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7.

Terpenoid Blend (a-terpinene, p-cymene, and d-limonene) QRD 460 is a new active substance deve
AgraQuest Inc. based originally on the naturally occurring extract of the plant species Chenopodium amn

near ambrosioides for use as an insecticide plant protection product.

To defend themselves against herbivores and pathogens, plants naturally release &r
various alcohols, terpenes and aromatic compounds. These volatiles can deter insects or oth -,\ erb

FATE AND BEHAVIOUR IN THE ENVIRONMENT

&

feeding, can have direct toxic effects on pests, or they may be involved in ree@u ing predat r

response to feeding damage (Ashour et al. 2010). They may ga @be used by
plants from disease, or they may be involved in interplant comumcatlon
observed for a very long time, it is a natural progressionhat three s
limonene, have been identified as candidates for b1op {éidal use. In@
compounds in combination are the source of 1nsect1 ct1v1ty as thi at
active moiety, they are considered and termed to be

SANCO Phytopharmaceutical Standing Commltteg meetlﬁg “26- 2

the same active substance as QRD 460.

xtra%of Ch@ppodl&w ambgy

oil was harvested from the plant bioma \\< sing"steam istill

meant this active substance suffered f
so an alternative, QRD 460 was d@
proportions found in the original p@nt ex

AgraQuest Inc. has submitted %I\ﬂs a llcatlo
QRD 452 respectively, for 1@@1strat@1 1n
insecticide for use on tomdtoes
application rate of 1. 52&@%@ a. s

e active sub

@
The original plant extract (QRD 406) was régistered by U %PA
substance and product was based on a pla
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460 and its product,
ur’ Member State. It is an
\§ and field at a maximum

©Oqu@r/ DM x& AP i%”t“"@ @ Max:Application Minimum
Region > 2 ~No. of Iﬁ@erva O Raté® Water PHI
Prétected A@hcatl ns @ d
9 LA | Sy | ) (kg dsfha) (Liha) (days)
NBES | Prowgidd ¢ N L @ 038D 1.523 | 400 - 1000 0
S EU Projecteds | (3 O « 7 & | 0SB1-1.523 400 - 1000 0
S EU tdodk, @@ N w7 7 7 |©0.762-1523 | 400-1000 0
D
@ Q° @3 © o O . .
The mode off@dtion (@the uc No ed tox Based on laboratory and field trial observations, the
mechanism or controlhng 1de rough degradation of soft insect cuticles resulting in a
disruptio insect mob@j@ty an, plre@on §s is gdhsldered to occur by direct contact and localized fumigant
action 1 further det, @L@ , pleaseye e&to doc& nt , Section 7, Point 6.

It 1s%oteworthy that thesec@g)en@a terp%ne %ymene and d-limonene, are commonly used as fragrances and

flavourings (J ou@%O/WHO Expert Cétmit &
%gplants nd are common in many other edible plants such as citrus fruits,
ith various @ctions as secondary metabolites (Ashour et al, (2010)). Consequently

animals’ natural diet and it is reasonable to expect regular contact with
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Due to the well known volatile nature of Terpenoid blend (o-terpinene, p-cymene, d- limonene) QRD 460, the fact
that all three terpenoids occur naturally and are ubiquitous and normal exposure presents no significant risk to
humans, animals or the environment, so the plant protection use proposed here adds nothing of significance fo the
natural exposure, it is believed that safety is confirmed and so no additional data is considered necessary. IS
D

This means that the standard EU registration approach for assessment of env1r0nme@l concentratl@ ould be
inappropriate and so two specialised studies have been performed and presentedQtere to confifm the@ztile
character of the activity of the three active substance components: a-terpinene, p-Cymene, d- lgone ~Jhe two
studies presented here under Section 5 environmental fate and behaviour are the%égroblc rate of@egra fon in il
study and a natural water degradation study. @ g\ﬁ %\ N IS

@ < @ @
Other than these studies, models have been used with the appropriate ph) 1cal and c}g@lcal pon@s, Als
literature review has been performed, discussed and the CC%]LISIOHS summia rlsed here. © @)

& O
To aid evaluation of the dossier, the code de51gnat10e descrlbe? that %5 cle @%l%@s}t S%@ancs used
o\ %

for each study. All substances listed are cons1dere§ksubsta@jally e@ alen{@ &
Code Designations 32 & ’

@ X
v\g @© Q@ @ © ©&
The various AgraQuest code designations t@at&% the \Ve sv@tancqg%oduc@and glgg: subm1@d§mments
are as follows:

Q O % S
QRD 406 = Chenopodium ambrosioides near@%nbromldes plant e act t 1ca@ Ve i %dlent (tgai) —
consisting of the three terpenes as 1@ act@je con@ment@us derl@d 1 1t ree <t@rpenes comprise
approximately 68% of QRD 406. @ R @ c&
RN

v . §°0
QRD 400 = formulated EC roducé%nth 2§@ pla@xtraoﬂQRD 6) 1ve a&g edler@@ 75% other formulants
(Also known as FACIN 2 in some re eglsged 1né1€ USHA,as R@@lem%%SEC and Metronome™.)
The three terpenes in QRD 400 @pris%@appro imately 2% @
% ’6 :
v & \ 5 > O
QRD 420 = blended usipg the t@ ter@%s in ﬂ% sam@once@ratlons as found in QRD 406 with plant derived
impurities replacedJyith ca@ a oilxJhe thiee terpenes cmﬁme @rom@gﬂely@ of QRD 420.
©© c& \ % §
QRD 416 = fo@mlat% %) rSuct with 25%blenc@ ((3@@20) 75%s other formulants (same formulants in
as Q

the same co%entratlo 40@@ The %ree t%@nes prise approately 16.75 % of QRD 416.

< @
QRD 4& QRD 416 @due t@ code@ﬁlg tion el@r théﬁsroduc@vas re-coded as QRD 452. There are a few

studies that referen@D e co@nosm&%ls identical @%}RD 452. (Also known and registered in the
USA as Requiem® an&\/letro e“{@@) Thé@once@aﬂo@f the three terpenes in QRD 416 and QRD 452 is

16.75%. oY
Lo & e
QRD 460 = %%nded@gm ola Thl@onta only the three terpenes. The proportions of the three
terpenes ssentially the sam fant, e act { minus plant derived impurities. So, less QRD 460 is
required. Requ1em®£ (Q 52 5"/ stea’d%of 25%. The percentage of each terpene in QRD 452 and
QRD 400 are the sam‘@ N
o~ @

It is\the purpose. Qf this @ectl&&o c]@racter%@the likely degradation pathways of QRD 460 as well as the
degradation rates nd tent o gra n in ‘@ree environmental compartments, namely, soil, water and air. This
characterizatj % use"of pregictive modelling considering particularly the fugacity of the terpenes
individuall d arch portsi from B open literature. In addition to a literature-based and predictive
characterigtion the &avirondidntal fate of the active substance, recent experimental results characterizing
degrad&?@n of& QR%%O cstaponents in soil and natural water matrices are included.

@
D % the ége of pr&lctl@nodelhng that requires parameters from Section 1 Physical chemical properties, where
approprigts; each terpene has been addressed individually.
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Reference is closely made to _(201 1) and its respective appendices and references and to the FOCUS Air
guidelines, Pesticides in Air — Considerations for Exposure Assessment SANCO /10553/2006 Rev 2 June 2008 and
the US-EPA’s EPI Suite™ model which is also discussed in the FOCUS guideline. R @

The physical-chemical properties of the three terpenes in QRD 460, a-terpinene, p-cymene, and d-limongsne, indi

high vapor pressures and high Henry’s Law Constants (see Section 1). This means tha e dominant onmental
sink for these compounds is likely to be the atmosphere. Monoterpenes, as a class, released from vegegation in
large amounts to the air (Fehsenfeld er al. 1992 and Guenther et al. 1995) whicHf supports th assunt 1on that
volatilization is the most important environmental dissipation pathway for th compounds@ the Gir,
research publications and predictive modeling indicate the@re degraded rapidly based dn 1nte@ct1o Swith
hydroxyl radicals, ozone and nitrate radicals, the latter at n@@b To confirm@is position, t@ fug@y of the three@
terpene components of QRD 460 is firstly considered. Q % @ @

@ Q §

Fugacity models are useful for understanding the fatesand behavior @ chemicals ithe erronm@lt (SQ@CO
/10553/2006 Rev 2 Pesticides in Air — Consideratio r Exposurew%ssessn@lt) Fugaci @ meadgre of @eapmg
tendency of molecules) can be used to calculate multi-media, equi %rtltlon@g of %anlg Shemi such as
the subject terpenes. Level 1 fugacity modellr%desc S thgﬁeth@rum 1t10|}$ of a themical between
environmental compartments. It gives a picture of t ener fﬁn' of a m1cal vari uregphases
present in the environment. Level II and L %%HI f& ityod e myre co:@x and more&nvironf@entally
relevant as they take into account degradg‘non }ﬁsgcess \ s as 0& from various
compartments. Level III fugacity modeli ggg%mcu r 1S ac %l-quiﬁ riu tea ate 1%%3&1 wlich is most
useful as it takes into account inter-m tré&@port @s (1%@the @tent hic chepi¥éal moves from one
medium to another) as well as the e@nt of radat%n eve HI fagacity {yodel was developed to
assess the fate of a chemical within & largéygeo hlca§ a (1 000 @@1) his réport, the model is
being used to provide a genera turg 0f how terpgnes &(@prlsr@ QRD 1but‘e%and degrade within

certain environmental compartments. N

O N @ .
L 9 9 ¢ Q@ & o
: S o & NN
a-Terpinene N @ Y .9« )
Fugacity (Multi-Meéia) Madel @ @ @@ D O é& O
Level I fugacity medelli @f(x tefpi 1nene Jbased oo Mae&@r @a m (Level 1 Fugacity Model version
3.00 September %wates&h

that 924 % w@ partifion tq air w1t .174 % going to water, 7.21 % to soil and
0.160 % to sed@lent @el | 0@\/[acK® S m%iﬂme &fate @el d ibeS@situation where a fixed quantity of the
chemical is roduce na closed sgste der sf dy stafg'and equ1l1b conditions. The Level I calculation is
perfonnedsig a srx-comp 1ror@ (air, 011 ater, e spended sediment and fish) according to
a fuga #y>approach d 1bed Mac y e a{ 1996)" Thiswgodel @s been evaluated by the FOCUS Working
Group on Pesticides \%1 AIfSANEO /1 /200& Rey, 2 Pes@des in Air — Considerations for Exposure
Assessment). LevelNF gives a pigiare ofsthe gemgtal a&n of chemicals to the various pure phases in the
environment but dé@s noggaglud grad@bn antother, roces@

@ , © @) @
The fugacity"@odel %@ntagl IS .~- v%fsron 2009 is a Level III multimedia fate model using
environmental parameters ntl(§o t . S use ay et al. 1992 . The model is reduced to four main
compart@ namely, agp, wat il affd sedjtnent. , Mass transport between the compartments via volatilization,

diffusion; deposrtron odelleQ Imp@antly, the model is a steady-state, non-equilibrium model.
Steady state cond1t1@n§ mea %at th&xha ntration of the chemical in each compartment with respect to
t1me\ventually approache@ero ss of c mrc@ ccurs through reaction and advection. Reaction is the biotic or

abiotic degradat@ﬁ of the chenﬁ%cal ‘@15 caglsulated using user-specified or model-calculated half lives of the
chemical in e of the“fou aln&(ﬂ) partménts. Advection is the process in air, water and sediment which
involves re 1 of the che ical from a g@l compartment though losses other than degradation.

