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PROPOSAL FOR IDENTIFICATION OF A SUBSTANCE AS A
CMR CAT 1 OR 2, PBT, VPVB OR A SUBSTANCE OF AN
EQUIVALENT LEVEL OF CONCERN

Substance Name: 1,2,3-Trichlorobenzene
EC Number: 201-757-1
CAS Number: 87-61-6

» It is proposed to identify the substance as sulostari equivalent concern according to Article
57 (f).

Summary of how the substance meets the CMR (Cat Ir @), PBT or vPvB criteria, or is
considered to be a substance of an equivalent lexa#lconcern

Taking into account all available information onrgistent, bioaccumulative and toxic properties of
1,2,3-trichlorobenzene (1,2,3-TCB), it is concludbdt 1,2,3-TCB is a PBT-substance. The PBT-
properties of 1,2,3-trichlorobenzene have alreadgnbagreed in the TC NES subgroup on
identification of PBT and vPvB substances in 2088d(were supported by the TCNES and CA-
Meeting), and as a result 1,2,3-trichlorobenzeng agsessed as PBT-substance.

The substance is considered to fulfil the P cuatgriand also the vP-criterion. In addition to that,
also the B criterion is fulfilled. In case thatiipnormalization to 5% is performed, 1,2,3-
trichlorobenzene would not clear fulfil the B criten. However, if doing so the maximum BCF will
still be close to the B criterium of Annex Xlll. #dough 1,2,3-trichlorobenzene is highly toxic for
aguatic organisms tested on the long-term, it dagsformally meet the T-criterion. The overall
conclusion is however drawn in a weight of evideapproach, taking supporting evidence into
account relating to the very high long-range emuinental transport potential of this substance. It
raises an equivalent concern according to Articdléfh

Registration number(s) of the substance or of subshces containing the substance:



ANNEX XV REPORT — IDENTIFICATION OF SVHC

PART |

JUSTIFICATION

1 IDENTITY OF THE SUBSTANCE AND PHYSICAL AND CHEMICAL
PROPERTIES

1.1 Name and other identifiers of the substance

Chemical Name: Benzene, 1,2,3-trichloro-
EC Name: 1,2,3-trichlorobenzene

EC Number 201-757-1
CAS Number: 87-61-6
IUPAC Name: 1,2,3-trichlorobenzene

1.2 Composition of the substance

The detailed composition of the substance is centidl and provided in the technical dossier.

Chemical Name: Benzene, 1,2,3-trichloro-
EC Number: 201-757-1
CAS Number: 87-61-6
IUPAC Name: 1,2,3-trichlorobenzene
Molecular Formula; 6H3Cls
Structural Formula:
Cl Cl
Cl
Molecular Weight: 181.45 g/mol

Typical concentration (% w/w):  Mirk 99 % (w/w)
Concentration range (% w/w): -
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1.3 Physico-chemical properties

Table 1: Summary of physico- chemical properties

REACH ref | Property IUCLID Value [enter
Annex, § section comment/reference
or delete column]
VII, 7.1 Physical state at 20°C and 4.1 Solid, white crystals or | HSDB, 2010
101.3 kPa platelets from alcohol
VI, 7.2 Melting/freezing point 4.2 51.3°C HSDB)P0
VII, 7.3 Boiling point 43 218.5°C HSDB, 2010
VI, 7.5 Vapour pressure 4.6 0.21 mm Hg at 25 °C DBS2010
VII, 7.7 Water solubility 4.8 18 mg/L at 25 °C HSDB010
VI, 7.8 Partition coefficient n- 4.7 log Kow = 4.05 HSDB, 2010
octanol/water (log value) partition
coefficient
Xl, 7.16 Dissociation constant 4.21
VI, 7.4 Density 4.4 1.4533 g/m3 at 25 °C HSDB,120
Henry's Law Constant 54.2 282.16 Pa x m3/ mol Ic@ation
VII, 7.9 Flash point 4.11 113 °C (close cup) PTB-AG 3.43,
CHEMSAFE, 2009
VII, 7.10 Flammability 4.13 Pyrophoric properties: BAM, 1.2 (2010)

The classification
procedure needs not to
be applied because the
organic substance is
known to be stable into
contact with air at room
temperature for
prolonged periods of
time (days).

Flammability in contact | gawm, 11.2 (2010):
with water: The
classification procedure
needs not to be applied
because the organic
substance does not
contain metals or
metalloids.

Vil, 7.11 Explosive properties 4.14 The classifioat BAM, 11.2 (2010)
procedure needs not to
be applied because therg
are no chemical groups
present in the molecule
which are associated
with explosive

properties.
Vil 7.12 Relative Self-ignition 4.12 The classification BAM, 11.2 (2010)
temperature for solids procedure needs not to

be applied because the
organic substance has g
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melting point< 160 °C,

Vi, 7.13 Oxidizing properties 4.15 The classification BAM, 1.2 (2010)

procedure needs not to
be applied because
contained chlorine atom
are chemically bonded
only to carbon.

12}
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2 HARMONISED CLASSIFICATION AND LABELLING
No entry in Table 3.1/3.2 of Annex VI of RegulatiliC) 1272/2008 as amended by tReATP.
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3 ENVIRONMENTAL FATE PROPERTIES
3.1 Degradation
3.1.1 Abiotic degradation

3.1.1.1 Hydrolysis

Due it's chemical structure 1,2,3-trichlorobenzéhg,3-TCB) is not expected to hydrolyse under
normal environmental conditions. This assumptiosuigported by the experimental data (Korte and
Freitag, 1986) on hydrolysis of 1,2,4-trichlorobene (1,2,4-TCB) at 50°C, which has the same
chemical composition and nearly the same cheminadtsire.

3.1.1.2 Phototransformation/photolysis

3.1.1.2.1 Phototransformation in air

Indirect photochemical degradation in the troposphie considered to be very slow based on an
estimated OH radical reaction rate of 0.2822cnvs'moleculed, which corresponds to an
atmospheric half-life of 57 days for the reacticithwDH-radicals (AOPWIN v1.91; 24 h dayOH
radical concentration of 50° OHcm®). A QSAR Model Reporting Format and a QSAR Predict
Reporting Format are annexed to document the npreediction.

3.1.1.2.2 Phototransformation in water

The environmental exposure occurs in the whole watdumn. Because of the substance’s

behaviour it will predominantly volatilize from wext or adsorb at suspended organic matter and
sediment. Photodegradation of 1,2,3-TCB is expetuduk a relevant degradation process only in
very shallow clear waters and in the first few gaetres layer of the water column. Therefore

aguatic photodegradation is not considered to malevant impact on the overall persistency of

1,2,3-TCB in the environment.

Summary

Based on the available data, 1,2,3-TCB has a logvadiation rate in the atmosphere and is not
expected to hydrolyse under environmental condition

3.1.2 Biodegradation

3.1.2.1 Screening tests

The ready biodegradability was studied with a meétleorresponding to the OECD TG 301C,
Modified MITI (I) test (MITI-List, 2002). The testoncentration was 100 mg/l and the activated
sludge concentration was 30 mg/l. In the aerohidystthe degradation measured as Biochemical
Oxygen Demand (BOD) was 0% after 14 days.



ANNEX XV REPORT — IDENTIFICATION OF SVHC

3.1.2.2 Simulation tests

The behaviour and fate of chlorobenzenes in spt@isewage sludge-amended soil was tested by
Wang and Jones (Wang and Jones, 1994). For tethmgfate, four different experimental
conditions were investigated: (1) normal; (2) diteed; (3) sterilized and shaded; (4) sterilized,
shaded and sealed. Under condition (4) no deci&fasencentration was observed. Whereas under
condition (1)-(3) the concentration of TCB decrehs€his indicated volatilization as main loss
process. The loss process in soil occurs in twossfevo step first order kinetic model). In thesfir
step the TCB volatilize to the atmosphere overtsperiods. The second step was much slower and
was presumably controlled by the rate of compouggbtption from soil. A proportion of the TCB
will stay in the soil for much longer periods. Téencentration in spiked soil decreased faster than
in sludge amended soil.

Table 2: Half-lives of TCB in the sewage sludge-amendedad standard spiked soil in
microcosm experiments (Wang and Jones, 1994)

First step Second step
Sewage sludge-| Standard spiked soi Sewage sludge-Standard spiked soi
Compound amended soll amended soll
Loss | DisDTsy | Loss DisDTsq Loss | DisDTsg Loss DisDTsq

(%) | (d) (%) | (d) (%) | (d) (%) (d)

1,2,4-TCB 83.2 22.5 64.5 125 2.26 49500 19.8 194
1,2,3-TCB 88.6 22.2 73.0 15.0 4.45 1370 12.8 222
1,3,5-TCB 85.3 23.7 71.2 10.5 6.22 239 14.8 238

Additionally, a read-across approach was carrie oomparing 1,2,3-TCB with its structural
analogues 1,2,4-TCB and 1,3,5-TCB. A reporting farns annexed to this document which
contains a more detailed discussion of the readsacapproach (reporting format for the analogue
approach).

Biodegradability was assessed based on structaraigderations, evaluation of the available data
and evaluation of possible biodegradation pathways.

It is expected that environmental degradation bfhaée trichlorobenzene isomers proceeds via the
same biodegradation pathways. The observed biodigtpa is generally slow, with 1,3,5-
trichlorobenzene being slightly more persistenintiiae other isomers. The most experimental
results are available for 1,2,4-trichlorobenzendjctv is persistent in soil and sediment. 1,2,3-
trichlorobenzene is expected to show very simitapprties with respect to biodegradability.

3.1.3 Summary and discussion on degradation

1,2,3-TCB has a low degradation rate in the atmespland is not expected to hydrolyse under
environmental conditions. The substance was shovine tpersistent in soil. Read-across shows that
the biodegradability is expected to be similarhe tlose structural analogue 1,2,4-TCB, which is
persistent in soil and sediment and which is carsid to fulfil the P and the vP criterion.

In conclusion, 1,2,3-TCB is regarded to fulfil tfeand the vP criterion of Annex XllII of the
REACH regulation.
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3.2 Environmental distribution

3.2.1 Adsorption/desorption

Based on model estimates gdof 2402 L/kg has been estimated (ECHA, 2008). &toge a high
adsorption potential and a low mobility in soilegpected for 1,2,3-Trichlorobenzene. Due to the
slow degradation in soil, the substance may comataigroundwater by leaching through sandy
soils with low organic carbon content.

3.2.2 Volatilisation

Calculation of the Henry constant using the equatldENRY=VP*MOLW/SOL from the
Guidance document for Chemical Safety AssessmedHE 2008) and the substance properties
from table 1 results in a Henry constant of 282246m3*Mol™. This indicates that the substance is
highly volatile from water. Due to the high adsaopt potential to organic matter, volatilisation
from soil and sludge is expected to be lower.

The distribution coefficient K waer(Henry coefficient) calculated from the Henry ctams is 0.12.

3.2.3 Distribution modelling

Distribution in Waste Water Treatment Plant

The modelling of the distribution in a municipal 8@ Water Treatment Plant was done with
SimpleTreat 3.0 (debugged version, 7 Feb 1997)thadresult of the Screening Test on ready
biodegradation (substance is not biodegradablef§=0

Table 3: Distribution in WWTP (Simple Treat 3.0)

istribaton (Percent)
To air 67.5
To water 14.9
Via primary sludge 16.1
Via surplus sludge 1.4
Degraded 0.0
Total 100

The result of the distribution modeling in a WWTiRlicates that nearly 68 percent of the 1,2,3-
TCB found in the influent waste water is emittecio

Long-range Transport

An important indicator for the environmental petsige can be the long-range transport to remote
areas. For the calculation of the long-range trarispotential of 1,2,3-Trichlorobenzene two
different multimedia models have been used. Orotteehand the OECD Pov and LRTP Screening
Tool (OECD, 2006) has been used and on the othet tiee model ChemRange (Scheringer, 1996)
has been used. Both models require only a few ipptameters. These are the partition coefficients
octanol/water, Kow, the dimensionless Henry’'s Lown€tant, Kaw and the environmental
degradation half-lives in air, water and soil.

