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Abstract

The behaviour of decamethylcyclopentasiloxane ([D%iver water was evaluated by
measuring concentration changes in open beakdextize values for the partition
coefficient between organic carbon and walkesc] were derived by least-squares
optimisation of a dynamic model which accountedgdartitioning between the sorbed
and dissolved phases of D5, and for losses vidilisédion and hydrolysis. Partial
mass transfer coefficients for volatilisation weerived from model fits to controls
containing deionised water. Effective values of (kgc) were between 5.8 and 6.33
(mean 6.16). These figures are higher than soher experimentally-derived values
but much lower than those estimated from the odtawater partition coefficient
using single-parameter linear free energy relaligpss(LFERS). A poly-parameter
LFER gave a predicted lo¢§c) of 5.5. Differences in partitioning are believede
due to the nature of the organic matter presehe new value for effectiviéoc was
employed in a simple model of D5 behaviour in rév&r ascertain the extent to which
a higher affinity for organic carbon would depresfatility. The results suggest that
despite the reviseldoc value, volatilisation of D5 remains a significaatmoval

mechanism in surface waters.

Key Words: Decamethylcyclopentasiloxane, D5, volatilisatiover water,Koc
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I ntroduction

Cyclic volatile methyl siloxanes (cVMS) possessuansual combination of physico-
chemical properties, including both hydrophobieityd volatility. Recently, concerns
have been raised about their environmental pr¢fiteoke et al., 2008) because they
have relatively high bioconcentration factors, igipd) some potential for
bioaccumulation and because they patrtition to theaphere where they can
potentially be transported over long distances {@.kgelan et al., 2004; Wania, 2006).
One of the most widely used cVMS materials is deztagicyclopentasiloxane (D5)
which has a range of commercial applications inclg@cting as a carrier ingredient
in some personal care products (e.g. Horii and KanA008). Key properties for D5
are summarised in Table 1. Most D5 which is usetbsmetic products is likely to
be volatilised (Brooke et al., 2008), although samilebe sorbed to sewage sludge
during waste water treatment, and subsequentlyeapf agricultural land. There
will also be an emission to surface waters in geéaffluent. In the atmosphere, D5 is
expected to break down to silanols by reacting Wwittiroxy! radicals and is not
expected to partition significantly from the atmbspe to surface media (Wania,
2006), although silanols may be removed from th@oaphere by wet deposition (e.g.
Whelan et al., 2004). In water, D5 is not biodegtzle but does undergo acid- and
base-catalysed hydrolysis. Estimated hydrolysiflivas derived from experiments
conducted by Dow Corning (cited by Brooke et &00&) range from 9 days at pH 8
and 25 °C to 449 days at pH 7 and 9 °C. D5 doeapyear to be toxic to pelagic

organisms at the limit of aqueous solubility (¢dgbson et al., 1997).
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Although D5 has a very high air : water partitiaretficient Kaw), the potential for
volatile losses from rivers may be tempered byradtons with dissolved, colloidal
and suspended material. Estimating the partita@fficient for D5 between organic
carbon and wateKgc) is, therefore, very important for understanditsg i
environmental fate. David al. (2000) observed significant reductions in the
apparenKay of D5 measured in simulated waste water usinglieguim partitioning

in closed headspace vials. They estimated antefecalue of log Koc) of 4.38.

More recently, Whelan et al. (2009) showed a diearse relationship between the
rate of volatile loss of D5 and dissolved orgardadon concentration in open beakers
containing mineral medium spiked with Aldrich hunaicid (AHA). By fitting a
simple dynamic partitioning model to the data, Véine¢t al. (2009) estimated a mean
effective log Koc) of 5.28 [log (L kg')]. This is very similar to a mean value of log
(Koc) of 5.17 [log (L kg")] reported by Durham (2007), obtained from OECIB 10
batch equilibrium studies on three different soilsis also similar to the molecular
connectivity index estimate of 5.05 implementethe KOCWIN software (Sabljic,
1987; Meylan et al., 1992). However, it is muoWvér than the value ¢foc which
might be expected from single parameter linear éregergy relationships (LFERS)
betweerKoc andKow (€.9. Karickhoff, 1981). Applying Karickhoff’s lationship
(Koc = 0.41 Koy) vields a logKoc) value of 7.66, based on a 18gfy) of 8.05, (i.e.
the most recent industry-derived measured valueantdiKozerski, 2007) although
the LFER recommended in EU Technical Guidance (i8adilal., 1995; TGD, 2003)
for “predominantly hydrophobic” substances yielde@Koc) value of 6.6 (Brooket