The d1s 1) t1 hemlc @nd the environmental compartments depends on how the chemical is introduced in
Level HsL For ula ap 1cation of a-terpinene to a crop, the model was run assuming deposition from spraying
plan@ as 96% to thg air resenting a combination of what deposited on the crop foliage and what remained in
th&qgir follpwing application), 1 % drift to an adjacent water body and the remainder (9%) reaching the soil and not
the cro@nopy. These are conservative estimates and represent a worst case. For a-terpinene, the fugacity model
outputs are provided in Table 7-1. Input parameters were based on estimations within EPI Suite™ except for vapour
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pressure and water solubility which were selected from the a-terpinene database. The Heniy’s Law constant was

calculated from these data. The complete EPI Suite™ modeling run can be found in 2011.
Table 7-1. Fugacity model outputs for a-terpinene. @ @©
N @
Compartment Mass Amount (%) Half Life (hours) Reaction (%) @ Ad@@on %)
Y NS
Air 0.0211 0.00311 97.6 £:004
- D' o 2
Water 9.06 360 @ 0.362.4, w0488 O
V ((ﬁ@ © § s:a@ @&@
Soil 90.6 720 g 1.8 7 S <
W@ (cb\% O - ¢ 55
Sediment 0.353 3240 .00 0.000147
N - ¥ Qo 2 2
Qy @ S L5
& R AR RN @U SN
@
It is important to note that the main environment&Pco r@mel a-texinene Was an& thhc%SO degraded

a-terpinene much, much faster than the soil, se%nent w{@comp@men%s. Q ©
\ S Q
N N
It should also be noted that the env1r0nme1@ corfq%artmet@lstnbﬁnon néeve@ isb on hin §dy state
conditions and not equilibrium in a cloz@ys i Therefore @erpl 53’« nt@g t 1 at gpplication and during
compartmental exchanges will qulcle gradéjfermed, “reaction”). %L ady e, v llttl&y@terpmene will

be in the air because degradation in eﬁ@ls so®ap1d @ @ @ @ N

R @
Persistence in the total system o@Tloo Wwas predicted to@é 0n1§\20 8 I@%s e emely @pld fé%t pesticide, because
much of the a-terpinene will pattitiofito air be dé

gradedgyery quiekly 1nter§@10n ith hydroxyl and nitrate
radicals and with ozone (dls@sed fifether T -Q(:?)o 7 10 Fate in A1r & Q%

Note also that reaction @DC@S er %)eater t@an tlowroces % in @kcomp%@ents but particularly in air
e 1;§

where the percentag re 97.6 afd 0.00438 fo ctiofivand advectlo® respéstively. Overall, reaction and
advection contribut 0. 193% Qtlvely e ad ion {1 air is@ very minor process, a-terpinene
will likely degrad au% ite r&tﬁer than mov& Off sH&\

‘”\9
& o O §
@@j%@%%\@@ @
p-Cym >SS & T e Iy

Fugac Multl-M@) Model & SN

Following the sa %eth%ologs’g# for weml%@ Leve@l M@Kay modelling (Level 1 Fugacity Model version
3.00 September 2004) igdeates 884Y% of cyme ill p Sytition to air with 0.321 % going to water, 11.1 % to
soil and 0.2 LevaL of ay( s m tlmedla fate model describes a situation where a fixed
quantity of the chemical is 1n a @sed %t er steady-state and equilibrium conditions. The Level
I calculatjgmis performe% ina s@com viregment (air, soil, water, sediment, suspended sediment and
fish) ac ing to a fug@ ity ap@oach descrl cKay et al. 1996. This model has been evaluated by the
FOCUS Working Gro&p on %stm A@(SA& /10553/2006 Rev 2 Pesticides in Air — Considerations for
Expasure Assessmed%’ Lel gives a plc@e of the¢ general affinity of chemicals to the various pure phases in the
environment but dogs not i ud& gr%@lon and Other processes.

The fugacity @del .I%EPI ite™ %‘@Ersio@l 0 2009 is a Level III multimedia fate model using environmental

1

parameters to th@ usedyn Ma&Kay et al. 1992. The model is reduced to four main compartments,
namely, g@, s011 ent. Mass transport between the compartments via volatilization, diffusion,
depos1& and, 5 off ed. Importantly, the model is a steady-state, non-equilibrium model. Steady state

cond fions mggn thaty Kthe cf%aﬁnge in concentration of the chemical in each compartment with respect to time

ally §@pr0ach ze@ Loss of chemical occurs through reaction and advection. Reaction is the biotic or
ab Cﬁadanon of the chemical that is calculated using user-specified or model-calculated half lives of the
chemicallin each of the four main compartments. Advection is the process in air, water and sediment which
involves removal of the chemical from a given compartment though losses other than degradation.
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The distribution of the chemical and the environmental compartments depends on how the chemical is introduced in
Level IlI. For simulating application of p-cymene to a crop, the model was run assuming deposition from spraying
plants was 90% to the air (representing a combination of what deposited on the crop foliage and what remalged in
the air following application), 1 % drift to an adjacent water body and the remainder (9%) reaching the s

the crop canopy. For p-cymene, the fugacity model outputs are provided in the Table 7-2. Input parameters
based on estimations within EPI Suite™ except for vapour pressure and water solubili Wthh were '@ frgm the
p-cymene database. The Henry’s Law constant was calculated from these da The comple@ @tem
modelling run can be found in hZOl 1.

”\% @ @ "\9@
Table 7-2. Fugacity model outputs for p-cymene. S N QS
V® @ @0\9 %f(\\ @ & @
Compartment Mass Amount (%) Half Life (h%lrs) R@%on (%) %@ @Vec@ (%O
o & O RO &
Air 41.2 17 9 &’ & | 19.1 &
ol N L9 RO @
Water 4.14 360, & O |7 U0 0192y,
o @ &8 & &
Soil 54.5 R0 @ @ D244 Y & O TN
%N S N fo @ Q
Sediment 0.161 @ 3240 @ |\ 16 'S N £0.00
Q % &S < &L §
\) O N
V\g \ N
It is important to note that the mam@wn%ment comp e1v1r@® c Iéaq Qn (sée\’Level I) which
also degraded p-cymene much fagter th e sd@: sedn@nt a at omp%n @ltho%h not as fast as d-
limonene and a-terpinene. @ & @ @ Q

9
It is notable that the envu@ment@ co @ﬂlsmbutlon in Lev%@ll @ased%)@f% reaching steady state
conditions and not equ111br1%m m%close s ste @ @
& @

AN
Persistence in the to%*@ stem (@7 DT $1cte be & hours©extre&1y ra‘ﬁl} for a pesticide, because most
b&g g a

of the p-cymene wil{(partitidn to a1r raded via ct@mth&hydrox@radlcals (discussed further under

Section 7.10 Fate 1r%& dly. & (& \\ é\ ) @ §

Note also that @acnq@roce&@s were greate%than @ech@%mc@es in &) compartments. Overall, reaction and
advection c@rlbute 80.7 and 19. &@@ ;@twel@ It is 4880 in estln@ note that the steady-state concentration
in air fi cymene is higher fian th dicted for@-limoxgne ang,a-terpinene. That is because the rate of
degradﬁ}o for p- cym@ in, a@ﬂ hour half tife a@redlcﬁd by EPI Suite™ and used for the fugacity model
calculations) is long@han the ther@m mo@terp;@@ blggﬂl extesmely short compared to standard pesticides.

S % N S
e N Foe & o
o © < S & D

d-Limonene
@

Fugacity;@g ulti-Medi @1\?0@ ’%T’Q
%) @ \%

As fq&% terpinene an@ -Cy 11 h@l(aw@ielling of d-limonene (Level 1 Fugacity Model version 3.00
September 2004) indicates fhat 84 % of Qmo.& will partition to air, 0.319% to water, 14.5% to soil and 0.322
% to sediment. L@cel Iof cK&@s mo@l spei cally describes a situation where a fixed quantity of the chemical
is introduced i closed sy undéd equllé@lum conditions. The Level I calculation is performed in a six-
compartment irongl t ($ﬂ water, sggiment, suspended sediment and fish) according to a fugacity approach
described et afy1996x LeveNgives a picture of the general affinity of chemicals to the various pure
phases in @e env men@ut do&9not include degradation and other processes.

The a01t Qntauﬁ%ﬂ in EPI Suite™ version 4.0 2009 is a Level III multimedia fate model using
e& 1 para eters@entlcal to those used in MacKay et al. 1992. Note that this model has also been
eva ua‘z§ the FOCUS Working Group on Pesticides in Air (SANCO /10553/2006 Rev 2 Pesticides in Air —
Considetdtions for Exposure Assessment). The model is reduced to four main compartments, namely, air, water, soil
and sediment. Mass transport between the compartments via volatilization, diffusion, deposition and runoff are
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modeled. Importantly, the model is a steady-state, non-equilibrium model. Steady state conditions mean that the
change in concentration of the chemical in each compartment with respect to time eventually approaches zero. Loss
of chemical occurs through reaction and advection. Reaction is the biotic or abiotic degradation of the chemical that
is calculated using user-specified or model-calculated half lives of the chemical in each of the maj
compartments. Advection is the process in air, water and sediment which involves removal of the che%:al er@ga
given compartment though losses other than degradation. @@ @ @
The distribution of the chemical in the environmental compartments depends on ho@the chemicglis int @giuced in
Level III. For 51mulat1ng application of d-limonene to a crop, the model was assumlng it spr, léats
resulted in 90% to the air (representing a combination of wha; p051ted on t%&érop foliage_ahd Wh‘agrema in
the air following application), 1 % spray drift to an adjacen ter body a@ e remainderc({9%) hing @e sojl@
and not the crop canopy. These are conservative est1mateiand represent gyworst case. E o@d-hm@aene ith th
assumptions, the fugacity model outputs are provided in tig*Table 7-3. Iﬁput parameter@ere based on&tlm
within EPI Suite™ except for vapour pressure and W ; solublhty which wege pre @ected&from the?d-li 0 ene
database and the Henry’s Law constant which wa§y a& ater@olu%@y The

ypalculated from vapo@ press

complete EPI Suite™ modelling run can be found jn 8&

& @7@ 5 & 5
Table 7-3. Fugacity model outputs for d-limonene. .~ o S o S @ m@
Compartment Mass Amount (%@x }melf@hour& &ﬁ;@*&n {gﬁ@a & Adg@on (%)

Air 138 OB %»“331% @\@’ [(@@ @ U@@ 5 0463
Water 5.{&@ O%‘@ 63§éf &@QD Q& @%&@@ N 0.191

Soil ‘&27 g& 9\ A@} 720 o, N @VJ Jm\\z@ o 0
Sediment \ 02%2 @ E é@m ©© ) QDOOIS 0.000149

< @f RS SO

It is important to rﬁhat e mal@wl §i%lental com
gra \ limonene \ch ningh fa

I @also 0 able <éhat th %nwro@aenta&&
qu111br1um 1n§%>close€§yste@ Q @

which is also pre@

(Level III).

steady state conditio 52 Snd n nat

Therefor,

% 11monene e
Persisteficg in the total @tem

because most of the

1ng§®’ air @

on r% wil

plication
@Tmo was predicted t©be 33%&houor§ xtremely short compared to most pesticides,
rt1t10®0 aixand be@egrade&very quickly via interaction with hydroxyl and

o

D

tment

v
duﬁ@@

@1 S@@mw{g d-linggnene was air (Level I modeling)

than@e sofisediment and water compartments

ribution in Level 11T is based on reaching

kY

rtmental exchanges will quickly degrade.

nitrate radicals and@ h o ne (di @ ed@ther er Sedion 7@0 Fate in Air).

