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PHARMACOKINETICS OF ETHYL ACETATE IN RATS
AFI‘ER INTRAVENOUS ADMINISTRATION

3 .
HAEI. No. 97-0300 CAS No. 141-78-6 KAN 900300

ABSTRACT

The objective of these studies was to determine the rate of hydrolysis of ethyl acetate in male
rais in vivo and in vitro. Rats were obtained with ju~lar, or jugular and femoral vein
canmulae to allow rapid and precise dose administraii 1 and sampling for these short duration
studies. Initial studies determined that due to respira.ory and circulatory depression caused. by
larger bolus intravenous doses of ethyl acetate in saline, the high dose level for the blood and
brain kinetic stadies would be 100 mg/kg. A low dose (10 mg/kg) blood kinetic stndy, and an
in vitro blood kinetic study were aleo conducted. The rate of hydrolysis of the [*Clethyl
acctate was quantitated by analysis for [1“Clethyl acetate, (“Clethanol, [**Clacetate, and
[**Clacetaldehyde by HPLC with radiochemical detection. Following the 10 and 100 mg/kg iv
[*Clethyl acetate dose administrations, distribution aud equilibration of the bolug doses was
rapid, followed by very rapid elimination of the parent compound. First order elimination
rate ponetants of 0. (0208/s and 00188/ and elimination half.lives of 33.4 s and 36.9 2 were
estimated for the 10 and 100 mg/kg Joses, respectively. The similar elimination rates for
these two dose levels indicate that the carboxyesterase capacity was not saturated at the high
dose level. Brain tissue homogenates assaysd following 100 mg/kg intravenous doscs of ethyl
acetate indicated that brain total [**C] oncentration: .ere approximately 75% of those seen in
the blood following the 100 mg/kg administrations. Ethyl acetate in the brain was rapidly
hydrolyzed (ki = 0.0235/s), and the ethanol formed was rapidly eliminated. An in vitro
ethyl acetate hlood kinetic stady, conducted at approximately the same conceatiation as
meagured in the initial 100 mg/kg in vivo study sampies, yielded an estimated elimination rate -
coastant of 0.0298/min, only a frac.don of that sstimate! from the in wwo studies. This
indicates that systemic organ carboxyesterase activity ir edominant in the in vivo hydrolysis
of ethyl acetate. .
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INTRODUCTION

The objective of these studies was to determine the rate of hydrolysis.of ethy] acetate ir male
rats in viverand in vitro. Mamma'ian tissues, inciuding blood, are known to ccatain
uonspecific ~arboxyesterases capable of hydmlyzing simpie aliphaiic and aromatic esters, with
the highest activities found in the liver an-! kidney (Heymann, 1980, Kaneko 7 al., 1994).
Ethancl and acetate will be produced by the hydrolysis of ethyl acetate (Gallaher and Loomis,
1975), and subseqaeat oxidative metabolism of ethanol to acetic ac'd may occur with
acetaidehyde occurring as an intermediate. The bydrolysis reaction was expected to ocair
quite rapidly bascd on studies conductad in this laboratory on structuraily simiiar chemicals
(Deisinger ard English, 1997), thercfore accurate measurerent of the kine'ics would requice a
sampling protocel capable of precision dosing and sampie collection over a relatively short
{seconds) fime span. This was accumplished through the use of rats surgicaliv implanted with
indwelling juguiar and femoral vein cannulae (blood kinetic studies), or with only a famoral
vein cannula (brain kinetic siudies). The preseace of the cannulae allowed reliable, {arge
volume, bolus dose delivery, and reproducible blood sampling at short intervals.

The hydrolysis of ethyl acetate in the blood kinetic studies was menitored by follcwing the

‘decline in [**Clethyi acetate and increase in [**Clethanol and [*Clacatic ac.d concentrations in

blood following an intravenous (iv) dose. Similarly for the brain kinetic studies,
concentrations of [**Clethyl acetate, [“Clethanoi, and [**CJacetic acid in brair tssue were also
determined. In addiiion, the in vitro hydrolysis rate of ethyl acetate in whole blood was
determined by measuring the decline in [“*Clethyl acetate corcentrations in bicod spiked with
micromoiar concentrations of {**Cjethyi ace~te. Together, these studies provide kinetic
information on the in vivo systemic hydrolysis and in vitro blood hydrol;sis of cthyl acetate in
we rat, :
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MATERIALS AND METHODS
 Anfmals

5

- Male Sprague-Dawley rats [ZML:(SD)MBM/VPF] were purchased from Zivic-Miller

Laboratories, Inc., Zelienople, PA 16063. The animals were surgically prepared by the
vendor with 2ither femoral and jugular vein cannulae (probe and blood kinetic studies), or .
femoral vein cannulae only (brain kinefic studies). The patency of the cannulae were -
maintained by daily aspiration and refill of each with a viscous solution of 50% */,
polyvinylpyrrolidone (molecular weight 40,000, Sigma Cat # PVP-40) in sterile saline
containing 250 IU/ml sodium heparin. Additional animals were obtained without surgical
alteration (in wvitro blood kinetic studies). The animals were identified individual' .sing
uniquely numbered ear tags. Prior to the studies, animals were housed i -ire-mecsn,
stainless-steel cages with roo— iighting following a 12-hour light/dark cycie. Room
temperatures and relative ' - ities were maintained between 19 - 23 °C aud 40 to 67%,
respectively. Veatilation w... .rovided at a rate of at least 10 to 15 room air ckanges per
hour. Animals were fed certified rodent diet (PMI, Inc. Rodent 5002 Pellet) ad libitum, and
allowed access to domestic tap water ad libitum. At the start of the studies, ihe animals were
young adults and weighed between 266 and 402 g. Animais were selected from the study
animal pool using a random nurzher generator (Hewlett-Packard 328 T scieatific calculator).
The calenlator requires a seed rixnber to generate the first random = rilinber. That random
number then becomes the seed for the next random number. A seec number consisting of 6
digits representing the math, day, and year of the study was used.

Test Chemicals
Unlabelled Chemical

Test Substance Name: ethyl acetate
Synonyms: acetic ether, acetic acxd ethyi ester
CAS Number: 141-78-6
Kodak Accession Number: 900300
HAEL Number: 97-0300
SRID # 02235AQ
Source of Test Substance: Sigma-Aldrich Chemical Compary

St. Louis, MO 63178

Cpa
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| Purity and Structure Confirmation:

The unlabeled ethyl acetate was analyzed by gas chromatography with mass
selective detection (GC/MSD, Hewlett-Packard 3890/5970) to verify the chemical
structure and chemical purity of the material. An aqueous solution of the unlabeled
ethyl acetate was prepared at 8.5 mg/ml and was analyzed on the GC/MSD using a
30 M x 0.25 mm DB-Wax capillary column (J & W Scientific). The unlabeled
chemical was found by GC/MSD analysis to have a chemical structure consistent
with tha* or ethyl acatate. Ocly a single peak was detected in these chromatograms.
No peak was detected in blank water injections.

Radic:abeled Chemical

Source of Radiocha;zisal: {{EN Life Science Products
Paseaq, MA 95691

Recapr - ta: 2

I.nt Ny - 280045

~ael Posic: - 1-EthyI[“C]

Totai Acgvit 5 mCi

Specific Radioactivity: 3.10 mCi/mmol

Radiochemical Purity: 99.73% (Vendor Assay)

Acquisitioa No : C-148 g

Purity and Strucare Ce afirmation:

The [“*Clethy] acetae was diluted to a specific radioactivity of 0.42 mCi/mmol with
the uniabeled ethy! acetate. The diluted [“Clethyl acetate was analyzed by gas
chromatography with mass selective detection (GC/MSD, Hewlett-Packard
5890/5970) to verify its chemical structure and purity. This analysis indicated a
mass purity of greater than 99%, and produced a mass §pectrum consistent with the
chemical struciure of ethyl acetate.

The diluted [**Clethyl acetate was also assayed for radiochemical purity by hich

- pressure liquid chromatography with flow-through radiochemical detection

(HPLC/Rad, Hewlett-Packard 1090M/Beckman 171). A 4.6 x 170 mm, S ym
particle size, Supelcosil LC-18 reverse phase column (Supelco, Inc.) was used with
a gradient mobile phase consisting of 90/10 ammonium acetate buffer (50 mM, pH
6.4)/acetonitrile for 16 min to 40/60 ammonium acetate/acetonitrile at 20 min, hold
for 5 mic. This analysis indicated a radiochemical purity of greater than 99%

o
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of [“C]Ethanol Standard .

(*“C]Ethanol, wbensedasachmmatognphcmdard. wprepuodbybamhydmlym
of [“Cjethyl acetate. Briefly, a dilute solutida of [“Clethy! acetate in 2.5 N sodium
hydroxide was refluxed for one hour in a boiling water bath. The solution was then
cooled, neutralized with acetic acid, and 2ssayed by HPLC/Rad to assess the radiochemical
purity of-the prodnct. These analyses indicated that the product was approximately 99.8 %
radiochemically pure with a retention time corresponding to autheatic, unlabelled ethanol.

Unlabelled Acetic Acid Standard

Acetic acid was obtained from Eastman Kodak Company, Rochester, NY 14652. The
chemical was analyzed by HPLC with ultraviolet absoption detection (HPLC/UV) to define
conditions underwhxchdnseompwnd could be separamd&omethylacetate and ethanol.

Study Designs

Probe (Toxicity) Study

The proposed high dose level for these studies was 425 mg/kg (based on an aqueous
solubility of 8.5% and a § ml/kg iv dose volume) or S0% of the iv LD, whichever is
lower. To determine the final high dose level, 3 male SD rats, previously implanted with
both femoral and jugular vein cannulae, were administered a dose of 425 mg/kg unlabeled
ethyl acetate via the femoral vein cannula. 'I‘heseammahwereobmvedﬁorugnsof
morbidity and mortality.

Repeat Probe (Toxicity) Study

Due to the respiratory depression observed in the above study, the Probe Study was
repeated at lower dose levels. The endpoint for the repeated probe study was defined as a
lack of observable respiratory effects. The low dose level for the blood kinetic studies was
defined as a factor of ten below the high dose.

Deproteinization Efficacy Study

The whole blood and brain tissue homogenates were chemically dq:rotumzed with sodium
tungstate and cupric sulfate using the method of Smith (1984) prior to chromatographic
analysis. The deprotemmnon procedure was intended to clarify the sample and halt the
esterase activity in the tissue. The efficacy of the deproteinization procedure was evaluated

B}
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7riue -« cecution of it Kinetic stu-lies by spikdng Foprowivized whoio biocd azd brain
krmogenie vith approximately 0 9 mg/mi {“Cledyl acetate. The deproteinize ] ‘issues
viote Inere tee wih Cletby! 2ctiate 2t %0ik toom tempeinoire and on ise forup o 182
mrin, ard - ~re assayed tor (MOt o fas nd its bydroissis prodis v by HPLC Rad.
Noadz roteinized wiiole blood and bea. 1 sm sgenate incobations with 0.9 nzim;
[MCle .y cetaie served as positive coatre’s for 1y &0y

Biood Kinrtic Sadies

Groups of five mz.e SI rats werc adiministered a saline sobution of |“Clethyl acetate as 2
bolus via the &.moral vein canntia <t 160 o 12 mg/kg dosz leveis (3.75 mb/kg). The dime
of dose was recozded as the tme the ctiy] acetate - Jministration was completed. Serisi
blood samples were collected with a heparinized syringe (5 TU/inl sodium beparin) from
the jugular vein cannula of each animal at 8 tire pobits ranging from 30 to 540 sec
following the dose zdministration. Followinz deproteinization, blood concentrations of
[“Clethyl acetate, [**Clethanol, {**Clacetaldel.ode, acd [“Clacztic acid were determine< oy
HPLC/Rad. Total {*C] concenirations in w* e blcod and in deproteinize2 Hlood we =
determined by liquid scintillation courting (* 3C, LIB 1217, : KB Insiruaver.s, nc.,
Gaithersberg, MD).

Brain Kinetic Study

Groups of four male SD rats were administered a salin: scludon of [“C)etiyi acetate ¢ a
bolus via the femoral vein cannula at 100 mg/kg (3.75 ml%p). The time of dge WAS
recorded as the time the ethyl acetate administration was sompleted. Th.e .atimals werz
euthanatized by exsanguination under COs anesthesia at each of four tirae pri 3 from
approximately 30 to 300 s following dose administration. The bra’n wes ex:. g,
homogenized in ice cold saline, and deproteinized. The CO:z anesthesia tire 2:id the Lraia
homogenate deproteinization time was accurately recorded. Concentrztions cf MCieth A
acetate, {“Clethanol, {**Clacetaldehyde, and [“Clacetic were determined in tae
deproteinized brain hc dogenates and in deproteinized whole blood by HPLC/Eaa. To
[*C] concentrations in whole blood and brain bomegenates and in deproteinized bloud s
brain homogenates were determined by LSC. :

In Vitro Blood Kinetic Study

Whole blood was collected from the vena cava of four untreated male SD rats (not
surgically aitered) follos ing CO: anesthesia. Blood coaguiation was inhibited by Ge
addition of sodium heparin. The blood samples were spiked with [ Jethyl acetais, +-1
saline to give a final ethyl acetate concentration approximating th - highest concanrtzan: .

(S



B 05

Ethyl Acetate Pharmacokinetics TX-98-25
Final Report . Page 16 of 38

(400 png/g) seen in blood following the high dose (100 mg/kg) iv administration in vivo.
The blood samples were placed in a 37 °C shaking incubator and sampled periodically
from 2 to 120 min following the [**C]spike. Following deproteinization, concentrations of
(“Clethyl acetate, [“Clethanol, and [Clacetic were determined by HPLC/Rad. Total :
{'C] concentrations in whole blood and deproteinized blood were assayed by LSC.

~, ..

