce stage/ substancegn / test n Fecundity |ratio [teristics effects bility
duration condition /
tested
substance /
solvent
O.latipes
(Metcalf| Sex- NPE1O/N|Semi-stat; - Only 1 slight No No effects (2
e et al., |developm|PE20 testis-ova at 100 change on growth
2001) |ent1d |mixture |2°:°0;100 ng/L sin
posthatch|(54% sex-
for90d |NP1EO, ratio
44%
NP2EO)
(Balch |FSDT NP1EO |3.5;10.5; 35; No testiseva (NP Mixed sec. sex 2
and (with (high 102 pg/L (m); LOEC 29ug/L char. (MSC):
Metcalf [deviationg purity) (18 of 22
e, 2006)) io'olgc;O:)’S;/L phenotypic maleg LOEC 105
Starting (n) had testis ova), LOEC NP:
from Semi-stati 8.7ng/L (20%),
emi-static, _
Cveilttﬁi?l 1d, renewal of tes} Pf(‘ggg;és LOEC
Exposure: water every 483 F1)05 ’
100d
only one out of 29
fish had papillary
processes at the
anal fin
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Referen|Life Test Concentratio |Vitellogeni |Histology Fertility/ Sex — [Sec. sex charac- |Other Relia-
ce stage/ substancegn / test n Fecundity |ratio [teristics effects bility
duration condition /
tested
substance /
solvent
(Balch NP4EO [3.8; 11.4; 38; No mixed 2
and (technical|114; 380 secondary sex
Metcalf ) Semi-static, characteristic, no
e, 2006 renewal of test changes in sex-
water every 48 ratio no intersex u
h to 380 pg/L
(Balch |FSDT NPOEO |16.2; 54; 162; No mixed 2
and (with (technical 540 Semi- secondary sex
Metcalf |deviationg)) static, renewa characteristic, no
e, 2006)) of test water changes in sex-
_ every 48 h ratio no intersex u
fStar“”g to 540 pg/L
rom
hatch
within 1d,
Exposure]
100d
O.mykiss
(DussayAdults, 21{NP1EO |Flow-through;|LOEC 281 Relative (2
Itetal.,|d (purity > pa/L potency
2005) 95%) 0.8; 3.9; 6.,9; | (induction compared
48; 281 Ug/L |comparable to NP 0.22
real to 0.1 pg/L
E2, in all
fishes
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Referen|Life Test Concentratio |Vitellogeni |Histology Fertility/ Sex — [Sec. sex charac- |Other Relia-
ce stage/ substancegn / test n Fecundity |ratio [teristics effects bility
duration condition /
tested
substance /
solvent
observed
(Ashfiel|Posthatch{NP2EO |Flow-through/ Growth 2-
d etal.,|ed (technical|1.0; 10; 30; 50 (weight) nom.
1998) [females/|) o/l LOEC <1 |Conc.
22 and 35 (nominal) pg/L (only
d) transidient)
NP: LOEC
10 pg/L
(Jobling| 2-year old{NP2EO |38 ug/L VTG Spermatogenesis: GSI 2
etal., |male (technical | (m)(Limittest) |[induction |cell type significantl
1996) |rainbow, |) Flow-through [slightly les§ Spermatogonia A y reduced
Experime than NP [was significantly gonadal
nt in May induction |elevated, similar growth
to NP (38 pg/L) similar to
Exposure; NP
3 weeks
P.promela
(Nicholg Adults, 42[NPOEO |Static, 0.21; |No No No changes2
etal., |d (technical]0.65; 2,1; 7.9 |significant significant in
2001) < 1% NP, [ug/L changes in changes in mortality,
NP1EO, male and fecundity, no changes
NP2EQ)) females only 1 in egg
(increase in chamber viability
males at with actively
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Referen|Life Test Concentratio |Vitellogeni |Histology Fertility/ Sex — [Sec. sex charac- |Other Relia-
ce stage/ substancegn / test n Fecundity |ratio [teristics effects bility
duration condition /
tested
substance /
solvent
low laying nd
concentrati fertilizing
on but no eggs at 2.1
dose- and 7.9 ug/L
response,
not
significant
(Miles- |Reproduc{NPOEO |Two No effects on thg No changes in 2
Richard|ion assay | (technical |experiments relative gross appearance,
son et (data from proportion of of the fatpad in
al., sexually experiment 2 eggs in any of the males for NP (up
1999) |mature not usable, eg stages of follicles to 3.4 pg/L) and
fish (12 production for NP & NPNnEO, no
- 18 was totally 3.4ug/L) or changes in
months) inhibited by NPnEO secondary sex-
paired solvent _ characteristicsin
42 d control): No testicular males for NP and
First lesion (based on NPREO
experiment sertoli cell
was conducted proliferation and
July to percentage of
August. seminiferous
tubules),
0.15; 0,43; measured as
1.45; 4.5 ug/L severity score
(m) (effects for NP

started at 1.6

48




ANNEX XV — IDENTIFICATION OF 4-NONYLPHENOL, BRANCHIBD AND LINEAR, ETHOXYLATED AS SVHC

Referen|Life Test Concentratio |Vitellogeni |Histology Fertility/ Sex — [Sec. sex charac- |Other Relia-
ce stage/ substancegn / test n Fecundity |ratio [teristics effects bility
duration condition /
tested
substance /
solvent
Ha/L)
(BistodgLarvae (< |Mixture |Flow-through |[No VTG |No changes in Reduced High larval |2
au et al|72h post- |of induction |phenotypic male$ prominence of mortality ,
2006) |hatch) for [NP/OP/N |148; 73.9, 38.1¢0r mixture tubercles and (78%) at |High
64 d, pnEO/OP|HO/L total 1504 NP dorsal pad at 148 |148ug/L, |morta
_.|nEO/NPR |cONCENtration | measyred Lg/L but not for  |no effects |1y IN
Competiti| g after NP and other for NP contro
0N assay |(mainly competition treatments Is (>
(formerly (78,6 % study i.e. Reduced [40%
exposed |4NPL1EC nearly 6 abilityto  |in all
males anq 5nq month after hold and |treatm
UNexpose|NpoECH end of defend a |ent,
d males exposure nest site |very
competing from high
for control at 74
reproducti fishesat [ug/L
on) at the 38.1 ug/L
age of 6 and above,
month
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Referen|Life Test Concentratio |Vitellogeni |Histology Fertility/ Sex — [Sec. sex charac- |Other Relia-
ce stage/ substancegn / test n Fecundity |ratio [teristics effects bility
duration condition /
tested
substance /
solvent
(without
exposure)
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For O.latipestwo fish sexual development studies are available.

Balch and Metcalfe exposé&llatipeslarvae to nonylphenol, NP1EO, NP4EO and NPO9EQ.@d
starting from hatch (Balch and Metcalfe, 2006).

With regard to NP1EO, fish showed similar effectssecondary sex characteristics compared to
nonylphenol but at higher test concentrations. TIREEC for so called mixed secondary sex
characteristics (individuals that showed both naadd female sec) was 102 pg/L compared to 8.7
pg/L for nonylphenol. Similar to nonylphenol fishhieh were considered males based on their
gonads did not show any papillary processes (a mmhimale secondary sex characteristic) but
again the LOEC was higher (102 pug/L compared tp@). While most of the phenotypic males
showed testis ova at a LOEC of 29 pg/L after exppga nonylphenol no such effects were
observed for NP1EO. Exposure to NP4EO and NPO9Ealidesult in any effects up to 380 pg/L
and 540 ug/l respectively.

Findings by Metcalfe et al support the finding teaposure to NP1EO does not result in significant
induction of testis-ova if exposure starts afteichgMetcalfe et al., 2001). After exposure of ngwl

hatched fish for 90d to a mixture of NP1EO and N®2&nly 1 testis-ova was observed at the
highest test concentration (100 pg/L). No changeke sex-ratio based on gonads were observed.

Thus in summary, results provide evidence for avivo endocrine activity of NP1EO Q. latipes
due to changes in secondary sex characteristicsldio are available whether such activity may
result in endocrine mediated apical effects. Wabard toO.mykisstwo screening assays and one
fish sexual development test are available forsti@t chain nonylphenol ethoxylates (NP1EO and
NP2EOQO). Results by Jobling at al. (1996) of a suregassay for NP2EO again indicate that short
chain alkylphenol ethoxylates may induce endocrawtivity in vivo (Jobling et al., 1996).
However, in this case effect concentrations werelar to those observed for nonylphenol. NPNnEO
induced vitellogenin in adult males, increased pheportion of early sperm stages and reduced
gonadal growth at 38 pg/l. Effects are similariose observed for 36 g/L nonylphenol. A similar
sensitivity of O.mykissto short chain nonylphenol ethoxylates and nomgtah was substantiated
by Ashfield et al. (Ashfield et al., 1998) who faursimilar effects on growth during a sexual
development test with the LOEC being even factoltoier than for nonylphenol (LOEC 1 and 10
Mo/l respectively). Results by Drussalt et al. sup@n estrogen mode of action but at higher
concentrations (LOEC 281 pg/L with a relative patenompared to nonylphenol of 0.22 (Dussault
et al., 2005).