Note also that
where the per

tage

0 and 03463

rea

andiad

ctlog%@oces@s we;re@greate@han a@ectlve@’rocesses in all compartments but particularly in air
vection, respectively. Overall, reaction and advection

contribute 9.3 and 0.654 %, resp@vely%ﬁ caué@adv. &&on in airis a very minor process, d-limonene will largely
degrade @ir at the site @@apph@ 1on ra er th@move\ off site.
S @ @ &©
% . . .
ITA 7.1 &O%ts of grz{j@tmn@n soil — laboratory studies
R o
Introductign O RN
A
From the fug modt]s inédfaded in the introduction to this section, it is clear that QRD 460 exhibits the main
envirQament&) charggleristi St rapidly partitioning into the air compartment by volatilisation, all three terpene

CO@D neng@

eing extrem

volatile in nature.

@
On thiis, the route and rate of degradation in soil have limited applicability to the environmental fate of QRD
460 when applied as a pesticide.
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To ensure a rigorous assessment, a literature review has been conducted and further modelling considered in the
following information summarised below, addressing each of QRD 460’s constituents individually:

Fate of a-Terpinene in Soil @ @6

a-Terpinene is predicted to biodegrade rapidly under aerobic conditions, on a timescal@f days to we@in ur of
the six BIOWIN 4.10 models contained within EPI Suite™ version 4.0. Ultimate bigpdegradation, i.e$, conv: n of
a-terpinene to carbon dioxide (BIOWIN 3), is predicted to occur within weeks while”initial stepsef bio adation
(BIOWIN 4) are predicted to occur within days to weeks. In two of the model% BIOWIN 5 @pd 6, ﬁgsen@ﬁag
MITI (Japanese Ministry of International Trade and Industry) festing, o- terpl was not cqonsiderethto be @ﬂlly
biodegradable based on microbial oxygen uptake in the OEC@BIC test. oc 1nene is not edlc@%to blo@égrad&@
quickly under anaerobic conditions (BIOWIN 7). % Q@ § st@
@)

Although these predictive models provide an idea a Q%) the degrada@ty b-te ene actua@ero@c@sml
degradation study has shown that the predom1nan51pat10n paﬁsyvay 15@00121'(11 @ectlo@7 2.1 %erobic
degradation) confirming the fugacity modeling. T at is, o~ § as g‘%}lplete@’rem d fr&%’soﬂ #q tess than

48 hours. Thus, although the models predict rapl 1cro@ i0 @ sahd s ge sludge, %z:ppears that
q de ra ed 1dl}@ he Qr “(see

a-terpinene is even more quickly removed vi a Vola atio
No reports of the biodegradation of a- tene e}e fo g n N)pen &@amr How, §e t YUC'EU@ 1somer, Y-
Y iSQRIeIS 0

Section 7.10 Fate in Air).
terpinene, was studied (Misra et al. 19@ mlcal of t@’a andy 1ne@§ are depicted

@@Q

below showing how similar they are Q ach 0 @ @
v S
g
N %
S
&
S
NN
©)
S &
% v
o\ i”\g
, L O
In soil ries Wthh v@re not@ltoclav amde@eated?&gomple@ removal of y-terpinene occurred after 120
hours. In sterlhzed it 749%0f the@ rti Wb—te ene wg\recovered after 120 hours. The difference in
recovered monote tween mlcmblally@ctlve @mplgs and the controls was considered to be due to
biodegradation. @ec d-limp! enc “and erpln were readily degraded by indigenous soil

3

> & &
Fate of @ymene in So@ Q &® @\

ne is predlcmﬁo b@grad@apld ~Jerobic conditions, on a timescale of days to weeks, in four of

the S BIOWIN 4.10 modéx con@%ed w1 EFDSuite™ version 4.0. Ultimate biodegradation, i.e., conversion of
p-cymene to carl@n dioxide (B BIOW ) i icted to occur within weeks while initial steps of biodegradation
(BIOWIN 4) pred%é%@d Q 5 cur wyjthin days to weeks. In two of the models, BIOWIN 5 and 6, representing
MITI (Japa M@try @ ter%!t:ona N dde and Industry) testing, p-cymene was not considered to be readily
i e bas@ on nggtobialyxygen uptake in the OECD 301C test. P-cymene is not predicted to biodegrade

blodegr@ Gl
quickly<@ader and erobig condit (BIOWIN 7).
RS

h th @’- pre@:ﬂv@t‘%ﬁdels provide an idea as to the degradablhty of p-cymene, an actual aerobic soil
égatm@study has shown that the predominant dissipation pathway is volatility (see Section 7.2.1 Aerobic
degrad ) confirming the fugacity modeling. That is, p-cymene was completely removed from soil within 48
hours. Thus, although the models predict rapid microbial degradation in soils and sewage sludge, it appears that p-

mlcroorgamsm@x ter&@e e s@ d be@adlly@lodeg ed asfyell.
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cymene is even more quickly removed via volatilization and subsequently degraded rapidly in the air (see Section
7.10 Fate in Air).

The biodegradation potential of p-cymene was evaluated using the MITI test method (Ministry of in@atio
Trade and Industry, Japan; OECD 301C [test for ready biodegradability]) and reported by Klopman arfd Tu, 1
Specifically, 100 mg/L of the test chemical is incubated with 30 mg/L of sludge for up @28 days. Re d activity
is described as final day biochemical oxygen demand (BOD), i.e., oxygen uptake. fa>the case of &cyme@inal
day BOD was 88% indicating extensive biodegradation. v Q N

O & .9

Bacteria that degrade p-cymene are relatively common (Eatofi;1997). The iitiate catab@m ofﬁg—cym@ by
oxidizing the benzylic methyl group to form p-cumate (p-isopropylbenzoate¥s Pseudomon@s putigsF1 utffizes p-©
cymene by an 11-step pathway through p-cumate to isobu‘%rate, pyruvate ggeacetyl coe e A¥Frehsegield eté?
1992). The microbial degradation pathway for p-cymenegytilized by P@ytida F1 is prgyided i@ﬁ igu@@ .l—%&nd

7.1-2. ) NS
. @ N O o &
Figure 7.1-1 Initial pathway for the degradatio%)f p-cygene il@eud&%nag\g @tida& (E{oﬁi, 19@
QDI T Ve O fe
CHy @ CHaQI S

NN
SIETC N o
FIG. 1. Fath ﬁr the Qﬂrma[j%ﬁmluunu.ﬁkm '%:—c}'murﬂm hunzou@%nluute.@% p{unﬁ@uspuuiwty. R represents the following: H, for
toluene and m ites; C r p-xylene dnd mufﬁ@lim.\:: anQy&(C[—[.1 Iz, r%@p-cym zne and mut};@s. Compwnds are represented as follows: I, wlueng, p-xylene,
Or p-Cymeney enzyl 4 0 @mluaﬂdu L or p-oumic aldehyde; IV, benzoate, p-oluate, or p-cumane; and
V, oo -dilydity ol fAhene. Ej@ﬂes are r@:.\:en[ud s@llows: A, monooxygenase; B, alcohol dehydrogenase;

oL, p-10 I@lm hwl, a@cumic @% l; [[[.-%?mdehydu
and C, %‘h}ﬂe “dehydrrge ndi; %@ % 6\ (g @ 6&9
o @

o' -dikgdroxy-p-xylene, or o,a’-dilydroxy-p
N

Q N S D
3, o R L e
@Q @@o%
o\ ©\
Q% @ @}\
N e 8
@° RIS
§\%Q§Q §@Q
%o Q
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Figure 7.1-2 Initial pathway for the degradation of p-cymene in Pseudomonas. putida F1 (Eaton 1997).

coo cou
A B
02,?' N > OH TT’
NADH NAD MAD" NADH
| H* [} @
X
N
Coh H HO 5 HO @F
CH, N CHg T
[ d
Mo NoH R Y L o™
o
Lo &
X @, \\ @}

FIG. 1. Pathway for t @Jta %ﬁbm ofeeur “‘ al um Q
1, cis-2,3-dihydroxy-2,3<di }'dn% LUW@]F&EJ -\ -Cu @[ﬁ— @f})
hydroxy-3-carboxy-6- oXR7 7-methyloctay2.4- dienoate . 2- }@m -®0m Téoeth-"~
ylocta-2 4-dienoate; ®1, éﬁudmx}@*ntd@-{]m@ R mirﬁt»r.%,@ VI,
E—Gxo—l—hydmxp'@m IX, ac@aldehyde; X pyruvg #® andzXl, acetyl-cofi-
zyme A (CoA). nz}m@%u ,gﬁ-w L 2, 3@0){‘«&{,1'1:1%&, @2 3-dih¥droxs2.3-
dihydro-p-cumate dehydrogdase:; § 23- h}dr(@'ﬁp -cuihate d ngc@t D,

2-hydroxy- jcarboxgboxod-metldoctagy dlg,n@m, @@Ldr oxylasg; @, 2-hy-
droxy-6-088°T-me iy locid2 4- d@'l(‘.ult@dﬂ} = }dr pnnm\‘}lﬁ—dlmﬂ—
ate hydealase: &, 2-ox h}{ﬁ@;}%dl{, ;m, acialdth@t dehydroge-
nase @ldl&@ ( h@*? Té\ @

¥ & o © Q& @ @ §

Fate of d- L@onene i Sml S @’@ °\ @r @ @7

Asa st@g point, the &)WI@nodu wit the @ mddgﬁEPI Suite™ was used to predict the degradability
(both initial steps an%&smpl%t&degr tion) %nene(& Spec1®lly, the BIOWIN models were used to predict
aerobic and anaerobig biodegradatjg of oi*gamc c pour@ in the presence of mixed populations of environmental
microorganisms. @here sevi 1ffeg§‘t models within the WIN suite. Biodegradation estimates are based
upon fragment ggonstarngy “that Were d@elope@\smg@oth lfgar and non-linear regressions. The models were
validated usiit&an 1nc§pen validation satof co oun A more complete description of all seven models can
be found inthe On-Line B @@ in t@ Help menu of EPI Suite™. The complete EPI Suite™

modellir@ can be fougg in

IS
d-Lirtfenene is predlqﬁ to egga@ rapi eroblc conditions, on a timescale of days to weeks, in four of
the Six BIOWIN 4.10 modgls co med T Suite™ 4.0. Ultimate biodegradation, i.e., conversion of d-

(BIOWIN 4) predé%@d t cur within days to weeks. In two of the models, BIOWIN 5 and 6, representing
MITI (Japa inistry ofnternational e and Industry) testing, d-limonene was not considered to be readily
biodegradaple baé on aracrobigl” oxygeil uptake in the OECD 301C test. D-limonene is not predicted to
blodegrmc@ under anaerdbic conditions (BIOWIN 7).

limonene to carlgt dioxide (BéQWIN p@wted to occur within weeks while initial steps of biodegradation

Ao
pre@give§odels provide an idea as to the degradability of d-limonene, an actual aerobic soil
dat1(@ tudy has shown that the predominant dissipation pathway is volatility (see Section 7.2.1 Aerobic
degrad ) confirming the fugacity modeling. That is, d-limonene was completely removed from soil in less than

48 hours. Thus, although the models predict rapid microbial degradation in soils and sewage sludge, it appears that
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d-limonene is even more quickly removed via volatilization and subsequently degraded rapidly in the air (see
Section 7.10 Fate in Air).

