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

Substance Name: 4-(1,1,3,3-tetramethylbutyl)phenol
EC Number: 205-426-2
CAS number: 140-66-9

» Itis proposed to identify the substance as sulestanfi equivalent concern according to Article
57 (f).

Summary of how the substance meets the CMR (Cat 1ér 1B), PBT or vPvB criteria, or is
considered to be a substance of an equivalent lexaflconcern

4-tert-octylphenol is proposed to be identifiedaasubstance of equivalent concern according to
Article 57 (f) because of its environmental endoeerdisrupting properties and subsequent serious
effects to the environment. The dossier providaspehensive data on effects on environmental
and on human health related endpoints, and theatuation regarding endocrine disrupting
properties.

4-tert-octylphenol is proposed to be identified ag substance of very high concern due to its
inherent properties which give rise to equivalentdvel of concern according to Article 57 (f)
for the environment.

The proposal is based on the following facts:

4-tert-octylphenol alters the function of the emiloe system in aquatic organisms through an
estrogen mediated mode of action, with some evelenthyroidal activity in amphibians. It results
in adverse effects:

* Adverse effects observed in three fish specie<lagly endocrine mediated. According to
the OECD draft guidance document for endocrine ugiars (OECD, 2011) 4-tert-
octylphenol is an endocrine disruptor based oretihesults.

* In all other tested fish species the endpointscédtare known to be influenced by estrogen
activity and, with only one exemption, an estrogeediated mode of action was observed.
Population relevant endpoints affected in thesecispeare known to be sensitive toward
estrogen activity, although not being diagnostictifiis mode of action.

* The effects observed in the amphibian speki¢sevisafter exposure to 4-tert-octylphenol
are comparable to effects observed for 17R-esfraBitects that occured in two other
amphibian speciesR( catesbeianand R.pipen$ provide some evidence for a thyroid
agonist mode of action. Both effect types indictiat 4-tert-octylphenol might be an
endocrine disruptor in amphibians.

Based on the widely accepted IPCS definition fodaemine disruptors (European Commission,
1999) 4-tert-octylphenol is considered to be anoende disruptor causing adverse effects in fish,
amphibians, and molluscs. This conclusion is ire limith the different guidances available on
endocrine disruptors such as the ECHA guidance mformation requirements (European
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Chemicals Agency, 2008) and the ECETOC guidancéentifying endocrine disrupting effects
(ECETOC, 2009).

4-tert-octylphenol is a potent endocrine disruptih regard to the concentration required to cause
endocrine mediated effects and the exposure darageded to cause effects.

It results in adverse effects on apical endpointshe low pg/L range in fishes, amphibians and
molluscs. Tests with some fish species testingdstfadiol and 4-tert-octylphenol indicated that 4-
tert-octylphenol may be nearly as potent as therahestrogen 17(3-estradiol (factor 2- 28 less
potent).

Impairment of reproduction may already occure adtéransient short term exposure of adults as
observed in two fish species (21d exposure of adales).

Exposure to 4-tert-octylphenol may result in effethat relevantly influence ecosystems with
respect to the community structure and functiorm@arable to other estrogens, 4-tert-octylphenol
influences reproduction parameters as well as $adawelopment (including changes in sex-ratio)
and growth and thus endpoints are affected thatimpgir population stability and recruitment.

As described above, several species belongingffiereit taxonomic groups were affected at low
concentrations indicating that 4-tert-octylphen@yntause endocrine mediated effects in a variety
of species.

Taking our knowledge on potent estrogen agonidts account, the level of concern for 4-tert-
octylphenol seems to be comparable to PBT /vPvBG@ER substances. Estrogens are known to
result in irreversible, persistent effects. A chamgthe endocrine feedback system during sensitive
life stages may result in effects during the erltfee Some evidence for potent estrogen agonssts i
available that population stability is affected evafter exposure has ceased. Due to a highly
conserved receptor among vertebrate species ikaly Ithat several fish species representing a
variety of reproduction strategies and migratioritggas may be affected. The type of effects
observed (e.g. short exposure to 4-tert-octylphéma@dults affects fertilization success) provide
some evidence that exposure in one area mighteinéel population stability in another area (e.g.
for salmonids migrating long distances passing lgigiolluted areas during migration towards
spawning grounds). With respect to 4-tert-octylpiletme level of concern is increased by its
bioaccumulation potential with some evidence oéiinaél distribution toward embryos in viviparous
species. It is persistent under anaerobic conditcmmbined with a tendency to adsorb to sediment
and soil.

For completion of the dossier relevant human heladthard data were assessed with a focus on
effects potentially related to endocrine mechanisAlk available studies including those using
unusual or inappropriate routes of administraticgravtaken into consideration. Animal studies
utilizing routes of application that are of releearfor presumable human exposure scenarios were
used for identification of adverse health effecdserved adverse effects were evaluated with
respect to putative endocrine mode of actions. wreary of this evaluation is given in Chapter
6.2.2.

In summary taking effects described above into actol-tert-octylphenol is suggested as being of
equivalent concern due to its endocrine disruptomgperties and its serious effects for the
environment.

Registration (s) submitted for the substance:

Yes
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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

Chemical Name: 4-(1,1,3,3-tetramethylbutyl)phenol
EC Name: 4-(1,1,3,3-tetramethylbutyl)phenol
CAS Number: 140-66-9

IUPAC Name: 4-(2,4,4-trimethylpentan-2-yl)phenol

1.2 Composition of the substance

Chemical Name: 4-(1,1,3,3-tetramethylbutyl)phenol
EC Number: 205-426-2
CAS Number: 140-66-9
CAS Name Phenol, 4-(1,1,3,3-tetramethylbutyl)-
IUPAC Name: 4-(2,4,4-trimethylpentan-2-yl)phenol
Molecular Formula: @H»0
Structural Formula: OH

tBu
Molecular Weight: 206.32 g/mol

Typical concentration (% w/w):  Min. > 82.7 % (w/W)
Concentration range (% w/w):

Further details on the composition of the substamee confidential and can be found in the
technical dossier.

1 Based on the minimum typical content indicatethiregistration dossiers (downloaded on 21/12/2010
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1.3 Physico-chemical properties

Table 1: Summary of physico- chemical properties

REACH Property IUCLID Value [enter
ref Annex, section comment/reference
§ or delete column]
VII, 7.1 Physical state at 20°C and| 4.1 Solid OECD SIDS
101.3 kPa Dossier, 1994
VII, 7.2 Melting/freezing point 4.2 79-82°C OECDS
Dossier [1], 1994
VIl, 7.3 Boiling point 4.3 280 — 283 °C OECD SIDS
pressure not indicated| Dossier [2], 1994
VII, 7.5 Vapour pressure 4.6 0.001 kPa at 20 °C DEIDS
Dossier [3], 1994
VII, 7.7 Water solubility 4.8 19 mg/L at 22 °C OECGDS
Dossier [5], 1994
VII, 7.8 Partition coefficient n- 4.7 log Pow 3.7 OECD SIDS
octanol/water (log value) | partition | temperature not Dossier [4], 1994
coefficient | indicated
Xl, 7.16 Dissociation constant 4.21 pKa 10.33 at@5 OECD SIDS
(calculated) Dossier [41], 1994
Vi, 7.4 Density 4.4 950 kg/m3 OECD SIDS
temperature not Dossier [22], 1994
indicated

The OECD SIDS document cited for the above mentiataa the following sources:

[1] Occupational Health Service Inc., NY/USA, R&t.2.91 (CD-ROM)

[2] Sax, Dangerous properties of ind. Materialk, Edition, 1989

[3] ICI, Material Safety Data Sheet, January 1988

[4] McLeese D.W., Zitko V., Sergeant D.B., Burridge, Metcalfe C.D., Lethality and Accumulation of

Alkylphenols in Aquatic Fauna, Chemosphere 107{23-730, 1981

[5] Analytical Bio-Chemistry Laboratories, Inc. Mhetd Validation and Solubility of Octylphenol in Agtic
Test Waters, unpublished test report # 31914, Dbeert984

[22] Sicherheitsdatenblatt HUELS AG vom 4.10.93
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2

CLASSIFICATION AND LABELLING

4-tert-octylphenol is listed in Regulation (EC) M®72/2008 (I ATP) as follows:

2.1

Classification in Annex | of Directive 67/548/EEC

Table 2: Classification and labelling of 4-tert-ocylphenol according to part 3 of Annex VI,
Table 3.1 of Regulation (EC) No 1272/2008

Index | International | EC CAS | Classification Labelling Specific
-No Chemical No -No concent
Identification ration
limits,
M-
factors
Hazard Class | Hazard Pictogram, | Hazard
and Category | Statemen | Signal stateme
Code(s) t Code(s) | Word nt
Code(s) Code(s)
604- | 4-(1,1,3,3- 205- | 140- | SKin lrrit. 2 H315 GHS 05; H315 M=10
075- | tetramethylbut 426- | 66-9 Eye D.am. 1 H318 GHS 09 H318
00-6 | yl)phenol; 4- | 2 Aquat!c Acute _1 H400 Dor H410
tert- Aquatic Chronic| H410
octylphenol 1
2.2 Classification according to CLP Regulation (EC) N01272/2008

Table 3: Classification and labelling of 4-tert-ocylphenol according to part 3 of Annex VI,
Table 3.2 of Regulation (EC) No 1272/2008

Index- | International Chemical EC | CAS- | Classification | Labelling | Concentration limits
No Identification No | No
604- 4-(1,1,3,3- 205- | 140- Xi: R38-41 Xi; N
075- tetramethylbutyl)phenol; | 426- | 66-9 N: R50-53 R:38-41- | N; R50-53: C 2.5%
00-6 4-tert-octylphenol 2 50/53 N;R51-53: 0.25 % C
S:(2-)26- | <2.5%
37/39-60-| R52-53: 0.025% C <
61 0.25%
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3 ENVIRONMENTAL FATE PROPERTIES
3.1 Degradation

3.1.1  Stability

This chapter describes abiotic degradation tesilteesiccording to the Risk Evaluation Report
(Environment Agency UK, 2005).

Hydrolysis

Due to the chemical structure of 4-tert-octylphema expected that hydrolysis normally not will
occur under environmental conditions and thereifioie supposed hydrolysis is no relevant path of
abiotic degradation.

Photolysis in water

The rates of photochemical transformation of 4-oetylphenol in natural waters were assessed by
exposing their solutions in filtered lake water swnlight (Ahel et al., 1994). Sunlight
phototransformation of 4-tert-octylphenol was perfed in 50 ml quartz tubes which were
suspended in a shallow flat-bottomed containezdillvith tap water or in a creek at a depth of 20-
25 cm. The photolysis rate was 0.1 héuis the flat-bottomed container and 0.05 hduirs the
creek, resulting in an assumed half-life of 13.Qursoand 6.9 hours respectively (Environment
Agency UK, 2005).

In the environment the exposure occurs in the wiadéer column. Because of the substance’s
behaviour it will predominantly adsorb at suspendeganic matter and sediment. Photodegradation
of 4-tert-octylphenol is expected to be a relevdegradation process only in very shallow clear
waters and in the first few centimetres layer of tlwater column. Therefore aquatic
photodegradation is not considered to have releirapact on the overall persistency of 4-tert-
octylphenol in the aquatic environment.

Atmospheric photodegradation

No measured data are available. 4-tert-octylphexlebsed to the atmosphere is likely to be rapidly
degraded by reaction with hydroxyl radicals. Th&e raonstant for this fate process has been
estimated using the AOP program (v1.91, in EPISYIZE04) as 420 cm3 §' molecules,
assuming a hydroxyl radical concentration of-106 OH cm®. From this rate constant the
estimated half-life for the reaction of 4-tert-dptyenol with hydroxyl radicals in the atmosphere
was 0.25 days. Long-range transport would not ocbecause of previous degradation
(Environment Agency UK, 2005).

Summary:

Even if photodegradation (BFE 0.25 days) and photolysis in water @3 13.9 hours) may occur
in the environment, overall the abiotic degradatsa negligible removal process.
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3.1.2 Biodegradation

This chapter describes biodegradation test resudt®rding to the Risk Evaluation Report and
MITI-List (Environment Agency UK, 2005; MITI-List2002).

3.1.2.1 Biodegradation estimation

3.1.2.2 Screening tests

Table 4: Summary of Screening tests (Reliability amording to (Klimisch et al., 1997))

Test Result Reliability | Reference

OECD 301 C 0% after 14 days 2 (MITI-List, 2002

OECD 301 B 62.1 % after 28 days (10 day window fa#ded) | 2 (Gledhill, 1999)

BODIS (ISO 10708)| 20 % after 28 days 14 (OECD SIDS,
1994)

OECD 302 C 0 % after 28 days 14 (OECD SIDS,
1994)

! not sure about test substance identity (OECD SIBS41 p-octylphenol; Environment Agency UK, 2005tedt
octylphenol)

In a 14 day ready biodegradability test (MITI I, OB 301C) using 100 mg/l of the substance and
30 mg/l sludge no biodegradability was detectedT{IMlist, 2002).

Gledhill et al. determined the potential of biodstation of 4-tert-octylphenol following OECD
Test Guideline 301B (Gledhill, 1999; Staples et 2001). Activated sludge from a WWTP (Waste
Water Treatment Plant), showing a high nonylphestbbxylate concentration, was used for this
study. With the end of the test on day 35, 69.9%®@hwas measured. After day 28 (62.1%
ThCQ,) the pass level for ready biodegradability (>60TH®CO,) was fulfilled, but the 10 day
window was failed. This study suggests that themoigganisms may need a period of adaption (lag
time ~ 6 days).

The BODIS test (ISO 10708) with non-adapted actidasludge microorganisms showed a
biodegradation of 20% after 28 days (OECD SIDS 4)9%his study was carried out to GLP.

In a 28 day inherent biodegradability test (MITIQECD 302C), using a mixed population of non-
adapted microorganisms from activated sludge anch@0 octylphenol, no degradation was seen
after 28 days (OECD SIDS, 1994). The reference tanbs (Aniline 100 mg/l) showed a
degradation of 74% after 14 days and 87 % aftetd3®. The result suggests that octylphenol is not
inherently biodegradable. The study was not cawigdo GLP.

The screening tests show contradictory results.rélvihe data suggest that 4-tert-octylphenol is
not readily biodegradable. The tests indicate amt@l of biodegradation after a period of adaption

12
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3.1.2.3 Simulation tests

Table 5: Summary of Simulation tests (Reliability @cording to (Klimisch et al., 1997))

Environmental | Conditions Result Reliability | Reference
Compartment
River water aerobic DisDT50 = 8-54 days > (Johnson et al.,
Bed sediment anaerobic No elimination after 83&day 2000)
aerobic with DisDT50 ~ 11 days
Seawater bubbli_ng . . :
aerobic without | DisDT50 ~ 30 days 5 (Ying and
bubbling Kookana, 2003)
Marine aerobic DisDT50 > 21 days
sediment anaerobic No elimination after 70 days

Using laboratory microcosms, Johnson et al. stuttiegotential for 4-tert-octylphenol to disappear
in some English rivers (Johnson et al., 2000). DB of 8 to 54 days (zero-order reaction) were
obtained for the water samples. Shorter half-livesre generally seen in more urban and
industrialised rather than upland and rural aralikough 4-tert-octylphenol could be eliminated in
river samples taken from a range of urban and meadhes, processes such as sorption to bed and
suspended sediment would primarily reduce the auretgon of 4-tert-octylphenol in river water.
Consequently, 4-tert-octylphenol is admittedly efiated from the water samples but removed to
another environmental compartment. An experimerth vided sediments (spiked with 4-tert-
octylphenol) which was incubated under anaerobiditmns showed no elimination over 83 days.
This suggests that 4-tert-octylphenol would accateuin anaerobic bed sediments.

Ying and Kookana studied the elimination of 4-tectylphenol in marine environment using
seawater taken from a coastal area near Adelaidstr#lia (Ying and Kookana, 2003). The initial
concentration of 4-tert-octylphenol in water wasi@L (incubation at 20 + 3°C). The solutions
were aerated by bubbling air through them. Rapitialnlosses were seen in the non-sterile
solutions and the sterile control, indicating ttie#se losses resulted from abiotic processes. After
this initial removal, the concentration in the rsiprile solutions continued to decrease steadily to
0.03pg/L after 42 days (DisDsh~11 days). The concentration in the sterile conteolained stable
with little change. Experiments which were carr@d without bubbling air through the solutions,
showed a slower rate of removal (Disig 30 days). In the study a Disgylof 60 days was
specified, but the figure in the report clearly wioa half-life of around 30 days and complete
removal by ~50 days.

Studies were also carried out on marine sedimeotkected from close to the same area. 5 g of
marine sediment with 5 ml of seawater were usaddke slurry during all experiments. In addition
to 1ug/g 4-tert-octylphenol, four other substan@esluding 4n-nonylphenol) were added. Under
aerobic conditions complete degradation of 4-tetfdphenol was seen within 70 days. There was a
period of adaption of around 3 weeks, with a cotregion of 0.84ug/g remaining after 21 days,
but then a decrease to 0.0§/g within a further week. The Dislgdis >21 days. Under anaerobic
conditions no degradation was occurred.

The simulation tests showed mainly dissipation dedradation only to a very limited extent.
Hence, the elimination of 4-tert-octylphenol in thater samples could mainly be caused by strong
adsorption to sediment, soil and sludge. In sedimerelimination was observed under anaerobic
conditions.
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3.1.3 Summary and discussion of persistence

Considering all available information together, thieiotic degradation of 4-tert-octylphenol is
negligible.

The screening tests for ready biodegradability shomtradictory results. In one test using adapted
activated sludge, the pass level for ready biodkdiity was fulfilled but the 10 day window was
failed. (Gledhill, 1999). Further screening tesitsready and inherent biodegradability showed no
biodegradation after 28 days (MITI-List, 2002). (CE SIDS, 1994). In summary of all findings,
4-tert-octylphenol is not readily biodegradable hvdome indications for a certain degree of
biodegradation following a period of adaption.

Only limited data are available for simulationstsesin the studies mainly dissipation and
degradation only to a very limited extent was obseér 4-tert-octylphenol strongly adsorbs to soil,
sludge and sediment. Thus dissipation is probablysed by adsorption and reflects a shift in
media, only. As an overall picture 4-tert-octylpbkeshows a little potential of biodegradation
under aerobic conditions in aquatic media (Dis&8-54 days), but only if an adaption of
microbial populations has occurred. Under anaercbimditions no degradation was observed in
sediment (DisD¥>83 days). Consequently, if the whole environmentconsidered, 4-tert-
octylphenol biodegrades very slowly.

3.2 Environmental distribution

This chapter describes environmental distributidn4dert-octylphenol according to the Risk
Evaluation Report, OECD SIDS and Simple Treat EfAv{ronment Agency UK, 2005; OECD
SIDS, 1994).

3.2.1 Adsorption/desorption

Based on a log &w of 4.12, the organic carbon—water partition casdfit (Koc) for 4-tert
octylphenol is estimated as 2740 I/kg (Environm&gency UK, 2005). Based on a log Kow of 3.7
a Koc of 1376 is estimated by Episuite version(ERISUITE, 2011). For surface active substances
the calculation of Igc from Kow has a limited applicability. However, it is an ication for a high
tendency to adsorb at organic material.

Johnson et aktudied the sorption of 4-teoctylphenol to different river sediments using lediory
batch techniques (Johnson et al., 1998). Afterigafft time or mixing, 4-terbctylphenol will
adsorb to bed sediments withh&of 3466-18500 I/kg. The sediments that adsorbedhilghest
guantities of 4-terbctylphenol had higher total organic carbon lewaisl a greater proportion of
clay and silt particles. The study predicted thetpended sediments might also play a key role in
the fate of 4-terbctylphenol in industrialised areas. In the rurglas a higher proportion of 4-tert-
octylphenol might be predicted to remain free ituson.

These k¢ (experimental and calculated) suggest that 4etefthphenol strongly adsorbs to soil,
sludge and sediment.

4-tert-octylphenol is a weak acid, because of itk might have an effect on its adsorptive

behaviour. The pKis thought to be around 10. Hence, in the enviremimthe substance will be
present in the un-dissociated and more hydrophobne (Environment Agency UK, 2005).

14



ANNEX XV REPORT — IDENTIFICATION OF SVHC

3.2.2 Volatilisation

Henry’s Law constant (H) has been measured as P&# /mol. An air—water partitioning
coefficient (Kuirwate) iS calculated as 210 m*m®. The Kyrwaterand H are low and suggest that
volatilisation is unlikely to be a significant rewa mechanism for 4-tert-octylphenol from water
systems (Environment Agency UK, 2005).

Based on the Henry's Law constant of 0.52 Banai, the volatilization half-life from a model

river (1 m deep flowing at 1 m/sec with a wind @ of 3 m/sec) can be estimated to be about
250 hours (EPISUITE, 2004).

3.2.3 Distribution modelling

The equilibrium distribution of 4-tert-octylphenal a closed environment was calculated with
Fugacity Level | (FUGMOD V1.0) (OECD SIDS, 1994hd Level | model is based on physical-

chemical properties and does not include degrad@tiocesses, advective processes and intermedia
transport processes.

Table 6: Distribution of 4-tert-octylphenol in the environment (Fugacity Level I)

Distribution
Air 29.4 %
Water 12.7%
Sall 56.6 %
Sediment 1.3%
Suspended Soil <0.1 %
Fish <0.1 %

This model shows that more than half of the 4-terbctylphenol would be found in soil and
only minor amounts in sediment, suspended soil arfish.

According to Fugacity Level Il calculations (FUGMOD V1.0) 4-tert-octylphenol will, after
release to a specific compartment, be distributechithe environment asfollows (OECD SIDS,
1994):

Table 7: Distribution of 4-tert-octylphenol in the environment (Fugacity Level Ill)

release to air release to water release to soil
Air 26.0 % 1.2% <0.1 %
Water 5.1% 77.9 % 0.3%
Sall 67.7 % 3.1% 99.6 %
Sediment 1.2% 17.8% 0.1%

If 4-tert-octylphenol is released to air, mostloé substance will partition to soil (67.7 %) folleav
by air (26.0 %). After release to water and soilsinof the substance will stay in the respective
compartment (release to water: 77.9 % in wateeasa to soil: 99.6 % in soil). 17.8 % of the 4-tert
octylphenol that was released to water will be bimsediment.

Both distribution models show that 4-tert-octylpbkewill primarily partition to soil.
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Distribution in waste water treatment plant:

The modelling of the distribution in a municipal st& water treatment plant was conducted with
SimpleTreat 3.0 (debugged version, 7 Feb 1997). cimelusions on the screening tests (section
3.1.2.2) indicate that the substance is potentlathgegradable after a period of adaption. Theeefor
the rate constant of K=0.1/h was used for theidigtion modelling.

Table 8: Distribution of 4-tert-octylphenol in the waste water treatment plant (SimpleTreat
3.0)

Distribution
To air 2.0%
To water 45.1 %
Via primary sludge 18.0 %
Via surplus sludge 4.3 %
Degraded 30.6 %
Total 100 %

Based on the rate constant of K=0.1/h (inherentigdégradable + period of adaption) 45.1 % of 4-
tert-octylphenol will leave the waste water treatinglant with the effluent, 30.6 % will be
degraded, 22.3 % adsorbed to sludge and 2.0% eel¢asir.

3.3 Bioaccumulation

3.3.1 Aquatic bioaccumulation

This chapter describes aquatic bioaccumulationréssiits according to the Risk Evaluation Report,
MITI-List and OECD SIDS (Environment Agency UK, ZBOMITI-List, 2002; OECD SIDS,
1994).

3.3.1.1 Bioaccumulation estimation

If a log Kow of 4-tert-octylphenol of 4.12 is used a BCF of é84alculated (Environment Agency
UK, 2005). Based on a log Kow of 3.7 the correspogdCF is 290, calculated with Episuite
version 4.1 (EPISUITE, 2011).
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3.3.1.2 Measured bioaccumulation data

Table 9: Bioaccumulation factors of 4-tert-octylph@&ol in fish (Reliability according to
(Klimisch et al., 1997))

Species Tissue BCF Lipid Reliability | Reference
content

Whole

fish arl

Liver 1020£165

Fat 1190+214
Oncorhynchus Blood 91+12 . (Ferreira-Leach and Hill,

. - not given 2

mykiss Gills 18719 2001)

Muscle | 101+14

Kidney | 176%57

Bile 68794+15432

Faeces 13659+4063
Zacco platypus 129 not given
Pl't‘?col.gi'ossus 207+194 5.8-7.2 %
amvens : 3 (Tsuda et al., 2000)
Zacco temminckii 200 not given
M|cropterus 46 not given
salmoide
Oryzias latipes 261+62 2.2 % 2 (Tsuda et al., 2001)
Cyprinus carpio 12-469 not given 2 (MITI-List, 2002)

Ferreira-Leach and Hill reported about biotransfation, bioconcentration and tissue distribution
of 4-tert-octylphenol in juvenile rainbow trou®Qcorhynchus mykisgFerreira-Leach and Hill,
2001). In a flow-through system the fish was exposéh a concentration of 4 pg/l 6fC 4-tert-
octylphenol for 10 days. Steady state conditionshm whole fish were reached after 4 days. In
certain tissues accumulation of the substance tithmereasing by day 10. The BCF for the whole
fish was 471. The bioconcentration was tissue digren The BCF in liver and fat were 1020£165
and 1190+214. In Blood (91+12), Gills (187+£19), Mles(101+14) and Kidney (176+57) a low
BCF were observed, whereas the highest BCF valoesr@d in bile (68794+15432) and faeces
(13659+4063). This study suggests that exposurgvater-borne alkylphenols results in rapid
conjugation and elimination of the chemical by tiver/bile route, but the high amount of the
parent substance can accumulate in a variety ef dh tissues.

In another study four fish species in eight rivavere tested for 4-tert-octylphenol tissue
concentrations (Tsuda et al., 2000). Water and Sesinples were collected every two months for
one year. In the water 4-tert-octylphenol was detebetween the limit of detection (0.01 ng/ml)
and 0.09 ng/ml. The whole body BCF amount to 129%fale chubZ4acco platypus 297 for Ayu
sweetfish Plecoglossus altivel)s 200 for Dark chubZacco temmincKiiand 46 for large-mouth
bass WMicropterus salmoidgs These field values were nearly equal to the riaooy BCF value of
261 (Killifish; Oryzias latipey (Tsuda et al., 2001).

CEFAS tested the effect of 4-tert-octylphenol oa fihod chain of water organisms (CEFAS, 1997).
A number of herring, haddock and dab, near North 8#shore installations (alkylphenolic
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compounds are used as production chemicals), weayzed for 4-tert-octylphenol. The
concentrations in muscle and liver were below tinatlof detection (herring muscle and dab
muscle <0.004 mg/kg, haddock liver <0.04 mg/kg baddock muscle <0.1 mg/kg).

A bioaccumulation test in carpCyprinus carpi¢ resulted in BCF of 12-135 (10 pg/l 4-tert-
octylphenol) and 113-469 (100ug/l 4-tert-octylphgel I TI-List, 2002).

3.3.2 Terrestrial bioaccumulation

No data available

3.3.3 Summary and discussion of bioaccumulation

The bioaccumulation potential in aquatic organisimisiow to moderate. The experimentally
determined BCF ranges between 46 and 471.

3.4 Secondary poisoning

Not relevant
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4 HUMAN HEALTH HAZARD ASSESSMENT

For this chapter of the dossier studies were takienconsideration for which the substance that had
been used in tests was identified as 4-tert-ocgriph(CAS No 140-66-9.

4.1 Toxicokinetics (absorption, metabolism, distribution and elimination)

Oral application

Gavage

Groups of 6 male Wistar rats received 0, 50 or 2@@kg bw 4-tert-octylphenol in polypropylene
by single gavagepplication (Certa et al. 1996). In animals trdatath 50 mg/kg bw 4-tert-
octylphenol could be detected at the earliest sagpime point (10 min after application). Blood
concentration reached a maximum of 40 ng/ml wiOnmin and decreased to 3-7 ng/ml after 4-6
h. An AUC of 0.086 (ng*h)/ml and a bioavailabilitf 2 % were calculated by the authors. In
animals treated with 200 mg/kg bw individual 4-tectylphenol blood concentrations varied within
the animals. 4-tert-octylphenol was detectableradi® h. An AUC of 1.778 (ug*h)/ml and a
bioavailability of 10 % were calculated.

Groups of 6 female DA/Han rats were treated witigle doses of 50 or 200 mg/kg bw in 1,2-
popanediol by gavage (Upmeier et al. 1999). Blam@es for determination of 4-tert-octylphenol
concentrations were taken after 10, 30 and 60 &id, 8 and 32 h in one subset and after 20, 45
and 90 min, 3, 6, 24 and 48 h in the second suBsebdd of control animals, which received the
vehicle only, was sampled after 2 h. In animalateed with 50 mg/kg bw 4-tert-octylphenol was
detected after 10 min and mean maximum blood cdratens of 181 ng/ml were reached 90 min
after administration. 4-tert-octylphenol was hardstectable after 32-48 h. In animals treated with
200 mg/kg bw the maximum blood concentration wasugd19 ng/ml. After 48 h a mean blood
concentration of 14 ng/ml was detected. After aggblication, the time course of 4-tert-octylphenol
blood levels may point to enterohepatic cycling myvto the fact that the increase and subsequent
decrease after gavage application was followed g@nd increase in 4-tert-octylphenol blood
concentration in some but not all animals. Among #xperimental animals, interindividual
variations were evident. Based on the toxicokinpdcameters of the single i.v. (intravenous) and
oral gavage applications, bioavailabilities of 12rl 8.4% for the doses of 50 and 200 mg/kg bw,
respectively, were calculated.

Two male Sprague-Dawley rats received a single ads&@00 mg/kg bw 4-tert-octylphenol in
propylene glycol by gavage (Hamelin et al. 2008po samples were collected for up to 5 h after
administration. Untreated animals served as cantrdhfter 1h 4-tert-octylphenol blood
concentration was determined to be 730 ng/mk)Cwhich was decreased to about 400 ng/ml after
5h.

Groups of 5 male or female Sprague-Dawley rats ,(ea6h) received single oral doses of 4-tert-
octylphenol (purity 97%) of 50, 125 or 250 mg/kg bwpropylene glycol (Hamelin et al. 2009).
Blood was sampled up to 24 h after administratibne maximum blood concentrations were
measured after 2 h in the 50 mg/kg group and aftan groups receiving 125 or 250 mg/kg bw. In
male and female ratspfg, of 133, 238 or 386 ng/ml and 106, 290 or 272 ngfedpectively were
determined. In male and female rats AUC of 1235)023or 4264 and 1503, 4501, or 7838
(ng*h)/ml were determined, respectively. Bioavailigpranged from 26-38% in male animals and
46-55% in females. 4-tert-octylphenol half life gaa from 5-16.6 h in male animals and 8.3-37.9
in females. The authors concluded that there mayaire uncertainties regarding the half-life
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determined after oral application due to relativieigh 4-tert-octylphenol blood concentrations at
the last sampling time point. In the second parthef study groups of male or female Sprague-
Dawley rats (n=5, each) received daily doses ob250r 125 mg/kg bw/d 4-tert-octylphenol for 57
(male) or 33 (female) consecutive days. Blood samplere collected on day 1, 1 hour after
administration and on the respective last day ehttnent, 1 and 4 h after administration. After
repeated exposure, blood 4-tert-octylphenol comagahs were higher at the end of the exposure
period in both female (mean 2.26-fold, not sigrifit compared to controls) and male (mean 3.47-
fold, significant) rats. Blood 4-tert-octylphenabrecentrations were higher in male than in female
rats 1 h after the end of exposure on the first ofagxposure (mean 1.69-fold, not significant).
Tissue concentrations of 4-tert-octylphenol wertedeined in male and female Sprague-Dawley
rats (n=5) 4 and 24 hours after administration single oral dose of 125 or 250 mg/kg, and after
repeated doses of 25, 50 or 125 mg/kg bw/d for 60ndles) or 35 d (females). The tissue
concentrations appeared to be within a single-digg/g tissue range. After single oral
administration the highest concentration was foumtiver, followed by fat, kidneys and ovaries.
Lowest concentrations were found in muscle tissditert-octylphenol tissue concentrations
appeared to be higher in female animals comparédtktmales. After repeated oral administration a
dose-dependent increase of tissue 4-tert-octyldheoacentrations were observed. The highest
concentrations were found in fat and liver. Thesues concentrations of animals treated with
repeated doses of 125 mg/kg bw/d were comparedabgetof animals which received a single oral
dose of 125 mg/kg bw. No significant differencesweed between the tissue concentrations from
single and repeated treatment indicating no bicactation of 4-tert-octylphenol.

Groups of 5 male Wistar rats were treated with @®,05 200 mg/kg bw 4-tert-octylphenol in
polypropylene by gavage once per day for 14 corisecdays (Certa et al. 1996). On the first and
last day of application 4-tert-octylphenol bloodncentrations were determined several times. 4-
tert-octylphenol was rapidly absorbed. The meamdlconcentrations in the 50 or 200 mg/kg bw
group reached a maximum of 50-70 ng/ml or 80-100mhgrespectively, within 2 h after
application. Blood concentrations decreased withéh h but were still detectable before the
subsequent application. 24 h after the 14th adinatisn, 4-tert-octylphenol blood concentration
was 3 times higher than 24 h after single admiaistn in the 50 mg/kg bw group but not in the 200
mg/kg bw group. After termination of the treatmdntert-octylphenol was determined in brain,
liver, lung, kidney, testes, muscle and fat. Indiad liver of 3 animals of the 50 mg/kg group 4-ter
octylphenol concentrations of 10 and 7 ng/g tisstespectively, were found. In the 200 mg/kg bw
group 4-tert-octylphenol was detected in all anadiysissues except in testes. In fat tissue 4-tert-
octylphenol levels up to a concentration of 1283gntissue were determined, lower average
concentrations of 87, 71 or 47 ng/g tissue wererdehed in liver, kidney, and , respectively. In
brain and lung 4-tert-octylphenol concentration® of 7 ng/g tissue were measured.

Table 10: Toxicokinetic parameters of 4-tert-octylienol after oral application

Species Dose Gax tmax tis Bioavaila- |Reference
bility
Wistar rat, male | 50, 40 ng/ml 20 min | No 2% Certa et al.
200 mg/kg bw | Not reported due to data |10% 1996
Single dose high variability
gavage
Da/Han rat, 50, 181 ng/mi 90 min | No 12.3% Upmeier et al.
female 200 mg/kg bw 419 ng/ml data [8.4% 1999
Single dose
Gavage
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Species Dose Gax tmax tis Bioavaila- |Reference
bility
Sprague-Dawley| 100 mg/kg bw | 730 ng/mi 60 min| No No data Hamelin et al,
rat, male Single dose data 2008
Gavage
Sprague-Dawley|50 133 2h 50h [38% Hamelin et al.
rat, male 125 238 85h |28% 2009
250 mg/kg bw 386 ng/ml 16.6 h |26%
Single dose
gavage
Sprague-Dawley|50 106 2h 8.3h [46% Hamelin et al.
rat, female 125 290 10.6 h |55% 2009
250 mg/kg bw  |272 ng/mli 37.9h |48%
Single dose
gavage
Wistar rat, male | 50, 50-70 ng/rrﬂ 2h No Not relevant| Certa et al.
200 mg/kg bw/d |80-100 ng/ml Ger- data 1996
14 d- gavage octylphenol, blood
determined after
administration on day
14

Drinking water

Male Wistar rats received 4-tert-octylphenol agwsated solution in drinking water (about 8 mg/l)
for 14 (5 animals) or 28 day40 animals) (Certa et al. 1996). Based on them@insumption a
daily dose of about 800 pg/kg bw was calculatedheyauthors. 4-tert-octylphenol concentrations
were determined in brain, liver, lung, kidney, ésstmuscle, and fat. Apart from one animal 4-tert-
octylphenol was not detected in tissues of eitethe treatment groups. In that single animal 4-
tert-octylphenol concentration were 23 ng/g in legand 68 ng/g in muscle. 4-tert-octylphenol was
not detected in the blood over a period of 28 d.

Intravenous application

A group of 6 male Wistar rats received a singledase of 5 mg 4-tert-octylphenol (purity 98%) in
polypropylene into the tail vein (Certa et al. 19Bi6ils 1996). A group of animals receiving vehicle
alone served as negative control. In the 4-templenol treated group the maximum blood
concentration of 1970 ng/ml blood was reached imately after injection, decreased within
30 min and was not detectable after 6-8 h. An AU®.433 (ug*h)/ml and a half-life of about
310 min were calculated. Based on the time conagoltr curve after i.v. application the authors
assumed that the substance is rapidly distributtdthe richly perfused organs, resulting in adapi
decrease in blood levels. Distribution into fat ander slowly perfused tissues resulted in a phase
with a slower decrease of the blood concentratidmch is determined by excretion from the body.

A Group of 12 female DA/Han rats was treated witlsimgle i.v. dose of 5 mg/kg bw 4-tert-

octylphenol (purity 98%) in 1,2-popanediol (Upmeatral. 1999). Blood samples for determination
of 4-tert-octylphenol concentrations were takenl@,and 40 min and 2, 4, 8 and 32 h after
administration in one subset and 5, 20 and 60 m¢h3 6, 24 and 48 h after administration in the
second subset. Blood of control animals, whichixetkthe vehicle only, was sampled after 2 h. In
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animals with intravenous application blood concatiins were about 1600 ng/ml 1 or 5 min after
injection (4/12 animals). Due to difficulties imfling the veins because of the black pigmentation
of the test animals, the remaining animals (8/12yentreated ‘paravenously’ as stated by the
authors. Within one hour after dosing, blood comeions were decreased to 100 ng/ml. After 48
h 4-tert-octylphenol blood concentrations rangemimfrl to 20 ng/ml. A half-life of 36.1 h was
calculated from this study.

Two male Sprague-Dawley rats received a singledose of 10 mg/kg bw 4-tert-octylphenol in

alkamuls (Hamelin et al. 2008). Blood samples weodected for up to 3 h after injection.

Untreated animals served as control. Intravenaeertrent resulted in an 4-tert-octylphenol blood
concentration of 1313 ng/ml after 15 min, whichidipdeclined to about 100 ng/ml within 3 h.

Groups of male and female Sprague-Dawley rats (w5 treated with single i.v. injections of 2,
4, or 8 mg/kg bw 4-tert-octylphenol (purity 97%) alcamuls (Hamelin et al. 2009). Blood was
sampled up to 4 h after dosing. For determinatiba-tert-octylphenol content in tissues animals
receiving the same treatment were sacrificed 13ahdfter 4-tert-octylphenol administrationn.%
was achieved 10 min after injection. For male asmdle animals Gaxof 160, 323 or 947 ng/ml
and 119, 296 and 841 ng/ml were determined in dsirtreated with 2, 4 or 8 mg/kg bw,
respectively. The following AUC values were obtairedter i.v. application animals: 106, 262, or
662 and 100, 263, 756 (ng*h)/ml in male and fenaalenals, respectively. The 4-tert-octylphenol
half life ranged from 1.1 2.4 h. 4-tert-octylphemoltissues was determined 1 and 3 h after a single
I.v. injection of 4 or 8 pg/kg bw. 4-tert-octylph@nwas found in all examined tissues (muscle,
brain, liver and fat as well as in uterus and @msin females and testes and epididymis in male
animals). The highest concentrations were found datries and testes. No gender specific
differences occurred after i.v. administration. Tiesue concentrations appeared to be within a
single-digit pg/g tissue range.

Table 11: Toxicokinetic parameters of 4-tert-octylienol after i.v. injection

Species Dose Gax ti2 (h) |Reference
Wistar rat, male 5 mg/kg bw 1970 ng/ml 5.2 Certale1996, Huls
1996

DA/Han rat, 5 mg/kg bw 1600 ng/ml 36.1 Upmeier et al. 1999
female
Sprague-Dawley |10 mg/kg bw 1313 ng/mi Hamelin et al. 2008
rat, male
Sprague-Dawley |2 160, 2.1 Hamelin et al. 2009
rat, male 4 323 or 1.1

8 mg/kg bw 947 ng/ml 1.2
Sprague-Dawley |2 119, 2.4 Hamelin et al. 2009
rat, female 4 296 and 1.7

8 mg/kg bw 841 ng/mi 1.6
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Subcutaneous application

Groups of five female Crj:Donryu rats were treatgth 4-tert-octylphenol in dimethylsulfoxide at
doses of 6.25, 12.5, 25, 50, 100 or 200 mg/kg Hav¥@® days or 6.25, 12.5, 25, 50, or 100 mg/kg
bw/d for 14 consecutive days by subcutaneous iojec¢Katsuda et al. 2000). The experiment was
terminated 24 h after the last s.c. injection almbdb was sampled immediately after killing of the
animals. Dose-dependent serum concentrations d9@0ag/ml or 60-190 ng/ml were detected
after the 2-days or the 14-days treatment, respmyti Related to the applied dose, 4-tert-
octylphenol blood levels were approximately 2-fblidher after 14 days compared to 2 days of
treatment. 4-tert-octylphenol was not detectabléhanserum of animals treated with 6.25 or 12.5
mg/kg bw/d for two days, or 6.25 mg/kg bw/d fordalys.

Groups of 10 female Fisher 344 and female Crj:Domats were treated with 12.5, 25, 50 or 100
mg/kg bw/d 4-tert-octylphenol in DMSO for 28 day®oéhida et al. 2000). Control groups (n=12)
were treated with DMSO alone. Animals treated wittert-octylphenol showed scab and abscess
formation at the sites of injection, the severiginyg dependent on applied doses and duration of
treatment. Seven days after the first treatmerftdfathe animals (n=5 treated, n=6 control) were
sacrificed and blood samples were collected. Ondéne after the last treatment, all surviving
animals in the treated groups were sacrificed daddosamples were collected. 4-tert-octylphenol
was not detected in control animals. In 4-tert-lpdtgnol treated animals, mean blood
concentrations ranged from approximately 20 to ppb (according to the published figure) and
appeared at the same level after 7 or 28 daysaftnent, or when comparing Donryu and Fischer
rats.

Groups of 5 male or female Sprague-Dawley rats weegted with 125 mg/kg 4-tert-octylphenol
(purity 97%) in DMSO by subcutaneous injection (H#im et al. 2009). Blood samples were
collected up to 24 h after application and analy$ad unchanged 4-tert-octylphenol. 4-tert-
octylphenol blood concentration reached a maximfier & h (females) or 8 h (males). In male and
female rats Gax was shown to be 181.5 and 206.3 ng/ml and AUC&a2875.1 and 3654.5
(ng*h)/ml, respectively. 4-tert-octylphenol halfdiwas 9.8 h in male and 39.6 in female animals. A
bioavailability of 29% in male and 44% in femaaimals was calculated for the s.c. route of
administration.

Table 12: Toxicokinetic parameters of 4-tert-octylfenol after s.c. injection

Species Dose Leert-octylphenol, | tmax Bioavailability Reference
blood

Crj:Donryu rat, |6.25-200 60-190 ng/ml | No data No data Katsuda et al.
female mg/kg bw/d |24 h after last 2000

2-14 days treatment
Crj:Donryu rat, |12.5-100 ~20-160 ng/ml | No data No data Yoshida et al,
female mg/kg bw/d 2000
Fisher rat, 7orl4d
female
Sprague-Dawley125 mg/kg bw| 182 ng/ml 8h 29% Hamelin et al.
rat, male (Crav 2009
Sprague-Dawley125 mg/kg bw| 206 ng/ml 6h 44% Hamelin et al.
rat, female (Crav 2009
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In vitro studies

Liver preparations from male Wistar rats were usedcharacterize the glucuronidation and
sulphatation of 4-tert-octylphenal vitro (Certa et al. 1996; Huls 1996). An¥and k, of 11.24
nmol/min/mg and 8.77 uM were determined for gluoigtation, respectively. For sulphatation a
Vmax Of 2.85 nmol/min/mg protein and ankof 11.35 uM were determined. There was no
information on the isoforms of enzymes involvectither case.

The biotransformation of radiolabelled 4-tert-optynol (purity 99%) was investigated in isolated
hepatocytes of Sprague-Dawley rats (Pedersen 20@0). Hepatocytes were incubated with 10, 30
or 50 uM 4-tert-octylphenol for 5, 15 or 60 min. tdieolites were detected by HPLC and gas-
chromatography. Metabolites were identified as @rbyy-4-(1',1’,3",3’-tetramethylbutyl)phenol,
4-(1’,1’,3",3'-tetramethylbutyl)phenox-glucuronide, 2-methoxy-4[5]-(1’,1’,3",3'-
tetramethylbutyl)phenoxf3-glucuronide, 2-hydroxy-4-(1’,1’,3’,3'-tetramethydbyl)phenoxyp-
glucuronide and it's positional isomer 2-hydroxyd3;1’,3’,3'-tetramethylbutyl)phenoxy-
glucuronide,  2-methoxy-4[5]-(3-glucuronoxy-1',1",3’,3'-tetramethylbutyl)phenol, -@’-3-
glucuronoxy-1’,1’,3’,3’-tetramethylbutyl)phenol, ethoxy-4-(2’-hydroxy-1',1",3",3'-
tetramethylbutyl)phenoxf-glucuronide,  4-(2’-hydroxy-1’,1’,3’,3'-tetramethylityl)phenoxyB-
glucuronide and 3B-glucuronoxy-4-(2’-hydroxy-1',1",3’,3’-tetramethylliyl)phenol. Furtherf-
glucuronide and sulphate conjugates were reposethinor metabolites but not specified. In this
study 94% of 4-tert-octylphenol was metabolized.

In anin vitro study rat liver microsomes were incubated witred-bctylphenol (purity 97%) at
concentrations of 0.1 to 1000 umol/l (Hanioka etl&99). Interference of 4-tert-octylphenol with
several isoforms of CYP was determined using phetdmmethods or HPLC. 4-tert-octylphenol
had a dose-dependent inhibitory effect on 7-ethomarin-O-deethylase, testosteronep-16
hydroxylase, testosterone-Bydroxylase and testosterong IBydroxylase with IG, values of 76.2,
16.1, 19.8 and 84.3 uM, respectively, and an alroostplete inhibition at 1000 uM. In 4 further
tests 1@y values ranged between 176 and >1000 mM and no letemiphibition was achieved. A
competitive inhibition was proposed for testosteroBi-hydroxylase and testosteronep-6
hydroxylase, for the further tested enzymes a ramgetitive inhibition was proposed.

Hanioka et al. (2000) investigated protein levaid @nzymatic activities of cytochromes P450 in
hepatic microsomes of male 4-tert-octylphenol #daSprague-Dawley rats. Three animals per
group were treated with 5, 10 or 20 mg/kg bw ofr-bctylphenol (purity 97%) in propylene
glycol or the vehicle alone on day 1 and 3. Aninved¢se killed on day 5 and liver microsomes were
prepared. Treated animals showed a dose-depeneengiade in body weight gain. In the 20 mg/kg
group the relative thymus weight was decreased as ell. w
Activities of several CYP isoforms were determirgtbtometrically. The activity of testosterone
2u0-hydroxylase (CYP2C11) was decreased by 33, 63866 ih the 5, 10 or 20 mg/kg bw group,
respectively, when compared to control. In the &gghdose group enzyme activities of
ethoxycoumarin-O-deethylase, bufuralol 1’-hydrosgaas well as testosteron@-tdydroxylase
were decreased by 32, 80 or 51%, respectively.rmiceosomal protein levels of CYP2C11/6 and
3A2/1 were determined by immunoblotting. CYP2C141i6éwed a decreased protein level in the 10
and 20 mg/kg bw group, the protein level of CYP3A®&s decreased in the 20 mg/kg bw group.

Hanioka et al. (2000b) investigated protein leaisl enzymatic activities of cytochromes in liver
microsomes of male 4-tert-octylphenol (purity 97&%&@ated Sprague Dawley rats. Three animals
were treated with 16 mg/kg bw (80 pumol/kg bw) 4-ttylphenol in propylene glycol or the
vehicle alone on day 1 and 3, and were Kkilled ony da CYP was determined
spectrophotometrically and was decreased in hepatccosomes of 4-tert-octylphenol treated
animals compared to control, whereas the totalgpratontent was unchanged. Enzymatic activities
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of CYP isoforms were determined photometricallytitites of CYP dependent testosterone 2
hydroxylase (CYP2C11) and testosteroreh§droxylase (CYP3A) were decreased to 12% and
49% of the activities in controls, respectively. tikities of other CYP isoforms remained
unchanged.

Kinetic parameters of 4-tert-octylphenol sulphatativere determined using purified recombinant
human sulphotransferase isoforms (SULT1A1, 1A3, aBd 2A1) (Nishiyama et al. 2002). Km
and K for sulphatation of 4-tert-octylphenol were 278 @r 5.1 uM and 1.9, 3.7 or 1.1 rifitfor
SULT 1A1, 1E1 or 2A1, respectively. No conjugatioh 4-tert-octylphenol by SULT 1A3 was
detected. Based on the relatively high quotienkgf and k,, 4-tert-octylphenol appears to be
sulphated rather by SULT 1E1 and 2A1 than by SURL.1The authors concluded that this might
be due to the highly branched side chain of 4detyphenol.

Metabolism of 4-tert-octylphenol was investigatesing liver perfusion in male Sprague-Dawley
(SD)rats and Eisai hyperbilirubinemic rats (EHBRithwa solution containing 0.05 mM 4-tert-
octylphenol (Nomura et al. 2008). Metabolites weetected using HPLC and LC/MS. In this study
4-tert-octylphenol was shown to be metabolized grbixylation and subsequent glucuronidation
or glucuronidation alone. The metabolites were tified as hydroxyl-tert-4-tert-octylphenol
glucuronide,  hydroxyl-tert-4-tert-octylphenol,  tedtylcatechol-glucuronide,  4-tert-4-tert-
octylphenol-glucuronide, 4-tert-octylcatechol unohad 4-tert-4-tert-octylphenol. Glucuronides
were shown to be excreted into the bile (38% ofpgdused substrate) and were detected in liver
tissue in SD rats. In EHBR rats only 32 % of pegfiid-tert-octylphenol were recovered almost all
of which (~-68 %) was found in the hepatic vein (andt in the bile or the livers).

In a second part or the study an UDP-glucuroncaydtierase assay was performed. Yeast cells
expressing several isoforms of UDP-glucuronosy#ifarase (UGT1Al, UGT1A6, UGT1A7, and
UGT2B1) were incubated with 4-tert-octylphenol. this test only the UGT2B1 isoform
metabolized 4-tert-octylphenol with a,\%of 11 nmol/min/mg and K of 94 uM. Conversion of 4-
tert-octylphenol was also measuredvitro in microsomes of liver, kidney, intestine and itestf

rats as well as in human liver microsomes. Livatand human, as well as rat intestine showed the
highest conversion rate.nwx and k, were determined to be 7.7, 3.8 and 2.75 nmol/naném57 ,

24 and 125 uM, respectively.

Degradation of 4-tert-octylphenol was determineidgiiver microsomes from untreated male and
female Sprague-Dawley rats (Hamelin et al. 2008ye@& concentrations of 4-tert-octylphenol (71,
213 and 533 ng/mg protein) were incubated togethr microsomes for up to 60 min. After 15
min incubation, unchanged 4-tert-octylphenol wasre@sed by 98% (71 ng/mg), 91% (213
ng/mg), and 94% (533 ng/mg) in liver microsomesnfranale rats compared to initial
concentrations, whereas in female rats, the reslustias of 50% (71 ng/mg), 26% (213 ng/mg),
and 21% (533 ng/mg), respectively.

In silico studies

Hamelin et al. (2010) developed a physiologicalgdd pharmacokinetic (PBPK) model for 4-tert-
octylphenol to simulate the kinetics of 4-tert-dphenol in male and female rats exposed to it. The
compartments regarded were the liver, richly andrlyoperfused tissues, fat and reproductive
organs plus a subcutaneous space to reflect pticapon. In the model it was assumed that the
majority of 4-tert-octylphenol is bound to plasnratgins and the free fraction is about 0.1 %. For
oral application blood concentrations of 53.3-27dg2ml (males) and 87.4- 449.7 ng/ml (females)
for administration of 50-250 mg/kg bw were predittEor a single s.c. dose of 125 mg/kg bw, 4 h
after application 4-tert-octylphenol blood concations of 111.3 ng/ml (males) and 121.6 ng/mi
(females) were predicted. Simulation of repeatedosure resulted in predicted blood
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concentrations of 59.8 and 150.6 ng/ml (male) a8® &nd 248.5 ng/ml (female) (50 and 125
mg/kg bw) 4 h after the last dosing. The authoagest that the model fitted best with an assumption
of a 45% bioavailability for oral and of 15 % foemal administration. Based on blood flow and
plasma:tissue partition the uptake of 4-tert-odtglpol in various tissues was described. The tissue
concentrations were similar to those experimentdétermined and were in the single-digit pg/g
tissue range with females showing approximately2tf6ld higher concentrations compared to
male animals. Experimental results and model sitiwnla varied between 20 and 40% with the
model rather underestimating the actual blood &asdi¢ concentrations in this study.

Conclusion

After oral application 4-tert-octylphenol is rapidhbsorbed and quickly released into the blood.
Within 10 min 4-tert-octylphenol is present in biband G..x is reached between 20 min (male
Wistar rats) and 2 h (Sprague Dawley rats) afteniastration. Doses of 50 to 250 mg/kg bw
resulted in Gax of 40 to about 400 ng/ml blood. Repeated expogurktert-octylphenol of up to
125 mg/kg bw/d resulted in 2 to about 4-times highleod concentrations in male and female
animals than after single exposure. Indicationefaterohepatic cycling was seen in some animals of
one study, but not in two other studieg,&raries within the several tests depending on pipdied
dose and the strain used. Also the bioavailabiigges between the strains. In male Wistar rats and
female Da/Han rats oral bioavailabilties of aboOt % were determined. In male and female
Sprague Dawley rats bioavailabilities were abou&B8 55 %, respectively.

Toxicokinetic investigations with dermal applicatiare not available. In an acute dermal toxicity
study no systemic toxic effects were observed apglication of 2000 mg/kg bw. Based on the
water solubility, the partition coefficient of 4.Hhd the molecular weight of 4-tert-octylphenol of
206 g/mol a high dermal bioavailability can be a&sed. Single subcutaneous injection of 4-tert-
octylphenol (125 mg/kg bw) resulted inn& of 182 ng/ml in male and 209 ng/ml in female
Sprague-Dawley rats at anJ of6 or 8 h, respectively. Half lifes of 9.8 h a28.6 h were
calculated. Similar blood concentrations were founéemale Donryu rats after 2 d s.c. injections
of 4-tert-octylphenol (200 mg/kg bw). After repedtgpplication over 14 d the blood concentrations
in these animals were approximately 2-fold highbant after 2 days. Compared to oral
administration the maximum concentrations are tégis, and elimination is slower.

Oral doses of 50 and 200 mg/kg bw/d resulted in4etert-octylphenol concentrations in lung and

tissue of male Wistar rats (7-9 ng/g tissue). #4-detylphenol was detected at concentrations of 43-
87 ng/g tissue in muscle, kidney and liver and rrceatration of 1285 ng/g in fat, but not in testes.
In Sprague Dawley rats 4-tert-octylphenol could detected in a dose-dependent manner at
concentrations in the single-digit microgram rapge gram tissue after administration of 25 to 125
mg/kg bw/d. Tissue concentrations were highestiviarland fat and also reaches reproductive
organs such as uterus, ovaries, testes and thédwpid. After repeated doses no significant

differences occurred between the tissue conceoitifrom single and repeated treatment
indicating no bioaccumulation of 4-tert-octylphenol

From experiments using rat liver perfusion or pmyneat hepatocytes it can be concluded that 4-
tert-octylphenol undergoes a rapid first pass n@disin by phase | and phase Il enzymes in the
liver. Detoxification pathways include hydroxylatioglucuronidation and sulphatation. Enzymes
involved in phase Il metabolism include rat and BandGT2B1 and human SULT 1E1 and 2A1,

as shown inn vitro experiments. In aim vitro test with untreated rat liver microsomes up t&®4

of 4-tert-octylphenol was metabolized within 15 nfiurther studies showed that 4-tert-octylphenol
may have a direct inhibitory effect on cytochrom#s@ activities, and can decrease protein levels
of testosterone hydroxylating CYP activities in tiver, when rats were fed 4-tert-octylphenol. In a

26



ANNEX XV REPORT — IDENTIFICATION OF SVHC

liver perfusion assay 38% of the applied 4-teripdtenol dose was directly excreted into the bile
of Sprague Dawley rats as glucuronide.

In Sprague Dawley rats some gender differences wbserved in terms of a higher oral
bioavailability and an increased terminal half Idé 4-tert-octylphenol in females compared to
males after oral application. This leads to a slodegradation in vivo and is in line with anvitro
investigation that showed a slower degradation-rdoctylphenol by liver microsomes of female
SD rats compared to males.

4.2 Acute toxicity

Not relevant.

4.3 [rritation

Not relevant.

4.4 Corrosivity

Not relevant.