Results observed by Nichols et al. (Nichols et 2001) and Miles-Richardson et al. (Miles-
Richardson et al., 1999) with a longer chain ethabey(NP9EO) an®Pimephales promelasupport

in vitro findings that longer chain ethoxylates dot exhibit endocrine activity. No changes in
vitellogenin level, fecundity and egg viability veeobserved after exposure of adults for 42 d
(Nichols et al., 2001) and no changes in secondarycharacteristics were observed by Miles-
Richardson et al. (Miles-Richardson et al., 1999).

Thus in summary, data available for NP1EO and NP2&QD.latipes and O.mykissshow that
nonylphenol ethoxylates may induce in vivo endaeractivity. Based on data f@.latipesshort
chain nonylphenol ethoxylates are about factor ¥ Ipotent than nonylphenol while data for
O.mykissandicate that the potency may be comparable. Adata about clearly endocrine mediated
adverse effects are available, it cannot be asseskether such activity may result in endocrine
mediated apical effects.

In vivo studies for nonylphenol carboxylates withlaav degree of ethoxylation (NP1EC and
NP2EC) are summarized in Vlaardingen et al (200Bgy indicate that they also may cause in vivo
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endocrine activity. IfD.mykissvitellogenin was produced in juvenile males andnges in testis
and in spermatogenesis was observed, howevethat fagh concentrations (EC50 31.8 mg/L)
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6 CONCLUSIONS ON THE SVHC PROPERTIES

6.1 PBT, vPvB assessment

Not assessed for the identification of this substaas SVHC in accordance with Article 57(f).

6.2 CMR assessment

Not assessed for the identification of this substaas SVHC in accordance with Article 57(f).

6.3 Substances of equivalent level of concern assessmen

As described in chapter 3, 4-nonylphenol ethoxglai@NPnEO) are a relevant source for 4-

nonylphenol (4-NP) in the environment due to tldggradation to 4-NP in wastewater treatment

plants, surface water, sediments and soils. 4-NPbleen identified as a substance of very high
concern and included into the Candidate List dugstendocrine disrupting properties which cause

probable serious effects to the environment. Argcprsor of this substance which may contribute

to its occurrence to a relevant degree should parded as a substance of very high concern, too.
The rationale for the identification of 4-NPNnEO2HC is substantiated below by first discussing

some general aspects and secondly describing guifisgconcern for the ethoxylates in detail.

6.3.1 Principle rationale for the identification of a substance as SVHC due to its
degradation to a substance of very high concern

Substances are identified as “substances of vagyly boncern” due to their intrinsic properties
leading to very high concern. For such substanegslatory measures such as inclusion into the
Candidate List and further measures to accounttier risk arising from these properties are
considered necessary. As the measures are basheé antrinsic properties of these substances it
seems to be rational that all substances that imatyiloute to the occurrence of such substances due
to their degradation under realistic conditions idtiobe regarded as substances of very high
concern themselves.

Indeed such a rationale is already included im#we Annex XIlI for substances being of very high
concern due to their PBT or vPvB properties. AnXéb states that transformation / degradation
products should be taken into account when asges$sen PBT properties of a substance. This
implies that a substance may be considered asasuesof very high concern due to the PBT
properties of its transformation product.

Recently the European Commission suggested a simaii@nale to identify substances as SVHC
according to Art 57(f) of REACH which may degradeat substance having CMR properties. It is
straightforward that such an approach should adcdourall substances degrading /transforming to
any substances of very high concern.

With regard to substances transforming to a substavhich is of very high concern due to its
endocrine disrupting properties and subsequentatelserious effects to the environment, such an
approach is further substantiated by the type atem of the degradation product. As described in
the support document for the identification of 4-B¥ SVHC, one aspect contributing to the very
high concern is the difficulty to accurately deberiand analyse the risk of such a substance. If
substances increase the overall environmental otrat®n of such SVHC due to their degradation
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to the SVHC, this increases the possibility to uadgémate the risk for the substance of very high
concern.

6.3.2 Rationale for the identification of 4-nonylphenol bhanched and linear ethoxylated as
substances of very high concern due to their degration to 4-nonylphenol,
branched and linear

The rationale provided below is based on availaldgradation data for 4-NPnEO and NPnEO.
Further information on 4-tert-octylphenol ethoxgk (4-tert-OPnEO) is included as supporting
evidence and for comparison. 4-tert-OPnEO are @dyradentified as SVHC because of their
degradation to the SVHC 4-tert-OP (European Chdmidgency, 2012a). They are considered
close analogues due to their similar chemical sirecwith the only difference being the alkylgroup
differing by one C-atom. Both alkylphenols are delpd by a stepwise cleavage of the terminal
ethoxygroup.

Although data are mainly available for ethoxylatgth an average grade of ethoxylation of up to
20, it is assumed that the chain length — up tpegific grade — does not influence the degradation
process and thus that available data may be exatapioto longer chain ethoxylates (see chapter
3.1).Many studies were performed with the techncalylphenol ethoxylate (NPnEO) and thus the
excact composition of the test material is ofteknawn. As the technical nonylphenol consists of
about 95% para-nonylphenol, it can be assumed ttl@atmain constituents of the technical
nonylphenol ethoxylate (NPNEO) were para-nonylphettwoxylates (4-NPnEQO). Data provided in
chapter 3 show that 4-NPnEO may degrade to 4-N$ewage treatment plants and thus increase
the overall 4-NP load in the environment. Degramatin waste water treatment plants is not
complete. 4-NPnEO are also released from wasterwegatment plants. Due to their further
degradation to 4-NP in sediment and soil, 4-NPnEGtriduted to those environmental
compartments contribute to the overall concentmadio4-NP in the environment, too.

6.3.2.1 Emission from sewage treatment plants

As analyzed in simulation studies (chapter 3.112.1and substantiated by quantitative
measurements in sewage treatment plants (chaget) $irimary degradation of 4-nonylphenol
ethoxylates is fast. Degradation is not completeiteolves formation of NP2EO, NP1EO and NP
under anaerobic conditions in sewage sludge.
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Degradation of 4-nonylphenol ethoxylates (basedtadies carried out with 4-NPnEO and
NPnEO) in sewage treatment plants

» 82 % primary dissipation during sewage treatmermamof 11 plants (Ahel et al.,
1994a))

* Formation of NP1EO and NP2EO during degradatioNFYiEO under anaerobic
conditions with a peak on day 7-21 (Lu et al.,@80.u et al., 2008b)

* Formation of NP during decreased NPnEO (n =9) catinggon under anaerobic
conditions with a peak on day 21 (Lu et al., 20Q8aet al., 2008b)

* 31 -57% formation of 4-NP from 4-NP1-3EO after Hzys under anaerobic condition$
(Ejlertsson et al., 1999)

* Formation of NP2EO and unknown products of a setevben 4 and 10 ethoxy units
from NPnEO (n up to 40) under anaerobic conditid@reirneu, 2004)

Only few data are available for the aerobic degiadgathway for 4-NPnEO. However data for 4-
tert-OPNnEO indicate that under aerobic conditiooghlshort chain carboxylates as well as short
chain ethoxylates may be rapidly formed (Ball etl&i89).

Results provided in chapter 3 and summarized iméxt box indicate that the degradation products
are more stable and thus overall mineralizatiordegradation to metabolites other than those
described above is generally very slow.

Overall dissipation /degradation of transformatiwaducts (based on studies carried out with
tNPNEO) in sewage treatment plants:

* Only 30-50% disappearance of total NPnEO (includNiinEC and NP) in 3 days in
anaerobic sewage sludge (Lu et al., 2008a; Lu.e2@08b)

» Overall dissipation of NPnEO ( including NPnEC &id) between 27 and 45% in
several waste water treatment plants (Ahel eil@P4a; McAdam et al., 2011; Varineau
et al., 1996; Yu et al., 2009)

The data are supported by data for 4-tert-OPnEQhwbkhowed nearly no degradation of 4-tert-
OPNEC in aerobic sludge after 24 hours and onlyomaegradation of 4-tert-OP1-2EO within 17

days in primary sewage (Ball et al. 1989) and ngraigation of the radiolabeled phenol moiety
within 7 days in activated sludge and in an anaerpércolation field system (170 days) (Lashen et
al., 1966)

The data indicate, that a relevant amount of 4-NPikcreleased to the environment from sewage
treatment plants either as short chain ethoxylateas 4-nonylphenol: Measurements in sewage
treatment plants by Ahel et al., McAdam et al., iINeau et al. and Yu et al. (Ahel et al., 1994a,;
McAdam et al., 2011; Varineau et al., 1996; Yu let 2009) indicate, that about 55 - 73% of the

NPnEO influent in primary sewage treatment plank Wwe released to the environment. Data
provided by Ahel et al and Varineau et al. (Ahelakt 1994a; Varineau et al., 1996) show that
about 4.6 % to 25% of the NPnEO influent is reéelhas nonylphenol, mainly via sludge. Main
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degradation products in the effluent are NPNnEO Al According to the environment risk
assessment report for 4-nonylphenol (European Csesiom, 2002; Varineau et al., 1996) the data
provided by Varineau et al, 1996 can be used aasonable worst case assumption for 4-NPnEO.