Unfortunately there is only one measured DisT50labke for 1,2,3-Trichlorobenzene. This is the
DisT50 in soil. Although, it is well known that #iDisT50 represents not only degradation this

10
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value was used in a calculation. 1,2,3-Trichlor@ese is benchmarked as “non” biodegradable.
According to TGD (ECHA 2008) the half-lives in saihd water have to be considered as infinite.
However the models require a discrete value for dineulation. Due to this fact the half-lives
according to the TGD for inherent biodegradatiorwater of 150 d and 3000 d in soil have been
used. Furthermore, the half-lives in water havenbesdculated on the one hand according to Arnot
(Arnot et al., 2005) and on the other hand usirg@$AR-model CATALOGIC (OASIS Catalogic
v5.10.7, 2009). Finally four calculations with @ifént half-lives for water and soil have been
carried out to show the influence of these hakdivon the long-range transport potentials of 1,2,3-
Trichlorobenzene.

Table 4: Input parameters for both models

Input parameter 1,2,3-TCB (TGD) 1,2,3-TCB 1,2,3-TCB 1,2,3-TCB
(Arnot) (Catalogic) (measured soil
logKow 4,05 4,05 4,05 4,05
logKaw -0,936 -0,936 -0,936 -0,936
t, (air) [d] 57 57 57 57
t,, (water) [d] 150 91,025 82 150
t,, (soil) [d] 3000 273,075 246 222

Results using the OECOQ,Pand LRTP Screening Tool:

Figure 1 shows that all four calculations yield myedhe same values for characteristic travel
distance (CTD) and overall persistency, P Substances with CTD and,Pvalues of this
magnitude are considered to show a high long-ramgesport potential.

—

1,0E+07 +
1,0E+06
1,0E+05 +

e

1,0E+04

1,0E+03 +

1,0E+02

1,0E+01 +

LRTP (Characteristic Travel Distance, km)

1,0E+00
1,E01

1,E+01 1,E+03 1,E+05

POV (days)

Figure 1: Characteristic Travel Distance (CTD) andoverall persistence (R, of 1,2,3-
Trichlorobenzene

In order to bechmark the calculated long-rangespart potential of 1,2,3-Trichlorobenzene the
results have been compared with the long-rangespiah potential of the well known POPs PCB

11
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28, PCB 101 and PCB 153, regulated under the SthtkhConvention. In Table 5, the
characteristic travel distances (CTD) are listed:

Table 5: Characteristic Travel Distances [km]

Substance CTD [km]
1,2,3-Trichlorobenzene (Arnot) 26992
1,2,3-Trichlorobenzene (Catalogic) 26951
1,2,3-Trichlorobenzene (measured soil) 27180
1,2,3-Trichlorobenzene (TGD) 27199
PCB 153 12629
PCB 101 8595
PCB 28 3298

Figure 2 illustrates that the long-range transpotential of 1,2,3-Trichlorobenzene is larger than
the long-range transport potential of all three BCB

30000
25000 @ 1,2,3-TCB (Arnot)
m 1,2,3-TCB (Catalogic)
20000
0 1,2,3-TCM (measured
T soil)
= 15000 0 1,2,3-TCB (TGD)
)
b m PCB 153
10000
o PCB 101
PCB 28
5000 - =
0
1

Figure 2: Characteristic Travel Distances of 1,2,3-CB compared to PCB 28, PCB 153 and
PCB 101

Results using ChemRange:

In contrast to the OECD,Pand LRTP Screening Tool, ChemRange calculatesph#al range of

a chemical. The spatial range is calculated asfrimtion of earth circumference which can be
reached by a substance. The long-range transpectlidsilated for the surface compartments soil
and water and air. In order to benchmark the catedl long-range transport potential of 1,2,3-
Trichlorobenzene the results have been comparddtiét long-range transport potential of the well

12
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known POPs PCB 28, PCB 101 and PCB 153, regulatddrithe Stockholm Convention. Using a
release scenario to air the calculated spatialesage listed in Table 6.

Table 6: Spatial ranges

Substance Range soil (Fractipn  Range water Range air (Fraction
of earth (Fraction of earth of earth
circumference) circumference) circumference)
1,2,3-Trichlorobenzene 0.55 0.55 0.55
(Arnot)
1,2,3-Trichlorobenzene 0.55 0.55 0.55
(Catalogic)
1,2,3-Trichlorobenzene 0.56 0.56 0.56
(measured soil)
1,2,3-Trichlorobenzene 0.56 0.56 0.56
(TGD)
PCB 28 0.29 0.30 0.29
PCB 101 0.32 0.33 0.32
PCB 153 0.40 0.40 0.40

Comparison of results

The calculated spatial ranges for 1,2,3-TCB usingl@ase scenario to soil are very similar.

The high long-range transport potential of 1,2,Bfllorobenzene and PCB 28 is illustrated by
Figure 3 and Figure 4. Both diagrams are similad ahow a shape which is characteristic for
substances with a high long-range transport patkenti case of a substance with a low long-range
transport potential the shape of the plot would gusharp peak at the source point.

Relative steady-state concentration distribution of
1,2,3-TCB TGD in Air [kg/m~3] scenario: Release Air

0,00002 |

0,000015

0,00001

0,000005

Relative Concentration [kg/m” 3]

1 8 15 22 29 36 43 50 57 64 71 78 85 92 99

pointin space, source at point 50, the antipode of the source is
point 100

Figure 3: Relative steady-state concentrationidigion of 1,2,3-Trichlorobenzene

13
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Relative steady-state concentration distribution of
pcb 28 in Air [kg/m”3] scenario: Release Air

0,00001 "

0,000008

0,000006

0,000004

0,000002

Relative Concentration [kg/m” 3]

O T T T e RRL AR RN IR RR R R R R R R

1 8 15 22 29 36 43 50 57 64 71 78 85 92 99

pointin space, source at point 50, the antipode of the source is
point 100

Figure 4: Relative steady-state concentration distibution of PCB 28

Conclusions:

Due to its high volatility (Henry constant of 288.Pa*m3*Mol"), 1,2,3-TCB is expected to be
distributed from water to air. In the air, 1,2,3B @ persistent (estimated half life 57 days) and
may be transported via air for more than sevemlighnd kilometres. Distributed by this pathway
also to remote areas, 1,2,3-TCB will be depositentet again to soil or water remaining where it
may be even more persistent e.g. due to lower teatypes.

Model calculations confirm the expected potentml Ibng-range transport, as both the OECGH P
and LRTP Screening Tool and ChemRange yield a tange transport potential that is higher for
1,2,3-Trichlorobenzene than for the POPs PCB 163, dnd PCB 28. Thus, it can be concluded
that 1,2,3-Trichlorobenzene is persistent in ad bas a high long-range transport potential.

3.3 Bioaccumulation
3.3.1 Agquatic bioaccumulation

3.3.1.1 Bioaccumulation estimation

The log Ky of 4.05 indicates that bioconcentration in aguatganisms may occur.

14
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3.3.1.2 Measured bioaccumulation data

Table 7: Available bioconcentration factors (BCF)

Organism Exposure | Exposure| BCF whole Lipid Reference Rel.
mg/L days content
Fish:
Poecilia reticulata | 10% of LGg 5 1860 (kin.) | 5+2% | (van Hoogen and 4
Opperhuizen, 1988)
Gambusia affinis | 0.038-0.132 4 430" (kin.) 3.1% | (Chaisuksant et al., 1997 3
(Mosquito fish)
Salmo gairdneri 0.0038- 2 710" (kin.) 3.2% | (Galassi and Calamari, 3
(hatchling) 0.0061 1983)
Poecilia reticulata noté not given 702 5.4% | (Geyer et al., 1985) 4
Salmo gairdneri 4.3 *10° 119 1200°(ss) | 8.3% | (Oliver and Niimi, 1983) 3
72 *10° 105 2600 (ss) | 8.8%
Cyprinus carpio 0.0025 42 130-12008 not (MITI-List, 2002) 2
0.025 42 350-980 given
Invertebrates:
Lymnaea stagnalis| 0.025-0.05 10 4-9 0.5% | (Legierse et al., 1998) 2
(Pond snail)

Reliability scores: 1) reliable without restrictid) reliable with restriction, 3) not reliable, @yt assignable.

! These studies were deemed not reliable as thesasgperiod lasting 2-4 days was insufficientlyrshfoComparison of literature-
reported BCF values for diverse fish species amyling lipid contents. Original literature not rewied; ® This study was rated not
reliable because fish were exposed simultaneoosh?2tsubstances and the overall concentration ragg blicited adverse effects
on fish (conc. of 1,2,3-trichlorobenzene = 4.3/f@/L, overall conc. = 116/2544 ng/Li; A mixture of three isomeric
trichlorobenzenes was administered and the indalid®iCF were calculated. There is no further infdiora given on lipid
normalization of BCF.

There are only few data on bioaccumulation of lchlorobenzene available. The study
published by van Hoogen and Opperhuizen (1988) intasitionally designed to assess the lethal
concentration of trichlorobenzenes for Guppy. Fealeating the bioconcentration the exposure
concentration was set to 10% of 4g@nd the BCF was calculated for 1860 after expoduration

of 5 days. However, due to the short exposure gedtie calculation of BCF is solely based on
kinetic parameters. Therefore and also becaudeedfigh exposure concentration the reliability of
the study is considered to be not assignable.

The studies conducted by Chaisuksant et al. (1888)Galassi et al. (1983) are considered to be
not reliable as the exposure duration was sho#t days) and fish were not fed. In both studies the
calculated BCF were derived from kinetic parametekdditionally, in the experiment with
mosquito fish specimen, the fish were exposedroxaure of eight halogenated benzenes. For the
highest of the three overall exposure concentrateath constituent was dosed at 1/20 of,LC
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In a study conducted by Oliver and Niimi (1983)utrevith an initial weight of about 250 g were
exposed to two different overall concentrationsaomixture containing 12 chlorinated organic
compounds. The uptake period was extended to 1ji® ated 105 days, respectively, and the trout
reached a final weight of about 400 g. Food wa% asalyzed for contamination with
trichlorobenzenes and blank values were considar8CF calculation. For the accumulation study
administering a higher exposure concentration a BEE600 was reported. However, this study
was deemed not reliable because 12 substances siveudtaneously administered and effects
regarding mixture toxicity influencing bioaccumudat can not be excluded due to the elevated
level of background contaminants.

The MITI database also provides BCF values for3tiichlorobenzene determined for carp using a

standard test system. Although a mixture of ake¢hisomeric trichlorobenzenes was administered
in two different overall concentrations, the indival concentrations of each isomer in exposure
medium as well as in fish were analyzed. The reyoBCF values range between 130 and 1300 but
no further information on lipid content or lipid moalization are given.

Bioaccumulation tests of 1,2,3-trichlorobenzenegpand snails led to apparently negligible BCF
values below 10 (Legierse et al., 1998).