al., 2008).
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One potential problem with extrapolating the obedrisehaviour and derivédhc

value reported by Whelan et al. (2009) to the rt@invironment is that this
experiment was performed using a synthetic mediuttm AHA. AHA is a natural
humic acid probably derived from cdalatch and McNeil, 2006; Malcolm and
MacCarthy, 1986) and differs in quality (and hesoeptive behaviour) from DOC
derived from soils, from aqueous environments aochfthat found in domestic waste
water (Malcolm and MacCarthy, 1986). In this paper examine the relative
importance of phase partitioning in natural riveat@r using a combination of

laboratory experiment and mathematical modelling.

Materialsand Methods

Experimental

The experimental system was similar to that deedrity Whelan et al. (2009).
Briefly, the concentration df'C -labelled D5 was measured at different time iratksr
in open beakers (volume 0.4 L). Each beaker Ihit@ntained 300 mL of liquid.
Six treatments were established, each with thneleceges: (1) Millipore water,
stirred; (2) Millipore water, static (unstirred}3) River water filtered through a 0.45
um filter, stirred; (4) River water filtered through0.45um filter, static; (5) River
water filtered through a 12%m filter, stirred and (6) River water filtered thugh a
125um filter, static. In those treatments which weiged, identical glass-coated
magnetic stirrer bars were used with a multiplaegnetic stirrer in a fume cupboard.
The stirring rate was set at 150 rpm. River waias collected from the River Nene
(Ditchford, Northamptonshire, UK) approximately 1®@ters downstream of the

Broadholme WWTP (which serves approximately 188 8@fulation equivalents).
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At this point, the Nene has a mean annual dischairgpproximately 4 rhs? (more
than a third of which is derived from treated waséter) and is considered to be
eutrophic (e.g. Balbi, 2000). It has also beenifantly modified for navigation,
principally via the construction of a series ofkec Further details are decribed in

Balbi (2000), Williamset al. (2003), Joblinget al. (2006) and Sparhaet al. (2008).

Radiolabelled D5 used in the experiment was kimldigated by Dow Corning. The
material had a specific activity of 120.5 uCitngrhis was used to prepare a dosing
solution by dissolving 10uL in 1 mL of acetonitril@he concentration of the dosing
solution was 1.584 mCi mt(13.145 mg mL%). Radiochemical purity was estimated
to be ~97%. As a suitable method for purificatieess not available at the time the
experiments were conducted, and because of thélealature of the test substance,
no purification was attempted. The impurities wateounted for in the model and

are not believed to affect the interpretation &f data.

The dosing solution (7uL) was added to the lignieéach beaker using a positive
displacement pipette just under the surface. rAlitments were at room temperature
prior to test item addition. The experiment wasdwgcted in the artificial light of the
laboratory. Although this may have resulted in ea@tgal growth, with associated
addition of photosynthetic organic carbon to thetey, no such growth was visible
and it is assumed here that photosynthesis wagyitdgl Samples were collected
from each beaker at 0, 2, 4, 6, 24, 48 and 72dn dfising (). At each sampling
event, triplicate 5 mL aliquots were withdrawn (meksel) and were counted with 10
mL of Starscint (Perkin Elmer Life Sciences) in eBman-Coulter LS6000TA