Microbial degradation may be considered further, as follows. @ @6

(og
There have been many reports about the biotransformation of limonene in pure micro@al cultures. @% pr@osed
& S

pathways are illustrated in Figure 7.1-3.

CHO @ DOH COEC

S

Parillyl alcohol  Perillyl wwe Fer%icbd Qﬁllﬂ_‘:g{&a\
@Q@’

6‘1

S) S
i arm!
@ %, pip @
FIG. @dlu‘ohml biotransformarion pmhn@fﬂr lims e Rtm[@q from re]@jcc@]“ 16, 13537 38, and 52; rome b is from references 1, 8, 16, 20, 34,

35, ard 32 Toute ¢ is from rej’or@b@ 8, 16 " d“ T :fmm references 12, 30, 33 nd —‘Q e e is from references 29, 35, 51, and 52. The numbers

in !@nmm molecule R.f@‘ the ca[t]m ring of limonene. @
A N,

N
§\ < & \@ «52% s .2
Y @ SR @®
Pathway (a) in Eigure @Q @pose@;? @m o§eud@@nas putida PL where biotransformation is initiated
by hydroxylatfgn of liftonengit th &7 %yl group by @nembrane -bound oxygenase resulting in the formation
of perillyl alcohol. This irtittal tr@ orm ct igZgubsequently converted to perillyl aldehyde and perillic
acid. Perflic acid is the@mdl@n a fashion‘mpalogdts to a fatty acid-B-oxidation reaction sequence resulting in
the formation of 3-isg penylp CoA &@V erf et al. 1999 noted that their research group had isolated
56 bastpria that wergable t ﬁe as_gSsole source of carbon and energy which suggests that limonene
is mineralized (i.e., compl me ohze cagdpn dioxide). Interestingly, these authors had isolated a bacterial
strain (Rhodococ@m erythropolis C%@ thaetabolized (and mineralized) d-limonene via a different pathway

(Figure 7.1-4). &, %Q ",
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Figure 7.1-4. Pathway for catabolism of d-limonene in Rodococcus erythropolis DCL14 (Van der Werf et al.

1999).
OH "\@ @6
N o8
OH @
- G Lo
: ; i : D
A A A & & o
(+H4R)- (4R)-Limonene- {15.254R)- @ N Q>
Limonane 1,2-epoxide Umummd.i-dlt% ©\ @ @
. > & &
@ R o &
=) O @
° 2 &
p-Oxidation =-——0 COSCoA 1 Cﬂ% \% R
‘i @ ;%@ @(2}9 Q@% % &o
A s K & ¢
< 8 SeSprogenyl PO
ISR
&© @% °\© VN § N @ 9

(OIS N
. R NI S R I N |
As illustrated, the degradation paggway for d-lm@neneﬁR. e opely DC@ﬁl st WIt&?ttack of the cyclic
double bond via an FAD- and NADH-d&pend onooxXygenaSe. A 1@~ po%e hydrofase c@plyzes the hydrolysis
of the epoxide, forming a cis-d%dro@@ol. T is'then ogidized to-a ketesa cohdbby a dehydrogenase and is the

Y
substrate for a lactone-formfg mon@)xy se. &

¢ lactone formed isu stab@nd spofitaneously rearranges to
form an oxo acid which théh und@goes%—oxida ﬁ\ th%@ﬁima@ leads to miﬁ@raliz or completed utilization
(degradation) of d—limo&ne. @J@ N O N

S NN
e & ° ¢«
_(201 l@ﬁers@ resca\@ ony@)@ bigdegradatn ksiggés o%imone@ in soil-slurry and liquid culture
systems. The 20%, 0i1-$1rry wds pregied by%g\lfxingg%gram soég@ith OSnL of distilled, deionized water in

serum tubes. @mb were @shed h p @oxy and gealed. onene was directly injected into the tubes
using a microsytinge@ncubagons took placein the™@ark at23 °C @ith coffinuous rotation of the tubes. CO, was
determined 6y gas chrom&tcﬁ)graph% dlj nene@antiﬁ@iion@as aceppplished by liquid/liquid extraction with
isooctangcaind gas chrom@pgraphy using$&d’flame ionizaien det&gtor. @icrobes used for liquid cultures were taken
from eé%iuz ment cultur@ th: been sem'@@ntinu@sly foep witK onene and a-terpinene. Enriched cultures
were added to semn@es, fkgshed @41 0x @n an %aled(i”\At preﬁ%termined times, duplicate tubes were harvested
and analyzed for headspace C residual 1@@6% @d b@nass concentrations. Biomass was measured
gravimetrically or %mte singQ@her absorbarCe meements at 500 nm or ATP measurements using a
luminometer, @ < N O R © ©
QYOO S &
There wa e reduction in lim§ne s@?conce@rati % autoclaved, azide-treated soil (approximately20% after
120 hougsyy thought to, b&@due F@adsorp ion b@ in cogtrast, limonene was completely removed from microbially
active soils after ~86Q>" 120 chours (E:): inCL@}tiono\ liquid cultures, limonene was completely removed after
app;@?fmately 50 —"90 howky ‘of Q bati«@ Théte' was a concomitant increase in microbial biomass and CO,
production was the mirror @age &dthe lj onen&@ncentration profile. In summary then, limonene was readily and
rapidly degrade&@y indigenouggpil mi@oorga@ms from both soil and liquid mixed-microbial cultures.
R

0 notgythat bipdegra@tion has also been assessed under anaerobic conditions; however, there

ot
was no in@catio any (@grad n of limonene.
in@sation s6o

N )
' wie sotlcompartment, d-limonene is expected to have low to very low mobility based on its
idal/chémical prpen@oecause its Koc is predicted to be 6324 L/kg (EPI Suite™ modelling run can be found
2011). Furthermore, its Henry’s Law Constant (1.28 x 10 atm-m?/mole) indicates that d-limonene
will rapidly volatilize from both dry and moist soils. The high propensity of any remaining d-limonene to adsorb to
soil may retard the volatilization process.
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Conclusion .

S

From the literature review and the fugacity modelling, it is clear that the fate of QRD 460 has limitedevan(@
the soil compartment. @
< & S

At the request of the Rapporteur and to further support the position that the fate@f QRD 460qi0 soi °§s©of low
relevance, one aerobic rate of degradation soil study was performed on the in(ﬁ%idual terpene®in Q 460, %ee
Section 7.2.1. This is a non-standard study because the terp@s in QRD 4@ volatilise r@%ly angd this @ces
constraints on the methodology of all the usual guideline studi% @ @) ©\ @

R 2 @ @
The soil degradation study was performed to GLP and @§wluded that §l1 QRD 460 G@npone% ine

cymene and d-limonene, evaporated rapidly from the o.-\) to the trappl solwign. 1§NDT5 fall thr@e testd rns

a-terpinene, p-cymene and d-limonene, was calcula U <24 hour(%Th D@o W%f a\ 0 th@ﬂ@s <48
hours. & &° {% 7, Q S %o
o ¢ S @

‘”\9
This study clearly demonstrates that the fate of QRD is o (ip relevance to@ljts e@ron@al fate ‘after
pesticidal use, and that further consideration R fat‘é\m soidshould Aot be @ssary. §@9
S v
D

ITA 7.1.1 Anaerobic degrad ongix % < @:\9 §’

S
Not relevant for Terpenoid blend (a—t@ome@) p- cy%;e d@mon QR@O,@@%W 1. @ve. O\y\’
N @ S Q
A 712  Soil photo!z@s T R v &
Sy S
Not relevant for Terpenoul bfénd (a—@pm@? p- §%ne, &hmo%ng) Q
% @ @ o Y\’

1A 7.2 § %t il(s) Qlabgpatory st
@ e 0§egr§g lml 1n§01 (ik a gpa 0@5 S l@és
ITA 7.2.1 @Ae&.lc gﬁ@radz@on @{@he @}\tlve bst§2 u@smls at 20°C
@

\

£7¢s

.1mbove.

/@é

Report \ A 7.2. 1/@ 2@? d- L1m0nen@p C ne Werpmene Aerobic Rate of Degradation of
& the Active Co engs of QR@@%O @011
ﬂﬂ Smd{ 1146%902 7@? 20 December 2010
SEES N

o
Guidelines @ @Q o~ .9 0O
© & &
OECD gui%ine #307 (20
GLP: es @
R

RS
Exe\tlve Summary

N
The aerobic s e% tion a- telmpene -cymene and d-limonene was studied in one representative soil. Test
vessels cont: g Wbg t) wer —1ncubated under aerobic conditions for four days prior to application.
The three@ su dtinces @er\z@led individually to achieve final nominal concentrations of approximately

d
ng

mg/kg &@rpln@e ~cymene and -mg/kg d-limonene, this reflects the relative proportion of each
terpe th gtive @b tange, QRD 460. A continuous flow-through test system was used at a temperature of 20 +
2°G iy the @ lark. A &obic dltlons were maintained by continuously bubbling moistened air through the water

layer. @@ephcate was equlpped with a trap containing iso-octane as trapping solution to collect volatile test item
d

or pos egradation products. Samples were analyzed after 0 and 7 hours, and 1, 2 and 3 days after application.
The trap of the respective sample was analyzed too.
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Duplicate samples for each test

item were analyzed at each sampling interval. The soil was extracted with

acetonitrile. The acetonitrile fraction was further extracted by liquid/liquid extraction with hexane. The hexane was
concentrated and then analyzed by GC. The trapping solution was analyzed by GC without any further treatment.

el

All test items evaporated rapidly from the soil into the trapping solution. The DTso of all three teskitems
calculated as <24 hours. The DTy which was actually also the DT;op was <48 hours. @ @ @
N &
Materials v IS "\@
A o & .9
Test material a-terpinene @ p-cymeng, v\g\d—li \Onene m@
Description: Not reported Not re@\t{ad @@ N@po% (&\%
CAS number 99-86-5 @ 99487-6 07 Ses0ams &
Lot/Batch #: 812097 @) 81210827 Q& 80763 A
Purity: 92.6% V99 & | L 95.0% S
Stability of test compound: Not deterl@ned @J gﬁ\\aNot g{%&ermg@? OQ Not detegmined
Application vehicle: Acetomtrlle% \@ R %V IS Q @ ' @§
Seil One Euran so&?Sev%n Swi @rlar%\ o\© é\a v, §
Name: Sevele@ (ii& é\a @ @7\:7\9 é}’ @ & @)
Sampling location: Swerland@’ § Y ©\ § @Q § %@
Date of collection: pte@er 2 6 @@ &© ©© ©© ~
Sampling depth: - ZG\Qm @’ & @Q & @ &
Storage conditions: Reﬁ&geratgﬂntll @days béfpre uséthen @ehmatlg@d to %st temperature
Particle size (% w/iw): % @ § @& IS @ @9
Sand (2000- mm) S33 2 Q @6 \© & w \Q
Silt (50-2 e & O S o © 5
SN O v & L
Clay (< §§1m)\ g\\ﬁ N S @ X
@ AN %
Texture (US @ o San oa&i@’ %, >
pH (water @ o 74, % o\@ § ) %@
Organic¢aatter (% w/ @57 @ﬁ o Q@ \@7
CEC (inq/100 g sojlf® \%.35 IS \© v \©
Moisture at pF 2 WS 2 &8 o\© 6& & >
Biomass (mg cafbon/ @9 Y & ©®
soil): @ O @Q Q\@ o . Q o
Pr&udy @© § Q\ @\ @©
rt of study@ Q S @j N Y
5 . N .
ay 7 D ) u&rpmenégi, FPymene 22.5, d-limonene 22.5
. S SH® OGS
S & N o
Study Design arf@Methods > Q@ @
s &
Experimenﬁ@Desi&} ® %, ©@
@ o (CHIREN;
Paraméfer N Description
Dura‘ré}f of t@%st v 4 days (26 — 29 October 2010). Last analytical
@ measurement 15 November 2010
So\Fcondfa'i%n Fresh soil, passed through a 2 mm sieve prior to use
Soil sa@f/e weight 100 g (dry weight) per replicate
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Parameter Description
Test concentration (mg ai/kg soil (dry weight)) a-terpinene
p-cymene o
d-limonene @ Ab
Control conditions Not applicable S ox
Number of replicates 2 Q [N
Test apparatus 500 mL glass screw cap y§sels Humldlf‘%@d air r fow-
through system <Q
Traps for CO, & organic volatiles One 2,2 4-trimethylpgntane (iso- OCIaI@\’) trap®  w ?
Test material application: Identity of solvent Ag@nmle S Ko S m@ &
Volume of test solution a-térpinene @@ § %, &
used/replicate (uL) $p-cymene Ro Q § Q&©
&d-limonene é @ @ @