Summary release of 4-nonylphenol ethoxylates (basestudies carried out with NPnEO) from
waste water treatment plants into the environment.

(Ahel et al., 1994a) (Varineau et al., 1996)

60-65 % of nonylphenolic compounds in | 36% of influent released to the environment
influent released to the environment as: | as NP/NPnEO or NPnEC:

19 % NPnEC 26% NPNEC in effluent
11% NPnEO 7 % NP/NPNEO in effluent
25 % NP (> 22.5 % in sludge, <2.5% in | 3.5 % NP/NPnEO adsorbed to sludge

effluent)* .
(overall 4.6 % of the NPnEO converted into

40% of total load released via sludge NP)

* based on the calculation that > 90% of NP is aokso to sludge

Based on these data it becomes obvious, that degracdf 4-NPnEO to 4-NP in sewage treatment
plants may be a relevant direct source of 4-NRs@arvia sludge accounting for 3.5 — 22.5% of the
overall 4-NPnEO influent. Undegraded 4-NPnEO andrtsithain ethoxylates (4-NP1-2EO)
released via effluent may be a potential sourceNP in surface water as they may further degrade
to 4-NP in the environment (see next paragrapha3eB on the assumption by Ahel et al (1994a)
for NPnEO, that 60% of the not further degraded B®nshort chain ethoxylates and NP are
released via effluent, 21.6 — 36% of the overalhB® influent would be released to surface water
via effluent. Release of NP from sewage treatmdantp as a result of NPNnEO degradation in
sewage treatment plants seems to be low at agfeste. However as described in chapter 3.2.4,
this results in a relevant increase of the ovemédase of NP to surface water. The degradation of
NPnEO may result in a 54 — 758 % increase of thédd® released to the overall environment.
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Summary formation of 4-NP (based on studies caoigdvith NPnEO) during waste water
treatment:

* Abhels et al. (Ahel et al., 1994a): 181 and 758 &6ense of overall NP mass (mol/day) i
two waste water treatment plants

* Varineau et al. (Varineau et al., 1996): 112.5 sease of overall NP mass during
sewage treatment compared to influent

* Yuetal (Yuetal., 2009): 70% concentration ease in effluent compared to influent

* McAdam et al. (McAdam et al., 2011): 54 % incresseffluent compared to influent in
the carbonaceous/nitrification/denitrificationigated sludge plant

6.3.2.2  Further degradation in the environment

=)

Once released to the environment via wastewatatnient effluent it can be expected that 4-NP
and short chain 4-NPnEO will distribute into sedmnehile longer chain 4-NPnEO and 4-NPnEC
remain in the water phase, as indicated by theiligion properties of 4-NP and its ethoxylates

described in chapter 3.2.1 - 3.2.3.

In the water column long chain 4-NPnEO are expetiedrther degrade to short chain 4-NPnEO
or 4-NPnEC depending on the environment condithamthe short chain 4-NPnEO are expected to

distribute into sediment, they may contribute t® diverall sediment load.

Biodegradation in surface water (based on sturhiesed out with technical NPnEO):

* > 99% primary degradation in 100hours under aerobnditions (main product NPnEC
(Jonkers et al., 2001)

» DisT50 23-69 days (winter) and 2.5-35 days (summnmean aerobic die away test with
estuarine bacteria ; main intermediate NP2EO (Kakedhd Ahel, 1995)

Results from sediment tests indicate that — as a@&gdefrom anaerob sewage sludge studies - 4-
nonylphenol is formed under anaerobic conditionthvai DegT50 of 49 — 77 days. Degradation

may be even slower if highly polluted sedimentsiaed.

Biodegradation in sediment (based on studies chaug with 4-NPnEO and technical NPnEO)|.

» Aerob: DegT50 (primary degradation) in river sars@®.3-115.5 days; increased with
temperature (Yuan et al., 2004)

* Anaerob: DegT50 (primary degradation) in anaeroler samples 49-77 days; increased
with temperature, 4-NP formation (Chang et al.,£00

* Aerob: DisT50 = 85 days (NPnEO including short aHdPnEO and 4-NP), only 1.9 %
mineralization after 120 days in highly polluteddde (Ferguson and Brownawell, 20038)

* Anaerob: DisT50 = 289 days (NPnEO including shbeie NPnEO and NP), formation
of NP1EO during decrease of NP2-5EO, no formatioNR®- during 120 days in highly
polluted sludge at a highly polluted site (Ferguaaod Brownawell, 2003)
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Thus, in summary once released to the environrdeNPnEO will undergo further degradation to
4-NP in anaerobic sediments and in river waterrduwinter conditions. Degradation half lives are
low and 4-NP is a very stable product in sedim®#gT50 46.2 days (primary degradation) to no
elimination after 703 day in anaerobic freshwatediment - depending on linear or branched
isomers) (European Chemicals Agency, 2012b). Tinge oeleased to surface water and distributed
to sediment, degradation of 4-NPnEO will remaioregllasting source for 4-NP.

Release to soil via sewage sludge may be an additielevant source of 4-NP and short chain
ethoxylates due to the high adsorption of 4-NPn&®lidge. Results described in chapter 3.1.2.3
indicate that short chain ethoxylates may degradé-lNP in soil but slowly (DisT50 between 48
days (Sjostrom et al., 2008 for NPNnEO) and > 36@sddMarcomini et al, 1989)). Thus, once
released to soil, short chain 4-NPnEO may contelltatthe overall concentration of 4-NP in soil.
Because conversion is slow, it can be expectedlieae ethoxylates are a constant source of 4-NP
in soil. Results by Sjostrom et al (2008) indicdtat 4-nonylphenol formation exceeds its
transformation.

4-NP itself is a stable metabolite which stronglgarbs to soil, sludge and sediment.

6.3.2.3 Equivalence of concern

Besides the rationale that all relevant precurstdrsSVHCs should be considered as SVHCs
themselves, some specific aspects with regard MP4and its ethoxylates substantiate the
equivalent level of concern for 4-NPnEO:

As degradation of the ethoxylates in sediments &1y slow process, it can be expected, that
sediments will remain a relevant source for 4-NRylafter the cessation of exposure of 4-NP and
its ethoxylates. This is of high importance as ddgtion of 4-NP in sediments is very slow

(DegT50 46.2 days (primary degradation) to no elation after 703 day in anaerobic freshwater
sediment - depending on linear or branched isonserd)thus 4-NP formed by degradation of its

ethoxylates may accumulate in sediment.

4-NP adsorbed to sediment may be an unpredictat@eant source of 4-NP in surface water due to
environmental events such as flood or dredgingedi$f observed for 4-NP on aquatic organisms
indicate, that short term exposure during sensiifeestages may increase their susceptibility and
may lead to effects during the entire life stagey &nvironmental event leading to a higher release
of 4-NP produced by degradation of its ethoxylatesy coincide with such sensitive life stages

resulting in unpredictable high effects.

In addition to the concern based on the degradatof-NP, available information indicates that
short chain ethoxylates (4-NP1EO and 4-NP2EQ) ambdoxylates (4-NP1EC and 4-NP2EC) may
show endocrine activity themselves: results@omykissandO.latipesindicate that the in vivo and

in vitro endocrine activity of those substancesnearly as high (factor 10) or similar to the
endocrine activity of 4-NP. These tests do notudeladverse endpoints and thus it is not possible
to conclude whether or not 4-NP1EO and 4-NP2ECead®crine disruptors themselves. However
due to the similar endocrine activity and inforroatiavailable for 4-NP it seems possible that they
may cause endocrine disrupting adverse effects.

6.3.3 Conclusion on the equivalence of concern for 4-nofphenol ethoxylates

In consistence with the approach used for PBT anisst it seems reasonable to conclude that any
substance which may result in exposure to an SV due to degradation to this substance)
should be considered as SVHC itself as it has aivalgnt level of concern.
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Available information for 4-NPnEO indicates thahN2nEO contribute to the 4-NP concentration in
the environment. A significant amount is either idelgd to 4-NP itself in waste water treatment
plants or is released to rivers in a form which maglergo further degradation to 4-NP. Available
data show that 4-NP formed from degradation of 4B may increase the 4-NP load to the
environment (via sludge and effluent) by 54 to P8and may thus contribute to the 4-NP
concentration in the environment.