scintillation counter. Temperature was observegeteonstant throughout the
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experiment at 25 °C. The average pHatas 8.01 + 0.01 and did not change
significantly over the course of the experiment.tife conclusion of the study, the
contents of each beaker were discarded and thetseakre rinsed with 10 mL of
THF followed by 10 mL of acetonitrile. Residuatii@activity in rinse solvents was
determined for 5 mL of solvent in 10 mL StarsciResidual radioactivity associated
with the glass beaker and stirrer bar at the eridleoéxperiment was always < 1% of
theC present aptand there was no evidence of any settling ouolidl sesidues
during the experiment. It was not possible to wheitee the extent of any association
of *C with the beaker walls or stirrer bar during teerse of the experiment because
no provision was made for sacrificial analysis.wdwer, this association is assumed
to be minimal. Organic carbon concentration wassuesd using a Shimadzu TOC-V
total organic carbon (TOC) analyzer. No charastion of the organic matter was
attempted. The nature of the organic matter ptasgireflect its multiple sources
which include dissolved and particulate losses fsmifs in the catchment,
autochthonous carbon from in-channel photosyntlesissewage effluent. Treated
effluent accounts for approximately 30% of meaerrigischarge at the sampling

station.

Model

The behaviour of D5 in the experimental system described using a dynamic
mathematical model of partitioning and degradati®he model is based on that
described in detail by Whelan et al. (2009) and s@ged numerically. Only a brief
description is included here. The total mass diolabel in the systeniMy) at any

point in time is
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M; =M +M_ +M, +M, (1)

whereMs is the mass of radiolabelled D5 in the sorbed @hds is the mass of
radiolabelled D5 in the dissolved phab, is the mass of any hydolysis products
generated anily is the mass of radiolabelled contaminant (in§i&%6). The
radiolabelled contaminant was assumed to be naatilobased on observations of
residual radioactivity in a number of pilot trialdhich was approximately consistent

with the level of radiochemical impurity.
Hydrolysis was described using

dc,,
dt

= Kpa-Co 2
wherekyq is a first order kinetic rate constanlllht is time (h),C, is the
concentration of radiolabelled D5 in the dissolpb@dse andy is the concentration
of radiolabelled non-volatile hydrolysis produatsg; dimethylsiloxanerw-diols i.e.
HO(Me,SiO)H [n =1 - 5]). A value fokngy was assumed priori based on a half
life of 9 d (valid for pH 8 and 25 °C - derived fnounpublished experimental data

generated by Dow Corning and cited by Broekal., 2008).

The only loss of radioactivity from the system veasumed to be via volatilisation

which was described using:

d& - -
dt kvoI 'CL (3)
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whereCr is the overall concentration of radiolabelled matendk (h'l) is the rate

constant for volatilisation i.e.

Z

vol

wherez is the water depth (m) arkgl (m h?) is the overall water-air mass transfer
coefficient which was estimated by least-squaresrgation of the model on
measured concentration data from the controls fis2d water). Note that because
the Kaw for D5 is so highkr will be approximately equal to the water-side iart

mass transfer coefficient in the two-film resistameodel of Evaporation (Liss and
Slater, 1974). The relative magnitude of diffusigsistance on the air side of the film
will be negligible. Depth changes over the cowfsthe experiment due to
evaporation of water (rate ~0.2 mi)land sample collection were accounted for in
the model via temporal adjustmentkqfi and the concentration of organic carbon
(Coc) in each beaker. Equilibrium partitioning of D&tlween organic carbon and

dissolved phases was assumed, i.e.

CL:(MT—MN—MHJ 5)
VL'(1+COC'KOC)

whereV, is the volume of the liquid phase (which changes ¢the course of the
experiment). After derivation & (via optimisation on the control data), the only
unknown isKoc, which can be derived by least-squares optimisaifdhe model on

the treatment data, given a measured vali@ef Note that, strictly speaking, the
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Koc values derived from the 0.48n-filtered treatments refer, operationally, to
dissolved organic carbon (DOC) : water partitionjng. they are effectively values of
Kboc). Whilst we recognise that there may be imporsgstematic differences
betweerKoc andKpoc for many chemicals (e.g. Burkhard, 2000), thetiehiscope of

our experimental design does not allow these diffees to be distinguished for D5.