In summary, BCF values having at least reliabisitpring 4 can be stated within the range from
130 to 1860. Notwithstanding the low reliability thie study by Oliver and Niimi a maximum BCF
of 2600 was also observed. Therefore a BCF of 02dh be derived as a realistic worst case
estimate. In case that a lipid normalization to 8%pplied the BCF may still range from 130 to
1860, indicating a high bioaccumulation potential @,3-trichlorobenzene.

However, as the most of the few available datanateeliable it is a peferable option to assess the
bioaccumulation potential through read-across usitng better suited data on 1,2,4-
trichlorobenzene.

read across

From a mechanistic point of view the three trichlmnzene isomers are expected to show similarly
high BCF values. The vast majority of deviationsdietermined BCF may be attributed to the
inherent variability of experimental studies (diffat fish species etc.) rather than different pirysi
chemical properties of these isomers. For each asdime observed BCF values are of limited
reliability. Nonetheless, the results indicate that three isomers show a similar, high
bioaccumulation potential. Furthermore, the datdicate that 1,3,5-trichlorobenzene is slightly
more bioaccumulative than 1,2,4- and 1,2,3-tricdb@nzene. Most results are available for 1,2,4-
trichlorobenzene. These data have already beenatedl in the EU Risk Assessment and the PBT
Working Group. A BCF of >2000 was derived as aistial worst case for this substance. In
analogy to this approach, a BCF of >2000 is alspeeted for 1,2,3-trichlorobenzene. These
estimates are considered reliable within the giammance of data.

3.3.2 Summary and discussion of bioaccumulation

The log Ky of 4.05 is indicating that bioconcentration in aiua@rganisms may occur. The few
observed BCF values are of limited reliability. Nlo$ the available BCF values range from 130 to
1860. Although of low reliability, in one study (@&r and Niimi, 1983) a maximum BCF of 2600
was observed, so a BCF of > 2000 can be derived esalistic worst case estimate. This is
confirmed by the read-across approach, which itegcahat all three trichlorobenzene isomers
show a similar, high bioaccumulation potential. Eenthe variability of BCF can rather be
attributed to the inherent variability of experin@nstudies (different fish species etc.) than to
different inherent properties of these constitaideomers. According to the read-across approach,
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1,2,3-trichlorobenzene is as bioaccumulative agtdtrichlorobenzene, for which a BCF of >2000
was assumed.

In case that lipid normalization is additionallykéa into consideration, the BCF may still reach
1860 indicating a high bioaccumulation potential.
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4 HUMAN HEALTH HAZARD ASSESSMENT

Not relevant for this type of dossier.
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5 ENVIRONMENTAL HAZARD ASSESSMENT
5.1 Aquatic compartment (including sediment)

5.1.1 Toxicity data

In this section only test results of long-term $&bgdare reported as those are relevant for
comparison with the aquatic T-criterion of AnneXDdf the Reach Regulation.

5.1.1.1 Fish

51111 Long-term toxicity to fish

There are different long term toxicity test witt2, B-TCB: one Juvenile growth test, two Early life
stage tests (ELS) and one full life cycle test (@&uyre duration 147 days). From the Juvenile
growth test withGambusia affinisesults the lowest effect concentration (Chaisoksaal., 1998).
The EGo for growth rate reduction is 0.022 mg/L and theBfor length is 0.062 mg/L based on
measured concentrations. The test is valid andsjtleeu The other species for which tests are
available wadanio rerio. While results from two different ELS studies di#erfor this species
(NOEC 0.25 and 0.077 mg/L respectively) resultshef full life cycle tests showed that the most
sensitive endpoint was female egg production wiNCEC below 0.04 mg/L.

Table 8: Long-term toxicity to fish.

Species Duration | EGy NOEC Method, conditions Reference
(mg I) (mg I)
Gambusia affinis | 42 d 0.098 0.062 (length) Juvenile growth test, | (Chaisuksant et

24 +1°C,pH 7.3, 7.9 al., 1998)
0.022 (EGy) —9.2 mg QIL, semi-

(growth rate static, measured cong.

reduction)

Danio rerio 28d 0.99 (LGy) 0.25 (hatching| ELS; CaCQ about (Van Leeuwen
survival, 210 mg/l; dissolved | et al., 1990)
growth) oxygen 7.7 mg/l; 24 4

2°C; photoperiod 12
h; semi-static;
measured conc.

Danio rerio 147d 0.276 Exposure starting (Roex et al.,
(survival, with 2.5 months old | 2001)
growth) fish; flow through

system; 24°C; 12 h
<0.04 light photoperiod; 0.1

(average €99 | mL/L acetone; 2
production per| gyplicates; 20 animal
female) per aquarium; fed
commercial fish food,;
pH 7.9; 6.6 mg @L;
193 mg CaCd@lL;
average recovery 79

U7

I+

19



ANNEX XV REPORT — IDENTIFICATION OF SVHC

12%
Danio rerio 28d 0.077 ELS; 24°C; 12h light | (Roex et al.,
(hatching and | photoperiod; 3 2002)

total survival) | replicates; 10 eggs per
replicate, measured
conc.

5.1.1.2 Aquatic invertebrates

5.1.1.2.1 Long-term toxicity to aquatic invertebrates

The long-term toxicity to aquatic invertebrates wested in two tests. The NOECs were in similar
regions. Both studies are valid and plausible Imat test conducted by (Kihn et al., 1989) is
preferred for the assessment because the durdtite ctudy by (Calamari et al., 1983) was only
14 days. The test conducted by (Kihn et al., 1888)Ited in a NOEC (real concentration) of 0.03
mg/L for the endpoint time to first offspring.

Table 9: Long-term toxicity to aquatic invertebsate

Species Duration | EGy NOEC Method, Reference
(mg I (mg I conditions
Daphnia magna | 14 days 0.20 0.08 (Bg)* 30 newborn (Calamari et

animals; groups of | al., 1983)
10; 20°C; 16 h light
photoperiod; semi-
static, analytical
monitoring,
nominal conc.

Daphnia magna | 21d 0.03 (time to | Provisional (Kihn et al.,
first offspring) | procedure proposed 1989)

by the Federal
Environmental
Agency (UBA);
open vessel,
measured conc.

* |n the study the EC 16 is reported as no effecicentrations, due to the accepted hypothesiathgtroductive impairment
ranging from 10 to 20% could be considered in drege of natural variability.

5.1.1.3 Algae and aquatic plants

There are three publications dealing with the ftidxicof 1,2,3-TCB conducted with
Pseudokirchneriella subcapitataith similar results. The tests were all carriedt an closed
systems. The Efz was 0.9 mg/L and the NOEC was 0.2 mg/L. The tess two other species
were less reliable and resulted in less sensitifecteconcentrations. Results are summarized in
Table 10.

Table 10: Toxicity to algae
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Species Duration | EG NOEC Method, conditions | Reference
(mg I) (mg I)

Pseudokirchneriellg 96 h 0.9 0.22 U.S. EPA, Algal (Calamari et
subcapitata (orig.: Assay Procedure - | al., 1983)
Selenastrum Bottle Test, National
capricornutum Eutrophication

Research Program,

Corvallis, 82 ppg

(1971).Test vessels

modified according

to Galassi and Vighi

Chemosphere, 10,

1123 (1981).
Pseudokirchneriellg 96 h 0.9 0.22 U.S. EPA, Algal (Galassi and
subcapitata (orig.: Assay Procedure - | Vighi, 1981)
Selenastrum Bottle Test, National
capricornutum Eutrophication

Research Program,

Corvallis, 82 ppg

(1971). Flasks closefl

by screw cap with

both silicon rubber

and Teflon gaskets;
Pseudokirchnerielld 48 h 0.85 0.2 Triplicate; closed- | (Chen et al.,
subcapitata system with no 2009)

headspace and low

bicarbonate buffer

content, analytical

monitoring, nominal

conc., biomass
Cyclotella 48 h 6.42 15°C, 16 h light;, 10 (Figueroa and
meneghiniana cells/mL; Simmons,
strain CyOH2 1991)
Ankistrodesmus 4 h 5.99 5000 lux; 4-7 10 (Wong et al.,
falcatus cells/mL; Acetone; | 1984)

flasks capped with
rubber stoppers
wrapped in
aluminium foil

5.1.1.4 Sediment organisms

There are two tests which investigated the toxiefty,2,3-TCB toChironomus ripariusHowever
test duration of these tests was too short to asseg-term toxicity to this species.
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Table 11: Toxicity to sediment organisms

Species Duration LGo Method, conditions Reference
(mg I)
Chironomus riparius | 48 h 1.7 (real) 10 larvae per test conc.;| (Roghair et al.
21°C; closed scintillation | 1994)
flasks
Chironomus riparius | 96 h NOEC (real) = | 3.0g cellulose fibres as | (Van der Zandt et
0.018 artificial substrate; 19°C; | al 1994)
semi-static; measured
conc., types of behaviour
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6 CONCLUSIONS ON THE SVHC PROPERTIES

6.1 PBT, vPvB assessment

Not relevant for this dossier. See section 6.3.

6.2 CMR assessment.

6.3 Substances of equivalent level of concern assessinen

6.3.1 Assessment of PBT/vPvB properties - comparison wittriteria of Annex XIlI

6.3.1.1 Persistence

1,2,3-trichlorobenzene (1,2,3-TCB) is not subjechydrolysis. The screening biodegradation tests
indicate that 1,2,4-TCB is not readily biodegragaldased on data from soil degradation tests half-
lives of more than 200 days have been determined.

Due to its high volatility (Henry constant of 288.Pa*m3Mol?), 1,2,3-TCB is expected to be
distributed from water to air. In the air, 1,2,3-B & persistent (estimated half life 57 days) arnit w
be transported via air for more than several thodis@dometres. Distributed by this pathway also to
remote areas, 1,2,3-TCB will then be dissipatedratgesoil or water remaining there persistent e.g.
due to lower temperatures.

Thus, considering all information available, 1,Z3B is concluded to fulfil the P-criterion and the
VP criterion.

6.3.1.2 Bioaccumulation

The log Ky of 4.05 is indicating that bioconcentration in atic organisms may occur. There are
only few available data on the bioaccumulation o0f2,3-trichlorobenzene. The high
bioaccumulation potential is confirmed by sever&cbncentration tests using different fish
species. Available BCF values range from 130 to01®@h an additional value of 2600, although
of limited reliability. From these data a BCF 0f2800 can be derived as a realistic worst case
estimate, but it is also possible to derive add#losupporting BCF values via read-across from
1,2,4-trichlorobenzene.

From a mechanistic point of view the three trichlm@nzene isomers are expected to show similarly
high BCF values. Hence, the variability of BCF cather be attributed to the inherent variability of
experimental studies (different fish species etogn to different inherent properties of these
constitutional isomers. Most experimental dataauailable for 1,2,4-trichlorobenzene. A BCF of
>2000 was derived as a realistic worst case far shibstance, leading to the conclusion that the
substance is bioaccumulative. In analogy to thisr@egch, a BCF of > 2000 is also expected for
1,2,3-trichlorobenzene. Thus, based on a weighteaflence approach considering both the
available data for 1,2,3-trichlorobenzene and datats structural analogues, it is concluded that
1,2,3-trichlorobenzene fulfils the B-criterion ohAex XIII.