4.5 Sensitisation

Not relevant.
4.6 Repeated dose toxicity

4.6.1 Repeated dose toxicity: oral

The majority of studies reported in this chaptevehaot been performed according to standard
toxicity test guidelines. For some of the non-pelgliavailable regulatory studies that were
considered in the according OECD SIDS Dossier, as wot possible to make the test reports
available to the dossier submitter. Thus for theselies, the available information is directly
imported from the OECD dossier.

oral diet

3 months

In a well documented 3 month oral feeding studB@R/WISW (SPF Cpb) rats toxicity of 4-tert-
octylphenol after repeated exposure was investigégaberg et al. 1982). In this study doses of 30,
300, or 3000 ppm (corresponding#@.3, 23, 230 mg/kg bw/d) 4-tert-octylphenol (pur@§.1 %)
were fed daily to 20 male and 20 female animal€db® treatment related death occurred and no
clinical signs were observed throughout the stuélyod consumption was unaffected. Slightly
increased water consumption was observed in fematesving the highest 4-tert-octylphenol dose.
The body weight gain was slightly decreased in nasmé female animals receiving 300 ppm and
markedly decreased in animals receiving 3000 pptartdoctylphenol. Absolute organ weights
were decreased in the highest dose group in mateadn(thyroid, thymus, heart, lung, spleen; but
not kidney, adrenals, testes or brain) and femailmas (thymus, heart, lung, liver, spleen, kidney,
adrenals; but not thyroid, ovaries or brain). Histihological investigations were carried for organs
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of 5 male and 5 female animals each in the coranaol highest dose group no treatment related
effects were observed.

Clinical chemistry parameters were investigateegrafine month and at the end of the study.
Inorganic phosphate in blood plasma was signifigashécreased from 300 ppm 4-tert-octylphenol
upwards in female rats (1.22 vs. 1.72 mmol/l intoae) whereas in male rats phosphate was
slightly increased (2.06 vs. 1.81 in control). Rert effects in the highest dose group comprised
increased urea and creatinine plasma concentratidesnales (9.94 vs. 8.41 mmol/l in control and
58 vs. 52 umol/l in control, respectively), incredgotassium (5.1 vs. 4.3 mmol/l in control) and
decreased calcium (2.67 vs. 2.83 mmol/l in contioljnale animals. At 1 month, mean plasma
thyroxin (T4) concentration was statistically sifggantly increased (p €.01) in the females of the
3000 ppm group (155 94 vs. 67_+4 nmol/l in controls, respectively), however not3amonths.
Since this increase was attributed to two females since no histopathological findings on the
thyroid glands of animals from this group were obed, the finding of an elevated mean T4
plasma level was not considered to be of toxicalaigsignificance. In urine total protein was
decreased after 1 and 3 month in male animalseimitfhest dose group. No changes were observed
in enzymatic activities of alkaline phosphataseitajhate dehydrogenase, glutamate oxaloacetate
transaminase, glutamate pyruvate transaminase autyiglucosaminidase in blood or urine or in
blood glucose, triglycerides, sodium, chloride aod concentrations.

NOEL: 30 ppm (corresponding to 2.3 mg/kg bw/d)
LOEL.: 300 ppm (corresponding to 23 mg/kg bw/d)

oral drinking water

4 months

In a study on Fisher 344 rats effects of 4-teriApttenol on the reproductive system were
investigated in adult (2 month old) males (Blaka@le2004). Groups of 12 rats each received either
tap water or water containing different concentnrasi of 4-tert-octylphenol (1x10) 1x10°, or 1x10

® M). Water and food consumption were monitored amichals terminated after an exposure period
of 4 months (110-125 days). The test was perforaedwo subsets. Subset 1 (n=6/group) was
performed on intact males with animals terminatediécapitation. From this subset blood samples
were taken for subsequent determination of LH, FBRL and testosterone. Body weight and
organ weights were taken from pituitary gland, katiney, left and right testes, left epididymis,
seminal vesicles, ventral prostate gland, and da#igg gland. The left testis was used for flow
cytometric analyses of spermatogenic cells. Subsetimals (n=6/group) were castrated at the end
of the 4 month exposure period and maintained eir tiespective drinking water regimen for an
additional 3 weeks to assess effects of 4-terthplsgnol on the castration-induced rise in
gonadotropin secretion. At castration organ weiglitthe left and right testes and epididymides
were taken and sperm numbers per gram testis aiidgpal sperm count determined and
epididymal sperm morphology examined. At final teration also blood samples were taken for
subsequent determination of LH and FSH and orgaghige of left kidney, spleen and pituitary
gland recorded. Based on water consumption datad#iy intake of 4-tert-octylphenol was
calculated to approximately 0.020-0.035, 2.0-3n8 200-350 pg/kg bw/day for the drinking water
concentration of 18, 107 and 1 M. Mean water and food consumption did not ditietween
groups. Mean hematocrit, body and organ weight didonot differ between groups. In addition,
organ to body weight ratios did not change. Sirlyilanean serum LH, FSH, PRL and testosterone
concentrations did not differ between groups. Neat§ were seen on total mixed germ cell yield,
on flow cytometric distribution of spermatogenidlger on testicular sperm concentration per g
testis or per organ. Mean epididymal sperm heachtcper gram tissue was slightly decreased to
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~700 Mio in comparison to controls (~800 Mio) at®1® drinking water concentration. Mean
percentage of sperm tail abnormalities (n=6 matesfg) was slightly higher (~10-12 %) in treated
groups as compared to the control group (=7 %).eXpected, mean serum LH and FSH
concentrations were higher in the castrated malegpared to those of the intact males; however,
there was no difference in mean gonadotropin cdara#ons between orchiectomised groups.
Given that no positive control was included, noomfation on normal variability of epididymal
sperm count and of sperm tail abnormalities frostdnical controls is provided and data derived
from small animal numbers only, no conclusions bardrawn on the observations obtained from
this study.

oral gavage
28 days
Species/strain: rat/Crj:CD (SD)
Sex: 6 male, 6 female/group
Route of administration: oral (gavage)
Exposure period: 28 days
Frequency of treatment: daily
Dose: 0, 15, 70, 300 mg/kg/day
Control group: yes; vehicle
NOEL.: 15 mg/kg/day
LOEL: not available
Results:

Salivation was observed in the medium- and higredigsnales and males after test substance
administration. Body weight gain was reduced in lifgh-dose males. Water intake was increased
in males and females of the high dose group. Tkt debstance did not cause any consistent
changes in food consumption and haematologicalnpatexs. For the high dose group, blood

chemical analyses showed an increase in Na forlésnaad males, a decrease in cholesterol and an

increase in BUR and triglyceride for females, and a decreasebuorain in females. A/& ratios
were lowered in the medium- and high- dose. In@éagine volume was evident in females and
males at the high dose. Urinalysis showed decreasgsecific gravity and in Na, Cl and K. Slight
but statistically significant increases in kidnegights were found in the high-dose males and
females and in liver weights in the high-dose feasalThe high-dose males and females showed
greyish kidney patch as gross findings, and regeiogr of renal tubules as microscopic findings.
All changes attributable to the test substancepgisared or tended to recover after discontinuing
the administration.

Method: Other: Guidelines for 28-day dose toyitést of chemicals (Japan)
Year: 1994

GLP: YES

Test substance: p-tert-octylphenol, purity 98.24 %

2 Blood Urea Nitrogen

3 A/G - Albumin/Globulin
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cited from: OECD SIDS PHENOL, 4-(1,1,3,3-TETRAMETHYLBUTYL)-AS No: 140-66-9 and
Chemical Investigation Promoting Committee, ToxiciTesting Reports of Environmental

Chemicals, Vol.1, 1994;

29 days
Species/strain: albino rat (Sprague-Dawley)
Sex: 5 male, 5 female/group

Route of Administration: oral (gavage)
Exposure period: 29 days
Frequency of treatment: daily

Post exp. observation period: no

Dose: 0, 15, 150, 250 mg/kg/day
Control group: Yes, concurrent vehicle (corn oil)
NOEL.: 15 mg/kg/day

LOAEL: 150 mg/kg/day

Results:

A dose of 250 mg/kg caused the following effects:

- slightly higher food consumption in males and &ées

- markedly higher water consumption of male anddiennats

- lower cholesterol-levels in female rats

- rel. liver and kidney weights were significantliigher in females
- minimal centrilobular hepatocyte enlargementemaéle rats

- interstitial inflammation in kidneys of males

- basophilic epithelium occasionally with mitotiguires in proximal convoluted tubules in male

and female rats

A dose of 150 mg/kg led to the following symptoms:
- slightly higher food consumption in females

- higher water consumption of females

- lower cholesterol levels in female rats

- basophilic epithelium occasionally with mitotiguires in proximal convoluted tubules in male

rats
Method: OECD 407; Year: 1994
GLP: Yes
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cited from: OECD SIDS PHENOL, 4-(1,1,3,3-TETRAMETHYLBUTYL)-AS No: 140-66-9
Reference

Huntingdon Research Centre Ltd., Huntington, Engjlawenty-Eight Day Oral Toxicity Study in
the Rat; HRC Report no. SAZ 464/942419 (1994);

25 days

In a study comparing estrogenic activities of vasi@nvironmental estrogens (Laws et al. 2000)
intact adult female Long Evans rats (7-14/groupienecated orally (gavage) with 0, 50, 100 or 200
mg 4-tert-octylphenol/kg bw or 0.01 or 0.1mg ethésyradiol/kg bw for a period of 25 days for
cycling studies or dosed by subcutaneous injedbor25 days with 5 pg PBrestradiol/kg bw. All
animals were monitored for 3 weeks prior to treattheind only those animals displaying
consistent 4-to 5-day oestrous cycles were usdtieénstudy. Changes in vaginal epithelial cells
were monitored by taking daily vaginal smears. #émale displayed an extended dioestrous smear
for 7 or more days, blood samples were taken forogesterone assay in order to further identify
the underlying ovarian status (e.g., pseudopregnaoc anoestrous). PBfestradiol and
ethinylestradiol significantly reduced the numbérdeto 5-day cycles during the exposure period.
Most animals in these treatment groups initiallgptiyed an extended dioestrous vaginal smear.
Many of these animals remained in dioestrous forl40day, suggesting that they were
pseudopregnant. Continued exposure for more thaB018ays resulted in periods of extended
oestrous in some animals. Oral exposure to 200 ftegt4ctylphenol/kg bw induced a similar
response. The number of 4-to 5-day cycles in th@as of this treatment group was decreased to
2.2 +0.4 (statistically significantly reduced in comigan to the vehicle controls (4.80t3, resp.

5.2 +0.2), the 50-mg treated (5.10+3) or 100-mg treated (4.60t5) groups). In the group exposed
to 200 mg 4-tert-octylphenol/kg bw the number ofslaf dioestrous was statistically significantly
increased.

30 days

In a study focusing on effects on testicular fumresi (Bian et al. 2006) groups of male Sprague
Dawley rats (n=12 each) were given daily gavageiadtnation of 0, 50, 150 or 450 mg 4-tert-
octylphenol for 30 days. In the animals of the hilgtse group (450 mg/kg bw/d) body weight gain
was suppressed (306.83 + 19.15 g versus 325.08.37 23 in controls). Weights of testes,
epididymis and prostate were statistically sigmifity lower (p< 0.05) in comparison to controls.
Histopathological examinations of testes revealegtations in rats administered 450 mg/kg bw/d
with seminiferous tubules markedly reduced in sird disturbance of normal spermatogenic cell
organization and total number of germ cells insibde tubules markedly reduced. Electronic
micrographs of testicular cells revealed more cdHalar vacuoles, lipofuscin and showed
degeneration. Testicular sperm counts revealeiststatly significant decreases (p <0.05) of sperm
head count and daily sperm production in rats éatith 450 mg/kg bw/d. Assessment of sperm
motility from 7 males/group with computer assis&gkerm analyzer revealed some minor changes
for the 450 mg/kg bw/d dose group in LIN (% linégriand VSL (straight line velocity) with other
sperm motility parameters (BCF, VCL, STR, VARunaffected. The evaluation of several
testicular marker enzymes (ACP, ALP, LDHGT, G-6-PDH, SDH) revealed some minor changes
(p < 0.05) in the testicular alkaline phosphatagevigy (3.23 + 0.99 U/g versus 4.00 + 0.73 U/g in
controls).

4 peat-cross frequency, curvilinear velocityaightness, average path velocity
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LOAEL/syst tox: 450 mg/kg bw/d| (body wt and repro organ wt)
NOAEL/ syst tox: 150 mg/kg bw/d

LOAEL/reproorgan tox: 450 mg/kg bw/d

NOAEL/reproorgan tox: _ 350 mg/kg bw/d

LOAEL/spermatotox: 450 mg/kg bw/d
LOEL/spermatotox: 3450 mg/kg bw/d
1 month

In a study examining the strain-dependent diffeesnin sensitivity of male rats towards 4-tert-
octylphenol (Hossaini et al. 2003) groups of 7 weék male Wistar rats or of 7 week old male
Fisher rats were allocated to the following schedul= 9-10): oral gavage treatment with vehicle,
or with 400 mg /kg bw 4-tert-octylphenol, or s.igjection of 40 ug/kg bw estradiol benzoate (used
as positive control) every monday, wednesday aiddyrfor 1 month. Since s.c. injections of 400
mg /kg bw 4-tert-octylphenol had induced abscesdethe injection sites of both strains, these
animals were excluded from the study. Consequetiity, 400 mg /kg bw 4-tert-octylphenol dose
was administered by the oral route. At necropsyniteal body weight, organ weights (liver
kidneys, adrenal glands, testes, left epididymestral prostate and levator ani/bulbocavernosus
muscle), epididymal sperm counts (with CASA), aranmone levels (LH, FSH, testosterone,
prolactin, inhibin-B) from trunk blood were detemed and histopathology of the testes including
occurrence of apoptosis was performed. Terminalyhaeedights of the 4-tert-octylphenol treated
males were comparable to controls in both straiutgreas body weights of the estradiol benzoate
treated males were significantly reduced in bothiss. In males treated with estradiol benzoate
(positive control) relative organ weights of livekidneys and adrenals were increased. Relative
organ weights of testes, left epididymis, ventradspate and levator ani/bulbo-cavernosus muscle
were significantly reduced, with the effect on éssbrgan weight more pronounced in the Wistar
strain (reduced to 73 % of the controls) than m Fsher strain (reduced to 31 % of the controls).
In males treated with 4-tert-octylphenol relativgan weights of liver and kidneys were increased
in both strains. Relative organ weight of the adlenvere statistically significantly increased and
relative organ weights of seminal vesicles and ldgsator ani/bulbocavernosus muscle were
statistically significantly reduced in the Fishémrag, whereas in the Wistar strain only the rgkati
weight of the levator ani/bulbocavernosus muscle gecreased. No weight changes in either strain
were observed for testes, epididymis or ventrasate weight. In males of both strains treated with
estradiol benzoate (positive control) almost namspeells were observed in the cauda epididymis,
whereas no differences were observed in the nuofogrerm/g cauda epididymis in males treated
with 4-tert-octylphenol of both strains. In malek bwth strains treated with estradiol benzoate
(positive control) serum testosterone levels weduced (to 0.02 and 0.004% of control levels),
whereas no changes were observed for males treated4-tert-octylphenol. In males of both
strains treated with estradiol benzoate (positmatrol) serum LH and FSH levels were reduced (to
less than 50% of control levels), whereas no chemggre observed for males treated with 4-tert-
octylphenol. In males treated with estradiol betedpositive control) serum prolactin levels were
increased (3 and 5 fold) as was observed in medesetd with 4-tert-octylphenol (to 140 - 150%).
In males of both strains treated with estradiolZoate serum inhibin-B levels were reduced (to
about 60 %of control levels), whereas no change® weserved for males treated with 4-tert-
octylphenol. No effect on testes histopathology vediserved in males treated with 4-tert-
octylphenol of either strain in comparison to thagethe positive control, where diameters of
seminiferous tubules were decreased and spermatehtion and disorganized and atrophic
seminiferous epithelium including germ cell apogagere observed.
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LOAEL/syst tox: 400 mg/kg bw/d (increased orgaights)
NOAEL/repro organ & spermatotox: 400 mg/kg bw/d
NOAEL/endocrine (hormonal) effects: 400 mg/kg bw/d

35-41 days

In a study on Sprague Dawley rats (Sahambi etGdl0Rgroups (n=7) of 35 day old females were
given daily gavage administration of saline (negationtrol), propylene glycol (vehicle control), or
4-tert-octylphenol at dosages of 25, 50, or 125kgdphv for 35-41 days (to sacrifice all at the same
stage of oestrous cycle). Body weights were takeh @estrous cycle monitored. Upon sacrifice,
serum was collected for determination of estradiohcentrations and organs were taken for
determination of ovaries, uterus, liver and kidn&yse ovary and part of the uterus were processed
for histopathological evaluations, while the rethee uterus and parts of the liver were taken and
processed for exploratory gene expression analjsissignificant differences were seen on body
weights and on organ weights across groups. Thene wo significant differences in serum
estradiol concentrations and all animals continteeccycle throughout the monitoring period.
Animals of the 25-mg and 125-mg groups but nothef 50-mg group had a slight decrease in the
number of cycles during the monitoring period. Qmar histopathology did not reveal any
morphological alterations or differences in numbefsovarian follicles of any stage. Uterine
histopathology and morphometry did not reveal aiffeird@nces across groups. Gene expression
analysis from microarray analysis and real-time RIZRnot reveal any consistent changes.

60 days

Because of the discrepancies in effects, and difgs in doses, route of exposure, and exposure
period, a further study had been performed to deter the effects of chronic in vivo exposure to
various doses of 4-tert-octylphenol on male repctia parameters (Cyr and Gregory 2006
Gregory et al. 2009). Five groups of 10 male a®gtague Dawley rats each were administered
saline (control), vehicle alone (propylene glycap, 50, or 125 mg 4-tert-octylphenol /kg/d
dissolved in propylene glycol by gavage for 60 dagpresenting approximately 1.5 cycles of
spermatogenesis. Animals were terminated 24 halienving the last dose, serum collected and
various organs (testes, epididymis, ventral prestaeminal vesicles, kidneys, liver) taken and
weighed and submitted to histopathological evatueti evaluation of epididymal sperm count and
sperm motility, gene expression profiles. In theert-octylphenol treated rats there was a tendency
toward decreased body weight, relative to contwit) a statistically significant decrease in mean
body weight of 444.4 + 11.8 g versus 535.6 + 9iA gontrols at the highest dose (125 mg/kg/day).
There were no effects on organ weights of testgdjdymis, ventral prostate, and seminal vesicles
between experimental groups. Histopathological emation of the seminiferous tubules and
interstitium of the testes did not reveal any appamorphological changes. Likewise, observations
of the epididymal epithelium indicated normal maslatlyy, and no morphological aberrations were
observed in efferent ducts. Analysis of caput elyidial sperm motility did not reveal differences
in any of the motility parameters between groupsaljsis of cauda epididymal sperm motility
parameters revealed a 13 % lower (pS) total percent motility relative to untreatsahtrols in the
intermediate dose group (50 mg/kg/d) and corresipghda higher percentage (28 %) of static
cells (p<0.5) relative to untreated controls (15.7 %). Hoeare any dose-relationship was not
established as such changes were not observedeftawer, respectively for the higher dose group.
There were no statistically significant differenadascauda epididymal sperm count at any dose
group. Gene expression profiles in the testes bicleeand high dose treated groups (125 mg/kg/d)
revealed that of the 20 245 rat genes on the aridysgenes were differentially expressed between
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vehicle controls and the 4-tert-octylphenol treatgdup. Of these 512 differentially expressed
genes, 16 exhibited a twofold or greater diffe@ngxpression, although the effects were not
statistically significantly different. Real-time IRCwas performed on arbitrarily selected genes to
verify changes in gene expression, however, nonéhefselected genes showed a statistically
significant difference between the vehicle contnadl the treated rats.

In summary, results indicated that body weight mleradult rats was significantly decreased by 4-
tert-octylphenol treatment over the 60-d exposwrdod with a trend towards decreasing body
weight in all 4-tert-octylphenol treated groups.efidnwere, however, no effects on the weights of
the testes, epididymides, ventral prostate, andregnaesicles or on histopathology of testes and
epididymides. Tissue concentrations of 4-tert-qutghol in the testes after the 60-d exposure
period were below levels of detection in the 0-, 251d 50-mg/kg groups and relatively low (29.3 +

16.1 ng/mg tissue) in the 125-mg/kg group. Tissuecentrations in the epididymides after the 60-d
exposure period were below levels of detectiorhn@-, 25-mg/kg groups, and 18.4 + 5.9 ng/mg,
respectively 56.3 £ 43.3 ng/mg in the 50- and 12ky groups. Analysis of caudal sperm data
showed that total percent motility were statisticaignificantly lower at the intermediate dose (50

mg/kg/d) with a corresponding increase in percéaticscells suggesting minimal if at all effects of

4-tert-octylphenol.

LOAEL/syst tox: 125 mg/kg bw/d (body weight)
NOAEL/syst tox: 50 mg/kg bw/d
NOAEL/reproorgan & spermatotoxicity: > 125 mg/kg/fow

Table 13: Compilation of studies with repeat oral dministration

Species/sex | Duration Dosing | Results Reference
(age) /In
Oral Gavage
Sprague 28 days 0, 300 mg | bw gain (m);t water intake OECD SIDS,
Dawley rat 15, (f+m); 1 kidney weight (m+f)} liver Japanese
m-+f 70, weight (f) Study
n=6/group 300

mg/kg NOEL: 15 mg/kg bw/d

bw/d
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Sprague 29 days 0 > 150 mag slightly 1 food intake ()t OECD SIDS,
Dawley rat 15 water intake (f); cholesterol levels (f); | Huntingdon
m-+f 150 basophilic epithelium occasionally with | Study
n=5/group 250 mitotic figures in proximal convoluted
mg/kg | tubules (m)
bw/d
250 mg 1 food and water intake (f+m),
cholesterol levels (f)} rel. liver and
kidney weights (f), minimal centrolobular
hepatocyte enlargement (f), interstitial
inflammation in kidneys (m), basophilic
epithelium occasionally with mitotic
figures in proximal convoluted tubules (m)
NOEL: 15 mg/kg bw/d
LOAEL: 150 mg/kg/d
Fisher 344 | 14 days (preceding| 100 up to 200 mg: Yoshida et al.
rat dose finding study)| 200 oestrous cyclicity and uterine weight not| 2000
CrJd:Donryu mg/kg | affected
rat be/d
f (11 week
old)
Sprague 21 days 10 up to 250 mg: Baek et al.
Dawley rat | (mechanistic study| 50 testes histopathology unaffected 2007
m (5 week for 250
old) spermatotoxicity mg/kg
n=10/group bw/d
Long Evans | 25 days 50 200 mq: Laws et al.
rat (adult 100 reduced number of 4 to 5-day cycles in | 2000
females) 200 cycling females with relative increase in
n=7-14/group mg/kg | days of dioestrous
bw/d
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Species/sex| Duration Dosing Results Reference
(age) In
Sprague 30 days 0 450 mg | bw gain;| testes, epididymis | Bian et al.
Dawley rat 50 and prostate organ weight; 2006
m (9 week 150 histopathological changes in testes (with
old) 450 mg/kg reduction in number of germ cellg),
n=12/group bw/d testicular sperm count
LOAEL/syst. tox.: 450 mg/kg/d
NOAEL/syst. tox.: 150 mg/kg/d
LOAEL/reproductive organ toxicity&
spermatotoxicity: 450 mg/kg/d
NOAEL/reproductive organ toxicity &
spermatotoxicity: 150 mg/kg/d
Wistar rat | 1 month - with 400 mg/kg 400 mg 1 relative organ wts of livers | Hossaini et
Fisherrat | three bw/d and kidneys in both strains, testis, al. 2003
m (7 week | administrations epididymis and ventral prostate wt
old) per week (positive unaffected in both strains;
n=9- control: 40 ug | 1 relative organ weights of adrenals and
10/group estradiol | relative organ weights of seminal
benzoate/kg bw vesicles and levator ani/bulbocavernogsus
s.c.) in the Fisher strain| relative organ
weights of levator ani/bulbo-cavernosus
in the Wistar strain;
caudal epididymal sperm unaffected in
both strains
1 in serum prolactin levels (to 140-150%
of the controls), serum testosterone, LH
or FSH levels unaffected
Sprague 35-41 days 0 125 mg:no effects on body and organ | Sahambi e
Dawley rat 25 wts; no effects on serum estradiol and |oal. 2010
f (35 days 50 cycling; no effects on ovarian
old) 125 mg/kg histopathology/follicles; no effects on
n=7/group bw/d uterine histopathology and morphometry

NOAEL/syst. tox.: > 125 mg/kg/d
NOAEL/reproductive toxicity: > 125
mg/kg/d
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Species/sex Duration | Dosing Results Reference
(age) In
Sprague Dawley 60 days 0, 125 mg | mean body weight; no effects | Gregory et al.
rat 25 on reproductive organ weight and 2009; Cyr and
m 50 histopathology, no effects on epididymal Gregory 2006
n=10/group 125 mg/kg | sperm count;

bw/d

LOAEL/syst tox: 125 mg/kg/d
NOAEL/syst tox: 50 mg/kg/d

NOAEL/repro organ tox: 425 mg/kg/d

Oral diet
Wistar rat 3 months| O > 300 ppm:| weight gain Suberg et al. 1982
m-+f 30
n=20/sex/group 300 3000 ppm:| hematocrit;t thyroxin in
3000 ppm | females; no histopathological findings
teoq“i"a'e”t LOEL: 300 ppm
23 NOEL: 30 ppm
23
230 mg/kg
bw/d
Oral drinking water
Fisher 344 rat | 4 months| 18M 10°M: | mean epididymal sperm head | Blake et al. 2004
m (2 month old) 10'M count (700 x 1Dversus 800 x 1Yin
n=6/group 10°M controls

Subcutaneous injection

2 weeks

In a study on female Sprague Dawley rats (Blake Asltiru 1997) effects of 4-tert-octylphenol
administered t010 week old females on oestrousaitycivere investigated. Rats showing at least
two regular 4-day oestrous cycles were used. 6 leswaere injected s.c. corn oil (vehicle control),
6 animals with 20 mg and 21 animals with 40 mgrédetylphenol. Injections were given three
times weekly for 2 weeksl6/21 rats of the 40 mg-group entered persistestrous during two
weeks of treatment. Five of these 16 rats contirthedreatment schedule for an additional three
weeks. Vaginal smears were prepared and examinbdthi@ughout the experiment. In a further
set of females the effects of 4-tert-octylphenobeunlation during proestrus were investigated. Rats
showing at least two regular 4-day oestrous cyalee used on proestrus. One group of control
rats was injected i.p. with sodium pentobarbit&l §3g/kg bw) at 14:00. Ovulation was blocked in 5
of 5 rats indicating that sufficient LH was noteased prior to 14:00 to induce ovulation. A tofal o
5 rats were injected s.c. with corn oil vehiclensth 40 mg 4-tert-octylphenol in corn oil at 13:00,
14:30, and 16:00 hr. Another 5 rats were injected with 100 mg 4-tert-octylphenol in 30 %
ethanol at 13:00, 14:30, and 16:00 hr. Multipleeations of 4-tert-octylphenol were given, and 4-
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tert-octylphenol administered in two different vebs in attempts to uncover any acute effect that
4-tert-octylphenol might have on ovulation. The wtence of ovulation was determined between
08:00 and 10:00 hr the next morning. 4-tert-octglpdl treatment induced persistent oestrus within
3 days in 2 of the 6 females of the 20-mg group iant of the 21 females of the 40-mg group.

The remaining females had 4-or 5-day oestrous syilkeing the 2-week injection period. Both, rats

injected with corn oil or with 4-tert-octylphenol/alated, and there were no differences between
groups with respect to number of ova shed.

28 days

In a study on female Fisher 344 (F344) rats andafer@rj:Donryu rats (Yoshida et al. 2000) effects
of 4-tert-octylphenol were investigated using 1lelweld healthy and normally cycling animals.
Dose and route of administration were determinea Ipyeliminary 14-day repeated toxicity study
by gavage or s.c. treatment, in which animals dhbat strains were given 4-tert-octylphenol at
100 and 200 mg/kg bw. The gavage treatment at tdeses did not affect oestrous cyclicity or
uterine weights, whereas s.c. application resuhgaersistent oestrus within several days after the
start of administration in both strains. Thus, subcutaneous route was selected to minimize the
metabolism during first pass, because 4-tert-obspl is known to be metabolised via the liver,
and daily doses for the 28 days study were se &, 25, 50 or 100 mg/kg bw. Twelve animals
were assigned to the vehicle control (DMSO) groogh 20 animals each to treatment groups. Seven
days after the first treatment half of the anin{atsb) in each 4-tert-octylphenol treated group were
sacrificed and examined for effects at an earlgesta®Dn the day after the last treatment, all
surviving animals in the treated groups were saexdff and in the control group two to four animals
were sacrificed at each oestrous cycle stage. Bdaotples were taken for determination of serum
concentrations of 17R-estradiol (E2) and progestereproductive organs, livers, kidneys, lungs,
spleen, adrenals and pituitary were taken for pedtaological evaluation. The groups given 100
mg/kg bw in both strains showed significant bodyighe suppression throughout the treatment
period. All animals of the 4-tert-octylphenol tredtgroups showed scab or abscess formation at
their treatment sites, the severity being dose- durdtion-dependent. In the 100 mg/kg bw dose
groups normal regular cyclicity was disrupted itsraf both strains within 7 days after beginning of
the treatment changing to persistent oestrus.drbhmg/kg bw dose groups, cyclicity was normal
for the first 7 days, whereas after 7 days abnooyeling was observed more often. In the 12.5 and
25 mg/kg dose groups regular cyclicity was obsethedughout the study. Relative organ weights
of the spleen were dose- and duration-dependeigfhyfisantly increased in all treated groups of
both strains due to extramedullary haematopoiédisolute organ weights of the liver and relative
organ weights of the kidney were dose- and duradimendently significantly increased in F344
rats (without treatment-related microscopic chahdees not in the Donryu rats. Ovarian weights
after treatment with 100 mg/kg for 28 days was ificemtly decreased in F344 rats (but not in
Donryu rats) and histologically diagnosed as atiopftith cystic follicles and absent or a few
atrophic corpora lutea in all F344 rats and onthefDonryu rats. Uterine morphology in persistent
oestrous rats of both strains deviated from thenabfor each oestrous stage of the cycling ratd, an
proliferation in the endometrium was slightly inased. In the other organs, such as lung, adrenals
or pituitary, no histological differences were eamtl between controls and treated groups. E2 serum
concentrations in treated animals with persist@strous or animals with abnormal cycling (of the
> 50 mg/kg bw treatment groups) showed a tendencydoline with markedly low values in the
100mg /kg groups of F344 but not Donryu rats. Theeee no major differences between the two
rat strains in serum 4-tert-octylphenol concentrati derived from effective s.c. dosages5®
mg/kg bw) indicating that certain 4-tert-octylphéfevels in serum might be necessary to appear as
estrogenic action.

LOAEL/systemic toxicity: 12.5 mg/kg bw (organ wistopath [spleen], local effects)

38



ANNEX XV REPORT — IDENTIFICATION OF SVHC

LOAEL/oestrous cyclicity: 50 mg/kg bw (vaginal olagy)
NOAEL/oestrous cyclicity: 25 mg/kg bw
4 weeks

In a study on Fisher rats (Kim S.-K. et al. 2004lenanimals at the age of 4 weeks (n=5/group)
received s.c. injections of olive oil (vehicle can}, 20, 40, or 80 mg 4-tert-octylphenol, or 0.8 u
3-estradiol 17-valerate (EV, positive control) tkeriweekly for a month and were terminated three
days after the last injection and body weights argan weights of testes, epididymis and seminal
vesicles recorded and blood taken for determinatfoserum LH and testosterone concentrations.
Length and widths of testes were measured and \edwhtestes calculated. Testes were subjected
to histopathological evaluations including evalaatiof germ cell apoptosis and analyses of the
expression of bcl-2, bcl-xl, and bax mMRNA. TermiBaldy weights were significantly reduced in
comparison to the vehicle control in the EV treased in all 4-tert-octylphenol treated groups.
Testis weights and volumes were also were sigmifigareduced in comparison to the vehicle
control in the EV treated and in all 4-tert-octydpiol treated groups with a dose-dependent trend.
Marked decreases were also seen for epididymisamihal vesicle weights in rats treated with EV
and in all three doses of 4-tert-octylphenol. Sen@stosterone concentrations were markedly
reduced to about 60 % of the vehicle controls in &\ in all 4-tert-octylphenol treated groups.
Serum LH concentrations were slightly reduced m BY group, and significantly elevated in rats
treated with 20 and 40 mg 4-tert-octylphenol, hogreunchanged in comparison to the control in
the 80-mg group. Seminiferous tubules in the EV iandll 4-tert-octylphenol treated groups were
markedly reduced in size and showed disruptionasfal spermatogenic cell organization. The
total number of germ cells inside the tubules wasatically decreased and there were no mature
spermatozoa or late stage- developing spermatidsapdptotic index (percentage of seminiferous
tubules containing apoptotic germ cells x numbeamdptotic germ cells per tubule) was about 8
fold increased in rats treated with EV comparecatdatrols and about 2-3 fold increased in rats
treated with 4-tert-octylphenol. The expressiomadfxl mRNA was significantly decreased in rats
treated with 40 and 80 mg of 4-tert-octylphenol &\, whereas there was no change between
groups for the expression of bax mRNA.

1 or 2 months

In a study on male Fisher rats (Blake & Boockfo®Z9Boockfor & Blake, 1997) animals were
injected with 0.2 ml corn oil containing 20 or 8@ m-tert-octylphenol for a period of 25-28 days
(“1 month”) or 54-61 days (“2 months”). There wasexond series of identically treated rats with a
1-mo exposure period of 30-37 days and a 2-mo expqgseriod of 56-67 days. Groups of 6 rats
were treated for each of the 1-month trials, wheggaups of 5 rats were treated for each of the 2-
month trials. Injections were given trice weeklyd#ferent sites in the nape or inguinal region. It
was reported that the injections of 4-tert-octyipdlecaused reactions at the injection sites with
temporary (several days) swelling and hardeninthefarea around each injection site and a mild
skin necrosis that disappeared with the swellingtsRrom the first series of 1-mo and 2-mo
exposures were decapitated at the end of the tesatperiod 1-3 days after the last injection,
whereas the rats from the second series of 1-mo2am@d exposures were left untreated for 1-3
days, subsequently orchiectomised then, a cardiced lsample taken 24 hours after orchidectomy
and finally terminated three weeks after orchidexsto

Effects following 4-tert-octylphenol treatment westudied on (i) body weight gain, food

consumption, organ weights (spleen, kidney, pityitdand) and hematocrit, on (ii) testes and male
accessory sex organ weights (seminal vesiclesralgmiostate, coagulating glands) and histology,
testicular sperm count and epididymal sperm comaBoh and sperm morphology, as well as on
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(iif) serum and anterior pituitary gland (APG) centrations of LH, FSH, and prolactin (PRL) and
serum testosterone concentrations.

In animals of the 80-mg exposure groups the firmalyweights were 12-18% lower (p<0.05) after
1-mo of exposure and 24-28% lower after 2-mo ofosxpe in comparison to their vehicle controls.
Lower body weights were also seen in the 20-mg sxy@ group after 2-mo of exposure. It is
reported that the rats administered the high do&@eng) did no longer gain weight beyond study
day 10, respectively study day 17, during the 1-reepectively the 2-mo exposure period. Food
intake did not vary initially (days 0-3) but wasacaib 13-22 % lower at later stages. Rats treated
with 80-mg had significantly higher spleen weigimghe 1- and 2-mo studies with an increase of
about 65 % in the animals of the 2-mo study. Thammgematocrit (%) of rats treated with 80-mg
were significantly (p< 0.05) lower in the 1-mo (8% 0.5 versus 48.6 £ 0.4) and in the 2-mo (4.3 £
0.9 versus 46.7 + 1.0) in comparison to their ehwontrols. Further, animals of the 80-mg
exposure group had decreased absolute and retapveductive organ weights and reductions in
organ size that were more pronounced in the 2-riab Treatment with 20-mg for 1-mo or 2-mo
and treatment with 80-mg for 1-mo had no observalfflects on the histology of the reproductive
tract, whereas in rats administered 80-mg for 2simes, weights, and histological structures of the
testes, epididymis, ventral prostate glands, sdmiesaicles and coagulating glands had been
markedly altered. Testicular histopathology reveaeminiferous tubules to be markedly reduced
in size with irregular epithelial organisation aalksence of mature spermatozoa or other steps of
germ cell development.esticular sperm count was reduced in animals @2hrmg group after 2-
mo exposure and nearly absent in the animals treaith 80-mg. Epididymal sperm count was
unaffected after 1-mo and 2-mo exposure in the g0group animals, but was largely decreased in
the 80-mg group animals after 1-mo exposure andsticompletely eliminated when administered
for 2-mo. An increase in the incidence of spermdhe®rphological abnormalities (pin heads,
detached heads, absence of hooks) was alreadytstenlow dosage (20-mg) after 1-mo exposure
period. APG and serum LH and FSH concentrationsevdercreased and APG and serum PRL
concentrations were increased in animals of them80-groups. Mean serum testosterone
concentrations were lower in rats treated with &)4or 1-mo or for 2-mo. According to the
authors, the pattern of effects observed in theesnadministered 80 mg 4-tert-octylphenol very
much resembled those observed in concomitant grolupsles that had been similarly treated with
8 ug Estradiol valerate.

5 weeks

In a study on Wistar rats (Herath el al. 2004) naadenals at the age of 50 days (7 weeks) received
daily s.c. injections of either DMSO (vehicle caifr(n=8) or 3 mg/kg bw 4-tert-octylphenol
(n=11). After 2 weeks of treatment blood was caéldcbefore and after LH-releasing hormone
(LHRH) injection to the treated animals to inveatiy effects on pituitary and gonadal responses
(plasma LH, testosterone and progesterone levalisgr 5 weeks of treatment animals were
terminated, final body weights taken and organ isigletermined of testes, seminal vesicles, right
epididymis and ventral prostate. Epididymal spewwant and sperm motility was measured and
plasma levels of LH, progesterone, testosteron@junoreactive inhibin (ir-inhibin) and insulin-
like growth factor (IGF-I) determined. After 5 welof treatment, no differences were seen
between 4-tert-octylphenol treated and control gsofor body and organ weights, except slightly
higher weight of ventral prostate (p0<05) in the 4-tert-octylphenol treated group 10450.03 g
versus 0.42 + 0.03 in controls). No differencesenvebserved between 4-tert-octylphenol treated
and control groups for terminal plasma concentratiof LH, whereas testosterone levels were
reduced and progesterone and IG-F levels weretel@wa 4-tert-octylphenol treated animals when
compared to the controls. Epididymal sperm headhtsowere slightly reduced (p&05) in 4-tert-
octylphenol treated males (~ 160 xX®Mrsus ~ 190 x £0in controls) with no effects on sperm
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motility parameters. Basal plasma concentratiorigd-bin 4-tert-octylphenol males after 2 weeks of
treatment were lower in comparison to DMSO contrafgl responded to LHRH stimulation with a
relative increase in comparison to the control. dBgdasma testosterone concentrations after 2
weeks of treatment did not differ between groups] was elevated after LHRH stimulation in
DMSO controls but unchanged in 4-tert-octylphenchles. Basal plasma concentrations of
progesterone in 4-tert-octylphenol males after 2kseof treatment were higher in comparison to
DMSO controls, and responded to LHRH stimulatiothvé relative decrease in comparison to the
control. Any dose-relationship of the observed @Hfewas not established as only one dose had
been tested.

Intraperitoneal injection
5 days

In a study on ICR mice (Kim S.-K. et al. 2007) efteof 4-tert-octylphenol on the expression of
steroidogenic enzymes and on testosterone productiere investigated on two different
developmental stages. In one set juvenile 15-ddy¥a@les (n=5/group) were untreated (control), or
injected intraperitoneally corn oil (vehicle corjra2 or 20 mg/kg bw 4-tert-octylphenol on five
consecutive days. In the other set adult 8-week-otdles (n=5/group) were injected
intraperitoneally corn oil (vehicle control), 2, 20 200 mg/kg bw 4-tert-octylphenol, or 2 pug B3-
estradiol 17-valerate (EV, positive control) oneficonsecutive days. Animals were terminated 2
days after the final injection and body weights anglan weights of spleen and testes recorded and
blood taken for determination of serum testosteroomcentrations. Testes were subjected to
histopathological evaluations including evaluatadrgerm cell apoptosis and analysis of testicular
gene expression. Terminal body weight was sigmfigaeduced in the juvenile animals exposed to
20 mg/kg bw 4-tert-octylphenol. Testis organ weig¥ds significantly reduced in the juvenile
animals exposed to 2 and 20 mg/kg bw 4-tert-ocgmath Body and organ weights were unaffected
in the adult animals in either treatment groupsstd® histopathology of the juvenile animals from
the 20mg/kg bw dose group showed slight reducticthe lumen formation of seminiferous tubules
with an increase in number of pyknotic germ cetid ¢he overall number of germ cells inside the
tubules markedly reduced. The serum testosteroneeotration in the animals exposed to 20
mg/kg bw 4-tert-octylphenol during the juvenileggavas reduced to 30 % of the value observed in
the control group, while in contrast to this, ngrsficant changes were observed in the testosterone
concentrations of adult mice exposed to EV or ttertroctylphenol. In addition mRNAs for
steroidogenic acute regulatory protein (StAR), ebtdrol side-chain cleavage enzyme (P450scc),
and 1o-hydroxylase/Gr.oo lyase (P45014) were down-regulated in testes of the juvenildsraf
exposure to 4-tert-octylphenol, whereas mRNA exgoesof aromatase was unchanged. Animals
exposed to EV or to 4-tert-octylphenol at the adtdge showed no significant changes in the gene
expression of steroidogenic enzymes. P450scc wadynaetected in interstitial Leydig cells by
immunohistochemical staining, and a slightly reduegpression of P450scc protein was observed
in the testis of juveniles exposed to 20 mg/kg bteré-octylphenol. Histological staining for lipids
with oil red O revealed a significantly lower numba positive Leydig cells in juvenile mice
exposed to 20 mg/kg bw 4-tert-octylphenol with e and number of lipid vacuoles in Leydig
cells also reduced compared to those of the cotgstis. In summary, it was shown that juvenile
exposure to 4-tert-octylphenol inhibits steroidogga by decreasing the expression of
steroidogenic enzymes in the testis, hence reguliimlecreased testosterone synthesis. Diminished
lipid content in Leydig cells together with reductdnscriptional expression of the cholesterol
transport gene, StAR, also support altered chalasteetabolism and/or transport as a potential
mechanism for decreased testosterone productitowioly exposure to 4-tert-octylphenol.
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Table 14: Compilation of studies with s.c. and i.padministration

Species/sex/n Duration Dosing Results Reference
Subcutaneous injection
Fisher 344 rat | 14 days 100, 200 > 100 mg Yoshida et al.
Crj:Donryu rat | (preceding dose| mg/kg/d persistent oestrus within several days2000
f (11 week old)| finding study)
n=12 (control)
n=10/dose
group
Sprague 2 weeks - with | 20, 40 mg/kg | 40 mg Blake and
Dawley rat three bw persistent oestrus within 2 weeks in| Ashiru, 1997
f (10 week old) | administrations 16/21 animals
n=6 (control) | per week
n=6 (20-mgq) 20 mg
n=21 (40-mg) persistent oestrus within 3 d in 2/6
animals;
no effect on ovulation during
proestrus by pre-treatment with 4-tert-
octylphenol
Fisher 344 rat | 28 days 12.5, 25, 50, in all 4-tert-octylphenol treated Yoshida et al.
Crj:Donryu rat 100 mg/kg groups 2000
f (11 week old) bw/d dose- and duration-dependent scab|or
n=12 (control) abscess formation at the injection
n=10/dose sites, spleen weightdose- and
group duration-dependently in all 4-tert-

octylphenol treated groups due to
extramedullary haematopoiesfs,
liver and kidney weight (F344)

100 mg

| body weight, regular cyclicity
within 7 days changed to persistent
oestrous|, ovary weight (F344) with
histopathological changefsserum
estradiol (F344)

50 mg
after a latency period of 7 days

abnormal cycling observed

LOAEL/syst tox: 12.5 mg/kg bw/d
LOAEL/cyclicity: 50 mg/kg bw
NOAEL/cyclicity: 25 mg/kg bw

42




ANNEX XV REPORT — IDENTIFICATION OF SVHC

Species/sex/n

Duration

Dosing

Results

Reference

Fisher rat
m (4 week old)
n=5/dose group

4 weeks - with
three
administrations
per week

20, 40, 80
mg/kg bw

positive
control:

0.8 ug 1B-
estradiol
valerate (1p-
EV)

in all 4-tert-octylphenol treated
groups (and 1F-EV):

terminal body weightg, epididymis
and seminal vesicle weiglt
histopathological changes in testes
(with reduction in number of germ
cells), serum testosterone
concentrationg

20, 40 mg/kg bw (and B#EV):
LH serum concentratiors
LH unchanged at 80 mg/kg bw

40, 80 mg/kg bw (and B7EV):
expression of bcl-xl MRNA

Kim S.-K. et
al. 2004

Fisher rat

m (11 week
old)
n=5-6/group

25-28 days (1
month)

54-61 days (2
month)

with three
administrations
per week

20, 80 mg/kg
bw

in all 4-tert-octylphenol treated
groups

local reactions with temporary
swelling and hardening and mild ski
necrosis

80 ma/kg bw:

| body weight gain (1+2 monthy),
spleen weight (1+2 month),
hematocrit (1+2 month),
reproductive organ weight and size
(1+2 month) with histopathological
changes (2 month), testicular sperm
nearly absent (2 month), epididymal
sperm almost completely eliminated
(2 month)

serum concentrations of LH and FS
| and of prolactirt; serum
concentrations of testosterope

anterior pituitary gland concentratiof
of LH and FSH| and of prolactint

20 mg/ kg bw:

| body weight gain (2 month),
testicular sperm count (2 month),
changes in sperm morphology (1
month)

Blake and
Boockfor,
1997,
nBoockfor and
Blake, 1997

NS
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Species/sex/n

Duration

Dosing

Results

Reference

Wistar rat

m (7 week old)
n=8 (control,
DMSO)

n=11

5 weeks

single dose
study

3 mg/kg bw

in comparison to DMSO controls
slightly 1 ventral prostate weight,
slightly | epididymal sperm count
serum LH unchanged, serum
testosterong, basal serum
progesterone and IGF

after 2 weeks on treatment:

basal plasma testosterone
concentrations did not differ betwee
groups,

testosterone concentrations elevate
after LHRH stimulation in DMSO
controls but unchanged in 4-tert-
octylphenol treated males

basal progesterone plasma
concentrations elevated in 4-tert-
octylphenol treated males

after LHRH stimulation relative
decrease in progesterone
concentrations in 4-tert-octylphenol
treated males comparison to DMSQO
controls

=}

Herath et al.
2004

Intraperitoneal injection

ICR mouse
m (8 week old)
n=5/group

5 days

2, 20, 200
mg/kg bw

positive
control:

2ug 13-
estradiol
valerate (1-
EV)

4-tert-octylphenol treated and 37
EV:

body and organ weights unaffected,
no change in gene expression of
steroidogenic enzymes

no change in serum testosterone
concentrations

Kim S.-K. et
al. 2007

Mechanistic studies - spermatotoxicity/testiculatoxicity

Yon et al. (2007) To investigate whether 4-tertyfhienol affects spermatogenesis through an
SGP-2 dependent mechanism effects on the expresdi@ulphated Glycoprotein-2 (SGP-2)

MRNA, a biomarker for spermatogenesis in Sertdls a# rat testes, daily oral doses of 10, 50, and
250 mg 4-tert-octylphenol/kg bw were administered5t week-old male Sprague-Dawley rats
(n=10/group) for three weeks. Testicular expresaib8GP-2 mMRNA was analyzed using reverse
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transcription-polymerase chain reaction. SGP-2 mRiXpression was decreased (p<0.05) in testes
at all doses (15-40 % of the SGP-2 mRNA expresasooompared to the vehicle control group).

Baek et al. (2007) To investigate whether 4-tettdptienol affects spermatogenesis via abnormal
enhancement of phospholipid hydroxyperoxidase tilidae peroxidase (PHGPX) expression in
testes, an antioxidative selenoprotein, which adtx directly with peroxidised phospholipid,
cholesterol and cholesteryl esters (and gene aryhenactivity of which are hormone-dependent),
daily oral doses of 10, 50, and 250 mg 4-tert-gdtghol/kg bw were administered to 5 week-old
male Sprague-Dawley rats (n=10/group) for threekaeHElistological examination of the testes did
not reveal any morphological abnormalities in sefarous tubules. PHGPx mRNA expression was
slightly stimulated by about 37 % of the controlde whereas it was stimulated to about 160 % of
the control level after treatment with nonylpheaotl up to 250 % after treatment with DES. Since
earlier studies had shown stimulation also by dgitaand tamoxifen, the authors concluded that
stimulation of PHGPx expression might occur via ke pathway.

Kim H.-H. et al. (2007) To investigate whether #-ectylphenol affects Leydig cells via
impairment of 3%-hydroxysteroid dehydrogenase/lyas@-t8SD), a key enzyme in steroidogenesis
and molecular marker for androgen biosynthesidy daal doses of 10, 50, and 250 mg 4-tert-
octylphenol/kg bw were administered to 5 week-oldlanSprague-Dawley rats (n=10/group) for
three weeks. Testicular expression &HSD mRNA was analyzed using reverse transcription-
polymerase chain reaction3-BISD mRNA was decreased (p<0.05) in testes atasés (up to 27

% of the control level) indicating that 4-tert-olgtigenol may influence androgen biosynthesis in rat
testes through an abnormal changel3ftHED mRNA expression.

Raychoudhury et al. (1999) primary rat spermatagand rat Sertoli cells cultivated vitro, | cell
viability by > 10° M 4-tert-octylphenol but not by 1M 17R-estradiol and 10M dexamethasone,
direct cytotoxic effect of 4-tert-octylphenol apped to be exerted by €aindependent apoptosis.

Qian et al. (2006) primary rat Sertoli cells cudtiedin vitro, | cell viability and changes in gene
expression (of bcl-2 and bax mMRNA as well as casgasrotein) by 2-6 x I0M 4-tert-octylphenol
due to increased apoptosis.

Mechanistic studies - ootoxicity

Pocar et al. (2003) primary bovine oocytes culadain vitro with 1-0.0001 pg 4-tert-

octylphenol/ml,| in oocyte maturation], in oocyte fertilization,| in oocyte ERi, but ERR and PR
MRNA not affected.

4.6.2 Repeated dose toxicity: inhalation
4.6.3 Repeated dose toxicity: dermal
4.6.4 Other information

4.6.5 Summary and discussion of repeated dose toxicity:

There are numerous studies available with repeairastration of 4-tert-octylphenol to adult rats

of both sexes and with various routes (oral, subeetus and intraperitoneal injection) of
administration. The only route relevant with regeochuman health assessment and exposure is the
oral route of exposure.
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During the studies with repeat oral administration28 to 60 days (Table 15) systemically toxic
effects (e.g. reductions in body weight gain, clesngn liver and kidney organ weights) were
observed at daily dosages of 125 - 450 mg 4-taythmrenol/kg bw/day. Two studies with
particular focus on the male reproductive systemr(t al., 2006; Hossaini et al., 2003) revealed
effects on male reproductive organ weights inclgdeccessory androgen-dependent organs,
morphological defects in testes and reduced tdatigperm count as well as endocrine effects in
terms of increased serum prolactin levels. Thesecwsf however, were observed at the higher
dosages (400 - 450 mg 4-tert-octylphenol/kg bw/daith systemically toxic side effects. Two
studies with particular focus on females (Yoshitdalg 2000; Sahambi et al., 2010) did not reveal
effects up to and including daily doses of 125 © 20g 4-tert-octylphenol/kg bw/day on ovarian
and uterine organ weight and histopathology or estrous cyclicity during the monitoring period
or on serum estradiol concentrations, whereasthdustudy with focus on females (Laws et al.,
2000) revealed a decrease in the number of regutdes with an increase in the number of days of
dioestrous at the highest tested dose of 200 negt©bttylphenol/kg bw/day.

Table 15: Overview on effect/ no-effect levels aft@ral (gavage) repeat dose administration

systemic toxic effects adverse effects possiblylated
to endocrine MoA
Exposure Effect level| No-effect Effect level | No-effect level| Reference
(mg/kg level (mg/kg| (mg/kg bw/d) (mg/kg bw/d)
bw/d) bw/d)

14 days not reported not reported 200, 100 | Yoshida et
(f) no effect on al. 2000
oestrous
cyclicity or
uterine weight

21 days not reported not reported 250 Baek et al.
(m) no effect 2007
on testes
histopathology

28 days 300 15 300 OECD
(. m) SIDS,

Japanese
Study
29 days 150 15 150 OECD
(f, m) SIS,
Huntingdon
Study
30 days 450 150 450 150 Bian et al.

(m) testes, 2006

epididymis &

prostate organ

wt (]) and

testicular sperm

count affected
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()

1 month 400 400 Hossaini et
(single dose (m) androgen al. 2003
study) dependent orgarj

wt (]) and serum
prolactin ()
affected
25 days not reported not reported 200 100 Laws et al.
(f) change in 2000
cycle
(dioestrous) with
decrease in
number of
regular cycles

35-41 days not 125 125 Sahambi et

determined (f) no effect on al. 2010
uterine &
ovarian
histopathology;
serum estradio
unaffected

60 days 125 50 125 Gregory et

(m) no effect al. 2009
on

histopathology

or organ

weights of

reproductive

organs,

epididymal

sperm count

unaffected

Further, a series of studies with rats is availablehich the substance has been administered via
routes that are not relevant for exposure of humaosh as test substance administration via
subcutaneous injection Table 16). Some studiesifgdly indicate that this particular route of
administration was used to minimize metabolismrayfirst pass in order to maximize effects to be
expected. Most studies used an application regiohd¢imree injections/week for periods of 2, 4 or 8
weeks presumably due to clear-cut local effects sikid damage at the injection site, such as
swelling, hardening, skin necrosis, scab and aiscess formation. Besides local effects induced at
the injection site, signs for systemically toxi¢eets (e.g. reductions in body weight gain, changes
in liver, kidney and spleen organ weights, extrantlady haematopoiesis) were seen after repeat
s.c. administration of doses 9f12.5 andc 20 mg 4-tert-octylphenol/kg bw. Two studies peried

with female rats (Blake and Ashiru 1997; Yoshidaket2000) revealed endocrine effects, such as
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persistent oestrous or abnormal cycling (and seestnadiol levels affected) after repeat s.c.
administration of doses &f 20 and< 50 mg 4-tert-octylphenol/kg bw. Two studies perfed with
male rats (Blake and Bookfor 1997; Kim et al., 20€&vealed effects on testes, such as weight
reduction and histopathological changes, and affgeat s.c. administration of dosesdl0 mg 4-
tert-octylphenol/kg bw. Changes in serum estradiofemales were observed after repeat s.c.
administration of doses of 100 mg 4-tert-octylpH&mpbw (e.g. at persistent oestrous), changes in
serum testosterone, FSH, LH and prolactin in malee observed after repeat s.c. administration
of doses of< 80 mg 4-tert-octylphenol/kg bw. It is obvious howe that any effects on the
male/female reproductive system and on plasma huenevels were induced at 4-tert-octylphenol
administrations that also displayed systemicallyidand severe local side effects. Data from a
study performed with male mice indicate, that gpgcies might be less sensitive/responsive to 4-
tert-octylphenol than the rat species.

48



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Table 16: Overview on effect/ no-effect levels aftegepeat dose administration with s.c. and

I.p. injection
systemic toxic effects adverse effects possiblglated
to endocrine MoA
Exposure Effect level| No-effect Effect level | No-effect Reference
(mg/kg bw) | level (mg/kg| (mg/kg bw) level (mg/kg
bw) bw)
rat, subcutaneous
2 weeks - with not reported 320 Blake and
three Ashiru,
administrations ()  oestrous 1997
per week cyclicity affected
28 days >125 >50 25 Yoshida et
al. 2000
(f) ovary weight
and
histopathology,
oestrous cyclicity
and serun
estradiol ()
affected in F344
strain
1 and 2 month | > 20 >20 Blake and
Boockfor,
with three (m) testicular 1997
administrations sperm count () Boockfor
per week and sperm and Blake
morphology 1997
affected
>80
(m) serum LH,
and FSH ),
prolactin ¢) and
testosterone

(})concentrations
affected
anterior pituitary
gonadotropin and
prolactin

concentrations
affected
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systemic toxic effects

adverse effects possiblglated

to endocrine MoA

Exposure Effect level| No-effect Effect level | No-effect Reference
(mg/kg bw) | level (mg/kg| (mg/kg bw) level (mg/kg
bw) bw)
4 weeks - with > 20 >20 Kim S.-K.
three _ et al. 2004
administrations (m) organ weigh
per week () and testes
histopathology
affected
>20
(m) serum LH
M and
testosterone |
concentrations
affected
mouse, intraperitoneal
5 days _>200 >200 Kim S.-K.
et al. 2007
(m)  serum
testosterone
and gene
expression o
steroidogenid
enzymes
unaffected
4.7 Mutagenicity

Not relevant.