Results and Discussion

The mean measured concentrations of total orgamtma in the 0.4hm- and 125

um- filtered river water were 1.3 and 5.1 mg €, kespectively. Mean measured and
best-fit estimates of théC remaining in beakers over time are shown in Eidufor
stirred treatments and in Figure 2 for static trestts. In each case (stirred or static),
there is a clear difference between treatment$, significant reductions in the
apparent loss rate in both river water treatmeotspared with the respective controls
(deionised water). In all cases, within-treatmeanriability was generally low. The
mean coefficient of variability (ratio of measurgdndard deviation to measured
mean*‘C concentration for triplicate samples at each simmpoint in each

treatment, averaged by treatment) ranged betwdeangl 13.5 % in the stirred
treatments and between 2.1 and 6.7 % in the $tatitments. As expected, loss rates
were slower in the static treatments, confirmirgf tolatilisation was the
predominant loss mechanism. The lowest rate fur the stirred and non stirred
treatments was observed for the 1@b-filtered river water, which had the highest
organic carbon concentration (5.1 mg €ile. almost four times higher than in the
0.45um filtered water). For the 0.48n filtered treatments, the increase in apparent

half life compared with the respective control wsamsilar in both the stirred and

1C
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unstirred systems (at about 2.6 times). Howeweretwas a much greater difference
in the behaviour of the two river water treatmentthe stirred system than in the
static system. For the 12&n filtered river water, the apparent half life retstirred
system was about 8.3 times that in the control,redeein the unstirred system the

apparent half life was only about 3.3 times gretitean in the control.

The model was able to describe changes in raduigcit the experimental system
well, particularly in the case of the stirred traants (Figure 1). Deviation of model
fit from the experimental data is expressed aRibat Mean Square Error (RMSE).
For the control, the RMSE of the fits was 1.30tfar stirred system and 5.95 % for
the static system. The RMSE values obtained ®@ritker water treatments are shown
in Table 1. In the static treatments (Figure 2)phedicted temporal pattern did not
match the observed data for some points (e.g. abB#s in the case of the control
and, in the case of the 0.4k filtered treatment, in the initial stages of the
experiment and at 72 hours) but overall the matak still reasonable.

Derived values for logoc), shown in Table 2, were between 5.8 and 6.33naarée
relatively consistent (mean 6.16; standard dewiadi@5). There was no apparent
relationship between the valueKéc obtained and the treatment. The lowest value
was derived for the 125m filtered static treatment and the highest forGhsum

filtered stirred case.

Two of the main sources of uncertainty in the degivalues oKoc are uncertainty in
the measured concentration of TOC and uncertaintiye concentration ofC
remaining (characterised by the variability in tplicate measurements made in

each treatment). Since the model is implementedrasnerical solution to series of

11



263 ordinary differential equations, it is difficult wbtain confidence intervals using
264 standard statistics without linearization. Instehé sensitivity oKoc to the

265 measured TOC concentration was evaluated by reaggtig the model fits to the
266 observed radioactivity data (Figures 1 and 2) uSifp confidence limits for the
267 TOC concentration during fitting (rather than thean TOC). The coefficient of
268 variation for repeat TOC measurements on the sarewater was typically in the
269 range 3 - 6.5%. A conservative value of 6.5% vessimed here. The ranges in
270 resulting values for fitted lodkc) are shown in Table 2. Note that using the upper
271 and lower 95% confidence limits for TOC resultgireduction and increase,

272 respectively, in the deriveldoc relative to using the mean. However, the results
273 suggest that the derived valuekaic is relatively insensitive to minor measurement
274  errors in TOC concentration, typically changingdmy about 0.03 log units.

275  Uncertainty arising from inter-replicate variahjlin measured“C concentration was
276 expressed as 95% confidence intervals for the e@Kyc value in each treatment
277 (Table 2). These were calculated (using the titligion) from standard error

278 estimates oKoc, obtained from three different model fits on théad@om individual
279 replicates (rather than fitting on the mean valirgach treatment (Whelahal.,

280 2009).