N

Tissue Processing and HPLC/Rad Analysis Methad

Heparinized whole blood and brain homogenates were: deproteinized as per Smith (1984) by
adding an equal volume of 0.5 1{ sodium tungstate followed by the same volume of 0.5 M
cupric sulfate. The sample was mixed and then centrifuged at 16,000g for 4 min at 2 °C.
Injections of the clear supernatant (100 xL) were separated on an HP 1090 HPLC usinga
reverse phase column (Whatman Partisil 10 ODS, 4.6 x 250 mm, Whatman Inc., Clifton, NT)
and a 1 m/min gradient mobile phase consisting initially of 100% 50 mM ammonium acetate
buffer (pH 4.0) x 4 min to 80% cmmonium acetate/20% acetonitrile at 6 min, hold 8 min.
The column effluent was directed to.a radiochemical flow-through detector (Beckman 171,
Beckman Instruments, Inc., Fullerton, CA) fitted with an S00 gL scintillant mix flow-cell.
The 1 ml/min column efflueat was mixed with 2 mi/min scintillant (Ultima Flo™ M, Packard
Instrument Co., Meriden, CT) before passage through the radiochemical detector flow-cell.
This analysis provided separation and quantitation of [**C)ethyl acstate, [**Clethanol, and
[“Clacetate. In addition, selected deproteinized samples were assayed by ion exclusion
chromatography nsing sn Interaction ORH-R01 column (Interaction Chamisale, Inc, | Lae
Altos, CA), 0.65 x 30 cm, heated to 60 °C and an isocratic mobile phase coasisting of 0.01N
sulfuric acid at 1.0 mI/min. The column effluent was directed to the radiochemical flow-
throngh detector as described above. This analytical method provided quantitation of
[“Clacetaldehyde in the deproteinized samples. ‘

Samples of the deproteinized whole blood and brain homogenate were counted by LSC to
quantitate the radiochemical concentration recovered in the clarified samples. Additional
samples of heparinized whole blood and brain homogenates were counted by LSC prior to
deproteinization to quantitate the total radiochemical conceatration in the tissues.
Approximately 10-20 mg of whole blood or 100 mg of brain homogenate were solubilized in
20 m! of Fluorosol (National Diagnostics, Manville, NJ) for at least 48 hr at 50 °C before
counting.
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Pharmacokinetic Descriptions

A nonli~ear least squares data-fitting program (PKAnalyst®, Version. 1.0, MicroMath
Scientific Software, Salt Lake City, Utah, 1995} was used to derive pharmacokinetic
parameters for blooa and brain ethyl acetate concentrations. :

For all of the studies, a monoexponential equation o/ the form

C: = Dose/Vp x e Xdimt

was fitted to individual values of concentration-time data, whese Cu is the concentration in -
blood at time t, Vp is the apparent volume of distribution, and Kelim is the elimination rate
constant. The elimination half-life of ethyl acetate was calculated as follows:

In2
Kelim

fin =

Retention Of Reports, Data, And Specimens

'l"hcﬁnalreporta.ndalloriginalrawdatawiﬂberctainedin&wEasunanKodakCompany
HAEL archives for a period of ten years. - Archival samples of the unlabeled test chemical and
tadioiabeicd test chemicai will be retained for a period of ten years. Wet specimens, samples
of test or control substances, and other relatively labile materials which change or differ
ma:kedlyinstabﬂityandquaﬁtydnﬁngstorageshaﬂberetamdonlyaslongasﬂmqualitydf
the preparation affords evaluation.

'Protocol and Standard Operating Procedure Deviations

The following deviations from the Protocol occurred, but they were not considered to have
significantly affected the quality of the study:

The Study Protocol specifies that four male SD rats will be administered a saline solution
of (“Clethy! acetate via the femoral vein canmula at cach of two dose levels, Five male SD
rats were administerzd ["“C]ethyl acetate at each dose level for this study.
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RESULTS
Probe (Toxicity) Study
-

In preparing the dosing solution for the probe study, it was determined that the maximum
solubility of ethyl acetate in saline was approximately 60 mg/g, which resulted in a dose of
300 mg/kg (5 ml/kg dose volume). This dose level was administered to 3 male SD rats via a
femoral vein cannula. Upon completion of the dose administration, all three rats showed
severe respiratory depression and were unconscious. Two of these animals stopped breathing
entirely, andoneanimalshowedsymptomsofcardiacarrest(lossofs!dncolor). All three
animals recovered quickly, showing normal respiration and regaining consciousness within 1
to 5 min. NootheradversedimmleffectsweredetecwdmmesenGmthenhrfouomg
the dosing.

Because the severe respiratory (and probably circulatory) depression observed in these probe
study animals would markediy affect the kinetics of ethyl acetate distribution, metabolism and
elimination, it was decided that the 300 mg/kg dose level was unacceptable, even though no
deaths occurred.” The probe study was therefore repeated to identify an iv ethyl acetate dose
levblatwhmhthereqmaﬁoryeffectsweremmmal A 150 mg/kg iv dose to a single male SD

rat resulted in partial anesthesia and respiratory depression for approximately 30 s following

the dose administration, which was considered unacceptable. A male SD rat was dosed at 100

mg/kg and showed only slight respiratory depression of 10-15 s duration and an unstable gait
forappronmately30s Two additional male SD rats were dosed at the same 100 mg/kg dose
level and no respiratory depression was observed, but an unstable gait was observed in these

- animals persisting for about 20-40 s. Based on the observation of no respiratory depression

-J;v..'fA .

persisting for greater than 15 s, the 100 mg/kg iv dose level was established as the high dose
level in this protocol. .

Dep roteinization Efficacy Study in Whole Blood

The deproteinized male SD rat whole blood and brain homogeaate control samples spiked with
[**Clethyl acetate were clarified by centrifugation pricr to analysis by HPLC/Rad. The
analysis indicated that a small amount of hydrolysis to [**Clethanol had occurred in the
deproteinized blood and brain homogenate samples incubated at room temperature (maximum
3.1% hydrolysis in blood and 2.1 % hydrolysis in brain homogenate at 180 min incubation).
Much less hydrolysis occurred whea the samples were incubated on ice (maximum 0.9% in
deproteinized blood and 0.8% in deproteinized brain homogenate at 180 min incubation). In
contrast, 19.7% and 8.3% hydrolysis occurred in a 30 min incubation at room temperature
with the positive (nondeproteinized) blood and brain homogenate controls.

- e ®
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[“C]Ethyl Acetate iv Dose Blood Kinetic Stadies

The [**C]ethyl acetate dose was administered as a bolus via the femoral veir cannula to 5 male
SD rats as a solution in 0.9% NaCl at 10 mg/kg and 100 mg/kg dose levels, and blood
samples were collected from the jugvlar vein cannula at short inécrvals for analysis of total
(*C], [*Clethyl acetate, [*Clethanol, [*Clacetic acid, and [*Cjacetaideiyde.

At the 10 mg/kg dose level, the circulatory distribution of the chemical appears to be rapid
following dosing since the total [“Clconcentration measured in blood takea from the jugular
vein cannula is highest in the initial blood samples (30-60 sec) and declines beyond the 60 sec
samples (Figure 1). The ethyl acetate parent compound is present at the highest concentration
in the initial (30 sec) blood sample taken from the jugular vein cannula, and declines rapidly to
undetectable amounts beyond 240 sec postdosing (Figure 1). At this dose level, ethanol is
present at higher concentrations in the initiai (30 sec) blood samples than the parent ethyl
acetate, and appears to increase in concentration i~ blood until the 90 sec sample, after which
time its concentrations decline. Acetate is detectable in the initial jugular blood sample and
remains preseat at relatively low concentrations at all tirae points. No acetaldehyde was
detected in any of the blood samples assayed for this chemical. Pharmacokinetic aralysis of
the ethyl acetate concentrations in blood following the 10 mg/kg iv doses was performed with
a single compartment model with bolus input and first order output (Figure 2). This analysis
indicated an elimination rate constant of 0.0208/s, a half-life of 33.4 s, and an apparent
volume of distribution of 554 ml/kg (Table 1).

Following the 100 mg/kg [*‘Clethyl acetate iv administration, the total radioactivity in blood
obtained from the jugular cannuia was highest in the initial (30 s) sample (Figure 3), again
indicating rapid systemic distribution of the chemical followed by elimination of the [1*C].
The {*Clethyl acetawe “>rent wo: 1pund was preseat at high concentration (mean 232 ug/g) in
the initial blood sample, but the blood cot centratior &._.ned rapidly in subsequent samples to
less than 2% of the initial ethyl acetate amount beyond 360 sec (Figure 3). [*C]Ethanol
concentrations were initially below those of ethyl acetate, but surpassed the ethyl acetate
concentrations by 60 s postdosing. Only a smal! amount of [**CJacetats was detected in the
initial blood sample, but the concentration steadily increased to a plateau of 60-70 pg equiv./g
blood over the firal 3 samples (Figure 3). No-[“*Clacetaldshyde was detected in any of the
blood sampies assayed for this chemical. Pharmacokinetic analysis of the [*CJethyl acetate
concenirations in venous blood following the 100 mg/kg iv dose was accomplished with a
single compartment model with bolus input and first order output (Figure 4). . This analysis
indicated an elimination rate constant of 0.0188/s, a haif-life of 36.9 s, and an apparent
volume of distribution of 204 ml/kg (Table 2) for ethyl acetate.
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[“C]Ethyl Acetate 100 mg/kg fv Dose Brain Kinetic Studies

Following a 100 mg/kg iv dose of [*“Clethyl acetate, brain concentrations of total [*C],
corrected by the dilution factor required for homogenization, were assayed in the
deproteinized brain homogenates by HPLC/Rad. Total [*C] concentrations were highest in
the initial (mean of 221 s postdosing) brain samples, aud declined rapidly in subsequent
samples (Figure 5). ' A mean concentration of 107 ug/g of [“Clethyl acetate was detected in
the initial brain samples, but the ethyl acetate declined rapidly to undetcrabie icveis by 540 s
postdosing. [*“C]Ethanol was detected at a mean of 124 ug equiv./g in the brain tissue at the
initial sampling time, and the concentration declined slowly in subsequent samples (Figure 5).
Ogly trace amounts of [**Clacetate were found in later brain samples, and no [*Clacetaldehyde
was detected in any of the brain samples assayed. Pharmacokinetic analysis of the ethyl
acetate conceatrations in brain tissue following the 100 mg/kg iv doses was performed with a
single compartment model with bolus input and first order output (Figure 6). This analysis
indicated an elimination half-life of 24.3 s (Table 3) for ethyl acetate in brain tissue.

[“C]Ethyl Acetate In Vitro Blood Kinetic Studies

Heparinized male SD rat blood samples were spiked with [**Clethyl acetate in saline to give a
final ethy! acetate concentration of 400 ug/g, approximating the highést concentration seen in
‘biood foliowing e high dose (100 mg/kg) iv adminisiradion. The biood sampies were piaced
in a 37 °C shaking incubator and sampled periodically from 2 to 120 min iollowing the
[“Clspike for analysis by HPLC/Rad. These analyses indicated steadily declining {**Clethyl
acetate.concentrations and steadily increasing [**Clethanol concentrations throughout the 120
min of incubation (Figure 7). Only trace amounts of [*CJacetate were detected in the blood
samples throughout the incubation. Pharmacokinetic analysis of the ethyl acetate -
concentrations in blood over time was performed with a .agle compartment model with bolus
input and first order output (Figure 8). This analysis indicated an elimination half-life of 23.3
- min (Table 4) for ethyl acetate in blood in vitro.
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DISCUSSION

The protocol describing thcse st ““es incorporated an initial probe study to establish that the
proposed high-iv dose level of 425 mg/kgwasmotlcthalmthemt. Due to the limited
solubility of ethyl acetate in the saline carrier discovered during the dose preparation, this
study was conducted at 30C mg/kg, and alth- »oh no deaths resuited, the chemical caused brief,
but severe réspiratory depression in all three animals. [he very rapid onset of the respiratory
depression, within 5 s before the bolus dosing was completed, and the rapid recovery
occurring within a few minutes, suggest that these effects are not due to ethanol intoxication.
Formation of acutely intoxicat 1g ethanol concentrations in vivo from hydrolysis of ethyl
acetate would require more than 5 s (Figure 3), and would persist for a relatively long period
of time following the exposure. The ethyl acetate parent compound has been reported to
produce depressant effects on. central nervous system function with rapid post-cxposurc
recovery in mice (Bowen and Baister, 1957).

A second probe study demonstrated that an iv dose of 100 mg/kg etbyl acetate, while inducing
some short term locomotor instability, produced only minimal respiratory depression lasting
for 10-15 s postdosing. It was concluded that the 100 mg/kz iv dose level was the high=st
dose that could be administered intravenously where the distribution and elimination of the
chemical would not be significantly altered by the rc yiratory and circulatory depression
caused by its presence. As stated in the Protocol, the low dose level for the blood kinetic
stirdies was set at a factor of ten below the high dose, or 10 mg/ke.

At the 10 mg/kg dose level, the in vive hydrolysis of ethyl acetate is very rapid, such that at
the rirst sampling time at 30 s postdosing, the mean ethanol concentration is roughly twice that
of the pareat compound (Figure 1), and by 240 s postdosing, the parent compound is
undetectable in blocd. Noglinear regression analysis of the ethyl acetate concentrations over
time was best accomplished using a single compartment model (Figure 2). This analysis
indicated that the elimination of ethyl acetats from the blood displays first order kinetics with
an estimated elimination rate constant of 0.0208/s, and an elimination half-life of 33 s.