4.8

Not relevant.

4.9

4.9.1

Carcinogenicity

Toxicity for reproduction

Effects on fertility

Studies with oral administration
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There is one reproduction toxicity screening testilable that was conducted according to OECD
TG 421. The test protocol involves parental dosiog two weeks pre-mating to 4 days post natal
for dams, and a total of 28 days exposure for théesn According to Annex VIII of the REACH
regulation (EC No 1907/2006) this test is requestedtandard information requirement at the 10 —
100 t/year tonnage level.

Type: Reproduction/developmental screening test

Species: rat

Sex: 12 females, 12 males

Route of administration: oral (gavage)

Exposure period: 2 week prior mating, 2 week ntatuntil day 4 post partum
Frequency of treatment: daily

Duration of the test: 6 weeks

Doses: 125, 250, 500 mg/kg bw/day

Control group: Yes

NOAEL systemic: 125 mg/kg

NOEL reproduction/offspring: 250 mg/kg

Results:

500 mg/kg produced severe toxic effects resulting in thetlded 13 adult animals (9 males, 4
females) during the treatment period. Other toxisigns were:

- post dose salivation, wet coats, matted fur, lorgtined urogenital region, loose faeces, hunched
posture, emaciation, lethargy and abnormal gait.

- bodyweight gain and food consumption reductioater consumption markedly increased.

- increased number of white blood cells and plédelecrease level of plasma urea nitrogen,
creatinine, bilirubin and GPT. Lower level of eletytes and

circulating albumin.
- increased liver, kidney and adrenal weights.

- decreased weights of specific reproductive orgaéestes, epididymides, ovaries and combined
prostate/seminal vesicles/coagulating gland).

- minor microscopic changes in the testes and eymlides.

Effects on reproduction were:
- impaired mating performance with only 4 of thpared females conceiving.

- amongst females that did conceive, mating perdmge was unaffected although the duration of
pregnancy was longer than expected.

- libido unaffected in males, but fertility lowered
- reduced implantation rate and increased pre astiratal mortality resulting in lower litter size.
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- reduced litter weight and suggestion of impapeag@ growth to day 4.
- no gross abnormalities amongst the offspring.

250 mg/kginduced reactions including:
- post dose salivation, wet coats, loose faeces.

- reduced bodyweight gain for all animals, for fé@sabodyweight gain also affected at the end of
pregnancy/early lactation.

- increased water consumption.

- no obvious haematological or biochemical chandpes,increased liver and slightly increased
kidney weights.

- microscopic examinations of testes and epididgsiof males revealed no abnormalities.

There were no effects of treatment on mating peréorce or development of the litter at this
dosage.

125 mg/kginduced only post dose salivation and slightly
elevated water consumption.

Method: OECD guideline 421 (dated 12 Januaryd199
GLP: Yes
Test substance: 4 (1, 1, 3,3-tetramethyl-bytiyBnol; purity 98.7%

cited from: OECD SIDS PHENOL, 4-(1,1,3,3-TETRAMETHYLBUTYL)- CANo: 140-66-9

Reference:Huntington Research Centre Ltd., Huntingdon, Endjl&eproduction/Developmental
Toxicity Screening Test; HRC Report no. SAZ 462/E812 (1995)

In a further study (Piersma et al. 1998a, b) alsplygng the OECD TG 421 test design 4-tert-

octylphenol was tested within a series of six xeotd compounds displaying various endocrine

properties. Compound dosage had been chosen obatie of relative potency at the estrogen

receptor level. Except for ethinylestradiol all quuands including 4-tert-octylphenol were tested at
dosages much higher than any likely exposure texpected in man. Five of the six compounds

were clearly scored as reproductive toxicants,céiffg one or more parameters such as fertility,

luteinisation, spermatogenesis, and fetal developm®wever, 4-tert-octylphenol appeared lethal

at the dose selected (1000 mg/kg/d). As a conseguasw rats were enrolled into the study which

were dosed from 12 days premating onward, at 10@gfdy Whereas the protocol recommends 10
animals/sex, in this study 4 animals (Wistar raey/group had been used, yet in addition hormone
measurements (estradiol, progesterone, testostdrbin&SH) had been performed.

At 100 mg/kg/d, 4-tert-octylphenol affected foocheamption and body weight gain of both sexes.
The only reproductive effect observed was a quesahbte increase in corpora lutea.

Given the extreme toxicity at the 10 fold highesed®f 4-tert-octylphenol, it has been assumed, that
other toxicity than endocrine-mediated reproducéffects will be more important.
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In a guideline according 2-generation reproductiaxicity study (870.3800; USEPA 1996) with
several enhancements (Tyl et al. 1999) Sprague &arats were fed with dietary concentrations of
0, 0.2, 20, 200, and 2000 ppm 4-tert-octylphenadtihieir diet leading to a daily intake of 0,034-
0.011, 3.3-1.05, 32.6-10.9, and 369-111 mg/kg/ceddmg on the age and sex of the animals and
the phase of the study (e.g., consumption was ktgbe weanlings and for dams during lactation).
The highest test concentration (2000 ppm) was chtus@rovide daily 4-tert-octylphenol intake at
or in excess of a level shown to saturate liveraielic capacity (200 mg/kg/day) and intake of
young animals that would exceed this dose. Thigd ko test (Two-generation Reproduction
Toxicity Test according to OECD TG 416) is alsotpafrthe standard information requirements
according to the REACH regulation (EC No 1907/20f@8)high production volume substances of
> 1000 t/year (Annex X) respectively at the lowenriage level for substances, for which adverse
effects on the reproductive organ system were tedeftom studies with repeat administration
(Annex IX).

The test protocol involved parental dosing of ti@egeéneration (30 animals/sex/dose group) during
the 10 weeks pre-breeding, mating and gestatioimgheClinical signs for toxicity, body weights,
and feed consumption were monitored according tdejjnes. For the last 3 weeks of the prebreed
exposure period, vaginal smears for oestrous diychnd normality were taken for all FO females.
The animals were mated (1:1) following the 10-wpekbreed exposure with no change in mating
partners. On postnatal day (pnd) 4, the size di &dclitter was adjusted to ten pups by eliminating
extra pups by random selection to yield, as neaslpossible, five males and five females per litter
On pnd 21, each litter was weaned, and at least~dneale and one F1 female pup per litter, if
possible, were randomly selected (30/sex/groupprtduce the F2 generation. Following this
selection, three weanlings/sex/litter, if possibMere randomly selected for necropsy. Selected
animals of the F1 generation were administeredrtdetetylphenol in the diet at their respective
formulations for 10 weeks and then mated to prodheeF2 generation following the same study
design as described for the FO generation. Seleateahling females of the F2 generation
(30/group) were administered 4-tert-octylphenolthe diet at their respective formulations until
acquisition of vaginal patency, then all were teratéd. To allow for evaluation of sperm
parameters, selected F2 weanling males (30/grougre wnaintained through acquisition of
preputial separation and until 111 + 5 days of &pdected F1 and F2 weanling animals, all FO and
F1 parental animals, and retained F2 male offspnage subjected to a complete gross necropsy.
The stage of oestrus at necropsy was determined|f&0 and F1 females. For weanling animals,
the brain, spleen, thymus, ovaries (2), uterus wétvix and vagina, testes (2), epididymides (2),
and seminal vesicles (2) were weighed. For paremtathals (and retained F2 male offspring) the
brain, liver, kidneys, adrenal glands, spleen, @giruterus, testes, epididymides, seminal vesicles
with coagulating glands, and the prostate and tprestate were weighed. Specific attention was
focused on the examination of the parental repriddziorgans, including determining the weight of
the prostate and dorsal prostate for all malesauadian follicle counts for high dose and control
FO and F1 females. At the time of sacrifice of K@ &1 parental males and retained F2 male
offspring, testicular homogenization-resistant spaid head count and calculation of daily sperm
production and efficiency of daily sperm productwere determined from one frozen testis/male
for all males. In addition, number, motility, andrphology of sperm from one cauda epididymis
were evaluated in these same animals. Histopatitoés@luation of the ovaries with oviducts (2),
testis (1), vagina, epididymis (1), uterus with viber seminal vesicles (2), and prostate was
conducted on the FO and F1 parental animals aatheet F2 male offspring from high dose and
control groups.

Treatment-related systemically toxic effects wendted to consistent and persistent reductions in
body weights and weight gains in both sexes inRbeF1, and F2 generations at 2000 ppm. Feed
consumption was unaffected. There were no clinikeervations. Body weights during gestation
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were unaffected and were reduced during lactatidfOiand F1 females at 2000 ppm. At necropsy,
FO and F1 parental and F2 retained male absolutaedative organ weights were unaffected for
liver, kidneys, adrenal glands, spleen, and breivere were no treatment- or dose related gross or
microscopic findings for the examined organs, foraad F1 parental animals, and for F2 retained
adult males.

There were no treatment-related effects in FO orféthales on mating, fertility, pregnancy,
gestational indices, number of implants, total pulpge or dead pups per litter, percentage
postimplantation loss (prenatal mortality index), gestational length (in days). Oestrous cycle
length in days and stage of oestrus at necropsg eguivalent across all groups. There were no
treatment-related effects on absolute or relatigpraductive organ weights or on gross or
histological examinations of the reproductive orgaRaired ovarian follicle counts were similar
between high dose and control FO and F1 femalesteTWwere no effects of treatment in FO or F1
males on mating or fertility indices. There wergoaho treatment-related effects in FO, F1, and
retained F2 males on absolute or relative weiglitshe testes, epididymides, prostate, dorsal
prostate, or seminal vesicles plus coagulating dfarand no effects on epididymal sperm
concentration, percentage motile or progressivadjyilensperm, testicular homogenization-resistant
spermatid head counts, daily sperm productionffaiency of daily sperm production. Percentage
abnormal sperm was also unaffected for parentarféOF1 males and for retained F2 males. There
were no treatment-related gross or microscopicirigs on reproductive organs for FO, F1, or F2
adult males.

As to the offspring, pup body weights per litterreveeduced at 2000 ppm for both F1 and F2
offspring during the later period of lactation (pbd and 21). There were no significant changes in
organ weights at weaning. The mean age of acquisidf vaginal patency in F1 females ranged
from 30.5 to 31.8 days, with the mean body weighacguisition ranging from 97.83 to 91.91 g.
The mean age of acquisition of preputial separatidfil males ranged from 43.1 to 44.7 days, with
the mean body weight at acquisition ranging fror.82 to 207.01 g. When the age at acquisition
was statistically analyzed by analysis of covarea(ENCOVA), with body weight as the covariate,
only the ages at acquisition of vaginal patency @neputial separation at 2000 ppm were
statistically significantly delayed?(< 0.01) from the control group values. The saméssizally
significant minor delays in vaginal patency weresetved at 2000 ppm in F2 females (31.3 days)
versus the control value (30.6 days), and in piapseparation at 2000 ppm in F2 males (43.6
days) versus the control value (42.2 days), withstadistically significant effects on body weights
at acquisition. The delays in vaginal patency mdées and in preputial separation in males at 2000
ppm were relatively minor (both less than 2 dags)} were considered related to the lower body
weight, starting late in lactation and continuirfgough the post wean exposure period. The
statistically significant effect on acquisition céproductive landmarks in F1 offspring required
measurement of anogenital distance in newborn Q)rie2 offspring, as specified in the US EPA
guidelines. Anogenital distance in males was edenta (statistically and biologically;
approximately 2 mm) across all groups, with F2 nmalp body weights per litter also statistically
equivalent across all groups. Anogenital distanteghie newborn F2 females was significantly
longer in all 4-tert-octylphenol-exposed groupsthwnean values of 0.79, 0.81, 0.85, and 0.79 mm
at 0.2, 20, 200, and 2000 ppm, respectively, coethto the control group mean value of 0.76 mm,
with no significant differences among groups fanéde body weight/litter at birth.

In summary, effects related to 4-tert-octylphendianistration in adult animals were limited to

decreased body weights and weight gains in the thoge group. There were no treatment-related
effects in reproductive measurements, reproductirgans, or extensive evaluations of sperm
measurements in three generations of males. Effecspring occurred only at the high dose and
were limited to reduced body weights and sligh#aged vaginal opening and preputial separation,
considered related to reductions in body weighh.g&he reduced pup body weight occurred not
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before the later part of the lactational periodewlhe pups were self-feeding and therefore dyrectl
exposed to high daily doses of 4-tert-octylphenol the diet by ingestion. No effects on
reproductive parameters, testes weights or morgiyplepididymal sperm counts, or morphology,
daily sperm production, efficiency of daily spermoguction, or prostate or dorsal prostate weights
or histopathology were observed. Further, no estrdike effects on males or females and no low
dose effects were evident.

NOAEL systemic toxicity/postnatal toxicity: 2001mpp(11-33 mg/kg/d)
NOAEL reproductive toxicity: 2000 ppm (111-369tkg/d)

In a further study (Yoshida et al. 2001) male Combyu neonatal rats were exposed to 4-tert-
octylphenol receiving a first s.c. injection of 10@/kg bw 24 h after birth. Pups were then treated
every other day until pnd 15 (for a total of eigimes: pnd 1, 3, 5, 7, 9, 11, 13, and 15). Body
weights in control and 4-tert-octylphenol treatethzals were measured throughout the study. All
animals were checked for clinical signs, developnaed abnormalities of the external reproductive
tract. At 13 weeks of age, seven males from boéhdbntrol and the 4-tert-octylphenol treated
group were selected and mated with untreated fesrtaleexamine reproductive ability. After 21
days of gestation numbers of implanted live andlead pups and their body weights were
examined. At 18 weeks of age theses males werenated. From these animals (n=7) epididymal
sperm head numbers were determined and brains rpcegar morphometry of the sexually
dimorphic nucleus of the preoptic area (SDN-POAjefE were no differences between animals of
the control and the treated group in mating suceesssfertility including average number of live
embryos per litter.

4.9.2 Developmental toxicity
Studies with oral administration to the dams — in tero exposure

In a study (Harazono et al. 2001) aiming at theluaton of effects on early pregnancy and
maintenance of pregnancy groups of 16 sperm pesiémale Wistar rats each were given 4-tert-
octylphenol daily by gastric intubation at a do$d.%.6, 31.3, 62.5, 125, 250 (n=6), and 500 (n=7)
mg/kg bw on pregnancy days O (sperm plugs deted¢tedugh day 8 of pregnancy. The vehicle
control group received olive oil. Maternal body gi#, food consumption and clinical signs of
toxicity were recorded daily. Dams were terminatedday 20 of pregnancy and the numbers of
live and dead fetuses and the numbers of uteripéaimation sites and resorptions were recorded.
Live fetuses were sexed, weighed and inspectedeternal malformations and malformations
within the oral cavity. In the high dose group, sdlven rats died by day 6 of pregnancy and two of
the six rats treated with 250 mg/kg bw died dutimg administration period. Clinical signs such as
diarrhea and loss of fur were in animals treatetth wi62.5 mg/kg bw. The body weight gains from
dose groups > 31.5 mg/kg during the treatment degied on days 0-20 were significantly lower
than those of control groups. Net weight gain &f dams, however, did not differ significantly
from that of the control group. The food consummptan days 0-9 and on days 0-20 of pregnancy
was significantly decreased in all treated groupd%.6 mg/kg bw) compared with control values.
There were no significant differences in the pregyarate between treated animals and the control
group. The numbers of corpora lutea, implantatibessand pre-implantation loss per litter in the
treated animals were not significantly differenvrfr the control. A significant decrease in the
numbers of live fetuses per litter was observe8ilab and 125 mg/kg, and a significant increase in
the incidence of post-implantation loss at dosafes31.3 mg/kg bw. The sex ratio of live fetuses
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was comparable across all groups. Body weightsadé rand female fetuses was comparable across
groups. No significant increases in the incidenckdetuses with external malformations were
observed.

LOAEL/maternal toxicity: 15.6 mg/kg bw/day (basa reduced food intake)

NOAEL/develop.toxicity: 15.6 mg/kg bw/day (basewl stat. sign. increased percentage
of post-implantation loss)

In a study (Veeramachaneni, 2006) aiming at theticgiship of atypical germ cell development and
abdominal location of testes groups of Dutch-Beltubit does (n=4-6 per group) were treated on
alternate days between gestation days 15 and 30 watious chemicals including 4-tert-
octylphenol at a dose of 150 mg/kg (orally in ceyrup). At 6 weeks of age male pups were
weaned, caged individually and monitored weeklytésticular descent to a scrotal position. At 24-
26 weeks of age rabbits were killed and testeslidypnides and sex accessory glands weighed and
evaluated for any gross abnormalities and left iggiat testes processed for light and transmission
electron microscopy. As a result, one of four 4-tetylphenol pups was found unilaterally
cryptorchid. Atypical germ cell resembling gonosytend pre-spermatogonia were found in the
undescended testis but not in testes of pups suisgiceated on pnd 21 to remain cryptorchid. The
authors concluded from their study that abnormaletigpment of germ cells could result from
direct actions of chemicals when exposed duringcatiperiods of gonadal differentiation but not
from abdominal location of the testis per se.

In a study (Sharpe et al. 1995) aiming at the emo of effects on testicular size and
spermatogenesis in adulthood (e.g. at 90-95 daymgef in male Wistar rats after fetal/neonatal
exposure to 4-tert-octylphenol dams were exposeset@ral chemicals via drinking water either
during lactation only, e.g. days 1-22 after birgtufly 1) or 2 weeks before mating, throughout
mating and gestation up to day 22 after birth \thetir litters culled to eight pups on the day afhbi
(study 2) as in study 1, or with full litter sizeamtained (study 3). This pre-/postnatal exposure
scheme was thought to cover in particular the fan@tion period of Sertoli cells (study 1, to cover
the postnatal period of Sertoli cell proliferatiperiod, study 2 and 3 to cover the whole period),
which are considered to determine the ultimataddsir size in mammals. 4-tert-octylphenol was
offered to the animals at drinking water concemdregt of 10, 100 and 1000 pg/l, DES served as a
positive (estrogenic) control at concentrationd@® pg/l.

Prenatal exposure to 4-tert-octylphenol did nogcfiitter size and composition. For none of the
treatments any adverse effects on the testiculapmetogy or on the cross-sectional area of the
lumen or seminiferous epithelium at stages VII-\bH the spermatogenesis had been observed.
Testicular morphology was indistinguishable in aasrfrom the control and treatment groups, and
no obvious abnormalities in the seminiferous tubuiaterstitium, or vasculature were evident.
Given that litters had been either culled or fuligintained during the studies any treatment-related
effects on body weight at weaning or at adulthoodla not be assessed with certainty Also, there
was an obvious variance in the body weight of toetol groups (for weanlings as for adults)
during the 3 studies, and no consistent effectshody and relative testes weights) across the
studies was revealed for DES. At drinking waterasorirations of 1000 pg 4-tert-octylphenol /I
relative testes weights were found to be slightly dtatistically significantly reduced (5-13 %) and
relative kidney weights slightly but statisticaflignificantly increased in adult males. Furtheilyda
sperm production (determined in some animals freumys3) was significantly reduced for about
10%. The effects observed for DES and 4-tert-obtl| during this study, however, could not be
reproduced from the performing laboratory at aeddht instant, when also problems with testicular
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weights and body weights in the control male angwatre reported (Sharpe et al. 1998). Therefore,
results of the study should be considered cautyousl

In a further study (Kamei et al. 2008) aiming ahégrowth in vivo groups of 3 pregnant ICR mice
each were exposed to 4-tert-octylphenol in thaimkiing water at concentrations of either 1 mg/ml
(LD group) or 10 mg/ml (HD group) beginning on d&y of pregnancy. The control group received
drinking water containing 0.2% ethanol (vehicle ttol). Based on water intake determined on
days 13 and 16 of gestation the average intakleeofLD group was estimated to 0.20 mg/kg bw and
of the HD group was estimated to 1.96 mg/kg bw. Bavere allowed to litter and drinking water
exposure continued during lactation. After weanitigg pups were continued on the according
drinking water concentration and terminated on matst day 30. Offspring body weights and
weights of parametrial (females) and epididymal I&sga adipose tissue were taken, length of
femurs determined, and serum osteocalcin measBegghheral quantitative computed tomography
(pQCT) was performed to investigate bone growththaf (right) femur, and the expression of
alkaline phosphatase (ALP) was examined in pefiostells (of the left femur) by
immunohistochemical staining. 4-tert-octylphenolpesure via drinking water did not affect
numbers of pupsl/litter in the control, LD or HD dogroup. There were no differences between
groups in body weights, weight of adipose tisseagth of femur and osteocalcin, except for
females pups of the LG group (n=12) and the HD gr@n=19) with lower levels of serum
osteocalcin in comparison to females of the cordroup (n=19) and except for females from the
HD group displaying statistically significantly (p<05) slightly higher body weights (20.9 + 0.4 g)
in comparison to females from the control group.Z19 0.4 g). pQCT analysis of the femoral
diaphysis in females did not show differences betwgroups (controls: n=19; LD: n=12, HD:
n=19) for cortical bone density, cortical bone amatical thickness and various strength indices.
Compared to the controls periosteal circumferencd andosteal circumference was slightly
smaller for the LD group but not for the HD grom®@CT analysis of the femoral distal metaphysis
in females revealed slightly higher total bone dgrend an increase in one of the strength indices
in the HD group but no change between groups femther parameters. No information/data were
provided for pQCT analysis of femurs from malese Buthors concluded from their investigation
that periostal bone formation was inhibited fronpesure to 4-tert-octylphenol during pre- and
postnatal periods with the inhibitory effect moremounced in females than in males.

In a study on Wistar rats (Pocock et al. 2002) at$feof maternal dietary exposure to 4-tert-
octylphenol were investigated on a variety of betanal endpoints (in their offspring). The study
also incorporated determinations of ultrasound lkoaton. It is reported that 4-tert-octylphenol
was dissolved in wax at known concentration befoneng with the rodent diet. Wax blocks that
were fed to the animals consisted of 105 g paraffax (octylphenol carrier) to 195 g powdered
rodent diet and was produced by melting wax (witknawn content of 4-tert-octylphenol) and
mixing with preheated powdered diet. No reliableadae provided on the quantitative intake of the
test compound. In a first step, palatability wasraied with increasing doses (0, 25, 75, 750,
3000, and 7500 ug 4-tert-octylphenol/g wax) indret for consecutive 2-day periods in three male
and three female rats. Three females were maimtainghe diet with 3000 pg 4-tert-octylphenol/g
wax throughout pregnancy and lactation. The higldeste was discontinued after the first day
because the animals would not eat it. In a secteqa groups of 4-5 ovarectomised females each
were given 4-tert-octylphenol in the diet (0, 25, 750, and 3000 pg 4-tert-octylphenol/g wax)
over 72 hours and estrogenic activity determineccély proliferation in the uterine and vaginal
luminal epithelium as measured by the number dallmitosis in these tissues. There were no
significant differences in uterine weight in theett-octylphenol-exposed animals in comparison to
the controls. In comparison to the controls, slighthcreased mitotic indices were seen in the
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uterine luminal epithelium of animals of the highdgetary concentration and in vaginal luminal
epithelium higher mitotic indices in animals expibs$e 750 or 3000 pg 4-tert-octylphenol/g wax. In
a third step, two groups of 11 males and femalek @& re maintained (time period not reported)
either on control diet or on a diet containing 3Q0§ 4-tert-octylphenol/g wax (authors roughly
estimated gross intakes of 95 - 250 mg 4-tert-pbigthol/kg bw/d) and mated. The dosage of 3000
g 4-tert-octylphenol/g wax was chosen, becaus@&st shown to be the highest dosage to be both
estrogenic and palatable and should therefore sndhe maximal effects of 4-tert-octylphenol
through the physiologically relevant route of drgt@xposure. After mating, the animals were
maintained on the same diet throughout pregnandylaatation. On postnatal day 21, the offspring
were weaned and maintained on a normal diet aneéaeld to various behavioural tests for a study
period of up to postnatal days 325-327. There wwredifferences between groups in food
consumption. All mated females produced littershwitimbers of litters and sex ratio similar in
control and 4-tert-octylphenol-treated groups. Atthh there were no significant differences
between the weights of offspring of the 4-tert-¢iyenol-exposed groups compared to controls. 4-
tert-octylphenol-exposed animals were significatiiipter than controls at weaning and throughout
the entire observation period despite no signitichffierences in food consumption. Absolute organ
weights of kidneys and of spleens were significargduced in females (at pnd 345) and in males
(at pnd 265). Evaluation of prepubertal effects:erEhwere no significant effects of 4-tert-
octylphenol exposure on anogenital distance at $ma males or females or on uterus or ovary
weights or the mitotic indices in these tissue$emale pups at pnd 7. There were no significant
effects of 4-tert-octylphenol exposure on testicwaights or the diameter of seminiferous tubules
in male pups at pnd 19. The age at vaginal opewniag similar in 4-tert-octylphenol-exposed
females compared to controls (35 days) despite thiéerence in growth rate. The average age at
preputial separation was the same for the 4-tdgthmlvenol-exposed male pups and the control
animals (43 days). Evaluation of postpubertal ¢$fe€Cycle monitoring at the age of 2-3 months
showed regular cycles of 4-5 days in both 4-tetidpbenol-exposed and control animals. By 6-7
months of age, cycles were irregular in the 4-¢etidphenol-exposed animals with longer periods
of oestrous smears and a higher proportion of iechsmears compared to the controls. Absolute
ovarian weight was less in 4-tert-octylphenol-exggbfemales at pnd 215. Histological appearance
was normal and showed antral follicles and corgotea. The 4-tert-octylphenol-exposed males
had lighter absolute testes weights at pnd 240 witfaller diameter seminiferous tubules than
controls, although relative testes weights werevieedhan controls. Mating of the first generation
(no details provided) did not reveal any differendetween groups in number of days until the
appearance of vaginal plugs, subsequent litteissanel litter weights. Ultrasound vocalisation by
both male and female 4-tert-octylphenol-exposeds@igpnd 7 was significantly reduced compared
to controls. However, at pnd 12, ultrasound voeaion, both number and duration of calls was
similar in the two groups. In adult animals thererevno significant effects of pre-/postnatal 4-tert
octylphenol-exposure on ultrasound vocalizationwdts reported that in sexual orientation tests
females spent more time in front of the femaledeasnd a greater percentage of visiting time in
front of the female teaser and that sexual behaviesting in males indicated increased sexual
arousal (mount and intromission latencies signifisashortened).

Studies with s.c. administration to the dams — int@ro exposure

In a study aiming at potential effects of in utengposure to 4-tert-octylphenol on rat prenatal
testosterone surge (Haavisto et al. 2003) spernthmégestation day 0.5) female Sprague-Dawley
rats were injected s.c. on days 13.5, 15.5, anbl df7/pregnancy with corn oil (vehicle), DES (0.01,
0.1, or 0.2 mg/kg bw), or 4-tert-octylphenol (011,10, or 100 mg/kg bw). On gestation day 19.5,
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when the prenatal testosterone surge should ogtuthe Sprague-Dawley rats, dams were
terminated and numbers of fetuses, their weightisggmder recorded. Testes from a total of 73 in
utero exposed fetuses were taken, part of them &ewevo cultivated for period of 3 h. Testes and
culture media were collected and stored for hormmeasurements. In utero exposure to 4-tert-
octylphenol had no effect on fetal body weight, veaes fetuses exposed in utero to DES (at
maternal dosages of 0.1 and 0.2 mg/kg) had sigmifig lower body weights. DES at 0.01 mg/kg
bw had no effect on fetal testicular testoster@wels, whereas 0.1 and 0.2 mg/kg bw significantly
reduced fetal testicular testosterone levels fré® B 138 pg/testis in controls to 31 + 55 pg/testis
respectively 12 + 9 pgltestis. 4-tert-octylphenbll@0 mg/kg bw had a tendency to lower fetal
testicular testosterone levels, but the effect masstatistically significant. When testes exposed
utero to 4-tert-octylphenol were taken into ex viigsue culture, testosterone secretion was similar
to that of controls, whereas testes exposed to BBSved a steep depression in secreted
testosterone concentrations.

In a study aiming at potential effects of prenatgbosure to 4-tert-octylphenol on the reproductive
tract of male rats (Aydogan and Barlas, 2006) paegWistar rats (n=4/group) were given daily
s.c. injections of corn oil (vehicle control), 16@3, or 250-mg 4-tert-octylphenol/kg bw during
pregnancy (day 1-20). Maternal body weight, foodstomption and clinical signs of toxicity were
recorded daily. Dams were allowed to litter andspfing grown up until adulthood (2.5 months of
age). At termination final body weights were taler organ weights of testes, epididymis, caput
epididymis and prostate. Besides histopathologwaluations also morphometry of seminiferous
and epididymal tubules and sperm counts and moogladf epididymal sperm was performed. No
data were provided on the performance of the danas @regnancy outcome and data from 16, 14,
and 11 male pups only were finally reported. Fipadly weights of the male offspring from the
250-mg group were statistically significantly higti228.9 + 6.9 g) than those of the controls (203.7
+ 5.5 g) and the 100-mg group (204.5 = 7.1 g). €heere no changes in left and right testes
weights between groups. Absolute right epididynmd prostate weights were increased in the 250-
mg group; however, there were no differences batwggeups in relative organ weights. Organ
histopathology revealed some changes in the epmglyf the 250-mg group with increased
epithelial height (29.4 + 1.9 versus 22.2 £ 0.9 vcontrols) and mononuclear cell infiltration.
There were no changes between groups in organ iafighe caput epididymis and in epididymal
sperm count. However, sperm morphology revealetigatancrease in percentage of abnormal
sperm (of 24 versus 16 % in controls) in the offspof the 250-mg group mostly attributable to an
increase in coiled tail.

In a similar study (Goétekin and Barlas, 2007, 208i&)ing at potential effects of prenatal exposure
to 4-tert-octylphenol on organs of the endocringay 4, 5, and 5 pregnant Wistar rats respectively
were given daily s.c. injections of corn oil (vdeiccontrol), 100-mg, or 250-mg 4-tert-
octylphenol/kg bw during pregnancy. Maternal bodgight was recorded weekly. Dams were
allowed to litter and raise their offspring. Aft@eaning male and female offspring were allowed to
grow until 2.5 months of age, with food and watdake recorded daily and body weights recorded
weekly. At sacrifice adrenal, hypophysis, pancrabgroid and parathyroid were removed and
investigated morphologically and histopathologigalFor the dams there were no differences
between groups in food consumption and water intél@vever, dams from the 250-mg group
revealed a statistically significantly (p>0.05) lembody weight gain (19.3 % as compared to 30.8
% in controls). Litter data, however, were not pded. For the offspring there were no differences
between groups in food consumption and water intBke¢a from 12 female/14 male, 10 female/18
male, and 15 female/12 male pups respectively wegerted for the vehicle control and the 100-
mg and 250-mg treatment groups. Only final bodygives at the age of 2.5 months were provided,
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indicating significantly higher body weights of fates (201.7 + 10.5 g) and males (239.2 £ 9.7 Q)
of the 250-mg treatment group when compared torotsn156.7 + 3.6, resp. 167.8 £ 9.9 g) and to
the 100-mg group (152.2 £+ 4.9 g, resp. 156.8 1gj.A here were no differences between groups in
absolute and relative organ weights of adrenalacngas and thyroid+parathyroid, except some
decrease in relative organ weights of adrenals tagpbid+parathyroid in males of the 250-mg
group. Histopathological findings were reportedparticular for the 250-mg group offspring for
adrenals (cellular degeneration, thickening of oeppsoedema, congestion), pancreas (Langerhans
cell degeneration), thyroid (damaged follicles, tyfatissue increasing, expanded follicles,
mononuclear cell infiltration) and for pituitaryagld (cellular degeneration, congestion). Clinical
chemistry or any functional parameters were noluaed.

In a further similar study (Barlas and Aydogan, 20@iming at potential effects of prenatal
exposure to 4-tert-octylphenol on liver, kidneyleem and hematologic parameters pregnant Wistar
rats (n=8/per group) were given daily s.c. injexsiof corn oil (vehicle control), 100-mg, or 250-
mg 4-tert-octylphenol/kg bw during pregnancy (P)-ZBams were allowed to litter and offspring
grown up until adulthood (2.5 months of age). Abhtmation final body weights and organ weights
of kidneys, liver and spleen were taken, and blsadhples were collected from the heart.
Concerning pregnancy data there were no differebeeseen groups in length of pregnancy, initial
and final dam body weights and in body weight ghinng pregnancy, and in mean litter size. Data
from 15 to 28 offspring females/group and from 2130 offspring males/group were reported.
Body weight gain of males and females during grotetdulthood did not differ between groups.
Final body weight of the males of the 250-mg treathgroup was significantly higher (233.5 + 6.5
g) when compared to controls (191.9 £ 4.7 g). Amarajes, there were no differences between
groups in relative organ weights of kidneys ancersy however, relative spleen weight was
increased in the 100-mg group but not in the 250gnogip. Among females, relative organ weights
of kidneys and livers were decreased (p< 0.05hén250-mg group in comparison to the controls,
relative spleen weights unaffected. Haematologacallysis revealed changes in offspring from the
250-mg group with increases in percentage of goaytes in females, decreases in platelet counts
in males and females, slight decreases in red ldethdounts in males and females and increases in
micro-red blood cell counts in males and femalethef250 — and 100-mg graugistopathological
evaluations revealed changes in offspring from2b@-mg group in liver tissue (lipid deposition,
degeneration of hepatic parenchyma, mononucledgiration), kidney tissue (oedema, tubular cell
degeneration) and in spleen (degeneration of sptessue, increased hemosiderin deposition).

Given that dams from these three studies were teglgasubcutaneously injected with high doses
of 4-tert-octylphenol and for a long period (20 5%02mg/kg bw) and not any information provided
on local, on systemic or on pregnancy side effeetsylts of these studies should be considered
with care.

In a study aiming at effects of prenatal exposuretttert-octylphenol on oocytes in newborn
females (Sonne-Hansen et al. 2003) groups of predislRl mice were treated with s.c. injection
of either peanut oil (vehicle control), 100 pg DEpbw, 1 mg 4-tert-octylphenol/kg bw or 250 4-
tert-octylphenol mg/kg bw from embryonic day (E0).3.to ED 16.5 (day of plug=ED 0.5). On the
day of birth gonads were taken from newborn femalad one ovary from each individual prepared
for counting the numbers of prefollicular, folliew] and atretic oocytes in the ovaries used the
optical fractionator stereologic method. Eight assareach were examined from the DES, 4-tert-
octylphenol-1mg and 4-tert-octylphenol-250mg grqoupisereas 9 ovaries were examined from the
control group. The general ovarian morphology dud aiffer between groups. All germ cells had
reached the oocyte stage and were present througt®ovaries with highest density in the outer
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cortex. Developing follicles were primarily seen time medulla and the inner cortex. Neither
prenatal exposure to DES nor to 4-tert-octylpheaitécted the total number of oocytes or the
percentage distribution of atretic, prefolliculand follicular oocytes indicating, that fetal femal
germ cell proliferation and survival, or early fole formation had not been impaired.

Studies with s.c. administration — direct pup expasre

In a study analyzing the potency of three diffelseréndocrine-active compounds to acutely
interfere with growth and steroid synthesis of mfaat testis (Mikkila et al. 2006) randomly
selected neonatal male rat (Sprague-Dawley) pupsived a first s.c. injection of either 4-tert-
octylphenol, DES (as a nonsteroidal estrogen)utarfhide (FLU, as a non-steroidal antiandrogen) 6
h after birth and then serial doses until pnd &, five doses altogether. Groups of 11, 10, and 20
pups received s.c. dosages of 10, 50, and 100 teg-detylphenol/kg , respectively; groups of 12,
18, and 12 pups received s.c. dosages of 0.1a0cb1.0 mg DES/kg, respectively; groups of 22,
25, and 30 pups received s.c. dosages of 2, 102amig FLU/kg, respectively; a total of 30 pups
received s.c. injections of the according vehi@®ISO for 4-tert-octylphenol and DES, corn oil
for FLU). Pups then grew until the day of analy§sd 14) with the dam to which they were
allocated and measurements of circulating testms¢erand gonadotropin (LH, FSH) levels,
testicular testosterone and progesterone productimn testis culture ex vivo) as well as
steroidogenic acute regulatory protein (StAR) arfidh8droxy-steroid-dehydrogenase (3R3-HSD)
type | protein expression levels were performedel as histological analysis and measurement of
the seminiferous cord diameter in testes. 4-teghploenol treatment had no effects on body weight
or on testis weight of the 14-day-old male rat m$a Compared to controls, the testes of 4-tert-
octylphenol treated males showed no overt histoedgithanges in Leydig cells and seminiferous
cords. Plasma testosterone, LH and FSH levels natrsignificantly altered in 4-tert-octylphenol
treated animals, whereas in contrast in the DE&eddeanimals plasma testosterone levels were
suppressed by 82-91% and an increase in LH levatssgen. In 3-h ex vivo culture, basal as well
as hCG-stimulated testosterone secretion of tdsbes 4-tert-octylphenol treated males did not
differ from that of the controls. Similarly, basatratesticular testosterone concentrations as agl|
testicular testosterone concentration after hC@tdation did not differ from that of the controls.
Basal progesterone secretion was not affected stedefrom 4-tert-octylphenol treated males.
However, in testes from animals that were treatétt W00 mg 4-tert-octylphenol/kg the hCG-
stimulated progesterone secretion was slightlyattsl (p< 0.5). 4-tert-octylphenol treatment did
not alter the pattern of StAR protein expressiohemas in DES treated groups StAR expression
was suppressed by 41-44 %. No changes were four3fsISD type | protein expression.

In a study aiming at effects of exposure to estnagehemicals to the developing male reproductive
system, in particular to effects on the excurrardtsl of the rat testis as a specific estrogen seasi
target (Fisher et al. 1999), male rat pups (Wistaegived s.c. injections of 2 mg 4-tert-octylphleno
(in oil) at serial doses from pnd 2-12, i.e. 11aaltogether. This dosing approached the maximum
solubility in oil and is considered an approximeatgiivalent exposure to 150 mg/kg bw/d (Williams
et al. 2001). DES was administered at doses of1).4r 10 pug/kg from pnd 2 -12 every other day
and ethinylestradiol was administered at a dosqig/kg from pnd 2 -12 every other day. Groups
of animals were sampled on days 10, 18, 25, 35,7&ndf age and testis and epididymis taken.
Testes were processes and examined for the mogpholothe efferent ducts and rete testis (rete
testis distension) and for epithelial cell heighthe efferent ducts by immunocytochemistry for the
water channel protein aquaporin-1 (AQP-1) and syieset image analysis. Animals treated with 4-
tert-octylphenol showed minor reductions in AQPsimunostaining (epithelial cell height of the
efferent ducts) at days 18 and/or 25. In animads were followed through to day 35 days and/or
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adulthood, these changes were no longer obviobsy garameters were either unaffected or were
affected marginally and transiently. Animals trelwath DES showed dose-dependent changes in
testis weight and in all parameters. These effagge most pronounced at days 18 and 25 and
appeared to lessen with time, although some pedsisito adulthood. Neonatal treatment with
ethinylestradiol caused changes broadly similahése induced by 10 pug DES.

In a study aiming at effects of exposure to estnagehemicals to the developing male reproductive
system, in particular pubertal development of tlmisiferous cords/tubules of the testis,
respectively on the first wave of spermatogenesmiberty (Atanassova et al. 2000), male rat pups
(Wistar) received s.c. injections of 2 mg 4-tertyjghenol at serial doses from pnd 2-12, i.e. 11
doses altogether. This dosing was considered arodppate equivalent exposure of 150 mg/kg
bw/d (Williams et al. 2001). DES was administeredases of 0.01, 0.1, 1, or 10 pg/kg from pnd 2
-12 every other day. Since treated animals werentaiaied on a standard soy-containing diet,
additional groups remained untreated but were kepha soy-free diet. Animals were evaluated on
pnd 18 (and pnd 25) for plasma levels of testostermhibin and FSH, seminiferous tubule lumen
formation and germ cell apoptotic index, testis gheiand Sertoli cell nuclear volume, and for
pubertal spermatogenesis (indicated by the nuslelume of spermatocytes per unit Sertoli cell
nuclear volume). Adult animals (pnd 80-100) werealeated for adult testis weight and
morphology and for mating and fertility. DES admsination caused dose-dependent retardation of
pubertal spermatogenesis on pnd 18, evidenced drgates in testis weight, lumen formation, and
spermatocyte nuclear volume per unit Sertoli cetl alevation of germ cell apoptotic index. In
adulthood testes weight was decreased dose depbniterats treated with DES neonatally with
DES with only the lowest dose group showing evidefar mating and fertility. Animals treated
neonatally with 4-tert-octylphenol as adults hadnmal testis weights and exhibited reasonably
normal mating and fertility. Males from the 4-texttylphenol group on pnd 18 in comparison to
their controls, however, showed higher testis weghd slightly increased Sertoli cell nuclear
volume as well as some advance in lumen formatih @ increase in spermatocyte nuclear
volume per unit Sertoli cell nuclear volume. Thddawas also seen in the animals from the two
lower DES groups (0.01 and 0.1 pg/kg) and in arsnfraim the soy-free diet group. These effects,
however, were not seen when animals were evalwatguhd 25 and therefore considered a kind of
transient stimulatory effect on these processes.

In a further study (Williams et al. 2001, 2@)la systematic analysis of the impact of the
estrogen/androgen environment of the neonatal ratsex steroid receptor expression was
performed with the seminal vesicles as a targstiéiof the male reproductive system and with 4-
tert-octylphenol included to represent a weak @sinac challenge. Altered expression of androgen
receptor (AR, reduction) and/or progesterone rece(PR, induction) was considered defining
features of estrogen induction of abnormalitiethef developing male reproductive system, as well
as altered expression of estrogen receptors (BRjriticular increased expression ofcERlale rat
pups (Wistar) received s.c. injections of 2 mg 4-tetylphenol at serial doses from pnd 2-12, i.e.
11 doses altogether. This dosing was considerepproximate equivalent exposure of 150 mg/kg
bw/d (Williams et al. 2001). DES was administerédlases of 0.1, 1, or 10 pg/kg and EE was
administered at a dose of 10 pg/kg from pnd 2 M \eother day. Animals were evaluated on pnd
18 and seminal vesicles taken for evaluation ofsgranorphology and processed for
immunolocalisation (including semiquantitation)stfomal and epithelial estrogen ERERa0, AR
and PR. Treatment with 10 pg DES/kg induced losemfthelial and stromal AR expression
coincident with induction of stromal PR expressam upregulation of stromal expression ofaER
These changes were associated with gross distser¢iocrease) of the normal stromal:epithelial
tissue proportions in the seminal vesicles. Treatmath EE or the lower dosage of DES (1 pug/kg)
induced similar but less pronounced changes. Tatnvith 4-tert-octylphenol did not cause any
detectable change in sex steroid receptor expressim seminal vesicle tissue composition.
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In a further study (Sharpe et al. 2003) a systanatalysis of the impact of the estrogen/androgen
environment of the neonatal rat on the developnoériteydig cells was performed with 4-tert-
octylphenol included to represent a weak estrogeimadlenge. Male rat pups (Wistar) received s.c.
injections of 2 mg 4-tert-octylphenol at serial d®@from pnd 2-12, i.e. 11 doses altogether. This
dosing was considered an approximate equivalenbsexp of 150 mg/kg bw/d (Williams et al.
2001). DES was administered at doses of 0.1, 1,0opg/kg from pnd 2 -12 every other day.
Groups of animals were sampled on pnd 18, 25 n85aa adults (pnd 75-93) with blood taken for
the determination of plasma testosterone levels wailth testes taken for organ weights
determinations and determinations of Leydi@-E8SD immunostaining positive) cell volume and
number per testis. Treatment with DES caused lprd@se-dependent suppression o testis growth,
Leydig cell (nuclear) volume per testis and testiasie levels up to pnd 35. By adulthood, Leydig
cell volume/number per testis was comparable wadhtrols in the DES treated rats, although
testosterone levels remained subnormal. Treatméht4atert-octylphenol had no effect on testis
growth or on testosterone levels (except signitigaglevated testosterone levels on pnd 18) and no
effects on Leydig cell development or on final vok per testis.

In a further study (Yoshida et al. 2001) the tinm#se of possible alterations of the male
reproductive system as well as pituitary and gohddamones were investigated in male
Crj:Donryu rats neonatally exposed to 4-tert-odtgipol. Newborn pups (number of pups not
provided) received a first s.c. injection of 100/kggbw 24 h after birth. Pups were then treated
every other day until pnd 15 (for a total of eigimes: pnd 1, 3, 5, 7, 9, 11, 13, and 15). Body
weights in control and 4-tert-octylphenol treatetihzals were measured throughout the study. All
animals were checked for clinical signs, developnaead abnormalities of the external reproductive
tract. At pnd 6, 10, 14, 21, and 28, and at 5,,7arl 18 weeks of age four to eight animals per
group were randomly selected from different littarsd terminated, blood samples taken, organ
weights determined from testes, ventral prostapedidymides, liver, kidney, and thymus and
organs processed for histopathological examinati@noss sections of testes were evaluated for
spermatology. At 13 weeks of age, seven males troth the control and the 4-tert-octylphenol
treated group were selected and mated with unttdateales to examine reproductive ability. After
21 days of gestation numbers of implanted live andkead pups and their body weights were
examined. At 18 weeks of age theses males werenated. From these animals (n=7) epididymal
sperm head numbers were determined and brains rpcegar morphometry of the sexually
dimorphic nucleus of the preoptic area (SDN-POA)).mdood samples were examined for serum
FSH, LH, inhibin, E2 and testosterone. It is repdrthat s.c. injections of 4-tert-octylphenol calise
inflammatory changes of skin or subcutis of the ugsulting in scab formation. Body weight
development was comparable between the controlstentreated groups. Slight but statistically
significantly lower relative organ weights were ebh&d for testes at the age of 10 days until 5
weeks, for epididymis at 4 weeks of age, and fasfate at 7 weeks of age. No such differences
between groups were observed at the later aged8L&rweeks). No differences between groups
were detected for the organ weights of pituitagreaals, liver, kidney and spleen at any age. No
treatment-related changes were observed in angdaptive organs including those with depressed
weights during histopathological examination. Apgdly normal fetal Leydig cells were found in
both control and treated rat testes at pnd 6 an®é&@eloping and mature Leydig cells were visible
in the interstitium of both control and treated ype at 21 days and thereafter. Data from
morphometrical stage analysis of testicular spevgetesis did not reveal any significant
differences in the number of germ cells, Sertoliscer Leydig cells between the control and the
treated groups. There were no differences betwaenads of the control and the treated group in
mating success and fertility including average nendf live embryos per litter. Epididymal sperm
head numbers at 18 weeks, however, were slightlyaed (p<0.05) in treated animals (145 + 22
Mio/epididymis) in comparison to the controls (1®Q7 Mio/epididymis). No differences between
groups were found in the area of the SDN-POA dtsrength or width. In the 4-tert-octylphenol
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treated group prepubertal FSH levels were lowen tinathe controls until pnd 14 and markedly
increased thereafter with values being signifigastevated from 5 to 8 weeks. LH levels did not
reveal any consistent differences between groups.té&stosterone levels in the 4-tert-octylphenol
treated animals up to 7 weeks of age were sigmifigdower than in the controls.

In a study on Wistar rats (Bicknell et al. 1995¢ #bility of 4-tert-octylphenol to induce estrogen-
dependent sex differences in the sexually dimorphideus of the preoptic area (SDN-POA) of the
rat was investigated and compared with DES. Prdgras on the 4 last days of gestation were
injected s.c. with either ethyl oleate (vehicle twol), 20 pg DES or 40 mg 4-tert-octylphenol.
Following delivery of litters, all pups receiveddaily s.c. injection on postnatal days 1-4 of aithe
the vehicle, 1 pg DES or 2 mg 4-tert-octylphenattelts were weaned at 21 days and sexes caged
separately from 24 days of age. At 60 days of ageaximum of 6 male and female rats per
treatment group were sacrificed, perfused for whmddy fixation and their brains removed for
morphometry of the SDN-POA. SDN-POA area was cated using computer-based image
analysis. Sex-dependent differences in the sizeeEDN-POA were confirmed in vehicle controls
with males displaying a 115 % greater area tharafesn 4-tert-octylphenol treatment was found to
have no effect on SDN-POA morphology, whereas DigBifscantly increased the SDN-POA area
in females by 46 %.

In a study on Crj:Donryu rats (Katsuda et al. 2QGfa time—course of possible alterations of the
female reproductive system as well as pituitary godadal hormones were investigated in female
offspring neonatally exposed to 4-tert-octylphem®dlpreliminary pilot study was included and
performed beforehand to identify the most effectiese and dosing schedule for inducing
persistent oestrus. For this purpose, female papmlfer of pups not provided) were given s.c.
injections of 12.5, 25, 50, and 100 mg/kg bw on pn8, 5, 7, 9, 13, and 15. Oestrous cyclicity was
checked by vaginal smears until rats were 10 weékege. The incidences of persistent oestrous
that occurred in rats given s.c injections of 10§/kg bw once (on pnd 1), three times (pnd 1, 3,
and 5), and eight times (pnd 1, 3, 5, 7, 9, 11,ah8l 15) were also determined. Dosing of 12.5-50
mg/kg bw on every other day until pnd 15 did naisepersistent oestrus. Dosing with 100 mg/kg
bw on pnd 1,3, and 5 or every other day until padrésulted in persistent oestrus in 14 9%,
respectively 100 % of the animals.

For themain studynewborn female pups selected from differentrbti@ceived a first s.c. injection
of 100 mg/kg bw 24 h after birth. Pups were thetied every other day until pnd 15 (for a total of
eighttimes: pnd 1, 3, 5, 7, 9, 11, 13, and 15)eAfveaning, animals were checked daily for vaginal
opening. Oestrous cyclicity was monitored by exation of vaginal smears, and in animals of 10
weeks of age ovulation was confirmed by counting on the oviducts from some 4-tert-
octylphenol treated persistent oestrus and cordtslin oestrus. At pnd 6, 10, 14, 21, 28, 56, ahd
groups of animals were terminated at the oestréages blood samples taken (and pooled for
groups before weaning) for determination of FSH, B2 and progesterone determinations, organ
weights determined from ovaries, uterus, vaginerJikidneys, spleen, adrenals, heart and thymus
and organs processed for histopathological exammafreatment with 100 mg/kg bw at every
other day until pnd 15 significantly acceleratedginal opening (30.6 + 0.4 days in control animals
versus 26.0 + 0.4 days in treated animals; p< 0a&he of the treated animals showed a regular
oestrous cycle throughout the study, and persistesirus was ultimately observed. At 10 weeks of
age, in comparison to the controls no ova were doumthe oviducts of treated animals. Body
weights of the treated rats were statistically digantly lower compared to controls at pnd 6 and
14 and thereafter remained at slightly lower lewakhout statistical significance. Relative weights
of the uterus (0.45 + 0.06 g) of the treated gratgsnd 10 were statistically significantly increds
(p< 0.01) compared to controls (0.20 + 0.03 g)aRet weights of the ovaries of the treated groups
were significantly lower than those in controls particular at pnd 56 and 77. Other organ weights
were not different from control values. Macroscali animals from the treated groups displayed
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enlarged cleft and a hypertrophic mucosal foldha tlitoris at vaginal opening. Histologically,
treatment with 4-tert-octylphenol was associatethwa reduced number of uterine glands during
the immature period before weaning and signifigarébuced uterine gland ontogeny thereafter. In
treated animals terminated at pnd 56 and 77 chamges observed in both uterine lining
epithelium and glands (tall columnar cells, intigeglial small gland formation) diagnosed as
endometrial hyperplasia. Cell proliferation assesxgealed increased activities in the glands of the
lining epithelium, and ER mRNA (evaluated by in situ hybridization) was sigty expressed in
particular in the lining epithelium. In the ovarieEanimals from treated groups from pnd 56 and
77, atrophic changes characterized by folliculatgyand a complete absence of corpora lutea were
found. In the 4-tert-octylphenol treated groupsppieertal FSH and LH levels were consistently
lower than in the controls. In particular, serunHHA8vels of treated animals remained low, whereas
in the controls FSH levels increased significartiBtween pnd 14-28 and thereafter decreased
again. Prepubertal LH levels were also consistdotier than the controls, however, compared to
the levels of controls increased after weaningrangained high until termination. Serum E2 levels
of the treated animals demonstrated essentiallgah® pattern and levels as in the controls. Serum
progesterone pattern and levels were comparalieated animals and in controls until weaning,
thereafter levels in treated animals were abodtthase of the control values.

In a study on Wistar rats (Herath et al. 2001) @ffeof administration of 4-tert-octylphenol to
neonatal females on estrogen-induced daily surfigstaitary gonadotropins were investigated.
Fourteen to 20 pups per group were s.c. injected &ither 100 mg 4-tert-octylphenol/kg bw, 500
Mg 1B-estradiol or with DMSO (vehicle control) from prid15 every other day (total of eight
injections). Dose selection was based on the stidyatsuda et al. (2000a) using a dose high
enough to induce persistent vaginal oestrous. Rugre weaned at pnd 26 and checked daily for
vaginal opening and thereon vaginal smears wemntdRily to check cyclicity until day 110. In a
subset on pnd 78, spontaneous preovulatory LH suegeinvestigated in plasma of DMSO treated
rats in the 4-tert-octylphenol and estradiol trdat&ts with persistent oestrous (n=4/group) on four
consecutive days. In a further subset on pnd 1M$SO, 4-tert-octylphenol as well as estradiol
treated animals underwent bilateral ovarectomy )owith implantation of silastic tubules
containing 1B-estradiol (Img/ml) eight days later (n=5-7). Suhsntly blood sampling was
performed in the morning and in the afternoon aedltonsecutive days. In a further subset on pnd
186, DMSO and 4-tert-octylphenol treated animats4{b/group) underwent bilateral ovarectomy
(ovx) and six days later received s.c. injectiohestradiol benzoate and 24 h later s.c. injectafns
progesterone — a treatment regime shown previdaskyduce receptive behaviour in ovx females
in response to stimulus males — and behaviourdintesvas performed 4 h after progesterone
treatment. Sexual receptivity was quantified bydésis quotient and lordosis rating. Proceptive
behaviour was recorded by noting ear-wiggling angging. Animals from this latter subset also
served for tracing of the SDN-POA areas in therbfpnd 200) in two brain sections/animal. In the
4-tert-octylphenol and Pfestradiol treated animals vaginal opening wasifsogmtly advanced
(pnd 17.1 and 17.0) in comparison to the DMSO adst{pnd 32.9) with 1F-estradiol treated
animals entering persistent oestrous at about prah8 4-tert-octylphenol treated animals at about
pnd 68 (preceded with irregular cyclicity). Sporgans LH surge in the intact animals was seen in
the DMSO controls in the afternoon of day 3 of #4hday monitoring period, but failed in animals
pretreated with 4-tert-octylphenol or with ftéstradiol. 1p-estradiol-induced surges in plasma
LH, FSH and PRL levels in ovx animals revealed isicgnt increases in plasma LH, FSH and PRL
levels in the afternoon of day 2 and day 3 of théda@ monitoring period, but failed in animals
pretreated with 4-tert-octylphenol or with ftéstradiol. Animals of the 4-tert-octylphenol treght
group (n=5) in comparison to animals of the DMS@toal (h=4) had a lower lordosis quotient and
rating, and the relative area of the SDN-POA wammed to be larger than in the DMSO group.
These observations, however, are based on thetigatsn of very few animals only.
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In a further study (Myllymaki et al. 2005b) effectd prepubertal s.c. injections of 4-tert-
octylphenol on plasma FSH, LH, estradiol and prtayese in Sprague Dawley female rat pups was
investigated at the age of their prepubertal pedikes (14-day-old). Groups of female pups (animal
numbers not reported) received s.c. dosages dd,Gnd 100 mg 4-tert-octylphenol/kg on days 6,
8, 10, and 12 of postnatal life. Body weights andvival of animals were recorded. One set of
animals was terminated on postnatal day 14 anddbdamples taken for plasma hormone analysis.
A second set of animals was grown until postnaégl 86 and checked daily for the occurrence of
vaginal opening. Ovaries were taken for (i) foliculture (mainly primary and secondary follicles
and measurement of basal secretion of estradisipgeerone and progesterone, and of hFSH-
stimulated production of CAMP production) and {i)estern Blot analysis of ovarian StAR and
FSH receptor (FSHr) protein levels in pooled owarii is reported that treatment with 4-tert-
octylphenol had no effects on pup survival and odybweight. The age at vaginal opening was
determined in 4, 2, and 5 animals of the contrBintg and 100-mg dosage group, indicating that
postnatal s.c. treatment with 100 mg 4-tert-octghudl significantly advanced vaginal opening
(29.4 £ 1.3 days versus 34.5 + 0.3 days in therobgtoup). On pnd 14, in the group exposed to
100 mg 4-tert-octylphenol/kg the plasma levels 8HRwere significantly reduced (19.9 = 3.1 ng/ml
versus 41.4 + 3.3 ng/ml in the control group) anolgpsterone levels were significantly increased
(2.51 + 0.2 ng/ml versus 1.03 = 0.1 ng/ml in thateal group), whereas plasma levels of LH and
estradiol remained unaffected. On pnd 35 plasma, RFH progesterone and estradiol levels did
not differ between groups. On pnd 14, in the gredposed to 100 mg 4-tert-octylphenol/kg a
decrease (p €.001) in ovarian StAR protein expression was olese No effects were observed on
the expression of full-length, FSHr or two splicingriants of the receptor. On pnd 35 no effects
were observed on both ovarian StAR protein and F86tein expression.