Once released to the environment 4-NPnEO will renaaiong-term source for 4-NP due to the

tendency of short chain ethoxylates to bind tost@iment combined with a very slow degradation

in anaerobic sediments of both the ethoxylatesthed degradation product 4-NP. This long-term

source results in additional exposure of both sedinand pelagic organisms such as fishes (via
remobilisation) to 4-NP.

Especially due to the fact that short term exposo#-NP may result in life time effects in aquatic
organisms and due to the fact that sudden envirotahevents may increase short term exposure
concentrations, such a sink (mainly of short chetimoxylates) and long-term source for 4-NP is
considered of very high concern. The possible emadecactivity of short chain ethoxylates (4-
NP1EO and 4-NP2EO) add to the concern.
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PART Il

INFORMATION ON USE, EXPOSURE, ALTERNATIVES AND
RISKS

INFORMATION ON MANUFACTURE, IMPORT/EXPORT AND USES —-CONCLUSIONS
ON EXPOSURE

At the moment there is only little information akadole on uses of 4-nonylphenol ethoxylates.
Ethoxylates of 4-nonylphenol being commerciallyekgnt are expected to have a chain length
longer than three single ethoxylate groups (withidslly a broad distribution of the chain length of
ethoxylate group, please see sectionpi@mduction procegs This assumption was supported after
reviewing publicly available substance informatemd material safety data sheets which indicate
that ethoxylates of 4-nonylphenol with chain lersgtip to 100 ethoxylate groups are commercially
available (e.g. DOW product safety assessfie@ommon ranges of chain lengths seem to be in
the range of 7 through 15 and from 30 to 70. Theroercially available ethoxylates of 4-
nonylphenol are expected to fulfii the REACH ddfom of polymers. Such substances are
exempted from registration and comprehensive knibgdemight not be become available in the
near future. Nevertheless mono- and di-ethoxylate@snonylphenol do not fulfil the definition of a
polymer.

Some CAS numbers have been used during preremstrahich do not specify the grades of
ethoxylation. For example the ethoxylate with CA&L8-45-9 might cover a chain length of 7
ethoxylate groups but also 35. In addition, in sarases e.g. in the Swiss product register, CAS
numbers are used which do not specify the postiaie alkyl chain (i.e the position is unknown
or variable), for example the registered CAS nun@i@12-54-4.

MANUFACTURE, IMPORT/EXPORT

Production process

The process for manufacture of 4-nonylphenol etlaigy is described in the EU Risk Assessment
Report (European Commission, 2002). The ethoxylaes manufactured by the addition of

ethylene oxide which reacts preferentially withefrgonylphenol until all of the phenol is reacted,
and subsequently the ethoxylate chain becomes dederThe length of the ethoxylate chain is
varied to a certain degree by controlling the raticmonylphenol to ethylene oxide or the reaction
time. The ethoxylation process delivers a mixturetbhoxylates with a different number of ethoxy-

groups. This process and the resulting technicature of different ethoxylation grades are also
described by Leisewitz et al. (1997). Thereforehtécal ethoxylates are described with an
ethoxylation range (e.g. 8-10) and/or giving anrage grade of ethoxylation. As different technical
mixtures are often described with the same CAS-raxmii is not possible to link single

4 DOW productsafety assessment of CAS 127087-87-0, 2012; rede&2 November 2012
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ethoxylation grades to specific uses. Leisewitaleassume that the alkylphenol group contributes
about 36 percent to the weight of alkylphenol ethates.

Produced tonnages

The registration dossiers for 4-Nonylphenol (CA8%2-15-3) provide some information on the
production of 4-nonylphenol ethoxylates withoutrdoig out specific characteristics like the grade
of ethoxylation. The proportion from the total pused/imported tonnage of 4-nonylphenol used
for the production of the ethoxylates is reportedhie CSRs. This proportion in correlation with the
information for the total tonnage band (10000 t@®@Q@ tonnes per annum) for 4-Nonylphenol
from ECHA’s database on registered substeénocas be used to estimate the amount of 4-
nonylphenol ethoxylates that is produced within dpa. However, the imported tonnages of 4-
nonylphenol ethoxylates will remain uncovered iis #stimate.

The database also contains two independent retgpsisafor one nonylphenol ethoxylate with
undefined position of the alkylchain and a gradestbioxylation of 1-2.5 (nonylphenol, branched,
ethoxylated; CAS 68412-54-4) with a total tonnagadof 1000 to 10000 tonnes per annum each.
For information on production and uses this regigin is displayed separately.

Based on the Risk Assessment Report (European Cxsiamj 2002) 60 percent respectively 47000
tonnes of the total production of nonylphenolswsed for production of ethoxylates (reporting year
1997). The EU RAR also cites the producers of namgthol ethoxylates who reported an overall
production in the EU of 118000 tonnes in 1997. Ewéren the higher tonnage from the EU RAR
seems to be inconsistent it has to be kept in rthat uses of nonylphenol ethoxylates decreased
after the restriction according to Council Direetiv6/769/EEC was adopted and that the RAR does
not differentiate between ethoxylates made fronodyiphenol or nonylphenol (branched).

According to the draft COHIBA Summary report for @any (COHIBA Project Consortium,
2011b), about 1850 tonnes of NPnEO were used im&ay in 2005 whereof 250 tons can be
attributed to uses restricted by regulation 200&&3 However, the imported amount of NPnEO is
unknown. Assuming that the emissions factors fa thifferent uses from the report are still
applicable and excluding the uses affected by edigui 2003/53/EC annual emissions to waste
water might be 50.25 tonnes per year, but the valiglt be higher because the restriction does not
cover applications where nonylphenol or its ethatgd are used in mixtures in concentrations
below 0.1 percent. The contribution of raw/finishegtiles import was roughly estimated to be 500
tonnes for the year 2000. It is not known whetheanai this value has changed in recent years.

In summary there is no reliable data on productiolumes from registration dossiers available at
the moment. The supposed volume of 4-nonylphemaixgtates only represents a rough estimation
without taking into account import and export of gthoxylates.

USES

At the moment there is only little information akadile on current uses, technical function and
related tonnages of 4-nonylphenol ethoxylates.

S http://echa.europa.eu/web/guest/information-on-dbalsiregistered-substancegcessed 07 November 2012
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The information from the registration dossier ofhod ethoxy-chain nonylphenol (branched)
ethoxylate (CAS 68412-54-4) reports the use asmponent in formulations used for mining
purposes (e.g. floating agents for ore extractikumnger ethoxy-chain nonylphenol ethoxylates
which are expected to differ in their uses fromrstethoxy-chain nonylphenol ethoxylates are not
registered and thus no information about theirisgevailable from registration dossiers.

The registration dossiers of 4-nonylphenol provsdene additional information on sectors of use
and product types where 4-nonylphenol ethoxylatescanstituents of mixtures. But these data do
not refer to the concentration of 4-nonylphenologiftates in the mixtures. The ethoxylate uses in
the registration dossiers of 4-nonylphenol are:

- Formulation of paints

- Industrial end-use of paints

- Consumer and professional end-use of productseigts)
- Use of ethoxylates in emulsion polymerisation

There is no distinction between the different geade ethoxylation used in these specific uses or
further information on products for professionabdasonsumer end-use beside paints. Queries in
different product registers confirm further typdsises of 4-nonylphenol ethoxylates (see below).

As mentioned in the previous section, the Risk Assent Report (European Commission, 2002)
also contains some information on products in wtlilol ethoxylates are used. The information
below is taken from this report and refers to tBO@ tonnes of nonylphenol ethoxylates used per
year:

Table 22: Uses of nonylphenol ethoxylates (Europea@ommission, 2002)

Specific use Amount used annually (tonnes;
assumed values for 1996)

Agricultural industry 4919

Chemical industry: basic chemicals 93

Chemical industry: chemicals used in synthesis 4588

Electrical/electronic engineering industry 93

Personal domestic 3670

Public domain 19286

Leather processing industry 6274

Metal extraction, refining and processing industry93

Mineral fuel and oil industry 93
Photographic industry 93
Polymers industry 4679
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Pulp, paper and board industry 802
Textile processing industry 7734
Paints, lacquers and varnishes industry 3997
Engineering industry, civil and mechanical 93
other 850
Total (include imports) 65007

It has to be kept in mind that the figures might redlect the actual situation as the restrictions
use for nonylphenols and their ethoxylates wereptatb some years ago. Nevertheless some of
these industry sectors still are allowed to uses¢hsubstances when the concentration in the
mixtures is below 0.1 % w/w or the mixtures aredusathin supervised, closed systems where the
liquid waste is recycled or treated by incineration

The assumption for the used tonnages of nonylphetimxylates is supported by Leisewitz and
Schwarz (1997). Leisewitz also supposed that efhtey are used as auxiliaries in waste water
treatment processes. Unfortunately the informatwavided by Leisewitz does not explicitly
distinguish between nonyl- and octylphenol ethotedaand generally refers to alkylphenol
ethoxylates. But because of their similar structitins expected that they are exchangeable to a
large extent. In the construction industry alkylpbleethoxylates are also used:

* As pore builder/foaming agents for concrete; cotregion range 2 — 4 percent in the ready-
to-use additives

* As Mould release agent on construction sites aedgst concrete production and auxiliaries
for cleaning of machinery; mean concentration Z@ier

* As Constituent (emulsifier) of bitumen / wax emalss for painting/sealing in construction
industry e.g. masking concrete surfaces; assumackeotration below 1 percent

» For metal working fluids, which normally contairkgliphenol ethoxylates in concentrations
between 2 and 4 percent

* Oils for lubrication or hydraulic devices might algontain alkylphenol ethoxylates; no
further information on typical concentrations ieyded.