The 100 mg/kg dose level of ethyl acetate resulted in relatively high initial concentrations of
pareat compound in the blood in vivo (Figure 2). However, the rapid hydrolysis of the parent
compound and formaticn of ethanol resulted in ethanoi concentrations that exceeded those of
ethyl acetate by the 60 s sampling time. Ethyl acetate concentrations were negligible by 360 s

_postdosing. A single compartment pharmacokinetic mode! was found to best characterize the

ethyl acetate concentrations over time following the 100 mg/kg dose adminis. “on (Figure 4),
indicating very rapid distribution and equilibratici of the chemical prior to the first sample
collections at 30 s. This analysis indicated first order elimination kinetics for the parent
compound with an estimated elimination rate coustant of 0.0188/s. This is comparable to the
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Omalsmmmmmmmdformcwmglkgdoselevd indicating that this
high dose had not yet saturated the esterase capacity of the system.

mlmmmwmnmmbmmﬁdy-mmmmm[‘ﬁmmﬁmm
the brain approximately 75% of that seea in the blood kinetic study at the same dose level.
Ethanol and ethyl acetate were preseat at roughly the same concentrations in the carliest -
samples, but.the ethyl acetate concentration declined quickly to undegectable amcunts in the .
final samples collected. Ethanol conceatrations in the brain also dedlined, but more slowl: .
than the ethyl acetate, indicating that ethanol was being rapidly cleared from the brain ever as
it was generated by hydrolysis of ethyl acetate. Only trace amounts of acetate were detected at
any time point in the brain tissue. Non linear regression analysis of the ethyl acetate
concentrations over time was best accomplished using a single compartment model (Figure 6).
‘This analysis indicated that the elimination of ethyl acetate from the brain is first order and
very rapid with an elimination rate constant of 0.0285/s, and an elimination balf-life of 24 s.

'I‘hcinvitmbloodkineticstndywasdesignedtomeamremehydtolysismteofethylamwin
rat blood without systemic participation. The initial in vitro concentrations in this study were
. intended to approximate the highest concentrations measured in whole blood following the
administration of 100 mg/kg ethyl acetate iv, which would allow direct comparison of the
hydrolysis rates observed in vivo and in vitro. A pilot in vitro study using sampling times
umdarmthoseforﬂ:emuwstndxesmdmtedthatonlyn%hydrolymhadoccm-redbythe

Snal hm- maind at O min nastonilrinae 'n\- Aafinitivua fm wwten hlaad btnatia atvedion weaaa
ALRIREE Vv VIS @b 7 L PUWOIRLILE. ALV UNIMMWTY WP TIN YV VIVWVU AUDALIY SUIWD WULG

‘conducted with longer incubation times to allow a higher perceatage of the ethyl acetate to be
. bydrolyzed and allow more accurate characterization of the hydroiysis rate. The blood

_ hydrolymntemthemmmdxeamesﬂmmdumngam@~ compartment
pharmacokinetic model with bolus input and first-order output. ‘Thie estimated elimination rate

~ constant was 0.0298/min (0. OOOSIsec)oompatedtomeOOISNIk—forthelmms/kgmm
study. -

The whole blood hydrolysis rate for ethyl acetate is negligible in comparison to the systemic
rate. It appears that the systemic organ carboxyestesase activity is much higher than that of
whole blood in the rat. This finding is consistent wich a study by Kaneko, et al. (1994) in rats
that found carboxyesterase activities in liver and kidney to be 8 to 9 times that in biood.
Significant carboxyesterase activity is also known to occur in the small intestine epithelium,
lung, testis, ceatral nervous system, and brain of the rat (Heymann, 1980). Even though the
- estimated apparent volumes of distribution suggest moderate organ distribution of the
chemical, the much more rapid systemic hydrolysis rate indicates extensive organ
carboxyesterase involvement.
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Measurement of the rapid distribution, hydroly«is, and elimination of ethyl acetate encountered
in these studies was facilitated by using rats surgically implanted with indweiling jugular and

femoral vein cannulae. This allowed rapid and accurate bolus dose administration, and in the

case of the in viv blood kinetic studies, short and accurate blood sampling times. Immediate
deproteinization of the blood samples (recorded as the blood sampling time), and sample
processing on ice ensured that the metabolite profile measured for each time point was an
accurate assessment of the concentrations in vivo at that time point. For the brain kinetic
studies, deproteinization of the brain tissue, which was defined as the sampling time in the
prococol occurred a mean of 3.9 min after the animal was euthanatized by C¢_- inhalation,
since the brain txsme needed to be removed and homogenized prior to deproteinization.
During the 3.9 min prior to deproteinization, the rat was exsanguinated from the vena cava
which halted blood circulation, the brain tissue was removed and placed in ice cold saline, and
the tissue was homogenized on ice. Each of these steps would have progressively slowed the
esterase activity in the brain tissue prior to its complete inactivation by dcproﬁeinization Due
to the processing required, the enzyme inactivation time for the brain tissue is lass well
defined than that for the blood, but the CO:2 euthanasia time probably represents the most
appropriate point to use for the pharmacokinetic analysis of the brain data, even though a
small amount of hydrolysis and oxidation may have been occusring for up to 3.9 min beyond
this point. Use of the brain homogenate deproteinization time in the pharmacokinetic analysis
would result in a large error in the y axis of the plots, as opposed to a relanvcly small error in
the x axis incurred by using the COa anesthesia times.

The deproteinization procedare involved adding an equal volume of 0.5 M sodium tungstate
followed by the same volume of 0.5 M cupric sulfate to the blood or brain homogenate. This
resuited in the formation of a heavy precipitate which was removed by centrifugation. This
procedure was demonstrated in the deproteinization efficacy study to be effective in halting
esterase activity and clarifying the samples prior to HPL.C/Rad analysis, but it did result in
approximately a 1 to 3 dilution of the sample. This dilution was corrected for by measuring
the total [**C] conceatration in whole blood or brain homogenate by LSC pr.or to
deproteinization, and multiplying the fraction of each metabolite found by HPLC/Rad in the
deproteinized sample by the total {**C] concentration assayed by LSC.

The reverse phase HPLC method used to separate the ethiyl acetate parent compound from the
ethanol and acetate metabolites provided baseline separation of these three components, but
analysis of acetaldehyde standards indicated that this chemical co-eluted with ethanol using the
reverse nhnep methad. Ton exclusion Phrnmafnmnhv nrnmr‘lm'l admn_a_tg eﬂ‘{pmhr\n of
acemldchyde ethanol, and acetate, but the acxdlc mobxie phase required by the ion exchusion
method caused on-column hydrolysis of the ethyl acetate parent compound with a resulting
broad, multicomponent peak that would obscure the acetate, ethanol, and acetaldebyde peaks.
To circumvent this problem, the reveise phase method was used routinely to quantitate ethyl
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acetate, ethanol, and acetate, andtheionm:lusionmethodwasusedoqselmd samples
(appmmaﬁcly one-half of the samples in the in wvo blood and brain kinetic studies, but in no
samp!es in the in witro blood hydrolysis study) to quantitate acetaldehyde However, no
[“Clacetaldehyde was detected in any of the samples assayed by ion exclusion

chro matography. Acetaldehyde would appear to be a very short lived, react:ve mtcrmed:m in
the oxidation of ethanol to acetate.

r?-
The F‘C]acetatematwasdemdmrdqusmanmamtsmtheblmdandtxﬁnhneuc '
studies, was derived exclusively from the oxidation of [“Clethanol. The [**Clethyl acetate

. pareat compound carried the [**C]radiolabel on the 1-ethyl carbon, and thus hycrolysis of this

molecule would yield [*C]ethanol and unlabel~d acetate. The unlabeled acetate formed would
be indistinguishable from endogenous acetate and was transpareat in the radiochemical
detection method used for these studies. Unidentified radiochemical components were
detected occasionally in small amounts (less then 10 % of the peak area) in the chromatograms
of samples from the blood and brain kinetic studies. The unknowns occurring at reproducible
retention times may represeat small amounts of conjugative metabolites of the parent
compound, and others are likely due to baseline noise from the radiochemical detector system.

- Previous studie ; of ethyl acetate hydrolysis in the rat were conducted at relatively high in vitro

and in vivo concentrations (Gallaher and Loomis, 1975). A 1600 mg/kg iv injection of ethyl
acetate in corn oil yielded a half-life ostimate of 5 to 10 min measured in blood, as compared
to the 37 s elimination half-life estimaiad in the current study for a 100 mg/kg iv dose. The
16x higher dase used in the Gallaher ai:d Loomis simdy was probably partiaily responsible for
the slower reported in viwo hydrolysis rate, but the corn oil vehicle used in that study must
have slowed the systemic distribution of the chemical significantly. The 300 mg/kg iv dose
administered in saline in the current probe study prodr-ed extreme respiratory depression in
the rats that received it. A possible explanation for the surprising lack of reported acute
effects in the Gallaher and Loomis study is a slow release of dose from tke injection site
related to the vehicle and injection volume. An iz vifro incubation with 2 mg/g ethyl acetate
in rat blood condacted by Gallaher and Loomis yielded a half-life of 65 imin, significantly
longer than the in vitro half-life of 23 min measured in the current study at an initial blood
concentration of 0.4 mg/g. Saturation of the esterase capacity of the blood is the most
probable explanation for the longer reported in vitro half-life at the higher blood
conceatration.

In summary, the distribution and equilibration of cthyl acetate following a bolus iatravencus
dose was very rapid and its elimination from blood and brain tissue, primarily by hydrolysis to
ethanol, was also very rapid, judging from climination half-lives on the order of 30 s in the
blood and brain. In contrast, the in vitro blood hydrolysis of ethyl acetate proceeded at a
significantly slower rate with an estimated elimination half-life of 23.3 min. This indicates
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that systemic organ carboxyesterase activity is predominant in the in vivo hydrolysis of ethyl
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Table 1. Summary of pharmacokinetic parameter estimates derived from nonlinear least
squares fitting (PK Analyst, MicroMath Scientific Software, Sait Lake City, Utah) of blood
[(“Clethyl acetate concentration data after intravencus administration of 10 mg/kg [“Clethyl

)

acetate in male SD rats. The form of the equation is:

C: = Dose/Vp x e Xelimt .

Parameter [“CIEthyl Acetate in
{dimension) Blood
Kelim (s 0.0208
ta(s) 33.4
Vo (ml/kg) 554.1




")

(™
e

™

Ethyl Acetats Pharmacokinetics
Final Report

Table 2. Summary of pharmacokinetic parameter estimates derived from nonlinear least
squares fitting (PK Analyst, MicroMath Scientific Software, Salt Lake City, Utah) of blood
[“Clethy! acetate concentration data after intraveaous administration.of 100 mg/kg [*“Clethy!

acetate in male SD rats. The form of the equation is:

C: = Dose/Vp x o ~Himt

Parameter [“C]Ethyl Acetate in
(dimension) Blood

Kelim (s%) 0.0188
B 10) 36.9

Vb (ml/kg) 204.1
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Table 3. Summary of pharmacokinetic parameter estimates derived from nonlinear least
squares fitting (PK Analyst, MicroMath Scieatific Software, Salt Lake City, Utah) of - ain
[“Clethyl acetate concentration data after intravenous administration ef. 100 mg/kg HClathyi
acetate in male SD rats. The form of the equation is: '

C: = Dose/Vp x e Xelmt .

Parameter [**C]Ethyl Acetate in
(dimension) : Brain
Kelim (5% R 0.0285
tiz (s) 243
Vo (mlfkg)_ 4092

™

iy
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Table 4. Summary of pharmacokinetic parameter estimates derived from nonlinear least
squares fitting (PK Analyst, MicroMath Scientific Software, Salt Lake City, Utah) of blood
[“C]e&ylmmmﬁmdmmmmmmmmmmofmuglgf‘qemylm
in heparinized male SD rat blood. neformoftheeqnauonm.

Ct = Dose/Vp x ¢ Temt

Parameter [“ClEthyl Acetate in |
(dimension) _Blood
Kelim (min™) 0.0298
twa (min) 233
Vo (ml/kg) 9753
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10 mg/kg [“CIEOAC IV Blood Kinetics .
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Figure 1. Metabolite conceatrations over time in the whole blood of male SD rats
administered a bolus intravegous dose of 10 mg/kg [*Clethy! acetate, The concentrations
were derived from HPLC scparation of the metabolites with radiochemical datection. The

data points represent the mean (+ 1 standard deviation shown by the error bars) of samples
from S animals.
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Figure 2. Pharmacokinetic analysis of ethyl acetate concentrations in whole blood over time
following a bolus intravenous dose of 10 mg/kg [*‘Clethyl acetate to male SD rats. A

nonlinear least squares data-fitting program using a monoexponential equation of the form:
C: = Dose/Vp x e Tmt

was fitted to [*Clethy! acetate concentrations in blood. The data points represent serial blood
samples collected from 5 animals.
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¢+ 100 mg/kg “CIEtOAc IV Blood Kinetics
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Figure 3. Metabolite concentrations over time in the whole blood of inale SD rzts
administered a bolus intravenous dose of 100 mg/kg [*“Cledayl acetate. The conceatrations
were derived from HPLC separation of the metabolites with radiochemical dey <tion, The

data points represent the mean (4 1 standard deviatidn shown by the error bars) of samples
from 5 animals. :
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Figure 4. Pharmacokinetic analysis of ethyl acetats conceatrations in whole blood over time
following a bolus intravenous dose of 100 mg/kg [*Clethyl acstate to male SD rats. A

ponlinear least squares data-fitting program using a monoexponential equation of the form:
Ct = Dose/Vp x e Kelim ¢

was fitted to (**Clethyl acetate concentrations in bloed. The data points represent seriai blood
samples collected from S animals.
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Figurs 5. Metabolite concentrations over time in the brain tissue of male SD rats
administered a bolus intravenous dose of 100 mg/kg [“Clethyl acetate. The concentrations
were derived from HPLC separation of the metabolites with radiochemical detection. The
brain ethyl acetate concentration data is plotted against the CO» anesthesia time on the y axis.
The data points represent the measi (1 | standard deviation shown by the error bars) of the
brain tissue concentration from 4 animals at each time point.
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Figure 6. Pharmacokinetic analysis of ethyl acetate concentratioas in brain tissue over time
following a bolus intravenous dose of 100 mg/kg [“Clethy! aceta’s to male SD rats. A

nonlinear least squares data-fitting program using a monoexponential equation of the form:
' C: = Dose/Vp x e Feim!
was fitted to [“Clethyi acetate concentrations in brain homogegate. The data poiuts represent
the brain tissue concentration from 4 animals at each time point. The brain ethyl acetate
conceatration data is plotted against the CO: anesthesia time on the y axis.
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Figure 8. Pharmacokinetic analysis of ethyl acetate concentrations in whole blood over time
in male SD rat blood spiked with 400 ug/g [““Clethyl acetate in vitro. A nonlinear least
squares data-fitting program using a monoexponential equation of the form:

iy Ct = Dose/Vp x ¢ Xt

-

w25 fitted to [“Clethy! acetate concestrations in blood. The data points represent serial blood
samples collected from in vitro incubations from 4 animals.