In case that lipid normalization to 5% is applidte maximum BCF of 1,2,3-trichlorobenzene will
still reach 1860 which indicates a high bioaccurmaiapotential. This high BCF still supports an
equivalent concern according to Article 57 (f) &ACH regulation.
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6.3.1.3 Toxicity

Aquatic ecotoxicity tests with long-term exposure available for fish, aquatic invertebrates and
algae. The lowest NOEC is 0.062 mg I-1 dambusia affinisThe long-term toxicity to aquatic
invertebrates is in a similar range. The most s$eesorganism is Daphnia magna with a NOEC of
0.03 mg/L. For algae, the lowest NOEC is 0.2 riig Although these NOECs indicate a high
toxicity for aquatic organisms on the long-terne @criterion is formally not fulfilled.

Long-range transport potentiaDue to its volatility and persistence to atmospheegradation,
1,2,3-TCB has a very high potential for long-ranggnospheric transport. Based on model
calculations, estimated travelling distances averses thousand kilometres.

6.3.2 Summary and overall conclusions on the PBT/vVPvB preerties

Taking into account all available information onrgistent, bioaccumulative and toxic properties of
1,2,3-trichlorobenzene, it is concluded that 1idilorobenzene is a PBT-substance and needs to
be controlled as such. The substance is consideredfil the P criterion, and also the vP-critario

In addition to that, also the B criterion is fuitl. In case that lipid normalization to 5% is
performed, 1,2,3-trichlorobenzene would not cleéuljil the B criterion. However, if doing so the
maximum BCF will still be close to the B criteriuoh Annex XIlII. Although 1,2,3-trichlorobenzene

is highly toxic for aquatic organisms tested on kbeg-term, it does not formally meet the T-
criterion. The overall conclusion is however drawna weight of evidence approach, taking
supporting evidence into account relating to they veigh long-range environmental transport
potential of this substance. It raises an equitalencern according to Article 57 (f).

The PBT-properties of 1,2,3-trichlorobenzene hdweady been agreed in the TC NES subgroup on
identification of PBT and vPvB substances in 20@8d( supported by the TCNES and CA-
Meeting), and as a result 1,2,3-trichlorobenzeng agsessed as PBT-substance.
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PART Il

INFORMATION ON USE, EXPOSURE, ALTERNATIVES AND
RISKS

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

1,2,4-TCB is mainly used as intermediate and asaegs solvent in closed systems. In addition,
the RAR identified the following minor uses thaedoy now restricted in the EU (Directive
2005/59/EQ: solvent, dye carrier, corrosion inhibitor and rigant. In the past, 1,2,4-TCB was
used as an additive in dielectric fluids. 1,2,3-T@fl 1,3,5-TCB have a lower production volume,
but are assigned to the same uses. As trichloreneszare priority substances under the Water
Framework Directive, their occurrence in riversastrolled by monitoring programmes.

All substances are preregistered with an envisageistration deadline of 2010. Though the
preregistration data have to be interpreted caslijothis indicates a potential production volunfe o
more than 100 tons for 1,2,4-TCB (classified as -B3Gccording to directive 67/548/EEC) and
more than 1000 tons for 1,2,3-TCB and 1,3,5-TCB.

The main uses as an intermediate and as a praagsstsin closed applications are not considered
to result in a release of 1,2,4-TCB into the envinent. All other uses are restricted.

Despite the extensive restriction on the markeéind use of 1,2,4-TCB in the EU, the substance
may enter the EU market via imported articles. &mmple, textiles may contain 1,2,4-TCB from

use as a dye carrier. However, there is no infaonain the amount of imported articles containing
1,2,4-TCB.

Furthermore, 1,2,3-TCB and 1,3,5-TCB are not refstd and may be used as substitutes for
1,2,4-TCB. Again, updated information would be Helpo clarify this concern.

With regard to the known uses of the three Triatth@nzenes, current exposure is expected to be
low, but trichlorobenzenes should be consideredfdiacther regulatory steps due to their SVHC
properties: Both 1,2,4-TCB and 1,2,3-TCB have b&kmtified as PBTs by the TCNES PBT
subgroup. 1,3,5-TCB shows similar properties anoukhthus also be regarded as PBT. These
substances pose a risk to human health and theoement that is not predictable in the long-term.
Once released into the environment, adverse effegtsed by PBTs cannot be remediated.
Consequently, strong precautionary measures aressay to prevent the release of these
substances, though it is expected that only snmadiuats of trichlorobenzenes are emitted in the
EU. As no safe concentration may be derived for $B¥Ven low emissions give rise to concern
and need to be limited further. Nonetheless, theyetion volume has to be considered when
setting priorities for regulatory measures for aoment SVHCs. In addition to that, the long-range
transport potential of the trichlorobenzenes neexlde considered in a weight of evidence
assessment of the PBT-properties including alllalkbe information.

CURRENT KNOWLEDGE ON ALTERNATIVES

RISK-RELATED INFORMATION
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ANNEX 1

Reporting Format for the analogue approach for 1,23-Trichlorobenzene and 1,3,5-
Trichlorobenzene

CHEMICALS: 1,2,3-Trichlorobenzene and 1,3,5-Trichlaobenzene
EC No: 201-757-1 and 203-608-6

CAS No: 87-61-6 and 108-70-3

HYPOTHESIS OF THE ANALOGUE APPROACH

The analogue approach is mainly based on the stalésomer 1,2,4-trichlorobenzene, which
was already evaluated in the EU Risk AssessmenttenmBBT Working Group. For 1,2,3-
trichlorobenzene, read-across to 1,2,4-trichlorabee was already carried in the PBT
Working Group. To support the approach, data otinéusrchlorobenzenes were taken into
account for some endpoints.

Mechanistic reasoning

Trichlorobenzenes have comparable structural featas they only differ in the substitution
pattern of the three chlorine atoms and show vienyjas physico-chemical properties (see
data matrix). For Trichlorbenzenes no specificabhetism or mode of action is expected for
bioconcentration and aquatic ecotoxicity, respetyivThus, these properties are assumed to
depend mainly on physico-chemical properties ligephilicity, which allows to read-across
from 1,2,4-trichlorobenzene to its structural isosne

The position of substituents may influence the doahreactivity of aromatic compounds.
For chlorine, the negative inductive effect (elentwithdrawal due to higher
electronegativity) outweighs the mesomeric effe@¢tron-donation due to resonance
effects), resulting in a weak electron-withdraweftect, which decreases reactivity towards
electrophiles. Furthermore, chlorine atoms arecerfimd para-directing substituents, i.e.
substituents that direct electrophiles to attae{grably at the ortho- and para position. For
1,3,5-trichlorobenzene, each of the three unsuibstitcarbon atoms is in ortho- or para-
position to all three substituted carbon atoms.t@oy, for 1,2,4-trichlorobenzene and 1,2,3-
trichlorobenzene, each of the three unsubstituaeldon atoms is in meta-position to either
one or two substituted carbon atoms. Thus, theativeractivity of chlorobenzenes depends
primarily on the number, but also on the positibsubstituents, with the deactivating effect
with respect to reaction with electrophiles beirepker for 1,3,5-trichlorobenzene as
compared to the other trichlorobenzene isomerss€quently, 1,3,5-trichlorobenzene is less
susceptible to nucleophilic attacks as compargbddaamther two isomers.

Endpoint Hypothesis

Kon All trichlorobenzene isomers show the same meacnamiith
respect to OH radical reaction, which is OH radaddition to
the aromatic ring. Chlorine substituents are exgabtd reduce
reactivity due to the electron-withdrawing-effethus, reaction
rate constants are expected to be smaller foritidyh
chlorinated benzenes. The varying position of tilerine
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substituents is expected to cause only minor d@iffees with
respect to reaction rates. The reaction rate conkinl,3,5-
trichlorobenzene is expected to be slightly highan the
respective rate constants of the other two trididenzene
isomers. This assumption is supported by QSAR tesul

DT50 Biodegradation of trichlorobenzenes proceeaseductive
dechlorination or hydroxylation; a slightly lardealf-life for
1,3,5-trichlorobenzene is supposed due to its dluc
susceptibility to both degradation pathways.

BCF Increasing BCF, correlated with increasing lggWithin a
logKow range of 1- 6. All trichlorobenzene isomers shamyv
similar logK,y values. Experimentally determined BCF values
of substances with a log Kow of about 6 and beyepaatedly
showed a levelling-off. This phenomenon, refereds a
“hydrophobicity cut-off”, has been attributed tordnished gill
permeation ability with increasing molecular dimiens (size
exclusion). However, a proceeding linear corretabeyond
log Kow of 6 (to at least 7 or 8) has also been hypotkésiz
The trichlorobenzene isomers are expected to simbyvslight
differences with respect to these factors. Furtioeenthe
impact of molecular size and metabolism on the
bioaccumulation potential of trichlorobenzenesxigexted to
be minor as compared with lipophilicity. Thus, these
trichlorobenzene isomers are supposed to havesumiiar
BCF values.

Aquatic toxicity The trichlorobenzene isomers axpexted to show unpolar
baseline (narcosis) toxicity due to the lack ofcsfpe molecular
interaction potential. Due to their similarity witspect to
lipophilicity they are expected to be similarly iox

Endpoints for which read-across approach is applied

Read across is used in conjunction with QSAR redalsupport the validity of experimental
data and QSAR results for the following endpoints:
» Persistence: biodegradation (DT50) and OH radeattion Kon)
» Bioconcentration: BCF
» Ecotoxicity (read across for 1,3,5 trichlorobenzengy)
0 Long-term toxicity to fish
0 Long-term toxicity to invertebrates
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SOURCE CHEMICAL(S)

The following chemicals were used for the read-ss@pproach:

1,2,3-Trichlorobenzene

1,3,5-Trichlorobenzene

112jdhlorobenzene

Cl
Cl Cl
Cl
Cl
Cl Cl Cl
Cl
CAS 87-61-6 CAS 108-70-3 CAS 120-82-1

1,2-Dichlorobenzene

1,3-Dichlorobenzene

1,4-Didttbeinzene

Cl
Cl Cl
Cl
Cl
Cl
CAS 95-50-1 CAS 541-73-1 CAS 106-46-7
Benzene Monochlorobenzene Hexachlorobenzene
Cl
Cl
© Cl Cl
Cl Cl
Cl
CAS 71-43-2 CAS 108-90-7 CAS 118-74-1

PURITY /IMPURITIES

Trichlorobenzenes are produced mainly by chloraratf benzene or dichlorobenzene. The
mixture of trichlorobenzenes can be separated arifiga by crystallization and distillation.
Purity of the respective isomers is greater thagqoial 99 %. The impurities expected for the
individual trichlorobenzenes are tetrachlorobengenespective other trichlorobenzene
isomers, dichlorobenzenes, dichlorotoluenes anshbrohlorobenzenes. Impurities are not
expected to significantly influence results.

32



ANNEX XV REPORT — IDENTIFICATION OF SVHC

ANALOGUE APPROACH JUSTIFICATION

Due to mechanistic differences and available erpantal data, approaches and substances
used for read across differed between endpointsradgehes and justifications are described
below.

Reaction with OH radicals

Il trichlorobenzene isomers show the same mechawisimrespect to OH radical reaction,
which is OH radical addition to the aromatic ri@hlorine substituents are expected to
reduce reactivity due to the electron-withdrawiriigg@. Thus, reaction rate constants are
expected to be smaller for the highly chlorinated4enes, which is confirmed by both the
QSAR results and the available experimental datatlear chlorobenzenes and benzene. The
QSAR predictions for 1,2,3- and 1,3,5-trichlorobeme are in accordance with this trend.
The varying position of the chlorine substituestexpected to cause only minor differences
with respect to reaction rates. This assumpticugported by both experimental data on
dichlorobenzenes and QSAR results. However, asiomsat before, 1,3,5-trichlorobenzene is
more susceptible to electrophilic attacks as coeghtw the other two trichlorobenzene
isomers, which is also reflected by the QSAR resultsimilar effect is observed for 1,3-
dichlorobenzene which is more reactive towards @tHcals than 1,2- and 1,4-
dichlorobenzene. Accordingly, all trichlorobenzes@mers are expected to show similar
reactivity, with 1,3,5-trichlorobenzene being stighmore reactive. It is proposed to use the
values predicted by EPISUITE’'s AOPWIN for 1,2,3ddh3,5-trichlorobenzene. A QSAR
Model Reporting Format (QMRF) and a QSAR PredictRaporting Format (QPRF) are
given to document the reliability of the result)(&xes 2 and 3).