In a study aiming at the development of reprodecfunction after neonatal exposure to 4-tert-
octylphenol (Willoughby et al. 2005) groups of (B+&wborn female pups (Sprague Dawley rat)
received s.c. injections of 5 or 50 mg/kg bw onsdayl0 after birth. Vehicle controls received corn
oil and positive controls received 0.5 mg DES/kg Bwere is no information upon the assignment
of the newborn pups to the various treatment grobpwever, it is reported that litter sizes were
kept at eight with male pups present until wearah@5 d. Body weights were taken weekly and
day of vaginal opening recorded. Some of the pudrgsenimals were terminated and their ovarian
and uterine weights were recorded. Their ovariesewaxamined visually for the presence of
corpora lutea for determination of ovulation. PusleltH release in terms of plasma LH levels were
determined before and after onset of puberty (gdiyethe day before vaginal opening) and in
females that had been implanted sc on day 27 hiftigr with an empty or estradiol-filled silastic
capsule. Vaginal smears of rats were performed deiw40 and 60 days of age in order to
determine effects on the oestrous cycle. Betweean8l065 d of age, animals were terminated and
ovaries collected for investigation of presence anthbers of corpora lutea, preantral, antral and
atretic follicles in order to assess reproductivaction. No significant differences were seen for
body growth curves among the treatment groups. adee at vaginal opening was significantly
shorter in rats treated with DES and with 50 mgr-octylphenol/kg bw. At time of puberty, most
of the animals that had been treated with DES dn 80 mg 4-tert-octylphenol/kg bw did not show
corpora lutea. Like wise, DES- and high-dose 4etylphenol-treated animals showed lower
ovarian organ weights than the controls and higienine weights than the controls. Animals of the
control group revealed a prepubertal LH surge, e&®ranimals treated with 50 mg 4-tert-
octylphenol/kg bw did not exhibit a preovulatory Ldtirge, they rather had consistently higher
basal serum LH levels than the controls. Treatmatit an estradiol capsule increased afternoon
release of LH in plasma of control rats, whereastrob rats treated with an empty capsule did not
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have increased LH release. High-dose 4-tert-oceyiphtreated animals treated with an estradiol
capsule failed to increase LH levels. After vagiapéning, all DES (5/5) and all 50 mg 4-tert- 4-

tert-octylphenol-treated animals (14/14) exhibipedsistent oestrous, whereas all control animals
had regular 4-5-d cycles. Histopathology of thermgrevealed in the DES- and 4-tert-octylphenol-
treated animals significantly reduced numbers opa@ lutea, and significantly higher numbers of

preantral and atretic follicles

In a study on Sprague Dawley rats (Blake and AsHif97) effects of 4-tert-octylphenol (4-tert-
octylphenol) administered to female neonates onnahgpening and oestrous cyclicity were
investigated. Newborn pups derived from 12 litteese mixed together on the day after birth and
randomly distributed to form 12 new groups of pufiee “new litters” each were assigned to four
treatment groups, and pups at the age of one dagy wgected s.c. with either corn oil (vehicle
control), or a single dose of 1.0 mg 4-tert-octg@pbl (according to about 170 mg/kg bw assuming
a pup body weight of about 6 g [Katsuda et al. 20007 mg methoxychlor (considered as weak
estrogenic), or 1.0 mg 2,4,5-trichlorphenol (TX&Qr{sidered as not estrogenic). The study does not
report on any further evaluations of the animalssept that after weaning, the females were
checked daily for vaginal opening. At 40 days oé,a8-11 females were selected at random from
each of the three “new” litters to be kept for ntoring of vaginal oestrous cyclicity starting at 3
months after birth. At that time vaginal smearseverepared and examined daily for three weeks.
In a total of 13 females that were raised from4kert-octylphenol treated group and examined for
day of vaginal opening no differences were obsewithl regard to vaginal patiency in comparison
to the vehicle control. Eleven of these 13 fem&lad been monitored for oestrous cyclicity and
revealed 9/11 females in persistent oestrous asbitedh by the presence of epithelial and/or
cornified cells daily during the 3-week examinatjmariod.

Studies with intraperitoneal injection — direct pup exposure

In a study on ICR mice (Kim S.-K. et al. 2007) etteof 4-tert-octylphenol on the expression of
steroidogenic enzymes and on testosterone productiere investigated on two different
developmental stages. In one set juvenile 15-ddyyales (n=5/group) were untreated (control), or
injected intraperitoneally corn oil (vehicle corjya2 or 20 mg/kg bw 4-tert-octylphenol on five
consecutive days. In the other set adult 8-week-oidles (n=5/group) were injected
intraperitoneally corn oil (vehicle control), 2, 20 200 mg/kg bw 4-tert-octylphenol, or 2 ug i3-
estradiol 17-valerate (EV, positive control) oneficonsecutive days. Animals were terminated 2
days after the final injection and body weights angln weights of spleen and testes recorded and
blood taken for determination of serum testosteroomcentrations. Testes were subjected to
histopathological evaluations including evaluatafrgerm cell apoptosis and analysis of testicular
gene expression. Terminal body weight was sigmfigaeduced in the juvenile animals exposed to
20 mg/kg bw 4-tert-octylphenol. Testis organ weigkds significantly reduced in the juvenile
animals exposed to 2 and 20 mg/kg bw 4-tert-ocph Body and organ weights were unaffected
in the adult animals in either treatment groupsst@® histopathology of the juvenile animals from
the 20mg/kg bw dose group showed slight reductiathé lumen formation of seminiferous tubules
with an increase in number of pyknotic germ cefid ¢he overall number of germ cells inside the
tubules markedly reduced. The serum testosteroneeotration in the animals exposed to 20
mg/kg bw 4-tert-octylphenol during the juvenilegdavas reduced to 30 % of the value observed in
the control group, while in contrast to this, ngrsficant changes were observed in the testosterone
concentrations of adult mice exposed to EV or ttertoctylphenol. In addition mRNAs for
steroidogenic acute regulatory protein (StAR), ebt#rol side-chain cleavage enzyme (P450scc),
and 1a-hydroxylase/Gr.o lyase (P45014) were down-regulated in testes of the juvenildsraf
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exposure to 4-tert-octylphenol, whereas mRNA exgoesof aromatase was unchanged. Animals
exposed to EV or to 4-tert-octylphenol at the adtdge showed no significant changes in the gene
expression of steroidogenic enzymes. P450scc wadynaetected in interstitial Leydig cells by
immunohistochemical staining, and a slightly reduegpression of P450scc protein was observed
in the testis of juveniles exposed to 20 mg/kg bteré-octylphenol. Histological staining for lipids
with oil red O revealed a significantly lower numbe positive Leydig cells in juvenile mice
exposed to 20 mg/kg bw 4-tert-octylphenol with #ieze and number of lipid vacuoles in Leydig
cells also reduced compared to those of the cotgstis. In summary, it was shown that juvenile
exposure to 4-tert-octylphenol inhibits steroidogga by decreasing the expression of
steroidogenic enzymes in the testis, hence reguliimlecreased testosterone synthesis. Diminished
lipid content in Leydig cells together with reductdnscriptional expression of the cholesterol
transport gene, StAR, also support altered chalasteetabolism and/or transport as a potential
mechanism for decreased testosterone productitowioly exposure to 4-tert-octylphenol.

Table 17: [.Compilation of available studies with pe-/peri-/postnatal exposures

Species Duration Dosing Results Reference
Oral administration — in utero exposure
Wistar rat Dosing of | Oral gavage 500 mg: Harazono et al.
dams: 15.6 maternal death (6/6) | 2001
gd 0-8 31.3 250 mg:
, 62.5 maternal death (2/6)
evaluation at| 105 > 62 mg:
gd 20 250 clinical signs, loss of
500 mg/kg fur, diarrhea
bw/d >31.3 mg.
body weight gain
>15.6 mg:
food intake|
125/31.3 mg:
no of live
fetuses/litter]
>31.3mg:
1 post-implantation
loss
Dutch-belted rabbit Dosing of | Oral gavage 1/4 pups unilaterally | Veeramachaneni
dams: 150 mg/kg bw | cryptorchid with 2006
g.d. 15-30 atypical germ cells in
every other undescended testis
day exhibiting
morphological
hallmarks of CIS
Wistar rat Dosing of | Oral drinking no effects on testes | Sharpe et al. 1995
dams: water, morphology
pnd 1-22 4-tert- including
(study 1) octylphenol seminiferous tubule
2 weeks concentrations | epithelium in any of
premating, | of the treatment groups
during 10 pg/l
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mating, 100 pg/l at 1000 pg/l 4-tert-
gestation 1000 pg/l octylphenol:
and until rel. testes wt slightly
pnd 22 with decreased (5-15%),
/without DES _ rel. kidney wt slightly
culling concentrations | jncreased, daily
(studies 2/3) of sperm production
100 pg/l decreased for 10 % ip
study 3
ICR mouse Dosing of | Oral drinking Inhibition of periostal| Kamei et al. 2008
dams: gd 0 | water bone formation
until end of | 1 mg/ml & 0.20| (females > males)
weaning mg/kg bw/d)
with pup 10 mg/ml &
dosing 1.96 mg/kg
continued bw/d)
until pnd 30
Wistar rat Dosing of | Oral diet body wt reduction in | Pocock et al.
dams: during containing wax | progeny throughout | 2002
mating with 3000 pg 4- entire study period
gestation tert- and final kidney and
and lactation| octylphenol/ g | spleen organ wt$
with pup wax
dosing no estrogenic effects
continued in prepubertal males
until pnd and females
325-327

postpubertal females:

irregular cycles and
smears by the age of
6-7 months and
ovarian organ weight
| with normal

histopathology

postpubertal males:
absolute testes
weights &
seminiferous tubule
diameter]

mating of F1
offspring unaffected

ultrasound
vocalisation| on pnd
7, yet unaffected at
pnd 12 and in adult
offspring

sex specific
behaviour reported t¢
be affected

69



ANNEX XV REPORT — IDENTIFICATION OF SVHC

subcutaneous injection — in utero exposure

Sprague Dawley rat Dosing of | 4-tert- Fetal body weight Haavisto et al.
dams: octylphenol: 0.1} unaffected 2003
injected at g.| 1.0 4-tert-octylphenol in
d. 13.5, 15.5/ 10 contrast to DES did
17.5 100 mg/kg bw | not affect fetal
(in total 3x) testicular testosterone

concentrations or
evaluation at| PES: fetal testicular
g.d. 19.5 0.01 testosterone
0.1 production in culture
0.2 mg/kg bw | after explantation

Wistar rat Dosing of | 4-tert- 250 mg Aydogan and
dams: octylphenol: male progeny body | Barlas 2006
daily 100, 250 mg/kg| wt 1,
injected at | bw histopathological
g.d. 1-20 changes in
with epididymis, slight
offspring in abnormal sperm
(m) grown
up until 2.5 no effects on testes,
months of epididymis , prostate
age organ wts or on

epididymal sperm
count

Wistar rat Dosing of | 4-tert- 250 mg Gotekin and
dams: octylphenol: maternal body wt Barlas 2007, 2004
daily 100, 250 mg/kg| gain |, progeny body
injected at | bw wt (m+f) 1, relative
g.d. 1-20 organ wts of adrenals
with and
offspring thyroid+parathyroid
(m+f) grown | in male progeny,
up until 2.5 histopathological
months of changes in adrenal,
age pancreas and

pituitary gland

Wistar rat Dosing of | 4-tert- length of pregnancy, | Barlas and
dams: octylphenol: dam body wt, litter | Aydogan 2009
daily 100, 250 mg/kg| size unaffected
injected at | bw 250 mg
g.d. 1-20 histopathological
with changes in liver,
offspring kidney, spleen and
grown up changes in
until 2.5 hematologic
months of parameters
age m: body wt?t

f: relative liver and
kidney wts|

100 mg:

(m) relative spleen wt

70



ANNEX XV REPORT — IDENTIFICATION OF SVHC

7

NMRI mouse

Dosing of
dams:
daily
injected at
embryonic
days 11.5-
16.5

evaluation at
birth

4-tert-
octylphenol:

1

250 mg/kg bw

DES:
0.1 mg/kg bw

Fetal gonads: genera
ovarian morphology
did not differ
between groups, all
germ cells had
reached the oocyte
stage, total number @
oocytes and
percentage
distribution of
follicular stages
unaffected

Il Sonne-Hansen et
al. 2003

subcutaneous injection — direct pup exposure

Sprague Dawley male pups | 4-tert- 4-tert-octylphenol Mikkila et al.
(10-30 per | octylphenol: 10| treated pups: 2006
group) 50 body and testis
injected at | 100 mg/kg bw | weight unaffected,
age of 6h, Leydig cells and
and pnd 1-4 | DES: seminiferous cords
(intotal 5x) | 0.1 unaffected

0.5

evaluations: | 1.0 mg/kg bw | 4-tert-octylphenol in
pnd 14 contrast to DES had

flutamide: no effect on plasma

2 testosterone, LH and

5 FSH

25 mg/kg bw
no effect on testiculaf
basal and hCG
stimulated
testosterone
concentration and
secretion in culture
after explantation
no effect on testicular
basal and hCG
stimulated
progesterone
secretion
no effect on the
pattern of StAR and
3B-HSD type |
protein expression

Wistar rat male pups | 4-tert- 4-tert-octylphenol in | Fisher et al. 1999
injected pnd | octylphenol: contrast to DES and
2-12 (in total| 2 mg/pup EE did not affect
11x) testis weight or the

DES: other endpoints
evaluations | 0.1 except minor
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pnd 10 1.0 transient (day 18 and
pnd 18 10 mg/kg bw | 25) changes in
pnd 25 epithelial cell height
pnd 35 ethinylestradiol:| of efferent ducts
pnd 75 10 po/kg bw
Wistar rat male pups | 4-tert- 4-tert-octylphenol in | Atanassova et al.
injected pnd | octylphenol: contrast to DES did | 2000
2-12 (in total| 2 mg/pup not affect testis
11x) weight and pubertal
DES: spermatogenesis or
evaluations | 0.01 mating and fertility
pnd 18 0.1
pnd 25 1.0
pnd 80-100 | 10 mg/kg bw
Wistar rat male pups | 4-tert- 4-tert-octylphenol in | Williams et al.
injected pnd | octylphenol: contrast to DES and | 2001, 2001a
2-12 (in total| 2 mg/pup EE had no effect on
11x) seminal vesicles
DES: morphology, AR and
evaluations | 0.1 PR expression and on
pnd 18 1.0 differential steroid
10 mg/kg bw receptor expression
in stroma and
ethinylestradiol:| epithelium
10 pg/kg bw
Wistar rat male pups | 4-tert- 4-tert-octylphenol in | Sharpe et al. 200
injected pnd | octylphenol: contrast to DES had
2-12 (in total| 2 mg/pup no effect on testes
11x) growth or on plasma
evaluations testosterone levels
pnd 18 octylphenol in
pnd 25 contrast to DES and
pnd 35 GnRHa had no effec
pnd 90 on Leydig cell
development or on
final Leydig cell
volume per testis
Crj:Donryu rat male pups | 4-tert- local effects at the | Yoshida et al.
injected pnd | octylphenol: skin (inflammation, | 2001
1-15 every | 100 mg/kg bw | scab formation)
other day (in no effects on body
total 8x) wt, slight] in testis
evaluations wt from pnd 10 until
pnd 6, 10, age of 5 weeks
14, 21, 28 (reversible) without
and pnweek histopathological
5,7,8,18 changes, no effects

on fetal, developing
and mature Leydig
cells, no effects on
stage analysis of

spermatogenesis
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(number of germ
cells, Sertoli or
Leydig cells), no
effects on other orga
wts nd
histopathology, FSH
levels| than controls
until pnd 14 and
than controls from 5
to 8 weeks, LH levels
unaffected,

=]

testosterone levels up
to 7 weekg thanin
controls
Wistar rat male and | 4-tert- brain morphometry | Bicknell et al.
female pups | octylphenol: on pnd 60 confirmed| 1995
injected pnd | 2 mg to pups; | sex-dependent
1-4 (their 40 mg to dams | differences in size of
dams had SDN-POA area, 4-

been treated
for the last 4
days of
gestation)

DES:

1 ug to pups;
20 pg to dams

tert-octylphenol
exposure in contrast
to DES did not have
any effect on
morphology of the
SDN-POA area

Crj:Donryu rat

female pups
injected pnd
1-15 every
other day (in
total 8x)

4-tert-
octylphenol:
pilot study
12.5, 25, 50,
100 mg/kg bw

main study
100 mg/kg bw

oestrus cyclicity
checked until 10
weeks of age
12.5-50-mg: no
persistent oestrous
100-mg: 100 %
persistent oestrous

lower body weight,
vaginal opening
accelerated,
persistent oestrous,
empty oviducts,
uterine wtf with
endometrial
hyperplasia, ovary w
| with atrophic
changes, other orgar
wts unaffected, FSH
and LH levels lower
than in controls with
different pattern after
weaning,
progesterone levels
after weaning

Katsuda et al.
2000a

Wistar rat

female pups
injected pnd

1-15 every

4-tert-
octylphenol:
100 mg/kg bw

vaginal opening
accelerated and

persistent oestrous it

N

Herath et al. 2001
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other day (in
total 8x)

17R-estradiol:
500 pg/kg bw

4-tert-octylphenol
treated and in 173-
estradiol treated
animals,

in contrast to

controls, spontaneous

LH surge in intact
femals was seen in
controls but failed in
4-tert-octylphenol
treated and in 1713-
estradiol treated
animals, 1713-
estradiol-induced
surges in ovx female
were seen in controls
but failed in animals
pretreated with 4-tert
octylphenol or with
17R-estradiol,
4-tert-octylphenol
treated

animals displayed
lower lordosis
quotient and rating
and relatively larger

SDN-POA area when

compared to controls

Sprague Dawley rat female pups4-tert- survival and body Myllymaki et al.
injected pnd | octylphenol: weight unaffected, | 2005b
6,8,10,12 | 10 at 100-mg vaginal
(in total 4x) | 50 opening advanced,
evaluations | 100 mg/kg bw | 100-mg at pnd 14:
pnd 14 plasma FSH and
pnd 35 plasma progesterong

1, plasma estradiol
and plasma LH
unaffected, StAR
protein expressiop
100 mg at pnd 35:
plasma hormone
levels and Star
expression pattern
unaffected

Sprague Dawley female pups4-tert- no differences Willoughby et al.
injected pnd | octylphenol: between groups in | 2005
1-10 5 or 50 mg/kg | growth, vaginal

(in total 10x)

bw
DES:
0.5 mg/kg bw

opening advanced in
DES and in 50-mg 4-
tert-octylphenol

treated animals with
no signs of ovulation

uterine wtt and
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ovary wt| (with
histopathological
changes) in DES ang
in 50-mg 4-tert-
octylphenol treated
animals, failure of
preovulatory LH
surge in DES and in
50-mg 4-tert-
octylphenol treated
animals with higher
basal LH levels than
controls, estradiol
capsule implant
increased LH release
in controls but failed
with 50-mg 4-tert-
octylphenol treated
animals, persistent
ostrous after vaginal
opening in all DES
and all 50-mg 4-tert-
octylphenol treated
animals

Sprague Dawley rat female pups4-tert- no differences for age Blake & Ashiru
injected pnd | octylphenol: at vaginal opening | 1997
1 1 mg/kg bw between controls and
4-tert-octylphenol
methoxychlor: | yreated animals,
1.7 mglkg bw | after vaginal opening
245 11/13 4-tert-
tr’ichlorphenol: oc';ylphenol treated
1 mg/kg bw anlm_als revealed
persistent oestrous
Intraperitoneal injection — direct pup exposure
ICR mice male pups | juvenile: juvenile treatment: | S.-K. Kim et al.
injected 4-tert- body wt| at 20-mg | 2007
on pnd 15 | octylphenol: 4-tert-octylphenol
(juvenile) 2 or 20 mg/kg | testis wt| at 2- and a

orat8
weeks of age
(adult)

bw

adult:
4-tert-
octylphenol:
2, 20, 200
mg/kg bw

17R-estradiol
valerate:
2 ug/kg bw

20-mg 4-tert-
octylphenol (with
histopathological
changes)

serum testosterone
level | to 30 % of
controls

MRNA in testes of
StAR, P450scc and
P4501% |

lipid content of
Leydig cells|

adult treatment:
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gene expression of
steroidogenic
enzymes unaffected

49.3 Human data

No data.
4.9.4 Other relevant information
No data.
4.9.5 Summary and discussion of reproductive toxicity

4-tert-octylphenol was proposed to be classifiegarding toxicity for reproduction and to be
labelled with R 62-63, however, it was decidaed to classify the subststance (ECBI/60/05 Rev. 3).

Effects on fertility resulting from oral treatmewith 4-tert-octylphenol were investigated in studie
which were in accordance with OECD TG 421 and 4fi6one reproduction toxicity screening
study evidence of fertility impairment in terms oéduced mating performance, reduced
implantation rate and litter size as well as redueesights of reproductive organs and minor
microscopic changes in the testes and epididymre wbserved. However these effects were only
seen in the dosing group where also severe systexigty including death (75 % for males and
33 % for females) occurred. Lower doses resulted @ systemic but not fertility effects. A second
reproduction toxicity screening test resulted inegmivocal increase in corpora lutea at a dose that
also affected food consumption and body weight.gaira two generation study rats, no effects on
any parameters of mating, fertility, pregnancy artgrition in the FO or F1 generation were
observed. Treatment related effects were observéteahighest treatment dose. This dose caused
systemic toxicity which resulted in reductions oidly weights and body weight gains in the FO, F1
and F2 generation. Pup body weights per litter wedeiced in both F1 and F2 offspring during the
later period of lactation when the pups were sstiding and exposed to high doses of 4-tert-
octylphenol. Minor delays in vaginal patency in #as and preputial separation in males were
observed, effects which can be contributed to tet pup body weight. No effects on
reproductive parameters, testes weights or morglyplepididymal sperm counts, or morphology,
daily sperm production, efficiency of daily spermoguction, or prostate or dorsal prostate weights
or histopathology were observed. Furthermore, n@gsn-like effects on males or females and no
low dose effects were evident. These findings amgpsrted by the results from repeated dose
studies where effects on reproductive organs weserved at the dose which also caused systemic
toxicity. Overall, the effects observed in fertilistudies are considered to represent systemic toxi
effects or be related to general systemic toxianyg instead of being due to substance relatedttarge
specific effects.

No guideline compliant studies on developmentaicioxare available.

In the available studies developmental effects -@érétoctylphenol were investigated resulting
either from intrauterine exposure (oral administralsubcutaneous injection) or from exposure of
newborns (subcutaneous injection) during the pdstipariod.

4-tert-octylphenol was investigated for developrakeffects in offspring in several studies using
oral application to pregnant dams in various spgecla rats, intrauterine exposure to 4-tert-
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octylphenol caused a significant decrease in tmebaus of live fetuses and a significant increase in
the incidence of post-implantation loss (NOAEL 15x/kg bw). But these effects occurred at
doses that also caused maternal toxicity, includiegth, reduced body weight gain and reduced
food consumption (LOAEL 15.2 mg/kg bw). Slightlydreced relative testes weights and increased
relative kidney weights, as well as a 10 % decreagkily sperm production were observed in a
further study in rat adult progeny after exposurpregnant dams to the highest tested dose of 1000
pna/l in drinking water. These results could not feproduced in a second study, which was
preformed in the same laboratory. In a furtherstatly with dietary exposure of pregnant dams no
effects were observed in male and female offspanthe prepubertal stage. Postpubertal effects
comprised irregularity of cycles with longer peoof oestrous smears and of a higher proportion
of cornified smears. Mating of these animals wasmab and litter sizes and weights of their
offspring were not affected. None of these effegese observed in the guideline compliant two
generation study with oral (dietary) administration

Several studies investigating developmental effemts4-tert-octylphenol used subcutaneous
injection to pregnant dams with the rationale afucing or maximising effects that with oral
administration to pregnant dams could not be aguend/or investigated. In comparison to DES,
which clearly affected postnatal testosterone surgeale rat offspring, no effects were observed
on postnatal testicular testosterone levels oesticular ex vivan vitro testosterone secretion after
s.c. administration of 4-tert-octylphenol to rdts.a series of further studies, male and female rat
offspring final body weights at 2.5 months of agerevincreased after intrauterine exposure to the
highest applied s.c. injection (of 250 mg 4-tertybghenol/kg bw/d) together with findings of some
histopathological changes in epididymis, liver, reg, spleen, adrenals, thyroid, some
hematological parameters and in sperm morphologweier, the results from these studies are not
supported from the findings of a guideline comgliBmo-generation study or from the findings in
rat offspring that had been directly exposed (gjected) neonatally. Further, in a mouse stuay, s.
administration of 4-tert-octylphenol to pregnantmdadid not reveal any effects on oocytes and
general ovarian morphology in newborn female offgpr

A further set of studies aimed directly exposing newborns for the investigation of possibl
developmental effects. In these studies newborrs pugye treated during the postnatal period with
multiple s.c. injections using various dosages-téré-octylphenol.

In comparison to DES applied subcutaneously, whildarly affected testis development and
steroid synthesis, seminal vesicle tissue (inclydsex steroid receptor expression), as well as
pubertal spermatogenesis in male pups, no effeete wbserved in testis morphology including
Leydig cell development, plasma testosterone oradotropin levels, testicular testosterone and
progesterone production, seminal vesicle morpholagy sex steroid receptor expression at
subcutaneously applied 4-tert-octylphenol dosagésulated to equal to approximately 150 mg/kg
bw. A study on théime-courseof possible alterations of 4-tert-octylphenol he tmale reproductive
system including various other organs as well asitpry and gonadal hormones did not reveal
effects at subcutaneously applied 4-tert-octylpheluses of 8 x 100 mg/kg bw, except slightly
reduced epididymal sperm head numbers at 18 wdelgeo Also, the FSH levels at the prepubertal
stage were lower than in controls and at the pbstipal stage were higher than in controls. Further,
testosterone levels in the treated pups were fooife lower up to 7 weeks of age than in controls.
Mating and fertility of these treated animals wasrmmal and did not show differences in
comparison to controls in number of live embryd®ti Further, in comparison to subcutaneously
applied DES, which induced changes in the sexwhthorphic nucleus of the preoptic area (SDN-
POA) in the brains of females, no such changes vdetected in the same study after s.c.
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application of 4-tert-octylphenol, whereas an otstedy reported the relative area of SDN-POA to
be larger than in concurrent controls.

In female newborns repeat subcutaneous admingstralid not affect sexual maturation (time of
vaginal opening) at doses of (4 x) 50 mg 4-teriAptienol/kg, whereas administration of (4 x) 100
or (10 x) 50 mg 4-tert-octylphenol/kg significandgcelerated time of vaginal opening.

Repeat s.c. administration of dosages of up to)(8xmg 4-tert-octylphenol/kg did not induce
oestrous cycle irregularities in one study, whenegmeat administration of (10 x) 50 mg 4-tert-
octylphenol/kg in another study induced persistergtrous in all females. The repeat subcutaneous
application of high dosages of 4-tert-octylpher®Iix(100, respectively 10 x 500 mg/kg bw) was
shown to be sufficient to completely and irrevessittisrupt oestrous cyclicity and induce persistent
oestrous at a ratio of 100 %.

Repeat s.c. administration of dosages of (4 x) §04ntert-octylphenol/kg did not interfere with
pre- or postpubertal serum levels of pituitary ongdal (E2) hormones, whereas administration of
(4 x) 100 mg 4-tert-octylphenol/kg revealed changesprepubertal FSH (decreased) and
progesterone (increased) levels, changes no I@sger after puberty.

Further studies with repeat s.c. application ofleygisrupting high dosages of 4-tert-octylphenol
(10 x 50 mg/kg or 8 x 100 mg/kg bw) to newborns evased to investigate additional effects in
females already in persistent oestrous and revédaikeide to ovulate, atrophy of ovaries, changes in
uterus morphology including uterus gland developinas well as permanent changes in serum
gonadotropin levels and failure of spontaneous @stdadiol-induced preovulatory LH-surge. In
Wistar rats, the effect pattern of such high 4-¢etlylphenol dosages (800 mg/kg bw for the period
of pnd 1-15) was similar to that observed after tipld s.c. injections of (8 x) 0.5 mg [~
estradiol/kg bw and in Sprague Dawley rats (500kiandpw for the period of pnd 1-10) similar to
that observed after multiple s.c. injections of X)@.5 mg DES/kg bw.

In summary, the data base regarding developmemtactitty of 4-tert-octylphenol is very
heterogenious. No guideline compliant studies amalable. The designs of the published studies
were often aimed to investigate particular eff@stsnechanisms and in most studies subcutaneous
injection was the preferred route of applicationomler to maximise effects and to circumvent
systemic toxic effects, which may prevail when #-tetylphenol is administered orally. As a
result, the outcomes of these studies are heteimgeand often contradictory. Overall, it can be
concluded that, if at all, 4-tert-octylphenol hasme& inherent potential of being toxic for
reproduction, probably in relation to female sexmmturation and female fertility. It needs to be
emphasised that such indication is derived exadlhgifrom studies using routes of administration
that are not relevant for humans, such as suboutani@jection and administration of unrealistic
high doses. The evidence from the available inféiona however, does not suggest that 4-tert-
octylphenol after oral administration causes sewadrerse effects.

4.10 Other effects

4.10.1  Estrogenic activity of 4-tert-octylphenol -/n vitroand /n vivo screening
assays

Results ofin vitro andin vivo screening of estrogenic activity of 4-tert-octydplol concerning
environmentakpecies and hazard assessment are reported ireichalp?2.
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Table 18 In vitro Proliferation assays

Cell type NOEC/NOEL | LOEC/LOEL | Relative Remarks Reference
or EC50 potency
MCF-7 cell 10°M 10'M 0.001 PC: 1PB- White et al.
proliferation estradiol 1994
MCF-7 cell 10°M 10’ M <10° PC: 1B- Dodge et al.
proliferation estradiol 1996
MCF-7 cell 10" M 10°M no data screening of | Desaulniers et
proliferation several al. 1998
chemicals
MCF-7 cell no data 2-fold higher | Jones et al.
proliferation cell count 1998
(maximum
mean
proliferation)
than control at
10" M
MCF-7 cell 10° M induction of Diel et al.
proliferation apotosis 2002
MCF-7 cell 10°M 10" M cytotoxic at 10 | Kwack et al.
proliferation M 2002
MCF-7 cell EC50=10' M | 0.0001 Rajapakse et
proliferation al. 2004
MCF-7 cell EC50=5x10 | 0.00012 Olsen et al.
proliferation M 2005
MCF-7 cell 10°M 10°M 0.0003 PK 17B- Isidori et al.
proliferation estradiol 2010
MCF-7 cells EC=2x10M | 6x10° Sahambi et al.
2010
Table 19 Receptor binding assays
Cell system/ NOEC/NOEL |LOEC/LOEL | Relative Remarks Reference
receptor type or EC50 potency
RUC of IC50=2.1 uM | 0.0007 Laws et al.
ovarectomised (ER) 2000
rats
cytosol of 0.001 Strunck et al.
RUCA-1 cells 2000

5 Rat uterine cytosol
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Cell system/ NOEC/NOEL | LOEC/LOEL | Relative Remarks Reference
receptor type or EC50 potency
MUC’ EC50=0.16 | 0.001 Yoon et al.
uM 2000
RUC IC50=12 uM | 0.0004 Laws et al
2006
Yeast/ER IC50=1.72 uM 0.004 Sheeler et al.
2000
MCF-7 IC50=3,8x10 | 0.0064 Olsen et al.
cell/lhER M 2005
bacterial IC50=2.4 uM | 0.012 Matthews et
expressed GSTr (human ER) al. 2000
ERa fusioned
proteins IC50=1.6 mM | 0.17
(mouse ER)
bacterial 0.0001 Routledge et
expressed (ERa) al. 2000
ERa/[B proteins
0.0025
(ERB)
bacterial IC50=2.08 uM| 0.003 Sahambi et al.
expressed (ERa) 2010
ERa/[B proteins
IC50=3.52 uM| 0.001
(ERB)
HEK293/ERx 0.0002 Kuiper et al.
1998
HEK293/ER3 0.0007
HELN' cells IC50=0.04 pM| 0.07 Paris et al.
2002
MCF-7 cells | 10°M 10'M 0.0001 Kwack et al.
competitive 2002
binding
Table 20: Reporter gene assays
Cell type NOEC/NOEL | LOEC/LOEL | Relative Remarks Reference
or EC50 potency
MCF-7 and 10" M White et al.
CEF cells 1994

6 Mouse uterine cytosol
7 HelLa transfected with ERor 3
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Cell type NOEC/NOEL | LOEC/LOEL | Relative Remarks Reference
or EC50 potency
MCF-7 cells 1.15 x 10V 8.4 x 10° GFP induction | Kuruto-Niwa
(EC50) et al. 2005
MCF-7 cells/ | 10°M No data Charles et al.
ER-a 2007
MCF-7 cells 10 ™M 10°M luciferase Ghisari et al.
o 2009
cytotoxicity at
3x10° M
MCF-7 1.25x 10 M no data luciferase Wu and Safs
2007
MCF-7 and 25x 10 M no data transfected withWu and Safe
MDA-MB-231 (Wt-ERq; wt or mutant 2007
cells ERaAZF1 or ERq; single 4-
AZF2: ER 1- tert-octylphenol| Wu et al. 2008
553: ERx 1- concentration;
537) mutant ERs are|
slightly less
capable of
transactivation
MCF-7 derived 10°M/ 1.9x10 | 1.4 x 10° luciferase Ghisari et al.
MVLN cells M 2009
primary 10" M 10°M Prolactin gene | Abraham,
pituitary cells expression 1997
[ER
HEK293/ERx 0.7 (ERx) luciferase Kuiper et al.
and ERB induction with | 1998
0.5 (ERB) |1 uM 4-tert-
octylphenol
compared to
1uM E2
(E2 luciferase
activity
suspected to be
in the saturated
range at that
concentration)
HELN’ cells 10 M HelLa/ERx orB | Paris et al.
transfected 2002
cells
luciferase
LOEC lowest

tested dose
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Cell type NOEC/NOEL | LOEC/LOEL | Relative Remarks Reference
or EC50 potency
HelLa 1.2x10M 0.001 Yamasaki et
(REC10) al. 2002
COS-1 cells 19 M 10'M 0.001 Yamakoshi et
al. 2000
HepG2 1 uM ERx- 10 uM ERx- transfected with Yoon et al.
AF1 AF1 wt and mutant | 2000
ERa
10 uM wWtERx
and ERI-AF2
U2 cells 1 uM ERx- 10 uM ERx- transfected with Yoon et al.
AF2 AF2 wt and mutant | 2000
ERa
10 uM WtERx
and ERIAF1
HepG2 1uM ERx- 10 uM ERx- 0.008 transfected with Yoon et al.
AF1 AF1 wt and mutant | 2000
ERa
10 uM wWtERx
and ERX-AF2
U2 cells 1uM ERx- 10 uM ERu- 0.008 transfected with Yoon et al.
AF2 AF2 wt and mutant | 2000
ERa
10 uM wWtERx
and ERIAF1
HepG2; U2 10 uM 0.0025 transfected withYoon et al.
cells; MDA- (wt-ERq, wt and mutant | 2001
MB-231 cells ERa-AF2 and ERa
—AF2)
Yeast/hER 0.001 B-Gal Routledge and
Sumpter 1997
Yeast/ER 0.001 B-Gal Moffat et al.
no effect with | 2001
AR
Yeast 0.00016 B-Gal Isidori et al.
RMY326/hERx 2006
Yeast/ER 2x10"M B-Gal Li et al. 2010
(EC20)
Yeast/ER 2x10" M 0.0015 B-Gal Nishihara et
(REC10) al. 2000
Yeast 16 M 0.0002 B-Gal Rehmann et
al. 1999
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Cell type NOEC/NOEL | LOEC/LOEL | Relative Remarks Reference
or EC50 potency
Yeast EC50=4.3x10 | 0.0003 B-Gal Sheeler et al.
M 2000
Yeast EC=0.7 pM 0.0002 enhanced Sheeler et al.
estrogen 2000
response
element
dependent
transcriptional
activatio
Table 21 In vivo screening assays
Test system NOEC/NOEL | LOEC/LOEL | Relative Remarks Reference
potency
Uterotrophic | 50 mg/kg bw 200 mg/kg bw| ~0.0005 oral Diel et al.
assay compared to | 3 dtreatment | 2000
ethinylestradiol
Uterotrophic | 50 mg/kg bw 100 mg/kg bw| 0.00005 oral Laws et al.
assay compared to | 3 dtreatment | 2000
E2
in prepubertal
rats and ovx
adult rats
Uterotrophic 56 mg/kg/d oral gavage Charles et al.
assay potency not 2007

determined, no
data on positive
control

Uterotrophic

250mg/kg bw

oral

Sahambi et al.

assay 3 dtreatment | 2010
PC:
ethynylestradiol
Uterotrophic 10 mg ~0.0005 s.c., only one | Bicknell, 1995
assay compared to | dose tested
DES
Uterotrophic | 25 mg/kg bw 50 mg/kg bw < 0.00005 2dofs.c. Katsuda et al.
assay compared to | treatment 2000
E2
Uterotrophic | 12.5 mg/kg bw| 25 mg/kg bw ~0.00005 14 d of s.c. Katsuda et al.
assay compared to | treatment 2000

E2
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Test system NOEC/NOEL | LOEC/LOEL | Relative Remarks Reference
potency
Uterotrophic | 50 mg/kg bw 100 mg/kg bw| 0.00005 S.C. Laws et al.
assay compared to | 3 dtreatment | 2000
E2
Uterotrophic | 10 mg/kg bw 50 mg/kg bw s.c. applicationKwack et al.
assay 3 d of treatment 2002
PC: E2
Uterotrophic | 20 mg/kg bw 200 mg/kg bw s.c. applicationYamasaki et
assay 3dof al. 2002
treatment, 2 and
20 pg/kg/d
ethynyl
estradiol caused
increased
uterine weight.
Uterotrophic | 1 mg/kg bw 10 mg/kg bw ~0.01 unknown route | Dodge, 1996
assay compared to | of exposure
E2
Uterine ca. 0.00002 single dose Milligan et al.
vascular compared to | Swiss albino 1998
permeability E2 mice
n=6
10°, 10°, 10*
mol
(206pg-20.6
mg)
increased
uterine vasculaf
permeability
CaBP-9k 50 mg/kg 200 mg/kgt <5x10° female Kwack et al.
MRNA compared to | Sprague- 2002
E2 Dawley rat
n=6/group

10, 50, 200, 400

mg/kg bw/d s.c.
3 d treatment

sampling 24 h
after last treat-
ment

PC: 1 pg/kg E2
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Test system

NOEC/NOEL

LOEC/LOEL

Relative
potency

Remarks

Reference

CaBP-9k
MRNA

maternal
uterus:
400 mg/kg

fetal uterus:
200 mg/kg

extraembryonig
membrane:
200 mg/kg

maternal
uterus:
600 mg/kgt

fetal uterus:
400 mg/kgt

extraembryonig
membrane:
400 mg/kg!

ca. 0.0001
compared to
E2

ca. 0.001
compared to
DES

female Sprague
Dawley rats
n=5/group

200, 400 or 600
mg/kg bw/d s.c.

treatment on
GD 17, 18, 19
sampling on
GD 20

no significant
effect in
placenta

positive

controls did not
cause consistern
effects

the relative
potencies were
estimated base
on the applied
doses resulting
in a similar
effect

no information

on systemic
toxicity

CaBP-9k
protein
expression

positive

controls did not
cause consister
effects

according to the
authors it is
unclear whethe
the differences
in CaBP-k9
protein levels
are substance
related or due
to chance

Hong et al.

2003

—

—*

85



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Test system

NOEC/NOEL

LOEC/LOEL

Relative
potency

Remarks

Reference

CaBP-9k
MRNA

maternal
uterus:
400 mg/kg

pup uterus:
400 mg/kg

maternal
uterus:
600 mg/kgt

pup uterus:
600 mg/kgt

female Sprague
Dawley rats
n=5/group

200, 400 or 600
mg/kg bw/d s.c.
treatment on
GD 17, 18, 19

samplingon d §
after parturition
substance ID
not
unequivocal,
however the
author
published on 4-
tert-octylphenol
before.

no information
on systemic
toxicity/clinical
signs

CaBP-9k
protein
expression

maternal
uterus:
400 mg/kg

maternal
uterus:
600 mg/kgt

DES: increase
in protein
expression in
uteri of pups,
no effect of 4-
tert-octylphenol

ERa mRNA
Epression

maternal
uterus:
200 mg/kg

pup uterus:
400 mg/kg

maternal
uterus:
400 mg/kg!

pup uterus:
600 mg/kg!

E2 but not DES
caused a
decrease ER
MmRNA

Hong et al.
2004a
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Test system NOEC/NOEL | LOEC/LOEL | Relative Remarks Reference
potency
CaBP-9k 100 mg/kg: immature Jung et al.
mRNA and t CaBP-9k female Crj:CD- | 2005
protein protein in 1 mice
expression uterus
n=5/group3 d,
250 mg/kg: 100, 250 and
1 CaBP-9k 500 mg/kg
MRNA in bw/d
uterus sampling 24 h
500 mg/kg: after last
inhibition of 4- treatment or 3,
tert- 6, 12, 24, 48 or
octylphenol 72 h after last
induced CaBP- treatment
9k mRNA and
protein 1 CaBR-Qk
expression MRNA In
under uterus, max.
concurrent after 6-24 h,
treatment with decreasing after
RU486 or ICI 48 h when
treated with 500
mg/kg bw/d
alone
Delayed 300 mg/kg 400 mg/kg Cummings e
implanting rat al. 2000
model
Growth 100 mg/kg 600 mg/kg immature Dang et al.
hormone and t GH and PRL female 2009
prolactin expression Sprague-
MRNA and (mRNA and Dawley rats
protein protein)
expression in ER dependency
pituitary gland shown by co-
treatment with
ER inhibitor
ICI

" the relative potencies were estimated based cesdesulting in a similar effect size.

Table 22 Mechanistic studies in vivo

Test system Doses Results Reference
female Sprague 600 mg/kg bw | cDNA microarray in neonate and | Dang et al.
Dawley rats s.C. maternal uteri compared to DES | 2007a

3 (500 pg/kg)
n=

treatment on GD 17,

increase in ER-responsive (e.g. c-
fos, complement component 3,

87



ANNEX XV REPORT — IDENTIFICATION OF SVHC

18, 19

sampling on lactation
day 5

Calbindin 3) and other ‘randomly
selected’ genes cDNA

male and female
Fischer 344 rat (pups)

n=8-10/group

treatment on d 1-5
after birth

blood samples ond 1%
20, 25 and 30

tissue samples on d 30

0, 100 and 500
pg/pup/d s.c.

1 ERa-expression in medial basal
hypothalamus in f and in anterior
pituitary in m

1 ERB expression in anterior
pituitary in m

Khurana et al.
2000

BALB7c mice

n=6/group

2 or 5 mg/kg
bw

1 in IL-4 production in antigen
primed T cells in a dose-depender;
manner

IL-4 production in T cells via
stimulation of the calcineurin/NF-
AT signalling pathway through an
ER-independent pathway

t

Lee at al. 2004
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4.10.2

Table 23: /n vitro assays involving AR or PR binding/activation and H dependent cell

proliferation

Endocrine activity of 4-tert-octylphenol other than estrogenic

Cell system/ NOEC/NOEL | LOEC/LOEL | Relative Remarks Reference
receptor type or EC50 potency
RUC of IC50=11.4 uM| 0.001 progesterone | Laws et al.
ovarectomised receptor 2000
rats
Receptor
binding
PALME cells IC50=3uM androgen Paris et al.
Receptor receptor 2002
binding
YEAST/AR IC50=1.6 uM Li et al. 2010
(AR)
YEAST/PR
IC50=1.2 uM
Receptor (PR)
binding
transient 10° M/1.2 x Competitive Kriger et al.
transfected 10°M response 2008
CHO cells (AR- (compound in
CALUX) the presence of
R1881)
MCF-7 no effect AR or| Diehl et al.
PR mRNA 2002
mRNA expression
expression
Yeast/hPR-PRE 500 nm 1uM inhibition of | Tran et al.
progesterone | 1996
transactivation
activity
rat pituitary 10-6 M compared to T3 Ghisari et al.
GH3 cells treatment 2005
cytotoxicity at
3x10-5M
rat pituitary 10-8 M 0.036 compared to T3Ghisari et al.
GH3 cells treatment 2009

cytotoxicity at
3x10-5M

8 Rat uterine cytosol
9 Cell line expressing human androgen receptor
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Table 24: /n vivoassays involving PR

Test system Doses Results Reference
female ovarectomised| 10 mg/kg bw | t+ progesterone receptor mRNA in| Funabashi et
Wistar rats S.C. frontal cortex al. 2004
n=6/group

4-tert-octylphenol was screened for androgenicanitiogenic activity in the Hershberger bioassay
in rats (Yamasaki et al. 2003). Seven-week oldratet male Brl Han: WIST Jcl (GALAS) rats
were orally administered via stomach tube for 10secutive days 4-tert-octylphenol doses of 50,
200 or 600 mg/kg bw. Decreased spontaneous locometas seen in rats given 200 and 600
mg/kg bw, and all rats given 600 mg/kg bw died dgrihe administration period. Significant
decrease in body weight was observed in rats gddnmg/kg bw. No androgen agonistic effects
were seen at doses of 50 or 200 mg/kg bw.

The impact of 4-tert-octylphenol on testosteronesiamthesis/testicular steroidogenic competence
was investigateth vitro in neonatal Leydig cells derived from 6-7 days oé&bnatal rats (Sprague
Dawley) as donors of testicular cells (Murono etl®99). Following exposure of cultured cells for
24 h to 4-tert-octylphenol concentrations of 0,10, 100, 500, and 2000 nM 4-tert-octylphenol
together with 10 mlU/ml human chorionic gonadotroCG), the lower concentrations (1 and 10
nM) consistently enhanced testosterone levels ¢equpately 10 to 70 % above control), whereas
higher concentrations (100 to 2000 nM) progresgivEcreased testosterone from peak levels to
approximately 40 to 80 % below control at the hgghmoncentration. Increasing concentrations of
17R-estradiol (1 to 1000 nM) were without effect stosterone biosynthesis under the same
conditions. The biphasic pattern of testosteronesymithesis elicited by increasing 4-tert-
octylphenol concentrations was unaffected by cont@orh treatment with a pure estrogen
antagonist (treatment with either 10 or 100 nM @32,780). Therefore, the actions of 4-tert-
octylphenol on testosterone biosynthesis by cuiltureonatal Leydig cells do not appear to be
mediated through classic estrogen receptar  pathway. Although the increase in testosterone
levels after exposure to lower 4-tert-octylphemnmh@entrations and to 0.1 and 1.0 mM 8-Br-cAMP
was attenuated, suggesting that lower 4-tert-obgrpl concentrations may alter cellular cAMP
levels, because hCG-stimulated cAMP levels wereffected by any of the 4-tert-octylphenol
concentrations evaluated, it appears that its rea@{s) of action occurs after the generation of
cAMP. In addition, because pre-treatment of cellh wcreasing 4-tert-octylphenol concentrations
and hCG had no effect on the conversion of stemmelcursors (22(R)-hydroxycholesterol,
pregnenolone, progesterone, or androstenedionestimsterone, it seems that the main actions of 4-
tert-octylphenol under the present conditions odmfore the mitochondrial cholesterol side-chain
cleavage step. Furthermore, because concomitaatireat of cells with various antioxidants (a-
tocopherol, butylated hydroxyanisole, or ascorbaidla did not alter the biphasic pattern of
testosterone response to increasing concentratibdAgert-octylphenol and hCG, it seems that 4-
tert-octylphenol is not acting as an anti- or pridant in producing these effects.

The impact of 4-tert-octylphenol on testosteronesimthesis/testicular steroidogenic competence
was investigatedn vitro in precursor and immature Leydig cells derivednfr@3 days old
prepubertal rats (Sprague Dawley) as donors (Mueinal. 2000). Exposure to increasing 4-tert-
octylphenol concentrations (1 to 2000 nM) prognesyi decreased hCG-stimulated testosterone
formation in both precursor and immature Leydigscat higher 4-tert-octylphenol concentrations
(100 or 500 to 2000 nM). Testosterone levels wedeiced approximately 30 to 70% below control
at the highest concentration in both cell typemilar reductions in testosterone associated with 4-
tert-octylphenol exposure were observed in ceilsidated with 1 mM 8-Br-cAMP, suggesting that
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the main actions of 4-tert-octylphenol occur aftdre generation of cAMP. Increasing
concentrations of 17@3-estradiol (1 to 1000 nM) mmad effect on hCG-stimulated testosterone
formation in both precursor and immature Leydigscahd the inclusion of 100 nM ICI 182,780, a
pure estrogen antagonist, in precursor and immaieydig cells exposed to 4-tert-octylphenol and
hCG, did not alter the inhibition by higher 4-tedtylphenol concentrations of testosterone
formation in both cell types. These results sugdfest 4-tert-octylphenol is a hormonally active
agent, but that some of its actions are distinoinfthose of 17R-estradiol and are not mediated
through the estrogen receptoor  pathway. To further localize the potential sitefSaction of 4-
tert-octylphenol, cultured precursor and immatureydig cells were exposed to increasing
concentrations of 4-tert-octylphenol and hCG foriRNext, fresh media containing 1 mM 22(R)
hydroxycholesterol, 1 mM pregnenolone, 1 mM progeste, or 1 mM androstenedione was added,
and the conversion of each substrate to testogenas determined after incubation for 4 h. The
conversion of androstenedione to testosterone waffacted by exposure to 4-tert-octylphenol,
suggesting that the 17R-hydroxysteroid dehydrogenstep is not inhibited. However, the
conversion of 22(R)-hydroxycholesterol, pregneneland progesterone all were inhibited by prior
exposure to 4-tert-octylphenol and hCG. This figdsuggests that the 17a-hydroxylase/c17-20-
lyase step, which converts progesterone to andrediene, is inhibited by 4-tert-octylphenol, and
that the cholesterol side-chain cleavage and 3bekxydteroid dehydrogenase-isomerase steps,
which convert cholesterol to pregnenolone and prglone to progesterone, respectively, are
other potential sites of 4-tert-octylphenol acti@ecause concomitant exposure to the antioxidants
a-tocopherol or ascorbate did not alter the iniabitof testosterone formation by higher 4-tert-
octylphenol concentrations, it does not appear4hatt-octylphenol is acting as a pseudosubstrate
for the generation of free radicals, which can dgend450 enzymes.

The impact of 4-tert-octylphenol on testosteronesimthesis/testicular steroidogenic competence
was investigatedn vitro in adult Leydig cells derived from rats of 55-6&yd of age (Sprague
Dawley) as donors (Murono et al. 2001). Exposureirtoreasing concentrations of 4-tert-
octylphenol (1 to 2000 nM), 17R3-estradiol (1 to Q®M), endosulfan (1 to 1000 nM) or BPA (1 to
1000 nM), alone or with 10 mIU/mL hCG for 4 or 24did not lower ambient testosterone levels,
although cells exposed to higher 4-tert-octylpharmmicentrations + hCG for 24 h often had modest
declines in testosterone (10 to 20%). Of interegposure to the highest concentration 4-tert-
octylphenol (2000 nM) alone for 4 or 24 h increasestosterone levels (2-fold in 4-h exposed
cells). Whether prior exposure to 4-tert-octylpHherohCG for 24 h affects the subsequent
conversion of steroid substrates to testosterome 4vh was evaluated. Progressive declines in 1
mM 22(R) hydroxycholesterol, 1 mM pregnenolone, ormM progesterone conversion to
testosterone was observed beginning at 100 to 3@04+ert-octylphenol exposure (maximal
declines of 40 to 12 % of controls were observeiwever, the conversion of 1 mM
androstenedione to testosterone was not affectedtbst-octylphenol. These results suggested that
24-h exposure to 4-tert-octylphenol + hCG has rfeceéfon 173-hydroxysteroid dehydrogenase,
which converts androstenedione to testosterone thaitit inhibits the lahydroxylase/C17-20
lyase step, which converts progesterone to andredgiene. In addition, potentially, 4-tert-
octylphenol could inhibit cholesterol side/chaireatage activity, which converts cholesterol to
pregnenolone, and/or 3(-hydroxysteroid dehydrogenashich converts pregnenolone to
progesterone. Of interest, exposure to increasomgentrations of 17@3-estradiol (1 to 1000 nM),
endosulfan (1 to 1000 nM), or BPA (1 to 1000 nMhAG for 24 h had no effect on subsequent
conversion of 22(R)hydroxycholesterol to testosterd-urthermore, the inhibiting effects of 4-tert-
octylphenol + hCG exposure on subsequent conversioprogesterone to testosterone was
unaffected by concomitant exposure to the pureogstr antagonist, ICI 182,780, or the
antioxidants, ascorbate or dimethyl sulfoxide, ®sfigpg that the actions of 4-tert-octylphenol are
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not mediated through binding to estrogen receptar 3 or by free radical induced damage to
steroidogenic enzymes, respectively. These redaltsonstrate that direct exposure of adult Leydig
cells to 4-tert-octylphenol may have subtle effemtstheir ability to produce testosterone, which
may not be detected by measuring ambient androgegisl In addition, the effects of 4-tert-

octylphenol on Leydig cell testosterone formatigpear to be different from those of the native
estrogen, 17R3-estradiol, and from other reporteakwenoestrogens such as endosulfan and BPA.

Mechanisms for the increased testosterone leveluitured rat adult Leydig cells was further
investigated (Murono et al. 2002). The increaséestosterone was both dose and time sensitive,
and this response was observed in medium lackitly dedcium and magnesium and containing a
membrane-permeable calcium chelator, suggesting tte& increase in testosterone was not
mediated by an increase in the permeability of amdilular calcium into cells or the
redistribution/release of calcium from intracelluktores, respectively. Cellular cAMP levels also
were unaffected by 4-tert-octylphenol alone inudtl Leydig cells. Furthermore, initial exposure
to 2000nM 4-tert-octylphenol alone for 4 h did madter the subsequent conversion of endogenous
cholesterol or exogenously added 22 (R)hydroxydietel to testosterone, suggesting that the
increase in testosterone was not due to the entianaglability of endogenous cholesterol or an
increase in cholesterol side-chain cleavage agtivéispectively. The increase in testosterone also
was observed in the presence of the pure estrogemanist, ICI 182,780, or a &-reductase
inhibitor, suggesting that this effect of 4-tertydphenol was not mediated through the estrogen
receptora or 3 pathway or by inhibition of Leydig cell testerone metabolism, respectively. In
addition, exposure of cells to comparable concéntra of two different detergents, Triton X-100
or sodium cholate, did not increase testosteronelde suggesting that this effect of 4-tert-
octylphenol was not due to its potential detergprlities. Although these studies did not identify
specific mechanism(s) that increase constitutivsdosterone levels by 4-tert-octylphenol, they
identify specific pathways that appear not to beoimed. The physiological relevance of this
observation is not known; nevertheless, they itaistpotential diverse actions of 4-tert-octylpHeno
in modulating the level of androgen secreted bydiggells, and they emphasize that some actions
of 4-tert-octylphenol do not appear to be medigitedugh the estrogen receptoor 3 pathway.

Haavisto et al. (2003)ex vivo — in vitrotissue culture of intact fetal testes (ED 19.5as#
testosterone, progesterone, CAMP production and-imdGced testosterone levels were determined
during and after a 3-h culture period. The addipbiDES and of 4-tert-octylphenol to the culture
medium resulted in different performance on thevitro testicular steroid hormone production.
DES (100 mg/l) did not alter testosterone produrctiout caused a two-fold increase in
progesterone, whereas 4-tert-octylphenol (10, B00®, mg/l) significantly increased testosterone
and progesterone levels. The mechanism throughhwhitert-octylphenol stimulates vitro
testicular steroid hormone production is unknowd @aould need further investigation.