Application method @y} Direct applicatio lowe@)y sh&l%?ng tomix oo

Evaporation of application | Not rep@d S @, @ NS

solvent 9 N5 &N v
Indication of test material adsorbing to walls of tes? %JNot @”ortecf@f @ @’ & o
apparatus o8 N S © @ (7%
Experimental conditions: | Temperature , D %’\)l}i 2°0y O @ S

Moisture cof@®nt ", B0, nﬁmmu@wate&%ldn;é?apacj&w R

Moisture @9&1 tem{&e S No‘t\’@qulr NS

method & S %&9 fQ §i ©

Contintisus dagkness ¢y @‘es @\y &© Q ~

(Yeso) %y Y A @ o S &
Sampling intervals: A@%Tolc Q& h Dupﬁi’cate g@lples@ Q

é& §) @} 0%xd 7 hours Q\ o\@ o
2 &) (\\‘[1) 2 a%@ days %ﬁ @&
U ted soils for, % Pre-giydy, start of dy on day 7
o g B0 SOV
Soil sampling proce(@s § @@ N ‘\011‘6 S@dl} sampl%g}emox%d and extracted with
6& ° @cetor@y ile foﬂowed,@ hexane
Collection of CO£and V@,ﬁle oréanicsq& N g TotalWolu f th@o octane trapping solution was
Q @
@ S Q © N > d@nmn Sub_samples were directly analysed using
o N . 2 @-FID@Hho& ny further concentration or clean up
Sample storide before analysis o) © Detail@not reflorted
(NN N
&@ . @ o\@ < S o\©
Ao A

Analytical Proced > & Q. O = >

N
S ©
& I~ & §

The entire soil sgmple @ extra@ed b&din 80 mL@ Q§'trile (ACN) to the soil. The samples were taken by
hand and we ereafter ce gefi\The supernatant was decanted in an intermediate flask. The extraction was
repeated more times. T@ sup matant each ektracgon were combined and transferred to a separating funnel.
Amount@io mL of deionizedd ate@%id mL Jofhexane were also added to the separating funnel. After
vigorously® shaking thesfunnel the 1 ower ph % g of water-ACN was drained off. The hexane phase was
collegted in a 250 oun ass ate’ACN phase was extracted again with 50 mL of hexane. After
shakiyg and separating the phases hexaf@g pha@vas collected as described above. The combined hexane phases
were concentrateg, by rotary to & fina al vglyme of approximately 10-20 mL. The definitive volume was recorded. A

sub-sample of the con(%mrate 1l ex?@:t wasQlalyzed for test item and degradation products using GC-FID.

The total VQ§m @)cta appit@solution was determined for each replicate. Sub-samples were directly
analyze w1t ut a@ rther concentration or clean-up.

Resgs and @lscus@
QS 3
Mass @nce

The study was performed with non-radio labelled test material. Therefore, no mass balance can be given.
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Extractable Residues

The soil extract of hour 0, i.e. directly after application showed less a-terpinene than originally applied. In total, 0.7
and 1.20 mg a.i./kg were found in the soil extracts. A minor amount of p-cymene was detected as degradatj
product. The level of p-cymene did not exceed 0.06 mg a.i./kg in both replicates of hour 0. Seven hours gfter g§
application, the level of a-terpinene in soil extract was already below the LOQ of 0.4 m@a Jkg. The le@éon %y 1
% <

@' N

In the soil extract of p-cymene of hour 0, 0.55 and 0.56 mg a.i./kg of the apphed mg a.i. /kg Wre fo@ No ©
degradatlon products were detected. 7 hours after application, t@oﬂ extract o orie replicate ¢Ontained)-10

a.i./kg p-cymene, whereas the other replicated showed a concéptration <LO 04 mg a.i./Kg). O@y 1, l@@h of &@
the replicates with p-cymene showed concentrations <LOQ<1n from day ards there&\@s no d@?ecta@ es&sdx@

was again <LOQ. From day 2 onwards, no residue was detectable.

@
In the soil extract of d-limonene of hour 0, 0.51 and 0. .‘ ng a.i./kg Wererun hes lcula&d value@were&
slightly higher than the applied 0.46 mg a.i./kg of d- 1ene No deg e datlo@produc tecte@ By urs
after application, both replicates showed a concentg{uon <I@9Q (Og a&?kg) Ffom c@ onwards there’was no
detectable residue. ‘?\9 %

& & @ CAREN
Volati : N T @ R s O & ¢
olatile Test Item and/or Degradation Products -« \\ @ % @ w
o S
For all three test items levels of volatile ttem%%\d/or degra n pm@ﬁ@ts i Qm 7 Kours toGhe day
after application. Thereafter amounts d@reas Thet 1ter% d theipdeg @tlon sappegred from the

soil into the trapping solution. Due t(@e contr ous actati e te@t @ &re plﬁhed O@f the%teapping solution

with ongoing time. % 9 IS & @ © S

@ N v o 2 Q D

o © S @ g Q)
Degradation Kinetics N & o ©

& K @ @} v Q\ °\ 9
The DTS5 of all three test itegns w%c lcula%d to 24 rs T@DT% %ﬂhwh ac’ﬂ@ﬁ’y also the DT oo was <48
hours. Q Z) o N )
%G .
NSEE NS

Conclusion
§” & "\@

@ &
The three test ié{)s a—@mene% cyfagne ar@l lim8nene disappearapidFofrom the soil by evaporation. The
DTso of all thr@ test ‘,@’n \%@calcu@ed t&%)e e Dy whigh was actually also the DTigo was <48
hours. ©

. @
S N N\
N & & @ S LS
This study confirms ass t10n ade ed g% he RQISlcal @%mlcal properties of the terpenoid blend QRD
460 and the fugacit odel nclysjons thag the fagp of th€yerpenoid blend (a-terpinene, p-cymene and d-limonene)
QRD 460 in soil i€f li rele§ance a;@t Volammes @d eva tes rapidly into the air compartment.
@ O KOs © @ . ©

Q © \ \ >

A 7.2.2 Aerobrc@eg@atm@f thie actl@e substance in soil at 10°C

fé@

>

Due to its volatility, @@s theymajor Segvirons nta], E@npartment of relevance and the degradation of QRD 460 in
soil i§%a minor com’ﬁartme@f néern rehative @ts fate in the environment. Therefore aerobic degradation at
lower temperatures in soil {&hot c@mder@d i rtlke@

&

v
The results @he deg tion, study bient temperature demonstrate that the terpene components of QRD
460 dlsa r g@ny fraty the sQil by evaporation with a DT90 of <48 hours and so even if the DT90 were to

mcrease@z/lth er tgmper , the increase would still result in rapid movement to the atmosphere and
degra ation (\~ n exgected to take place in the soil. The highly volatile nature of these terpenes confirms
th&@ @&

(9
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I1A 7.2.3 Aerobic degradation of relevant metabolites, degradation and reaction
products in soils at 20°C

The aerobic degradation of QRD 460 in soil is a minor compartment of relevance to its fate in the env1ronn&@t as @6

the terpenes have been shown to be very volatile. Due to its rapid dissipation into air thgre are no releval@

metabolites, degradation and reaction products in soils from the use of QRD 460 to be gefisidered furt{@ @@
v

ITA 7.2.4 Anaerobic degradation of the active substance in s%l @ @ @
The anaerobic degradation of QRD 460 in soil is a minor con’@ment of rele ce to its fat V1r0nr@§t as @
the terpenes have been shown to be very volatile. Therefore anaerobic degron in soil i 1s con@ied @;ﬁher
for QRD 460. & O*

@ S
I1A 7.2.5 Anaerobic degradation of r@ant met&olltesﬁegra%tl&l@and @:acﬂ@@

products in soil
@ X S
The anaerobic degradation of QRD 460 in soil ig a m1 om en relev@ce tq its fate@the onmgnt as
the terpenes have been shown to be very Vola%% sze§o its fapid dl&patl(z%lto a15§1aeroblc degl@tlo A soil

é@@% @\&

is not considered further for QRD 460. Q@ o\ %@} o\& y\g@ é\g\ @@0\9 é\g
IA73  Field studies .© NN T §@ <&

Q S
Not considered necessary for an aggiye sub@%nce t& has @%n @Q @latlze@@pldl‘@)m Kl and primarily
degrades in air. KL N @ v & @ @

Iy 9
ITA 7.3.1 Soil dlssfﬁanm@est@ i §?an e of r&g;ese gﬂv@ﬂs &ormally 4 soils)
@ Y
See 7.3 above. é\ﬁ @,@%@ @© @b %\ @ é &\Q
VO
TIA 7.3.2 s§§» residhue testing-." o .9 o’ < &
S YRS R §@ ~
See 7.3 above.y; QS Q Q" « @3\7 S @
T D 6§ © 2
ITA 7.3.3\@ Soil a@um@tlol@nng n releva ils\@’
AS & O .0
See 7.3 above. Q\ & ‘27\9 \@ %\ & A
E b@y ﬁ o s P
1A 7.4 0 ies .
o § @

The Terpenmﬁlend (a-te yme \i hm@glene D 460 is rapidly volatilised from the surface of the
soil and s mobility i 1n sol do nt fulq@er c& deration

ITA 7.4.1 Ad%ptug;l aneso@tlonﬁ the active substance

See 7.4 above. @° @ @ @ &©

S Adrog <R
ITA 7.4.2 @ Adsorp ami%’ies ngption of all relevant metabolites, degradation and

@@& @@ cti @ctm soils
See 7. FaboveOn % §
Lyl

II% 7£§ Column§ieaching studies with the active substance

See 7.4 above.
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1A 7.4.4 Column leaching studies with relevant metabolites, degradation and reaction
products
See 7.4 above. . @ @b
@ g
1A 7.4.5 Aged residue column leaching @b &@ ©®
(g .
See 7.4 above. N @
@ 9
<, @% ST S
IIA 7.4.6 Leaching (TLC) s @ S S @ @
K T $ &S
See 7.4 above. @§ & 6’ R 0o @%}
) R & & 9 &
. . © @ R © @
ITA 7.4.7 Lysimeter studies Q @ N \ %@9} S
K @o @ % %@7 @@ o\ g’\g
See 7.4 above. Q @ 2o < (S
I1A 7.4.8 Field leaching studlei’\j \"\ \\ S &% . § . §@
@ N 0N QO O S ISERS
See 7.4 above. Q B % @\ v < @
@ @’% °\© Y @\@j § @Q § %@2)
ITA 7.4.9 Volatility — lab‘@at studies O o 0 (OIERN
A S & & ¥

N
Laboratory studies have not @1 perﬁmed@because Volatlﬁty/evégl@ratloﬁ@from soil is @ssumed because the
physical-chemical properties of the %&e ter@s 46Qy a-terpt en@cy {@and %11monene indicate high

vapour pressures and high @nry’s w Cynst Thg means_that the domiffant ¢ Wonmental sink for these
compounds is the atmosphere. ote%enes are r@a% from végetati large amounts to the air
(Fehsenfeld et al. 19922 Guepther e 199 supparts thg) ssumptlon ‘that” volatilisation is the most

important environm d1551pat10 th for t@se c oun Once’in the&alr research publications and
predictive modelli dlc§ the» deggr e&elatlvé@ rapi bas@ on iff@®ractions with hydroxyl radicals,
ozone and nltrate ica lattﬁr at Q&ht Thﬂi 18 dls&%sed fusther rS \‘@)n 7.10 Fate in Air.