Biodegradation

The available data indicate that environmental @gation of all three trichlorobenzene
isomers proceeds via the same biodegradation pgshwhe observed biodegradation is
generally slow, with 1,3,5-trichlorobenzene beifigrgly more persistent. Most results are
available for 1,2,4-trichlorobenzene. These datewéeady evaluated in the EU Risk
Assessment and the PBT Working Group. The substaasdound to be persistent in soll
and sediment.

In several studies, reductive dechlorination aftiorobenzenes was observed. This
biodegradation pathway is assumed to proceed meckeophilic aromatic substitution
mechanism (Bosma et al., 1988; Marinucci and BattB#@9). Thus, biodegradation of 1,3,5-
trichlorobenzene is expected to be more slowlyoaspared to the other two trichlorobenzene
isomers, which are assumed to show similar deg@audkinetics. This assumption is
supported by the available data (Bosma et al., 18@8inucci and Bartha, 1979; Fathepure et
al., 1988).

Another observed biodegradation pathway is hyditieyh through oxygenase enzymes
(Ballschmiter and Scholz, 1980). Again, 1,3,5-tlkichbenzene is expected to be degraded
more slowly than 1,2,4- and 1,2,3-trichlorobenzexsethe 1,3,5-substitution blocks the
reaction site more effectively (Morita, 1977). #:2and 1,2,3-trichlorobenzene are expected
to show very similar biodegradability.
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Bioaccumulation

Only few data of limited reliability are availabd® the bioconcentration of trichlorobenzenes.
For Oncorhynchus mykisBoecilia reticulataandCyprinus carpio data are available for two
or three trichlorobenzene isomers. However, valoeRoecilia reticulatadiffer strongly with
respect to exposure time which complicates intéagpicn of the results. The values observed
for Oncorhynchus mykismdCyprinus carpicare in the same range, with all three isomers
showing a very similar, high bioaccumulation poi@nfurthermore, the data indicate that
1,3,5-trichlorobenzene is slightly more bioaccurtivéathan 1,2,4- and 1,2,3-
trichlorobenzene. Most results are available f@r4tfrichlorobenzene. These data were
already evaluated in the EU Risk Assessment anB@IeWorking Group. A BCF of > 2000
is derived as a realistic worst case for this sarirss.

Trichlorobenzenes are unpolar, lipophilic substanBtoconcentration of these substances is
expected to be mainly determined by their lipoppilvhich is reflected by the log.

Within a logk,y, range of 1- 6, bioconcentration of unpolar comptsuis expected to show a
linear increase with increasing logl All trichlorobenzene isomers show very similar
logKow Values and thus, based on lipophilicity, theirchiacentration factors are expected to
be in the same range. All trichlorobenzene isorhax® a logk,, about 4 and are thus
potentially bioaccumulating based on lipophilicity.

Further factors like molecular size or metaboligm@roposed to influence bioconcentration,
though they are expected to be of minor importarsceompared to lipophilicity. A large
molecular size is proposed to decrease BCF dusdiaced bioavailability. However, the
molecular weight is clearly smaller than the cudtvaflues recommended in the technical
guidance (MW>700 indicating not vB, MW>1100 indicat not B). Furthermore, the
trichlorobenzene isomers are expected to showmalginal differences with respect to
molecular size.

The metabolism of a substance may reduce or limiibaccumulation potential. A possible
metabolism pathway for trichlorobenzenes is hydiatkyn by oxygenase enzymes, following
a similar pattern as the abovementioned biodegmdpathway. Analogously, 1,3,5-
trichlorobenzene is probably metabolized slighttyn®r than 1,2,3-trichlorobenzene and
1,2,4-trichlorobenzene.

In summary it can be stated that with respectéddltors relevant for bioconcentration, there
are no significant differences between 1,2,3-taobtbenzene and 1,2,4-trichlorobenzene. For
1,3,5-trichlorobenzene, slight deviations with esstto metabolism are assumed. The impact
of this factor on the BCF is expected to be minonegligible as compared to lipophilicity.
Thus, from a mechanistic point of view, the thméehtorobenzene isomers are expected to
show very similar BCF values.

Thus, a BCF of >2000 is assumed for 1,2,4-tricderene and is also expected for 1,2,3-
and 1,3,5-trichlorobenzene, with 1,3,5-trichlorobeme potentially showing a slightly higher
BCF.

Ecotoxicity

Toxic Mode of Action. Based on the chemical structure, all three tridilenzene
isomers are expected to exhibit baseline (nonp@esosis) toxicity. This hypothesis is
supported by various expert systems (so calledl@rpimplemented in the OECD QSAR
Application Toolbox (beta Version 2.0, Mai 2010).

Toxicity of nonpolar narcotics is largely determdngy lipophilicity and thus by the logk.

As all trichlorobenzenes are isomers they show samnjlar logK,,, values and thus, based on
lipophilicity, their ecotoxicity is expected to bery similar. Reactivity might influence
ecotoxicity of these isomers. While the OECD QSABpkcation toolbox gives some hints,
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that reactivity might be higher for 1,2,4 trichlbenzene (expected mode of protein binding
nucleophilic substitution) available data do ngimart this hypothesis (see data below).

Fish. Comparable experimental data on acute toxicity,2f3 and 1,2,4 trichlorobenzene for
Danio rerioandOncorhynchus mykisshow that toxicity of both compounds is in thensa
concentration range. Available data for 1,3,5hiocobenzene witl®.mykissare in the same
range of toxicity. Small differences in toxicity &x factor 8 between 1,2,3 and 1,3,5
trichlorobenzene) are expected to be due to iftertdory variance (factor 3 between)
resulting in 1,2,3 trichlorobenzene beeing sligimigre toxic than 1,2,4 trichlorobenzene
(factor 3 and between) , however data might indicdat 1,3,5 trichlorobenzene is slightly
less toxic than expected due to the hypothesisrofes toxicity (factor 3).

With respect to long-term toxicity, data for 1,24d 1,2,3 trichlorobenzene again support
hypothesis of comparable toxicity. No data for 3 Bichlorobenzene are available, thus read-
across needs to be applied.

Daphnia. Data on acute toxicity tbaphnia magndor 1,2,4-trichlorobenzene and 1,2,3-
trichlorobenzene support similarity of toxicity leéth chemicals.

With respect to long-term effects, available dataain exposure time of 14 days also indicate
similar toxicity for 1,2,4-trichlorobenzene and Bzrichlorobenzene. However, considering
data for an exposure time of 21 days, 1,2,4-tricddilenzene and 1,2,3-trichlorobenzene differ
to some extent (factor 13).

Algae. Comparable data dAseudokirchneriella subcapitatae available for 1,2,4-
trichlorobenzene and 1,2,3-trichlorobenzene. Fagxosure time of 96 h, both isomers show
very similar NOEC values with 1,2,3-trichlorobenedseing slightly more toxic. For 1,3,5-
trichlorobenzene, an Bgis given from a 48 h test, from which a maximumBOis derived.
Comparing this result with a NOEC derived from ahi@st on 1,2,3-trichlorobenzene, both
1,3,5-trichlorobenzene and 1,2,3-trichlorobenzerdrathe same range of toxicity.

Summary on Ecotoxicity Available data for 1,2,4-trichlorobenzene and3,2,
trichlorobenzene show that toxicity of both isomisrsery similar, with the most sensitive
NOEC values being 0.04 mg/l and 0.03 mg/l. Resulfsport the hypothesis of baseline
toxicity for all three isomers and all organismeugs tested. Neither one of the isomers nor
one of the organisms groups showed unexpecteddxigity.

For 1,3,5-trichlorobenzene, only few data of lirditeliability are available. However,
experimental results for 1,2,3 and 1,2,4 trichlemutene and similarity of the expected toxic
mode of action for 1,3,5 Trichlorobenzene providafeence, that a read-across for 1,3,5
trichlorobenzene based on data for 1,2,3 and tii2llorobenzene is reasonable. This is
supported by experimental data for 1,3,5 trichleratene for acute fish toxicity and algae
toxicity showing toxicity comparable to those 02,8 and 1,2,4 trichlorobenzene .
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DATA MATRIX
Target 1 Target 2 Source 1 Source 2 Source 3 Soard Source 5 | Source 6| Source7
Chemical Name 1,2,3-Tri- 1,3,5-Tri- 1,2,4-Tri- 1,2-Dichloro- | 1,4-Dichloro- | 1,3-Dichloro- | Benzene Monochlorop Hexachloro-
chlorobenzene | chlorobenzene | chlorobenzene | benzene benzene benzene benzene benzene
CAS RN 000087-61-6 000108-70-3 000120-82-1 000095-50-1 106e16-7 | 000541-73-1| 000071-43{2 000108-9p-7 00aHKEa
Physico-chemical
data
Molecular Weight | 181,45 181,45 181,45 147.01 147.01 147.01 78.11 112.56 284.78
Partitioning 4.05 4.19 3.9-4.31
Coefficient logKow 47"
Fate
kow
-Exp. Value in 0.53RAR 0.4F™SPrP g 3FARFINSPIO [ 7PMsProp 1 FAR 0.77™PP1'0.027 ™"
10*2 cn's*moleculed ' P
0.5 0.48"% e
0.6%
0.55°ysProp
-Calc. value in 0.282 0.679 0.282 0.4 0.4 0.965- 1.95 1.372 0.0169
10*? cns'molecule,
AOPWIN
ready biodegradability | not readily not readily not readily
screening test biodegradable | biodegradable | biodegradable
(MITT) (MITT) (MITT)
DT50
-Exp. Value soll DisT5C=22zd | DisT5C=23¢&d | DisT5C=194d
1 The IUCLID file contains several experimentalued, most of which are in the abovementioned rénoge 3.9 to 4.4. The overall range of values i32¢34.8.

RAR

PysProp Taken from the PhysProp Database (PhysProp, 20 EPA, 2008)

Taken from the respective EU Risk Assessment Rgmmommended values, in some cases further datialble
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Target 1 Target 2 Source 1 Source 2 Source 3 Soard Source 5 | Source 6] Source?