Information from product registers

Registers of different countries were queried tm gaore information about (consumer) products
containing 4-nonylphenol ethoxylates.

The Swiss product register contains informationuses of nonylphenol ethoxylates, for three
different CAS-numbers which all describe nonylpHegthoxylates with undefined position of the
alkylgroup and/ or undefined grades of ethoxylat{@AS nr. 9016-45-4: linear NPnEO with
variable or unknown position of the alkylgroup; CA8412-54-4: branched NPnEO, unknown or
variable position of the alkylgroup; CAS nr. 127687-0 branched 4-NPnEO). These CAS
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numbers are widely used although it can be expehtdd- due to the production process — the main
consitutents are n-NPnEO and that at least theanegtade of ethoxylation is known.

The table only represents an extract of the praviddormation because for other uses or
concentration ranges only one product was reported.

Table 23: Information on products containing nonylghenol ethoxylates (extract from Swiss
product registers, date of information retrieval: 22.09.2011). The@lumns indicate the usual
percentage of nonylphenol ethoxylates in the prodis.

(oth
CAS 0-10 [10-20|er |90-100 |sum of
number Name Use % % % |% products
Polyoxyet
hylen-
(Nonylphe
9016-45-9| nyl)-Ether
other uses 28 8 - 2 38
paints, varnishes 98 3 - - 101
car care products 6 1 - - 7
biocidal products 6 - - - 6
floor cleaning products 10 - - - 10
limescale remover 6 - - - 6
adhesives, sealants, putties 11 - - 11
solvents, degreasing agents 52 1 - 8
metal care products 6 - - - 6
general surface treatment 6 1 - - 7
air fresheners, air treatment 7 - - - 7
cleaning products (alkaling) 4 - - - 4
cleaning products (acidic) 7 - - - 7
lubricants and additives 17 - - - 17
detergents, auxiliaries,
soaps 46 9 1 - 56
Polyoxyethylen-(Nonylphenyl)-Ether - results 263 24 2 2 201
Nonylphen
ol
68412-54-| branched,e
4 thoxylated| other uses 2 - 1 1 4
paints, varnishes 8 - - - 8
adhesives, sealants, putties 1 - - - 1
general construction
material 1 - - - 1
lubricants and additves 1 - - - 1
Nonylphenol, branche(‘j, ethoxylated - results 13 - 1 1 15

6 Information received from Swiss Federal OfficePoiblic Health by personal communication
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(oth

CAS 0-10 |10-20|er |90-100 |sum of
number | Name Use % % % |% products

4-

Nonylphen

ol

branched,e

thoxylated
127087- |(>1<25
87-0 mol EO) | other uses -1 - - 1

detergents 2 - - - 2

4-Nonylphenol, branched, ethoxylated (>1 <2.5 mol
EO) - results 2 1 - - 3
Total 278 25 3 309

The database on substances in preparations in dNamluntries (SPIN-databa$econtains
information on tonnages placed on the market aachthmber of preparations where the substance
is contained. The database reveals the followidgrmmation for 4-nonylphenol ethoxylate with
CAS-number 26027-38-3 having the following entries.

Table 24: tonnage and number of preparations containg 4-nonylphenol ethoxylates with
CAS 26027-38-3 according to SPIN-database

number of preparations total amount (tonnes)
Year SE DK NO| FIN SE DK NO FIN| Total
1999| 52 - - - 34.0 - - - 34.C
2000 53 105 21 - 33.0 22.3 1.3 - 56|16
2001 53 91 16 - 5.0/ 10.5 1.1 - 16/6
2002| 47 65 14 - 40 123 0.2 - 16/5

2003, 39 53 8 | Conf| 5.0 7.4 0.0 | Conf|>12.4
2004 39 277 |Conf.| Conf.| 1.0 10.6 | Conf. | Conf. |>11.6
2005 35 62 - Conf| 2.0 | 15.0 - Conf/>17.0
2006| 32 48 | Conf, 4 2.0 12.9| Conf] 0.1 | >15.0
2007, 31 44 | Conf.| Conf.| 0.0 12.8 | Conf. | Conf. |>12.8
2008 25 42 |Conf.| Conf.| 0.0 | 12.4| Conf.| Conf. |>12.4
2009 21 37 | Conf] Conf.| 1.0 | 12.1| Conf] Conf. [>13.1
2010 26 35 | Conf| Conf.| 0.0 1.3 | Conf| Conf.| >1.3

About 50 % of all mixtures listed for DK and SE &isted under the subcategory “paints, lacquers,
varnishes” but according to the data they only casepa small proportion of the total amount. The
information available does not allow a mapping fducts and related tonnages.

The SPIN-database reveals the following informatamonylphenol ethoxylate with CAS-number

68412-54-4 having the following entries. As it @ wbvious if this CAS number covers ethoxylates
of 4-nonylphenol (branched) or 4-nonylphenol ani$ iised widely during pre-registration we list

the entries because of the high number of mixtwtesre it is contained.

7 SPIN — Substances in Preparations in Nordic Casnttp://www.spin2000.nel/ accessed 15 May 2012
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Table 25: tonnage and number of preparations containg nonylphenol ethoxylates with CAS
68412-54-4 according to SPIN-database

number of preparations total amount (tonnes)

Year| SE DK | NO| FIN SE DK NO| FIN| Total
1999| 338 - - - 307.9 - - - 307
2000, 324 502 | 143} 70| 397.,731.6|185.8| 0.0 | 13144
2001 328 561 | 114 64| 366.0694.8| 127.7| 346.1|1534.6
2002 302 573 98 64 | 278.0644.3| 20.8 | 884.2/1827.3
2003 322 521 86 54| 420.0563.0| 30.2 | 662.01675.2
2004| 288 392 | 81 52 | 130.0| 45.7 | 25.8 | 415.5/ 617.0
2005| 262 463 66 43 65.0 271/811.9 | 190.0/538.7
2006| 258 443 46 43| 52.0 282{18.2 | 135.8| 478.1
2007 262 437 | 43 43 | 79.0 | 281.9 7.9 | 144.5| 513.3
2008 244 341 | 39 43 | 82.0| 64.1| 5.7 | 230.5/ 382.3
2009, 260 340 32 40| 86.0 404 4.1 194.8325.2
2010

The most relevant use was identified to be withie tanufacture of chemical and chemical
products (262.5 tonnes in 2009). Another relevant® use with a lower tonnage but high number
of preparations sold is “specialized constructictivities” (115 preparations) which supports the
information from Leisewitz and Schwarz regarding tlise e.g. as component in mould release
agents or pore builder/foaming agent for concrete.

The SPIN-database reveals the following informatamonylphenol ethoxylate with CAS-number
9016-45-9 having the following entries. As it ndiveous if this CAS number covers ethoxylates of
4-nonylphenol (branched) or 4-nonylphenol and iised widely during pre-registration we list the
entries because of the high number of mixtures ties contained.