o
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Ethyl Acetate Pharmacokinetics _ TX-98-25

Data Appendix Page 3 of 56
Summury of Calculations

Dose Analysis Calculations

DPM/gr Dose = (Replicate DPM - Replicate Weight) x (Dose Solution Weight + Diluent
Weight)+Dose Solution Weight

Dose Specific Radioactivity (zg/DPM) = Mean mg/g Dose Concentration + Mean uCi/gr
Dose x 1000 gg/mg = 2,220,000 DPM/uCi

Metabolite xg Equivalents/gram in Deproteinized Blood = Area % for metabolite -+ 100 x
mear DPM/g Whole Blood x Dose Specific Radioactivity

Apparent Volume of Distribution (Vo) = mg/Kg Dose x 1000

Co :
Where mg/Kg Dose is calculated from the product of the mass concentration of the dose
solution (see Dose Analysis in the Appendix) and the dose volume (3.75 mi/Kg), and Cs is the
blood concentration of the chemical at time zero, estimated by the PK Analyst software as the
“D over V” parameter in the single compartment model.
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Ethyl Acetate Pharmacokinetics
Data Appendix '

10 mg/kg [“CJEthyl Acetate IV Dose Blood Kinetics
' Dose Analysis 10/13/97

s

Dase Dilution
Dose solution weight (g) 0.2523 .
Diluent wex@_@ 0.7613
Dilution factor _ 4.0174
LSS Analysis |
Replicate weights () 2 0.0505
b 0.0504
c 0.0505
Replicate DPMs a  466135.6
b 4578428
c  454215.7
DPM/g Dose a 37082606
b 36495154
c 36134339
Mean DPM/g Dose - 36570700
SD DPM/g Dose 478626
Mean Ci/g Dose _ 16.4733
HPLC/UV Analysis
Dose Conc. (mg/g) a 2.966
b 3.019
Mean Dose Conc. (mg/g) 2.9925
Dose Specific Activity (ug/DPM) _ 0.0000818

TX - 98-.25 /7
‘Page 4 of 56



Ethyl Acetate Pharmacokinetics . TX - 98-25

Data ...»buaﬂ&x _ . Page 5 of 56
10 mg/kg [““C]Ethyl Acetate IV Dose Blood Kinetics
Sample Collection and LSS Analysis
Date 10/13/97 - Subject # 13 Body Wt (® 334.1
Time of Dose 9:44 AM Ear Tag # M12861 Dose Yolume (ml) 1.253
Nominal Actual Blood Whole Blood LSS . Deproteinized Blood LSS
Sample | Deproteinization | Aliquot |Weight (g)[ LSS " Mean Aliquot |Weight (g)] LSS Mean
Time (sec) | Time (sec) DPM | DFM/g DPM | DFM/g
30 39 A - 0.020 4793.2 | 208121 A 0.0511 | 2354.8 | 46827
B 0.017 3001.9 B 0.0503 | 2392.9
60 87 A 0.013 3470.1 [ 302872 A 0.0501 | 2830.9 | 57500
B 0.024 8131.5 B 0.0515 3012.5
90 123 A 0.017 6276.8 | 335327 A 0.0494 | 2517.8 | 50931
B 0.020 6028.6 B 0.0506 | 2575.3 )
120 160 A 6.019 5434.5 | 299047 A 0.0503 | 2351.2 | 47760
B 0.025 | 7801.7 B 0.0514 2507.1
180 205 A 0.010 1862.6 | 226309 A 0.0507 2178.4 43290
B 0.014 3729.0 B 0.0506 | 2206.8 .
240 251 A 0.019 4910.6 | 259769 A 0.0496 1760.9 35933
B 0.021 5482.8 B 0.0511 | 1858.2
360 355 A 0.020 4603.4 | 243214 A 0.0494 | 1421.9 | 25093
B 0.021 5381.4 B 0.0517 | 1520.1 .
540 546 A 0.016 3164.2 | 176800 A 0.0508 | 1211.1 | 24026
B 0.019 2960.9 B 0.0508 | 1229.9
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Draft Background Document Concerning the Elaboration of Programmes and

Measures on Musk Xylene and other ifusks

Presented by Switzcriand

Background

OSPAR 1997 agreed that musk xylene was to be included =s a candidate into the list of
substances which were annexed to the Draft Strategy to Implement OSPAR’s Object.ve
with regard to Hazardous Substances. At DIFF 1997 Germany presented a background

paper about synthetic nitro musk compounds to justify their inclusion in the work
programme of DIFF. DIFF 1997 agreed that Switzerland should act as a lead country and
prepare a background document about the whole family of musks for presentation at

DIFF1998.

OSPAR 1998 adopted:

a. the OSPAR Stratenv with reoard to Hazardoue Suhetancas { refaranca numhar: 1098

for Priurity Action (Annex 2);

b. the OSPAR Action Plan 1998 - 2003 (cf. DIFF 98/2/3) in which musk compounds
appear on, inter alia, the List of Substances and Groups of Substances Originating
from Diffuse Sources and Identified for the Purpose of Prograxxmes and Measures

(Annex 4).

The OSPAR Action Plan 1998 — 2003 stipulates that musk compounds belong to the

category of diffuse sources and groups of substances to be considered for action by DIFF.

Switzerland presented a draft background document concerning the elaboration of
programmes and measures on nitro musk and polycyclic musk a: DiFF 1998

DIFF 1998 agreed that Switzerland should present a revised draft hackground document
for presentatlon and examination at DIFF 1999

OSPAR 1999 agreed (OSPAR 99/15/1) that lead countries shor:id be invited to follow an
intesim guidance on how to address hazardous substances for priority actior {Anzex 7)

0 :11HY 8-~ A0H 666l
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16, cf. DIFF 98/3/1 I) in which musk xylene appears on the OSPAR List of Chemizals
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6. Switzertand presewied a draft back. vund document on musk xylene and other musks as
it Appendix i

Action requested
7. DIFF is invited

a toexamine and, as it deems appropriate, elaborate the draft background document
{urther,

b to discuss the conclusions and recommendations of th: draft background document
and, if possible, endorse these conclusions and recoramendations,

¢. consequentiy, to assess whether there is sufficient support to forward this draft
background document to PRAM 2000 with a view to its publication;

d. todiscuss the need for further actions, e g the development of proyrammes and
measures with regard to diffuse sources of musk xylene and other musks;

o

to provide the lead country with DIFFs view on the choice and the appropriateness of
such actions.
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1 Introduction

Musk ingredients are substances with a typical musiy scent, which determines largely the

odour of a product. They are important for the fragrance industry and are widely used in
cosmetics, detergents, fabric softeners, cleaning products and other household products

Two groups of substances with similar substantive properties but otherwise completely
different chemical structure are used. nitro musks and polycyclic musks. Musk xylc:e - which
appears on the list of substances for priority action in the OSPAR Strategy with regaid to
Hazardous Substances - is one of the nitro musks. Other three nitro musks of commercial
interest - Musk ketone, Moskene and Musk tibetene - and the 5 polycychic musks HHCB,
ADBI, AHTN, AITI and AHMI listed in takle 1 are also included in this review because ey
have to be considered as possible substitutes for Musk xylene. Musk xylene, Musk ketene,
AHTN and HHCB represent about 95% of the market. Musk ambrette, an additional nitro
musk, and the polycyclic musk AETT (Versalide®) have not been included in this review
because they are no ionger used.

Table 1: Musks included in this review

Common Name CAS-No Chemical Formu'a  Chemical Name

Musk xylene 81-15-2 1-tert-Butyl-3,5-dimi¢ hyi-2,4,6-
trinitrobenzene
ON A NO;
X
NO,
Musk ketone 81-14-1 ~ / _ 4-tert-Buivi-2,6-dimethyl-3,5-
dinitroacetophenione
ON NO,
0]
Moskene 116-66-5 1,1,4,3.5-Pentamethyl-4,6-

aattroindane

O,N
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Musk tibetene

HHCB

Galaxolide®
Abbalide®

AHTN
Tonalide®

. Fixolide®

Astralide®

ADBI

Celestolide®
Crysolide®

AHMI
Phantolide®

AlTI

Traseolide®

145-39-1

1222-05-5

1506-02-1

13171-00-1

15323-35-0

68140-48-7

1-tert-Butyl-3,4,5-trimethyl-2,6-
dinitrobenzene

1,3,4,6,7,8-Hexahydro-
4,6,6,7,8,8-
hexamethylcyclopenta(g)-2-
benzopyran

6-Acetyl-1,1,2,44,7-
hexamethyitetralin

4-Acetyl-6-tert-butyl-1,i-
dimethylindane

6-Acetyl-1,1,2,3,3,5-
nexametnyiindane

5-Acetyl-3-iscpr upyl-1,1 2,6-
tetramethy!'ndane

Due to their dispersive use and the relatively low rate of degradation many musk ingredients
have been detected in environmental samples and human milk and tissue These findings have
prompted activities in different countries and national and international fora, and the data on
musk ingredients have already been compiled and assessed in several review articles and
reports. At the request of the Ministry of Environment, Space Planning and Housing (VROM)
the Dutch National Institute of Public Healih and the Environment (RIVM) carmied out an
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(RIVM, March 1996) and of the two most used polycyclic musks AHTN and HHCB (RIVM,
December 1997). A refined version of the RIVM assessment of Muck xylene and Musk
ketone was later published (Tas et al. 1997). A refined environmental risk assessment of the
two polycyclic musks AHTN and HHCB is in press (Balk and Ford 1 and I1).

The papers mentioned above, including the background document g.2pared by Germany and
presented at DIFF 1997 (DIFF 37/13/1-E} and the report presented by the Netherlands on the
marine occurrence and toxicity of nitro musks at SIME 1999 (SIME/99/3/20), werc the basis
for the present work. Existing data compilations and assessments have been supplemented by
results of the environmental and safety testing programmes i the fragrance industry, made
available by the International Fragrance Asscciation (IFRA), and by other easily accessible
data. Additional - partially unpublished monitoring data - have also been included. Results
from existing assessments based on internation.lly accepted rules have not been re-evaluated
and were included as such in the present report unless new information and findings differed
considerably from the data already assessed :

2 Identification of the Sources of Musks and their Pathway to the
Marine Environment

Nitro musks and polycyclic musks are low-cost fragrance ingredients with a musky odour
They are used in mos: fragrances for detergents, fabric softeners, fabric conditioners, cleaning
agents, air fresheners and cosmetic product= such as soaps, shamooos and perfumes Musk
xylene is primarily used in detergenis and soaps. The principal use of Musk kctone is in
cosmetics.

The materials are discharged after use in domestic waste water to the sewer and find their way
to a sewage treatment plant. There some part will be removed by adsorption to studge and
biodegradation. The remaining fraction in the effluent will be discharged in the freshwater
environment. In the waterways leading to sea the concentrations will be lowered by dilution,
adsorption to organic matter and hiodegradation.

Other uses are not known. Releases into the environment due to other uses can therefore be
excluded

Nitro musks are not produced in Europe Formulation is a possible point source, but probably
does nc. contribute significantly to the overall release of these substances to the marine
environment.

Musks are important ingredients for the fragrance industry not only because of their typical
and unique smeli which determines the odour of a product to a great extent In addition, some
of them have a positive effect on the quality of a fragrance. They make it more halanced and
longer lasting because of their ability to bind fragrances to fabrics und to the skin. These
substantive properties relate to their poor water solubility, the relatively low volatility and to
their high solubility in organic solvents and tissues.
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3 Monitoring Data, Quantification of Sources and Assessment of the
Extent of Problems

3.1 Quantification of the Sources

All musk ingredients are used in fragrances for products such as cosmetics, detergents, fabric
softeners, household cleaning products etc. A large amount used for these purposes il
therefore be released into domestic waste water. According to IFRA no geog iphical
differences should be expected for the release pattern within Europe, uniless a country has
taken specific measures to phase out a certain substance. As a worst case for the aquatic
‘environment it can therefore be assumed that 100% of the musks used in Europe is released
into the waste water and that no substance remains on the fabric, skin or surfaces or has
evaporated.

Data on consumption in Europe have been estimated by the Research Institute for Fragrance
Materials (RIFM) for the years 1992 and 1995 based on surveys carried out i 1993 and 1996
and made available for the Swiss authorities by IFRA (letter of 30 Aprii 1998). An other
survey was carried out bv IFRA for estimating the consumption in 1998 (letter of 8 July
1999). The results are prescnted in table 2 and table 3.