Chemical Name 1,2,3-Tri- 1,3,5-Tri- 1,2,4-Tri- 1,2-Dichloro- | 1,4-Dichloro- | 1,3-Dichloro- | Benzene Monochlorop Hexachloro-
chlorobenzene | chlorobenzene| chlorobenzene | benzene benzene benzene benzene benzene
(259 d study, | (259d study, | (259 d study,

no significant
bio-

no significant
bio-

no significant
bio-

degradation) | degradation) | degradation)
-Exp. Value sediment | DT50 = 202 d

DT50=212d

(two sediment

samplesJ™®
BCF
-Exp. value 1200 (119d) | 1800(119d) | 1300 (119 d)
Oncorhynchus mykiss | 2600 (105 d) | 4100 (105 d) | 3200 (105 d)
(Salmo gairdneri)
-Exp. value 1860 (4 d) 7567 1139 (17 d)
Poecilia reticulata 702 2
-Exp. value 574-1412
(Brachy)danio rerio (28 d)
-Exp. value 2026 (28 d)
Jordanella floridae
-Exp. value 130-1200 150-1700 120-1320
Cyprinus carpio (42 d) (42 d) (42 d)

]
e | [ L

Mode of action

805-8303

I
]

-Verhaare scheme Class 1 Class 1 Class 1
narcosis narcosis narcosis

-ECOSAR Neutral Neutral Neutral

Classification organics organics organics

2 test duration not given, original literature neviewed

3 test duration not given
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Target 1 Target 2 Source 1 Source 2 Source 3 Soard Source 5 | Source 6] Source?
Chemical Name 1,2,3-Tri- 1,3,5-Tri- 1,2,4-Tri- 1,2-Dichloro- | 1,4-Dichloro- | 1,3-Dichloro- | Benzene Monochlorop Hexachloro-
chlorobenzene | chlorobenzene| chlorobenzene | benzene benzene benzene benzene benzene

-OASIS acute toxicity | Basesurface Basesurface Basesurface

MOA narcotics narcotics narcotics

-OASIS Protein No binding No binding Nucleophilic

binding substititution
on aromatic
halogens

Acute Toxicity to

Fish, LG, [mg/L]

-Exp. value 0.35 (96 h)

Poecilia reticulata

-Exp. value 3.1 (24/48 h) 6.3 (24/48 h)

Danio rerio

-Exp. value 0.71 (24/48 h) | 5.48 (96 h) 1.95 (24/48 h)

Oncorhynchus mykiss

(Salmo gairdneri) 1.32 (96h)

-Exp. value 7.05 (96h% 0.7 (48 h)

Leuciscus idus

-Exp. value 1.96 (96 h)

Solea solea

Long-term Toxicity

to Fish

NOEC, [mg/L]

-Exp. value, 0.077 (28 d) 0.04 (21 d)

Danio rerio 0.25 (28 d)

-Exp. value, 3.3 (14 d, 0.11 (14 d)

Poecilia reticulata ECso)

- Exp. Value 0.022 (42d,

Gambusia affinis EC,0)

Acute Toxicity to

4 Test not validated because data not available
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Target 1 Target 2 Source 1 Source 2 Source 3 Soard Source 5 | Source 6| Source?

Chemical Name 1,2,3-Tri- 1,3,5-Tri- 1,2,4-Tri- 1,2-Dichloro- | 1,4-Dichloro- | 1,3-Dichloro- | Benzene Monochlorop Hexachloro-
chlorobenzene | chlorobenzene| chlorobenzene | benzene benzene benzene benzene benzene

Aquatic

Invertebrates,

L(E)Cso, [Mg/L]

Exp. value 1.66 (24-48h, 2.1 (48 h)

Daphnia magna arithmetic geom. mean
mean of 5 used in RAR
tests)

Exp. value 0.45 (96 h)

Mysidopsis bahia

Long-term Toxicity

to Aquatic

Invertebrates.

NOEC, [mg/L]

Exp. value 0.08 (14 d, 0.06 (14 d,

Daphnia magna NOEC=EGg) NOEC=EGg)
0.03 (21 d) 0.4 (21 d)

Exp. value <0.064

Mysidopsis bahia

Toxicity to aquatic

Plants.

NOEC, [mg/l]

Exp. value 0.22 (96 h) 0.37 (96 h)

Pseudokirchneriella

subcapitata 0.2 (48 h) <0.73(48h,

(Selt_anastrum ECyo = 0.398)

capricornutum) D=

Toxicity to

sediment

organisms, [mg/l]

Exp. value 1.7 (48 h,

Chironimus riparius LCsq)
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Target 1 Target 2 Source 1 Source 2 Source 3 Soard Source 5 | Source 6] Source?
Chemical Name 1,2,3-Tri- 1,3,5-Tri- 1,2,4-Tri- 1,2-Dichloro- | 1,4-Dichloro- | 1,3-Dichloro- | Benzene Monochlorot Hexachloro-

chlorobenzene | chlorobenzene| chlorobenzene | benzene benzene benzene benzene benzene

0.018 (96 h,

NOEC)

Unless otherwise mentioned, all data are taken ft@yAnnex V-Dossiers for 1,2,3-, 1,2,4- and 1Bi¢hlorobenzenes. Choice of endpoints
used for read-across: For the trichlorobenzeneskdly studies /most sensitive tests were repoesgectively. Further tests were chosen if
results are reported for more than one trichlorabaa isomer and allow comparison between the suietaThe other chlorinated benzenes

and benzene were only used to support the estimatitngkoy and thus, only calculated and experimentalkdggvalues are considered for
these substances.
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CONCLUSIONS PER ENDPOINT

Reaction with OH radicals

All trichlorobenzene isomers are expected to shawla reactivity, with 1,3,5-trichlorobenzene
being slightly more reactive. The values predidigdhOPWIN for 1,2,3- and 1,3,5-
trichlorobenzene can be regarded as valid withenvtiriation of the model for aromatic
compounds. Results are additionally supported Ipgemental data from structural analogues. A
QSAR Model Reporting Format (QMRF) and a QSAR Rugain Reporting Format (QPRF) are
given to document the reliability of the results.

Biodegradation

The observed biodegradation is generally slow licheee trichlorobenzene isomers, with 1,3,5-
trichlorobenzene being slightly more persistenis Bssumption is supported by the evaluation of
possible biodegradation pathways.

Most results are available for 1,2,4-trichlorobereeThese data were already evaluated in the EU
Risk Assessment and the PBT Working Group. Thetanbe was found to be persistent in soil and
sediment. As data are not standardized, defadHifed for non biodegradable substances are
applied in the assessment. 1,2,3-trichlorobenzeaesumed to be as persistent as 1,2,4-
trichlorobenzene, whereas 1,3,5-trichlorobenzemeabably even more persistent. Thus, default
half-lifes for non biodegradable substances cam &tplied for 1,2,3-trichlorobenzene and 1,3,5-
trichlorobenzene.

Bioaccumulation

From a mechanistic point of view, the three tricob®enzene isomers are expected to show high
BCF values, with differences between the isomensgomarginal. The vast majority of deviations

in determined BCF may be attributed to the inhevani&bility of experimental studies (different
fish species etc.) rather than different physicersital properties of these constitutional isomers.
For each isomer the observed BCF values are aieldneliability. Nonetheless, the results indicate
that all three isomers show a similar, high bioacalation potential. Furthermore, the data indicate
that 1,3,5-trichlorobenzene is slightly more biaaoalative than 1,2,4- and 1,2,3-trichlorobenzene.
Most results are available for 1,2,4-trichlorobereelThese data were already evaluated in the EU
Risk Assessment and the PBT Working Group and a &C000 was used as a realistic worst case
for this substance. In analogy to this approad®iC& of 2000 is also expected for 1,2,3- and 1,3,5-
trichlorobenzene, with 1,3,5-trichlorobenzene ptgdily showing a slightly higher BCF. These
estimates are considered as reliable within vanatif the data.

Aqguatic Toxicity

Long-term toxicity to fish

Taking into account data from all structural isosy@mne of the most sensitive species is expected to
be Danio rerio, for which long-term data on 1,2,4-trichlorobenzeamd 1,2,3-trichlorobenzene are
available. Based on structural considerations hadvailable data, the corresponding NOEC for
1,3,5-trichlorobenzene is expected to be in theesaange, but potentially slightly higher. Thus, for
the assessment, a NOEC of 0.077 mg/l is estimated.
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Long-term toxicity to invertebrates

According to data available for 1,2,3 and 1,2 dniorobenzenéng-term toxicity of 1,3,5
trichlorobenzene to daphnia magna is expected to thee range of 0.03 to 0.06 mg/L.

Based on data for 1,2,4 trichlorobenzéfysidopsis bahias expected to be more sensitive or in the
same range @3aphnia magna

As it is expected according to structural consitiens and the available data that 1,3,5-TCB is
potentially slightly less toxic, a NOEC of 0.06 mdfead across from 1,2,4-TCB) is used for 1,3,5-
trichlorobenzene.
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ANNEX 2

QSAR Prediction Reporting Format (QPRF)
(version 1.1, May 2008)

1. Substances
1.1 CAS number: 87-61-6 and 108-70-3
1.2 EC number:

1.3 Chemical name:1,2,3-Trichlorobenzene and 1,3,5-Trichlorobenzene

1.4 Structural formula;

1,2,3-Trichlorobenzene 1,3,5-Trichlorobenzene
Cl Cl
Cl
Cl Cl Cl
CAS 87-61-6 CAS 108-70-3

1.5 Structure codes:
a. SMILES:

1,2,3-Trichlorobenzene

1,3,5-Trichlorobenze

c(c(c(ccr)ChCly(c1)Cl

c(cc(cclChCl)(c1)Cl

(used for the model prediction)

ne

b. InChl: not available/ not used for the model prediction

o

Other structural representation: not available/ not used for the model prediction

d. Stereochemical featuresthe substance is no stereo-isomer

2. General information
2.1 Date of QPRF:7 May 2010
2.2 QPRF author and contact details:

Anna Bohnhardt
Section IV 2.3 Chemicals

Federal Environment Agency/ Umweltbundesamt

Worlitzer Platz 1

06844 Dessau-RoRlau

Germany

Phone: +49-340-2103-3029
Email: Anna.Boehnhardt@uba.de
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3. Prediction
3.1 Endpoint (OECD Principle 1)

a. Endpoint: OH-radical reaction rate constakg) of organic compounds

b. Dependent variable:log kon (AOPWIN equation for addition to aromatic rings))
3.2 Algorithm (OECD Principle 2)

a. Model or submodel name:AOPWINS for kon

(references see corresponding QMRF)
b. Model version: AOPWIN v1.92

c. Reference to QMRF: The corresponding QMRF named ‘AOPWIN fksy' has
been newly compiled.

d. Predicted value (model result):

1,2,3-Trichlorobenzene 1,3,5-Trichlorobenzene
0.282- 10** 0.679- 10™

e. Predicted value (comments)kon given in cnis’moleculesd
f. Input for prediction: SMILES

g. Descriptor values:electrophilic substituent constantsfor chlorine, referring to
attack at the metas{m) position and at the ortho or para positiefp)

+ +
Om G p
0.399 0.114
1,2,3-Trichlorobenzene 1,3,5-Trichlorobenzene
Y6 =26+ Llo'm Yo =36,

AOPWIN equation for addition to aromatic rings:
log kow =-11.71 - 1.35 6"

3.3 Applicability domain (OECD principle 3)
a. Domains: 1,2,3-Trichlorobenzene and 1,3,5-Trichlorobenzares considered to be
in the applicability domain as described in theresponding QMRF and the original
Literature (Atkinson 1991).

I. descriptor domain. The molecular weight (MW) of both isomers is 1&l.4
This is in the range of the training set that wasduto derive for the model
equation for monocyclic aromatic compounds and dnpgls (Atkinson
1991).