Nikula et al. (1999): Test system: mLTC-1 cells ell ¢ine of mouse Leydig tumour cells. The
effects of 4-tert-octylphenol on steroidogenesisLaydig cells by measuring the LH receptor-
mediated cAMP and progesterone (P) production itu@d mouse Leydig tumour cells (mLTC-1
cells) was investigated. After preincubation for A8in the presence of 4-tert-octylphenol in
micromolar concentration, the hCG stimulated cAMie arogesterone (P) formation in these cells
was inhibited. 4-tert-octylphenol could neither iwih cAMP nor P formation stimulated by
forskolin (FK) or cholera toxin (CT) nor steroidogsis stimulated by 8-BrcAMP. The
preincubation of mLTC-1 cells with estradiol or tigstilbestrol (DES) at the concentration of
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1028 mol/liter had no inhibitory effect on cAMP foation stimulated by hCG or Fk, however, P
production was inhibited. Similarly, both estrogankibited P production stimulated by 8-Br-

CAMP. 4-tert-octylphenol had no effect on 125I-h®@&ding to Leydig cell LH-receptors. From

these results it was concluded that the chemicgeays to inhibit cAMP formation and

steroidogenesis in mLTC-1 Leydig tumour cells bgvyamting the coupling between LH receptor
and the adenylate cyclase. Since estradiol didnmbit hCG-stimulated cAMP production, it was

concluded that the effects of 4-tert-octylphenolsymot be estrogen related.

Nakajin et al. (2001): H295R cells — cell line died from human adrenocortical cells — model of
human steroidogenic cells. 4-tert-octylphenolt-@ttylphenol) produced significant decreases in
the dibutyryl cAMP-stimulated cortisol secretion B# % at 50 uM. Reductions in cortisol
secretion were dose-dependent. To elucidate thibitoty effects 4-tert-octylphenol on cortisol
secretion from H295R cells, the effects on varistesoidogenic enzymes, such as C20,22-lyase
(CYP11A), 3B-hydroxysteroid dehydrogenase type3R-HSDII), 1&-hyroxylase/C17,20-lyase
(CYP17), 21-hydroxylase (CYP21B) and 11R-hydroxgléSYP11B1), were investigated. 4-tert-
octylphenol strongly inhibited CYP11A activity aB.b and 25 uM, and inhibited CYP17 and
CYP21B at 25 pM. No effects were seen on 33-HSEViy.

Akgul et al. (2008):ex vivo — in vitroculture of rat ovarian cells and effects on progese
production. In contrast to 2,2-bip-fiydroxyphenyl)-1,1,1-trichloroethane [HPTE], a afatlite of
methoxychlor, concentrations of up to 1000 nM 4-tetylphenol did not have any effect on
ovarian progesterone production.

Myllymaki et al. (2005a)ex vivo — in vitroculture of rat ovarian follicles from 14 day oldts.
Concentration-dependenn vitro inhibition of estradiol and testosterone secretlmn 4-tert-
octylphenol (1¢, 107, 10° M), no effect on aromatase activity, decreaseairskolin-induced
cAMP levels. DES (18, 107, 10° M) caused strongest decline of estradiol and $éstone
secretion with no effect on either cAMP productararomatase activity.

Myllyméaki et al. (2005b)ex vivo — in vitroculture of rat ovarian follicles from 14 day olats after
treatment with 4-tert-octylphenol on pnds 6, 8, aAd 12. Determination of basal and hFSH-
induced secretion of estradiol, testosterone andgsterone and determination of effects of 4-tert-
octylphenol on follicle growth and survival, and daollicular steroid (estradiol, progesterone,
testosterone) and cAMP production. Compared tacfe from untreated rats tlex vivo—in vitro
hormone and cAMP production was decreased in fedlidrom all 4-tert-octylphenol dosed
animals. The authors resumed, that the actual mesha of 4-tert-octylphenol-induced vitro-
results remains to be resolved.

4.10.3 Mechanistic studies other than endocrine mechanisms

Table 25 mechanistic studigga vitro

Cell type/test system | Doses Results Reference
SerWa3 cell line (sertol] ca. 0,1-30 uM | | protein levels of occludin, N- Fiorini et al.
cell derived) for 24h cadherin, Cx43 2004
human liver 0.5-50 uM IC50=8.9 uM for inhibition of 1- | Ohshima et al.
microsomes hydroxysteroid dehydrogenase type2005

2 (enzyme activity: 0.76

pmol/min/mg)
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Cell type/test system | Doses Results Reference
TE671 cell line 0.005-0.5 uM | 1 mRNA of sulfite oxidase (SUOX) Harris et al.
(human for 24 h and phosphoadenosine 2007
medullablastoma phosphosulfate synthetase 1
derived) (PAPSS1)
Human liver cytosol inhibitory effect on sulfatati of Harris et al.
human SULT 2A1 2007
Ki=2.8 uM
Primary naive up to ca.10 uM| minor effect on T cell differentaati| Iwata et al.
thymocytes from in this system 2004
MHC double knockout
mice
human embryonic 12.5-200uM 50uM: Kim et al.
stem cell lines for 24-48 h induction of apoptosis (TUNELY), | 2006
protein level of Fas/FasL
100uM: cytotoxicity (MTT)
| protein level of markers for
pluripotent status
after differentiating hES to neural
progenitor cells:
apoptosis at 12.5 uM
MCF-7 cells 25 uM 4fold increase in luciferasedtti | Li et al. 2006
as indicator of activation of MAPK,
PI3K, PKA/PCK pathways
compared to control
CaCo-2 cells 44 ng permeability of 4-tert-octylpblen | Yoshikawa et
through Ca-Co-2 monolayer and | al. 2002
cycling via P glycoprotein
RUCA-1 cells 10nM -1 uM| doubled induction of quement Strunck et al.
C3 mRNA and protein expression @a2000
100 nm and 1pM
Ishikawa cells (human 100 pM-10uM | alkaline phosphatase activity Wober et al.
endometrial NOEC 1 uM 2003
adenocarcinoma cell LOEC 10 uM

line)

primary murine and rat 10-4 - 10-20M

splenocytes cultivated
in vitro

(rat)
10-4 - 10-16M
(mouse)

| cell viability by 4-tert-octylphenol
and 4-tert-octylphenol-ETOs, 4-ter,
octylphenol less toxic than 4-tert-
octylphenol-ETOs, toxic effects no
shared by 173-estradiol, direct
cytotoxic effect of 4-tert-
octylphenol appeared to be exerte
by Ca2+-dependent apoptosis

Nair-Menon et
t-al. 1996

t
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Cell type/test system | Doses Results Reference
primary murine 5x 10°or 5x | incubation of splenocytes with 17[3-Blake et al.
splenocytes cultivated 10'M estradiol prior to incubation with 44 (1997)
in vitro tert-octylphenol can prevent 4-tert-
octylphenol-induced of cell
viability but not dexamethasone-
induced| of cell viability
incubation of splenocytes with
testosterone prior to incubation with
4-tert-octylphenol cannot prevent 4-
tert-octylphenol-induced of cell
viability
primary murine 10° - 10°M incubation of splenocytes with Nair-Menon et
splenocytes cultivated tamoxifen prior to incubation with | al. (1999)
in vitro 4-tert-octylphenol can prevent 4-
tert-octylphenol-induced of cell
viability
3T3-L1 cells 45 uM treatment with 4-tert-octylphenol | Masuno et al.
(cell line of mouse revealed to be less potent than (2003, 2005)
fibroblasts) nonylphenol in stimulating cell
model for cell proliferation
proliferation assays treatment with 4-tert-octylphenol
model for adipocyte failed to accelerate terminal
formation of fully adipocyte formation of fully
differentiated 3T3-L1 differentiated cells
cells
C3H10T1/2 cells 15 pg/mL treatment with 4-tert-octylphenol | Miyawaki et
(cell line established revealed inhibition of osteoblast | al. (2008)

from mouse
embryonic tissue)
model for the
investigation of
osteoblast
differentiation

differentiation, causing a lineage
shift towards adipocytes with
expression of peroxisome
proliferator-activated receptor r
(PPARYr) found to be higher in thar
in control cultures
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5 ENVIRONMENTAL HAZARD ASSESSMENT
5.1 Aquatic compartment (including sediment)

5.1.1 Acute toxicity test results

This chapter provide a short summary of acute txiest results in order to be able to
compare between acute and chronic effects fortdataylphenol.

Several acute data for fish, invertebrates andeadga available, though some of them are use
with care studies. For fish acute toxicity testutessare in the range of 170 — 720 pg/L, for
invertebrates between 13 and 620 pg/L and for algden the range of 300 — 1900 pg/L
(lowest 72h EG = 300 pg/L nominal foiScenedesmus subspicaiiisCLID, 2000). All
results are included in the IUCLID-file.

5.1.2 Toxicity test results concerning endocrine disruptn

In this chapter information about the endocrine enad action of 4-tert-octylphenol and
subsequent adverse effects is summarized. As effaet described in order to assess the
endocrine disrupting properties of 4-tert-octylpblerll types of information is summarized.
Conclusion on whether or not 4-tert-octylphenol aissubstance of very high concern
according to these data is provided in chapted6.2.

5.1.2.1 General approach

No criteria are available yet on how to assess ldrebr not a substance has endocrine
disrupting properties and/or is actually an endwamlisruptor. However, a widely accepted
definition of an endocrine disruptor by the IPC&vsilable:

“An endocrine disrupter is an exogenous substamnaaixture that alters function(s) of the
endocrine system and consequently causes adveakk BHects in an intact organism, or its
progeny, or (sub)populations” (IPCS; cited in (Eagan Commission, 1999)).

As it is assumed in this report, that a substahoeld fulfil at leastthis definition in order to
be of equivalent concern (see chapter 6), inforonafivailable is assessed based on the
following questions:

- Does the substance influence the endocrine system?
- Are adverse effects observed likely to be a consecg of this alteration?

Whether or not information available indicate thaert-octylphenol is an endocrine disruptor
of equivalent concern is discussed in chapter 6.

As 4-tert-octylphenol is described in the literatuss showing estrogen agonist activity
(estrogen receptor activation and other estrodendctivity), information has been analysed
with a focus on this mode of action. However, ottmexdes of action have been analysed too,
if information was available.

Information is summarized by organism groups. Idioh in vitro-testsare summarized as
supporting information.

96



ANNEX XV REPORT — IDENTIFICATION OF SVHC

5.1.2.2 Invitro data

In vitro results may provide information about a specifechmnism of action, in this case
estrogen receptor binding. They may also proviflermation about the potency of this
mechanism but do not consider whether or not effieay occur in intact organisms and do
not provide information on the potenityvivo as this is influenced by pharmaco-kinetic
processes such as uptake, distribution, metahiolisahd excretion.

Vitellogenin induction as an indicator of an es#ngnechanism of action was examined in
hepatocytes from 6 fish species. In addition, remrepnding was examined in three fish
species and one amphibian species.

Table 26 summarizes the mamvitro systems providing mechanistic information on 4-ter
octylphenol.

97



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Table 26: Summary of/n vitrotest results for 4-tert-octylphenol using cells fom aquatic organism VTG = vitellogenin; E2 = 173-é¢gadiol;
EE2 = Ethinylestradiol

Vitellogenin gene expression

Species Reference Cell Test condition Endocrine mediated measurement Potency (relative to Comment
type parameters 17R-estradiol=1)
(ED [E2] / ED [OP])
Ameriurus (Toomey et al., | Hepato- | 10 - 25-50-100|- 10uM (2060ug/L) moderate induction| No data
nebulosus, 1999) cytes | uM, (2060 - 5650 of VTG (appr. 14ng/mL) after 24h
brown - 10300 - 20600 Sép(l)\/ISLErl%:soo /L) max. VTG (appr
bullhead Ho/L) 70ﬁg/mL) afteLrng4h exposure; i
catfish - 100uM (20600ug/L) cell death (early
stages of apoptosis) after 3h.

Complete Inhibition by tamoxifen (1uM) &

4-tert-octylphenol concentration of 10 ang

25uM; and nearly completely at 50uM 4-

tert-octylphenol
Ictalurus (Monteverdi Hepato- | 10nM - 1luM - |- 10nM (2.06ug/L) 4-tert-octylphenol | No data 10 pM E2
punctatus, and Giulio, cytes | 10pM (2.1 — 206 induced VTG synthesis of 65ng/mL, induced
Channel 1999) — 2060ug/L) - 1uM(206pg/L) induced 100ng/mL consistent
catfish VTG, quantities of VTG

- 10pM (2060pg/L) induced 303ng/mL
VTG, (duration 4-6 days, not specifiec
At 4-tert-octylphenol concentration of

10nM and inclusion of tamoxifen (1uM)
VTG synthesis was completely inhibited.
At 4-tert-octylphenol concentration of 1N
and tamoxifen (1uM) VTG synthesis was
only 22 ng/mL.
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Species Reference Cell Test condition Endocrine mediated measurement Potency (relative to Comment
type parameters 17R-estradiol=1)
(ED [E2] / ED [OP])
Cyprinus (Segner et al., | Hepato- | Not given - EC50: 38.2uM (7869 ug/L) after 3 daj 0.0031 ED50 (E2): 90nM
carpio 2003) cytes exposure (24.5u40/L)
Oncorhynchus| (Jobling and Hepato- | 0.1 —to 100pM |- EDS50: 2.11pM (434pg/L) duration no{ 0.000037 calculated Pos. Control: 1f-
mykiss Sumpter, 1993)| cytes | (20.6 — specified (2 or 4 days), from regression lines, | estradiol.
20600pg/L) - 10uMm (2060u'g/L): significant' increase ED50 (E2):
(90-fold, relative to controls) in VTG 0.0011 calculated from | 1.81nM
after 96 h exposure '
- 100uM (20600ug/L): cytotox. effect ED values (0.492ugiL)
after 48h exposure,
Oncorhynchus| (Navas and Hepato- | 10° to 10uM - 1pM (206pg/L) significant increase | No data
mykiss Segner, 2000) | cytes (0.21-2060ug/L) (relative to controls ) in VTG after 72h
exposure;
- At 10pM (2060 pg/L) 4-tert-octyphend
became cytotoxic.
Oncorhynchus| (Olsen et al., Hepato- | Not given - EC50: 3.1uM (640ug/L) after 4 days | 0.000032 EC50 (E2):
mykiss 2005) cytes exposure 0.1nM
Oncorhynchus| (Segner et al., | Hepato- | Not given - EC50: 41.4uM (8528ug/L) after 3 day 0.00083 ED50 (E2): 26nM
mykiss 2003) cytes exposure (7.08ug/L)
Oncorhynchus| (White et al., Hepato- | 10" to 10°M - 0.1uM (20.6 pg/L): sign. increase in | No data Pos. Control: 1f-
mykiss 1994) cytes (20.6 to 2060 VTG secretion relative to controls estradiol
Hg/L)
Salmo salar (Tollefsen et Hepato- | 1nM to 1pM - EC50: 0.29uM (59.7ug/L) 0.000091 EC50 (E2):
al., 2003) cytes (0.206—2.06— - Acute toxicity of 4-tert-octylphenol 26pM

20.6-206 pglL)

concentrations exceeding 10uM
(2060ug/L).
Inhibition of VTG production by the anti-
estrogen ZM 189.154 in a dose-depende
manner.
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Species Reference Cell Test condition Endocrine mediated measurement | Potency (relative to | Comment
type parameters 17R-estradiol=1)
(ED [E2] / ED [OP])
Zoarces (Andreassen Cytoso- | Injection volume: 2 Significantly elevated levels in VTG No data Fish were injected
viviparous, and Korsgaard, | lic mL/kg fish; 10 mg/kg | after 48h. After 336 h exposure VT( intraperitoneally (i.p.)
eelpout 2000) fraction | 4-tert-octylphenol per | in the range mg/ml. with peanut oll
of injection. 0.02-fold VTG level in comparison (control) or 4-tert-
hepatic | E2: (injection volume: | to E2 after 48 and 336 h octylphenol dissolved
extracts | 2 mL/kg fish; 0.2 in peanut oil in
mg/kg 17R-estradiol). comparison with E2.
Reporter gene assays
Chicken (White etal., |CEFs |10"to10°M (20.6to |- At10-7 M (20.6 pg/L) 4-tert- | No data cells were
1994) 2060 pgl/L) octylphenol stimulated cotransfected with the
transcription of reporter gene mouse estrogen
(appr. 2.5-fold). receptor
Receptor binding experiments
Cyprinus (Segner et al., | Liver 10°to 10°M (0.206 to |- EC50: 32 uM (6602 pg/L), 0.0013 EC50 (E2): 32nM
carpio 2003) cytosol | 206000 pg/L) (concentration where 50% of (8,72 uglL)
specific binding is displaced,
determined from competitive
displacement experiment)
Oncorhynchus| (Olsen et al., Hepato- - 1C50: 8.4 x 10-4 M (173000 0.000076 IC50 (E2): 6.6 x 10
mykiss 2005) cytes Hg/L) binding affinity M (1.798ug/L)
Oncorhynchus| (White etal., | Hepato- | 10™°to 10° M (0.0206 | Kd of 1.1 x 10° M No data Kd-value: dissociation
mykiss 1994) cytes to 206000ug/L) 3H-Labelled 1p-estradiol were constant

displaced from receptor by 4-tert-
octylphenol
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Species Reference Cell Test condition Endocrine mediated measurement | Potency (relative to | Comment
type parameters 17R-estradiol=1)
(ED [E2] / ED [OP])
Xenopus laevig (Lutz and Liver 10°to 10°M (0.206 to| -  Significant increase in 0,00054 IC50 (E2): 42nM
Kloas, 1999) | cytosol | 206000ug/L) competitive displacement of Identity of test
[glc—)lé%stra;jl_i())l binding at 10uM substance unclear (4-
- 1C50; 18320 nM (16134 gl octylphenol)
- At 10-3M (206000 pg/L) 4-tert-
octyphenol was able to competg
completely with [3H]E2 binding
to estrogen receptors.
Zoarces (Andreassen Cytoso- | Injection volume: 2 Kd increased from 0.64 to 1.48 nM; No data Fish were injected
viviparus and Korsgaard, | lic mL/kg fish; 10 mg/kg | in comparison E2 treated fish: intraperitoneally (i.p.)
2000) fraction | 4-tert-octylphenol per| Kd 2.62 nM after 48 h exposure. with peanut oil
of injection. Affinity for the estrogen binding site| (control) or 4-tert-
hepatic | E2: (injection volume: | was sign. reduced by 4-tert- octylphenoldissolved
extracts | 2 mL/kg fish; 0.2 octylphenol treatment at 48 h. in peanut oil in
from mg/kg 17R-estradiol). | 4-tert-octylphenol upregulated (2.5 comparison with E2.
male fold) the abundance of estrogen Kd-value: dissociation
fish binding sites at 48 h. constant
Zoarces (Andreassen | Cytoso- | 10™°to 10* M (0.0206 | - IC 50: 5900 nM (1215pg/L) 0.0011 IC50 (estradiol):
viviparus and Korsgaard, | lic Hg/L to 20600 pg/L) IC50 is the concentration of (relative binding 6.2nM
2000) fraction competitor inhibiting specific | affinity of 4-tert-
of binding of [3H]estradiol by 50%{ octylphenol to
hepatic estrogen binding
extracts sites in comparison
from to estradiol, IC50
female (E2)/ 1C50 (OP))
fish
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To summarize thén vitro estrogenic data, a competitive binding of 4-tetlylphenol was
observed in all tests. Similar to human cells effeeere inhibited by tamoxifen, if examined.
4-tert-octylphenol inducesn vitro VTG production in fish hepatocytes and binds
competitively to estrogen receptors (hER and rtEHRects started at concentrations between
2 and 8528 pg/L. 4-tert-octylphenol concentraticetguired to initialize this effect are 3 to 6
orders of magnitude higher than those of 17[3-asltasdhich activates estrogen receptors at
very low concentrations (starting at 2.7 ng/L).

The observed effectn vitro support an estrogen agonist mode of action.

5.1.2.3 Fishes

With regard to the question whether or not a sulcgtés an actual endocrine disruptor in fish
a draft OECD guidance document on standardisedjtedélines for evaluating chemicals for
endocrine disruption is available (OECD, 2011).haligh it focuses on validated OECD test
guidelines, some general information on how to sseadocrine disrupting properties can be
extracted. Information provided in this documensupplemented by information from other
guidance documents (e.g. OECD guidance documenhemiagnosis of endocrine related
histopathology in fish gonads (OECD, 2010)) andimfation from literature (e.g. (IPCS,
2002; Kendall et al., 1998; Knacker et al., 201&CD, 2004)) In general two different types
of effects are considered and analysed separately:

- Indicators of an endocrine mode of action and

- Effects on apical endpoints that are consideregrawvide evidence that a substance
results in adverse effects owing to its endocrielenof action.

Indicators of endocrine mode of action:

Indicators of an endocrine mode of action may lvigded by biomarkers that are known to
indicate a specific mode of action as well as lstdhogical changes that are likely to be a
direct response to an estrogen mode of action.

One of the most common biomarkers indicating aroget or androgen endocrine mode of
action is vitellogenin (VTG). Vitellogenin is naally produced by female fishes as a
precursor of yolk proteins that are incorporated eggs (IPCS, 2002). Induction of
vitellogenin in female and (more pronounced) in enfithes is a known indicator of an
estrogen agonist mode of action (IPCS, 2002; Keretahl., 1998; Knacker et al., 2010;
OECD, 2004).

With respect to histological changes accordingh @ECD test guideline 229 for the fish

short term reproduction assay (OECD, 2009) andjthéance document on the diagnosis of
endocrine related histopathology in fish gonads @DE2010), the following endpoints are

diagnostic for endocrine activity:

- Male: increased proportion of spermatogonia {esplerm cells), presence of testis-
ova, increased testicular degeneration, inters(ltigydig) cell hyperplasia/hypertrophy

- Female: increased oocyte atresia, perifollicutdr lsyperplasia/hypertrophy, decreased
yolk formation (aromatase inhibition), changes amgdal staging.

Other effects such as decreased proportion of sdeguonia, altered proportions of
spermatozoa (mature sperm cells) and gonadal gtagimales are of secondary diagnostic
interest as they may also be influenced by othetern®f action.
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Changes in the gonadosomatic index (GSI) may peoadditional information about the

gonad maturation and spawning readiness (OECD,)200describes changes in the relation
of gonad to whole body mass and thus may be amratati of the reproductive effort of

organisms (Helfman et al., 1997). Although GSI nhigé influenced by other modes of action
too, reduction of GSI in male fishes is regardedaasensitive parameter in reproductive
studies with estrogenic substances (OECD, 2004\eder, care must be taken as the GSl is
highly dependent on the individual fish (frequemawners) or seasonal gonadal stage

(seasonal breederky.

In addition, the following apical endpoints are swlered to be indicators of an estrogen
agonist mode of action according to the draft OEftiRlance document (OECD, 2011):

- Depression of male secondary sex characteristitzthiead minnow or medaka
- Female biased phenotypic sex-ratio during sexualdpment

Decrease isecondary sex characteristics males may indicate an estrogenic mode of action
but should be interpreted with caution and basedeight of evidence according to (OECD,
2009). Induction of female secondary sex charasttesiin males such as uro-genital papillae
in male zebrafish was shown to be significant af@&posure to estrogenic substances
(Kendall et al., 1998; OECD, 2004).

Change of sex-ratio towards females is a knownltreguestrogen exposure during sexual
development (Kendall et al., 1998; IPCS, 2002; OECID04). In aquaculture this
phenomenon is frequently used to generate all fenoal partial female populations by
exposing fishes to exogenous estrogen active sutesgBaroiller et al., 1999; Piferrer, 2001)

Whether or not endocrine mediated effects are ohbér highly depends on the life stage
tested. For example testis-ova might be induceddult males as at least in some species
gonads remain bipotent, but sensitivity is usudlighest during sexual development (e.qg.
(Nakamura et al., 1998)). Differences in developimaifish species must be considered.
O.latipesfor example is a differentiated gonochorist thatunally develops either male or
female gonads and sex is naturally not changed ai@madal development. Hormonal
influence (especially of female hormones) in thpea@es starts very early during pre-hatch
development (OECD, 2004) and thus life stages umdgosure need to be considered
carefully while analysing test results. Especidligffects on gonadal staging are analysed the
reproductive cycle of a species should be considdfspecially for total spawners having
only one breeding season suchCamykisseffects may be observed only during the process
of maturing prior to spawning and may be misseatlar times of the year.

Indicators that adverse effects are endocrine ntedia

Alteration of the endocrine system may cause aéveffects that are endocrine specific but
may also influence endpoints that are not endocspexific (Kendall et al., 1998; OECD,
2004; Knacker et al., 2010).

Secondary sex characteristics and sex-ratio, ai@lagndpoints that are considered to be
estrogen specific.

10 The size of the sexual gonades (testis and ovVaimeseases when gonads mature prior to spawning.
Depending on the spawning strategy of fish spg¢teal spawners, spawning only once in a breed@agsen or
lifetime versus repeated, batch or serial spawrtbesgonadal size and thus the GSI may substanitatease
during a spawning season, reaching maxima justr@efjoawning (Helfman et al., 1997). In repeatedvsiess,

this process recurs and, as their spawning is lysuai synchronized, individual gonadal growth dif in time.
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Other endpoints such as growth, sexual maturigysocuction and behavior are known to be
sensitive to estrogens (IPCS, 2002; OECD, 2004; ®EXD11). Fertility rate, growth, time to

first spawn sex-ratio shift toward females (medakd fathead minnow) and delay of male
sexual development (zebrafish) evolved to be thestnsensitive endpoints for estrogen

agonists in fish full life cycle tests (Knackeragt, 2010).

Thus, in combination with indicators of endocriraivdty they provide evidence of estrogen
mediated effects but alone they are not diagndstithis mode of action as they might also

be influenced by other modes of action

Table 27 summarizes endpoints that are considadidators of estrogen activity and may be

affected as a result of this activity in vivo.

Table 27: Summary of endpoints that are considereduring analysis of fish data

* increased proportion of spermatogonia (early
sperm cells), presence of testis-ova, increased
testicular degeneration, interstitial (Leiydig)
cell hyperplasia/hypertrophy in males

* increased oocyte atresia, perifollicular cell
hyperplasia/hypertrophy, decreased yolk
formation (aromatase inhibition), changes in
gonadal staging in females

» Depression of male secondary sex
characteristics in fathead minnow or medaka
and induction of female secondary sex
characteristics such as uro-genital papillag in
zebrafish

» Female biased phenotypic sex-ratio during
sexual development.

Endpoints indicating an estrogen agonist mode Kridpoint considered to be sensit

action to an estrogen mode of action
Vivo

» Vitellogenin induction in males « Female biased phenotypi

c
sex-ratio during sexual
development especially in
medaka

Reproduction  (fecundity,
fertility, number of males or
females with reproductive
success)

Spawning behaviour

Growth of offspring

Analysis of available data for fish species:

Available data have been analyzed by summarizifigrimation on indicators of estrogen
activity and indicators of estrogen mediated advezffects. In order to do so, exposure

regime and life stages tested were considered.

Overall for 6 fish species vivo data at different levels (biomarker, histology aaical
endpoints) are available. In the following they discussed species by species.

Oryzas latipes (medaka):

Overall, three tests assessing sexual developmwemcreening tests assessing influence of
4-tert-octylphenol on reproduction, one screenasj assessing the influence of 4-tert-
octylphenol on secondary sex-characteristics amad® after exposure of adult males and

104

Ve



ANNEX XV REPORT — IDENTIFICATION OF SVHC

two fish full life cycle tests are available fOrlatipes An overview of results derived from
these tests is provided in Table 28. They are disaliin the following sections by comparing
results from tests with similar test design follalh®y an overall conclusion.
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Table 28: Summary of effects of 4-tert-octylphenah O./atipes. If not indicated otherwise LOEC values are reportd (* study not
summarized in (Environment Agency UK, 2005). VTG =vitellogenin. m = measured values. n= nominal valge'Starting at” means, that
effects were observable but not statistically relent or without statistic analysis). Reliability wasassessed according to (Klimisch et al.,

1997)
Life stage/ [Test \Vitello genin|Histology Fertility/ Fecundity | Sex-ratio Secxse |[other Positive |Reference reliability
duration condition/ charac- control
conc teristics
Fish sexual developmenttest
Eggs/ 60d | Flow- 11.4 (dose-|23.7 testizava 48.1 > 94 (Sekietal., |1
through, dependency|in 2 of 10 phenotypgonads 2003)
6.94; 11.4; gonades) (partially reversabl hatchability,
03.7;48.1; 91 after 60d ime to hatch,
ug/L (m) Reduced no. postexposure) growth,
of mortality
spermatocytef
and
spermatides
and increased
no of early
oocytes at 94
Ho/L
1-35d Semi-static/ Starting at at > 100 (gonadal < 100 pg/L E2: (Gray etal.,, [2-single
posthatch / 100 pg/L histology) (growth 1999a) exposure level,
100d 100 pg/L (n) testisova (6 9 offspring) No testis nom. conc.
- 30 % not ova at 100
significant) Ho/L
1 d posthatc|Semi-static/ Starting at 50 > 50 pg/L , (Gray et al., |2 —nom. conc.
6 month, |10; 25; 50 Hg/L testisevg 1999h)
Ho/L (n)
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females
Fish screening assays
1 d posthatc|Semi-static/ Starting at 50[< 10 fertility > 50 <10 (Gray et al., |2 —nom. conc.
6 month, |10; 25; 50 (testis-ova development 1999h)
ug/L (n) )(4%,not 25 reproductive offspring,

exposed significant) ~ [SUCcess, courtshop
males mateg behavior 25 pg/L
with courtship
unexposed behavior,
females number of male

with

reproductive

success.
Adult males [Flow- < 20 (dose [Starting at 74|< 20 < 20 (Gronen et al.,|1
21 d, mated [through 20, [dependencyltestis ova, 1999)
with 41, 74; 230 proportion  [fecundity embryo
unexposed |ug/L (m) spermato abnormalities
females gonia
Adulte male [200 and 300 200 (testiculal 200 swollen E2: swollen(Gray et al., |2 —single
36 d pna/L fibrosis) at 30 urogenital orogenital |1999a) exposure level,

png/L 50% of papillae (4 papillae (5 nom. Conc.
(n) tissues males) of 7) at
affected 100ug/L ,
no testis-
ova

Fish full life cycle tests
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growth, FO and
F1

Fertilized  |Flow- starting at 2 |Starting at 2 pg/L F[Starting at 2 (55 % < 2 mortality [E2: (Knérr and 2- 4-octylphenol,
eggs /full lifefthrough / O; fertility, dose females, no dose offspring Braunbeck, [documentation
cycle 2; 20; 50 testis-ova (2-44ependency no  |dependency At 0.1 pg/Lionoz) insufficient
Hg/L (m) %, not statistic on 4 % testis
significant, NOsignificance ova,
dose Embryo
dependency |(males exposed only) toxicity,
sex-ratio
change,
reduction o
fertilisation
Fertilized 9.9 (FO and [30.4 82.3 >82.3 (Ministry of the]2- documentation
eggs/ Full F1) . fecundity,fertility hatchability, Environment ofinsufficient
life cycle testis ova F1 time to hatch, Japan, 2002)
mortality,
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Information from fish sexual development tests

A fully reliable fish sexual development test hasei reported by (Seki et al.,, 2003).
Although the test design does not match the dr&CD guideline for the fish sexual
development test in all aspects (only 60 embryastead of 160 embryos were used in 4
replicates and test chambers were significant ®nméll.8 L instead of 7 L), the number of
replicates (4), test concentrations (at least 8)tast duration matched the OECD guideline.
Validation criteria of the draft guideline were filkkd (survival fertilized eggs in control
95%, hatchability 98%, weight and length at thel e the test 26 mm and 188 mg
respectively and sex-ratio in controls 45 % males).

Vitellogenin concentration in male fish (measursdapatic vitellogenin concentration with a
medaka VTG ELISA assay kit in 9-10 fish per treatthencreased in a dose-dependent
manner, being significant at 11 pg/L. At 94 pgtellogenin level was nearly as high as in
females. Dose-dependent increase of testis-ovaolwserved starting from 11 pg/L (1 of 9
male gonads) being statistically significénat 23 pg/L (2 of 10 gonades). Analysis of
secondary sex characteristics (shape of anal é&mgaled that sex-ratio was skewed toward
females in a dose-dependent manner starting fromd¢2B, being statistically significant at
and above 48 pug/L with no males at all at 94 pdf.that concentration 25% of the
phenotypic females still had normal male gonadden2b% had testis ova and the number of
spermatocytes was reduced in nearly half of therof &). In addition, at this concentration
many previtellogenic oocytes (early, premature texyindicating regressed condition of the
ovaries) were observed in 6 of 10 specimens ofiesaNo effects on other apical endpoints
such as hatchability, time to hatch, growth, ortaldy was observed.

Two other sexual development studies (Gray efl@B9a and Gray et al., 1999b) with lower
reliability (missing analytic), seem to provide t@ualictory data at first . Testis-ova were
observed at much higher concentrations only (nehesignificant) and no effects on sex-ratio
were observed. However, exposure started at aditge of development than in the assay by
(Seki et al., 2003) (at 1- 35d posthatch insteadirefctly after fertilization). FoO.latipesit is
known that female gonadal development and thudveweent of estrogens starts during the
embryo stages (OECD, 2004). Thus it must be coreii¢hat both studies by Gray et al.
(Gray et al., 1999a and1999b) missed most senéifivstages for xenobiotic estrogen
agonist influence on sexual developmen®itatipes This conclusion is supported by results
in Gray et al. (1999a) where also no testis-ovaevediserved at 100 pg/L 17R-estradiol, a
potent estrogen agonist.

In summary results by Seki et al. (2003) indicdiat t4-tert-octylphenol influences the
endocrine system i@.latipesduring sexual development resulting in adversectdfon the
sex-ratio while the two studies by Gray et al. ad allow for such an assessment because
exposure did not include sensitive life stages.

Information from screening assays

A fully reliable 21d fish reproduction screeningags was reported by (Gronen et al., 1999).
The test differs from OECD 229 with respect to thenber of animals tested (17 males per
vessel instead of 5), size of aquaria (47 fishGh hstead of 10 fish in 2L) and age of males
(6 month instead of 16 weeks) but provides sufficteeatments and replicates. It differs with
regard to exposure regime (only males were expasddmated after exposuod 21d with
unexposed females) and endpoints observed, abtyesind development of offspring was
included.

11 sSignificance was calculated by Ministry of the BEomment of Japan (2002)
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Vitellogenin level in males (measured as blood Vdd@kcentration by Western blotting,
compared to sexually mature females) increaseddosa-dependent manner with a visible
vitellogenin level already at the lowest test corication (20 pg/L). Although females were
not exposed, the number of eggs laid decreased X¥dd@@ eggs in 9 days in controls to nearly
half of it in all treatment groups (no dose-depemyg. In addition, the percentage of
fertilized eggs was reduced significantly in atdtment groups in a dose-dependent manner
from 96 % (controls) to 83 % (highest test concaian). Embryo survival decreased from 90
% in controls to 62 % in the highest test conceiunain a dose-dependent manner being
already significant at the lowest test concentraf{gurvival 73.5 % at 20 pug/L). The number
of embryos with abnormalities increased with insieg test concentration but was still low
(max 8 of 200 embryos). Incidence of testis-ovaneaféer exposure of adults was observed in
the two highest test concentrations (in 1 of 10agi).

Similar effects were observed in the reproductioal bf the study by (Gray et al., 1999b).
Fish were exposed 1 d posthatch for 6 month (&esigd described above) and after exposure
was terminated, mature previously exposed males weted with unexposed females. The
number of fertilized eggs was counted (no measuneofenumber of eggs laid) and courtship
behaviour was taped and analysed blind. The nurabdertilized eggs was significantly
reduced already at the lowest test concentratiOpgd). In addition, courtship behaviour
with regard to number of circles (LOEC 25ug/L), rhen of approaches and number of
copulations (LOEC 50 pg/L) was changed and thegmage of males that fertilised eggs
was reduced in a dose-dependent manner (startintheatliowest concentration, being
significant at 25 pg/L with less than 30% of maleth reproductive success at 50 pg/L.

In the second part of the study by Gray et al. §89%dult males were exposed to 4-tert-
octylphenol for 36 d (4 replicates with 3 maleshgaand secondary sex characteristics were
examined and compared with results for 100 pg/L-dstadiol. Results show that 4-tert-
octylphenol induces swollen urogenital papillae4imales) to a similar degree as 100 ug/L
E2 (5 of 7 males). Swollen urogenital papillae fareale secondary sex characteristic.

In summary information from (Gronen et al., 1998) §Gray et al., 1999b) show, that 4-tert-
octylphenol influences reproduction even if males exposed only. Changes in number of
eggs laid observed by Gronen et al. (1289)vell as changes in male courtship behaviour and
reproductive success observed by Gray et al. ()9B®iticate that this might be due to a
change in successful copulation. But effects map aésult from reduced sperm quality as
observed by (Seki et al., 2003) and (Gronen etl8B9). According to the fully valid study
effects start at 20 pg/L but results by Gray et al. (1999b) indecthiat even at concentrations
below 10 pg/L effects may occur if males are exdoi&e a longer time period. Effects
observed by Gronen et al. (1999) and Gray et 8B94) indicate, that even in adults, gonads
may be affected by 4-tert-octylpenol (testis ovd entibition of spermatogenesis) and that 4-
tert-octylphenol may influence phenotypic appeaeamicadult medaka (changes in secondary
sex characteristics) although at high concentration

Information from fish full life cycle tests:

Two fish full life cycle tests are available f@r.latipes both considered as not fully reliable
due to constraints in documentation. Neverthele§scts observed in both tests fit to those
observed in tests described above but differ Sigamtly in effect concentrations.

In a study summarized by the Ministry of the Enmimeent of Japan (2002), fertilized eggs
were exposed until 60d posthatch of F1 genera@anges in indicators of estrogen agonist
activity were observed at similar concentrationsipared to the fish sexual development test
by Seki et al. (2003). Vitellogenin level in FO geation increased in a dose-dependent
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manner being significant at 9.9 pg/L and aboveQ}dg/L observed by (Seki et al., 2003))
and a dose-dependent increase of testis ova wasvelsbeing significant at 30.4 pug/L and
above (5 of 7 male gonads with testis-ova whilei ekl observed testis-ova in 3 of 10 male
gonads at 48 pug/L). Unfortunately sex-ratio wasreported.

In the second study provided by Kndrr and Brauni@6K2)vitellogenin was not examined,
some testis-ova and some influence on sex-rati@ wbserved starting at 2 pg/L but both
effects were not significant up to the highest @miation tested, no dose- dependency was
observed and percentage of testis-ova and changgeximatio were in the range of historical
controls (3% testis-ova, max 55 % percent of fes)alBose-dependent effects were observed
with regard to fertilization rate starting alreaatythe lowest test concentration (reduced to <
75 % at 2 pug/L). Development and mortality of offeg was affected in a dose-dependent
manner being significant at 20 pg/L and aboveriidées were exposed only.

If effect concentrations are compared to thosetloérostudies available, it becomes obvious,
that the study by the Ministry of the Environmemtlapan (2002) shows similar sensitivity
compared to the sexual development tested by Seki €2003) with regard to vitellogenin
level and testis-ova. With regard to fertility itaw less sensitive than the two reproduction
assays available. Results by Knorr and Braunbe@R2Rwith regard to testis ova and sex-
ratio might provide some indication that effectsymacur even at lower concentrations. They
should be read with care.. The assay by Knérr aradibeck (2002)s the only test where
concentrations below 10 pg/L were tested. No irtdioaof an unrealistic high sensitivity is
available. Effects observed at concentrations amio those tested in the two reproduction
screening assays by Gronen et al. (1999) and Graly @999b) show a similar or even lower
sensitivity (30% reduction of fertility at 20 pgtompared to 40% at 10 pg/L observed by
Gray et al. (1999band 50% reduction at 20 pg/L (Gronen et al., 1999).

Overall summary:

In summary at least one fully reliable sexual depeient tests (Seki et al., 2003) and results
from two fish full life cycle tests clearly showhat 4-tert-octylphenol influences the hormonal
system of medaka with endpoints affected that aresidered by the OECD draft guidance
document to be estrogen agonist mediated. Apiadp@nts aaffected in these tests fit to this
mode of action. The mode of action is substardiatein vitro tests and all other test results
support the hypothesis that 4-tert-octylphenoluefices the hormonal system of medaka by
an estrogen agonist mode of action that consequeatlses effects on reproduction. If
compared to the criteria described in the OECD @ue document information from both
type of tests (sexual development test and fishlifel cycle tests) strongly indicate that 4-
tert-octylphenol is an endocrine disruptor for medésee comparison against OECD criteria
in Table 29 below).

Table 29: Summary of evidence of endocrine disruptig effects of 4-tert-octylphenol in
O.latipes

Test sytem Number of| Indication of | Apical Indication that | OECD
tests hormonal endpoints apical conclusion
available activity? positive? endpoints fit to

mode of action

Sexual 3 Yes, if Yes, if Yes, testis oval Substance

development sensitive life | sensitive life | as a first result| almost

test stages are stages are of certain an
considered. | considered feminization | actual
LOEC =11 |LOEC sex. |Observedat |endocrine
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D

ng/L (VTG) ratio 48.1 lower diruptor
LOEC = 23 pg/L C(r)lncentra_ltlons,
Hg/L (testis- changes in
ova) sex-ratio
known effect
of estrogens
Reproduction Yes, LOECLS | Yes, Yes, reduction| Strong
screen 20 pg/L .. | of fertility a evidence
LOEC fertility
(VTG) <20 pg/L with result of that the .
some exposure to | substance is$
indication that rr;}ales on!y, an dactgal
it might start changes in endocrine
at 10 pg/L courtshlp disruptor
behavior
observed
Fish full life Yes, LOEC = | Yes, Yes, reduction| Substance
cycle 9.9 ug/L confirmation | of fertility is a | is an actual
(VTG) of a LOEC of | known endocrine
LoEc =30 | TR | emegens, |
g\g/]él)_ (testis- study with effects
indication of | observed in all
reduced other tests fit
fertility to this
starting below | conclusion
2 ug/L (testis-ova,
changes in
sperm quality)
Overall Yes, VTG and| Yes, effects | Yes Substance
conclusion testis —ova if | on sex-ratio, is an actual
sensitive fertility, endocrine
endpoints are | courtship disruptor
considered behaviour
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Cyprinodon variegates (sheephead minnow)

For C.variegatesonly one, however fully reliable, fish reproductiscreening assay by Karels
et al. (2003) is available (see Table 31). Thedesign differs from OECD 212 as male fish
only were exposed in two replicates for 24 d arerdproduction trial started after exposure
was terminated. More replicates than required bDEvere used for the reproduction trail
(10 replicates with one previously exposed male and unexposed female each) and
reproduction was assessed for 10 days. A totabadd)s per breading group were incubated
until 3 d posthatch.

Vitellogenin level (measured as blood VTG concedidrausing dot/slot via immunofiltration)

increased in a dose-dependent manner being sigmifi@already at the lowest test
concentration (11.5 pg/L). Late sperm stages (sgtercytes) were reduced and interstitial
tissue proliferation increased in a dose-dependsaniner starting at 11.5 pg/L and being
significant at 33.6 pg/L and above. At the sameceatration (33.6 pg/L) a significant
reduction of viable eggs was observed after exgosdirmales only (< 30% viable eggs
compared to > 80 % in controls).

In summary the study shows, that 4-tert-octylphemdluences indicators of hormonal
activity that are known to be estrogen agonistiseagVTG level in male, reduced number
of late sperm stages, interstitial degradationjnfluences an apical endpoint (reproduction,
measured as viable eggs after exposure of malg3 which is not diagnostic for estrogen
activity but seems likely to be a results of therhonal influence observed. (Summary see
Table 30 below).

Table 30: Summary of evidence for endocrine disrumg effects of 4-tert-octylphenol in
C.variegatus

Test sytem Number of| Indication of | Apical Indication that | OECD
test systems hormonal endpoints apical conclusion
activity? positive? endpoints fit to
mode of action
Reproduction| 1 Yes,. Yes, Yes, changes | Strong
test LOEC =11.5 | LOEC viable | MSperm | evidence
ug/L (VTG) eggs 33.6 stages indicate that the |
~ ug/L reduced ' substance is$
LOEC = 33.6 reproductive | an actual
Hg/L (sperm- capacity of endocrine
stages, tissue males and this| disruptor
changes) fits to reduced
number of
viable eggs
after exposure
of males only.
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Table 31: Summary of effects of 4-tert-octylphenoin C.variegatus. If not indicated otherwise LOEC values are reporte (* study not
summarized in (Environment Agency UK, 2005). VTG =vitellogenin. m = measured values. n= nominal valgeStarting at means, that

effects were observable but not statistically relent or without statistic analysis). Reliability wasassessed according to (Klimisch et al.,
1997)

Life stage] Test Vitellogenin | Histology Fertility/Fecundity Sewtio [Sec. sexother | Positive [Reference reliability
duration | condition/ charac- control

conc. teristics
Adult Intermittent |<11.5 33.6  missing33.6 (Karels et al} 1
males / 24 flow-through/ late spern _ 2003)
d 11.5; 33.6 stages, % viable eggs Aftef

68.1 pg/L (m) testicular mating with

fibrosis unexposed females
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Oncorhynchus mykiss (rainbow trout)

With respect tdD. mykissonly two screening tests assessing endocrineitgctie available
which do not address apical endpoints. On the dihed, two early life stage tests address
apical endpoints (growth and mortality) but do wontsider endpoints assessing endocrine
activity (see summary in Table 33).

A 60d post-hatch early life stage toxicity studys eeen carried out to an American Society
for Testing and Materials (ASTM) protocol accordiogGLP (IUCLID, 2000). No endpoints
indicating endocrine activity were analyzed. Endp®iobserved were mortality, hatchability
of eggs, growth of fry with the most sensitive eoidp being growth of fry (LOEC = 11

pa/L).

In a second use with care early life stage tesiafesnfrom an all-female population were
exposed starting from post-hatch for 22 (first expent) and 35 d in two groups of 200
individuals. Growth was monitored 86 d after expesnas terminated (experiment 1) and on
day 24 of exposure and further dates until 431 ddtgs exposure (experiment 2). In the first
experiment, 86 days after the end of exposure weifjfish was significantly reduced in all
treatment groups (LOEG 1 pg/L) but not in a dose-dependent manner. Inséeond
experiment results are more difficult to interpastno effects were observed until day 84 on
which weight in the lowest test concentration waghér, compared to controls but during
further development it changed to be significantdo compared to controls (day 300 and
466). Again effects were not dose-dependent. Nogds in the gonado-somatic index were
observed. However, this index should be used watte @s it is highly dependent on the
reproduction status of fishes.

In a fully valid screening assay by Jobling et{(8896), adult males (seven groups with 12- 15
individuals) were exposed for 21 d and vitellogetenel and histological changes were
examined but no apical endpoints. In an initial ekpent vitellogenin level as well as
gonadosomatic index (GSI) and sperm stages wermiegd while in the actual dose-
response test vitellogenin level and GSI were measanly. According to the dose response
experiment the LOEC for vitellogenin induction w&$8 pg/L and no changes in GSI was
observed. However, results for GSI should be camedl with care as experiments were
carried out in August and November and thus duangme period without reproductive
acitivty of O.mykiss|In the initial experiment, vitellogenin inducti@n the only concentration
tested (30 pg/L) was comparable to the inductiorsiatilar concentrations in the dose-
response trial (vitellogenin concentration of h@/ml compared to a similar concentration at
14.6 pg/L and a little bit above at 43.9 pg/L).dddition, a reduction in growth of tests
compared to control was observed. This trial wagedt during the reproductive phase of the
rainbow trout. As expected, GSI of control fishremsed during the experiment while this
growth was inhibited by 50% by 30 ug/L 4-tert-optyenol. This influence on testis growth
was accompanied by an increased percentage of g@elyn cells (spermatocyts A) and a
reduced level of later sperm stages compared todh&ol.

In a second fully reliable screening assay by Rualg# et al. (1998), vitellogenin induction
was measured in adult males after exposure for.Zlhd LOEC for vitellogenin induction
was 10 pg/L.

Influence on vitellogenin level was supported by tather studies which are not further
described as they used only single exposure levaielatively high test concentration
(Pedersen et al., 1999an den Belt et al., 2003).

In summary results from single tests alone do Hiotwafor conclusion on the endocrine
activity of 4-tert-octylphenol towards rainbow ttoéccording to the OECD draft guideline
(OECD, 2011) a positive result with regard to irdazs of endocrine activity, such as
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vitellogenin level, in fish screening assays intk¢dhat a substance is a possible endocrine
disruptor, especially if positive vitro data and othen vivo data are available. No tests are
available that clearly show, that 4-tert-octylphledoes result in adverse effects@mykiss
due to its estrogen activity. However, weighing twdence it seems, that adverse effects
observed in the two early life stage tests are emo® mediated:

- Vitellogenin was induced at similar concentrati@ssin other fish species indicating that
4-tert-octylphenol influences the hormonal system rnainbow trout at similar
concentrations as in other fish species.

- Effects observed by Jobling et al. (1996) on speevelopment are comparable to effects
observed in other fish species with regard to theeoved effect type and the effect
concentrations. FdD.latipesandC.variegatughe results show, that this impact on sperm
development might result in decreased reproduclioseems likely that this also holds
true forO.mykiss

Data show that 4-tert-octylphenol influences thdaamine system oD.mykissbut life stages
that proofed to be most sensitive in other fishce®e (reproduction) were not tested. Thus,
potentially more sensitive life stages @f mykissmight be affected at concentrations below
those reported in Table 33.

In summary no clear conclusion can be drawn ashether 4-tert-octylphenol is an actual

endocrine disruptor in rainbow trout. However,anhoot be excluded that the effects observed
are endocrine mediated and it seems likely thailai as in other fish species, 4-tert-

octylphenol influences reproduction at even lowencaentrations than observed in the

described tests (summary see Table 32 below).

Table 32: Summary of evidence for endocrine disrumtg effects of 4-tert-octylphenol in
O.mykiss

Test system | Number of Indication of Apical Indication thatf OECD
test hormonal endpoints apical conclusion
systems activity? positive? endpoints fit

to mode of
action

Shortterm | 2/1 Yes,. Yes, No apical Stronge

screening _ endpoints evidence

test/ ELS I('\?TEGC aij.glt“g“_ tS/ELC -1 diagno_stic for | forin vi_vo

males) endqcrlne endqcrlne

(reduced activity activity, no
(LOEC<39 growth ELS) | assessed. No| conclusion
HO/L (increased | Some conclusion | with
percentage of | indication with respect | respect to
early sperm that effects | to growth actual ED
stages might start at | possible possible
(spermatogonia)) <1 p/L
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Table 33: Summary of effects of 4-tert-octylphenoin O.mykiss. If not indicated otherwise LOEC values are reportd (* study not
summarized in (Environment Agency UK, 2005). VTG =vitellogenin. m = measured values. n= nominal valgeStarting at means, that
effects were observable but not statistically relent or without statistic analysis). Reliability wasassessed according to (Klimisch et al.,

1997)
Life  stage/| Test condition/ conc. Vitello- Histology Fertility/ Sex- [Sec. sejothers Positive Reference reliability
duration genin Fecundity ratio |charac- control
teristics
ELS /60 d Flowthrough/ 6.1; 11; 27 11 (IUCLID, 4 secondar
51; 91 pg/L (measured) (growth) 2000) source)
Posthatched [Flow-through/ 1.0; 10; 3( > 50 (GSI) < 1 (body (Ashfield et al.|2- nom.
females / 2350 pg/L (nominal) weight) 1998) Conc.
and 35 d)
No dose
response
Adult males {Flow-through/ 0.3; 0.§4.8 (dose}< 39 pa/ly EE2: (Jobling et al|1
21d 1.6; 4.8; 14.6; 43.9 ug/response), |increased 1996)
(measured) and 39 ug significant |[percentage of ear 0.0002:
(m) initial experiment  |at 39 pug/l [sperm stagd VTG,
(spermatogonia), increased
reduced GSI i early spern
initial experiment stages
Adult males {|Flow-through/1; 10; 10410 (Routledge, |1
21d Mg/L (nominal, but verifie 1998)

by analytic)
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Zoarces viviparougeel pout)

For Z. viviparousone short term screening assay and a modifiedy difel stage test is
available. Both tests include endpoints that acbcators of estrogen activity but the only
apical endpoint measured was growth of offsprinthenmodified early life stage test. Results
are summarized in Table 35.

In a study by Rasmussen et al. (Rasmussen et0fl2) pregnant females were taken from
wild and exposed during the late yolk-sack phasenobryos.Z. viviparousis a viviparous
species which carries its progeny for about fiventho Sexual differentiation takes places
during yolk sack phase of the pregnancy. After expe vitellogenin induction in females and
its embryos was analyzed as well as gonadal dewvelopof embryos and uptake of 4-tert-
octylphenol. Results show that 4-tert-octylpheniolabcumulated in the plasma of the adult
females (BCF up to 550) and resulted in a transfel-tert-octylphenol to the ovarian fluid.
Vitellogenin induction in females, being signifitaaready at the lowest test concentration
(14 pg/L) showed that 4-tert-octylphenol acts vimestrogen mode of action in this fish
species and induction in embryos show that theyw&posed via the maternal ovarien fluid.
While embryos from control females showed about%s®ormal female gonads and 50%
presumably male gonads, in the highest test coratemt only 22 % of embryos had normal
presumptive male gonads and 32 % of embryos shabkedrmal gonads that resembled
testis-ova. Weight and length of offspring was #igantly reduced at 14ug/L and above.

In another study by Rasmussen et(BRlasmussen et al., 2005) adult males taken from wil
(two replicates with 6- 7 fish) were exposed fomw@eks and analyzed for histological

changes. The experiment was performed in springingluractive spermatogenesis.

Vitellogenin induction was significant at 35 pg/bdaabove with an increase in induction
similar to 0.5 pg/L 17R-estradiol. Disruption obldar arrangement started at 9 pg/L and
resulted in severe effects in all testes comparableffects after exposure to 0.5 pg/L 1703-
estradiol. While spermatogenesis was almost comgblet control groups, spermatogenesis
was impaired starting at 35 pg/L. Effects includedticular degeneration and interstitial
(Leiydig) cell fibrosis increases which are knowm ke estrogen mediated. In addition,
gonadal growth as observed in controls due to nmafwf sperms was inhibited starting from

9 ug/l but being significant at 35 pg/L and above.

In summary, both tests show, that 4-tert-octylpheaiters the endocrine function both in
adult as well as in embryo eel pout if the embiyy@xposed via the mother. The only apical
endpoint assessed does not allow for a conclusida ehether this results in adverse effects,
but it seems likely that it is a direct or indireesult of the estrogen activity observed.
According to the OECD guideline, an indication stregen activity without knowledge of
the influence on clearly estrogen mediated endpoaduld result in the conclusion that the
substance is a possible endocrine disruptor witingtevidence foin vivo endocrine activity

in fish (summary see Table 34 below).

Table 34: Summary of evidence for endocrine disrumg effects of 4-tert-octylphenol in
Z.viviparous

Test sytem Number of| Indication of | Apical Indication that | OECD
test systems hormonal endpoints apical conclusion
activity? positive? endpoints fit to

mode of action

Shortterm | 2 Yes, Yes, No apical Strong
screening test LOEC < 14 LOEC = 14 endpoints evidence
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/ modified
ELS

ng/L (VTG,
adult females)

LOEC =35
Mg/l (sperm-
stages, adult
males). Some
indication that
effects start at
<9 pg/L

Ho/L

(reduced
weight and
length
offspring)

diagnostic for
endocrine
activity
assessed. No
conclusion
with respect to
growth
possible

for in vivo
endocrine
activity, no
conclusion
with respect
to actual
ED possible
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Table 35: Summary of effects of 4-tert-octylphenoin Z.viviparous. If not indicated otherwise LOEC values are reporte (* study not
summarized in (Environment Agency UK, 2005). VTG =vitellogenin. m = measured values. n= nominal valgeStarting at means, that
effects were observable but not statistically relent or without statistic analysis). Reliability wasassessed according to (Klimisch et al.,
1997)

Life  stage/| Test condition/ conc. Vitello- Histology Fertility/ Sex- [Sec. sejothers Positive Reference reliability
duration genin Fecundity ratio |charac- control
teristics
Pregnant Flow-through / 14; 64< 14 pg/L in/Indication of testist 14 ug/L |E2: no|[ (Rasmussen {2- teg
female  an{ug/L (measured) adult ova starting at 6 (reduced [testisova afal., 2002) organisms
their embryo females pa/l weight 0.5 ug/L, taken from
/35d (dose and lengthreduced wild*
dependency offspring) |weight ang
length
offspring
(not
significant)
Adulte male |Flow-through / 9; 35; 6{35 pg/L{ Disruption of E2: similar| (Rasmussen gt2- test
3 weeks pg/L (measured) (dose- lobular effects orl al, 2005) [organisms
dependent) |arrangement vitellogenin, taken from
starting at 9 pg/L lobular wild*
Changes in gonad arrangemen
staging starting & gondal
35 palL, ng staging an
statistics GSI at 0.1
/L
GSl.: LOEC= 34 Ho
Ho/L
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Danio rerio(zebra fish)

With respect to the zebra fish, one modified repobidn screening assay as well as a full life
cycle study are available (see summary in Table Bd}h tests are considered as fully
reliable according to Klimisch et al. (1997). Etfieon indicators of estrogen activity were
measured and with the endpoints fertility and felityn apical endpoints that might be
estrogen mediated are recorded.