Table 26: tonnage and number of preparations containg nonylphenol ethoxylates with CAS
9016-45-9 according to SPIN-database

number of preparations

total amount (tonnes)

Year | SE DK | NO| FIN SE DK NO FIN| Total
1999| 503 - - - 142. - - - 142.0
2000, 476 733 | 182 60| 173.,a407.9 34.1 0.0 | 1615.0
2001 473 740 | 172] 66 87.0 1504.236.3 | 63.7| 1691.p2
2002| 503 754 | 165 57 66.0 185/1 253 633 339.7
2003| 487 715 | 124] 47 64.0 198/9 86/]1 308 379.8
2004| 398 555 | 120 | 53 | 80.0| 833.7| 28.4 | 18.6| 960.7
2005| 372 652 | 106] 48 44.0) 888/9 416 27.7 1002.2
2006 362 665 85 49 59.0 266)7 46,8 518 888.3
2007 362 673 | 76 45 | 30.0 | 271.6| 53.7 | 46.7| 402.0
2008 341 592 | 60 51 31.0/ 85.6 | 50.0 | 53.8| 220.4
2009] 348 525 - 36 22.0 76.§ - 28.3127.1
2010

The most relevant use was identified to be withie tanufacture of chemical and chemical
products (33.7 tonnes in 2009; 84 preparationsptier relevant sector use with a lower tonnage
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but high number of preparations sold is “specializenstruction activities” (140 preparations) and
wholesale and retail trade plus repair of motoriclel (9.8 tonnes in 2009; 194 preparations).

4-nonylphenol ethoxylates with CAS-Number 7311-2ddn’t seem to be commercially relevant
anymore in Nordic countries because no data wasrtexp in the SPIN database since the year
2000. The SPIN database does not contain any @mtdrnonylphenol ethoxylates with the CAS
numbers 20427-84-3, 34166-38-6 and 27942-27-4.€elbebstances are expected to be covered by
the ethoxylates with the CAS numbers listed above.

Summary:
Due to the lack of registrations is not possiblgtovide up-to-date information on tonnages for

polyethoxylated 4-nonylphenol imported into or prodd, and used inside the EU ( higher grades
of ethoxylation are not covered by the registrafemCAS 68412-54-4). The information available
from the registration dossiers of 4-nonylphenol 8284852-15-3) only allows a rough estimation
of the production volume (1000 to 10000 tonnes dAyighenol ethoxylates per year; please see
sectionproduced tonnagegbove). Also the total imported tonnages of 4-mgimgnolethoxylates as
such or as a constituent in mixtures are not avigilat the moment.

It is unclear what the major uses of the ethoxglaee because the registrants of 4-nonylphenol
have provided worst case scenarios on tonnagethdéouses with the highest tonnages (“Use of
ethoxylate in emulsion polymerization” and Consuraed professional “end use of products (e.qg.
paints) containing 4-nonylphenol ethoxyla®s”

As it not further specified what application rangdspaints need 4-nonylphenol ethoxylates as a
component it has to be assumed that products fesurner and professional uses will significantly
contribute to the wide dispersive emissions indhvironment.

EXPOSURE

With regard to emissions and concentrations inetdronment 4-nonylphenol and 4-nonylphenol
ethoxylates are generally given as a sum paraméterefore, no specific data is available to allow
for a differentiated view on measured data of NB BIPNEO. For this reason the information on
emission and monitoring data from the annex XV dws$or 4-nonylphenol and the risk
management option analysis for 4-nonylphenol ascthoxylates also applies for 4-nonylphenol
ethoxylates and has been taken over to a largatexte

Releases to the environment

Emissions of 4-nonylphenol ethoxylates are consdiéo be a relevant source of 4-nonylphenol for
the environment. In the registrants CSRs for 4-tmhmnol several uses of NP/NPnEO are
identified as sources of 4-nonylphenol. The useettfoxylates in the formulation of paints,
industrial spray coating, end use of paints coimgithose ethoxylates and the use of ethoxylates in
emulsion polymerisation are among the most releeamssion sources of 4-nonylphenol on local
scale.

According to a case study on releases of nonyldreambits ethoxylates from the use phase of end-
products in the Nordic countries major releasegimaie from imported textiles and cleaning
agents, but also paints, adhesives, pesticidesvatatinary medical products, concrete, metal
working products and plastics are sources of NPE@P{OECD, 2011). There might be also

8 |dentified uses of 4-nonylphenol (CAS 84852-15a@kording tohttp://echa.europa.eu/web/guest/information-on-
chemicals/registered-substancascessed 20 February 2013
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releases from leather, paper, aircraft deicer, @lobiemicals and electronic components. While
textiles and cleaning agents are considered amtst important sources of nonylphenols or their
ethoxylates in urban areas, pesticides are a gigntfsource in rural areas.

Similarly, results of the COHIBA project (COHIBA éject Consortium, 2011a) show that major

emission sources to the Baltic Sea area are usenandfacture of cleaning products, manufacture
and use of paint products, the textile industryhimitthe EU and emissions from imported textiles,

leather industry, wastewater treatment plants abdrurunoff. Table 27 shows estimated emissions
to the environment (including waste water) on andegble (COHIBA Project Consortium, 2011a).

Table 27: Important emission sources of NP and NPn& in the EU (COHIBA Project
Consortium, 2011a).

Emission source Estimated amount (tonnes/year)

NP NPnEO
Industrial cleaning - 10237
Private cleaning - 80
Washing of textiles 400 - 1000
Production of NP & NPE 4.6 249
Formulation of NPEO mixtures 4-46 432
Atmospheric deposition 126;

environmental i
pathway, no
source
Application of MWWTP sludge on
agricultural land 22 - 56 4
MWWTP effluents 11; environmenta
- pathway, no
source

Manufacture of paint 0.3 12
Application of paints 1.5 58
Photographical industry 1.4 56
Chemical industry 0.9 36
Concrete 10 - 15 -
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Total emissions’’ 1251.7 11175

® The total emissions are calculated as worst césethe upper boundaries of the given tonnage hands

Emissions might also occur by uses of other isomeraddition historic uses of nonylphenols and

their ethoxylates may be a source of emission. 1akuses of NP/NPnEO have strongly decreased
and are less or not relevant today. However, duerig-time uses of products nonylphenol and

nonylphenol ethoxylates might still be releasedatodrhis includes the use as concrete modifiers,
use in paints and use in adhesives (OECD, 2011).

The main environmental compartments which recei?ead NPnEO emissions are surface water
due to discharges of wastewater treatment plandssail due to application of sewage sludge

(COHIBA Project Consortium, 2011a).

Measured releases

Data provided in the European Pollutant Release Tamdsfer Register (E-PRTR) according to
Regulation EC 166/2006 for Germany and EU27 indidatt wide dispersive uses resulting in
emissions to wastewater might be important. Thenkgnber states reported total emissions of 4-
nonylphenol and 4-nonylphenol ethoxylates of 115k§@ for 2007 and 37000 kg/a for 2010.

Table 28: Total European emission rates into aquatmpartment (E-PRTR European
Environment Agency, 2012)

Total amount  of
. : . nonylphenol and
Reporting year | Number of installations ethoxylates  emitted
(kg/a)
2007 196 115000
2008 262 114000
2009 204 30800
2010 262 37000

In Germany a total of 24 sites, chemical producptants and urban waste water treatment plants,
reported decreasing releases between 1045 kg20f and 695 kg/a for 2010 according to the
German PRTR.

Table 29: Total German emission rates into aquat@mmpartment (German PRTR
Umweltbundesamt)

Total amount  of
. . . nonylphenol and
Reporting year | Number of installations ethoxylates  emitted
(kg/a)
2007 13 1044.93
2008 16 870.04
2009 13 634.76

9 E-PRTR - European Pollutant Release and Transfgisker http:/prir.ec.europa.guaccessed 2 May 2012

10 German PRTR German Pollutant Release and TraRsfgister fittp://www.prtr.bund.dg accessed 2 May 2012
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| 2010 | 11 | 695.19 |

It has to be noticed, that the values above oripwah rough estimation on total releases of 4-
nonylphenol or its ethoxylates to the environmémcause there might be waste water treatment
plants which are below the reporting threshold efiation EC 166/2006 which is set to be above
1 kg per year. Also it is unclear if the affectedstewater treatment plants receive wastewater from
industrial sites in a relevant proportion.

Numerous studies in several EU countries found &60 to 4100 ng/L nonylphenol in several
effluent water samples of waste water treatmenttpland 100 to 40000 ng/g dw nonylphenol were
reported from sludges (Aquateam — Norsk vanntelgiskosenter A/S 2006, (Baugros et al., 2008),
(Butwell et al., 2008), (Clara et al., 2007), (Hansnd Lassen, 2008)). Much higher concentrations
of 9600 to 1385000 ng/g dw were detected in sludifesvo waste water treatment plants in
southern Spain (Santos et al., 2007).

Additionally, nonylphenol was detected since 20067iout of 7 samples from Swiss municipal
wastewater treatment plants with an average coratent of 267 ng/L (Kase et al., 2011).

Concentrations in the environment

Although the use of nonylphenol is regulated sip@65 it has been detected in freshwaters (up to
270 ng/L), marine waters (up to 12 ng/L) and freataw sediments (up to 120000 ng/kg dw mean)
within the EU in several studies conducted in 2003ater ((Boitsov et al., 2007), (Loos et al.,
2007) (Vigano et al., 2006), (SWECO VIAK, 2007))iIphenol was also detected since 2006 in
15 out of 25 Swiss surface water samples with arame concentration of 441 ng/L and a 90th
percentile of 1100 ng/L (Kase et al., 2011).