Table 2: Use of Musk xylene and other nitro musks in Europe (tonnes)

Year Musk xylene Musk ketone Moskene Musk tibetene
1992 174 124

1995 110 61 S 08

1998 186 |40 -

Table 3: Use of polycyclic musks in Europe (tonnes)

Year HHCB AHTN ADBI AHMI AITI
1992 2400 885 o -

1995 1482 585 34 50 40

1998 1473 1385 18 19 2 )

Currently, Musk ketone, Musk xylene, HHCB and AHTN represent about 95% of the market
in Europe for all nitro musks and polycyclic musks. No reliable data seem to be available for
the time before 1992 Data that have been published vary considerably and are often difficult
to interpret. Facts on trends for a long-term increase or a decrease in consumption in Europe
are therefore not available. After 1992 the use of Musk xvlene and Musk ketone and AHTN




3.2 Monitoring Data
A compilation of monitoring data is given in Annex 2

3.2.1 Water

Only a few monitoring data are available for the North Sea. In the German Bight Musk ketone
was found in concentrations up to 0.08 ng/l (90®-percentile: 0.05 ng/l) and Musk xylene up to
0.17 ng/l (90™-percentile: 0.12 ng/l). In the same area the concentrations of HHCB were 0 26
ng/l (median value) and those of AHTN 0.2 ng/l (median value). No other musk ingredients
have been detected (Gattermann et al. 1995).

More data are available for freshwater samples from the catchment area Concentrations are
highly variable. The ranges and 90" percentile concentrations reported are < 0.2 - 240 ng/l {30
n2/1) for Musk ketone and < 0.2 - 180 ng/l {30 ng/l) for Musk xylene. Musk xyiene
concentrations in samples from large rivers that have been taken recently are often close to the
detection limit. Concentrations in rivers of similar size in Jifferent countries are comparable.
The highest concentrations are found in small rivers receiving effluent discharges For
tributaries of the River Ruhr concentrations up to 40 ng/! were reported for Musk xylene
(Eschke et al. 1994a).

Concentrations of HHCB and AHTN are in general higher than those of the major nitro
musks Musk xylene and Musk ketone. This is consistent with the lower con.umption volume
of nitro musks. The ranges and 90" percentile concentrations reported are < 25 - 12470 ng/l
(400 ng/1) for HHCB and < 25 - 6780 ag/1 (300 ng/l) for AHTN. One set of data sampied in
Berlin i1s out of the range compared to the others. In this study (Heberer et al 1999)
concentrations were found in surface waters that are normally reported for waste water
effluents. According to the authors, these unusually high concentrations might be explained
by the high percentage of sewage in the surface waters and the high population density in the
Berlin area

Measured waste water and surface water concentrations of the major ritro musks (Musk
xylene and Musk ketone), the major polyclinic musks (HHCB and AHTN), and some musks
of less commercial interest are summarised in tables 4, 5, and 6 of Annex 1).

Metabolites of Musk xylene and Musk ketone have been detected in .ecent studies Sampi.s

of effluent from the Hamburg sewage plant contained 34 ng/L. of 4-amino Musk xylene, 10

ng/L of 2-amino Musk rylene and 250 ng/L of 2-amino Musk ketone These transformation

products were not detectable in the influent samples. The decrease i the concentrations of the

parent compounds and the increase of the amino derivatives suggest that, besides adsorption

9 studge, the trans.ormation of the nitro musks is an imporiant process in the treatment plant,
the river Elbe concentrations of 4-amino Musk xylene attained 3 - 10 fold higher values
1 the parent compound (Gatermann et al. 1998).

3.2.2 Sediments, suspended matter, sewage sludge

niusk xylere, Musk ketone and some of the polycyclic musk ingredients have also been found
in sewage studge, suspended matter and sediments (See Annex 1, tables 7-9) Due ¢ heir
Lipophilic character, the concentrations in ti .e samples are considerably higher than in the
wa.er samples Sediment was measured only in fresh water For musk xylene concentrations
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gt than those of the two majoi aitro musks. This is consistent with the higher
consumption volume and the higher octanol/water partition coefficient.

In a recent study, degradation products of nitro musks were analysed in digested sewage
sludge from Swiss treatment plants (Berset & Herven 1999). 4-Amino Musk xylene was
detected in 6 of 12 samples and 2-Amino Musk ketone in 1 of 12 samples. Degradation
products of Musk xylene have also been detected in sediments of river Elbe (Rimkus et al
1999).

3.2.3 Biota

For Musk xylene many data are available for both marine and freshwater fish, mussels and
crustaceans. They have been compiled and presented by the Netherlands for SIME 1999
(SIME 99/3/20). Wet weight concentration for marine organisms were reportedto be <0 1 -
5.3 ug/kg for molluscs and 0.63 pg/kg for fish. Freshwater concentrations were reported to be

up to 95 ug/kg.

Measured concentrations of certain musk ingredients in freshwater tiota samples (mainly
fish) have also been compiled by Switzerland for DIFF 1%98. They are summarised in tables
10 - 14 in Annex 1. To be comparable some values, given as ug/kg lipid by the authors, Lave
been recalculated to values based on fresh weight (indicated in the table). In the tables a

_ distinction is made between eel and other fish species because of the high fat content of eel

Mean fresh weight contents of Musk xylene in eels from the river Ruhr have been reported to
be 66 pug/kg. Mean concentrations for non-eel fish species in rivers and lakes are wzil below
these values, normally lower than10 pg/kg.

For an effluent pond, a mean value as high as 639 pg/kg for samples taken before 1994 was
reported. In recent studies (samples from 1997) concentrations of Musk xylene tn eels in
effluent ponds were significantly lower (mean: 37 pg/kg). Samples from efflvent ponds,
however, reflect more the conditions in a specific effluent than those under normai
environmental conditions. '

As in freshwaier and sed’ ~ent sampies, amino meiabolites of Misk Xylene and Musk ketone
have also been detected in biota sampies (table 12). In fish samples and in 1 mussel sample
the main metabolite 4-aniino Musk xylene was detected in concentrations of 5-161 pg/kg fat.
The concentration of this metabolite exceeded those of the parent compound in some samples.
In many samples 2-amino Musk xylene (<1-18 pg/kg fat) and 2-amino Musk ketone (<1-34
ug/kg fat) could also be detected.

3.2.4 Musks in Human Samples

The nitro musks Musk xylene and Musk ketone and the polycyclic musks have been detected
in human milk and fat since the early nineties. Concentrations found in human milk samples
range from 0.01 - 0.29 mg/kg fat for Musk xylene, from 0.01 - 1.22C mg/kg fat for Musk
ketone (Eschke .t al. 1995b, Geyer et al. 1994, Kypke-Hutter 1993, Kypke-Hutter 1995, Liebl
& Ehrenstorfer 1993, Rimkus & Brunn 1996, Rimkus & Wolf 1993, Waizere g-r et al. 1998,
Waizenegger & Scherbaum 1995) and 0 1 - 0.36 mg/kg for polycyclic musks (Eschke et al

1995b, Kypke-Hutter 1995). No essential difterences were observed between synthetic musk
concentrations in human milk and human fat (Eschke et al. 1995b, Geyer et al. 1994, Heibich
1995, Kokot-Helbling et al. 1995, Miiller et al. 1996, Rimkus & Brunn 1996, Rimkus & Wolf
1993). Musk xylene represented the first identified and formerly also th. most highly

remmnnnbentnd arratbhaiia cmeinle Frrrad fm hiionne seills A nnmedl e b maes mmaamd Toirnanne dnte ~
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decline in concentranons of both nitro musks, Musk xyiene and Musk ketone seems to be
likely (Waizenegger et al 1998), presumably as a consequence of restrictions in the use of
these compounds in laundry detergents and cosmetics and a decline in y;oduction. Similar
levels as for nitro musks were also found for AHTN and HHCB in human milk and adipose

tissue.

3.3 Risk Assessment

3.3.1 Risk: for the Aquatic Exvironment

A wide-ranging risk assessment was carried out for Musk xylene and Musk ketone by RIVM
according to the EU Technical Guidance Document for the Risk Assessment of New and
Existing Substances (RIVM, March 1996, Tas et al 1997) The Predicted Eavironmental
Concentrations {PECs) were determined using the 1992 use data recalculated for the
Netherlands based on number of inhabitants and the release assumptions reported ‘n chapter
* 3.1. Further assumptions: degradation and voiatilisaticn in the sewage treatment plant are not
considered. Sorption to activated sludge is the only removal process. Measured concentrations
(see chapter 3 2) were significantly lower than predicted The caicuiated PECs and the
measured concentrations in the environment have been compared with th- Predicted No
Effect Concentrations (PNECs) using the toxicity data for aquatic species and the assessment
factors given in table 16 beiow. PNEC,,y was calculated from PNEC,qu using the equlibrium
partitioning theory. A compilation of the most reliable ecotoxicity data for Musk xylene and
other nitro musks is given in annex 2.

Table 16- NOEC’s and Assessment Factors used for the Risk Assessment

Substance Aquatic toxicity data Assessment Factor
MiusK Xyi€ne 21 & NOEC Daphnia rep. = 0 056 mig/l ? SC

matep Tvovngl | _
Musk ketone 21 d NOEC Fish = 0 063 mg/l | 10

The PEC/PNEC ratios for aquatic organisms and sediment organisms have been found to be
<1 for both Musk xylene and Musk ketone For Musk xylene, the PEC/PNEC rat.o for the soil
compartment was just above ~i:: However this value was associated with a rather high
uncertainty High assessment factors have been used to determine the PNEC In addition, the
PEC has been calculated assuming ten vearly applications of sludge to agricultural land and
nitro musk contents of about 20 mg/kg Recent Jara on concentrations in digested sludge
indicate levels below this value and sometimes below the detection limits, indicating that the
estimated concentrations in sludge and also in soil were overestimated by a factor in the range
of 20 to 1’000 This implies that the risk quotient for soil orgamsms for both Musk xylene and
Musk ketone is well belew 1.
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Musk ketone A Exposure Effect Ratio
-} PEC Median PNEC Exposure Exposure
measured predicted measured

Aqualic Local 0.00051 0.00003 . 0.0063 0.08 0.005
organisms
(mg/l)

Regicnal 0.000029 <0.00001 0.005 <0.002
Sediment Local 0.10 - ¢.99 0.01 -
organisms
Img/kg dw]

Regional 0.0052 <0.025 0.005 <0.03
Soil Local 0.34 - 064 0.53 -
organisms
(mg/kg dw}
Fish-cating Local and 037 0.007 25 001 0.0003
predators rcgional
[mg/kg wwl

Regional 0039 0.02 0.002 0 0008
Musk xylenc Exposure Effect Ratio
Aquatic Local 0.0001t 0.00001 0.00t1 0.10 0.009
organisms ' .
Img/|

Regional 0.0000048 <0.00001 0.004 <Q.009
Sediment Local 0.08 - 0.69 0.12 -
organisms
img/kg dw]

Regiona! 0.0034 <(.025 0.005 | <0.04

]

Seil Local 029 I- 0.23 P13 -
organisms !
Img/kg dw] ‘
Fish-cating | Local and 0.089 0006 8 ool 0 0008
predators regional
(mg/kg wwi

Regional w0077 om 0.001 0 004

This preliminary assessment needs to de refined by taking inte account the presence of
deeradation products it the environmeni. This 1s. however. not possible for the time being
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The acute toxicity of 4-Amino Musk xylene (l1-tert-butyl-3,5-dimethyl-4-amino-2,6-
dinitrobenzene) and 2-Amino Musk xylene (l-ient-butyl-3 5-dimethyl-2-amino-2,6-
dinitrobenzene) on Daphnia magna has recently been determined (Behechti et al 1998} The
toxicity of 4-Amino-musk-xylene was reported to be about three orders of magnitude higher
than the parent compound. Sponsored by RIFM the acute toxicity test with Daphnia magna
was repeated (Putt 1999) under four ditferent test conditions (standard water and natural
water, with light and under complete darkness) As can be seen from the table below, the
results of Behechti et al. could not be reproduced. The new study indicates that the toxicity of
4-AminoMusk xylene is in the same order as reported before for the parent compound. A
comprehensive evzluation and comparison of the two Daphnia tests and eventually additional
toxicity tests with Daphnia magna and other aquatic species are needed to draw reliable
conclusions on the aquatic toxicity of the metabolites

i

4-Amino Musk xylene 2-Amino Musk xylene

Daphnia magna R ECso = 000025 mg/l ECso =1 07 ingii
{Behechti et al , 1998)

Daphnia magna (Putt 1999)
Laboratory water, standard iighting ECso = 0 430 mg/l

Laboratory water, total darkness ECso = 0510 mg/l S
Natural water, standard lighting ECs = 0370 mg/l !
Natural water, total darkre=s EC0 = 0440 mg/! [
In February 1999, a report “Marine occurrence and toxicity t nitro musks” pispaiv * = 6

Netherlands, iias been presented to the OSPAR Working Group SIME (SIME 13993, in this
report the following provisional Ecotoxicological Assessment Criteria (EACs) have been
dertv- d for Musk xylene and Musk ketone, obviously based on the same test data as presented

s sl
2 RS repuIt.

EAC:s for Musk xylene for water 001-0.1 pgh
for sediment 5-50 mg/kg
for mussel 0.5-5 mg/kg
for fish 0 5-5 mg/kg

EACs for Musk ketone: for water 0.05-0.5 pg/l
for sediment 1-10 mg/kg
for mussel 0.1-1 mgkg
for fish 0.1-1 me/kg

The concentrations of rvisk xylene in the maritime area are lower than EACs At some sites
of the catchment area freshwater concentrations are above EACs, while at others
concentrations are well below EACs. The authors concluded that the corcentrations of Musk
xylen= and Musk ketone in the maritime environment appear to be at a safe level (lower than
EACs). For the assessment of environmental concentrations however, a better understanding
of the nisk an extremely toxic metabolite of Musk xylene may pose to marine organisms is
necessary For Musk moskene, Musk tibetene and Musk ambrette it was not possible to assess
the concentrations by means < EACs due to the lack of sufficient toxicity data.