In the reproduction screening assay by Van den &eadl. (2001) adult fish were exposed to
4-tert-octylphenol for 21 days. After this exposperiod exposure was terminated and fish
were held in breeding pairs for 5 days. No vitedioigp induction was observed up to the
highest test concentration (100 pug/L). Howeveshibuld be kept in mind, that vitellogenin
level was measured 5 days after the end of expa@uehus vitellogenin level might have
decreased during this time period. Some effecthemonadal size was observable in females
exposed to 25 pg/L and above if only not yet spalfeenales (females that are just about to
spawn and should have well developed gonads) amsidered. No effects on fertility or
fecundity was observable in all test concentrationsle ethinyl-estradiol resulted in a
reduced number of females starting from 0.005 pg/L.

In the fish full life cycle test conducted by Weheeal. (2001) and published by Segner et al.
(2003) fertilized eggs were exposed and the infteeron apical endpoints such as
fertilization, time to first spawn, growth of offsdpg were examined but no potential

indicators of estrogen activity. Most sensitive goidts were fertilization rate, time to first

spawn and body length of offspring with a LOEC & Bg/L. Effects observed were

comparable to effects observed for 0.001 pg/L gthestradiol.

In summary no clear conclusion about possible emi®enediated effects can be drawn. Due
to the test design (vitellogenin measurement at$agter the end of exposure) they do not
allow to conclude whether or not endpoints indiogtestrogen activity were affected or not.
However, fertilization a sensitive endpoint for esgpre to 4-tert-octylphenol in other fish
species with clear influence on the endocrine systeas affected in this species too. In
addition time to first spawn, known to be a sewsigndpoint for estrogen active substances
(Knacker et al., 2010) was affected (summary sdaelTd@6 below). Thus, in a weight of
evidence approach considering information for ofisdr species, it seems likely that effects
observed are endocrine mediated.

Table 36: Summary of evidence for endocrine disrumtg effects of 4-tert-octylphenol in
D.rerio

Test sytem Number of| Indication of | Apical Indication that | OECD
test systems hormonal endpoints apical conclusion
activity? positive? endpoints fit to

mode of action

FLC 2 Not available. | Yes, Yes, Effects | No
/modified VTG LOEC = 35 | onfertility in | conclusion
reproduction measurement ug/L FLC fit to possible
screening not reduced GSIl in

appropriate, | (fertility, time | screening

no other to first spawn, | assay. Effects

diagnostic body length | observed are

endpoints offspring but | known to be

measured no effects on | sensitive to
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(LOEC =25
png/L GSI
adult females)

sex-ratio )

estrogens
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Table 37: Summary of effects of 4-tert-octylphenoin D.rer/o. If not indicated otherwise LOEC values are reporte (* study not
summarized in (Environment Agency UK, 2005). VTG =vitellogenin. m = measured values. n= nominal valge Starting at means, that
effects were observable but not statistically relent or without statistic analysis). Reliability wasassessed according to (Klimisch et al.,

1997)
Life  stage/| Test condition/ conc. Vitello- Histology Fertility/ Sex- [Sec. sejothers Positive Reference reliability
duration genin Fecundity ratio |charac- control
teristics
Adult fish /[Semistatic/ 12.5; 25> 100" 25 ug/L (reduce|No effects EE2: (Van den Belf1
21d 50; 100 pa/l GSI in femalegup to 100 number  ofet al., 2001)
(measured) with regard to ndpg/L females
il
females n
effects (in 0.005 gL
individuals afte
spawing)
Fertilized Flow-through/ 1.2; 3.2; 35 pg/L> 35 35 ug/LJEE2: 0.00] (Wenzelet |1
eggs / @ll|12; 35 ug/L (measured) (fertilization |HO/L (time to|pmg/L (body| al., 2001)
life cycle ) first length
spawn, |offspring,
body time to first
length  [spawn,
offspring fertilization
) capacity)

! Vitellogenin was measured 5 days after the erekpbsure
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Poecilia reticulata (quppy)

For P.reticulataone partial life cycle test, one screening studhctv included exposure of
embryos during pregnancy and three additional pig#d short term endocrine screening
assays are available. Results are summarized iie Bab

In the three endocrine screening assays adult mades exposed for 60d ((Toft and Baatrup,
2001; Kinnberg and Toft, 2003), both fully reliapler 28 d (Kinnberg et al., 2003) and

analyzed for changes in spermatogenesis and sagoselacharacteristics. All tests revealed
effects on spermatogenesis however they were eedludifferently and started at different

concentrations. Both tests analyzing histologichhnges in spermatogenesis found an
increased number of late sperm cells and a redacedber of early stages indicating a

reduced sperm mitosis however at different testceotrations. While effect started at 900
Mg/l in the experiment by Kinnberg and Toft (2008fects were already observable at 26
Mo/l in the experiment by Kinnberg et al. (2003)teEts on the number of mature sperm
cells (fish were stripped and sperms ejaculatedd significant at all test concentrations

(LOEC< 100 pg/L) observed by Toft and Baatrup (2001).

Effects on secondary sex characteristics after ®xgoof adults was analyzed by two of these
studies (Kinnberg et al., 2003 and Toft and Baat2(D1). No effect on the gonopodium
length was observed at 26 pg/L (Kinnberg et alQ3}&fter exposure of 28 days. But males
showed a reduced body coloration being signifiear@00 pug/L and above after exposure of
60d (Toft and Baatrup, 2001).

In an additional screening study adult males (licafe, 20 individuals) were exposed for 28d
to 150 pg/L 4-tert-octylphenol and changes in skgisplay was examined 10 days after the
exposure had stoppéBayley et al., 1999). Sexual display of males wiggo taped in two
aguaria with one male and one female guppy for tfDeach. Exposure to 4-tert-octylphenol
reduced sexual display to half of the number ofleyy@nd half of the duration observed in
controls. Similar but even more pronounced effesse observed after exposure to 20 pg/L
173-estradiol.

Effects of 4-tert-octylphenol exposure on develgpguppy were analyzed in two studies.
Embryos in pregnant females were exposed via théhenon one studyKinnberg et al.,
2003) and sex-ratio as well as growth of offspnmgre analyzed. In the second stydipft
and Baatrup, 2003) newly born larvae (max 5 dayer dfirth) were exposed for 90d and
growth, sex-ratio, number of sperms and sexual\behavere analyzed. If exposed via the
mother, embryos did not show significant effectthwegard to development, growth and sex-
ratio (Kinnberg et al.,, 2003). However, an increasaeimber of early sperm stages in
offspring, and an increased number of late oocyéges were observed at the only test
concentration (26 pg/L). If exposed after birth a0 days(Toft and Baatrup, 2003) an
increased number of sperms produced by rRaleticulatawas observed even at the lowest
test concentration (LOE€ 1.7 pg/L, no dose-response curve). Body coloratiaa reduced
and gonopodium length increased in males (LOEC 2/ and 149 ug/L respectively). A
change in sexual behavior was observable but atisstally relevant starting at the lowest
test concentration (nearly double number of cyclampared to controls). No effect on sex-
ratio was observed but body length was signifigamicreased at 200 pg/L. A reduced
number of mature oocytes or embryos was observddcamesponded to a reduced ovarian
weight for females. A< .reticulata is a viviparous species and males and females were
exposed together a reduced number of mature ooeytdsembryos in pregnant females
indicate a reduced reproduction capacity of females
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In summary effects on female oocyte stagingirreticulataas observed by Kinnberg et al.
(2003) and Toft and Baatrup (2003) provide someéeawie of endocrine activity in females
after exposure to 4-tert-octylphenol (starting @t @y/L). Results observed for males do not
allow for a definitive decision as to whether théeets observed are endocrine mediated.
However, some results do indicate that 4-tert-pttyhol elicits endocrine activity in
P.reticulata

- Effects observed by Kinnberg and Toft (2003) andaribierg et al. (2003) on sperm
development (reduced proportion of early stagempgrgonia and increased proportion
of late sperm stages (spermatocytes) are (seconihatigators for endocrine activity in
zebra fish, medaka and fathead minnow accordingOBCD, 2010). Although not
definitively diagnostic for an endocrine activitigese effects provide some evidence of
such an effect

- Changes in courtship behavior were observed in stugdlies after exposure of adults
(Bayley et al., 1999) and new born larv@koft and Baatrup, 2003). Although not
unambiguous as type of effects differed betweesethtevo studies, this also provides
some evidence of endocrine activity.

- Similar changes in body coloration in two studigsf{ and Baatrup, (2001); Toft and
Baatrup, (2003)) — although starting at rather leghcentrations — might be influenced
by other modes of action too but may also provioi®es evidence of endocrine activity.
Increased gonopodium length at similar test comagohs as observed by Toft and
Baatrup (2003) provides some evidence of an andiogeode of action but is at least
partially induced by estrogens too (Toft and Bgat2003).

In addition, effects on reproduction were obserattdr exposure of adults (Toft and Baatrup,
2001) and new born larvae until sexual maturityf{Temd Baatrup, 2003), starting at 900
png/L (Number offspring/female) and 1.7 pg/L (numbemature oocytes and embryos).

In summary evidence of estrogen activity is avddamd apical endpoints affected fit to these
the estrogen activity. Thus, although none of teg &tudies is fully reliable and statistical
analysis is missing, it seems to be possible telcoe in a weight of evidence approach that
4-tert-octylphenol is likely to result in adversHeets due to an estrogen agonist mode of
action (summary seeTable 38 below).

Table 38: Summary of evidence for endocrine disrumtg effects of 4-tert-octylphenol in
P.reticulata

Test sytem Number of| Indication of | Apical Indication that | OECD
test systems hormonal endpoints apical conclusion
activity? positive? endpoints fit to
mode of action
Shortterm | 4/1 Yes, Yes, Yes, Evidence
screening tesf No VTG Indication that| changes in for in VIvo
/ partial life measurement,| effect start at | female enqlqcrlne
cycle but reduced | 1.7 pug/L gonadal activity
number of (number of staging fit the with .
oocytes mature reduced potential
(change in oocytes and | number of adverse
female embryos) mature oocytes effects
gonadal and embryos
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staging)
starting at 1.7
Ho/L
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Table 39: Summary of effects of 4-tert-octylphenoin P. reticu/ata. If not indicated otherwise LOEC values are reporte (* study not
summarized in (Environment Agency UK, 2005). VTG =vitellogenin. m = measured values. n= nominal valgeStarting at means, that
effects were observable but not statistically relent or without statistic analysis). Reliability wasassessed according to (Klimisch et al.,

1997)
Life  stage/| Test condition/ conc. Vitello- Histology Fertility/ Sex- |Sec. sejothers Positive Reference reliability
duration genin Fecundity ratio |charac- control
teristics
Adult males | Flow-through/ 26 +/- 8 Starting at 26 pg/ > 26|> 26 ug/l E2: 0.89 (Kinnberg et |2- single
and pregnan{ ug/L (measured) (reduced earl pna/L | (gonopodi pa/l al., 2003) |exposure
females sperm stages um length) (reduced level, tes
(exposed offspring, increase early spern| substance
directly after number late oocyt stages i octylphenol
last birth) / 28 stages) offspring,
days and unti increases
birth (26 -36 number laté
d) offspring oocyte
cultured in stages)
clear water 0.85
(70 d) pg/L(gonop
odium
lemthg, sex
ratio)
Adult males {Flow-through/ 100; 300; Starting at 900 60% E2: no| (Kinnberg and| 1
60d 900 pg/L (measured) Ma/L, not mortality [changes if Toft, 2003)
significant gonadal
(increased numbgq staging a
latee sperm stagd 0.03 and 0.
) pna/l E2
Adult  maleq Flow-through/ 100; 300; <100 pg/L Number 300 po/U E2: 0.03 (Toftand |1
/60 d 900 pg/L (measured) (Increased numbef offspring/fem (reduced pg/L  (body| Baatrup, 2001
) ) of sperms) ale: decrease body coloration)
Paired  with towards 79% coloration 0.1  pgU
unexposed at 900 pg/L (number
females afte (no statistics) offspring)1

end off
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exposure pa/l
(number o
sperms)
newly  born Flow-through/ 1.7; 11.7,; Starting at 1.7 pg/LStarting at 1.1> 200149 pg/UIncreased|E2: 0,0 (Toftand (2 - wide
larvae (max ¢149; 200 pg/L (measured (no statistics pa/L (no|pg/L | (gonopodi|growth of|pug/L Baatrup, 2003) separation @
d)/ 90 d (reduced number |statistics um length) males  a| (reducednu levels
mature oocytes andreduced 149 pug/L [mber maturg
embryo) number  of 200 ug/y oocytes,
149 g/L (increased mature (reduced embryos,
nmber of sperms) |oocytes  an body gonopodium
embryos) coloration) length); 0.1
Starting a Mo/L (sperr;
cells), 0.5
1_.7ug/L: ugiL
gggij‘sed (coloration,
display) sex-ratio)
Adult males|Flow-through/ 150 pg/L < 150(E2: Similar,| (Bayley et al.,|2 single
28d (nominal) pa/l but ever 1999) exposure
(Rate andmore level,
intensity |pronounced nominal
of sexua|effects at 2 concentratio
display) |pg/L n
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Other fish species

In addition to the fish species described aboveesturther test results are available for other
fish species. For four speci@s vitro test results show that 4-tert-octylphenol actigédtee
estrogen receptor and results in vitellogenin itidac(see chapter 5.1.2.2). Additionally, for
two species vitellogenin inductidn vivo, indicating estrogen activity, was observed but no
other endpoints were analyzed (Table 40). Vitellmgenduction started to occur at slightly
higher test concentrations than for some of theispalescribed above.

Table 40: Summary of available tests for in vivo ¥ellogenin induction induced by 4-
tert-octylphenol in fish species not described ab@v Reliability was assessed according

to (Klimisch et al., 1997)

Species Test condition/ test | Life stage Effect concentration | Reference Reliability
concentration tested / test [ma/L]
duration

Pomatoschistus | Flow-through/ 3; 20; | Immature LOEC = 31 (dose (Robinson et | 2 - test
Minutes 31; 101 pg/L males /28 d dependency) al., 2004) organisms taken
(Sand goby) (measured) from wild
Rutilus rutilis Flow-through / 1; Adulte males/ | LOEC = 100 (Routledge et| 1
(Common roach) %nggfsouregg)l' 21d Positive control: al., 1998)

similar induction at 0.1

pal/l E2
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Overall summary

Overall, indication of estrogen mediated effectaswobserved in all fish species tested with the
only exemption bein.rerio. Estrogen mediated effects started to occur atextnations between
4.8 O.mykis¥ and 19.9 pg/L@.latipe9 with respect to increased vitellogenin level iales and
between 23 pg/LQ@.latipes testis ova) ang 39ug/L ©.mykiss sperm stages) with respect to
histological changes.

In three of the five specie®©(latipes, C.variegatus, P.reticulgtdhe observed effects on apical
endpoints are very likely to be estrogen mediatediwo other fish speciesO(mykissand
Z.viviparous) no apical endpoints being diagnostic for endocnnediated effects have been
examined. The most sensitive effect observed wastgr of offspring. This endpoint is often
regarded as an endpoint indicating systemic toxicither than endocrine mediated toxicity.
However, it should be kept in mind, that growthkisown to be mediated by estrogen activity
(OECD, 2004, IPCS, 2002) and that it was among ntost sensitive endpoints for estrogen
agonists in fish full life cycle tests. Thus, altighh for these two species no clear indicator of
estrogen mediated adverse effects is availablegaims very likely that the effects observed are
endocrine mediated. With respectRaerio no conclusion can be drawn as the only indicator f
estrogen activity examined (sex-ratio) was negatl@vever, endpoints affected are known to be
sensitive to estrogens.

In summary, the results suggest that 4-tert-ocgoh acts as an endocrine disruptor in a variety of
fish species (strong evidence in five of six figleaes). Clearly endocrine mediated effects start t
occur between 1.7 pg/IP(reticulata)and 33.6 pg/l{C.variegatus)see summary Table 41 below).

Table 41 Summary of available tests fior vivo vitellogenin induction induced by 4-tert-
octylphenol in fish species not described abovédiaBiéty was assessed according to (Klimisch et
al., 1997).

Test sytem Indication of Apical endpoints | Indication that OECD conclusion
hormonal activity?| positive? apical endpoints fit
to mode of action

O.latipes Yes, LOEC =9.9 | Yes, Yes, reduction of | Substance is an
pna/L (VTG) LOEC< 10 pglL fertility is a known | actual endocrine

— e response to disruptor
LOEC =23 pg/L | (fertility with some estrogens, effects

testis —ova) indication that b dinall
effects might start observedin a
at< 2 ug/l) ot_her tests f!t to
- this conclusion
(testis-ova,
changes in sperm
quality)

C.variegatus | Yes,. Yes, Yes, changes in | Strong evidence
HO/L (VTG) 33.6 HglL reproductive endocrine
LOEC = 33.6 pg/L capacity of males | disruptor
(§perm-stages, and this fits to
tissue changes) reduced number of

viable eggs after
exposure of males
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only.

O.mykiss

Yes,.

LOEC 4.8 ug/L
(VTG, adult
males)

(LOEC< 39 pg/L
(increased

Yes,
LOEC = 11 pg/L

(reduced growth
ELS) Some
indication that
effects might start

Yes, no apical
endpoints
diagnostic for
endocrine activity
assessed but
growth is known tg
be influenced by

Strong evidence
for in vivo
endocrine activity,
no conclusion with
respect to actual
ED possible

percentage of earlyat< 1 u/L estrogen activity.
sperm stages
(spermatogonia))
Z.variegatus | Yes,. Yes, Yes, no apical Strong evidence
_ endpoints for in vivo
< =
l('VOTEGC a_dllﬁt HO/L | LOEC =14 gL diagnostic for endocrine activity,
’ (reduced weight | endocrine activity | no conclusion with
females)
and length assessed but respect to actual
LOEC =35 ug/L | offspring) growth is known tg ED possible
(sperm-stages, be influenced by
adult males). Some estrogen activity.
indication that
effects start at9
Ha/L
D. rerio Not available. Yes, Yes, Effects on No conclusion
VTG measurement — fertility in FLC fit | possible
not appropriate, N@ LOEC =35 uglt to reduced GSl in
other diagnostic | (fertility, time to screening assay.
endpoints first spawn, body | Effects observed
measured (LOEC | length offspring are known to be
=25 pg/L GSI but no effects on | sensitive to
adult females) sex-ratio) estrogens
P.reticulata | Yes, Yes, Yes, Evidence foin
No VTG Indication that changes in female vivo endocrine

measurement, but
reduced number of
oocytes (change in
female gonadal
staging) starting at|
1.7 pg/L

effect start at 1.7

[ ug/L (number of
mature oocytes an
embryos)

gonadal staging fit
the reduced
dnumber of mature
oocytes and
embryos

activity with
potential adverse
effects

131




ANNEX XV REPORT — IDENTIFICATION OF SVHC

5.1.2.4 Vertebrates — Amphibians

In this chapter information about the potential @rthe mode of action of 4-tert-octylphenol in
amphibians is summarized, as far as available.

While in fishes estrogen and androgen effectstaartost commonly assessed modes of action, in
amphibians impact on the thyroid hormone level immawn potent endocrine mode of action and
information about estrogen or androgen like effectsire.

According to the OECD guideline for the amphibiaetamorphosis assay (OECD, 2009b), the
following effects indicate a thyroid mode of action

- Advanced development (according to developmentstag hind limb length)
- Asynchronous development
- Remarkable histological effects

Delay in development may be induced by a thyroihgonistic mode of action, but could also be
influenced by systemic toxicity. Thus, this paraeneshould be regarded as indicative for an
endocrine mode of action only, if no systemic tayi¢reduced growth, mortality) is observable.
Similar, increased body weight is often observed dabstances negatively affecting normal
development but should not be used alone.

No specific guidance is available on how to idgngktrogen mediated effects and knowledge of
vertebrate steroid hormones and their role in nordevelopment and reproduction in non-
mammalians is scarce (U.S.EPA, 2005; OECD, 2008prtler to identify whether or not 4-tert-
octylphenol induces estrogen-like effects in amgaimb, the effects observed are compared to
effects observed after exposure to 173-estradiol.

Overall, 8 studies with 4 frog species and onensataler species are available assessing possible
endocrine modulated effects on development andmumefzhosis. Results are summarized in Table
42. As age and developmental stages differed anstudjes and were examined according to
different criteria (by (Nieuwkoop and Faber, 1984} (Gosner, 1960)) information about duration,
development stage and criteria used for deternanatre included.
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Table 42: Summary of effects on amphibians after gosure to 4-tert-octylphenol. (* study not summaried in (Environment Agency
UK, 2005)). E2 = 17R-estradiol; EE2 = Ethinylestraibl. If the test substance is not exactly known, ik is indicated in the last column

Species Life stage tested/test conditions/ test| examined Effect concentration(s) Reference Reliability
test duration concentration parameter(s) (Klimisch)
Xenopus 2-3 days post-hatch2.1 and 21.0 pg/Lsex ratio , LOEC sexratio=2.1ug/L; (Kloas et al.,| 2 - nominal conc.
laevis I(r:rvae/ 12 We(te(l)(s (nominal) d?(;/v(\aliﬁpment, No significant effects  on 1999) Le;%rlgglrjublrl]l(t)y e
b 9 o development, growth and . L
developmental mortality mortalit identity of test
stage  38/40 y substance (4
(Nieuwkoop and E2: LOEC sex-ratio = 0.1 puM, octylphenol)
Faber, 1994)) LOEC Vitellogenin induction 3
1nM, no significant effect on
development, growth and
mortality,
Xenopus Embryos (Gosner2 — 20 — 100 — 200  body length,| LOEC decreased body length|¥Bevan et al.; 2 - nominal conc.
laevis stage 10.5 up t01000 - 2000 pg/Ll abnormalities 100 pg/L 2003)
stage 37)/ 2 days | (hominal) (e.g. malformed LOEC abnormalites = 1000
cement glands)
Ho/L
Mortality starting at 200 pg/l
(no statistics)
Xenopus Males/ 28 days single dose of 1Dfhean epithelium Significant lower nuptial gland (van Wyk et| 2 - exposure route
laevis ug/g/week; injected heights of| epithelium at 100 pg/L al., 2003) single dose
intraperitoneally (IP) nuptial, plasm3 L : L
. - No significant changes in VTG
with  the speuﬂc VTG’.. body levels and GSI and HSI.
treatment chemical opcondition
days 1, 7, and 14 gfchanges in E2: lower  nuptial gland
the experiment GSlIndex or| epithelium and VTG induction at
HSIndex 10 pg/L E2. No changes in G§I

and HSI
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Species Life stage tested/test conditions/ test| examined Effect concentration(s) Reference Reliability
test duration concentration parameter(s) (Klimisch)
Rana Newly hatched 0.2 and 200 pg/L [ premetamorphic| No effects if exposed alone (Crump et al.| 2 - nominal conc
pipiens tadpoles  (Gosnernominal) + UV-B| development, _ : . 2002) widely  separated,
stage 21)/ 10 days | ratiation body weight, \II'V(I?E (EJV éorgd‘iﬁ{;n'f((;zmblt?;d identity of test
day at hind-limb of normal premetamé)rphic substance, no clear
?ELeEr?ence development, increased body Isduebn;gnce of  ftest
weight and accelerated day |at
HLE). (octylphenol)
Rana Tadpoles (Gosner0.02 and 2 pg/lf development; delayed development and highgiCroteau et 2— nominal conc.
pipiens stage 25)/ 8 months(nominal) body weight,| body weight (stage 26 only)al., 2009)
+3 months in clean effect on thyroid| starting at 0.02 pg
3 hs in cl ff hyroid [ 0.02 pg/L
\(,avft(ce)rsure) without P;Crgq?gf (TR) no overall effect on thyroid
P al hg levels. TR hormone receptor (TR) but
b(fta mR"NA minor but significant ~ 11%
increase in TR 3 mRNA levels
levels
Rana Tadpoles (Gosner50 - 100 - 150 - 200 + mortality, body| LCs, (stage 26) = 293 ug/L; (Hogan et al.| 2= nominal conc.
pipiens stages 26 and 36)/|2500 - 1000 - 1500 | weight — . | 2006) because of higher
weeks 2000 pg/L (nominal) LCso (stage36) = 577.9 ug/l; densitiy in stage 36
LOEC increased body weight at use body weight
stage 36< 50 ug/L, decrease results with care *
body  weight at higher
concentrations.
no effects on body weight after
exposure of stage 26 up to 2P0
Ho/L
E2 and EE2: decreased body
weight after exposure of stage 36

(LOEC 5 puM)
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Species Life stage tested/test conditions/ test| examined Effect concentration(s) Reference Reliability
test duration concentration parameter(s) (Klimisch)
Rana Tadpoles (Gosner50 - 100 - 150 - 200 - mortality, body| LCso = 153 pgl/L; (Hogan et al.| 2— nominal conc. *
sylvatica stages 26)/2Week52880- 1?I?C()n(-) rr}|?121% - weight no significant effect on bod y2006)
HY weight up to 200 pg/L
E2 and EE2:, LOEC increased
body weight 0.5 and 0.75 pM
respectively
Rana Tadpoles (Gosner0.2, 2 and 20 pg/l sexual LOEC earlier completion of (Mayer et al.,| 2— nominal conc.
catesbeiang stages 32 - 36)/ 2@(nominal) differentiation; | sexual differentiatiorx 0.2 pg/L| 2003)
h sex ratios (males 3 stages earlier, females 1

stage); no changes in sex ratios

D

Ambystoma
barbouri

Eggs/ 37 days

5, 50 and 500 pg
(measured)

)y/time to hatch,

larval  survival
and snout-ven
length

500pg/L: significant effects o
time to hatch, larval survival an
t snout-vent length

n(Rohr et al,
2003)

2 — test substang
identity not clear,
wide separation o

levels, no clear
identity of test
substance
(octylphenol)
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Only few studies providing information about poteahendocrine modes of action in amphibians
are available. None of them was performed accortbnthe OECD Guideline for the amphibian
metamorphosis assay (assay (OECD, 2009b)) or g faeliable according to (Klimisch et al.,
1997). Data provide some hints only.

For Xenopus laevighree studies examining different development staged endpoints are
available. None of the studies provides evidenceutla thyroidal mode of action, in fact no
changes in development were observed by Kloas €1399) while this endpoint was not examined
in the two other studies. However results by Kleasal. (1999) indicate that 4-tert-octylphenol
might influence sexual development of amphibiansalsimilar mode of action compared to 173-
estradiol. A shift of sex-ratio towards females,aiserved by Kloas et al. (1999) fits to effects
observed in fish species after exposure to estsogEme effect is consistent with effects observed
for 17@3-estradiol in this study and is also comesiswith effects observed for 173-estradiol in a
guideline conform study performed as part of thdidation of the OECD amphibian
metamorphosis assay (OECD, 2006). Thus, even istinty by Kloas et al. (1999) should be used
with care, it provides some evidence about an gstrdike mode of action. This is supportediby
vitro results indicating reporter gene bindingXinlaeviscells (see chapter 5.1.2.2). It is not in line
with results by van Wyk et al. (2003) who foundwii@llogenin induction in malX. laevis

Changes in the mean height of nuptial epitheliurolzserved by van Wyk et al. (2003) might be an
indicator for an anti-androgen mode of action adicay to the author. However, information about
this endpoint is rare and it is difficult to assaésselevance.

For Rana pipensome results provide evidence that 4-tert-octyiphenight influence the thyroid
axis but results are not consistent. While an eseedevelopment observed by Crump et al. (2002)
indicates a thyroid agonistic mode of action ahhigst concentrations, development was reduced in
the study by Croteau et al. (2009) at lower comegions and no activation of the thyroid receptor
was observed. Changes in body weight as observé&itlyp et al. (2002) and Hogan et al. (2006)
do not provide evidence about the mode of actiomeaslts are contradictory. Increase of body
weight, as found by Crump et al. (2002) and Hogamle(2006), is commonly observed with
compounds that negatively affect normal developmelnwever, increased development rather
than delay was observed by Crump et al. (2002) sndlies using 17R-estradiol showed
contradictory results with respect to body weigid. t

Results forRana catesbeianaupport the hypothesis of a thryroid agonistic enad action in
amphibians. Although no effects with regard to depment stages were observed, sexual
differentiation was accelerated after exposure-terédoctylphenol. As no changes in sex-ratio were
observed, no estrogen like mode of action is exgaefdr this species.

No information about potential modes of action isikble for the only salamander species
(Ambystoma barbouyi

In summary, some hints about an estrogen like noddaction are available foX. laeviswhile
some evidence about a thyroid agonist mode of ma&iasts forR.pipensandR. catesbeianaBut
results are first indications only and should net used alone. They do however indicate that
endocrine mediated effects of 4-tert-octylphendgjimibe relevant for additional taxonomic groups
other than fishes. And they do show that other misga groups may be affected at very low
concentrations starting at 0.02 pg/L.
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5.1.2.5 Invertebrates

There is only limited information available aboutdecrine disrupting effects of 4-tert-octylphenol
on (aquatic) invertebrates. Even though this phyilsinery large and diverse the knowledge on how
exogenoussubstances influence invertebrate en@osystems is up till now scare (U.S.EPA,
2005). OECD development of test methods for thed®in of adverse effects on development and
reproduction for several groups of invertebratestiisunderway .Owing to our lack of knowledge
on hormonal systems of most invertebrates, no keimetal endpoints are available. Therefore no
specific mode of action can be ascertained and amxlgsion can be made on the endocrine
disrupting properties of chemicals on species teste

Table 43 summarizes adverse effects on developer@htreproduction in invertebrates. Where
possible, the observed effects are assessed tioreta knowledge on endocrine effects and effects
observed for natural and synthetic estrogens.
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Table 43: Summary of adverse effects on aquatic ievtebrates after exposure to 4-tert-octylphenol. (*study not summarized in
(Environment Agency UK, 2005)). E2 = 17R-estradiolEE2 = Ethinylestradiol, If the test substance is ot exactly known, this is

indicated in the last column

Species Life stage Test Examined parameters Effect concentrations | Reference Reliablity
tested/ test | conditions/ test [ug/L)
duration concentration
Crustacea
Daphnia magna | Juveniles /21| 37-62-120-230- | Survival adults, adult length, | LOEC reproduction and (IUCLID, 4 — secondary
d 510 pg/L reproduction body length = 120 ug/L| 2000) source
(measured)
Daphnia magna | 12-h-old 10-20-40 Moulting frequence and no significant change | (Zou and Use with care
neonates/ 7 | ug/L (nominal) | morphology of adults relative to the controls | Fingerman, nominal conc. Test
days 1997) substance 4-
octylphenol
Acartia tonsa Eggs/ 5 days | Semistatic, naupliar development E&(inhibition of (Andersen et | 1 —valid but
saltwater / naupliar development) x al., 2001) concentration serie
(measured) 5.2ug/L not given
Tigriopus <24 hold Semistatic, Development as number of dayd OEC = 0.1 and 1 pg/L} (Marcial et al., | 2 — nominal conc.;
japonicas nauplii/ 21 saltwater / 0.01-| to reach first copepodid stage in 2003) substance identity
days parent | 0.1 110 pg/L | parents not clear
and F1 LOEC =1 pg/L (sexual

sexual maturity in P and F1-
Generation, fecundity, sex ratig
survival

maturity)

138




ANNEX XV REPORT — IDENTIFICATION OF SVHC

Species Life stage Test Examined parameters Effect concentrations | Reference Reliablity
tested/ test | conditions/ test [ug/L)
duration concentration
Echinodermata
Arbacia lixula(sea| Sperm and 5-10- 20 - 40 -| developmental anomalies LOEC (larval *(Arslan and | 2 - - nominal conc.
urchin) eggs/ 3days | 80-160 ug/L | [normal plutei (N), retarded) malformations) = 20 Parlak, 2007)
(nominal) plutei, pathologic malformed | pg/L, start skeletal
plutei (P1), pathologic embryos malformations at 5pg/L
(P2) unable to differentiate up toclear dose-response
the pluteus larval stages and | relationship
dead (D) embryos/larvae]
Paracentrotus Sperm and 5-10 - 20 - 40 -| sperm fertilization success, LOEC (larval *(Arslan et al., | 2 — nominal conc.
lividus (sea eggs/ 3days | 80-160 ug/L | quantitative and morphologic | malformations) = 5 pg/li 2007)
urchin) (nominal) g\raglg;sallpo:rrlrllt;)tt.l(;:nz;ctlwty, Embryo: at 10 pg/L:
v lons, blocked gastrula or
developmental arrest,
) : blastula
embryonic/larval mortality
Strongylocentrotus Embryos/ 4 | 0.001 - 0.001 - | normal development (5 EG;, (delayed *(Roepke et | 2 —nominal conc.,
purpuratuns(sea | days 0.01 -1 - 2.5 - 5] categories: normal, delayed, | development) =0.174 | al., 2005) test substance
urchin) png/L (nominal) | abnormal, elongated, hatched)| pg/L (Roepke et al.,| identity not clear ,
2005) test substance 4-
octylphenol
Molluscs
Marisa Adultsoregg|1—-(5-25-) mortality; production of LOEC< (Oehlmann et | 3 — nominal conc.,
cornuarietis masses/ 5 100 pg/L spawning masses with number 1pg/L:(increase in al., 2000) test substance
months or 12 | (nominal) of eggs per aquaria; appearanc¢amortalities of animals; identity not clear;
months extension of all sex organs, increased numbers of methodical defects

imposex intensity

eggs produced and sizg
of spawning masses

test substance
octylphenol
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Species Life stage Test Examined parameters Effect concentrations | Reference Reliablity
tested/ test | conditions/ test [ug/L)
duration concentration
Nucella lapillus Adults/ 2-3|1 — 25 — 100 mortality; production of LOEC < 1 pg/L| (Oehlmann et 3 — nominal conc.
months pHg/L (nominal) | spawning masses with numbefsignificant increase inal., 2000) test substance
of eggs per aquaria; appearanceglative  numbers  of identity not clear;
extension of all sex organspocytes and in length of methodical defects,
imposex intensity capsule gland angd test substance
weight of female pallia octylphenol
glands, sign increase [n
length of penis and the
prostate gland)
Potamopyrgus Adults/ 9| Semi-static; Growth, mortality, embryg LOEC = 5 ug/L:| (Jobling et al.; 3 — nominal conc.
antipodarum weeks 1-5_25_10( production (significantly more| 2003) wide separation of
ug/L (nominal) embryos. than in the conc., missing
controls; 100 ug/L details conditions
inhibition of embro
production; inverted Ui
shaped dose-response
curve)
Potamopyrgus Adults/ 8| Static Embryo production, unshelledc.OEC (stimulated (Duft et al.,| 3 — nominal conc.
antipodarum weeks 1 - 10 — 30 embryos embryo production) = 12003) some results
100 — 300 pg/kg ug/kg; inverted U extrapolated  wel
dw (spiked shaped dose-response below lowest conc.
. curve some  methodical
sediment) defects
(nominal)
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In summary, effects on three different phyla (auasans, echinodermata and mollusks) were
examined.

Within the group of crustaceans three species tested D.magna and the two copepods tonsa
andT. japonicas) No developmental effects (molting) were obserwre®.magnaup to 40 pg/L
and effects on reproduction started to occur at kegt concentrations (LOEC = 120 pg/L). Effects
were observed in the two copepods including datagievelopment of in naupilar stagestonsa
andT.japonicg and delay in sexual maturityf.(japonicg starting in the low pg/L range. As the
parameters assessed are not specific, no evidemcentlocrine mediated effects is available.
However, for A. tonsa the results obtained for 17R3-estradiol indicdtat tthe effects are not
estrogen mediated @stonsawas less sensitive towards 173-estradiol;(EC370 pg/L) than td-
tert-octylphenal

Effects on echinodermata were assessed with te@earshin species. In two speciésliyidusand

A. lixula) larvae malformation after exposure of sperms eggs were observed, starting to occure
at concentrations of respectively 5 and 20 pg/b)tHe third speciesS( purpuratunk delayed
embryo development after exposure to 4-octylphéexdct substance identity not specified) started
at much lower concentrations (EC50 = 0.174 pg/lgaif, no information about the mode of action
eliciting these effects is available. However, didaS. purpuratunsndicate that theobserved
effects of 4-tert-octylphenol are not estrogen ratdi as the EC50 for 17(3-estradiol was much
higher (EC50 = 14.2 pg/L).

For molluscs four tests with three species arelava. For two speciesM, cornuarietis P.
antipodarunm an increased number of offspring (eggs or emiry@s observed (LOE€ 1 and 5
Hg/L, respectively) while foN. lapillus only histological effects were observed indicataignges

in both female and male gonads (LOECL pg/L). Again, the effects observed do not previd
information about a specific mode of action. Howewecrease of egg numbers is a feminization
effect that may be consistent with an estrogenstmogen-like mode of action (U.S.EPA, 2005;
OECD, 2010b).

In summary, the results show that 4-tert-octylpteram affect various phyla of invertebrates like
crustaceans, echinodermata and molluscs, possitdy lendocrine mediated mode of action. There
is some evidence that exposure of early life stagedow pg/L concentrations results in
developmental delays and changes in reproductiteome. Since for most invertebrates no
biomarkers are available that could indicate a iipenode of action, no definitive link between a
potential endocrine mode of action and the obseapachl effects is possible. However, at least for
molluscs the observed effects for 4-tert-octylphesre consistent withthose observed for other
synthetic endocrine active substances (see e.gCODE2010b)), suggesting, that endocrine
mediated modes of action might be involved in ehgi the effects observed after exposure to 4-
tert-octylphenol.

5.1.2.6 Sediment organisms

No data available.

5.1.2.7 Other aquatic organisms

No data available.

5.2 Terrestrial compartment

No information available.
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5.3 Atmospheric compartment

Not relevant.
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6 PBT, VPVB AND EQUIVALENT LEVEL OF CONCERN ASSESSMEN T

6.1 Comparison with criteria from annex XllI

Not relevant for this dossier
6.2 Assessment of substances of an equivalent levecohcern

6.2.1 Environment

According to Art 57 (f) REACH, substances havingl@crine disrupting properties, for which there
is scientific evidence of probable serious efféatthe environment which give rise to an equivalent
concern to those of PBT/vPvB and/or CMR substanught be substances of very high concern,
identified on a case by case basis.

Although Art 57 (f) provides no clear criteria fGquivalent concern”, starting from the legal text
two questions seem to be relevant:

a) Is 4-tert-octylphenol a substance having endoatisripting properties?

b) Is there scientific evidence of probable seriodsat$ to the environment which give rise to
an equivalent concern compared to CMR and/or PB§tances?

Information available for 4-tert-octylphenol is wttured along these two questions in order to
facilitate a conclusion.

6.2.1.1 Endocrine disrupting properties

Endocrine disrupting properties are one examplénbérent properties that might, if scientific
evidence of probable serious effects are availapies rise to an equivalent level of concern as
exerted by CMR and/or PBT/VPvB substances. Althahghterm “endocrine disrupting properties”
is not equivalent to the term “endocrine disruptidris assumed in this dossier, that a substance
should fulfil at least the definition of an endawidisruptor provided by IPCS/WHO (IPCS, cited in
(European Commission, 1999)) in order to be comsdtl@s of equivalent concern based on the
endocrine disrupting properties.

“An endocrine disrupter is an exogenous substasrcenixture that alters function(s) of the
endocrine system and consequently causes advesdth ledfects in an intact organism, or its
progeny, or (sub)populations” (IPCS; cited in (Epgran Commission, 1999))”.

In chapter 5.1.2.3 to 5.1.2.5 available data fsh fiinvertebrates and amphibians are examined
against this definition. This examination is basedhe criteria set out in the draft OECD guidance
document on standardised test guidelines for etiafyiahemicals for endocrine disruption (OECD,
2011).

As described in chapter 5.1.2.3 the analysis & daailable for fishes reveals that

- Adverse effects observed in 3 fish species arelglestrogen mediated and thus there is
strong evidence that 4-tert-octylphenol actuallig @&s endocrine disruptor in these species.

- In all other fish species endpoints are affectecciware known to be influenced by estrogen
activity. With only one exemption, in all these sjgs an estrogen mode of action was
observed.
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Thus, the available data indicate that 4-tert-gdtghol is an endocrine disruptor in fish.

For amphibians study results as well as knowledgeiaestrogen mediated effects in these animals
do not allow for a definitive conclusion as to wihat the adverse effects observed are endocrine
mediated. Effects observed in one spe¢ktaevig are comparable to effects observed for 1713-
estradiol indicating an estrogen-like mode of acti&ffects observed in two other speci&s (
catesbeianandR.pipen} provide some evidence for a thyroid agonist maidaction (see chapter
5.1.2.4).

With regard to invertebrates, effects observednioflusks are comparable to effects observed for
natural and synthetic estrogens indication an gstrdike mode of action. In crustacean and
echinodermata a delayed development in naupilayestasexual maturation and embryos was
observed. Comparison with effects elicited by 1%aeliol indicated that these delays are not the
result of an estrogen-like mode of action of 4-tertylphenol in these organisms.

With respect to mammals, data summarized in chaptgnow, that 4-tert-octylphenol acts as an
endocrine disruptor in rats and mice and resuldverse effects. Effects are not very pronounced
and are overridden by other effects. However ituthdoe kept in mind that results need to be
extrapolated to a wide diversity of mammals in émvironment. Although effects might not be
relevant for rat and mice and human, they mighteb@vant in other mammalian species not tested
e.g. due to differences in toxico-kinetics.

With respect to birds no data are available. Duaéchigh conservism of estrogen receptors among
taxa, it is very likely that estrogen mediated etifewill also occur in other species such as birds.

In summary, available information suggests, thart+octylphenol acts as an endocrine disruptor in
fish. Results obtained with other species testedige evidence that 4-tert-octylphenol may act as
an endocrine disruptor in other taxonomic groups to

This conclusion is summarized in Table 44.

Table 44: Endocrine disrupting effects of4-tert-ocglphenol in different taxonomic groups.
Indication that apical endpoints fit to the mode ofaction is based on studies with 4-tert-
octylphenol and reference estrogens such as 17Rrasdiol and ethinylestradiol. In addition
observed 4-tert-octylphenol effects were comparedotknown effects of xenoestrogens as
summarized in a recent report by the EU CommissiofEvans et al., 2011).

Taxonomic | Number of species Indication of Apical adverse Indication that
group hormonal activity?| effects observed? | apical endpoints fit
to mode of action

Fishes 6 Yes,in5of 6 Yes, in all species| Yes, based on
species (increased (fertility, viable studies with 4-tert-
vitellogenin level | eggs, larvae octylphenol clear
in males and growth) link for three
females, changes Most sensitive fishes,

In female gonadal' fully reliable Effects observed in
staging, changes 'MLoECc< 20 pg/L | all species are
sperm stages in (fecundity in known to be
males) O.latipeg with estrogen sensitive

some indication
that effects might
start at< 1.7 pug/L
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(fertility,
P.reticulatg
Amphibians | 5 Yes, in vitro Yes, in all species| Yes, Effects
receptor binding | (change in sex — | observed on sex-
for one species, | ratio, changes in | ratio inX.laevis
Evidence of development) are known to pg
thyroidal activity | Most sensitive estrogen sensitive
in two other LOEC< 0.2 pg/L while accelerqted
species (increased (accelerated sexualmet"jlmorphOSIS
development, differentiation in and sexual
accelerated sexual| R. catesbeiana developmgnt, as
differentiation) | Klimisch 2) observed in two
Rana species, are
known to be a
result of thyroidal
activity.
Invertebrates | 3 crustaceans Not available Yes (reproductipNo conclusion

naupliar
development,
sexual maturity)

Most sensitive
fully reliable EGy
=5.2 ug/L
(naupliar
developmenin A.
tonsg with some
indication that
effects may start at
0.1 pg/L (delayed
development ifT.
japonicag

possible due to
lack of knowledge

3 echinoderms

Not available

Yes (larval
malformations,
delayed
development)

Most sensitive
LOEC =5 pg/L
(larval
malformation in
P.lividus Klimisch
2)

No conclusion
possible due to
lack of knowledge

3 molluscs

Similarity with
effects observed
for 173-estradiol
for 2 mollusk

Yes (increase in
number of oocytes
and embryos)

Most sensitive

Yes as effects
observed are
similar to those
observed for 1713-
estradiol in studieg
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species LOEG 1 pg/L with 4-tert-
(increase of oocyte octylphenol
production inN.

lapillus, Klimisch | CHects observed

are known to be

3) estrogen sensitive
in mollusca
Mammals Yes Yes Yes
(extrapolation
to wildlife)

6.2.1.2 Equivalence of concern based on probable serioudetts in the environment

As described in the legal text, an endocrine dignugphould be regarded as of very high concern if
its probable serious effects to the environment drequal concern compared to CMR and/or
PBT/vPvB substances (REACH, Art. 57 f).

How to define “probable serious effects to the emwinent” and how to conclude whether or not

they are of equivalent concern is still subjectiebate. While there is some argumentation that all
substances identified as endocrine disruptors dhoellregarded as of equivalent of concern, some
further requirements are suggested by other parfies dossier does not suggest any criteria
needed to be fulfilled in order to agree on theiaant level of concern of a substance. However,
for the sake of transparency, the data obtained-tert-octylphenol are examined against a set of
criteria that has been proposed by different partie

The so far suggested criteria address and takeaittount the potency of the substance and the
relevance of the observed effects. In additionlével of concern compared to PBT/vPvB and/or
CMR substances is examined.

4-tert-octylphenol must be considered as being aqpfivalent concern according to all criteria
suggested so far with regard to its potency as agelWith regard to the relevance of effects exerted
by it (see below).

Potency

Criteria suggested so far with regard to the poteot a substance are effect concentration,
comparison with non-endocrine mediated endpointsexposure duration needed to cause effects.
Analysis of effects for 4-tert-octylphenol show tthatert-octylphenol must be considered as a
potent endocrine disruptor with respect to all ¢hessteria suggested:

Effect concentrationAs described in chapter 5.2 4-tert-octylphenslutes in endocrine mediated
adverse effects on apical endpoints in fish at Venytest concentrations (low pg/L range). It also
causes adverse effects at even lower concentratmmsvertebrates and amphibians and some
evidence exist that they might be endocrine mediaBased onn vivo data comparing both
compounds, 4-tert-octylphenol is nearly as potsrtha natural estrogen 173-estradiol (factor 2- 28
less potent), at least in some fish species.

Thus, 4-tert-octylphenol is a potent endocrine upssr with respect to the effect concentration
causing endocrine mediated effects.
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Comparison with non-endocrine mediated endpoifitss criterion focuses on the question whether
or not endocrine mediated effects are the “leatBot$ (the most sensitive endpoints) compared to
systemic toxicity. For 4-tert-octylphenol the mashsitive endpoints are fecundity in fish, sexual
differentiation in amphibians and increased feytilin mollusks (see Table 44). Algae are
considerably less sensitive (G 300 pg/L forS.subspicatyssee chapter 5.1.1). As described in
chapter 5.1.2.3 and summarized in chapter 6.2thelmost sensitive endpoints in all fish species
tested are either clearly endocrine mediated oeadpoints considered to be sensitive to endocrine
mediation. With regard to amphibians and invertesrano clear conclusion is possible due to
insufficient knowledge about the endocrine systéitihese taxa. But some evidence exists, that the
effects seen in these taxa on the most sensitidpoaémts are elicited by an endocrine mode of
action. In conclusion endocrine mediated effects the “lead” effects i.e. effects on the most
sensitive endpoints are either clearly endocrineliated or there is at least evidence that these
effects might be endocrine mediated.

Exposure duration needed to cause effelisst sensitive effects observed @ latipesand C.
variegatus(impaired reproduction) occurred after exposuracdiflt males for 21d. Results obtained
for O. latipesin three sexual development tests indicate thpbgxre during a very short window
(prehatch) influences sensitivity with respecthe endpoints on sexual development and sex-ratio.
Thus, 4-tert-octylphenol is a potent endocrineupsor with respect to duration of exposure needed
to cause effects (even short term exposure of adilione sex is sufficient to cause effects on
reproduction).

Relevance of effects

Criteria suggested so far with regard to the relegeaof effects are the type of effects observed and
the number of species potentially affected. As deed below, effects observed for 4-tert-
octylphenol are relevant effects compared to tloeseria.

Type of effect:4-tert-octylphenol acts as an estrogen receptoniagin fish and mammals with
some indication that this might also hold trueiforertebrates and amphibians and some indication
that it might also influence the thyroid hormonstsyn (see chapter 5.1.2.3 and 5.1.2.4).

Estrogen agonists are known to interfere with rdpobion parameters as well as sexual
development (including changes in sex-ratio) armvtin. Specific life stages and endpoints such as
sexual development and sexual maturation are edlyesensitive to the influence of estrogen

agonists (Kendall et al., 1998; IPCS, 2002). EHeate considered relevant as they impair
population stability or recruitment.

With respect to 4-tert-octylphenol effects desatiladove were observed in the low pg/L range for
nearly all species tested (see table 45). Thugrtdttylphenol must be considered to cause
relevant effects with respect to population stapdind recruitment.

Number of species affecteBteroids are known to play an important role engeertebrates other
than fishes (Baroiller et al., 1999) and in invbreges (Kendall et al., 1998). In fish and mammals
as well as in mollusks, arthropods, amphibiangyatibrs, turtles and birds estrogens, such as 1703-
etradiol and ethinylestradial, influence the endwisystem by causing changes in development,
reproduction and behaviour (see summary in EU Re(fwvans et al., 2011)).

With respect to 4-tert-octylphenol effects known lie estrogen mediated were observed in
mammals and all fish and mollusk species tested.aRphibians some evidence is available that
the underlying mode of action is estrogen and/ayrtidal while no information about the

underlying mode of action is available for echinmde and crustaceans. Due to the estrogen mode
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of action observed in several species it seeméylikat 4-tert-octylphenol will also influence the
endocrine system of other species.

In summary, it can be concluded that 4-tert-octghati has the potential to cause adverse effects in
a range of species across different taxonomic groufich consequently could lead to relevant
impacts on community structure and function ofaffected ecosystems.

Level of concern as compared to PBT/vPvB and CMiRtances

Equivalence of concern compared to other substawofegery high concern is one of the
requirements in order to conclude whether or raitesstance having endocrine disrupting properties
should be regarded as substance of very high concer

As described above, some criteria to assess tleé déwoncern are already suggested. In addition,
some aspects that were considered to be relevarRBd/vPvB and CMR substances might be
relevant with regard to endocrine disruptors tospécts are irreversibility, persistence of poténtia
impact on the environment and distribution of elfe@emong species and regional scales a well as
difficulties to quantify risk using traditional Ksassessment methods. For the sake of transparency
and again without preempting any discussion, endecdisruptors and 4-tert-octylphenol in
particular are in the following assessed with rdgarthese aspects.

Irreversibility and Persistencé&ubstances acting as (potent) estrogen agorastaisidered to
cause irreversible effects with regard to impairtneh development and reproduction on the
individual level as well as with regard to its &fti® on a population level. Effects persist evearaft
exposure has ceased:

- Endocrine modulation is a very complex feedbaclcess that is set up during critical life
stages. As summarized in (IPCS, 2002) disturbahtki® set up is irreversible and results
in effects during the entire life and even in thésequent generation even if exposure
ceases.

- Effects may result in a substantial failure of tgtnent and almost disappearance of
population even after cessation of exposure, asreed in the wild for ethinylestradiol in
fathead minow (Palace et al., 2009).

- Even transient exposure during sensitive life stageay result in severe effects on
populations due to impacts on reproduction or dpedevelopmental events such as
metamorphosis in amphibians and e.g. marine flatfiShanges in male reproduction
capacity might influence genetic variability of pdgtions in the long-term, as only a part of
the males may be capable to reproduce (Sumpted@ntson, 2008).

Distribution of effects:

Distribution of effects is considered with respdot distribution among species as well as
geographical distribution.

As described above, substances influencing thegetrsystem might elicite adverse effects in very
different taxonomic groups. Due to the conservigrastrogen receptors it is very likely that a wide

range of species with different function in ecosys$ could be affected although effects may start
to occur at different concentrations. Thus the iohpat 4-tert-octylphenol must be regarded as
potentially widespread.

As described above, exposure during a sensitigestdige might result in irreversible effects during
lifetime, e.g. on reproduction. Migration is a coommpattern in species such as birds, amphibians,
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mammals and fishes. It includes long-distance nigmeof migratory birds or of fish species, such
as salmonids and eel. Thus, exposure in one argaesalt in population changes in other areas
(e.g exposure during development of flatfish instaharea may result in population changes in the
open sea, or exposure of adult salmonids in esianeas during migration might influence sperm
guality and fertilization success at the reprodaurcsites in rivers).

Due to the persistence of effects, its irreveribas well as the wide variety of species affedted
seems to be very difficult to estimate which spe@ee most sensitive and which concentration
should be regarded as save for the environmentle&sribed by Crane (2010), aspects such as
influence on breeding behaviors and competitionnatetaken into account in laboratory tests and
thus tests might underestimate effects in the enunent.

In summary the type of effects observed and théetyaof species potentially affected make it
likely that substances acting as (potent) estrogeag have an irreversible impact on community
structure and function of ecosystems, which mayaeeven after cessation of exposure.
Furthermore, taking account of the nature of thects and the behavior of migratory species, there
is some evidence that the area in which exposkestplace may not always be the same as the
area in which effects occure. 4-tert-octylphencd ipotent endocrine disruptor at least in fish and
thus it is expected that scenarios described abuogket hold true for 4-tert-octylphenol.

The low environmental degradation potential andntloelerate bioaccumulation potential of 4-tert-
octylphenol might further contribute to the occuae of long lasting and widespread effects upon
exposure to the substance:

4-tert-octylphenol degrades abiotically and biotadlly slowly with no degradation under anaerobic
conditions (see chapter 3.1.2). The bioaccumulgtiatential of 4-tert-octylphenol in BCF studies
is low to moderate (46 — 471, see chapter 3.3). évew results foZ.viviparousshow that uptake
and internal distribution in females could have atipular impact on intracorporal embryo
development and thus increase the relative poténtyert-octylphenol in vivo compared to 1713-
estradiol.

6.2.1.3 Conclusion on the equivalence of concern

As described in chapter 5.1.2.3 to 5.1.2.5 and samzed in chapter 6.2.1.1, 4-tert-octylphenol is
an endocrine disruptor eliciting adverse effectishes and mammals at low concentrations (low
Mg/l range). Transient exposure at sensitive litges may already result in life-long adverse
effects for example on reproduction. Among the @ffebserved those considered to be endocrine
mediated affect the most sensitive endpoints. Ta®eine mediated effects are highly relevant for
population stability and recruitment and may aff@astariety of taxonomic groups (see summary in
chapter 6.2.1.2). Thus it can be concluded thar#édetctylphenol is a potent endocrine disruptot tha
can exert serious effects on community structuctesnosystem function.

In addition, as described above, estrogen medeffedts are considered to be of similar concern
to those exerted by substances with PBT/vPvB oRGivbperties with respect to irreversibility of
effects and difficulties to quantify their risks.

Thus, in summary, it is concluded that 4-tert-qaitydnol should be considered as a substance of
very high concern because of its endocrine disnggdroperties which may result in serious effects
to environment, giving rise to anequivalent levélconcern as exerted by CMR or, PBT/vPvB
substances.
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6.2.2 Human health

6.2.2.1 Endocrine disrupting properties
Conclusion on estrogenic activity of 4-tert-octylplenol

The potential of 4-tert-octylphenol to exert es&nig activity was investigated in vitro andin

Vivo screening tests$n vitro 4-tert-octylphenol stimulates cell proliferatiam MCF-7 cells starting

at concentrations of 10 mol/l in cell culture. Where possible, relative tgmcies of 4-tert-
octylphenol were estimated based on concentratiansing a similar effect level in the particular
tesés thag\ the positive controls (173-estradidhe Telative potencies in these assays ranged from
10 t010”.

Several reporter gene assays are available whiok egeried out in several mammalian cell lines as
well as in yeast. These cells were transfecteceeithth estrogen responsive elements containing
reporter gene constructs alone (for green fluorgspeotein, luciferase of-galactosidase), or
additionally with wildtype or mutant estrogen ret®pgene constructs. It could be shown that 4-
tert-octylphenol is capable of inducing gene exgims which functions via estrogen receptor
transactivation in these set-ups. Mutant ER werghty less capable of ER transactivation.
Relative potencies compared to the concurrentigessontrols in these gene reporter assays ranged
from 0.0001 to 0.008. In one test a far highertredapotency (0.5-0.7) of 4-tert-octylphenol
compared to the reference substance E2 was caduiat the gene reporter activity. However the
dose of E2 was quite high and presumably resuftesdiuration of the signal in this test.