&
ITA 7.5 @® H)@roly‘ﬁs rate @%ev @f) m boh@s, ¢gradation and reaction

@ prod %ts a@d 9 er&%rlle conditions, in the
A abse@ce o@ght
Q\

The three terpene s in enoif\i}len tel‘pll’@ﬂi ymene and d-limonene) QRD 460 do not contain
any functional ro ceptifiE to 1ys® Additionally, these three compounds display low water
solubility anQ% ssuqu a@vola’u ation is expected to represent a major route of
dlSSlanOl‘l for these compo %so it 1@'[ ne@sary Sconsider hydrolysis further. This is further discussed in
Section 1.

ITA 7.6 @t @tot@nsf@nauﬁ of relevant metabolites, degradation and

A reactiop pr@bucts r using artificial light (simulating sunlight

Q?ld%exat weng@s A <290 nm) under sterile conditions

The maxin‘%&%os@e diry pho{@lysm 1®@ constant is zero, resulting in direct photolysis half-lives of infinity for

all three igyterpe blefid (o- 6-» nene, p-cymene and d-limonene) QRD 460. The direct photolysis half-lives of

these te?@nes culated base d\on the maximum estimated photolysis rate constants, are greater than 30 days, and
thereQr ac@ EC& 16 and OPPTS 835.2210 guidelines, no further direct photolysis work is necessary
1t is ceg@ry t@onmder phototransformation further.
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ITA 7.7 Ready biodegradability of the active substance

As volatilisation is the most important environmental dissipation route for terpenoid blend (o-terpinene, pgym

and d-limonene) QRD 460, it is not necessary to consider ready biodegradability of QRD 460 in soil ~.®
further. @ @
& SRS
Gy N
3 § & o
ITA 7.8 Degradation in aquatic systems % S
@ & %, SO
Introduction X Q@ @Q Q\ %@ &@
% @ <O

S
From the fugacity models included in the introduction T%%ls section, 1@ clegr that thg@ctlv substarfee, telg@imd
blend (a-terpinene, p-cymene and d-limonene) Q@’ 460 exhibits the &m eri@ronn@ltal @racte@ ic of
dissipating into the air compartment by volatilisatioi, all three S@ene G@mpon@ts b@ extféa;nely Yolatile in

nature. S @ %, 8 @ §

O Ly SIS
On this basis, the route and rate of degradatlof%n w,at@m e hm%d applicability to th@nvn@lent@ ate of
QRD 460 when applied as a pesticide. Eveg\\t%/hewsed 1ﬁ\th€ ﬁel@the wolatile rature G the terpene @ponents
will clearly still dominate and this is confif#ied lggboth gig&elhn%%nd a s@dy 1&%\tur§ @6110\7\.

N LS

To ensure as full an assessment as posSible, a filraturdreview has b con@cted %furt modgf?ng considered
in the following information summarised belpw, addyessinggach 46 @)nstl ts individually and then
this work is compared to the r% S o;f Austudy @rfor to @b ing the’ deggatation of the QRD 460 in
natural waters, Point 7.8.3. & S @ ©

g@ é @Q @} v - @ \@
Fate of a-Terpinene in W& &) § @& Qe 2, § @a

There are no functio grou§ suclx?s esters a s Qriepoxides in &1 Ik that can hydrolyze. The
HYDROWIN prograg@of EPI Suite\versign4.0 ca@ot e@ﬁate hydrol rate constant because there are no
functional groups can @koly% Th@vap@&pressu?@)f o= @pmen@gs highZ{0.8 mm Hg; 1.06 x 10 Pa [15])
and its solubility@ W is rela‘ﬁwely@{)w giving a L&ﬁHenr?@ onsgat (2.56 x 102 atm-m*/mole) which
predicts a high tlht@rom w@fer (E{@ult %rsml@» 0). § @

Using the E@ Suite™ mo@l a rivef, ;@ dee@mth a@rren@elocn@of 1 meter/second and a wind velocity of
5 meter ond the vo 1zat alf fa- terpms§1s p Shicted \be 1.2 hours. In a lake 1 meter deep with a
current velocity of O ete Ne and aQvind «e %O 5 meters/second the volatilization half life of a-
terpinene is predlcte be SN houn&4 6& ) fr Oty EPI %:te \g n 4.0.

Although the p d1ct1v6@odel@ov1d @fn 1@ as tolth 1lity of o-terpinene from natural waters, an actual
water study uéér stagg” wat ondi’tsgns hQ ow& at % of a-terpinene is volatilized within 13.7 hours (see

Point 7.8.3)
@ % § @Iﬁ? @ \%@
Fate of i
ate o ymene 1n§a er N O Q

% . @ & . .
P-Cyamene contains fl%’ fun@nal @gups th@can @iolyze such as esters, amides or epoxides.

N
The vapor pres%i@e of preyme &s hi @.46 —Q.O mm Hg; 1.95 x 102 Pa—2.67 x 10?>Pa [18, 19]) and its solubility
in water is refafivelyNow (23Ung/L) g in@@high Henry’s Law Constant (1.36 10 atm-m*/mole) which predicts a
high rate ofy latil'@&fron@@ater (BPI Suitesversion 4.0.).

@

In a rixgr, 1 @er d and“&>current velocity of 1 meter/second and a wind velocity of 5 meters/second, the
Vola$zatior@alf ligg>of p-, Vihene is predicted to be 1.2 hours. In a lake 1 meter deep with a current velocity of
0. ete@cond and a wind velocity of 0.5 meters/second, the volatilization half life of p-cymene is predicted to
be 111@ s (4.6 days [EPI Suite version 4.0]).
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Although the predictive model provides an idea as to the volatility of p-cymene from natural waters, an actual water
study under static water conditions has shown that 90% of p-cymene is volatilized within 37.4 hours (see Point

7.8.3). @ 6

N
Fate of d-Limonene in Water @ @ @

S 7
There are no functional groups such as esters, amides or epoxides in d-limonene that@n hydrolyzgs, The %rolytic
half life of d-limonene has been estimated to be > 1000 days (Assessment tool {%y the evaluat@l of ($ USERA
cited in Hakola, 1994). The vapour pressure of d-limonene igzglatively hig %PO mm Hg; {33 X_ 192 (@DS
2010) and its solubility in water is relatively low giving a thenry s L@@) onstant (1. @ X ltm n@moli)@
which predicts a high rate of volatility from water. < @ “”\a @ @
@)

Using EPI Suite ™ version 4.0, modeling a river, 1 mefe eep with a c@ent wlocityof 1 me@r/secon%) andQ@vmd
velocity of 5 meters/second, the volatilization half- 4% of d-limon 1s prédicted to>be 19 houl@(EP@ne ™
version 4.0). In a lake 1 meter deep with a cugr%nt velgcity o e%rs/se@hd al@a WQ\W Ve1®<\;g of 0.5

meters/second, the volatilization half life of d-limgyene 1@redlcteg to b§ll I%@ (4 ys)
%

Although the predictive model provides an %ﬁ asdo the m%nh§g d- l‘%on n@ rom natural ers, & @ actual
water study under static water conditions hhothat 9%% of is Vo t1 1ze(@ithm%\lﬁ0 hou &‘s“ ee Point

7.8.3).
& %ix & N %ﬁ §

IIA 7.8.1 Aerobic biodeg@datlon in quat§ systeﬁs, @um@ ide 1ca\t%n of
breakdown [@odue{ﬂs andayetals 1te@ IR
< X o O &

@
This is not an EC data requlrem%ht § & @ S S @
ITA 7.8.2 Anaeroﬁlc ?atl§§ @}latl@stg{ns, 1né}udlr§dentlficatlon of
bre@ow ts ob\ﬁms Q @

This is not an EC requ@men‘t\ ‘”\g 0 @g) SN @
\ \\ O §j §
1A 7.8.3 @%Q@Qr/sed@wnt@udk & & S @
)

&
1IA 7.8 @ 1, 011. (R)—( 1moﬁ@e p-Symene, a-Terpinene: The Nature and
5 dation of thH@Actiye mpgﬁﬁentw QRD 460 in Water. _

Report:@
Rate o

@
Guidelines “Q )

The met %described ifighis s@ plarfare n@based\%ﬁa a specific guideline but on the expected behaviour of the

test item Tn the env1ro@ent N & Q
b v @ o @ Q@ 5
es. @

Executive S@nar % §9

This studyJs not a@ater @men@udy, rﬁer a study in natural waters. Degradation of a-terpinene, p-cymene and
(R)-(+) cl@aone BNote; the te d-limonene and (R)-(+) limonene are synonyms for the same limonene isomer;

the terims are @uval@ d interchangeable.) was studied in natural lake water. Stock solutions of the three test
1te§:re d int&@yrest vigssels equipped with traps containing isooctane as trapping solution to collect volatile
testitem ofpossible degra§fen products. A continuous flow-through test system was used at a temperature of 20 +
2°C in ark. Environmental conditions were maintained by continuous aeration. Samples were analysed
immediately after application (hour 0) and after 1, 3, 6, 24, 48 and 96 hours. Their respective trapping solutions
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were also analysed. Duplicate samples for each test item were analysed at each sampling interval. The water was
extracted with hexane containing internal standard. Analysis was by GC-FID.
é§

The three test items a-terpinene, p-cymene and (R)-(+) limonene dissipated rapidly from water by evapor
DTso of the test items is <24 hours, and the DTgy (or DTigo) is determined to be <48hours. It 1s
degradation products were formed.