281

282 In analogous experiments in which changes in ratlielled D5 concentrations were
283 measured in an AHA-amended mineral medium (Whetah £2009) the model was
284 also able to describe concentration changes vellyimie initial period of the

285 experiment. However, the rate of volatile lossegypd to decrease asymptotically in
286 all treatments, with an apparent relationship betwihe asymptote and the organic

287 carbon concentration in the treatment. Whelan. €2@09) invoked a bound-residue

12
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hypothesis to explain this phenomenon, based gpathetical slowly reversible
absorption of D5 to internal sites within colloidsnsisting of complex AHA
macromolecules. In the data described here, seonsistent asymptotic deviation in
loss rate from first order kinetics was not apparérhis could be due to the shorter
time over which this experiment was conducted (@2r& compared with 120 hours in
the case of the AHA experiment). However, it caallsb be due to the nature of the
organic matter present in the respective systerhgs would also provide a
reasonable explanation for differences in the agi#oc values observed in the two
experiments. Different types of organic matterkarewn to exhibit different sorptive
properties and to give different effective valuesrelevant partition coefficientg.g.
Gauthier et al., 1987; Raber et al., 1998; Tanalé €2005; Niederer et.aR007).

For example, significant correlations have beeal®isthed between increasikgc
and decreasing polarity index and a reduced nuwibeeidic functional groups
(Tanaka et al., 2005). Partition coefficients camge over more than one order of
magnitude using organic matter of different origi@suthier et al., 1987; Tanaka et
al., 2005). Terrestrial humic materials often hhigher sorption coefficients
compared to organic acids taken from aquatic syste®imilarly, values oKoc
derived for AHA are often, although not always,aepd to be higher than those for
natural dissolved organic matter (e.g. Raber e 8P8). However, in the case of
cVMS materials, the type of molecular interactiorsch take place are known to
differ from many organic chemicals, which is whgytpossess such unusual
combinations of partitioning properties. The malec interactions involved in D5
sorption to organic matter were explored using areham-type poly parameter

LFER. Such relationships account separately ferctntribution of different

13



312 molecular interactions to the free energy of mdiactransfer between two phases
313 (Abraham, 1993). They often take the general floniKoc:

314

315 logK,. =eE+sS+aA+bB+vV +c (6)

316

317 wherecis a constang, s, a, b andv are matrix-specific parameters, which depend on
318 the difference in chemical properties between agyearbon and water (Nguyen et
319 al, 2005) and wherk, S A, B andV are so-called solute descriptors, which quantify
320 the capacity for specific intermolecular interango Specifically, they refer to excess
321 molar refraction ), dipole-dipole interactionSj, hydrogen-bond acidityA],

322 hydrogen-bond basicityBj and characteristic volum&Y, Matrix descriptors foKoc
323 have been derived empirically by Nguyen et al. 8Q&king 356 measurdthc

324 values for 75 chemicals in a range of soils andhsexts. Nguyen et al. (2005) also
325 report regression parameters Ky. Solute descriptors have been determined
326 independently for siloxanes, including D5, by Ahnetdl. (2007) using a range of
327 techniques, including gas chromatography and lidjgigid partitioning. The above
328 parameters, together with derived values ofKegj and logKow) for D5 are shown
329 in Table 3. The derived values for |6g) and logKow) were 5.5 and 7.75,

330 respectively. They suggest that the ppLFER isaaamable predictor of lo§6c)

331 compared with the measured values reported by Du@807) and Whelan et al.
332 (2009). However, this value is somewhat lower ttienvalues oKoc derived from
333 the experiments reported in this paper. Theréssadiscrepancy between the

334 ppLFER-derived value of loow) and the observed value of 8.05 reported by Xu
335 and Kozerski (2007). Without an independent meamant ofkow it is not possible

336 to comment further on the validity of this estimaféhe solute descriptors shown in

14
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Table 3 (Ahmed et al., 2007) suggest that D5 hgatie excess molar refractios)(
and near zero polarizability)( but relatively high characteristic volum©) @nd
hydrogen bond basicityj. These features might explain the lower appaa#irtity
of D5 for AHA compared with the organic matter iater collected from the River
Nene, which has mixed origins and which has aiwelgthigh fraction of treated
waste water effluent, if phase descriptors for Akl river water organic matter
were to be determined. In any case, additionalirapwork is needed to
understand differences in partitioning behaviourl3 and other cVMS materials,

with different types of organic matter in the natwgnvironment.