The risks associated with the use of Moskene and Musk tibetene are considered to be
negligible due to the similar properties but the considerably smaller use volume of these
compounds.

A similar risk assessment has been performed for HHCB and AHTN (RIVM 1997). The
PEC/PNEC ratios for aquatic organisms and for sediment organisms were clearly less than |.
Agsin the compartment of concern was the soil compartment where the PEC/PNEC ratio has
been calculated to be greater than 1 for HHCB and close to 1 for AHTN. However, these
calculations assume absence of any biodegradation in soil during 120 years, where. : soil
degradation data for HHCB show 60% disappearance within one year. Recent soil studies
show half-lives of 3 months or less. A refined assessment based on more realistic but still
conservative assumptions is in press (Balk and Ford 1 and I1). The results are given in the
table beiow. Taking a very conservative half-life of 6 months in soil, risk quotients are in the
order of 0.1 for the soil compartment.

AHTN Exposure ' PNEC Ratio
' concentrations
Aquatic organisms [ug/1} 0.30 (m) 35 0.086
Sediment organisms [mg/kg dw] [0.48 (m) *10 " 11 0.44
Soil organisms [mg/kg dw] 0.029 (m+p) 0.32 0.091
| Firn-eaiing predators [mg/kg) 0.12 (m) 10 0.012
i*&;;j? :g_predators [mg/kg] [0.065 (m+p) 10 0.007
HHCB
Aquatic organisms [pg/1] 05 (m) ‘ 68 0.074
Sediment organisms [mg/kg dw] [0.16 (m) *10 " 25 0.064
Soil organisms {mg/kg dw] 0032 (mtp) 032 01
Fish-eating predators [mg/kg] |0 125 (m) 100 0.0013
Worm-eating predators [mg/kg] |[0.099 (p) 100 0001

{m; measured concentration

(p): predicted concentration

{m+p): predicted from measured concentration .

" measured concentration multiplied by 10 as log Pow of AHTN and HHCB is above 5 (EU
Technical Guidance Document)

Since the preparation of the initial assessment reports for Musk xylene, Musk ketone, AHTN
and HHCB some additional monitoring data have become available They confirm the overall
conclusion that PEC/PNEC ratios are below 1.
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A preliminary risk assessment was also performed for the ‘minor’ polycyclic . .o <.PBI,
AHMI and AITI by HASKONING on behalf of RIFM (Research Institui> v T -4 ~ce
Materials). A draft assessment report was made available in June 1998 but hes . Jty 'L n

officially published (Balk 1998). As expected the outcome of the assessmer? de o648 r&e. o
low risk for aquatic organisms and sediment organisms (similar properties t ot 7 porvi ¢ 3
musks, smaller use volume).

3.3.2 Bioaccumulation and Secondary Poisoning

3.3.2.1 Risks for Predators
Musk xylene and other musk ingredients are lipophilic. poorly degradable wd kave

. tendency to bioaccumulate In a recent review article the author even concluded it.at the <

substances should be considered as Persistent Organic Pollutants POPs (Rimkus 199§,

Indeed, several biodegradation iests performed with the four nitro musks d- monstrate thay
these chemicals do not mineralise under standard test conditions The test results are wabled in
Annex 3 together with degradation data for pclycyclic musks. The UNEP Expert Grouy =+
Persistent Organic Pollutants recently proposed half-lives in soil or sediments ic \ge: \han six
months for identifying substances as POP candidates Opinions of experts were divided with
regard to half-lives in water. Two and six months, respectively, were j-oposed
(UNEP/POPs/INC/CEG/2/3). Degradation half-lives in water are not known for Musk xylene
and the other musk ingredients. For some polycycl - musks, however, the ability to degrade
has been shown for example in soil studies, in microcosm studies and in a biotransformaticn
study in activated sludge. Recent soil studies show halif-lives of 3 months or less. In addition.
degradation has been shown for AHTN, HHCB and Musk ketone in fish bicaccumulation
studies. Finally, evidence that nitro musks can be degraded has been given from monitoring
data. Metabolites of Musk xylene and Musk ketone were detected in influents, sewage sludge,
effluents and downstream of sewage treatment plants.

The bioconcentration of Musk xylene and Musk ketone was determined in well-conducted
studies using radiclabelled material (Tas et al. 1997) The results are presemed in table 19 A

““i e Yay allad ence-d. Siabh. DD binand
BCF of | Was ""‘yvﬂed for Musk x Xy Aene based on radiclabelled residuc in fish. BCE 0asca

on parent material will be lower. In another bioconcentration study performed at
concentrations well above the solubility limit of Musk xylene, BCF values between 1440 and
6740 were found.

In the test with Musk ketone the uptake and depuration was carried out in edible and non-
edible parts of fish. Careful analysis during the accumulation period indicated that three polar
metabolites were formed. From the mass balance for the system fish plus water it is concluded
that between 70 and 100% of the excreted radioactivity may consist of polar metabolites of
Musk ketor:.. The elimination rate constant has been found to be 0 27-0.47 4, which gives a
recalculated elimination half-life of 2.2-2.6 days. Hence it seems that the uptake of Musk
ketone was highly reversible. For Musk xylene no studies with mvesngatlon of metabolites
and/or determination of elimination rates are available

Table 19: Bioconcentration factors for Musk ketone and Musk xylene

Bioconcentration factor
{whole fish, wet weight)1)

Musk ketone Rainbow trout 1380 Tas et al. 1997

Musk xylene Bluegill sunfish 1600 Tas et al 1997
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1) BCF based on radiolabelled resicus in {ish. The BCF ba<ed vn parent inaterial will be
lower. : '

The bioconcentration factors of AHTW and 7THCB have recently been measured in bluegill
suufish in ¢ flow-through system (table 20). No datas are available for the other polycyclic
masks

“te biccoucertration siwties Su both AHTN sad HHCB were performed with radiolabelled
r-erial following the forication of inetebolites. The swudies showed that both compounds are
metabolised to one or i.xre nolar inetabolites in a relatively short time, with estimated
elimination half-lives of 1.2 day: for AHTN and 2-3 davs for HHCB (RIVM 997).

Tabla 24 Bioconceniration fators for AHTN an¢ HHCB

r— Bic <. .icentrason foctor

| _(wheic fish wetweght)

AHTN 1320% 597** RIVM, December 1997
HHCB ©11624% 1584%* RIVM, December 1997

* BCF based on ‘otal radioactivity
** BCF .sas.d on actual concentration of th: parent compound

The rest design of the studies for Musk ketone, AHTN and HHCB permitted it to be
estaclished that these substanccs are metabolised under the bioconcentration test conditions in
a relatively short time and that these polar metabolites will be eliminated by the fish at a
nigher rate than the parent compounde. it can therefore be concluded that the real
bioco:icentration of these compounds is riuca smaller than could be expected based on the
rather high octanoi/weter partition cccffic ents of Musk ketone, AHTN and HHCB. The test
design for Mvs% xylene did 1! permit a2 comparable analysis.

Bot* the PEC/PNEL ap:proach and 7+ mizihod for derivation of Ecotoxicological Assessment
Criscia (EACS) reporred in chapier 331 do not indicate a risk for secondary poisoning.
Using calculated ¥ <Cs, the ¥’ “1"/PNEC ratio for Musk xvlene is 0.01. Using monitoring d:ta,
ihis figu-e dreps o €.0008, an¢ the provistionai FACy«. is also below the concentrations

" found in marine and freshwater speci.,. However, ait these figures are very uncertain.

Toxicity studies using predators Tresant in Jhe ewvironment such as fish-eating birds arc not
available. As a surrogate :nxirity “ost, Jeta for rais and mice were used for the assessment. It
has also to be kept in mind t':  metaboiites f Musk xyiene and T4usk ' ~tone have recently
been detected in sanple: of »arter and Licita. It is uncertain whether ithe toxicity of these
metabolites and the risk they poss: io nredaturs s adequately reflected ia these assessments.

3.3.2.2 Human Risks

Musk xylene and other musks have been detecez ta hamur milk, fatty tiss.¢ and blood (see
chapter 3.2 and annex 1). This raises the :.estion -1 whether tood chain accumulation takes
place and szcondary poisoning can cceur. Meesurzments on predatory eniinais or birds would
be useful for indicating if the substances ca: porsisy :a the food chain. Unfortunately, such
data are not availabl'e.

~

It seems, however, that dicect exposure ! -ougn (se usc of cosmetics s the ina'n route of



-4
K

be negligible compared to direct exposure through the use of cosmetic preducts (Kokot-
Helbling et al. 1995). Reviews of previously published experiments and estimations
confirmed dermal uptake from cosmetics and fabrics to be the main exposure rcute for human
beings (Rimkus 1997, Kevekordes et al. 1999).

Estimates of dermal absorption factors calculated from human, pig and rat skin penetrations
werc used to calculate systemic exposure of rats and humans to nitro musks from cosmetic
products. The average human exposure corrected for dermal adsorption is calculated as 0.014
mg/kg/d for Musk xylene and 0.025 mg/kg/d for Musk ketone. These exposure values were
compared to the systemic exposure at NOAEL calculated for rats from dermal applications
(For toxicological data of musk ingredients sce Annex 5). By comparing the two exposure
concentrations, safety factors(s) were estimated to range between 300 to 3000 for the different
compounds (Ford & Api 1990, tabie 21)

Table 21. Human risk assessment; comparison of human dermal absorption to rat dermal
absorption at the rat NOAEL level (Ford 1998)

Musk xylene Musk ketone Moskene Musk tibetene
NOAEL, rat (dermal): NOAEL, rat (dermal) NOAEL. rat (devmai) NOAEL, rat (dermal) :
Males: 75 mg/kg/day 75 meg/kg/d maics: 24 mg/kg/d 75 mgikg/d

Females: 24 mp/kg/dav

Rat dermal abs.: 20%

rat. Dermal abs.. 28%

females. 75 mg/kg/d

rat dermal abs.: 34%

rat dermal abs.. 28%

NOAEL rat NOAEL rat NOAEL rat NOAEL rat

Systemic exposure Systemic exposurs:. systemuc exposure systemic exposure;

(based ~n female valucs): (hased on maie values)

4.8 mp/kg/d 21 mg/kg/d %.2 mg/kg/d 21 mg/kg/d

Estimated total exposure | Estimated total :xposurz | Estimated total exposure | Estimated total exposure
(dermal) : 0.18mg/kg/d (dermal): 0.18mg kyg/d (dermal): 0.15m.g/kg/d (dermal): 0.15mg/ki/d
Humar, rat: 7.5% Human; rat: 14% pig: 6.2% pig. rat: 4.6%

Human systemic exp.

Human systemic exp.

humes systemic €3 8.

buman systemic expos.

From total dermal exp.: From total dermal exp. From total dermal exp.: from total dermal exp.:
7.5%of 0.18mg = 14% of 0.18mg = 62%cof ¢.15mg= 46%o0f 0.15mg =
0.014mg/kg/d; 0.025 mg/kg/d; 0.009 mg/kg/d 0.007 mg/kg/d

s =342 s - 840 (s 911 s = 3000

If the estimated human systemic exposure is compared to the NOAEL of 0 7 - 0 8 mg/kg/day
(Suter-Eichenberger et al. 1998b) determined on the basis of a developmental pre- and post-
natal exposure study with rats (see Annex 3) a safety factor of 50 to 57 results. The dose at the
lowest observed effect level differs from the calculated human exposure by cosmetics by a
factor of 178. Fat levels in the offspring at the lowest effective dose (LOAEL) were a factor
of 50 to 150 higher than human fat levels and pup fat levels at the NOAEL are 10 to 50 times
higher than concentrations in human fat tissues.
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4 Identification of Possible Measures

4.1 Review of Agreed National and International Measures

So far, no action to limit or phase out the use of Musk xylene and other musks has been tzken
by OSPAR. Other national and international bodies, however, have already taken such action.

In June 1981 the International Fragrance Association (IFRA) in Geneva, Switzerland,
recommended in its Code of Practice to limit the use of Musk ambrette to 4% in new
fragrance compounds. According to the last amendment in July 1994, the Committee
recommends that Musk ambrette should no longer be used as a fragrance ingredient The
same recommendation  was made for 1,1,4,4-tetramethyl-7-acetyl-1,2,3 4-
tetrahydronaphthalene (AETT) in February 1980.

In July 1995 the use of Musk ambrette was banned in the EU by including it in the list of
banned components in cosmetics (95/34/EEC; 18th amendment of the Cosmetic Directive
76/768/EEC). The same action was taken in 1992 for Musk tibetene and Moskene (98/62/EC
of 3 September 1998). The use of Musk ambrette in cosmetics was also banned in Switzerland
(Ordinance on Cosmetic Products, SR 817.042 1, Amendment of 30. January 1998). For other
nitro musks limit concentrations for several cosmetic products were introduced (50 mg/kg in
deodorants, products for skin care etc.; 200 mg/kg in aftershaves, skin tonics etc, 500 mg/kg
in Eaux de Cologne and other toilet waters). There are no limitations for perfumes and
extraits. A ban for Musk tibetene and Moskene is in preparation.

In Germany (1993) and in Switzerland (1994), the industry associations responsible for
detergents recommended to their member companies not to use Musk xylene any more in
washing and cleaning agents. So far no contracting party of the OSPAR Convention has taken
legally binding measures to restrict the use of Musk xylene or other musks in such products.
Musk ketone, Musk xylene, HHCB and AHTN met the --iteria to be high production volume
chemicals in the sense of Art. 3 of EEC Council Regulation No 793/93 on the evaluation and
control of the risks of existing substances Musk ketone and Musk xylene have been included

.n "Iﬂ ’h.-"' n'l p"s’::} !lot Uf V!\IDIIIIE wbstal‘lvn‘Ao \l\vsulauuu 1#.’/93) arld t}.le I‘Tvllkﬁ}allda

was appointed as rapporteur. Draft risk assessment reports are not yet available and follow-up
actions of the EU risk assessment cannot be expected in the near future. HHCB and AHTN
are substances for which industry has filed full HEDSETs (Harmonised Electronic Data Set)
under the Existing Substances Regulation 793/93/EC because they are produced in the EU in -
excess of 1000 tonnes per year. For the other musks the produced or imported quantity into
the customs territory of the European Union is below 1000 tonnes per year and regulation
793/93 does not apply at all or only a limited data reporting is required according to the
provisions of article 4.