Estrogenic activity of 4-tert-octylphenol was alsgestigated in vivo in uterotrophic assays which
were performed on ovarectomized adults as welr@gybertal rats by oral or s.c. application. After
two to three days of oral treatment a LOEL of 56/kggbw was determined. Subcutaneous
treatment resulted in LOELs of 10-50 mg/kg bw aBlet or 25 mg/kg bw after 14 d of treatment.
From 4-tert-octylphenol doses that caused increagedne weights, relative potencies can be
estimated in comparision to estrogenic compounds @inylestradiol or DES), which ranged

from 0.00005-0.000005 in these screening assayshdtundication for some estrogenic potential
of 4-tert-octylphenol may be inferred from investigns of a calcium binding protein, which is

presumably regulated by ER transactivation. Redstivhigh doses of 4-tert-octylphenol (from

400mg/kg bw upwards) induced mRNA and protein esqon in maternal and even fetal uteri.
However, it should be noted that the positive aadat(E2 and DES) in these investigations did not
produce a positive result in all the settings.

On average 1000-fold higher doses were requiredtro and at least 2000-fold higher doses were
required in thein vivo screenings to result in similar effect levels tlexerted by the reference
estrogens. Overall, tha vitro and in vivo screening tests indicate that 4-tettdphenol has some
but low estrogenic potential in mammals.

Data fromin vitro receptor binding assays revealed binding of 4detylphenol to progesterone or
androgen receptors with similar weak affinity asdong to estrogen receptors. No treatment-related
effect was seen regarding mRNA expression of theseptors in MCF-7 cells.

4-tert-octylphenol was investigated for possiblepainment of gonadal steroidogenesis. The
possible effect and mechanism of 4-tert-octylphemoltesticular steroidogenic competence was
investigatedin vitro in rat primary Leydig cells. With this test systethuman chorionic
gonadotropin (hCG)-stimulated testosterone productas determined. Testosterone production
was inhibited by 4-tert-octylphenol whereag3®e&tradiol or an estrogen antagonist (ICI 182,780)
had no effect. Studies on the conversion of vargiasoid substrates to testosterone in ithigitro
system suggested no interference of 4-tert-octyipheith 3 HSD but inhibition of the P450C17
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dependent step. Similar results were obtained fstudies with a human adrenocortical cell line
and a mouse Leydig tumour cell line. Cultivationraf fetal testes (whole organ ex vivon-vitro
culture) with 4-tert-octylphenol revealed increases basal and hCG-induced testosterone
production.In vitro studies on ovarian steroid synthesis indicatedesgensitivity to impaired
synthesis due to 4-tert-octylphenol exposure ferithmature ovary. Thus, there is some evidence
for a potential of 4-tert-octylphenol to interfeséth gonadal steroidogenesis and/or certain stéps o
steroidogenic pathways.

Conclusion on adverse effects of 4-tert-octylphenoland their possible relation to
estrogenic/endocrine properties - effect pattern

Studies with repeat administration to 4-tert-odiypolvia dietshowed toxic signs such as decrease
in body weight gain at dietary concentrations 0860 ppm (calculated to daily exposures of 23
mg/kg bw/d) and >2000 ppm (resulting in daily exposures of 111-36§kg bw/d). At higher
dietary concentrations of 3000 ppm (calculated taidy exposure of 230 mg/kg bw/d) additional
effects, such as changes in hematocrit and thyioxX®males were observed.

Studies with repeat oral administration of 4-testyfphenolvia gavageshowed toxic signs such as
decrease in body weight gain, increase in wateiswoiption, decrease in food consumption,
changes in kidney and liver weight and histopattpplas well as decreases in blood cholesterol (in
females) at daily doses of 250-300 mg/kg bw. Daxfe$25 mg/kg bw/d were shown not to be
systemically toxic, whereas doses of 250 mg/kg bméde shown to be partially lethal for pregnant
dams (g.d 0-8) and lethal to all animals (males#ies) after application of doses 0660 mg/kg/d.

Many of the available studies witbubcutaneous injectiodo not provide information on the
possible side effects of this route of applicati@spectively whether concomitant local or systemic
effects were induced. Few studies mention thatceffen body weight, body weight gain, or on
terminal body weights were seen after s.c. admatish of doses of 20, 80 or 100 mg/kg bw. In a
study on females with repeat s.c. administratioar @8 days dose- and duration-dependent local
effects and skin lesions (scab or abscess formjati@re seen (312.5 mg/kg bw) as well as
increases in spleen organ weight (due to extrarteguhematopoiesis) and in relative liver and
kidney organ weights. Similar conditions were piaipan hand or should be assumed for the other
studies with this route of administration and irrtigalar for those, where neonatal pups were
treated with 4-tert-octylphenol via subcutaneoyesation.

The observed effects are not considered to bealae estrogenic mode of action.

Oral (gavage) administration of 4-tert-octylphetwmladultfemalerats at dosages of 100 and 125
mg/kg bw/d did not reveal any adverse effects gumaguctive organs (ovarian and uterine organ
weights/histopathology) or changes in serum egitadiowever, changes in oestrous cyclicity
(showing a lower number of cycles with change twedtrous) were observed at an oral dose of 200
mg/kg bw/d in one study, whereas no impairment vegling at the same dose regimen was
observed in a second study. In studies with subeatas administration abnormal cycling and
disruption of cyclicity were observed after applioca of doses of 20 mg/kg bw/d. At s.c. dosages
high enough to completely disrupt oestrous cyclib@0 mg/kg bw/d), also reductions in female
plasma estrogen levels were observed. In contoaiese findings on interference with oestrous
cycling, no effects were revealed on the numbersyofing females, the numbers of females with
abnormal cycles, the oestrous cycle length or erptittern of the oestrous cycle stage at necropsy
in a comprehensive guideline compliant two-generateproduction toxicity study in the females
of the parental FO generation (monitored for 30dk®s/group), or in the females of the F1 parental
generation (also monitored for 30 females/groumcettinuous daily exposures of 111-369 mg 4-
tert-octylphenol/kg bw.
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Overall, there are conflicting results with regéod4-tert-octylphenol interfering with the oestrous
cycle in sexually mature females. In addition mestétion of these effects may significantly
depend on the route of application. Taken on tbein, the observed changes in normal oestrous
cycle and disruption of cycling are considered asleffects, predictive for possible impairment of
female fertility, for which an estrogen mode ofiastmay be assumed.

Oral (gavage) administration of 4-tert-octylphemoljuvenile/adultmale rats did not reveal any
morphological abnormalities in testes and germapéthelium at daily doses of approximately 150
mg/kg bw. Whereas, when administered at high d@se¥)0 mg/kg bw/d) with systemic effects
such as reduced body weight gain, adverse effeets revealed also for male reproductive organs
(decreased organ weights of testes, epididymis @odtate, morphological defects in testes),
testicular sperm (reduced sperm count) and serwfagiin levels (increase). In studies using
subcutaneous injection, doses>020 mg/kg bw revealed histopathological change®stes (with
reductions in number of germ cells and in testicsl@erm count, changes in sperm morphology),
decreases in epididymal and in seminal vesicleromgaight, and decreases in serum testosterone
and increases in serum LH levels, a pattern ofceffedentical to that seen with concomitant s.c.
administration of the estrogen [3-@éstradiol. In contrast to this, in a comprehensiedeline
compliant reproduction toxicity study using oraln@distration no effects were revealed on
reproductive organ weights (testes, epididymidasstate, seminal vesicles with coagulating
glands) in males of the FO parental generationl@etad for 30 males/group), or in males of the F1
parental generation (evaluated for 30 males /dosapy or in F2 male offspring retained until and
beyond acquisition of sexual maturation at contusua@aily exposures to 111-369 mg 4-tert-
octylphenol/kg bw. Further, no treatment-relatefe@t were found on gross or histological
examinations of the reproductive organs, and nectffwere seen on epididymal sperm count and
motility or on testicular sperm count and morph@la@g on efficiency of daily sperm production in
this study.

Overall, there are conflicting results with regaaod4-tert-octylphenol interfering with the male
reproductive system including spermatogenesisverjile or adult males, with their manifestation
significantly dependent on the route of adminigbrat Taken on their own, the observed changes
after subcutaneous administration in male reprodeicdrgans and in serum hormone levels are
considered adverse effects that fit to the patéeffects induced in males by application of nakur
estrogens. Although the mechanisms for inducingetedfects are not yet clear, the involvement of
an estrogen mode of action should not be dismissed.

Effects on fertility resulting from oral treatmenith 4-tert-octylphenol were investigated in seVera
guideline compliant reproduction toxicity studids. one reproduction toxicity screening study
some evidence of fertility impairment such as arel@se in weights of specific reproductive organs
and minor microscopic changes in the testes ardidgmnis were observed. However these effects
were only seen in the dosing group where also sesgstemic toxicity including death occurred.
Lower doses resulted also in systemic effects bttimeffects related to fertility such as specific
organ toxicity. A second reproduction toxicity semeng test resulted in an equivocal increase in
corpora lutea at a dose that also affected foodswoption and body weight gain. In a two
generation study on rats, no effects on any paemsef mating, fertility, pregnancy or parturition
in the FO or F1 generation were observed up todo$&69 mg/kg bw per d. Treatment related
effects were observed at the highest treatment isloms of systemic toxicity which resulted in
reductions of body weights and body weight gainthaanimals of the FO, F1 and F2 generation.
Further, pup body weights were reduced in both Rd B2 offspring during the later period of
lactation when the pups were self-feeding and exqgbds high doses of 4-tert-octylphenol. Minor
delays in vaginal patency in females and prepsgalration in males were observed, effects which
can be contributed to the lower pup body weight. éffiects on reproductive parameters, testes
weights or morphology, epididymal sperm counts, noorphology, daily sperm production,
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efficiency of daily sperm production, or prostatedorsal prostate weights or histopathology were
observed. Furthermore, no oestrogen-like effectmates or females and no low dose effects were
evident. The findings of this study are supportgdhe results from a repeated dose toxicity study,
where effects on the reproductive system were gbdeonly at a dose level, which also caused
systemic toxicity. Overall, the effects observedfamtility studies are considered to represent
systemic toxic effects or be related to generatesygi toxicity instead of being due to substance
related target specific effects.

From the available studies with exposure of 4-¢etidphenol to pregnant dams there is no
evidence for any treatment-related impairment «ftipatal testosterone surge in male offspring or
for an impairment of oocytes and ovarian morphologfemale offspring.

Direct treatment of male newborns (s.c. applicgtiovith 4-tert-octylphenol approximating
exposures of 150 mg/kg bw/d did not provide evidefor an impairment of testicular development
or for any hormonal changes. These findings ar@aued from the results of the two-generation
reproduction toxicity study, which did not find angdications for an impairment of male
reproductive system development. At very high daggdied to newborn males (8 x 100 mg/kg
bw, s.c., postnatal day 1-15), serum testostereweld were found to be decreased and the pattern
of pre-/postpubertal serum FSH levels was changleese latter findings may indicate some direct
effect of 4-tert-octylphenol on postnatal developtrend function of the testis or modulation of the
hypothalamic-pituitary hormonal regulation and fegck system. Thus, 4-tert-octylphenol applied
at very high doses postnatally may have the patetttiinterfere with development and maturation
of the male reproductive system, the mechanismwfach is so far unknown.

Direct treatment of female newborns (s.c. applagtwith 4-tert-octylphenol with exposures to 4 x
50 mg/kg bw/d did not provide evidence for adveeffiects on sexual maturation, onset of and
regularity of oestrous cycling or impairment of pead postpubertal serum pituitary and gonadal
hormone levels. These findings are supported frioenrésults of the two-generation reproduction
toxicity study, which did not reveal effects (upand including daily exposures of 111-369 mg 4-
tert-octylphenol/kg bw) on female sexual maturati@aginal patency) in offspring of the F1
generation or in offspring of the F2 generationinotheir cycling competence, and with all females
exposed pre- and postnatally finally fertile. Howgvhigher s.c. dosages applied to newborn
females (of 4 x 100, respectively 10 x 50 mg/kgdmveven more), were found to accelerate sexual
maturation, prevent or disrupt cycling (persisteestrous), severely affect reproductive organs
(ovary, uterus), interfere with the pre- and pobgrtal hormonal status and prevent spontaneous
and estrogen-induced preovulatory LH-surge. Thaterlfindings indicate some direct effect of 4-
tert-octylphenol on female sexual development,vitiich an estrogenic mode of action may be
considered responsible.

Overall, it is concluded that 4-tert-octylphenchtigres some inherent potential for being toxic for
reproduction, probably in relation to female sexomturation and female fertility. It needs to be
emphasized that such indication is derived excilgifrom studies using artificial and non-human
relevant routes of administration, such as subeaas injection, in combination with unrealistic
high doses.

Discussion of Endocrine disrupting properties

4-tert-octylphenol already came into considerafmmserious health effects and was proposed for
classification as toxic to reproduction CAT 2 (CLPpowever, in a weight of evidence evaluation

of the available data, including data on estrogewitton, it was concluded that classification as
“toxic for reproduction” is not justified (ECBI/605 Rev. 3).
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For the evaluation of adverse health effects oértactylphenol with relevance to the human
situation, during this SVHC identification proposidta from studies are taken into consideration
utilizing routes of application that are of releganaccording to presumable human exposure
scenarios. Data from experimental studies witHieidl exposure conditions, such as the data on 4-
tert-octylphenol effects after subcutaneous ingggtmay be informative for a more comprehensive
inherent effects pattern, however, results mighth®odirectly comparable to effects with routes of
application that are of relevance for common huregposure scenarios. Thus, the data from the
available studies with the oral route of administra are taken into consideration for the
identification of adverse health effects resultirgm exposure to 4-tert-octylphenol. After repeat
oral application (via diet or gavage), decreaskady weight gain, increase in water consumption,
decrease in food consumption, changes in kidneylimadweight and histopathology in male and
female rats as well as decreases in blood chotdstdranges in hematocrit and in thyroxin in the
females were observed at and above dose level8 aidgZkg bw/d. Dosages of 250 mg/kg bw/d
were partially lethal in pregnant dams, doses & ®m@/kg bw/d were completely lethal. Dosages of
200 mg/kg bw/d resulted in changes in oestrousiatlin one study, which could not be
reproduced in another study. In a guideline compli&wo generation study with rats no effects were
seen with respect to the numbers of cycling femahesnumbers of females with abnormal cycles,
the oestrous cycle length or the pattern of théroes cycle stage in the females of the parental FO
or in the females of the F1 parental generatiocoatinuous daily exposures ranging from 111 to
369 mg 4-tert-octylphenol/kg bw. In this study afemeffects were revealed on reproductive organ
weights (testes, epididymides, prostate, seminsities with coagulating glands) in males of the FO
parental generation, or in males of the F1 paregeakration or in F2 male offspring retained until
and beyond acquisition of sexual maturation. Adwezffects on reproductive organs (decreased
organ weights of testes, epididymis and prostataphological defects in testes), testicular sperm
(reduced sperm count) and hormonal status (serwhagbin levels increased) of male rats only
occurred together with systemic toxicity at doske4G® mg/kg bw/d.

In summary, it is concluded that 4-tert-octylphemaluses adverse systemic effects, such as
decrease in body weight gain, altered food and m@iesumption, changes in organ weights and
blood parameters and in addition effects adversienwle fertility and to the male reproductive
organ system at higher doses than those causitensgseffects.

In vitro and in vivo screening studies provide evidencat #htert-octylphenol has some but a low
estrogenic potential in comparison to referencegshs. The relative potencies in cell proliferatio
assays, receptor binding assays, gene reporteysaasd uterotrophic assays ranged fror? 10
0.008. The adverse systemic toxic effects of 4detylphenol are not considered to be specifically
due to an endocrine mode of action. However, effsath as those observed on oestrous cycling in
females may not necessarily be secondary to gesgsaémic toxicity and according to stress.
Rather, the impact of an estrogenic mode of ad®mnevealed from the mechanistic studies needs
to be considered. Therefore, for the cycle irregiiés observed in females after treatment with 4-
tert-octylphenol an ED-related mode of action isuased. The mechanisms of effects on male
reproductive organ system and spermatogenesis sesvalol at high systemically toxic exposure
levels are less plausible, but the pattern of thexts was similar to that obtained from the refeee
estrogen. After subcutaneous application, furttibreese effects (on organs of the reproductive
system and on female/male development) were oldewl@ch may be attributed to an endocrine
mode of action. However, these effects are resttitdb the s.c. route of application and did not
occur after oral administration.

As indicated, the adverse effects of 4-tert-octglpdl on female/male reproduction most probably
related to its estrogen-active properties, werecoosidered appropriate to justify classificatian a
toxic for reproduction and/or carcinogenic Cat I/”Cat 1B.
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In addition, the adverse effects of 4-tert-octylpblesuch as oestrous cycle disruption, damage of
male reproductive organs and spermatotoxicity, wiatkiced at relatively high dosages with
concurrent systemically toxic effects only, indingtthat other modes of action and effects may be
more sensitive to 4-tert-octylphenol action thaa eéistrogenic mode of action.

A similar conclusion was drawn, when 4-tert-octy@pbl was evaluated within the Community
Strategy for Endocrine Disrupters [COM(2001)262]ridg the course of the “Study on the
scientific evaluation of 12 substances in the cdandé endocrine disrupter priority list of actions”
There, it was concluded that “The available dabanfin vivo studies in laboratory animals (using
oral or dermal exposure routes) indicates thatrdetetylphenol does not cause adverse effects on
reproductive and developmental endpoints (which tmayendocrine mediated) at exposure levels
where general systemic toxic effects are observeds a result it appears that endocrine mediated
responses via oestrogen-like effects may be amomgnaer of mechanisms responsible for the
most toxic effects observed.” (European Commiss2002)

In summary, 4-tert-octylphenol does not represenitestance with ED properties of strong potency
for the mammalian system.

6.3 Conclusion of PBT and vPvB or equivalent level ofancern assessment

As described in the chapters above, 4-tert-octylphés considered to be endocrine active in
aquatic organism through an estrogen mediated mbdetion. It results in adverse effects as a
consequence of the alteration of the endocrineesyst

Observed effects on different levels (biomarkesidibgical changes as well as apical endpoints) in
different organisms demonstrate that 4-tert-octimh is an endocrine disruptor for aquatic
organisms in accordance with different guidelinédBCS definition of endocrine disruptors
(European Commission, 1999), EU Guidance documeninformation requirement (European
Chemicals Agency, 2008), OECD draft guidance docunom the assessment of chemicals for
endocrine disruptors (OECD, 2010c)), ECETOC guidana identifying endocrine disrupting
effects (ECETOC, 2009).

As summarized in chapter 6.2.1.1 it results in aslveeffects at low concentrations (low pg/L
range) and a transient short term exposure alresgiifts in adverse effects with influences on later
life stages such as reproduction. Effects obsettvatlare considered to be endocrine mediated are
among the most sensitive endpoints observed.

Effects are highly relevant for population stalgiiind recruitment and effects show that a variéty o
taxonomic groups may be affected (see summaryapteh 6.2.1.2). Thus it must be concluded that
4-tert-octylphenol is a potent endocrine disruptesulting in effects that are considered to be
relevant for the environment. All criteria suggess® far in order to analyze the level of concern
are fulfilled by 4-tert-octylphenol.

In addition, as described above, estrogen medigdfedts are considered as of similar concern to
those observed for PBT/VPvB and CMR substances wegpect to the irreversibility, the
persistence of effects and the difficulties to difgmisks.

With respect to human health, the summary of theuaxion of 4-tert-octylphenol is presented in
Chapter 6.2.2.

In summary, 4-tert-octylphenol is suggested to bsubstance of very high concern due to its
endocrine disrupting properties resulting in sesieffects in the environment being of equivalent
concern compared to CMR, PBT and vPvB substances.
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PART I

7 INFORMATION ON USE, EXPOSURE, ALTERNATIVES AND RISK S

Information on use, exposure, alternatives andsriskbriefly summarized. Information is
collected from the risk evaluation report provided UK (Environment Agency UK, 2005)

and from the single registration dossiers of 4-¢etylphenol and the Chemical Safety
Reports being part of the technical dossier.

7.1 INFORMATION ON MANUFACTURE; IMPORT/EXPORT AND USE -
CONCLUSION ON EXPOSURE

7.1.1 Manufacture and import/export

For information on annual quantities ofteft-octylphenol manufactured or imported,
information from registration dossiers submittedobe the deadline of 1. December 2010
were used.

Octylphenol is manufactured in the EU in the 10000000 t/y range. The combined

imported tonnage is in the 1000-10000 t/y rangeaddition octylphenol has been registered
as transported isolated intermediate handled ustdietly controlled conditions. The amount

of 4-tert-octylphenol exported is not reported.

7.1.2 Use

According to uses described in the UK risk evatmatreport (Environment Agency UK,
2005) 4-tert-octylphenol is mainly used as an mextiate for the production of phenolic
resins (about 98 percent of the whole amount oérdectylphenol) and octylphenol
ethoxylates (about 2 percent).

Based on information from registration dossiersuse:

* As a monomer for polymer preparations
* As an intermediate for manufacture of ethoxylatdsctv to some extent will be a

component of products (e.g. paints) used by inglusprofessional users and
consumers

* As a component in phenolic resins used in the ftaitran of adhesives which are used
by industry, professional users and consumers.

* As a component in coatings, printing inks and seons of paints, which are used by
industry, professional users and consumers

As tackifier in the production of rubber products.

7.1.3 Exposure

7.1.3.1 Environment
Emission

According to calculations in the UK risk evaluatigeport (Environment Agency UK, 2005),
which are mainly based on generic assumptionsfoll@ving emission sources are relevant:
While at a local scale 4-tert-octylphenol produstid-tert-octylphenol resin production and
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varnish production are estimated to be the mosbitapt sources of 4-tert-octylphenol into
the environment, use of tyres becomes an impostaunice at a regional and continental scale.

Emission of 4-tert-octylphenol ethoxylates might &eelevant source of 4-tert-octylphenol
for the environment. As calculated by (EnvironmAgency UK, 2005), emission of 4-tert-
octylphenol ethoxylates from textiles at all scadee one of the most relevant source of 4-
tert-octylphenol ethoxylates to wastewater (2.33ydégr local; 2100 kg/year regional and
18900 kg/year continental)

4-tert-octylphenol ethoxylates are expected tolypaktgrade to 4-tert-octylphenol in sewage
treatment plants and to further degrade under azeotal anaerobic conditions if released to
the environment. (Environment Agency UK, 2005).

Emission from product made of phenol-formaldehyel&fs might be an additional source of
4-tert-octylphenol. Although most of 4-tert-octyftol is chemically bound and cannot be
released even on subsequent chemical or biologiegiadation the resins may contain a
small proportion (~3-4%) of unreacted 4-tert-och@pol. This may be the case in a wide
range of products made of phenol-formaldehyde-sesiike rubber products, insulating
varnishes, printing inks, marine paints, adhesaret other (see DEFRA 2008 for details).

Some uses and life cycle steps are not consideydtiébregistrants because emissions are
expected to be negligible according to the UK mstaluation report (Environment Agency
UK, 2005) or are expected by the registrants natctmur because of the technical conditions
of use. The uses not evaluated quantitativelyenGBRs are:

- Service Life of products manufactured by emulsiotymerisation

- Production of tyres, service life and waste disposa

- Production of oilfield chemicals

- Service Life of products made from PtOP-Formaldehgadd Epoxy (reactive) resin

Other sources of emission, not considered in the igK evaluation or the registration
dossiers need further investigation, because thay Ipe relevant for a comprehensive risk
assessement:

- Tyres include 0.3% of 4-tert-octylphenol residu@svironment Agency UK, 2005).
Therefore emissions from recycled tyres or produtasle of them might be relevant
for the exposure to humans and the environment.

- Textiles may be a relevant source of octylphenbbxjlates and the degradation
product 4-tert-octylphenol. 4-tert-octylphenol ants ethoxylates are used as
emulsifier in textile finishing agents and washigents and may be released during
washing of textiles. Little information about busss sectors where coatings, paints
and inks containing 4-tert-octylphenol are usedwvailable. A possible use could be
offset or ink jet print on textiles which could alsesult in emission during washing
processes. Import of textiles may be a relevarterotiexposure. Results published by
Greenpeace (2011) indicate that octylphenols nibbghised in China in textiles for the
European market. This is supported by positive ltesummarized in (Environment
Agency UK, 2008) showing that octylphenols werendun nearly all analyzed
imported colored textile articles (especially thpseduced by printing processes) with
a geometric mean of 483 mg/kg. However further rimiation is needed in order to
identify the relevance of this emission source.

12 This calculation was necessary, as a summatiadorofages provided in single registration dossiensilel
exceed the total amount of 4-tert-octylphenol in@drand manufactured in the EU.
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- Octylphenol-ethoxylates are known to be used asstitaent of preparations for
hydraulic fracturing (stimulation of oil and natugas wells, especially for so called
unconventional reservoirs) (New York State Depanimeof Environmental
Conservation, 2009). It is likely that the concatitm in the fracturing agent is less
than 0.1%, but due to the overall high volume atfuring agent needed and the fact
that the application is open to the environmeng thute of exposure needs further
consideration.

Calculated exposure concentrations

PEC calculations provided in registration dossaesreported in the confidencial part of the
document.

In the UK risk evaluation report (Environment AggndJK, 2005) a regional
PEGreshwater(pelagicy Of 0.084 pg/L was calculated based on genericsgon assumptions
resulting in a regional PEGshwater(sedimen®f 33.8 pg/kg (dw).

Measured Releases

According to the Chemical Safety Reports of theifeants 4-tert-octylphenol emission from
tyres in use — as described in the risk evaluatsport (Environment Agency UK, 2005) —
may be overestimated as the phenolic resins am iasthe interior portion of the tyre and
may therefore not be subject to abrasion and lagsgluse. Nevertheless 4-tert-octylphenol
was detected in different situations in the envinent. Studies detected octylphenol in street
run-off and as result of the use of rubber crumben@om recycled tyres as artificial turf on
playgrounds and sporting areas. 4-tert-octylphdras been detected in three samples of
recycled crumb rubber used in Norwegian footbalds (concentrations between 19.6 and
33.7 pg/g). In a laboratory leaching study intoodesed water with two of these samples, 4-
tert-octylphenol has been detected in the leadfdésser and Lund 2004). 4-tert-octylphenol
has also been regularly detected in direct headspaalyzes with recycled crumb rubber
samples (CAES 2010, UCHC 2010), while it was nded@ble in concentrations above the
background level in air samples above corresponalitificial turf fields (UCHC 2010).

Data provided in the European Pollutant Release arahsfer Register according to
Regulation EC 166/2006 for UK and Germany indid¢htg wide dispersive uses resulting in
emission to wastewater might be important:

In Germany ((Umweltbundesamt, 2010) www.prtr.busdl.ten sites reported releases to
surface water for 2008. For six municipal wastewdteatment plants emissions were
reported in the range of 2 — 26.4 kg/year. The makrelease was reported by a producer of
industrial chemicals (175 kg/year) - over@b0 kg were reported for 2008 (reported as
octylphenol and octylphenol ethoxylates). In 2088 amounts of emitted substance slightly
decreased (Umweltbundesamt, 2010). Four municizetewater treatment plants reported
emissions of octylphenol and octylphenol ethoxyatea range from 4.31 to 17.6 kg. The
maximum release reported by a single produceradistrial chemicals remains at 175 kg. In
total the reported emissions by installations imn@ny slightly sunk t@41.6 kg

In the UK higher amounts were reported for 2008u(@pean Environment Agency, 2010)
http://prtr.ec.europa.eu/PollutantReleases.asp0 Urban waste-water treatment plants
released 1140 kg (reported as octylphenol and mogylol ethoxylates) while 546 kg were
released by two facilities of the chemical indusfrize quantity of emissions from individual
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urban waste-water treatment plants often is redddebe lower than 10 kg/year. This proofs
the assumption that emissions from wide disperases affect on regional scale. Together
with the emissions from disposal of non-hazardoastesand incineration of non-hazardous
waste in total039 kgof 4-tert-octylphenol and his ethoxylates were &itn the UK area

in 2008. In contrast reported emissions in the U&aidy decreased in 2009 (European
Environment Agency, 2010). The number of waste wateatment plants reporting the
emission of octylphenol and octylphenol ethoxylatask to 14. In total these installations
emitted 384 kg in 2009. The only other sources were facilities producing organic
chemicals with amount of 456 kg emitted. In to840 kg of emitted octylphenol and
octylphenol ethoxylates were reported in 2009.

For the year 2008 the EU27 member states reportethd European PRTR (European
Environment Agency, 2010) a total emission 283 tons octylphenol and octylphenol
ethoxylates. For the reporting year 2009 a totattethamount oR.04 tonsoctylphenol and
octylphenol ethoxylates was reported. In both y#a@smost relevant sources of emissions to
the aquatic environment were the industrial scabelyction of basic organic chemicals and
urban waste-water treatment plants.

Measured concentrations in the environment

Information on measured concentration in the emwvirent until the year 2000 are provided in
the risk evaluation report (UK, 2005) and sevethko sources (OSPAR Commission, 2006,
Hillenbrand et al., 2006, DEFRA, 2008). They indécéhat levels of octylphenol in surface
water in the EU are typically less than 1 pg/L tald reach concentrations above 10 pg/L at
some sites. The highest concentration of 13 pg/k maasured in the Tees estuarine (UK).
New data are available, based on measurementsdaggoo the water framework directive in
Germany and for the EU. Analysis of more than 28@fhples in the EU revealed water
concentrations between zero and 25000 pg/L regultira median of 0.05 pug/L and a mean
of 854 ugl/L.

Table 45: Monitoring results according to waternfeavork directive (Blondzik, 2009;
DGEnv, 2009)

Analyzed fraction | D (2008) EU (2009*)
Maximum (pg/L) 0,12 25000
Mean (png/L) - 854.8
Median (ug/L) - 0.05
Highest mean for 0,065 -

one station (ng/L)

* Data collection was carried out from March 200TiluApril 2008 and from October 2008 until
January 2009

7.1.3.2 Occupational Exposure

Quantitative data on the exposure of workers towatetert-octylphenol have not been
published but the exposure is estimated to be we to the fact that the physico-chemical
properties of 4-tert-octylphenol are similar togbmf nonylphenol exposure data cited in the
RAR of the latter compound can be regarded relef@and-tert-octylphenol. Based on these
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data long-term inhalation exposure below 0.1 ppppi@ximately 0.8 mg/M has to be
assumed during charging / discharging and packggiocesses.

7.1.3.3 Consumer Exposure

Consumer exposure to 4-tert-octylphenol may defriom direct use of 4-tert-octylphenol in
consumer products, but it may also be due to resiad 4-tert-octylphenol in products made
from phenol-formaldehyde-resins and result from rddgtion of 4-tert-octylphenol-
ethoxylates.

In 2010, consumer use of 4-tert-octylphenol haslbregistered according to the REACH
regulation for the following product categorieshasdives and sealants (PC1) and coatings,
paints, thinners and paint removers (PC9a).

This is in line with uses expressly intended for awailable to consumers, which were
communicated to the Swedish product register in82@0lvent free paints for exterior use,
solvent based adhesives and putty (KEMI 2010, moridential data). Only use in putty has
not been mentioned in the registration dossiergart-octylphenol in 2010.

Consumer exposure from products made from phenol-fonaldehyde-resins:

These resins, which contain a small proportionrokacted 4-tert-octylphenol are used in the
production of a wide range of products like tyrexl aother rubber products, insulating
varnishes, printing inks, marine paints, adhesares other.

Apart from tyres and crumb rubber (see 7.1.2 arid37l), no information on 4-tert-
octylphenol concentrations in European rubber petsdare available. Ozaki et al. (2003)
reported p-t-octylphenol levels in 60 rubber pradun Japan (detection limit 2 pg/g). 4-tert-
octylphenol was detected in a nitrile-butadienebrrifood packing (29.6 pg/g), in an ice tray
(2.2 ug/g) and in a hose (37.2 ug/g), both madenafentified rubber. More information on
4-tert-octylphenol contents in rubber products,eesdly in products made from recycled
rubber, and on 4-tert-octylphenol migration ratesrf rubber articles are needed in order to
assess consumer exposure to 4-tert-octylphenol thasource.

Consumer exposure from products made from 4-tert-aylphenol-ethoxylates:

Degradation of octylphenl-ethoxylates during sesviand waste life of products may
contribute to consumer exposure to 4-tert-octylpgheihere is a wide range of 4-tert-
octylphenol-ethoxylate-uses in products, e.g. gaitéxtiles, leather, pesticides, fragrances,
lubricant additives, and some of them may contabigt consumer exposure. Moreover, 4-
tert-octylphenol-ethoxylates are used in emulsiotymperisation, which may lead to 4-tert-
octylphenol-ethoxylate-residues in a wide rangepolymers like styrene-butadiene latex,
acrylics, vinyl acrylics, vinyl acetates, ethylevi@yl acetates. The end applications for the
polymer dispersions based on 4-tert-octylphendlihe paints and coatings, paper and board,
adhesives, carpet backing, textiles, packagingcandtruction (DEFRA, 2008).

Consumer and professional use of products (e.gtg)atontaining octylphenol ethoxylates
has been registered, but consumer exposure hdseantcalculated in the CSR as it was not
expected to be significant.

Consumer exposure from indoor air
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No measured data from Europe on 4-tert-octylphénals in indoor air are available. Saito
et. al. (2004) and Inoue et al. (2006) reportedandair concentrations of 4-tert-octylpheonol
in Japan (see Table 36). These air concentratiociside airborne particle bound 4-tert-
octylphenol and 4-tert-octylphenol in the gas phaséhe study by Saito et al. (2004), indoor
air concentrations which may be triggered by rededsom consumer products were clearly
higher than outdoor air concentrations.

Table 36: Measured data on 4-tert-octylphenol door air

Study Samples n % >LOD | Median | Min Max ng/m3
ng/ms3 ng/ms3

Saito etal. | Houses 90 | 52 3.2 <LOD 45.7

(2004) Tokyo

Saito et al. | Offices 38 | 71 4.2 <LOD 30.5

(2004) Tokyo

Saito etal. | Outdoor 33 | 6 <LOD | <LOD 5.3

(2004) Tokyo

Inoue etal. | 4 buildings| 26 | 81 2.8 <LOD 48.5

(2006) Japan

n = sample size; LOD = limit of detection
Consumer exposure from house dust

Measured data on 4-tert-octylphenol levels in halisst are available from Germany (Butte
et al. 2001) and from the United Kingdom (Sant{2603) (see Table 38).

Table 38: Measured data on 4-tert-octylphenol inseodust

Study Samples n Fraction | % Mean Max 95th P
>LOD | mg/kg mg/kg | mg/kg
Butte et al.| Homes, 286 | <63 pum - - - 0.86
(2001) Germany (0.72-
1.1)
Santillo et | Homes, 29 | <2mm 13,7 0.12 2,4 -
al. (2003) | United
Kingdom

n = sample size; LOD = limit of detection, - = nd¢en
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Exposure from food and drinking water

4-tert-octylphenol has been detected in seafoogksnirom Italy (0.2 to 27.9 ng/g w/w for
sum of 4-tert-octylphenols including 4-tert-octydpiol, Ferrara et al, 2008), Singapore (6.7 to
44.9 ng/g wiw, Basheer et al. 2004) and Taiwantéwy0 to 1460 ng/g w/w, snail 21 to 1370
ng/g w/w, Cheng et al. 2006). It has also beenatietiein babyfood purees from Taiwan, with
the highest average concentration of 19 ng/g whealed in three apple sauce samples (Li et
al 2008).

Wenzel et al. (2003) conducted a literature revaawl evaluated existing data from various
European Member States. According to this studyponted concentrations of 4-tert-
octylphenol in drinking water ranged up to 5 ng/hil it was not detectable in most of the
samples, and in a case study conducted at 4 Eurapat@rworks, 4-tert-octylphenol was not
detected in tap water (limit of quantitation 0.5l)gNo data on bottled water in Europe were
found. In 6 samples of bottled water from high dignsolyethylene (HDPE) containers in the
USA, 4-tert-octylphenol was detected with an averagncentration of 12 ng/L (Loyo-
Rosales et al 2004). Shao et al (2005) detectat-®ttylphenol in a concentration of 23
ng/L in one out of 23 samples of bottled drinkingtar and soda beverages from China.

Human biomonitoring data

4-tert-octylphenol has been detected by differeathmds in human blood, cord blood, breast
milk and urine. Table 44 shows reported concemtnatiof 4-tert-octylphenol in human
samples from different countries. It is based atata compilation by Lopez-Espinoza et al.
(2009). Only data with a clear assignment to tbensr 4-tert-octylphenol are included:
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Table 40: Reported concentrations of 4-tert-octghgit in human samples from different countries

Sample Location| Study population N LOD %>LOD Median | Mean | Min Max Study
(ng/ml) (ng/ml) | (ng/ml) | (ng/ml) | (ng/ml)

Blood (plasma) Japan Healthy people, 24-25 ys 3004. 100 - - 0.1 0.2 Kawaguchi et al. (2004)
Blood (plasma) Taiwan | Housekeepers, pre-shift 33480 100 - 16.02 | 12.68 | 23.85 | Chen et al. (2005)
Cord blood (plasma) Malaysia Women 1B0 0.05 17 - + nd 1.15| Tan and Mohd (2003)
Breast milk us Women 20 2585 25 nd 2.7 nd 7.8 | Ye etal. (2006)
Breast milk Taiwan | Women 50 001 31| 0.02° | 1.29¢ - - Chen et al. (2010)
Breast milk Taiwan | Women 20 0™ 40 - - nd 11| Lin et al. (2009)
Urine us People painting their homes 30 0.70 35 — - nd 13.9| Kuklenyik et al. (2003)
Urine Taiwan | Housekeepers, pre-shift 29 1.16 83 - 6.52 nd 71.5| Chen et al. (2005)

Textile workers,all, pre-shift 40 1.16 50 - 141 nd 7.02

Textile workers, exposed, 27| 1.16 - - 34 - -

post shift

Textile workers, control, post shi 8 1.16 - - 78. - -
Urine Japan Healthy people, 24-25 ys 5 0.02 0 ng d n nd nd| Kawaguchi et al. (2004)
Urine Japan Healthy people 6 0.04 83 - — 0.1&wdguchi et al. (2007)
Urine us >5ys (NHANES) 2517 0.20 57 0.3 - - 92 Zalafat et al. (2008), Ye

et al. (2005)

N = sample size, LOD = limit of detection, nd = wetermined

4 nglg, ® free and conjugated 4-tert-octylphenof geometric mean? mean of samples>LOLDf determined in commercial milK, possibly mean of
samples>LOD?95th Percentile
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7.2 INFORMATION ON ALTERNATIVES

7.2.1 Alternative substances

Alternatives for 4-tert-octylphenol are describedhe RPA risk reduction strategy (DEFRA, 2008).
The following table summarizes alternatives for i@st important emission sources.

Table 46: Summary of available alternatives for eamportant emission sources (extracted from
(DEFRA, 2008)).

Use Alternatives Description

Resins in rubber Rosin-based derivatives and terpene based Cheaper alternatives, may

industry tackifier resins however not be suitable for
certain specific applications if
used alone (especially in tyres)

Leather and Ethoxylated fatty alcohols Already widely used e UK

textile industry in the tanning and textile
industry

Insulating Epoxy resins based on bisphenol A or urethasaert-octylphenol may be

varnishes modified epoxies, rubber modified epoxies | application critical and

and novolac epoxies alternatives may not be suitable
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OTHER INFORMATION

Notavailable.

165



ANNEX XV REPORT — IDENTIFICATION OF SVHC

REFERENCES

Abraham, E. J. and Frawley, L. S.: Octylphenol (O&) environmental estrogen, stimulates
prolactin (PRL) gene expression. Life Sciences 189717]; 1457-1465.

Ahel, M.; Scully, J.; Hoigné, J.; Giger, W.: Phdtemical degradation of nonylphenol and
nonylphenol polyethoxylates in natural waters. Cosphere 1994, 28[7]; 1361-1368.

Akgul, Y.; Derk, R. C.; Meighan, T.; Rao, K. M.; Mano, E. P.: The methoxychlor metabolite,
HPTE, directly inhibits the catalytic activity ofhaolesterol side-chain cleavage (P450scc) in
cultured rat ovarian cells. Reprod.Toxicol 200812557-75.

Andersen, H. R.; Wollenberger, L.; Halling-SorensBn Kusk, K. O.: Development of copepod
nauplii to copepodites - A parameter for chronixidily including endocrine disruption.
Environmental Toxicology and Chemistry 2001, 20[12821-2829. SETAC Press.

Andreassen, T. K. and Korsgaard, B.: Charactedraif a cytosolic estrogen receptor and its up-
regulation by 17[beta]-estradiol and the xenoegtnod-tert-octylphenol in the liver of eelpout
(Zoarces Vviviparus). Comparative Biochemistry antydtology Part C: Pharmacology,
Toxicology and Endocrinology 2000, 125[3]; 299-313.

Arslan, O. C.; Parlak, H.; Oral, R.; Katalay, SheTEffects of Nonylphenol and Octylphenol on
Embryonic Development of Sea Urchin (Paracentréitidus). Environmental Contamination
and Toxicology 2007, 53[2]; 214-219.

Arslan, O. C. and Parlak, H.: Embryotoxic effectsionylphenol and octylphenol in sea urchin
Arbacia lixula. Ecotoxicology 2007, 16[6]; 439-444.

Ashfield, L. A.; Pottinger, T. G.; Sumpter, J. Exposure of female juvenile rainbow trout to
alkylphenolic compounds results in modification goowth and ovosomatic index. Environ
Toxicol Chem 1998, 17[3]; 679-686.

Atanassova, N.; McKinnell, C.; Turner, K. J.; Walk®l.; Fisher, J. S.; Morley, M.; Millar, M.
R.; Groome, N. P.; Sharpe, R. M.: Comparative ¢$fexf neonatal exposure of male rats to
potent and weak (environmental) estrogens on spgegeaesis at puberty and the relationship to
adult testis size and fertility: evidence for stlatary effects of low estrogen levels.
Endocrinology 2000, 141[10]; 3898-3907.

AUH (Ausschuss fur Umwelthygiene): Standards zumpdsitionsabschatzung. Bericht des
Ausschusses fur Umwelthygiene der Arbeitsgemeirisatexr leitenden Medizinalbeamtinnen
und -beamten der Lander. 1995, Behdrde fur ArBasundheit und Soziales, Hamburg.

Aydogan, M. and Barlas, N.: Effects of maternak#-bctylphenol exposure on the reproductive
tract of male rats at adulthood. Reproductive Takigy 2006, 22[3]; 455-460.

Baek, I. J.; Yon, J. M.; Lee, S. R.; Jin, Y.; KiM, R.; Ahn, B.; Hong, J. T.; Choo, Y. K.; Lee, B.
J.; Yun, Y. W.; Nam, S. Y.: Effects of endocrinesmipting chemicals on expression of
phospholipid hydroperoxide glutathione peroxidadeNA in rat testes. J Vet Sci 2007, 8[3];
213-218.

16¢€



ANNEX XV REPORT — IDENTIFICATION OF SVHC

BAG: Swiss Product Register, written communicatiby D. Kappes. Eidgendssisches
Departement des Inneren EDI Bundesamt fir GesundiBAG Direktionsbereich
Verbraucherschutz. 2010.

Barlas, N. and Aydogan, M.: Histopathologic effectanaternal 4-tert-octylphenol exposure on
liver, kidney and spleen of rats at adulthood. Arek of Toxicology 2009, 83[4]; 341-349.

Baroiller, J. F.; Guiguen, Y.; Fostier, A.: Endowi and environmental aspects of sex
differentiation. Cellular and Molecular Life Sciesg1999, 55; 910-931.

Basheer C.; Lee H.K.; Tan K.S.: Endocrine disruptatkylphenols and bisphenol-A in coastal
waters and supermarket seafood from Singapore.liBageMarine Pollution Bulletin 2010, 48;
1145-1167.

Bayley, M.; Nielsen, J. R.; Baatrup, E.: Guppy S®xBehavior as an Effect Biomarker of
Estrogen Mimics. Ecotoxicology and EnvironmentafieBal1999, 43[1]; 68-73.

Bevan, C. L.; Porter, D. M.; Prasad, A.; Howard, M; Henderson, L. P.: Environmental
Estrogens Alter Early Development in Xenopus laelisviron Health Perspect 2003, 111; 488-
496.

Bian, Q.; Qian, J.; Xu, L.; Chen, J.; Song, L.; WaK.: The toxic effects of 4-tert-octylphenol
on the reproductive system of male rats. Food amehtical Toxicology 2006, 44[8]; 1355-1361.

Bicknell, R. J.; Herbison, A. E.; Sumpter, J. Pes®ogenic activity of an environmentally
persistent alkylphenol in the reproductive tract bat the brain of rodents. Journal of Steroid
Biochemistry and Molecular Biology 1995, 54[1-2197

Blake, C. A. and Ashiru, O. A.: Disruption of RastEbus Cyclicity by the Environmental
Estrogen 4-tert-Octylphenol. Experimental Biologylaedicine 1997, 216[3]; 446-451.

Blake, C. A. and Boockfor, F. R.: Chronic admirasion of the environmental pollutant 4-Tert-
octylphenol to adult male rats interferes with #ecretion of luteinizing hormone, follicle-
stimulating hormone, prolactin, and testosteronelogy of Reproduction 1997, 57[2]; 255-266.

Blake, C. A.; Nair-Menon, J. U.; CAMPBELL, G. T.sfogen can protect splenocytes from the
toxic effects of the environmental pollutant 4+tectylphenol. Endocrine 1997, 6[3]; 243-249.

Blake, C. A.; Boockfor, F. R.; Nair-Menon, J. U.jIMtte, C. F.; Raychoudhury, S. S.; McCoy,
G. L.: Effects of 4-tert-octylphenol given in drinky water for 4 months on the male reproductive
system of Fischer 344 rats. Reproductive Toxicol®dg94, 18[1]; 43-51.

Blondzik, K.: Belastung der Flie3gewasser mit Nenyid Octylphenol. Claudia Staude. 2009.

Boockfor, F. R. and Blake, C. A.: Chronic admirasion of 4-tert-octylphenol to adult male rats
causes shrinkage of the testes and male accessorgrgans, disrupts spermatogenesis, and
increases the incidence of sperm deformities. Bilaf Reproduction 1997, 57[2]; 267-277.

Butte W.; Hoffmann W.; Hostrup O.; Schmidt A.; WaitkG.: Endokrin wirksame Substanzen im
Hausstaub: Ergebnisse eines reprasentativen MogtorGefahrst.Reinh.Luft 2001, 61; 19-23.



ANNEX XV REPORT — IDENTIFICATION OF SVHC

CAES (Connecticut Agricultural Experimental StajioB010 Study of Crumb Rubber Derived
from Recycled Tires, Final Report.
http://lwww.ct.gov/dep/lib/dep/artificialturf/caestificial_turf_report.pdf 2010.

Calafat, A. M.; Ye, X.; Wong, L. Y.; Reidy, J. ANeedham, L. L.: Exposure of the U.S.
population to bisphenol A and 4-tertiary-octylphkergD03-2004. Environ Health Perspect 2008,
116[1]; 39-44.

CEFAS: Monitoring and surveillance of non-radiogetcontaminants in the aquatic environment
and activities regulating the disposal of wasteseat, 1994. Aquatic Environment Monitoring
Report No.47. 1997, Aquatic Environment MonitoriRgport No.47.

Certa, H.; Fedtke, N.; Wiegand, H. J.; Mdller, A. K.; Bolt, H. M.: Toxicokinetics of p tert
octylphenol in male Wistar rate. Archives of ToXmgy 1996, 71[1-2]; 112-122.

Charles, G. D.; Gennings, C.; Tornesi, B.; Kan,LH.Zacharewski, T. R.; Bhaskar Gollapudi,
B.; Carney, E. W.: Analysis of the interaction dfyfoestrogens and synthetic chemicals: An in
vitro/in vivo comparison. Toxicology and Applied &imacology 2007, 218[3]; 280-288.

Chemical Supply Industry and Downstream Users: Wty Agreement Risk Reduction for
Nonylphenol, Nonylphenol Ethoxylates, Octylphenatl@ctylphenol Ethoxylates. 2004, 1-50.

Chen M.L.; Lee W.P.; Chung H.; Guo B.R.; ao I.Homonitoring of alkylphenols exposure for
textile and housekeeping workers. Int.J.EnvironlAt@em. 2010, 85; 335-347.

Chen, G. W.; Ding, W. H.; Ku, H. Y.; Chao, H. R.héh, H. Y.; Huang, M. C.; Wang, S. L.:
Alkylphenols in human milk and their relations tetdry habits in central Taiwan. Food Chem
Toxicol 2010, 48[7]; 1939-1944.

Cheng C.-Y.; ., L. L. L.; Ding W.-H.: Occurrence caseasonal variation of alkylphenols in
marine organisms from the coast of Taiwan. ChemagpR006, 65; 2152-2159.

Crane, M.; Gross, M.; Matthiessen, P.; Ankley, G. Axford, S.; Bjerregard, P.; Brown, R.;
Chapman, P.; Dorgeloh, M.; Galay-Burgos, M.; GreknHazlerigg, C.; Janssen, J.; Lorenzen,
K.; Parrott, J.; Rufli, H.; Schéfers, C.; Seki, Mstolzenberg, H.-C.; van der Hoeven, N.;
Vethaak, D.; Winfield, I. J.; Zok, S.; Wheeler, Multi-Criteria Decision Analysis of Test
Endpoints for Detecting the Effects of Endocrindi¥e Substances in Fish Full Life Cycle Tests.
2010, 6, SETAC.

Croteau, M. C.; Davidson, M.; Duarte-Guterman,Wade, M.; Popesku, J. T.; Wiens, S.; Lean,
D. R. S.; Trudeau, V. L.: Assessment of thyroidtays disruption in Rana pipiens tadpoles
chronically exposed to UVB radiation and 4-tertyfmhenol. Aquatic Toxicology 2009, 95[2];
81-92.

Crump, D.; Lean, D.; Trudeau, V. L.: Octylphenol datJV-B Radiation Alter Larval
Development and Hypothalamic Gene Expression in ltkeepard Frog (Rana pipiens).
Environmental Health Perspectives 2002, 110[3]-284.

Cummings, A. M. and Laws, S. C.: Assessment obgstricity by using the delayed implanting
rat model and examples. Reproductive Toxicologyd2Q4d[2]; 111-117.

16¢€



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Cyr, D. G. and Gregory, M.: Effects of octylphermwi male reproductive tissues, epididymal
sperm motility, and testicular gene expression. tisloss of the EUROTOX 2006/6 CTDC
Congress - 43rd Congress of the European Societie¥oxicology & 6th Congress of

Toxicology in Developing Countries. Toxicology Lets 2006, 164[Supplement 1]; S172.

Dang, V. H.; Choi, K. C.; Hyun, S. H.; Jeung, E: Bnalysis of gene expression profiles in the
offspring of rats following maternal exposure to@estrogens. Reprod Toxicol 2007, 23[1]; 42-
54.

Dang, V. H.; Choi, K. C.; Jeung, E. B.: Estrogerceggors are involved in xenoestrogen
induction of growth hormone in the rat pituitaryagt. Journal of Reproduction and
Development 2009, 55[2]; 206-213.

DEFRA: A4-tert-Octylphenol Risk Reduction StrategpdaAnalysis of Advantages and
Drawbacks. 2008, J501f/OP RRS.

Desaulniers, D.; Leingartner, K.; Zacharewski, Hoster, W. G.: Optimization of an MCF7-E3
Cell Proliferation Assay and Effects of EnvironmanPollutants and Industrial Chemicals.
Toxicology in Vitro 1998, 12[4]; 409-422.

DGEnv: Substances factsheet of chemical pollut@ectgiphenol - para-tert. 2009.

Diel, P.; Schulz, T.; Smolnikar, K.; Strunck, E.p\mer, G.; Michna, H.: Ability of xeno- and
phytoestrogens to modulate expression of estrogesis/e genes in rat uterus: estrogenicity
profiles and uterotropic activity. The Journal aei®id Biochemistry and Molecular Biology
2000, 73[1-2]; 1-10.

Diel, P.; OIff, S.; Schmidt, S.; Michna, H.: Effscof the environmental estrogens bisphenol A,
0,p'-DDT, p-tert-octylphenol and coumestrol on apsis induction, cell proliferation and the
expression of estrogen sensitive molecular parasméatehe human breast cancer cell line MCF-
7. The Journal of Steroid Biochemistry and Molec@#elogy 2002, 80[1]; 61-70.

Dodge, J. A.; Glasebrook, A. L.; Magee, D. E.; B8l D. L.; Sato, M.; Short, L. L.; Bryant, H.
U.: Environmental estrogens: effects on cholestienskering and bone in the ovariectomized rat.
J Steroid Biochem Mol.Biol 1996, 59[2]; 155-161.

Dow Chemical Co.: Results of range finding toxigptal tests on three samples of 4-tert-
octylphenol. 1983.

Duft, M.; Schulte-Oehlmann, U.; Weltje, L.; TillmanM.; Oehlmann, J.: Stimulated embryo
production as a parameter of estrogenic exposwaesgdiments in the freshwater mudsnail
Potamopyrgus antipodarum. Aquatic Toxicology 20884]; 437-449.

EA: Risk Evaluation Report 4-tert-Octylphenol. 200%Environment Agency Report
SCHOO0405BIYZ-E-EBristol.

ECETOC: Guidance on Identifying Endocrine Disrugtiiffects. 2009, Technical Report No.
206; 1-137.

ECHA: Guidance on information requirements and dbehsafety assessment, Chapter R.15:
Consumer exposure estimation. 2010, 1-50.

Environment Agency UK: Environmental Risk Evaluati@eport: 4-tert-octylphenol. 2005.

16¢



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Environment Agency UK: Potential Environmental Rigkrising From The Use Of Alkylphenol
Ethoxylates In Textiles. Building Research Estdivhent. Revised Draft of June 2008. 2008.

EPISUITE: Estimation software (version 4.1). 201ldeveloped by Syracuse Research
Corporation for the United States Environmentat&stion Agency, Washington, DC.

ETRMA: European Tyre and Rubber Manufacturers' Asgmn, EU Risk Reduction Strategy
proposed for Octylphenol 22.10.2207.
http://www.etrma.org/public/Pdf%20from%20July/PR3IZQ022_- Octylphenol_-
_ETRMA_position_paper.pdf 2010, Brussels.

ETRMA (European Tyre and Rubber Manufacturing Agsitan): EU Risk Reduction Strategy
proposed for Octylphenol. 2007.

Europaisches Parlament und Rat: RICHTLINIE 200¥&3/ DES EUROPAISCHEN
PARLAMENTS UND DES RATES vom 18. Juni 2003 zur 2&nderung der Richtlinie
76/769/EWG des Rates Uber Beschrankungen des Biwbmingens und der Verwendung
gewisser gefahrlicher Stoffe und Zubereitungen Wamenol, Nonylphenolethoxylat und
Zement) -

DIRECTIVE 2003/53/EC OF THE EUROPEAN PARLIAMENT ANDF THE COUNCIL of
18 June 2003 amending for the 26th time Councie®ive 76/769/EEC relating to restrictions
on the marketing and use of certain dangerous &utst and preparations (nonylphenol,
nonylphenol ethoxylate and cement). 2003, 2003/G8/E78/24.

European Chemicals Agency: Guidance for the préjparaaf an Annex XV dossier on the
identification of substances of very high conc@®07, 1-58.

European Chemicals Agency: Chapter R.7b: Endpopeciiic guidance. Guidance On
Information Requirements And Chemical Safety Assesg. 2008, [R.7b]; 1-234.

European Commission: Communication from the comions$o the council and the european
parliament - Community Strategy for Endocrine Dgears. 1999, COM(1999) 706 final; 1-31.
Brussels.

European Commission: Communication from the comionis®n the precautionary principle.
2000, COM(2000) 1; 1-29. Brussels.

European Commission: Communication from the Comiomst the Council and the European

Parliament - on the implementation of the commusitategy for endocrine disrupters - a range
of substances suspected of interfering with thenooie system of humans and wildlife (COM

(1999) 706). 2001.

European Commission: Study on the scientific ewanaof 12 substances in the context of
endocrine disrupter priority action list . 2002.

European Environment Agency: European Pollutane&sd and Transfer Register (E-PRTR).
2010.

Evans, R.; Kortenkamp, A.; Martin, O.; McKinlay,;FROrton, F.; Rosivatz, E.: State of the Art
Assessment of Endocrine Disrupters 2nd Interim Rep®roject Contract Number:
070307/2009/550687/SER/D3 Part 1 Summary of tte sfahe Science. 2011.

17C



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Ferrara F.; demollo N.; elise M.; abietti F.; un&i Alkylphenols and their ethoxylates in
seafood from the Tyrrhenian Sea. Chemosphrer 208,279-1285.

Ferreira-Leach, A. M. and Hill, E. M.: Bioconcerttom and distribution of 4-tert-octylphenol
residues in tissues of the rainbow trout (Oncorhyiscmykiss). Mar.Environ Res. 2001, 51[1];
75-89.

Fiorini, C.; Tilloy-Ellul, A.; Chevalier, S.; Chaal, C.; Pointis, G.: Sertoli cell junctional protsi
as early targets for different classes of repradadbxicants. Reprod.Toxicol 2004, 18[3]; 413-
421.