Training set: 78.12Z MW < 204.01 , Average MW: 125.68
ii. structural fragment domainThe fragments of the chemical structure are

three chlorine atoms, that are substituted to iffepositions of the benzene
ring. These fragments were also included in thimitrg set, which contains

5US EPA. 2008. Estimation Programs Interface Suifef"Microsoft® Windows, v 4.00. United States Ervimental
Protection Agency, Washington, DC, USA . http://wwpa.gov/oppt/exposure/pubs/episuitedl.htm
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1,2,4-trichlorobenzene, 1,2-dichlorobenzene, 1¢hdrobenzene, 1,3-
dichlorobenzene and chlorobenzenes. Furthermorgy thccurrence per
molecule is in the range of the training set.

iii. mechanism domainThe mechanistic domain of the model can be defined
clearly by the different reaction mechanisms the¢ accounted for by
respective model equations: H-atom abstraction fd and O-H bonds;
OH radical addition to double and triple bonds; ®@&tlical addition to
aromatic rings; and OH radical interaction with $, and P- atoms.
Accordingly, Therefore, 1,2,3-trichlorobenzene ah@,5-trichlorobenzene
can be considered to be in the mechanistic donfalmeanodel.

iv. metabolic domain. Not relevant.

b. Structural analogues:Experimental data on structural analogues are givégibles
1 and 2.

Table 1: Calculated and experimerkgl, for structural analogues (experimental data
taken from the PhysProp Databasey given in 10 - cn’s’molecules).

CAS No. Chemical Name SMILES EXpy Estkony Training
Set

1,2,4-Trichloro- c(ccc(c1CI)Cl)(c1)CI 0.550 0.282 yes
000120-82-1 benzene

1,2-Dichloro-  c(c(cccl)Cl)(c1)ClI 0.420 0.400 yes
000095-50-1 benzene

1,4-Dichloro-  c¢(ccc(c1)Cl)(c1)CI 0.320 0.400 yes
000106-46-7 benzene

1,3-Dichloro-  c(cccclCl)(c1)Cl 0.720  0.965 yes
000541-73-1 benzene
000071-43-2 Benzene c(ccecl)cl 1.230 1.950 yes
000108-90-7 Chlorobenzene ¢(cccc1)(c1)Cl 0770 1372 yes

Hexachloro- c(c(c(c(cachcnench(cacnclt  0.027  0.017 no
000118-74-1 benzene

Table 2: Calculated and experimental kag for structural analogues.
Exp Est Training

CAS No. Chemical Name SMILES logkon logkon  Set

1,2,4-Trichloro- -12.26  -12.55 yes
000120-82-1 benzene c(cee(clChCly(c1)Cl

1,2-Dichloro- -12.38 -12.40 yes
000095-50-1 benzene c(c(ccc1)Cl)(c1)Cl

1,4-Dichloro- -12.49 -12.40 yes
000106-46-7 benzene c(cee(cl)Cly(c1)Cl

1,3-Dichloro- -12.14 -12.02 yes
000541-73-1 benzene c(cceclCl)(c1)Cl
000071-43-2 Benzene c(cceel)cl -1191  -11.71  yes
000108-90-7 Chlorobenzene  c¢(cccel)(c1)Cl -12.11  -11.86  yes

Hexachloro- -13.57 -13.77 no
000118-74-1 benzene c(c(c(c(crchcncncly(crcncl

6 Beauman, J. A.; Howard, P. H. Physprop databagac8se Research Corporation: Syracuse (NY, US#)12

US EPA. 2008. Estimation Programs Interface SuifefMicrosoft® Windows, v 4.00. United States Emrimental
Protection Agency, Washington, DC, USA . http://wwepa.gov/oppt/exposure/pubs/episuited|.htm
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c. Considerations on structural analogues: Figure 1 shows calculated vs.
experimentakoy values for structural analogues. The correlatietwben calculated and
experimental values is goodr’0.89). The largest deviation is observed for
hexachlorobenzene, which was not used in the t@irsiet. Hexachlorobenzene is
outside the molecular weight range of the trairsagand has more chlorine substituents
per molecule than the substances in the trainihg-s®vever both deviations from the
training set range are not considered to affectehpeérformance significantly. Note
further that the prediction error for this substixstill small. Further, due to the rather
small errors, the variation of experimental datgoatontributes to the observed
deviations. Askon values of the training set cover several ordersnafjnitude, the
model predictkon values in logarithmic units and commonly, QSARS goedicting a
wide range okoy values are evaluated in logarithmic units.

The predicted order &b values is:

CeHg > CGsHsCl > 1,3-GH4Cl> > 1,3,5-GH3Clz > 1,2-GH4Cl, = 1,4-GH4Cl»

1,4-GH4Cl, > 1,2,4-GHsCl3 = 1,2,3-GH3Cl; > GiClg

Analysis of experimental data yields:

CgHg > GHsCl > 1,3-GH4Clr > 1,2,4-GH3Cl3 > 1,2-GH4Cl, > 1,4-GH4Cl,

1,4-GH.4Cl, > GsClg

Thus, the overall trends for calculated and expenit@l koy values are in good
agreement. The only deviation is 1,2,4-trichloratsre, that shows a slightly higher
experimentalkon than expected from an analysis of the other empmrtal data.
However, differences in reactivity are determinedely by the number of chlorine

substituents and the substitution pattern, and thissdeviation from the expected trend
is assumed to result from variation of the expentakdata.

Figure 1: Calculated vs. experimerita}; for structural analogues. The dashed line
indicates conformity between calculated and expenial results.
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Figure 2 shows the resulting plot of calculatedesperimental lodon values, giving a
very good correlation between calculated and empmmtal values r¢~0.94). With
respect to lodkon, all calculation errors are within a range of 8r2l the mean absolute
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error is 0.15. This is in accordance with the vgopd performance for aromatics that is
documented in the QSAR Model Reporting Format. Aa be seen from figure 3,
AOPWIN tends to overestimatey slightly for lowly chlorinated structural analogye
whereas the highly chlorinated hexachlorobenzemséightly underestimated. Given the
small calculation errors and the fact that tricolnzenes can be considered to have a
medium number of chlorine substituents, this fiigdils not considered to impact
reliability for 1,2,3- and 1,3,5-trichlorobenzenes.

Figure 2: Calculated vs. experimental keg, for structural analogues. The dashed line
indicates conformity between calculated and expenial results.
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Figure 3: Calculation error vs. experimental ldgy for structural analogues
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3.4

3.5

The uncertainty of the prediction (OECD principle 4)

Given the calculation errors and the variabilitysetved for the structural analogues, it is
expected that the QSAR prediction is correct withirange of 0.3 (see 3.3c).

The chemical and biological mechanisms according tthe model underpinning the
predicted result (OECD principle 5).

The reaction of chlorobenzenes with OH radicalsgeals via addition of the OH radical to
the aromatic ring. Due to their electron-withdragvieffect, chlorine substituents are
generally expected to reduce reactivity towards r@tcals, resulting in decreasing lkgh
values with increasing chlorine content. Furthemendine position of the substituents has an
impact on susceptibility to electrophilic attacksor example, 1,3-dichlorobenzene and
1,3,5-trichlorobenzene are expected to be moreiveathan their respective isomers. This
may lead to slight deviations from the aforemergmrirend. Taking into account the
experimental data from structural analogues, thedipted logkon values for 1,2,3-
trichlorobenzene and 1,3,5-trichlorobenzene ageaordance with this trend.

This is illustrated in figure 4, which shows thgperxmental lodon values of the structural
analogues and the predicted leg, values for 1,2,3-trichlorobenzene and 1,3,5-
trichlorobenzene, plotted vs. the number of chi@atoms.

Figure 4: Experimental lokon for structural analogues plotted vs. number obché
atoms. The red dots represent predictedkipgvalues for 1,2,3-trichlorobenzene and 1,3,5-
trichlorobenzene.
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4. Adequacy (Optional)

4.1

4.2

Regulatory purpose:REACH Annex XV Report. Proposal for Identificatioha substance

as a PBT.

Approach for regulatory interpretation of the model result: The model result is a key
factor determining atmospheric residence time &uogd aan important input when modelling
and assessing the atmospheric long-range transpiential of the substances.
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4.3

4.4

49

Outcome: The koy values of 1,2,3-trichlorobenzene and 1,3,5-triciib@enzene are
0.282- 10* and 0.679 10"? cnm’s™moleculed. They are considered to be correct within a
range of 0.3 logarithmic units.

Conclusion: The koy values of 1,2,3-trichlorobenzene and 1,3,5-tricblbenzene are

0.282- 10* and 0.679 10*?cnr’s’moleculed. These koy values can be used when
assessing the atmospheric long-range transpornttef the substances. The resulting
atmospheric half-lives depend on the underlyingueggions on the OH radical

concentration.
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ANNEX 3

QOSAR Model Reporting Format (QMRF) for AOPWIN

Text version; original QMRF was generated in xmt¥Rat, using the QMRF Editor v1.2, which is
available free of chargetp://ecb.jrc.ec.europa.eu/gsar/

1.QSAR identifier

1.1.QSAR identifier (title):
AOPWIN for kon

1.2.0ther related models:
AOPWIN method for estimatingds (the rate constant for the gas-phase reactiondegtwzone
and olefinic/acetylenic compounds)

1.3.Software coding the model:

EPISUITE Freely available software from the US E&W the Syracuse Research Corporation
http://www.epa.gov/oppt/exposure/pubs/contact.htm
http://www.epa.gov/oppt/exposure/pubs/episuitedi.ht

2.General information

2.1.Date of OMRF:
23.04.2010

2.2.0MRF author(s) and contact details:
Anna B6hnhardt

German Federal Environment Agency (UBA)
Worlitzer Platz 1

06844 Dessau, Germany,

Phone: + 4934021033029
Anna.Boehnhardt@uba.de

2.3.Date of QMRF update(s):

2.4.QMRF update(s):

2.5.Model developer(s) and contact details:

Roger Atkinson

Air Pollution Research Center

Department of Environmental Sciences
University of California

Riverside, CA 92521
http://www.envisci.ucr.edu/faculty/atkinson.htmi
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2.6.Date of model development and/or publication:
Original model published in the years 1986 and 18@date published in 1995. Software is
regularly updated.

2.7.Reference(s) to main scientific papers andifinsre package:

[1] Atkinson R 1986. Kinetics and mechanisms ofgas-phase reactions of the hydroxyl

radical with organic compounds under atmosphenitmns. Chemical Reviews 86 (1): 69-201.
http://dx.doi.org/10.1021/cr00071a004

[2] Atkinson R 1987. A structure-activity relatidnp for the estimation of rate constants for the
gas-phase reactions of OH radicals with organicpmmds. International Journal of Chemical
Kinetics 19 (9 ): 799-828ttp:/dx.doi.org/10.1002/kin.550190903

[3] Kwok ESC and Atkinson R 1995. Estimation of hyxlyl radical reaction rate constants for
gas-phase organic compounds using a structurevi@acelationship: An update. Atmospheric

Environment 29 (14): 1685-1695.
http://dx.doi.org/10.1016/1352-2310(95)00069-B

[4] US EPA 2008. Estimation Programs Interface &tfittor Microsoft® Windows, v 4.00.

United States Environmental Protection Agency, Waghn, DC, USA.
http://www.epa.gov/oppt/exposure/pubs/episuitedi.ht

[5]US EPA. 2000. On-Line AOPWIN™ User's Guide (a=zad on April 22nd, 2010). In: US EPA.
2008. Estimation Programs Interface Suite™ for Esoft® Windows, v 4.00. United States

Environmental Protection Agency, Washington, DCAUS
http://www.epa.gov/oppt/exposure/pubs/episuitedi.ht

[6] Atkinson R 1991. Atmospheric lifetimes of dilnp-dioxins and dibenzofurans. The

Science of the Total Environment 104: 17-33.
http://dx.doi.org/10.1016/0048-9697(91)90005-Y

2.8.Availability of information about the model:

The model equations and increments are documemtihe ioriginal papers (Atkinson1986,
Atkinson1987, Kwok&Atkinson1995) and in the On-LIA®PWIN User’s Guide that is included

in the EPISUITE software package. The softwaretardiser's guide are available free of charge
(nttp://www.epa.gov/oppt/exposure/pubs/episuitedi)atMost information given in this QMRF is taken
from the original papers and the On-Line AOPWIN tJs&uide. According to the AOPWIN

User's Guide, the complete training set is notlalkd. However, the training set may be partly
reconstructed by a careful analysis of the origpaglers and the literature cited therein. For
example, the substances used to derive the regmesguation for aromatic reactivity are given in a
study on atmospheric lifetimes of dibenzo-p-dioxansi dibenzofurans (Atkinson 1991).