Due to the actions already taken, and the general concern about the environme:ital fate and
toxicology of nitro musks, their importance as fiagrances is decreasing. As can be seen from
the data presented in chapter 3 the use of Musk xylene has decreased by about 50% (frem 174
tonnes in 1992 to 86 tonnes in 1998) in the last six years For Musk ketone the decrease is
even more important during the same pertod In Germany and Switzerland voluntary actions
to phase out Musk xylene in detergents and cleaning agents have been successful. This is
demonstrated by recent monitcring data Musk xylene could be detected only in one of 30
surface water samples taken in 1996 at different sites in the Berlin area (Heberer et al 1999),
and in sewage sludge, Musk xylene was detected only in one of 12 treatment plants sampled
at different locations in Switzerland (Berset and Herren 1999).
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The importance of polycyclic musks as fragrances, on the other hand, was expected to
increase because they can be uscd as substitutes for nitro musks. The use volumes reported in
chapter 2, however, do not confi 'm this concern.

4.2  Dcsired Redaction and Need for Programmes and Measures

4.2.1 Nitro musks

Musk xylene appears on the list of chemicals for priority action in the OSPAR Strategy with
regard to Hazardous Subsiances. The strategy stipulates that the Commission will carry
forward the drawing up of programmes and measures in relation to this list. The Commission
will continue to work towards the reduction, by the year 2000, of discharges, emissions and
losses of hazardous substances which could reach the marine environment, to levels that are
not harmfu! to humans o: nature. The ultimate target is the cessation of discharges, emissions
and losses of hazardous substances by the year 2020

The risk assessment based on PEC/PNEC considerations according to internationally agreed
methods for fresh water does not indicate a concern for the aquatic environment based on the
data actually available. Only a few monitoring data are availabie for the North Sea. Based on
the highest reported concentration in the North Sea a PEC/PNEC ratio of 0.0002 results for
Musk xylene, which corresponds to a saf. iy factor of about 6500. For the catchment area the
PEC/PNEC ratios for the aquatic environment, including sediment ana fish eating predators
are higher, but stil: at or below 0.1 if calculated exposure data are used. Even lower ratios
result when monitoring data are used instead of calculated PECs Therefore, the risk of Musk
ketone and Musk xylene for organisms in the aquatic ¢ .vironment, including sediment
organmisms, 1s low, as well as the nisk of secondary pc:soning of fish-eating birds and
mammals. ‘

The method for derivation of Ecological Assessment Criteria (EAC) gives similar results The
concentrations of musk xylene in the maritime area are lower than EACs. At some sites of the
catchment area freshwater concentrations are above EACs, while at others they are well
Ueiow. ii can be concluded that ihe concentrations of Musk xyiene in the maritime
environment appear to be at a safe level.

These assessments, however, have some shortcomings

] The PEC/PNEC approach is regarded as an inappropriate tool for the protection of the
marine environment by many experts The OSPAR ad hoc Working Group of a
Dynamic Selection and Prioritisation Mechanism for Hazardous Substances
(DYNAMEC) examines the development of risk assessment techniques for the marine
environment in co-operation with experts of the European Union

. The risk of secondary poisoning was 1 > assessed directly based on the risk Musk

xvlene may pose for marine predators due to the lack of toxicity data for such species.

o Metaboiites have not been included in the assessments. Degradation products of Musk
Xylene have repeatedly been detected in freshwater samples, sewage effluents, sewage
sludge and bivta. So far little is known about their toxicity Tests with Daphnia magna
demonstrate that primary degradaticn of Musk xylene does not result in detoxificatior
It could, however, not be confirmed that the 4-amino metabolite of Musk xylene is by
three orders of magnituce more toxic than the parent compound
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As a consequence the levels of Musk xylene in the North Sea and the OSPAR catchment area
cannot be considered as safe. More data are needed to refine the assessment (toxicity of
metabolites for additional species; toxicity for marine predators, levels of Musk xylene in
predatory mammals). As a precautionary measure dischas zes, losses and emissions of Musk
xylene should be reduced further.

4.2.2 Polycyclic musks

Polycyclic musks - possible substitutes for musk xylene - have a similar hazard profile to

nitro musks. HHCB and AHTN have been detected in many samples of wastewater, surface

water, sewage sludge, suspended matter, sediments and biota at levels exceeding those of

Musk xylene. The ubiquitous presence of these substances in the aquatic environment may be

explained by the continuous input of these chemicals through sewage treatment plant effluent '
discharges into the aquatic environment and the low degradation rates. The concentrations

detected so far seem to be at a safe level and the formation of toxic metabolites has not been

reported. The risk of causing adverse eifects, therefore, is lower for polycyclic musks than for

nitro musks aind immediate action is not necessary.

4.3 Choice of action/measures

Due to their use in consumer products (laundry detergents, cleaning agents, fabric softeners,
cosmetics etc.) musk ingredients are discharged into the domestic wastewater. Technical
measures for emission control are not practicable. The quantities released into the
environment are directly correlated with the use figures. Possible measures and recommended
actions to reduce the emissions into the environment are:

e As a precautionary measure nitro musks should not be added to consumer products
which are discharged with waste water and which are consumed in large quantities such
as detergents and household cleaning agents.

e  The presence of nitro musks should be indicated on the label of consumer products.

e The content of all nitro musks and polycyclic musks in consumer products that are
discharged with waste water should be reduced to the lowest level needed for technical
reasons.

) The quantities of nitro musks and polycyclic musks used in Europe should be monitored
and reported regularly.

. The concentrations of nitro musks and polycyclic musks should be measured by-
analysis in selected samples of the aquatic compartment and reported regularly.

e An additional review for actions or measures should be considered if quantities used or
concentrations found are increasing during consecutive years.

° In the long term, alternatives with a more favourable hazard profile, e.g. substances for
which evidence for inherent primary degradation in standardised tests for inherent
biodegradability (> 20 % elimination) is given, should be developed as substitutes for
nitro musks and polycyclic musks.

Voluntary agreements with industry associations have been proven to be an appropriate tool
for the phasing out of Musk xylene in washing and cleaning agents. As a possible alternative
tool, most elements of the recommended actions above could also be integrated into a

" PARCOM Recommendation or a BEP. If such measures are not successful, tha introduction
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legislation on detergerts and cleaning agents must be envisaged to achieve the long-term goal

Other bodies (EC, OECD) would have to be approached with a view to establishing such a
measure.

oy
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Annex I: Monitoring Data

Table 4: Concenti=tions of Musk ketone, Musk xylene and metzbolites in waste water and

surface water

Sample/Location n___year Musk ketone [ug/i] Musk xylene [pg/l] reference
Influent 9 STPs 9 1993  mean: 0.22 mean; 0.27 SAEFL
Switzerland 0.C9-0.44 0.09-0.70 1995
Influent 9 STPs 9 1994 mean: 0.16 rean: 0.16
0.07-0.44 0.08-0.30
Effluent 9 STPs 9 1993 mean: 0.18 mean: 0.06
0.06-0.44 <302-0.10
Effluent 9 STPs 9 1994 mean: 0.09 mean. .03
<N02-0.32 <0.02-0.09
River water 3 1995 med.: 0.025 med.. 0.0013 Schmid
Switzerland (n=3) 0.005-G.03 <0.0002-0.007 1997
Lake water 4 93/95 med.: 0.0025 med : 0.0006
Switzerland (n=3) <0.0002-0.0034 <0.0002-0.001 :
Influent 25 STPs 19 1994 med: 1.5 mea.: 0.68 Eschke et
Ruhr basin 057-24 0.09-1.7 al. 1994a
(Germany)
Effluent 25 STPs 36 “med.: 0.63 med  0.12
0.22-13 0.03-0.31
Tributaries Ruhr 3 1994 0.18-0.24 0.03-004
Ruhr 31 mean: 0.03 rean; 0.0}
[nfluent STP | 1996 MK: 0.55 MX: 0.15 Gatermann
(Hamburg) 2-AMK*: nq 2-AMX/4-AMX* nq etal 1998
Effluent STP 1. MK: 0.006 MX: 0.01
(Hamburg) 2-AMK: 0.25 2-AMX: 0.01
_ 4-AMX: 0.034
Elbe (Hamburg, 3 1995 MK: ng-0 004 MX: ng-0.002
downstream 2-AMK: 0.007 2-AMX: ng-0.001
effluent of the STP) (n=1) 4-AMX: 0.001-0.009
Effluent STP 2 1997 MK: 0.07-0.09 MX: 0.002-0.003 Rimkus et
(Schieswig-Hol- 2-AMK: 2-AMX: <0.001 al. 1999
stein, Germany) 0.015-0.017 4.AMX: 0.012-0.015
Effluent STP 1 1997 MK 0.013 MX: <0.003
(Schleswig-Hol- 2-AMK: 0.020 2-AMX: <0.003
stein, Germany)** 4-AMX: 0.007
Elbe (Brunsbiittel) 1 1993  0.0046 0.0008 Gatermann
et al. 1995
Elbe (Brunsbuttel) 1 1995 MK nq (<0.001) MX: nq(<0.001) Gatermann

2-AMX: nq (<0.0005) et al. 1998
4-AMX. 0.002

* Transformation products of MK and MX: 2-AMK = 2-amino musk ketone; 2-AMX/4-
AMX = 2-amino musk xylene/4-amino musk xylene

** 24h bulked composite water sample

nq: not quantifiable
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Table 4: Concentrations of Musk ketone, Musk xylene and metabolites in waste water and

surface water

Sample/Location N vear Musk ketone [ug/l] Musk xylene [ug/1] reference
Elbe (Magdeburg) 31 96/97 mean 0006 ali: nq (<0.002) Winkler et
med.. 0.006 al 1998
<0.002-0.01
90%: 0.009
Elbe (Magdeburg) 31 96/97 mean: 0.005 all: nq (<0.002)
water samples after med. 0 005
centrifugation 20.002-0.011
90%: 0.008
Surface water Ber- 30 1996 mean 008 med. nq Heberer’99
lin (canals, rivers, med.: 0.035 0.18 (1 of 30 samples)
lakes upstream and nq-0.39
downstream of STP 90% 023
outlets)
Rhine & Meuse 31 1996 nq(<0.01) ng {(<0.01) Breukel 96 '
(The Netherlands) 34 in Tas et al
1997
Seawater North Sea 30 1993 med. nq(<2e-5) med.: 0.000035 Gatermar 1
(German Bight) ng-0.00008 ng-0.00017 et al. 1995

30%: 0.00005

90%: 0.00012

* Transformation products of MK and MX; 2-AMK = 2-amino musk ketone, 2-AMX/4-

AMX = 2-aminc musk xylene/4-amino musk xylene

** 24h bulked composite water sample

nq: not quantifiable

Table £: Concentrations of HHCB and AHTN in waste water and surface water

Sample/Location  n year  HHCB [pg/l] AHTN [ug/1] reference
Effluent 17 STPs 17 1998 med 23 med: 14 SAFFL 1998
River Aare basin 1.1-56 05-24
(Switzerland) 90% 4.7 90%: 2.0
Tnbutanes River 11 1998 med 0.06 med.. 1.029
Aare (Switzerland) <0.025-0.244 <0.025-0.095

90%. 0.095 90%: 0.047

River Aare 9 med.: 0.06 med . nq (<0.025)

. <0.025-0.118 <0.025-004
River Glatt 1 0136 0.075 Miiller et al.