Implications for Environmental Behaviour

The implications of different effective valueskdc derived from different
experiments for the fate of D5 in river water werplored using an extension of the
model described above. The model was solved td gleanges in D5 concentration
for time-of-travel (i.e. the quotient of river distce and velocity) in a 2 m deep river
over 96 hours. This corresponds to a distanc&®fkin, based on a mean solute
velocity of 0.4 m&, which is representative of river lengths in th€. UThree

different TOC concentrations (1, 5 and 10 mg &} were considered with two values
of log(Koc): 5.28 (after Whelan et al., 2009) and 6.16 (tleamvalue derived here).
The range of TOC concentrations is typical of #uege reported in British rivers (e.qg.
Worrall et al., 2004). Equilibrium partitioning twezen the freely dissolved and
sorbed (suspended solid, colloidal and dissolvgdmc carbon fractions) phases was

assumed. No D5 exchanges between the bed and bfthiesriver and the water

15
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column were considered. This is reasonable ikyfstem is in steady state, such that
the bed material is in equilibrium with the watetwimn (Schwarzenbach et al.,
2003). Whilst rivers clearly experience transiesnditions during storm events,
under normal and low flows the steady state assomf a valid one for chemicals
discharged continuously via waste water (Whetzad., 1999; Facchet al., 2007).
Values for the partial mass transfer coefficientthie two-film resistance model for
volatilisation (e.g. Mackay, 2001) were set at (@8 5 m H, respectively, for the
water ky) and air ka) sides, as recommended in EU Technical GuidanG®(T
2003). Again, it should be noted that for suchgh lvalue ofKan, the value oka has
no influence on the rate of volatilisatioA hydrolysis half life of 64 d was assumed
for dissolved phase D5 (representing pH 8 and 9 @j)er the four-day time-of-
travel considered here, hydrolysis was alwaysatively unimportant contributor to

D5 losses (< 4%), even in the absence of orgamimoca

Changes in the predicted concentration of D5 iarrivater with time-of-travel are
shown in Figure 3. With no organic carbon in thetev, the loss of D5 is relatively
rapid with a dissipation half life of 27.7 h. Howves, with increasing TOC
concentrations, the rate of volatile loss decregsasicularly if a high value is
assumed foKoc. The effective half lives for the hidfoc scenario were factors of
2.07, 4.38 and 5.79 higher than for the ke scenario for 1, 5 and 10 mg CL
respectively, given an equivalent TOC concentratigplatilisation was predicted to
reduce D5 concentrations by 63, 25 and 13%, reispéctor TOC concentrations of
1, 5 and 10 mg Ct, in the highKoc scenario over a four day time-of-travel.
However, it should be noted that in real riversaaniration changes are likely to be

influenced by river discharge and depth variati@patial and temporal) and by

16



387 changes in turbulence (which will affect gas exgegnas well as by various

388 emissions from waste water treatment plants albadength of the river. It should
389 also be noted th#toc is likely to be temperature dependent. Unpubtsiieta from
390 Dow Corning suggest that there is a positive refethip betweeKow and

391 temperature (positive enthalpy of phase changa} eixpected, therefore, that the
392 effective environmentd{oc value will, in fact, be lower than that implied the

393 experimental data reported here since, excephéotropics, river water temperatures
394 are likely to be lower than 25 °C. Additional emgal work is needed to verify the
395 river predictions reported here, which should idel@a study to measure changes in
396 concentration in the same mass of water with tifrteawel (e.g. employing dye

397 tracing) similar to that described by Whektral. (2007) for Linear Alkylbenzene
398 Sulphonate.

399

400

401 Conclusions

402

403 * A simple model was used to describe observed clsangée concentration of
404 radiolabelled decamethylcyclopentasiloxane (D¥)pen beakers containing
405 deionised and river water.

406 » Values for the effective log partition coefficidmtween organic carbon and
407 water [logKoc)] were estimated, via model optimisation, to rabgeveen 5.8
408 and 6.33, with an average value of 6.12 log(l})kg

409 * The model was extrapolated to predict D5 behaviman idealised river

410 reach under steady state conditions with diffecemicentrations of TOC and
411 assuming different values Bbc. The results suggest that although the rate of
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412

413

414

415

416

417

418

419

420

421

422

423

424

425

426

volatilisation is retarded by higher valueskqfc, water-air transfer is still
likely to make a significant (>50%) contributiond¢oncentration changes of
D5 over typical solute travel times in relativelyadlow river reaches with low,
but realistic, TOC concentrations.