2.9.Availability of another OMRF for exactly thensa model:
no other QMRF known

3.Defining the endpoint - OECD Principle 1

3.1.Species:
3.2.Endpoint:

2.Environmental fate parameters 2.Persistence:tishdegradation in air (Phototransformation)
2.2.b.Indirect photolysis (OH-radical reaction ratastant k)
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3.3.Comment on endpoint:
kown values cover several orders of magnitude andhare t
evaluated as logdg in the section on validation

3.4.Endpoint units:
Kon in cnt - moleculé - st

3.5.Dependent variable:
log kon for aromatic reactivity; &y or log ko for other reaction mechanisms (probabdyk

3.6.Experimental protocol:
Reaction rate constants can be determined dirbgtibsolute rate techniques (pulsed photolysis,
flow discharge techniques) or by relative rate rod#h

3.7.Endpoint data quality and variability:

Data mainly taken from the PhysProp Database (SRGHop Database.Syracuse Research
Corporation) and the monographs of Atkinson (Atkim4d989, Atkinson 1994). These sources
contain collected experimental data from the sdieriterature and have been carefully evaluated
by atmospheric chemists.

4.Defining the algorithm - OECD Principle 2

4.1.Type of model:
QSAR estimating the OH-radical reaction ratgjkof organic compounds

4.2.Explicit algorithm:

Determination of the overall reaction rate conskat
Equation 1: Determination of the overall reactiaterconstant ¢) by summation over the partial
rate constants of all reaction sitemecn ), accounting for the respective reaction mechasism

kOH = Z kmech = ZZ kmechr (1)

Estimation of local reactivity |

Equation 2: Estimation of local reactivity for hpdien abstraction & addition to double and triple
bonds (kech,) through group rate constants.k grou) that reflect the basic reactivity towards OH.
The influence of substituents (X) is accounteddpisubstituent factors (F(X)) that are specific for
the respective mechanism. Both group rate constartsubstituent values are incremental values
and have been published in the original literature.

kmech,r = kmechgroup I:I_l F (X) (2)
X

Estimation of local reactivity |l
Equation 3: Estimation of local reactivity for atidh to aromatic rings o, from sum of
electrophilic substituent constariis”

logk,,, =-1171-134> 0" (3)

aro,r

4.3.Descriptors in the model:

» group rate constant {kch,group
increment; values given in the original literatared in the user's guide
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» substituent factor (F(X))
increment; values given in the original literatared in the user's guide

« electrophilic substituent constarts
increment; values given in user's guide

4.4.Descriptor selection:
Electrophilic substituent constants describe aramatctivity (Brown and Okamoto 1958) and
were thus selected as descriptors for aromatisring

4.5.Algorithm and descriptor generation:

Values for group rate constants and substituembfaevere derived partly from individual
molecules and partly from a nonlinear least-squfitreBhe model equation for aromatic reactivity
was derived from a least-squares analysis on af sebnocyclic aromatics and biphenyls.

4.6.Software name and version for descriptor geioera

4.7.Chemicals/Descriptors ratio:

5.Defining the applicability domain - OECD Principle 3

5.1.Description of the applicability domain of timedel:

The compound to be predicted should have simitactiral features as the compounds from the
training set (chemical domain). The chemical dontain be estimated from the group rate
constants and substituent factors applied in theedf it is not possible to describe all featuoés
the chemical strucure by group rate constants asdfustituent factors, the compound is outside
the applicability domain. However, this approaclyailows for a rather coarse estimation of the
chemical domain. For a more precise descriptiooykadge of the training set is required.
Furthermore, the compound to be predicted shouid bee so-called mechanistic domain. The
latter can be defined clearly by the different teacmechanisms that are accounted for by
respective model equations: H-atom abstraction @k and O-H bonds; OH radical addition to
double and triple bonds; OH radical addition tonaatic rings; and OH radical interaction with N-
,S-, and P- atoms. Finally, the compound to beipted should be shown to be in the same
parameter range (parameter domain).

As the training set is not available, a precisedpson of the chemical and the parameter domain
is not possible. However, subsets of the traingtgcan be reconstructed by a careful analysiseof th
original papers and the literature cited thereor. &xample, the substances used to derive the
regression equation for aromatic reactivity areegiin a study on atmospheric lifetimes of dibenzo-
p-dioxins and dibenzofurans (Atkinson 1991). Thayywa "subdomain” may be derived from a set
of substances that are verified to belong to thiitig set. For example, the regression equation fo
aromatic reactivity was derived from a set of mgmdic aromatic compounds and biphenyls. Thus,
for applying this equation, the compound to be ted should be chemically similar to the
respective training set of monocyclic aromatic comds and biphenyls. The reaction rate
constants of these compounds are available inligsP?op Database and range from 1043

cm® - moleculé' - s* (Nitrobenzene) to 1.180° cm® - moleculé' - s (3,5-Dimethylphenol).
According to the user's guide, further substitweamtstants and increments, e.g. for condensed
aromatics have been derived from experimental idegxtend the applicability of the model.
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5.2.Method used to assess the applicability domain:

As the training set is not available, the applitipidomain has to assessed by the user in aase-
case decision, e.g. by studying the original ltien@to find out whether subsances similar to the
compound under study were included in the traisiei

Subsets of the training set can be reconstructeddareful analysis of the original papers and the
literature cited therein. Thus, it would probab#y mossible to reconstruct large parts of the tnaini
set and thus derive a more comprehensive descripfithe applicability domain.

5.3.Software name and version for applicability damassessment:

5.4.Limits of applicability:

If it is not possible to describe all featurestod themical strucure by respective increments (grou
rate constants and/or substituent factors), thepooimd is considered outside the applicability
domain. Generally, the method can be consideréésoribe organic compounds that may contain
the following atoms: carbon, hydrogen, oxygen,agéan, sulfur, phosphorous. A substance
containing other atoms should be regarded as lmeitgyde the application domain. An exception
are lead and mercury: In the user's guide, it istrared that additional substituent factors F(Pb)
and F(Hg) were added. However, it should be checleefully whether the chemical strucure can
be adequately described by the respective increanent

6.Internal validation - OECD Principle 4

6.1.Availability of the training set:
No

6.2.Available information for the training set:
CAS RN: No

Chemical Name: No

Smiles: No

Formula:No

INChI:No

MOL file:No

6.3.Data for each descriptor variable for the trajrset:
No

6.4.Data for the dependent variable for the trajrsat:
No

6.5.0ther information about the training set:

6.6.Pre-processing of data before modelling:

6.Internal validation - OECD Principle 4

6.7.Statistics for goodness-of-fit:

6.8.Robustness - Statistics obtained by leave-omeross-validation:
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6.9.Robustness - Statistics obtained by leave-noamygross-validation:

6.10.Robustness - Statistics obtained by Y-scrambli

6.11.Robustness - Statistics obtained by bootstrap:

6.12.Robustness - Statistics obtained by other adsth

7.External validation - OECD Principle 4

7.1.Availability of the external validation set:
No

7.2.Available information for the external validatiset:
CAS RN:No

Chemical Name:Yes

Smiles:No

Formula:No

INChI:No

MOL file:No

7.3.Data for each descriptor variable for the exdkvalidation set:
No

7.4.Data for the dependent variable for the extaeralidation set:
All

7.5.0ther information about the external validatett:
partly published (Meylan and Howard 1993); refershie original version of the model (before
1995 update)

7.6.Experimental design of test set:

7.7.Predictivity - Statistics obtained by extemalidation:

Overall dataset:

n=77;r2=0.89; stdv = 0.24; me = 0.17, mne 562mpe = 2.2 (referring to logk)

n = number of compounds; stdv = standard deviatism;= mean error; mne = maximum negative
error (largest underestimation); mpe = maximumtpaserror (largest overestimation)

7.8.Predictivity - Assessment of the external \alioh set:

The published part of the test set contains 35tanbss (5 aliphatic compounds, 19 oxygenated
organic compounds, 8 aromatics, 1 alkyne, 2 substacontaining N or S functional groups but no
C-C multiple bonds).

The reaction mechanism represented best in theesudhydrogen abstraction from C-H and O-H
bonds (24 compounds), followed by aromatics. OHceddddition to double and triple bonds is
only represented by one alkyne with no olefinic poomds reported. The unpublished part of the
test set cannot be assessed.
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7.9.Comments on the external validation of the nhode

Model performance was also validated using a ladgéa set of 805 compounds (Bohnhardt et al
2008), referring to the updated AOPWIN model. Hoareit should be noted that this data set
contains external data as well as data that weyé fas model development.The test set contains
data from the PhysProp Database as well as fuettpmrimental reaction rates collected from
literature. It covers the following reaction mectsams: H-atom abstraction from C-H and O-H
bonds; OH radical addition to double and triple dgrOH radical addition to aromatic rings. The
test set does only contain N, S and P containingtfonal groups that are substituted to aromatic
rings and thus, model performance for other N, &Rucontaining compounds is not tested.

The following statistics are reported fort he oVedataset (referring to logdg):
n =805; r2=0.93; g2 = 0.92; rms = 0.35; biag m@ = 0.2, mne = -2.56; mpe = 2.2

The test set was divided into subsets accordimfpéonical compound classes and thus, compound-
class specific statistics are also available inattiginal study (Béhnhardt et al 2008). The model
performance was found to depend on the compourss-ciader consideration. The best
performance is observed for the subset of alkyrtes 0.99), however, this data set contains only 7
substances (most of which were probably used toelére model). This QMRF gives statistics for
the compound classes with the weakest and the ddxast performance, respectively:

Alkenes:
n=124;r2=0.62; g2=0.51; rms = 0.48; bia®9:05; me = 0.23, mne = -2.56; mpe = 1.29

Aromatics:
n=134;r2=0.94; g2=0.94; rms = 0.21; bia®:82; me = 0.14, mne = -0.65; mpe = 0.83

n = number of compounds; g2 = predictive squaretktation coefficient; rms = root-mean-square
error; bias = systematic error; me = mean erroe mmaximum negative error (largest
underestimation); mpe = maximum positive errorgést overestimation)

8.Providing a mechanistic interpretation - OECD Principle 5

8.1.Mechanistic basis of the model:

The model is developed based on profound knowledigiee different reaction pathways and
assigns incremental values that are specific ®mntlechanism under consideration. The overall
reaction rate is assumed to be the sum of fouticeaconstants corresponding to the following
reaction mechanisms: H-atom abstraction from C-t8i@rH bonds; OH radical addition to double
and triple bonds; OH radical addition to aromaitigs; and OH radical interaction with N-,S-, and
Patoms. These mechanism-specific rate constanesauvened to be the sum of partial rate
constants that can be assigned to the individaa&tian sites and that are described by increment
values.

8.2.A priori or a posteriori mechanistic interpteia:
a priori

8.3.0ther information about the mechanistic intetation:
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