Monitoring data were collected between 2007 and92id0the context of the water framework
directive (DGEnv, 2009). In whole water samples meancentrations of 270 ng/L (maximum
28800 ng/L, median 30 ng/L) were detected andenathter dissolved fraction mean concentrations
of 40 ng/L (maximum 460 ng/L, median 30 ng/L) weleserved. Concentrations in the sediment
(fraction below 2 mm) were 1469280 ng/kg dw in ager (maximum 7500000 ng/kg dw, median
500000 ng/kg dw).

Summary
Even with uses and emissions decreased since strection on uses of 4-nonylphenols and their

ethoxylates coming into force, the amounts emitedhe environment are still significant and
occur all over Europe. The majority of emissionrses appear to be urban wastewater treatment
plants, but it is unclear if the emissions aretegldo wastewater emitted from industrial sites int
the public sewage system, the use of 4-nonylphettodxylates as auxiliaries for waste water
treatment, emissions from wide dispersive appleatdf products (e.g. paints), or washing of
(imported) textiles where 4-nonylphenols and thetlroxylates remain as contaminants from the
production process.

At the moment these measured data cannot be asxbeisth information on the presence of
industrial installations or specific uses of 4-nipimgnol or its ethoxylates.

70



ANNEX XV — IDENTIFICATION OF 4-NONYLPHENOL, BRANCHIB AND LINEAR,
ETHOXYLATED AS SVHC

Literature Cited

Ahel M, Giger W, Koch M. 1994a. Behaviour of alkg@pol polyethoxylate surfactants in the
aquatic environment - |I. Occurrence and transforioratin sewage treatment. Water Research
28(5):1131-1142.

Ahel M, Giger W, Schaffner C. 1994b. Behaviour laflphenol polyethoxylate surfactants in the
aguatic environment - Il. Occurrence and transfotiora in rivers. Water Research 28(5):1143-
1152.

Ashfield LA, Pottinger TG, Sumpter JP. 1998. Exp®sof female juvenile rainbow trout to
alkylphenolic compounds results in modificatiorgtowth and ovosomatic index. Environ Toxicol
Chem 17(3):679-686.

Balch G, Metcalfe C. 2006. Developmental effectiapanese medaka (Oryzias latipes) exposed to
nonylphenol ethoxylates and their degradation patsluChemosphere 62(8):1214-1223.

Ball HA, Reinhard M, McCarty PL. 1989. Biotransfation of halogenated and nonhalogenated
octylphenol polyethoxylate residues under aerolpid anaerobic conditions. Environ Sci Technol
23(8):951-961.

Baugros JB, Giroud B, Dessalces G, Grenier-Loustalié-, Cren-Olive C. 2008. Multiresidue
Analytical Methods for the Ultra-Trace Quantificati of 33 Priority Substances Present in the List
of Reach in Real Water Samples. 191-203.

Bistodeau TJ, Barber LB, Bartell SE, Cediel RA, ¥er&J, Klaustermeier J, Woodard JC, Lee KE,
Schoenfuss HL. 2006. Larval exposure to environatlgnt relevant mixtures of
alkylphenolethoxylates reduces reproductive conmpeten male fathead minnows. Aquat Toxicol
79(3):268-277.

Boitsov S, Mjos SA, Meier S. 2007. IdentificatibiEstrogen-Like Alkylphenols in Produced Water
From Offshore Oil Installations. Marine EnvironmahResearch, 651-665.

Brunner PH, Capri S, Marcomini A, Giger W. 1988. cwence and behaviour of linear
alkylbenzenesulphonates, nonylphenol, nonylphenohom and nonylphenol diethoxylates in
sewage and sewage sludge treatment. Water Res22{th):1465-1472.

Butwell AJ, Gardner M, Johnson |, Rockett L. 20B8docrine Disrupting Chemicals National
Demonstration Programme Logistical Support Projebraft Final Report. 1-40.

Chang BV, Yu CH, Yuan SY. 2004. Degradation oflpbeyol by anaerobic microorganisms from
river sediment. Chemosphere 55(4):493-500.

71



ANNEX XV — IDENTIFICATION OF 4-NONYLPHENOL, BRANCHIB AND LINEAR,
ETHOXYLATED AS SVHC

Clara M, Scharf S, Scheffknecht C, Gans O. 2007. mcurrence of selected surfactants in
untreated and treated sewage
2. Water Res 41(19):4339-4348.

COHIBA Project Consortium. 2011a. Guidance Docunidmb - Measures for Emission Reduction
of Nonylphenol (NP) and Nonylphenol EthoxylatesENIA the Baltic Sea Area.

COHIBA Project Consortium. 2011b. Summary repontn@ay (Work package 4: Identification of
sources and estimation of inputs/impacts on theti@abea, DRAFT). =COHIBA Project
Consortium.

Dettenmaier E, Doucette WJ. 2007. Mineralization grant uptake of 14C-labeled nonylphenol,
nonylphenol tetraethoxylate, and nonylphenol nahgbeylate in biosolids/soil systems planted with
crested wheatgrass. etc 26(2):193-200.

DGEnv. 2009. Substances factsheet of chemicaltpotir Nonylphenol.

Dussault EB, Sherry JP, Lee HB, Burnison BK, Belig Servos MR. 2005. In vivo estrogenicity
of nonylphenol and its ethoxylates in the Canademvironment. Human and Ecological Risk
Assessment 11(2):353-364.

Ejlertsson J, Nilsson ML, Kylin H, Bergman A, KamsL, Oquist M, Svensson BH. 19909.
Anaerobic degradation of nonylphenol mono- and hairylates in digestor sludge, landfilled
municipal solid waste, and landfilled sludge. Eowimental Science and Technology 33(2):301-
306.

Environment Agency UK. 2005. Environmental Riskiateon Report: 4-tert-octylphenol.

Environment Agency UK. 2008. Science Report - Tadyeenvironmental hazard and risk
assessment for nonylphneol. unpublished report.

European Chemicals Agency. 2012a. SVHC Support idecti4-(1,1,3,3-tetramethylbutyl)phenal,
ethoxylated.

European Chemicals Agency. 2012b. SVHC Support mect 4-Nonylphenol, branched and
linear.

European Commission. 2002. European Union Risks&gssent Report 4-nonylphenol (branched)
and nonylphenol.

72



ANNEX XV — IDENTIFICATION OF 4-NONYLPHENOL, BRANCHIB AND LINEAR,
ETHOXYLATED AS SVHC

Ferguson PL, Brownawell BJ. 2003. Degradation afiyiphenol ethoxylates in estuarine sediment
under aerobic and anaerobic conditions. etc 22(6849-1199.

Gejlsbjerg B, Klinge C, Madsen T. 2001. Minerali@atof organic contaminants in sludge-soil
mixtures. etc 20(4):698-705.

Gledhill WE. 1999. Nonylphenol and Octylphenol ahéir Ethoxylates-Determination of the
Biodegradability by the CO2 Evolution Modified Stutlest.

Hansen AB, Lassen P. 2008. Screening of phendbstances in the Nordic Environments. Nordic
Council of Ministers, Copenhagen.

Hughes A, Peterson D, Markarian R. 1989. Compaeahiodegradability of linear and branched
alcohol ethoxylates. Presented at the American@iémists Society Annual Meeting, May 3-7,
Cincinnati, OH.

Isidori M, Lavorgna M, Nardelli A, Parrella A. 2006l oxicity on crustaceans and endocrine
disrupting activity on Saccharomyces cerevisiaeeight alkylphenols. Chemosphere 64(1):135-
143.

Jobling S, Sumpter JP. 1993. Detergent componensgwage effluent are weakly oestrogenic to
fish: An in vitro study using rainbow trout (Oncgrithus mykiss) hepatocytes. Aquatic Toxicol
27(3-4):361-372.

Jobling S, Sheahan D, Osborne JA, Matthiessen Byp&u JP. 1996. Inhibition of testicular
growth in rainbow trout (Oncorhynchus mykiss) exgab$o estrogenic alkylphnolic chemicals.
Environomental Toxicology and Chemistry 15(2):192-2

Jonkers N, Knepper TP, de Voogt P. 2001. Aerolmddgration studies of nonylphenol ethoxylates
in river water using liquid chromatography - Elesspray tandem mass spectrometry.
Environmental Science and Technology 35(2):335-340.

Kase R, Eggen R, Junghans M, Goétze C, Hollend20T1. Assessment of Micropollutants from
Municipal Wasterwater — Combination of Exposure aBdotoxicological Effect Data for
Switzerland. Waste Water — Evaluation and Managén3dns54

Karsa DR, Porter MR. 1995.Biodegradability of sutints. Chapman & Hall.