* Additional work is required to quantify the affipiof D5 for natural organic
matter of different origins and to develop a medstamunderstanding of any

differences observed.
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Table 1. Key properties for D5. Partition coefficientseeto ‘octanol : water;
2octanol : air?air : water.*Cited in Brooke et al. (2008)Based on an experimentally
derived rate constant of 16802 cnt® moleculé' s* (at 24°C) and an average

atmospheric hydroxyl radical concentration &8> molecule cr.

Property Value Sour ce

CAS Number 541-02-6 Mazzoni, 1997

Molar mass 371 g mol Mazzoni, 1997
Aqueous solubility at 20 °C 0.017 g'm Mazzoni, 1997

Vapour pressure at 20 °C 30.4 Pa Mazzoni, 1997

log (Kow)" 8.05 Xu and Kozerski (2007)
log (Kon)® 5.04 Xu and Kozerski (2007)
log (Kaw)® 3.01 Xu and Kozerski (2007)
Atmospheric half life 10.4 days Atkinson (1991)




10

11

12

13

14

15

Table 2 Treatment, initial organic carbon concentrationtjal value ofk, (i.e. ko at

to) and estimated values of lo§dc) at 25 °C. Values in round parentheses show the

95% confidence limits for measured organic carbmmcentration and the resulting

range of logKoc) estimates. Bold values in square parentheses 81@95%

confidence intervals for lof(c), arising from uncertainty in measured inter-regte
C concentrations in each treatment.
Treatment OC content Initial | Best fit log RM SE
(mgCL™Y) | kw(h? (Koc) (% loss)
C-labelled D5 in 12%m 5.1 0.188 | 6.220.07] 8.41
filtered river water. Stirred. (4.78, 5.42) (6.19, 6.25)
C-labelled D5 in 0.45m 1.3 0.188 | 6.330.20] 3.47
filtered river water. Stirred. (1.22,1.38) (6.30, 6.36)
1C-labelled D5 in 12Hm 5.1 0.067 | 5.800.04] 1.76
filtered river water. Unstirred. |  (4.78, 5.42) (5.78, 5.84)
1C-labelled D5 in 0.4%m 1.3 0.067 | 6.30(.15] 3.66
filtered river water. Unstirred. | (1.22, 1.38) (6.27, 6.33)




16

17 Table 3 Matrix parameters for log<c) and log Kow) [Nguyen et al., 2005], solute

18 descriptors for D5 [Ahmed et al., 2007] and derivatues of logKKoc) and log

19 (Kow). See text for explanation of terms. *Derivedngsall collected data rather than

20 using averages.

21
eorE sorS aorA borB vorV c Derived

Value

Matrix descriptor

[log(Koc)]* 1.08 0.83 0.28 1.85 2.55 0.12 5.5

Matrix descriptor

[log(Kow)] 0.78 1.17 0.14 2.85 3.25 0.47  7.75

Solute descriptor -0.698 -0.08 0 0.632 2.931 1
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Figure 1 Changes in the activity remaining over time imretl beakers spiked with
1C-labelled D5. Symbols: measured mean + 1 stardiwihtion; Lines: Best fit
model. (a) Deionised water; (b) River water filgtarough 0.4%m; (c) River water

filtered through 12%m.
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Figure 2 Changes in the activity remaining over time irtistéunstirred) beakers
spiked with'“C-labelled D5. Symbols: measured mean * 1 starevihtion; Lines:
Best fit model. (a) Deionised water; (b) River wdtkered through 0.45m; (c)

River water filtered through 123%m.
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Figure 3 Changes in the predicted concentration of D5 vuitie-of-travel in river
water with different concentrations of organichzar (0, 1, 5 and 10 mg C*.and
assuming different values for lo§dc). Solid Lines: log Koc) = 6.16; Dashed Lines:
log (Koc) = 5.28. Numbers show the concentration of TO@ @Y. In all cases

the depth was 2 m.