@

<
Materials © Q& @
= Q ¢ 9
Test material a-terpinene @ p-cymene & x@hm&%ﬂe P
Description: Not reported Not rep(}r@dj @Mf\lot @mte%g 5&
CAS number 99-86-5 @ 99-%7-6 O 50279 A
Lot/Batch #: 812097 @) 812108 ©° & o g
- Py @ R Q810763 g
Purity: 92.6% SRV T N
f(t)::lll)ility of. test Not determiagd %@ @Notd 1n%@’ @@ N&t determined
pound: @ Q Q &L’ N
Y=
Application vehicle: Acetone v > @ % @ %,
w Gonatit ocal P bl @ > &
ater 5batchenattg@l> local avaﬂ&g e filgel dla}ﬁ&wate}(@ QO
SW-@JO W{éﬁg-l(& @-9- s@o-%@/ %%/—22-9-10
S o e Pl
pH @809 | O 768 |@7 8 S « | 808
Temperature (°C) 197 b 239 97, 9] 205 O 22.0
3 &) 0
Dissolved Oxygen (mg/l) & ®81 &> .134? 8560 [ 888 6.73
Conductivity (pS/cm) K\% 273, ® ZQ(@ § 290 2 0 300
Hardness (mg/L asC o J5 g 4 2> Qa2 é &\148 150
Alkalinity (mg/L (é Qr4 12807 |2 108 o 122 115
S 3 N v
TOC (mg/L no rga@ 947 2.@% 60w 6.24 3.10
organic carb QS S O «f ¢y @
& ©v ((’@) Mixture o th b@es @ ‘”\9
o R
N Q) K b) yuse or p@paratf@pof samples
A ¢ O @ \ Qé
Study Design and @ods& & %

Natural ﬁltered@ocally

1 l>
characterized<or tem;@yamr

oto

Test ves @ onsisted of
exclude influence hght

recorded. 10mL sa;% es o
evaperative losses

COIltlIlllOllS

flushing the sys
containing 10 $uL 2,
products. To&xsure tha
vessel. Apgplicati %olut
applica@olut@l into
applicationh. icat

@

4%tr1

W
shaken
test tub

ake ® (J ter

l)@test @j els
e

est vess l

erforn@l 1n

WCI'

appn@a solut@n wel

us he

S

a@er was filtered through 0.45 um. The water was
(&s%olved%gxygerf&ondu@gwty, hardness, alkalinity and TOC

ume&l}O mL) with screw-cap and covered with aluminium foil to

ubated at 20 = 2°C and the temperature was continuously

mamtalned in vials in a water bath kept at 10°C to reduce
ow-through system. Aerobic conditions were maintained by

ith @ apprégglmately 2 mL/min. The air was passed through two traps each

ne (1s&ctane) for trapping the volatile test items or their degradation

1tem was lo@ in the event airflow was stopped, another trap was set before the test
h testem were prepared by dissolving them in acetone and placing 20 mL of
1§€ sis vessels. Sampling intervals were 0, 1, 3, 6, 24, 48 and 96 hours after

ly

mple%@/ere analysed at each interval.

and for 20 seconds followed by vortexing for 10 seconds. The whole sample was then transferred into a

g@r &@S were extragied using n-hexane containing internal standard as the solvent. Vials were repeatedly
ZThe upper phase containing n-hexane was then removed with a pipette. A sub-sample of the extract was

then analysed for test item and degradation products using GC-FID. The identification of the metabolites was
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performed using GC with mass spectrum (GC-MS). The selection of samples to be analysed with GC-MS was
based on the detection of additional peaks in the GC-FID chromatogram not present in the blank samples (internal
standard solution). Only metabolites which eluted after the solvent (n-hexane) were recorded on the GC-MS

& &

DTso and DTy values were determined using a Simple First Order (SFO) kinetic model. @ (o]

.y o @ &
Results and Discussion @Q @& @
Mass Balance @\% @

©, KN N
The study was performed with non-radio labelled test materlal?jfherefore no{@ass balance c@) e g@l

Q
Extractable Residues @§ S 69 S
% R

Immediately after application concentrations of (R)-(& monene -n 0. 295Qnd 0. 3’ m 91 /L, &iresp -.(:7'4 ing to

recoveries of 31.1 and 33.2%. These recoveries ar&much ]@ver thay egg\verlg\g@)un %r the %thod%a idation.
No explanation can be given for the low recov@y but@he tedency d1s e is The le 1 of (R)-(+)
limonene in the extracts decreased continuous %untll as lgpyer th 7 mg @ /L how@ ‘after
application. The test item was also detected_in orereplicate of trap sol@n 48 hours affer appHcation.
Repeat measurements were taken at 0 an hau\ and se shQ covcﬂg@ of aj xm&ely 50&>which is
close to the results obtained from the metod v@&g atio The eated@a eSssh a hi ev1a@n from the
values obtained from the first series an@the rg&on f r 10 @’not erst$ ore @y values from
the repeat measurements are not useé‘r the calculation of e half

Immediately after application < ent*r«gtlons of@{; cyr@he v»@@ 0. and 0 848 @g a.jAb, correspondlng to
recoveries of 78.1 and 85. 3%&The§%recov s arg very imilar tQ @md @hdatlon recoveries indicating
reliable data despite low rec @xery The leveDof p-cfinene in‘the extracts @rea §contn@)usly until it was lower
than LOQ of 0.0246 mg ai\(L at 48 hours%fter icatin. Thedest itéty p- cymen also detected in the first
trapping solution. The aggount d@s ed @ged ftom 0. @g ) 6 IﬁQurs) t0 0.423 r@as/L (96 hours).

recoveries of 46.9<and 46@%. g%se reCoveriésare v et c [ validation recoveries indicating
reliable data des& lowgxpcovery. Théi@once@tlons Hecrease ont ousl \,0 ne day after application (hour 24),
the level of o- t@)inegﬁlas alfady bdidw tHe LOQ @0 bg level in the trapping solutions did not
exceed the c%lcentrat of th¥ low@ anah%lcal sdard ¢ ) at any t}g; point during the study.

Metabgﬂ@ Identlﬁcatéﬁby (§ @ § &g@ ©\

S :
o OO K D
No metabolites resuftpng from the 1tems\were 1@1‘[&6@ >
)

Immediately after q@caﬂ@ conc@ah@@ of o- gp @Wer@) 472 an 65 mg a.i./L, which is equal to
ery sim

R
Degradation Kinetics © Q @Q . Q@ o § “§
Table IIA%S -1: Degradation @s m@7 dter \,@ O @

@ N DTs%ours) @DT@hours) Error level Chi? test
otetpinene =) 410 D Q137 19.8
p-cymene . i 12 o ] O 374 238
(R)-(H limontne K> B0 S [NV 100 118

S o & 3

. O & W
Conclusi

o &S

wi 508 2, 49¥ and &0 hours and DTgps of 13.7, 37.4 and 10.0 hours for a-terpinene, p-cymene, d-limonene

ctively” This means that a DT could be proposed for QRD 460 of <48 hours. The trapping solutions showed
the pregente of the test substances but no degradates. Degradates in the water were also not detected. Thus, rapid
escape@éacity via volatility) appears to be the predominant pathway for all three terpenes in natural water.

N
The tg?%e test@?ns, @I’piﬁ%ﬁ, p-cymene and d-limonene volatilized from the natural water test systems rapidly
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1A 7.9 Degradation in the saturated zone of the active substance, metabggtes,6
degradation and reaction products @@
QRD 460 is rapidly volatilised from water and so its degradation in the saturated zone@s not warra&rth&@
consideration. o8 & &
o n S & .9
ITA 7.10 Rate and route of degradation inqajr 5 N éﬁ
R o AN
. . X
Rate of Atmospheric Degradation. < @Q 69@ Q@ QS @

The three terpenes in terpenoid blend (a-terpinene, p-ggipene and d- luanen@QR 460 ar&degrad@ﬁ qu&k@y in
air. Rates of degradation were estimated using t OPWIN (A@osph@fc Oxi ogra@for rosoft
Windows program in EPI Suite™ 4.0. The pro ram esgimates %@’rat@%}nstanﬁfor tl%\at

reaction between photochemically produced hyc@ yl r@gicals sap

m é%hen s-phase

ical t also estimates the rate

constant for the gas-phase reaction between ozgne an ﬁnl@géetyl@om unds. @inal@ it ?@Um&e‘s the
rate constant for gas-phase reactions between nitrate radicals and ga ic ghemic hat occur al ht. @he rate

constants estimated are then used to c)z@te atﬁosph hal .~ rWund@ased§ average
{idals 2(@ ©

atmospheric concentrations of the hydro ad1%§ ozong and fkgrate rad
9
-ac‘@ rel@onshlpbnethéﬁs developed by

0@ re@s chentical structures to
make the estimations. Atkmsoorko@%’ the w k of @@js col estimatin livegef organic chemicals

in the atmosphere has been reyieéwed in Se 3.3 of the Focus k;n@Gro on Pesticides in Air Report
(SANCO/10553/2006 Rev esticj in AT Co@deraﬂ@s for Expo&@ Asseésment%{eport prepared by the

FOCUS Working Group or@esti&es in AfR Jun@% )& @«a v @

& ©
Table 7.10-1 summanzé?fhe e@nat @&tmos@enc glve%)\f the theee te@nes 1&%rpen01d blend (a-terpinene,
p-cymene and d- hm@w) (&RD 46@

The estimation methods used in Al IN a@ based on the struc
Atkinson and co-workers with some Updatés by | 5.() co ctor@A
gues

N 9 &
Table 7.10-1. l@mat@half ll%s of@e moerpeﬁ@s in air'bas §en theﬁ)PWlN in EPI Suite™ 4.0.
© (O‘w aY @
éompouf% &) % f Llfe@ All‘ Rv Reactant
: v & & o
&\\' - terplnen@\) @ N @ 29@>nmut£§ . @) hydroxyl radicals
Q\ &\ @ ‘N migutes ,’%\ ~ ozone
) O be 1@2)0rtagt nitrate radicals
p-cyfiene S @ . 1%hours hydroxyl radicals
& gé@Q & O \@3\ §b
one Q N mlr@es hydroxyl radicals
SN (& § %g . ©&F7.3 riinutes ozone
@7 9 Q @ @0.9 o—\&%ninutes nitrate radicals
Q 9
< S

A I ©\
It is appropriate @éonsidgr the fate of teq@e individually and so information from a literature search has been
summarised agfollowss 2y @

Route of @i’nosw D@grada@n of a§erpmene
<

Identity~and duas tlﬁ@%)n of gas-phase products from the ozonolysis of a-terpinene was reported by Lee et al.
2 Thy g5 mono@’rpen as rapidly oxidized (within 30 minutes) with the formation of numerous gas-phase
produ cts @ﬁose structures were deduced by mass spectrometry. Lower molecular weight products included
formaldelryde (4 % molar yield), acetaldehyde (1 % molar yield), formic acid (10% molar yield), acetone (6 %
molar yield), acetic acid (10% molar yield) and unidentified products (31 %). Based on the structural assignments
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derived from mass spectrometry, a partial mechanism for the ozonolysis of a-terpinene was proposed and is
presented in Figure 7.10-1 below.

@
Figure 7.10-1. Partial mechanism for the ozonolysis of a-terpinene (Lee ef al. 2006@ @® @
@ S8
< Q&
0 [_'li_ilE @ @
\\/ —_— *______ L 0 - t\_‘_ &%::/\U N ° @ X
©, L _-00 NS
[mz113 ] G RO O ) \|]/ ’ é}’ N @
'z 3
o @ &

o0, e O
T f

!
i

a-lerpinene (my'z 137)

Q ©) @@ \\ \ S

The authogshoted that the hlghes @%sm rod @other than the low molecular weight products, accounted
for no than 6 % andhat déinant first-gégerati roducts were not detected. Thus, certain observed product
ions were likely sec genggation ‘?tmes@ Thus terpinene is readily degraded by ozone in the air to form

numér%”us gas- phase%wodu&c@;@ \ Q §
& @ A
% < R

Route of @Sp c De@ datn@?f p%Qy@mene
A{ gg RS
therat;\%i@ disc ng t natuf@@ the degradation of p-cymene in air was not available. Thus, for p-cymene, there

are j thg: tate of degradation in air. However all three terpenes are very similar in structure and
h@&l c @@ncal ch; ra 1cs so it is highly likely that their breakdown in air is similar and certainly rapid.