Kvestak R, Ahel M. 1995. Biotransformation of nphghol polyethoxylate surfactants by estuarine
mixed bacterial cultures. aect 29(4):551-556.

73



ANNEX XV — IDENTIFICATION OF 4-NONYLPHENOL, BRANCHIB AND LINEAR,
ETHOXYLATED AS SVHC

Lashen E, Blankenship F, Booman K, Dupré J. 1966ddyradation studies on a p,tert.-
octylphenoxypolyethoxyethanol. J Am Oil Chem S¢8)8¥1-376.

Leisewitz A, Schwarz W. 1997. Stoffstrome wichtegetokrin wirksamer Industriechemikalien
(Bisphenol A; Dibutylphtalat/Benzylbutylphthalat;Ndphenol/Alkylphenolethoxylate). UFOPLAN-
No. 106 01 076.

Loos R, Wollgast J, Huber T, Hanke G. 2007 FebalPbkrbicides, pharmaceutical products,
perfluorooctanesulfonate (PFOS), perfluorooctanoa(PFOA), and nonylphenol and its
carboxylates and ethoxylates in surface and tapergaaround Lake Maggiore in Northern Italy.
Anal Bioanal Chem 387(4):1469-1478.

Lu J, Jin Q, He Y, Wu J, Zhang W, Zhao J. 2008aefobic degradation behavior of nonylphenol
polyethoxylates in sludge. Chemosphere 71(2):345-35

Lu J, Jin Q, He Y, Wu J, Zhao J. 2008b. Biodegradabf nonylphenol polyethoxylates under
sulfate-reducing conditions. Sci Total Environ 383):121-127.

Madigou T, Le Goff P, Salbert G, Cravedi JP, SedidePakdel F, Valotaire Y. 2001. Effects of
nonylphenol on estrogen receptor conformation, saiptional activity and sexual reversion in
rainbow trout (Oncorhynchus mykiss). Aquatic Tok&(3-4):173-186.

Marcomini A, Capel PD, Lichtensteiger T, Brunner,RBiger W. 1989. Fate of organic pollutants
in sludge amended soil and sludge-only landfillsedr alkylbenzenesulphonates, nonylphenols and
polychlorinated biphenyls. Organic contaminants viaste water, sludge and sediment Proc
workshop, Brussels, 1988:105-123.

McAdam EJ, Bagnall JP, Soares A, Koh YKK, Chiu S&fimshaw MD, Lester JN, Cartmell E.
2011. Fate of Alkylphenolic Compounds during AdadaSludge Treatment: Impact of Loading and
Organic Composition. Environ Sci Technol 45(1): 24&t.

Metcalfe CD, Metcalfe TL, Kiparissis Y, Koenig BGian C, Hughes RJ, Croley TR, March RE,
Potter T. 2001. Estrogenic potency of chemicaleadet in sewage treatment plant effluents as
determined by in vivo assays with Japanese med@kgzigs latipes). Environ Toxicol Chem
20(2):297-308.

Miles-Richardson SR, Pierens SL, Nichols KM, KraMér Snyder EM, Snyder SA, Render JA,
Fitzgerald SD, Giesy JP. 1999. Effects of waterbogmposure to 4-nonylphenol and nonylphenol
ethoxylate on secondary sex characteristics andadenof fathead minnows (Pimephales
promelas). Environmental Research 80(2 11):S1227513

74



ANNEX XV — IDENTIFICATION OF 4-NONYLPHENOL, BRANCHIB AND LINEAR,
ETHOXYLATED AS SVHC

Montgomery-Brown J, Li Y, Ding WH, Mong GM, Camplki, Reinhard M. 2008. NP1EC
degradation pathways under oxic and microxic caodg. Environmental Science and Technology
42(17):6409-6414.

National Institute of Technology and Evaluation020 Biodegradation and Bioconcentration of
Exisiting Chemical Substances under the Chemichkt@nces Control Law. Information on the
chemical published in the Official Bulletin of Econy, Trade and Industry.

Naylor CG, Staples CA, Klecka GM, Williams JB, Yiaau PT, Cady C. 2006. Biodegradation of
[14C] ring-labeled nonylphenol ethoxylate. aect H111-20.

Nichols KM, Snyder EM, Snyder SA, Pierens SL, Miiebardson SR, Giesy JP. 2001. Effects of
nonylphenol ethoxylate exposure on reproductivepututand bioindicators of environmental
estrogen exposure in fathead minnows Pimephalesgles. Environ Toxicol Chem 20(3):510-522.

OECD. 2011. Draft Guidance Document on the Assassofi€Chemicals for Endocrine Disruption.

Pessala P, Keranen J, Schultz E, Nakari T, KarhiARkola H, Knuutinen J, Herve S, Paasivirta J,
Ahtiainen J. 2009. Evaluation of biodegradatiomohylphenol ethoxylate and lignin by combining
toxicity assessment and chemical characterizat@iremosphere 75(11):1506-1511.

Petit F, Le Goff P, Cravedi JP, Valotaire Y, Pak#el1997. Two complementary bioassays for
screening the estrogenic potency of xenobioticspRéinant yeast for trout estrogen receptor and
trout hepatocyte cultures. J Mol Endocrinol 19(213335.

Potter TL, Simmons K, Wu J, Sanchez-Olvera M, Kkisig Calabrese E. 1999. Static Die-away of
a Nonylphenol Ethoxylate Surfactant in Estuarinet&v/&amples. Environ Sci Technol 33(1):113-
118.

Rudling L, Solyom P. 1974. The investigation ofdbgradability of branched nonyl phenol
ethoxylates. Water Research 8(2):115-119.

Santos JL, Del Mar Gonzalez M, Aparicio |, Alonso2007. Monitoring of Di-(2-Ethylhexyl)
Phthalate, Nonylphenol, Nonylphenol Ethoxylates| Bolychlorinated Biphenyls in Anaerobic and
Aerobic Sewage Sludge by Gas Chromatography-Massti®metry. 1033-1042.

Shao B, Hu J, Yang M. 2003. Nonylphenol ethoxylatestheir biodegradation intermediates in
water and sludge of a sewage treatment plant. Ballef Environmental Contamination and
Toxicology 70(3):527-532.

75



ANNEX XV — IDENTIFICATION OF 4-NONYLPHENOL, BRANCHIB AND LINEAR,
ETHOXYLATED AS SVHC

Sjostrom AE, Collins CD, Smith SR, Shaw G. 200gr&ation and plant uptake of nonylphenol
(NP) and nonylphenol-12-ethoxylate (NP12EO) in fowgontrasting agricultural soils.
Environmental Pollution 156(3):1284-1289.

Soares A, Guieysse B, Jefferson B, Cartmell EgLdst. 2008. Nonylphenol in the environment: A
critical review on occurrence, fate, toxicity andedtment in wastewaters. Environment
International 34(7):1033-1049.

Staples CA, Naylor CG, Williams JB, Gledhill WEOQ20UIltimate biodegradation of alkylphenol
ethoxylate surfactants and their biodegradatioreinmtediates. Environ Toxicol Chem 20(11):2450-
2455,

Stasinakis AS, Petalas AV, Mamais D, Thomaidis 2008. Application of the OECD 301F
respirometric test for the biodegradability assesstnof various potential endocrine disrupting
chemicals. Bioresour Technol 99(9):3458-3467.

SWECO VIAK. 2007. Nationwide screening of WFD pgjiasubstances. Swedish Environmental
Protection Agency.

Teurneu B. 2004. Biodegradation of Nonylphenol kytaies. Master thesis. Dept. of
Biotechnology Lund University.

Varineau PT, Williams JB, Yunick RPCC. 1996. Thedégradation of 14C ringlabelled
nonylphenol ethoxylate in a semi-continous actaledge system. Unpublished report.

Vigano L, Mandich A, Benfenati E, Bertolotti R, tBod S, Porazzi E, Agradi E. 2006. Investigating
the Estrogenic Risk Along the River Po and Itsrmexiate Section. 641-651.

Vlaardingen P, Posthumus R, Trass TP. 2003. Enmental risk limits for alkylphenols and
alkylphenol ethoxylates. RIVM Report 601501019/2003
http://www.rivm.nl/bibliotheek/rapporten/601501 048t

White R, Jobling S, Hoare SA, Sumpter JP, Parker. M@94. Environmentally persistent
alkylphenolic compounds are estrogenic. Endocrigpl®35(1):175-182.

Yu Y, Zhai H, Hou S, Sun H. 2009. Nonylphenol gthtes and their metabolites in sewage
treatment plants and rivers of Tianjin, China. Closphere 77(1):1-7.

Yuan SY, Yu CH, Chang BV. 2004. Biodegradation ofylphenol in river sediment.
Environmental Pollution 127(3):425-430.

76