Fisher, J. S.; Turner, K. J.; Brown, D.; SharpeMR. Effect of neonatal exposure to estrogenic
compounds on development of the excurrent ductleofat testis through puberty to adulthood.
Environ Health Perspect 1999, 107[5]; 397-405.

Funabashi, T.; Nakamura, T. J.; Kimura, F.: p-Nphghnol, 4-tert-octylphenol and bisphenol A
increase the expression of progesterone receptoNAnkh the frontal cortex of adult
ovariectomized rats. Journal of Neuroendocrinol®d@94, 16[2]; 99-104.

Ghisari, M. and Bonefeld-Jorgensen, E. C.: Impdct¢rovironmental chemicals on the thyroid
hormone function in pituitary rat GH3 cells. EndoerMimicry and Disruption: Plasticisers and
other Environmental Chemicals. Molecular and Catlindocrinology 2005, 244[1-2]; 31-41.

Ghisari, M. and Bonefeld-Jorgensen, E. C.: Effedtplasticizers and their mixtures on estrogen
receptor and thyroid hormone functions. Toxicolagyters 2009, 189[1]; 67-77.

Gledhill, W. E.: Nonylphenol and Octylphenol andeith Ethoxylates-Determination of the
Biodegradability by the CO2 Evolution Modified StuiTest. 1999, SLI Report No. 98-7-7403.

Gosner, K. L.: A simplified table for staging anmr@mbryos and larvae with notes on
identification. Herpetologica 1960, 16; 183-190.

Gourmelon, A. and Ahtiainen, J.: Developing Testdelines on invertebrate development and
reproduction for the assessment of chemicals, dietupotential endocrine active substanibes
OECD perspective. Ecotoxicology 2007, 16[1]; 161-167.

Goktekin, E. and Barlas, N.: Histopathologic effedn the hypophysis, adrenal, pancreas,
thyroid and parathyroid glands of adult male anchdle rats exposed maternally to 4-tert-
octylphenol. Abstracts of the 44th Congress ofEheopean Societies of Toxicology. Toxicology
Letters 2007, 172[Supplement 1]; 209-210.

Goktekin, E. and Barlas, N.: Histopathological eféeof 4-tert-octylphenol treatment through the
pregnancy period, on the pituitary, adrenal, pasrényroid and parathyroid glands of offspring
rats at adulthood. Environmental Toxicology andrRtaeology 2008, 26[2]; 199-205.

Gray, M. A.; Nimi, A. J.; Metcalfe, C. D.: Factoedfecting the development of testis-ova in
medaka, Oryzias latipes, exposed to octylphenolirBnomental Toxicology and Chemistry
1999, 18[8]; 1835-1842.

Gray, M. A.; Teather, K. L.; Metcalfes, C. D.: Reguctive success and behavior of japanese
medaka (Oryzias latipes) exposed to 4-tert-octylphe Environomental Toxicology and
Chemistry 1999, 18[11]; 2587-2594.

171



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Greenpeace: Dirty Laundry - Unravelling the corpereonnections to toxic water pollution in
China. 2011.

Gregory, M.; Lacroix, A.; Haddad, S.; Devine, Phatbhonneau, M.; Tardif, R.; Krishnan, K.;
Cooke, G. M.; Schrader, T.; Cyr, D. G.: EffectGfronic Exposure to Octylphenol on the Male
Rat Reproductive System. Journal of Toxicology &mVironmental Health, Part A: Current
Issues 2009, 72[23]; 1553-1560. Taylor & Francis.

Gronen, S.; Denslow, N. D.; Manning, S.; Barnes, Barnes, D.; Brouwer, M.: Serum
Vitellogenin Levels and Reproductive Impairmenthéle Japanese Medaka (Oryzias latipes)
Exposed to 4-tert-Octylphenol. Environ Health Pecsd 999, 107[5]; 385-390.

Haavisto, T. E.; Adamsson, N. A.; Myllymaki, S. A.pppari, J.; Paranko, J.: Effects of 4-tert-
octylphenol, 4-tert-butylphenol, and diethylstilbbes on prenatal testosterone surge in the rat.
Reproductive Toxicology 2003, 17[5]; 593-605.

Hamelin, G.; Charest-Tardif, G.; Krishnan, K.; Cy, G.; Charbonneau, M.; Devine, P. J.;
Haddad, S.; Cooke, G. M.; Schrader, T.; Tardif, Betermination of p-tert-octylphenol in blood
and tissues by gas chromatography coupled with spsstrometry. J Anal Toxicol 2008, 32[4];
303-307.

Hamelin, G.; Charest-Tardif, G.; Krishnan, K.; CB., Charbonneau, M.; Devine, P. J.; Haddad,
S.; Cooke, G. M.; Schrader, T.; Tardif, R.: Toxioakics of p-tert-octylphenol in male and
female Sprague-Dawley rats after intravenous, awalsubcutaneous exposures. Journal of
Toxicology and Environmental Health - Part A: Cutréssues 2009, 72[8]; 541-550.

Hamelin, G.; Haddad, S.; Krishnan, K.; Tardif, Rhysiologically based modeling of p-tert-
octylphenol kinetics following intravenous, oral subcutaneous exposure in male and female
Sprague-Dawley rats. J Appl Toxicol 2010, 30[5]74319.

Hanioka, N.; Jinno, H.; Chung, Y. S.; Tanaka-KagaWa Nishimura, T.; Ando, M.: Inhibition
of rat hepatic cytochrome P450 activities by biodegtion products of 4-tert-octylphenol
ethoxylate. Xenobiotica 1999, 29[9]; 873-883.

Hanioka, N.; Tanaka-Kagawa, T.; Chung, Y. S.; Niglma, T.; Jinno, H.; Ando, M.: Changes in
hepatic cytochrome P450 enzymes by biodegradatioodupts of 4-tert-octylphenol
polyethoxylate in rats. Bull Environ Contam Toxi@l00, 64[6]; 804-810.

Hanioka, N.; Jinno, H.; Chung, Y. S.; Nishimura, Tanaka-Kagawa, T.; Ando, M.: Effect of 4-
tert-octylphenol on cytochrome P450 enzymes inivat. Archives of Toxicology 2000, 73[12];
625-631.

Harazono, A. and Ema, M.: Effects of 4-tert-oct@pbl on initiation and maintenance of
pregnancy following oral administration during ggsregnancy in rats. Toxicology Letters 2001,
119[1]; 79-84.

Harris, R.; Turan, N.; Kirk, C.; Ramsden, D.; WaiR.: Effects of endocrine disruptors on
dehydroepiandrosterone sulfotransferase and enzymelved in PAPS synthesis: genomic and
nongenomic pathways. Environ Health Perspect 2005, Suppl 1; 51-54.

Helfman, G.; Collette, B. B.; Facey, D. E.: The 8isity of Fishes. 1997, 1st; 1-528. Blackwell
Science Ltd.

172



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Herath, C. B.; Jin, W.; Watanabe, G.; Arai, K.; 8kiz A. K.; Taya, K.: Adverse effects of
environmental toxicants, octylphenol and bisphéxadn male reproductive functions in pubertal
rats. Endocrine 2004, 25[2]; 163-172.

Herath, C. B.; Watanabe, G.; Katsuda, S. I.; YoshM.; Suzuki, A. K.; Taya, K.: Exposure of
Neonatal Female Rats to p-tert-Octylphenol Disrégdtsrnoon Surges of Luteinizing Hormone,
Follicle-Stimulating Hormone and Prolactin Secrefi@nd Interferes with Sexual Receptive
Behavior in Adulthood. Biology of Reproduction 20@#[4]; 1216-1224.

Hillenbrand, T.; Marscheider-Weidemann, F.; ; SttguM.; Heitmann, K.: Forschungsvorhaben
"Emissionsminderung  fir  prioritare  und  prioritdre efd@hrliche  Stoffe  der
Wasserrahmenrichtlinie". 2006.

Hogan, N. S.; Lean, D. R. S.; Trudeau, V. L.: Expes to Estradiol, Ethinylestradiol and
Octylphenol Affect Survival and Growth of <i>Rangigns and Rana sylvatica</i> Tadpoles.
Journal of Toxicology and Environmental Health, tPar Current Issues 2006, 69[16]; 1555-
1569. Taylor & Francis.

Hong, E. J.; Choi, K. C.; Jeung, E. B.: Inductidncalbindin-D9k messenger RNA and protein
by maternal exposure to alkylphenols during laggpancy in maternal and neonatal uteri of rats.
Biol Reprod. 2004, 71[2]; 669-675.

Hong, E. J.; Choi, K. C.; Jeung, E. B.: Materna&fdaransfer of endocrine disruptors in the
induction of Calbindin-D9k mRNA and protein duripgegnancy in rat model. Molecular and
Cellular Endocrinology 2003, 212[1-2]; 63-72.

Hossaini, A.; Dalgaard, M.; Vinggaard, A. M.; Pakan, P.; Larsen, J. J.: Male reproductive
effects of octylphenol and estradiol in Fischer &itar rats. Reproductive Toxicology 2003,
17[5]; 607-615.

Huels AG: Toxicokinetics of octylphenol PT in maAstar rats after repeated oral (gavage) and
drinking water application. 1996.

Inoue, K.; Yoshida, S.; Nakayama, S.; Ito, R.; Qkachi, N.; Nakazawa, H.: Development of
stable isotope dilution quantification liquid chratagraphy-mass spectrometry method for
estimation of exposure levels of bisphenol A, 4-tetylphenol, 4-nonylphenaol,
tetrabromobisphenol A, and pentachlorophenol inoamdair. Arch Environ Contam Toxicol
2006, 51[4]; 503-508.

IPCS: Global assessment of the state-of-the-scieficendocrine disruptors. Damstra, Terri;
Barlow, Sue; Bergman, Aake; Kavlock, Robert; Vanr d&raak, Glen. 2002,
WHO/PCS/EDC/02.2, WHO.

Isidori, M.; Lavorgna, M.; Nardelli, A.; Parrellé).: Toxicity on crustaceans and endocrine
disrupting activity on Saccharomyces cerevisiaeigiit alkylphenols. Chemosphere 2006, 64[1];
135-143.

Isidori, M.; Cangiano, M.; Palermo, F. A.; Parrelfa: E-screen and vitellogenin assay for the
detection of the estrogenic activity of alkylphenaind trace elements. Comp Biochem Physiol
/C 2010, 152[1]; 51-56.

17z



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Isidori, M.; Lavorgna, M.; Nardelli, A.; Parrellé).: Toxicity on crustaceans and endocrine
disrupting activity on Saccharomyces cerevisiaeigiit alkylphenols. Chemosphere 2006, 64[1];
135-143.

IUCLID: Datasheet for 4-(1,1,3,3,tetramethylbutyi@mol), International Uniform Chemical
Information Database on High Production Volume Citcata (HPVCs) reported by European
Industry in the frame of the EU Existing ChemicBRisk Assessment Programme. 2000, EUR
19559 EN.

Iwata, M.; Eshima, Y.; Kagechika, H.; Miyaura, Hhe endocrine disruptors nonylphenol and
octylphenol exert direct effects on T cells to s@ss Thl development and enhance Th2
development. Immunology Letters 2004, 94[1-2]; 13-

Jobling, S. and Sumpter, J. P.: Detergent compenargewage effluent are weakly oestrogenic
to fish: An in vitro study using rainbow trout (Gorbiynchus mykiss) hepatocytes. Aquatic
Toxicology 1993, 27[3-4]; 361-372.

Jobling, S.; Sheahan, D.; Osborne, J. A.; Mattlkies®.; Sumpter, J. P.: Inhibition of testicular
growth in rainbow trout (Oncorhynchus mykiss) exgbs$o estrogenic alkylphnolic chemicals.
Environomental Toxicology and Chemistry 1996, 15[84-202.

Jobling, S.; Casey, D.; Rodgers-Gray, T.; OehimannSchulte-Oehimann, U.; Pawlowski, S.;
Baunbeck, T.; Turner, A. P.; Tyler, C. R.: Compaeatresponses of molluscs and fish to
environmental estrogens and an estrogenic effldantatic Toxicology 2003, 65[2]; 205-220.

Johnson, A. C.; White, C.; Besien, T. J.; JurgéhsD.: The sorption potential of octylphenol, a
xenobiotic oestrogen, to suspended and bed-sedmsel¢cted from industrial and rural reaches
of three English rivers. Science of The Total Eonment 1998, 210-211; 271-282.

Johnson, A. C.; White, C.; Bhardwaj, L.; Jirgens,DM Potential for octylphenol to biodegrade
in some english rivers. Environmental Toxicologyl &hemistry 2000, 19[10]; 2486-2492.

Jones, P. A.; Baker, V. A.; Irwin, A. J. E.; Edtl,K.: Interpretation of the in Vitro Proliferation
Response of MCF-7 Cells to Potential OestrogensNimdOestrogenic Substances. Toxicology
in Vitro 1998, 12[4]; 373-382.

Jung, Y. W.; Hong, E. J.; Choi, K. C.; Jeung, E.: Blovel progestogenic activity of
environmental endocrine disruptors in the upregutabf calbindin-D9k in an immature mouse
model. Toxicological Sciences 2005, 83[1]; 78-88.

Kamei, S.; Miyawaki, J.; Sakayama, K.; Yamamoto, Masuno, H.: Perinatal and postnatal
exposure to 4-tert-octylphenol inhibits corticalnlbeogrowth in width at the diaphysis in female
mice. Toxicology 2008, 252[1-3]; 99-104.

Karels, A. A.; Manning, S.; Hoexum Brouwer, T.; Bwer, M.: Reproductive Effects Of
Estrogenic And Antiestrogenic Chemicals On Sheeup$hdinnows (Cyprinodon Variegatus).
Environ Tox Chem 2003, 22[4]; 855-865.

Katsuda, S. I.; Yoshida, M.; Isagawa, S.; Asagawa,Kuroda, H.; Watanabe, T.; Ando, J.;
Takahashi, M.; Maekawa, A.: Dose- and treatmenétitum-related effects of p-tert-octylphenol
on female rats. Reproductive Toxicology 2000, 14129-126.

174



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Katsuda, S. I.; Yoshida, M.; Watanabe, G.; Taya, Maekawa, A.: Irreversible effects of
neonatal exposure to p-tert-octylphenol on thea@petive tract in female rats. Toxicol Appl
Pharmacol 2000, 165[3]; 217-226.

Kawaguchi, M.; Inoue, K.; Sakui, N.; Ito, R.; 1zun8.; Makino, T.; Okanouchi, N.; Nakazawa,
H.: Stir bar sorptive extraction and thermal deSorpgas chromatography-mass spectrometry
for the measurement of 4-nonylphenol and 4-tedpbenol in human biological samples. J
Chromatogr B Analyt.Technol Biomed.Life Sci 2009971]; 119-125.

Kawaguchi, M.; Ito, R.; Sakui, N.; Okanouchi, Nai®, K.; Seto, Y.; Nakazawa, H.: Stir-bar-
sorptive extraction, with in-situ deconjugation,datihermal desorption with in-tube silylation,
followed by gas chromatography-mass spectrometrynfeasurement of urinary 4-nonylphenol
and 4-tert-octylphenol glucuronides. Anal Bioanke@ 2007, 388[2]; 391-398.

KEMI: Swedish Chemicals Agency (KEMI) Product Regis Fischer S.. 10 A.D..

Kendall, R. J.; Dickerson, R. L.; Suk, W. A.; GiedyP.: Principles and Processes for Evaluating
Endocrine Disruption in Wildlife. 1998, 1-419. &ety of Environmental Toxicology &
Chemistry. SETAC Technical Publications.

Khurana, S.; Ranmal, S.; Ben-Jonathan, N.: Expos@iraewborn male and female rats to
environmental estrogens: delayed and sustainedrprgdactinemia and alterations in estrogen
receptor expression. Endocrinology 2000, 141[131244517.

Kim, H. H.; Kwak, D. H.; Yon, J. M.; Baek, I. J.gk, S. R.; Lee, J. E.; Nahm, S. S.; Jeong, J. H.;
Lee, B. J.; Yun, Y. W.; Nam, S. Y.. Differential gession of 3beta-hydroxysteroid
dehydrogenase mRNA in rat testes exposed to emaodisruptors. J Reprod.Dev 2007, 53[3];
465-471.

Kim, S. K.; Lee, H. J.; Yang, H.; Kim, H. S.; Yool, D.: Prepubertal exposure to 4-tert-
octylphenol induces apoptosis of testicular geriis ¢e adult rat. Archives of Andrology 2004,
50[6]; 427-441.

Kim, S. K.; Kim, B. K.; Shim, J. H.; Gil, J. E.; Ym, Y. D.; Kim, J. H.: Nonylphenol and
octylphenol-induced apoptosis in human embryonamstcells is related to Fas-Fas ligand
pathway. Toxicol Sci 2006, 94[2]; 310-321.

Kim, S. K.; Kim, J. H.; Lee, H. J.; Yoon, Y. D.. @phenol reduces the expressions of
steroidogenic enzymes and testosterone productiomouse testis. Environ Toxicol 2007, 22[5];
449-458.

Kinnberg, K. and Toft, G.: Effects of estrogenicdaantiandrogenic compounds on the testis
structure of the adult guppy (Poecilia reticulaijotoxicol.Environ Saf. 2003, 54[1]; 16-24.

Kinnberg, K.; Korsgaard, B.; Bjerregaard, P.: Eféecf octylphenol and 17[beta]-estradiol on the
gonads of guppies (Poecilia reticulata) exposeddsts via the water or as embryos via the
mother. Comparative Biochemistry and Physiologyt RarToxicology & Pharmacology 2003,
134[1]; 45-55.

Klimisch, H. J.; Andreae, M.; Tillmann, U.: A systatic approach for evaluating the quality of
experimental toxicological and ecotoxicologicalalat

17¢



ANNEX XV REPORT — IDENTIFICATION OF SVHC

12. Regul Toxicol Pharmacol. 1997, 25[1]; 1-5.

Kloas, W.; Lutz, I.; Einspanier, R.: Amphibians agnodel to study endocrine disruptors: Il.
Estrogenic activity of environmental chemicals itrovr and in vivo. The Science of The Total
Environment 1999, 225[1-2]; 59-68.

Knacker, T.; Boettcher, M.; Frische, T.; Rufli, Hstolzenberg, H.-C.; Teigeler, M.; Zok, S.;
Braunbeck, T.; Schafers, C.: Environmental Effessdssment for Sexual Endocrine-Disrupting
Chemicals: Fish Testing Strategy. Integrated Emvitental Assessment and Management 2010,
6; 1-10.

Kndrr, S. and Braunbeck, T.: Decline in ReproduetBuccess, Sex Reversal, and Developmental
Alterations in Japanese Medaka (Oryzias latipe®r aontinuous Exposure to Octylphenol.
Ecotoxicology and Environmental Safety 2002, 51187-196.

Kommission der europdischen Gemeinschaft: Mittgldar Kommission die Anwendbarkeit des
Vorsorgeprinzips. 2000, KOM (2000) 1 endguiltig.

Kriger, T.; Long, M.; Bonefeld-Jgrgensen, E. Casit components affect the activation of the
aryl hydrocarbon and the androgen receptor. ToagoP008, 246[2-3]; 112-123.

Kuiper, G. G. J. M.; Lemmen, J. G.; Carlsson, Bortén, J. C.; Safe, S. H.; van der Saag, P. T.;
van der Burg, B.; Gustafsson, J. A.: Interactiofiesfrogenic Chemicals and Phytoestrogens with
Estrogen Receptor {beta}. Endocrinology 1998, 189[#252-4263.

Kuklenyik, Z.; Ekong, J.; Cutchins, C. D.; Needham, L.; Calafat, A. M.: Simultaneous
measurement of urinary bisphenol A and alkylphermtsautomated solid-phase extractive
derivatization gas chromatography/mass spectrométrgl Chem 2003, 75[24]; 6820-6825.

Kuruto-Niwa, R.; Nozawa, R.; Miyakoshi, T.; Shiozawr.; Terao, Y.: Estrogenic activity of
alkylphenols, bisphenol S, and their chlorinatedivd¢ives using a GFP expression system.
Environmental Toxicology and Pharmacology 200513,9121-130.

Kwack, S. J.; Kwon, O.; Kim, H. S.; Kim, S. S.; Kif8. H.; Sohn, K. H.; Lee, R. D.; Park, C. H.;
Jeung, E. B.; An, B. S.; Park, K. L.: COMPARATIVEVELUATION OF ALKYLPHENOLIC
COMPOUNDS ON ESTROGENIC ACTIVITY IN VITRO AND IN WO. Journal of
Toxicology and Environmental Health, Part A: Cutréssues 2002, 65[5]; 419-431. Taylor &
Francis.

Laws, S. C.; Carey, S. A.; Ferrell, J. M.; Bodmé&n,J.; Cooper, R. L.: Estrogenic activity of
octylphenol, nonylphenol, bisphenol A and methoXgcln rats. Toxicol Sci 2000, 54[1]; 154-
167.

Laws, S. C.; Yavanhxay, S.; Cooper, R. L.; EldridgeC.: Nature of the Binding Interaction for
50 Structurally Diverse Chemicals with Rat Estrodeceptors. Toxicological Sciences 2006,
94[1]; 46-56.

Lee, M. H.; Kim, E.; Kim, T. S.: Exposure to 4-texttylphenol, an environmentally persistent
alkylphenol, enhances interleukin-4 production ic€lls via NF-AT activation. Toxicology and
Applied Pharmacology 2004, 197[1]; 19-28.

17¢



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Li, C. T.; Cheng, C. Y.; Ding, W. H.: Determinatiof alkylphenol residues in baby-food purees
by steam distillation extraction and gas chromaiphy-mass spectrometry. Food Chem Toxicol
2008, 46[2]; 803-807.

Li, J.; Ma, M.; Wang, Z.: In vitro profiling of emtrine disrupting effects of phenols. Toxicology
in Vitro 2010, 24[1]; 201-207.

Li, X.; Zhang, S.; Safe, S.: Activation of kinasatipwvays in MCF-7 cells by 17beta-estradiol and
structurally diverse estrogenic compounds. J Sidsachem Mol.Biol 2006, 98[2-3]; 122-132.

Lin, W.-C.; Wang, S.-L.; Cheng, C.-Y.; Ding, W.-Hdetermination of alkylphenol residues in
breast and commercial milk by solid-phase extractiand gas chromatography—-mass
spectrometry. Food Chemistry 2009, 114; 753-757.

Lopez-Espinosa, M. J.; Freire, C.; Arrebola, J. Nayea, N.; Taoufiki, J.; Fernandez, M. F.;
Ballesteros, O.; Prada, R.; Olea, N.: Nonylphemal actylphenol in adipose tissue of women in
Southern Spain. Chemosphere 2009, 76[6]; 847-852.

Loyo-Rosales, J. E.; Rosales-Rivera, G. C.; Lydch\l.; Rice, C. P.; Torrents, A.: Migration of
nonylphenol from plastic containers to water anohikk surrogate. J Agric Food Chem 2004,
52[7]; 2016-2020.

Lutz, I. and Kloas, W.: Amphibians as a model wdgtendocrine disruptors: I. Environmental
pollution and estrogen receptor binding. The S@eoicThe Total Environment 1999, 225[1-2];
49-57.

Marcial, H. S.; Hagiwara, A.; Snell, T. W.: Estroge compounds affect development of
harpacticoid copepod Tigriopus japonicus. Environtake Toxicology and Chemistry 2003,
22[12]; 3025-3030.

Masuno, H.; Okamoto, S.; lwanami, J.; Honda, K.joS&ka, T.; Kidani, T.; Sakayama, K.;
Yamamoto, H.: Effect of 4-nonylphenol on cell pfetation and adipocyte formation in cultures
of fully differentiated 3T3-L1 cells. Toxicol ScDP3, 75[2]; 314-320.

Masuno, H.; Iwanami, J.; Kidani, T.; Sakayama, Honda, K.: Bisphenol a accelerates terminal
differentiation of 3T3-L1 cells into adipocytes digh the phosphatidylinositol 3-kinase
pathway. Toxicol Sci 2005, 84[2]; 319-327.

Matthews, J.; Celius, T.; Halgren, R.; Zacharew3ki,Differential estrogen receptor binding of
estrogenic substances: a species comparison. Tineal@f Steroid Biochemistry and Molecular
Biology 2000, 74[4]; 223-234.

Mayer, L. P.; Dyer, C. A.; Propper, C. R.: Expostoed-tert-Octylphenol Accelerates Sexual
Differentiation and Disrupts Expression of Stergdoic Factor 1 in Developing Bullfrogs.
Environmental Health Perspectives 2003, 111[4]-567.

McCallum, M. L.: Amphibian Decline or Extinction?u@ent Declines Dwarf Background
Extinction Rate. Journal of Herpetology 2007, 414#3-491.

Mikkila, T. F. M.; Toppari, J.; Paranko, J.: Effeatf Neonatal Exposure to 4-Tert-Octylphenol,
Diethylstilbestrol, and Flutamide on Steroidogesesi Infantile Rat Testis. Toxicological
Sciences 2006, 91[2]; 456-466.



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Milligan, S. R.; Balasubramanian, A. V.; Kalita,Q.: Relative potency of xenobiotic estrogens
in an acute in vivo mammalian assay. Environ Helilspect 1998, 106[1]; 23-26.

Ministry of the Environment of Japan:
SPEED98_Strategic_Programs_on_Environmental Enaodiisrupters Annex 7. 2002.

MITI-List: Biodegradation and Bioaccumulation of iBttng Chemical Substances under the
Chemical Substance Control Law. National Instift&echnology and Evaluation, Japan 2002.

Miyawaki, J.; Kamei, S.; Sakayama, K.; Yamamoto, Nlasuno, H.: 4-Tert-Octylphenol
Regulates the Differentiation of C3H10T1/2 CellgoirOsteoblast and Adipocyte Lineages.
Toxicological Sciences 2008, 102[1]; 82-88.

Moffat, G. J.; Burns, A.; Van Miller, J.; Joiner,;RAshby, J.: Glucuronidation of Nonylphenol
and Octylphenol Eliminates Their Ability to ActivafTranscription via the Estrogen Receptor.
Regulatory Toxicology and Pharmacology 2001, 3413p-187.

Monteverdi, G. H. and Giulio, R. T. d.: n Enzymeiked Immunosorbent Assay for
Estrogenicity Using Primary Hepatocyte Culturegrfrihe Channel Catfish (Ictalurus punctatus).
Archives of Environmental Contamination and Toxagpl 1999, 37[1]; 62-69. New York,

Springer.

Murono, E. P.; Derk, R. C.; de Leodn, J. H.: Bipbasifects of octylphenol on testosterone
biosynthesis by cultured Leydig cells from neonass. Reproductive Toxicology 1999, 13[6];
451-462.

Murono, E. P.; Derk, R. C.; de Ledn, J. H.: Octdptl inhibits testosterone biosynthesis by
cultured precursor and immature Leydig cells fraah testes. Reproductive Toxicology 2000,
14[3]; 275-288.

Murono, E. P.; Derk, R. C.; de Ledn, J. H.: Difiatial effects of octylphenol, 17[beta]-estradiol,
endosulfan, or bisphenol A on the steroidogenic metience of cultured adult rat Leydig cells.
Reproductive Toxicology 2001, 15[5]; 551-560.

Murono, E. P. and Derk, R. C.: Exposure to octylhéncreases basal testosterone formation by
cultured adult rat Leydig cells. The Journal ofr8ig Biochemistry and Molecular Biology 2002,
81[2]; 181-189.

Myllyméaki, S. A.; Karjalainen, M.; Haavisto, T. EToppari, J.; Paranko, J.: Infantile 4-tert-
octylphenol exposure transiently inhibits rat omaristeroidogenesis and steroidogenic acute
regulatory protein (StAR) expression. Toxicologyakpplied Pharmacology 2005, 207[1]; 59-
68.

Myllymé&ki, S. A.; Haavisto, T.; Vainio, M.; ToppariJ.; Paranko, J.: In vitro effects of
diethylstilbestrol, genistein, 4-tert-butylphenahd 4-tert-octylphenol on steroidogenic activity
of isolated immature rat ovarian follicles. Toxiogl and Applied Pharmacology 2005, 204[1];
69-80.

Nair-Menon, J. U.; CAMPBELL, G. T.; Blake, C. A.oXic effects of octylphenol on cultured rat
and murine splenocytes. Toxicol Appl Pharmacol 1993(2]; 437-444.

17¢



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Nair-Menon, J. U.; Campbell, G. T.; McCoy, G. LlaBe, C. A.: Interactions between estrogen,
tamoxifen, octylphenol, and two polychlorinated H®pyls in murine splenocytes. Life Sciences
1999, 65[11]; 1125-1133.

Nakajin, S.; Shinoda, S.; Ohno, S.; Nakazawa, Hakikb, T.: Effect of phthalate esters and
alkylphenols on steroidogenesis in human adrenicebrtH295R cells. Environmental
Toxicology and Pharmacology 2001, 10[3]; 103-110.

Nakamura, M.; Kobayashi, T.; Chang, X. T.; Nagahaia Gonadal sex differentiation in
teleost fish. Journal of Experimental Zoology 192®81[5]; 362-372. Wiley Subscription
Services, Inc., A Wiley Company.

Navas, J. M. and Segner, H.: Modulation of trougtilexyresorufin-O-deethylase (EROD)
activity by estradiol and octylphenol. Marine Emmrimental Research 2000, 50[1-5]; 157-162.

Nieuwkoop, P. D. and Faber, J.: Normal Table of ofars Laevis (Daudin): A Systematical and
Chronological Survey of the Development from thertikeed Egg Till the End of
Metamorphosis. 1994, 1-282. New York, Garland RBbig Inc.

Nikula, H.; Talonpoika, T.; Kaleva, M.; Toppari; hhibition of hCG-stimulated steroidogenesis
in cultured mouse Leydig tumor cells by bisphenah#d octylphenols. Toxicology and Applied
Pharmacology 1999, 157[3]; 166-173.

Nishihara, T.; Nishikawa, J.; Kanayama, T.; Dakegah; Saito, K.; Imagawa, M.; Takatori, S.;
Kitagawa, Y.; Hori, S.; Utsumi, H.: Estrogenic adies of 517 chemicals by yeast two-hybrid
assay. Journal of Health Science 2000, 46[4]; ZB82-2

Nishiyama, T.; Ogura, K.; Nakano, H.; Kaku, T.; &bkshi, E.; Ohkubo, Y.; Sekine, K
Hiratsuka, A.; Kadota, S.; Watabe, T.: Sulfationeaiironmental estrogens by cytosolic human
sulfotransferases. Drug Metab Pharmacokinet 2003];1221-228.

Nomura, S.; Daidoji, T.; Inoue, H.; Yokota, H.: Rifential metabolism of 4-n- and 4-tert-
octylphenols in perfused rat liver. Life Scienc@92, 83[5-6]; 223-228.

OECD: PHENOL, 4-(1,1,3,3-TETRAMETHYLBUTYL)-CAS N°:140-66-9;SIDS Initial
Assessment Report. National SIDS Contact Point iponSor Country:Mr Georg
KARLAGANIS-MEYER. 1995, Switzerland, OECD.

OECD: OECD conceptual framework for the testing @sdessment of endocrine disruptin
chemicals. 6th Meeting of the EDTA Task Force. 20Q22. Secreteriat of the Test Guidelines
Programme.

OECD: Detailed review paper on fish csreening asday the detection of endocrine active
substances. 2004, ENV/JM/MONO(2004)18; 1-170. OE®#dies on Testing and Assassment
No. 47.

OECD: OECD SERIES ON TESTING AND ASSESSMENT Numb@rDetailed review paper
on thyroid hormone disruption assays. 2006, ENVM@NO(2006)24.

OECD: Seires on testing and assessment Number 7al Féport of the validation of the
amphibian metamorphosis assay: Phase 2 - multiHcaémnterlaboratory study. 2007,
ENV/IM/MONO(2007)24; 1-96.

17¢



ANNEX XV REPORT — IDENTIFICATION OF SVHC

OECD: Series on testing and assessment Number pariRef the validation of the amphibian
metamorphosis assay (phase 3). 2008, ENV/JIM/MONGEAG®B; 1-80.

OECD: OECD GUIDELINE FOR THE TESTING OF CHEMICALSigh Short Term
Reproduction Assay. 2009, 229; 1-40. OECD GUIDEEINFOR THE TESTING OF
CHEMICALS.

OECD: OECD Guideline for the testing of chemical$é Amphibian Metamorphosis Assay".
2009, 231; 1-33. OECD Guideline for the testingloémicals.

OECD: Guidance document on the diagnosis of endegrlated histopathology in fish gonads.
2010, ENV/IM/MONO(2010)14; 1-114. Series on Tepgand Assessment No. 123.

OECD: OECD Series on Testing and Assessment No.O&ailed review paper (DRP) on
molluscs life-cycle toxicity testing. 2010, ENV/IMONO(2010)9.

OECD: Guidance Document on the Assessment of Cla¢srficr Endocrine Disruption. 2010.

OECD: Draft Guidance Document on the Assessmer@ha&micals for Endocrine Disruption.
2011.

OECD SIDS: SIDS dossier on the OECD HPV Chemicalsnel, 4-(1,1,3,3-Tetramethylbutyl),
including SIDS IAR (Initial Assessment Report). 29®aris, OECD.

Oehlmann, J.; Schulte-Oehlmann, U.; Tillmann, Markért, B.: Effects of Endocrine Disruptors
on Prosobranch Snails (Mollusca: Gastropoda) in lthboratory. Part |. Bisphenol A and
Octylphenol as Xeno-Estrogens. Ecotoxicology 200(8]; 383-397. Kluwer Academic
Publishers.

Ohshima, M.; Ohno, S.; Nakajin, S.: Inhibitory effe of some possible endocrine-disrupting
chemicals on the isozymes of human 1lbeta-hydrexyist dehydrogenase and expression of
their mRNA in gonads and adrenal glands. Envirar2865, 12[4]; 219-230.

Olsen, C. M.; Meussen-Elholm, E. T.; Hongslo, J. 8enersen, J.; Tollefsen, K. E.: Estrogenic
effects of environmental chemicals: an interspeaesnparison. Comp.Biochem.Physiol.C
Toxicol Pharmacol. 2005, 141[3]; 267-274.

Olsen, C. M.; Meussen-Elholm, E. T. M.; Hongslo,KJ; Stenersen, J. r.; Tollefsen, K. E.:
Estrogenic effects of environmental chemicals: Amerispecies comparison. Comparative
Biochemistry and Physiology Part C: Toxicology &adtmacology 2005, 141[3]; 267-274.

Oomen AG, J. P. D. A. N. C.: Exposure to chemicats house dust. 2010, RIVM rapport
609021064.

Ozaki, A. and Baba, T.: Alkylphenol and bisphenol I&vels in rubber products. Food
Addit.Contam 2003, 20[1]; 92-98.

Palace, V. P.; Evans, R. E.; Wautier, K. G.; MiKs,H.; Blanchfield, P. J.; Park, B. J.; Baron, C.

L.; Kidd, K. A.: Interspecies differences in biochieal, histopathological, and population

responses in four wild fish species exposed torstlegtradiol added to a whole lake. Canadian
Journal of Fisheries and Aquatic Sciences 2009, 86[1920-1935.

18C



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Paris, F.; Balaguer, P.; Térouanne, B.; ServantLhcoste, C.; Cravedi, J. P.; Nicolas, J. C,;
Sultan, C.: Phenylphenols, biphenols, bisphenol+l a&-tert-octylphenol exhibi@ and
estrogen activities and antiandrogen activity in reporter cell lines. Molecular and Cellular
Endocrinology 2002, 193[1-2]; 43-49.

Pedersen, R. T. and Hill, E. M.: Identification mdvel metabolites of the xenoestrogen 4-tert-
octylphenol in primary rat hepatocytes. Chemicol@jacal Interactions 2000, 128[3]; 189-2009.

Pedersen, S. N.; Christiansen, L. B.; Pederser,.KKorsgaard, B.; Bjerregaard, P.: In vivo
estrogenic activity of branched and linear alkylpdis in rainbow trout (Oncorhynchus mykiss).
The Science of The Total Environment 1999, 233[139}96.

Piersma, A. H.; Verhoef, A.; Elvers, L. H.; Wester,W.: Toxicity of compounds with endocrine
activity in the OECD 421 reproductive toxicity sereng test. RIVM rapport No.650030
National Institute of Public Health and the Enviem Netherland 1998, National Institute of
Public Health and the Enviroment, Netherland.

Piersma, A. H.: Teratology Society: Poster Sesaiostracts (continued). Teratology 1998, 57[4-
5]; 238-250. Wiley Subscription Services, Inc.y\MAley Company.

Piferrer, F.: Endocrine sex control strategies tfue feminization of teleost fish. Aquaculture
2001, 197; 229-281. Elsevier.

Plesser T.S.W., L. O. J.: Potential health and renmental effects linked to artificial turf
systems - final report. Byggforsk, Norwegian Builgi Research Institute Oslo.
http://lwww.isss.de/conferences/Dresden%202006/TiealiNBI%20Engelsk.pdf 2010.

Pocar, P.; Augustin, R.; Gandolfi, F.; Fischer, Boxic effects of in vitro exposure to p-tert-
octylphenol on bovine oocyte maturation and devalepal competence. Biology of
Reproduction 2003, 69[2]; 462-468.

Pocock, V. J.; Sales, G. D.; Wilson, C. A.; MilligaS. R.: Effects of perinatal octylphenol on
ultrasound vocalization, behavior and reproducpygsiology in rats. Physiology & Behavior
2002, 76[4-5]; 645-653.

Qian, J.; Bian, Q.; Cui, L.; Chen, J.; Song, L.; MyaX.: Octylphenol induces apoptosis in
cultured rat Sertoli cells. Toxicology Letters 20066[2]; 178-186.

Rajapakse, N.; Silva, E.; Scholze, M.; Kortenkap,Deviation from additivity with estrogenic
mixtures containing 4-nonylphenol and 4-tert-odt@pol detected in the E-SCREEN assay.
Environmental Science and Technology 2004, 38[@343-6352.

Rasmussen, T. H.; Andreassen, T. K.; Pedersen,;S/aX der Ven, L. T. M.; Bjerregaard, P.;
Korsgaard, B.: Effects of waterborne exposure ofylpbenol and oestrogen on pregnant
viviparous eelpout (Zoarces viviparus) and her smbrin ovario. Journal of Experimental
Biology 2002, 205[24]; 3857-3876.

Rasmussen, T. H.; Teh, S. J.; Bjerregaard, P.; deéansl, B.: Anti-estrogen prevents
xenoestrogen-induced testicular pathology of edlgd@oarces viviparus). Aquatic Toxicology
2005, 72[3]; 177-194.

181



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Raychoudhury, S. S.; Blake, C. A.; Millette, C. Foxic effects of octylphenol on cultured rat
spermatogenic cells and Sertoli cells. Toxicol ABparmacol 1999, 157[3]; 192-202.

Rehmann, K.; Schramm, K. W.; Kettrup, A. A.: Applility of a yeast oestrogen screen for the
detection of oestrogen-like activities in enviromts samples. Chemosphere 1999, 38[14];
3303-3312.

Robinson, C. D.; Brown, E.; Craft, J. A.; Davies,M.; Moffat, C. F.: Effects of prolonged
exposure to 4-tert-octylphenol on toxicity and oeli of oestrogenic exposure in the sand goby
(Pomatoschistus minutus, Pallas). Marine EnvirortaidResearch 2004, 58[1]; 19-38.

Roepke, T. A.; Snyder, M. J.; Cherr, G. N.: Estohdind endocrine disrupting compounds
adversely affect development of sea urchin embaganvironmentally relevant concentrations.
Aquatic Toxicology 2005, 71[2]; 155-173.

Rohm and Haas Co.: Batery of acute toxicity tédisfofiche No. 205842. 1973.

Rohr, J. R.; Elskus, A. A.; Shepherd, B. S.; Crogwk. H.; McCarthy, T. M.; Niedzwiecki, J. H.;
Sager, T.; Sih, A.; Palmer, B. D.: Lethal and sthideeffects of atrazine, carbaryl, endosulfan,
and octylphenol on the streamside salamander (Atoimgs barbouri). Environmental
Toxicology and Chemistry 2003, 22[10]; 2385-23922010 SETAC.

Routledge, E. J.; Sheahan, D.; Desbrow, C.; Brigly C.; Waldock, M.; Sumpter, J. P.:
Identification of Estrogenic Chemicals in STW E#ht. 2. In Vivo Responses in Trout and
Roach. Environmental Science & Technology 1998138P[1559-1565. American Chemical
Society.

Routledge, E. J. and Sumpter, J. P.: StructuraiuFes of Alkylphenolic Chemicals Associated
with Estrogenic Activity. Journal of Biological Ciméstry 1997, 272[6]; 3280-3288.

Routledge, E. J.; White, R.; Parker, M. G.; SumplelP.: Differential Effects of Xenoestrogens
on Coactivator Recruitment by Estrogen Receptor) @pha and ERbeta. Journal of Biological
Chemistry 2000, 275[46]; 35986-35993.

Sahambi, S. K.; Pelland, A.; Cooke, G. M.; SchraderTardif, R.; Charbonneau, M.; Krishnan,
K.; Haddad, S.; Cyr, D. G.; Devine, P. J.: Oral grIOctylphenol Exposures Induce Minimal
Toxic or Estrogenic Effects in Adult Female Spradevley Rats. Journal of Toxicology and
Environmental Health, Part A: Current Issues 20B])9]; 607-622. Taylor & Francis.

Saito, I.; Onuki, A.; Seto, H.: Indoor air pollutidoy alkylphenols in Tokyo. Indoor Air 2004,
14[5]; 325-332.

Santillo D.; Labunska I.; Davidson H.; Johnston Btrutt M.; Knowles O.: Consuming
Chemicals. Hazardous Chemicals in house dust aglarator of chemical exposure in the home.
Greenpeace Research Laboratories, Technical NO& 20/2003.

Segner, H.; Navas, J. M.; Schafers, C.; WenzelPAtencies of estrogenic compounds in in vitro
screening assays and in life cycle tests with Ziedran vivo. Ecotoxicology and Environmental
Safety 2003, 54[3]; 315-322.

182



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Seki, M.; Yokota, H.; Maeda, M.; Tadokoro, H.; Kglaahi, K.: Effects of 4-nonylphenol and 4-
tert-octylphenol on sex differentiation and vitgémin induction in medaka (Oryzias latipes).
Environmental toxicology and chemistry / SETAC 20P3[7]; 1507-1516.

Shao, B.; Han H.; Hu J.; Zhao J.; Wu G.; Xue Y.;eX¥.; Xue Y.; Ma Y.; Zhang S.:
Determination of alkylphenol and bisphenol A in bemges using liquid
chromatography/electrospray ionization tandem rspsstrometry. 2005.

Sharpe, R. M.; Fisher, J. S.; Millar, M. M.; Jolgjjr&.; Sumpter, J. P.: Gestational and lactational
exposure of rats to xenoestrogens results in rebiesticular size and sperm production. Environ
Health Perspect.%1995, Dec. 1995, 103[12]; 11363114

Sharpe, R. M.: Endocrine Disruptors and Testis [gpreent. Environmental Health
Perspectives 1998, 106.

Sharpe, R. M.; Rivas, A.; Walker, M.; McKinnell,;&isher, J. S.: Effect of neonatal treatment
of rats with potent or weak (environmental) oestrogy or with a GnRH antagonist, on Leydig
cell development and function through puberty @dolthood. Int J Androl 2003, 26[1]; 26-36.

Sheeler, C. Q.; Dudley, M. W.; Khan, S. A.: Envinoental estrogens induce transcriptionally
active estrogen receptor dimers in yeast: actpdientiated by the coactivator RIP140. Environ
Health Perspect 2000, 108[2]; 97-103.

SIDS: SIDS dossier on the OECD HPV Chemicals Phedeg(l,1,3,3,-tetramethylbutyl),
including SIDS IAR (Initial Assessment Report) (#9®n Octylphenol. 1994, Paris, OECD.

Siebers, J. and Menschel, G.: NPE in Pflanzensntfitiedn — eine Einfiihrung. Fachgespréch
,NPE in Pflanzenschutzmitteln". 2003, Bundesamt fi¥erbraucherschutz und
Lebensmittelsicherheit, Referat ,Produktchemie uAdalytik”, Messeweg 11/12, 38104
Braunschweig.

Smeds, A. and Saukko, P.: Brominated flame retasdand phenolic endocrine disrupters in
Finnish human adipose tissue. Chemosphere 2003}; 33[23-1130.

Sonne-Hansen, K.; Nielsen, M.; Byskov, A. G.: Oecgumber in newborn mice after prenatal
octylphenol exposure. Reproductive Toxicology 2Q04,1]; 59-66.

SPIN: Substances in Preparations in Nordic Counth#p://195.215.251.229/Dotnetnuke/ 2010.

Staples, C. A.; Naylor, C. G.; Williams, J. B.; @kll, W. E.: Ultimate biodegradation of
alkylphenol ethoxylate surfactants and their bigddgtion intermediates

5. Environ Toxicol Chem 2001, 20[11]; 2450-2455.

Strunck, E.; Stemmann, N.; Hopert, A. C.; WinscWe; Frank, K.; Vollmer, G.: Relative
binding affinity does not predict biological resgento xenoestrogens in rat endometrial
adenocarcinoma cells. The Journal of Steroid Biotsiey and Molecular Biology 2000, 74[3];
73-81.

Suberg, H.; Loser, E.; Kaliner, G.: Subchroniscbeikiblogische Untersuchungen an Ratten.
Bayer AG, Institut fur Toxikologie. 1982, 10733.

182



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Sumpter, J. P. and Johnson, A. C.: 10th Anniverszeyspective: Reflections on endocrine
disruption in the aquatic environment: from knowmowns to unknown unknowns (and many
things in between). Journal of Environmental Monitg 2008, 10[12]; 1476-1485.

Tan, B. L. and Ali, M. M.: Analysis of selected fiesles and alkylphenols in human cord blood
by gas chromatograph-mass spectrometer. Talant BQ(B]; 385-391.

Thorpe, K. L.; Hutchinson, T. H.; Hetheridge, Mci®lze, M.; Sumpter, J. P.; Tyler, C. R.:
Assessing the Biological Potency of Binary Mixture$ Environmental Estrogens using
Vitellogenin Induction in Juvenile Rainbow Troutr{@rhynchus mykiss). Environ Sci Technol
2001, 35; 2476-2481.

Toft, G. and Baatrup, E.: Sexual Characteristics Altered by 4-tert-Octylphenol and 17[beta]-
Estradiol in the Adult Male Guppy (Poecilia retiatd). Ecotoxicology and Environmental Safety
2001, 48J[1]; 76-84.

Toft, G. and Baatrup, E.: Altered sexual charastes in guppies (Poecilia reticulata) exposed to
17[beta]-estradiol and 4-tert-octylphenol duringxwed development. Ecotoxicology and
Environmental Safety 2003, 56[2]; 228-237.

Tollefsen, K.; Mathisen, R.; Stenersen, J.: Indcuctdf vitellogenin synthesis in an Atlantic
salmon (Salmo salar) hepatocyte culture: a semsitivvitro bioassay for the oestrogenic and
anti-oestrogenic activity of chemicals. Biomark2@93, 8[5]; 394-407.

Toomey, B. H.; Monteverdi, G. H.; Giulio, R. T. é@Dctylphenol induces vitellogenin production
and cell death in fish hepatocytes. Environmentatidology and Chemistry 1999, 18[4]; 734-
739. SETAC.

Tran, D. Q.; Klotz, D. M.; Ladlie, B. L.; Ide, C.;”AMclachlan, J. A.; Arnold, S. F.: Inhibition of
Progesterone Receptor Activity in Yeast by Synth€@hemicals. Biochemical and Biophysical
Research Communications 1996, 229[2]; 518-523.

Tsuda, T.; Takino, A.; Kojima, M.; Harada, H.; MuiraK.; Tsuji, M.: 4-Nonylphenols and 4-
tert-octylphenol in water and fish from rivers flmg into Lake Biwa. Chemosphere 2000, 41[5];
757-762.

Tsuda, T.; Takino, A.; Muraki, K.; Harada, H.; Kmja, M.: Evaluation of 4-nonylphenols and 4-
tert-octylphenol contamination of fish in rivers Hbgboratory accumulation and excretion
experiments. Water Research 2001, 35[7]; 1786-1792.

Tyl, R. W.; Myers, C. B.; Marr, M. C.; Brine, D. Rrall, P. A.; Seely, J. C.; Van Miller, J. P.:
Two-generation reproduction study with para-tetytphienol in rats. Regulatory Toxicology and
Pharmacology 1999, 30[2 II]; 81-95.

Tyler, C. R. and Jobling, S.: Roach, Sex, and GeBéading Chemicals: The Feminization of
Wild Fish in English Rivers. BioScience 2008, 58[11051-1059. American Institute of
Biological Sciences.

U.S.EPA: A Cross-Species Mode of Action Informat&ssessment: A Case Study of Bisphenol
A. 2005, EPA/600/R-05/044F, National Center for Emwmental Assessment Office of
Research and Development U.S. Environmental Proteéigency.

184



ANNEX XV REPORT — IDENTIFICATION OF SVHC

UCHC: Artificial Turf Field Investigation in Conné&cut, Final Report, prepared by Nancy
Simcox, MS, Anne Bracker, MPH, CIH, John Meyer, MDPH, Section of Occupational and
Environmental Medicine, University of Connecticut  edalth Center.
http://www.ct.gov/dep/lib/dep/artificialturf/uchcrtdicial_turf report.pdf 2010.

Umweltbundesamt, U. I. 2. 2.: Pollutant Release Brathsfer Register (PRTR). 2010.

Upmeier, A.; Degen, G. H.; Schuhmacher, U. S.; & étt; Bolt, H. M.: Toxicokinetics of p-tert-
octylphenol in female DA/Han rats after single ewmd oral application. Archives of Toxicology
1999, 73[4-5]; 217-222.

Van den Belt, K.; Verheyen, R.; Witters, H.: Reprotive Effects of Ethynylestradiol and 4t-
Octylphenol on the Zebrafish ( Danio rerio ). Afehviron Contam Toxicol 2001, 41[4]; 458-
467.

Van den Belt, K.; Verheyen, R.; Witters, H.: Comipan of vitellogenin responses in zebrafish
and rainbow trout following exposure to environnadmstrogens. Ecotoxicol Environ Saf 2003,
56[2]; 271-281.

van Wyk, J. H.; Pool, E. J.; Leslie, A. J.: The dets of Anti-Androgenic and Estrogenic
Disrupting Contaminants on Breeding Gland (NupRald) Morphology, Plasma Testosterone
Levels, and Plasma Vitellogenin Levels in Male Xem® laevis (African Clawed Frog).

Archives of Environmental Contamination and Toxamy 2003, 44[2]; 247-256. New York,

Springer.

Veeramachaneni, D. N.: Germ cell atypia in undededntestes hinges on the aetiology of
cryptorchidism but not the abdominal location perlat J Androl 2006, 29[1]; 235-240.

Wenzel, A.; Schéfers, C.; Vollmer, G.; Michna, HDjel, P.: Research efforts towards the
development and validation of a test method for idhentification of endocrine disrupting

chemicals. 2001, B6-7920/98/000015; 1-82. Schmbdiey Fraunhofer-Institut far

Umweltchemie und Okotoxikologie.

Wenzel, A.; Muller J.; Ternes T.: Study on endoerdhsrupters in drinking water, Final Report.
2010, ENV.D.1/ETU/2000/0083.

White, R.; Jobling, S.; Hoare, S. A.; Sumpter, J.Farker, M. G.: Environmentally persistent
alkylphenolic compounds are estrogenic. Endocrigypt®94, 135[1]; 175-182.

Williams, K.; McKinnell, C.; Saunders, P. T. K.; War, M.; Fisher, J. S.; Turner, K. J.;

Atanassova, N.; Sharpe, R. M.: Neonatal exposugotent and environmental oestrogens and
abnormalities of the male reproductive system ia tht: evidence for importance of the
androgen-oestrogen balance and assessment of llhv@anee to man. Human Reproduction
Update 2001, 7[3]; 236-247.

Williams, K.; Fisher, J. S.; Turner, K. J.; McKinheC.; Saunders, P. T.; Sharpe, R. M.:
Relationship between expression of sex steroidptece and structure of the seminal vesicles
after neonatal treatment of rats with potent or kvestrogens. Environ Health Perspect 2001,
109[12]; 1227-1235.

18t



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Willoughby, K. N.; Sarkar, A. J.; Boyadjieva, N; Sarkar, D. K.: Neonatally administered tert-
octylphenol affects onset of puberty and reprodectievelopment in female rats. Endocrine
2005, 26[2]; 161-168.

Wober, J.; Weisswange, |.; Vollmer, G.: Stimulatmiralkaline phosphatase activity in Ishikawa
cells induced by various phytoestrogens and syistlestrogens. J Steroid Biochem Mol.Biol
2003, 83[1-5]; 227-233.

Wu, F. and Safe, S.: Differential activation of avilype estrogen receptor alpha and C-terminal
deletion mutants by estrogens, antiestrogens andestrogens in breast cancer cells. J Steroid
Biochem Mol.Biol 2007, 103[1]; 1-9.

Wu, F.; Khan, S.; Wu, Q.; Barhoumi, R.; Burghardt; Safe, S.: Ligand structure-dependent
activation of estrogen receptor alpha/Sp by estregend xenoestrogens. J Steroid Biochem
Mol.Biol 2008, 110[1-2]; 104-115.

Yamakoshi, Y.; Otani, Y.; Fujii, S.; Endo, Y.: Demkence of estrogenic activity on the shape of
the 4-alkyl substituent in simple phenols. Biol Fhaull 2000, 23[2]; 259-261.

Yamasaki, K.; Takeyoshi, M.; Yakabe, Y.; Sawaki, ; Mmatanaka, N.; Takatsuki, M.:
Comparison of reporter gene assay and immatureutertotrophic assay of twenty-three
chemicals. Toxicology 2002, 170[1-2]; 21-30.

Yamasaki, K.; Takeyoshi, M.; Sawaki, M.; Imatanala, Shinoda, K.; Takatsuki, M.: Immature
rat uterotrophic assay of 18 chemicals and Hergf@eassay of 30 chemicals. Toxicology 2003,
183[1-3]; 93-115.

Ye, X.; Kuklenyik, Z.; Needham, L. L.; Calafat, M.: Measuring environmental phenols and
chlorinated organic chemicals in breast milk usmgomated on-line column-switching-high
performance liquid chromatography-isotope dilutiandem mass spectrometry. J Chromatogr B
Analyt.Technol Biomed.Life Sci 2006, 831[1-2]; 11@5.

Ying, G. G. and Kookana, R. S.: Degradation of F8adected Endocrine-Disrupting Chemicals
in Seawater and Marine Sediment. Environmental reeie% Technology 2003, 37[7]; 1256-
1260. American Chemical Society.

Yon, J. M.; Kwak, D. H.; Cho, Y. K.; Lee, S. R.nJiY.; Baek, I. J.; Lee, J. E.; Nahm, S. S
Choo, Y. K.; Lee, B. J.; Yun, Y. W.; Nam, S. Y.: ifession pattern of Sulfated Glycoprotein-2
(SGP-2) rnRNA in rat testes exposed to endocrirsgugtors. Journal of Reproduction and
Development 2007, 53[5]; 1007-1013.

Yoon, K.; Pellaroni, L.; Ramamoorthy, K.; Gaido,;KSafe, S.: Ligand structure-dependent
differences in activation of estrogen receptor lalpin human HepG2 liver and U2 osteogenic
cancer cell lines. Molecular and Cellular Endociagy 2000, 162[1-2]; 211-220.

Yoon, K.; Pallaroni, L.; Stoner, M.; Gaido, K.; 8afS.: Differential activation of wild-type and
variant forms of estrogen receptor [alpha] by sgtithand natural estrogenic compounds using a
promoter containing three estrogen-responsive elesndhe Journal of Steroid Biochemistry
and Molecular Biology 2001, 78[1]; 25-32.

18¢



ANNEX XV REPORT — IDENTIFICATION OF SVHC

Yoshida, M.; Katsuda, S. I.; Ando, J.; Kuroda, Hakahashi, M.; Maekawa, A.: Subcutaneous
treatment of p-tert-octylphenol exerts estrogerctvday on the female reproductive tract in
normal cycling rats of two different strains. Toodiegy Letters 2000, 116[1-2]; 89-101.

Yoshida, M.; Katsuda, S. I.; Takenaka, A.; Watanabe Taya, K.; Maekawa, A.: Effects of
neonatal exposure to a high-dose p-tert-octylphenolthe male reproductive tract in rats.
Toxicology Letters 2001, 121[1]; 21-33.

Yoshikawa, Y.; Hayashi, A.; Inai, M.; Matsushita,; Ahibata, N.; Takada, K.: Permeability
characteristics of endocrine-disrupting chemicasa an in vitro cell culture model, Caco-2
cells. Curr.Drug Metab 2002, 3[5]; 551-557.

Zou, E. and Fingerman, M.: Effects of Estrogenicnota@otics on Molting of the Water
Flea,Daphnia magna. Ecotoxicology and Environmesadbty 1997, 38[3]; 281-285.