©
Route tmospheric Degradation of d-Limonene
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Grosjean et al. (1992) studied the atmospheric oxidation of d-limonene and characterized the reaction products.
They are depicted in Figure 7.10-2.

Figure 7.10-2. Reaction products of the d-limonene-hydroxyl radical reaction taken from Fi@@ 2
Grosjean et al., 1992. The abbreviation u.d. refers to unimolecular decomposition.
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As shown, OH radic&i‘f@add@ 0SS
degradates. @ @\

Jor . @ N .
Hakola et al. ( 94) also idegtified @etyl-@nethylcyclohexene and a keto-aldehyde (Figure 7.10-3 below) by

GC-FID usi@n a ti erence stan@rd and by GC-MS and GC-FTIR, respectively, thus confirming the

identificatjégs for of d lrad- enerated carbonyl degradates reported by Grosjean et al. (1992).
@&0 iHehydroky g yl deg ported by Grosj (1992)
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5 &
Figure 7.10-3. Two identified products of the OH radical reaction with limonene (Hakola et al. (1 '@'; . g§
& @
H;C O S
3 @Q @% \@
<
CHs O Q.9 >
O & N @@
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o S 9 & & 0o
N 5 | N
A7 Q ° & @
s
CHs @ \@ \OQ \© %@9 @
- MRS & @© SN
4-acetyl-1-methylcyClohexétie é\a -al deffde @  « A\ .
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The same carbonyl compounds form (&@ng wigh' forfhic and and&@éar lic @ s) bﬁcti&ﬂ%f d-limonene
with ozone (see Figure 7.10-4 below)@ XN

kN
D
Figure 7.10-4. Simplified mech@nism for %’gteractl@ﬁ of d-limonen wi@ ozone in air &en from Figure 3

of Grosjean et al. (1992) . & @ & @ NN
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Importantly,@ re@cher so noted th@e first-generation products were as reactive towards OH radicals and
ozone as pareit compp nd.é’hey go on to mention that the second-generation carbonyl products are not
expected(o accefulate in the osphere but rather undergo rapid oxidation to yield carbon monoxide and free
rag An e@mp@strat\\ig the further degradation of 4-acetyl-1-methylcyclohexene, formed from the reaction
of gither hydebxyl fadicaliyor ozone with limonene, is provided in Figure 7.10-5 below. In this case, smaller
carionyl pounds, namely, formaldehyde, glyoxal and 3-oxobutanal, were formed.
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Figure 7.10-5. Reactions of 4-acetyl-1-methylcyclohexene with hydroxyl radicals (Grosjean et al. 1992).
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It is also ra@rted that react@m W oxid%%f nitgpgen uce lower molecular products including formaldehyde,
acetalde , formic aci@acetagg”and @oxy tylnci{ e (International Programme on Chemical Safety, Concise
International Chemi Asgessmeng Docugment “No. 5, Limonene, World Health Organization, 1998

(hteg s inchem:ozg/do ngé@’ads/dsgé}dos.htm)).

Thus, reactions @f"d-limonene with oxylaradicals, ozone and nitrate radicals lead to a series of carbonyl
compounds t re f{i%;@r (@ﬂed&g very small molecular weight entities.

S
Co
o

. Yy Q& 9
Conch%@s @Q < @@

In co@%ﬂsio > en@blgnﬁg a-terpinene, p-cymene and d-limonene) QRD 460, being highly volatile, is likely to
de%;ﬁle ra@glyy in & an@ form smaller, naturally occurring molecules in the air. This matches the anecdotal
evidence fdm naturally occurring terpenes such as d-limonene in oranges where the citrus fragrance dissipates
rapidly@ﬁ breaking the orange skin or slicing the fruit. It also matches anecdotal evidence from the use of d-
limonene where it is used as a fragrance and the scent disappears after a few minutes.
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There is no evidence that any of the constituents of QRD 460 persist in air. The models suggest that they all break
down rapidly via hydroxyl radicals, ozone and nitrate radicals in a matter of minutes or hours and due to the nature
of their chemistry as terpenes, it is commonly accepted that they and their break down components will presgnt no
significant risk to the atmospheric environment. Anecdotal evidence from natural foodstuffs contaix@ th

terpenes and from their use as fragrances in household items supports this position.

S §
Risk assessment in Air © @ \Q
& 9
Following the principles of the dossier guidelines and the us Workingg &oup on Pesg%ldes T, Air %oﬂ
(SANCO/10553/2006 Rev 2, Pesticides in Air: Consideratio% for Exposu 52) ssessment, @epo pare(@by tlg@
FOCUS Working Group on Pesticides in Air, June 2008.), it is usual to esgipate the l1kel<?l‘ed env' me
concentration (PEC) of QRD 460 in its product QRD 482 This PEC célculation is usgplly pe rme@to al
comparison between the PEC and exposure scenarigssin other parts~of thesdossigls As Qeither soil ox water
compartments are viewed as relevant for risk assess , the following calm@a‘uon hassbe @rfor@d o@é basis
that the concentration in glasshouse air is most 11k&ly the v%pst ca%@’s it ;@} techr‘@’ally tam&g\au c artment

area (as opposed to the “open air” field). Q @ é\g @7& @ > o %

R e
¥ @ K Q N
vﬁ\"\\\©%©@ &

> S
Calculation of the PEC of the Actlvubst@}cesm Ql%&SZ t@@ila@mus@ Q ©
RN Ty S @”
Q (N S
EU Directive 91/414 requires the c@oulat Pof a d1cte@nv1r@ nt, Concat1 1n air although does

not provide detailed guidance oxChow this sh d be cafdied ot (SA /1 53/200 ev &). For QRD 452, a

product containing the three té%pene o-te ymeng.a nd di‘hmone%e the @Ca,r é))elevant to a glasshouse
application is presented here@he ca@ﬂahé«ag@mphshed as follow&ﬂ @ %

9 &
Assumptions Reo N N B
A
Q& @’ ”\a ©© @ o &
v" The maxi &aﬂon @ 6%) 452 1n th@enl@@e is {523 kgy{critical GAP) active
substanc pro@ct/h \\ % N A
v Area @typl U glgsshousy'is 2 6@12 with a tot@volu@gf 901 M (SANCO/10553/2006 Rev 2 1)

residue decline sﬁ@@es tom, ard eens Ti r@e at application rates greater than the
@rently prop lab ates have in gated @ the «zte;penes.olauhze within minutes to one hour after
spray apph@wn (l\&%bol and @s1du%%5ect1o£4 2, @’ius the assumption of immediate and
complete at1l1 tion (§ sprax}g re&(@’ents a@easo le, albeit a worst case, scenario.
te

v A glasshouse itati @Vo/hgur (S@CO/(]‘.53/2006 Rev2 ')
Thus, 1523 a©ctlve substan@s X § ge su@nces sprayed
39 g actw@bstances/90éM3 Q 3 g@y g/l()@ =0.043 mg/L =PEC greenhouse air.

*Area,of reenhouse M2¥area of 3 hect (10 ?Mz) 0.0256 (i.e., 2.56% of a hectare).
%o\g g

v' All three actfte subsﬁances%e Vol§t1l1ze 1%@6) the sshou@ air g@?ﬁedmtely after spraying. Previous

It should be note é{that all @Me gé) fron@node]@%, the literature and anecdotal evidence suggests that none of the
terpene const1t € persist in th@au and are rapidly broken down. This means that the PEC air as
calculated h@m %l is a Worst cgge and any exposure is very short lived.
< Yy QO &
/7 N (@) N
O

(/

3.4/00)

553/2006 Rev 2, Pesticides in Air: Considerations for Exposure Assessment, Report prepared by the
FOC orking Group on Pesticides in Air, June 2008

@smdle Sre alsb' mutg%l@and fully evaluated in Section 4 of the QRD 460 dossier (Points IIA 6.3.1/01, IIA 6.3.3/01 and
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Overall Conclusions

The physical-chemical properties of QRD 460 constituents, a-terpinene, p-cymene and d-limonene indisate hi
vapour pressures and high Henry’s Law Constants. This means that the dominant environmental sifgk t]
compounds is likely to be the atmosphere. Monoterpenes, as a class, are released fron@xegetation in fgrge apounts
to the air which supports the assumption that volatilization is the most important env ifohmental disstpation way
for these compounds. Once in the air, research publications and predictive model g indicate @@y arédegraded
relatively rapidly based on interactions with hydroxyl radicals, ozone and nitrate @cals the latt®at nr$ &

The microbial metabolism (catabolism) of terpenes has been Wl studied in e cultures 1al t@&atlo @
involving a series of oxidations that provide microbes with poth carbon anc@ rgy for grow S ﬁc adat@n
pathways in microbes have been published. B1odegr @tion studies fsing liquid cu@Jres asSwell &3 501@1
demonstrate rapid assimilation of these terpenes by bes with concomitagy prod@ﬂon &bromas and arbon
dioxide. Thus, these terpenes will not persist in air ( 501 lug\gﬂ@ Q@

ajor envirghent, 1@hk or
j al’ )

©

Constants suggest they will escape from either %e)ltural ters rom G waterinto _the air @

preventing long-range transport. This rapid rate th natuial wa nd soil, was 0 ‘F\@" \

There are no functional groups for these terpene&at cofdld be rol. @ever stat hrgh enry s Law

two recent studies. That is, DTses in natu water\xere d to@ les n lz@ours @all three terpg Shies tested
individually and DTygs, representing nea@omﬂﬁe remgval e te%nes f wer @und te no more
than 37 hours. In an aerobic soil degrédatio dy,> ®1ckl st fr sorl @jth DTsos less
than 24 hours and complete remova, m sol Was evrde Wlthlné ﬁ Thego exp en’gaf%sesults therefore
are consistent with the high Henry @Law cgﬁ?stant 1 the ompds a& lht t Wouﬁl be expected.

AT
In summary, a-terpinene, p-cyriene a%(; d- hm ne ig QRD @ and its proc&@Q 452 W1ﬁ®1’10t persist in the
environmental compartmentsgf air, €ojl andWater. Riablications from the ofen litérature tvide detailed accounts

of likely degradation/utilizatjon pathways dBwell §h e extent angsates ofvdegradation. ckay’s multi-media
fugacity model (Levels L@nd HI@O preyides vuabledy .3; rma@)n cdngcerning the dls%utlon and fate of these

monoterpenes in air, soffand wier. lly, eri 1 re&j“fs in nfural @ter al@erobrc soil support the
predictive models as@ll asgesearc ports@sl the opén @mre @
NN ORI @

Although calculéﬂ @esenteﬁ“herc‘& PEC@’ Value&has %?d % for § assessment as QRD 460 degrades
rapidly inair. & & O O @ @ S @
kY

S
IIA7® Deﬁn@mm@’the@ldue §@ @\@

As the three terpen se %1 Q 60 a@Qdegrz%& rapidly in thk environment, primarily in the air due to their
volatile nature, in_admatt §s t r%rs n@lgnrﬁ@nt r%due expected and so no residue is defined and
red

monitoring would%}e co nece@ry § @@

ITA 7.12 @ Momto@lg@ta c@}cergﬁg @ and behaviour of the active substance

@y and (%rele@}n abglites,"degradation and reaction products
N
S S . o .
As thethree terpen@ese QR@460 4% de rapidly in the environment, primarily in the air due to their
volatile nature, in a matt f h . theis n@3ignificant residue expected and so no residue is defined and

monitoring woul@?e considered@nne@ry @
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