1996

River water 3 1995 med: 0.125 med.: 0 053 Schmid 1997
Switzerland (n=3) 0.044-0.435 0.026-0.128
Lake water 4  93/95 med 0.062 med : 0.024
Switzerland (n=3) 0 626-0 206 0.015-0.043

P




(@]
=

Table 5: Concentrations of HHCB and AHTN in waste water and surface water

Sample/Location n  year HHCB [ug/l] AHTN [ug/] reference
Effluent 3 STPs 21 1994 med. 1.2 med. 1.6 Eschke et al.
Ruhr basin 90%: 2.3 90%: 3.0 1995a
(Germany)

River Ruhr 23 mean: 0.37 mean: 0.20 Eschke et al.
<0.03-0.50 <0.03-0.30 1994b
River Elbe (Stade) 1 1995 0.095 0.067 Bester 1998
Elbe (Magdeburg) 31 96/97 mean: 0.114 mean: 0.066 Winkler et
med.. 0.118 med.; 0.073 al. 1998
0.036-0.152 0.024-0.088
90%: 0.146 90%: 0.083
Elbe (Magdeburg) 31 96/97 mean: 0.089 mean. 0.050
water samples after . med.: 0.094 med.: 0.054
centrifugation 0.036-0.126 0.024-0.071
90%: 0.117 90%: 0.067
River Saale 6 96/97 mean: 0.4 mean: 0.24 ARGE’96 in
(Germany) 0.2-0.61 0.14-0.33 Rimkus et al.
1998a
Surface water Ber- 30 1996 mean: 2.5 mean: | 34 Heberer'v9
lin (canals, rivers, med.. 085 med.: 0.50
lakes upstream and. 0.02-125 0.03-6.78
downstream of STP 90%: 8.5 90%: 4 81
outlets)
Influent 3 STPs 9 med.: 6.4 med.: 40 Rijs 1998 in
The Netherlands Max: 145 max.: 8.7 Balk 1998
Effluent 3 STPs 8 med.. 14 med.: < detect. limit
Max.: 16 max: 0.77
Surface water 24 med.. 0.05 med. 0.15
The Netherlands 90%: ©.40 90%: 0.96
River Rhine (NL) 32 9496 med.: 0.06 med.. 0.05 Breukel ‘96
filtered water ¢.01-0.22 001-0.13 in RIVM,
samples Dec. 1997
River Meuse (NL) 32 94-96 med.: 0.08 med.: 0.07
filtered water : 0.01-0.26 0.01-04
samples 90%: 0.19 90% 0.11
Seawater North Sea 12 90/95 1995 (a=6): med.. 0.0002 Bester 1998
(German Bight) med.: 0.00026 0.0001-0.0026
‘ 0.00015-0 0048 90%: 0.0009
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Tabie 7: Concentrations of nitro musks in sewage sludge, suspended matter ana sediments

Sample/Location n  year Musk ketone musk xylene other NM reference
Sewage sludge [ug/kg d.s.|
12 STPs i2 1998 mean 52 nqin 11 of 12 Moskene. Berset &
Switzerland (7of 11) samples all: nq Herren 1999
90%: 6.9 max: 32.5 Amosk:
2-AMK: ng 4-AMX: mean:
inllof12 mean 246{(6 107 (Sof
samples - of 12) 12)
max; 13.1 med.: 5.5 med.: ng
90%: 308 90%: 7.8
2 STPs Germany 2 mean 30 mean <5 Sauer et al.
<10-60 <S5 1997
Suspended matter [ug/kg]
River Elbe 31 96/97 mean. 9 all: nq Winkler et
(Magdeburg) med.: 7 al 1998
4-22
90%. 13
River Schwarzbach 13 1996 med. 106 med.: 8 Fooken’97
& Rodau (G’many) 24-408 ng-46 in Rimkus et
ai 1558a
River Rhine (NL) 14 94-96 nq (<500) ng <500) Breukel’96
' in Tas et al.
1997
River Meuse 14 94-96 nq(<500) med.: ng (<500)
max : 1000
Sediments of rivers [ug/kgl
5 Rivers Nieder- 16 95/96 med 045 med: 06 Lach &
sachsen (Germany) 02-38 <0.1-2.2 Stefien 1997
90% 1.0 90%: 0.95
River Elbe (Ham- S 1997 mean 1 1 mean 2 ARGE’97 in
burg-Dresden) <05-44 <05-717 Rimkus et
: al 1998a
River Elbe 3 1996 0.14-0 19 0.18-03 Rimkus et
(Hamburg- 2-AMX: al 1999
Teufelsbrick)* 0.003-0 054
4-AMX
0.08-0.12

Transformation products 2-AMK = 2-amino musk ketone, 4-AMX = 4-amino musk xylene,

Amusk = Amino muskene

* Concentrations on a wet weight basis. nq. not quantifiable




Table 8: Concentrations of HHCB and AHTN in sewage sludge, suspended matter and

sediments
Sample/Location n  year HHCB AHTN Reference
Sewage sludge '
[ng/kg d.s.]
12 STPs 12 1998 mean: 4853 mean: 1537 Berset & Herren
(Switzerland) med.: 3896 med.: 1321 1903
2293-12'157 741-4161
90%: 7853 90%: 1964
2 §7¢s (Germany) 2 mean: 8870 mean: 8300 Sauer et al. 1997
: 4300-13°400 4000-12°600
STPs : 9 1996 mean: 16’930 mean:; 15°450 Fooken’37 in
(Hessen, Germany) 11’886-21'626  11°992-20°107  Rimkus et al.
1998a
STPs (NL)* 13 med.. 23°000 med.. 16’000 Blok 1998
9000-31°000 4900-22°000
4 STPs(NL) 8 1997 mean: 23’000 mean: 14’800 Blok 1998
digested sludge 11°000-31°000  6200-21000
s.d.: 7200 s.d.: 5000
Suspended matter
[ug/ke]
River Elbe 31  96/97 mean: 440 mean: 468 Winkler et al 1998
(Magdeburg) med.: 442 med : 458
148-736 194-770
90%: 613 90%: 613
River Schwarzbach 13 1996 med.: 2641 med.: 2948 Fooken’97 in
& Rodau (G’many) 897-13°722 544-12°666 Rimkus et al.
1998a
14 med. 6 med ; 240 Breukel’96 in
<50-160 100-540 RIVM, Dec. 1997
River Meuse (NL) 14 94-96 med.: 200 med.. 840
50-580 60-1200
Rhine & Meuse 28 94-96 90%: 310 90%: 960
Sediments of
rivers [ug/kg]
River Elbe (Ham- 9 1997 mean 101 mean: 47 ARGEST 1n
burg-Dresden) 16-180 7.2-104 Rimkus et al.
1998a
5 Rivers Nieder- 8 1996 med.. 7.15 med . nq (<0.5) Lach & Steffen
sachsen (Germany) <0.5-54 <0.5-3.9 1997

* Concentrations in digested, thickened and composted sludge
s.d.: standard deviatinn
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Table 91 Concentrations of other polycyclic musks in sewage sludge, suspended matter and

sediments
Sample/Location n  Year ADBI Other PM Reference
Sewage sludge
[ng/keg a.s.]
12 STPs 12 1998 mean: 130 AHMI: Berset & Herren
Switzerland med.. {13 mean: 303 1999
41-330 med.. 203
90%: 234 65-842
90%: 781
DPMI
mean: 93
med 68
38-332
90%: 142
2 STPs Germany 2 mean: 200 Sauer et al. 1997
120-260
4 STPs (NL) 8 1997 med.: 1100 AHMI Blok 1998
digested sludge <1000-1800 med 1250
<1000-2200
AlTEH
mean: 2200
sd. 855
med. 1950
1200-3600
Suspended matter
[ng/kel
River Elbe 31  96/97 mean: 15 Winkler et al 1998
4 W PP DI IO Y o | 1L
<4-43
50%: 23
Sediments of
rivers {ug/kg]
5 Rivers Nieder- 8 1696 med. nq(<0.5) AITl Lach & Steffen
sachsen (Germany) <0.5-07 med: nq(<05) 1997
<05-1.8
DPMI, AHMT:
all. <05

s.d.: standard dev:ation




Table 10: Concentrations of nitro musks in biota samples (muscle samples) from various
sampling sites (concentrations in pug/kg fresh weight)

Sample/Location  n  Year Musk ketone Musk xylene Reference
Freshwater fish 41 1992 ng-70 (nqin 20  Kant Lab BE’92
(Switzerland) of 41 samples)

Freshwater fish 270 1995 med.. 0.5 med.. 0.8 Ceschi et al. 1996
(Alosa fallax lacus- 0.3-0.7 0.5-1.1
tris) Lake Verbano '
Freshwater fish 102 1992 mean: 12 In Geyer et al
(Southern Bavaria) nq-240 1994
Trout from fish 50 1992 mean: 3
farm (Southem ng-31 (nq in 23
Bavaria) of 50 samples)
Eel 13 med.: 20 med.: 30 Wiertz'95 in Tas
(The Netherlands) <4-60 <4-80 et al. 1997
Fish (non-eel) from 7 ... ~mean: 6.7 mean: 5.7 Eschke et al.
River Ruhr 3-13 <t-9 1994a
Eel from River 2 ... ~mean: 52 mean: 66
Ruhr 37-66 ’ 37-95
Fish (non-eel) from S 1997 med.: 0.14 med.: 0.27 Rimkus et al
River Elbe* 0.07-1.27 0.07-0.50 1998b
Fish (non-eel) from 8 ... mean: 119 mean: 37 Eschke et al.
effluent pond 74-204 21-58 1994a
Eel from effluent 5 ... mean 1278 mean: 639
pond 1024-1605 559-753
Fish (non-eel) from 13 1997 med.: 17 med.: 4.8 Rimkus et al.
effluent pond* 2-67 0.1-17 1998b

90%: 30 90%: 8.8
Eel from effluent 1** 1997 63 17
pond*

nq = not quantifiable

* Values based on fresh weight for data from Rimkus et al. (1998b) were calculated from
data based on fat content and fat contents of fish given by the authors

** pooled sample of 12 eels
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Table 11: Concentrations of polycyclic musks in biota samples (muscle sainples) from
various sampling sites (concentrations in pg/kg fresh weight)

Sample/Location  n  Year HHCB AHTN Reference L
Fish (non-eel) from 7 ... med:17 med - 29 Eschke et al.
River Ruhr 10-45 18-34 1994b
Eel from River 2 ... ~mean: 112 mean: 134
Ruhr 97-126 124-143
Fish (non-eel) from 7 ... med: 144 med - 291 Eschke et al
effluent pond* 23-345 69-647 1995a
iEel from effluent 3 ... med.: 13200 med.: 13°200
| pond 1530-19°200 2560-17°500

* Values based on fresh weight for data from Eschke et al. (1995) were calcuiated from data
based on fat content and fat contents of fish given by the authors

Table 12: Concentrations of nitro musks and their amino metabolites in biota samples (muscle
samples) from various sampling sites 1997 Concentratiuns on a lipid basis, in
ug’kg fat (Rimkus et al. 19985)

Sample/Location  Lipidd MX 4-NH-MX 2-NH,-MX MK 2-NH.-MK
%
Fish (pike/perch) 03-07 med:39 med. 14  -—med .6 med.: 27 med.: 13
from river Elbe; 23-99 R-161 <3-14 23-182 <3-17
n=5
Fish (bream) from 12 78 122 7 235 i6
tributary of Elbe,
a.) upstream
b ) downstream 17 10 41 2 85 10
Rainbow trout 23-42 med 56 med 30 med <2 med 50 med 25
from various 11-332 20-64 <1-3 22-117 <1-Z3
aquacultures, n=7 (n=6)
Fish fromeffluent 07-43 med 280 med 72 med § med.: 1170 med.: 24
pond, n=13 18-395 28-151 <2-18 300-1560 7-34
90% 359 60%: 117 90%: 15 90%: 144C Q0% 33
Eel from effluent 179 205 S 2 350 6
pond, n=1**
Mussels (Dreissena 14 12t 152 13 1230 not
polymorpha) from analysed
effluent pond

* Rudd (Scardinius erythrophthali:us) tench (Tinca tinca). crucian carp (Carassius carassius)
** Pooled sample of 12 eels
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Annex 2: Ecotoiicity Data

Several studies concerning the aquatic toxicity of the nitro musk ingredients are available.
The most reliable studies are summarised in table 17. The lowest reported NOEC values,
which have been used for the risk assessment, are: 0.063 mg/l (fish) for Musk ketone and
0.056 mg/l (Daphnia) for Musk xylene.

Table 17: Aquatic toxicity of nitro musks

Bacteria Algae crustacean Fish
Moskene Vibrio fischeri Scenedesmus Daphnia magna
EC50 30min > 0.037 subspicatus ECS5048h>0.046

mg/t EC50 72h > 0.046  mg/ (no effect at

Schramm et al. 1996  mp/] (no effect at water solubility)
waier solubility) Schramm ct al. 1996
Schramm et al. 1996 i

Musk tibetene Vibrio fischeri Scenedesmus Daphnia magna
EC50 30min > 0.042 subspicatus EC50 48h > 0.052
mg/l EC5072h>0.052  mg/ (no effect at

Schrammet al. 1996 mg/ (no effect at water solubility)
water solubality) Schramm et al. 1996
Schramm et al. 1996

Musk ketone Vibrio fischeri Selenastrum Daphnia magna Oncorhynchus
EC50 30min >0.34  capricornutum EC50 48h > 0.46 mykiss
mg/l ErC50 72h = 0.244  mg/ (no effect at NOEC 21d=0.063
Schramm et al. 1996 mg/ water solubility) mg/l
Tas et al. 1997 Schrammet al. 1996 Tasetal. 1997
Scenedesmus Daphnia magna
subspicatus EC50 21d

EC50 72h>046  (reproduction) =
mg/l (noeffectat  0.169-0.338 mg/l
water solubility) Tasetal. 1997
Schramm et al. 1996

Musk xylene Vibrio fischeri Selenastrum Daphnia magna Bluegill sunfish
. EC50 30min > 0.12  capricomutum NOEC 48h=032  LC5096h=12 mgil
m NOEC 5d> 56 mg/l mgA Tasetal. 1997
Schramm et al. 1996 Tas et al. 1997 Tas et al. 1997 Brachydanio rerio
Scenedesmus Daphnia magna LCS0 14d = 0.4 mg/l
subspicatus NOEC 21d Tasetal. 1997

TCS0 72h > 0.15 (reproduction) =
mg/1 (no effect at 0.056 mg/l
water solubility) Tasctal 1997
Schramm et al. 1996

Only a few tests have been performed with terrestrial organisms. The toxicity of Musk xylene
to earthworm (Eisenia foetida) was determined in a standard OECD 207 test (Tas et al. 1997).
The 14d-NOEC for survival, growth and behaviour was > 50 mg/kg soil. In a similar test with
the same organism using musk ketone an 8 week-NOEC for reproduction of 32 mg/kg soil
was determined (Tas et al. 1997). The reproduction toxicity of Musk ketone to springtail
(Folsomia candida) was measured in an artificial soil test according to a draft 1SO guideline
(Tas et al. 1997). The 28d-NOEC was found to be 100 mg/kg soil and the LC50 28d greater
than 1000 mg/kg soil. It is concluded that both nitro musks are moderately toxic to terrestrial
oroanisms Nn tect reanite are availshle for Mackena and Muck tihetena
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The aquatic toxicity for the polycyclic musks is summarised in table 20. The lowest reported
NOEC values which have been used for the risk assessment are: 0 068 mg/l (fish) for HHCB
and 0.035 mg/1 (fish) for AHTN.

Table 18: Aquatic toxicity of polycyclic musks

AITI

AHMI

HHCB

Algae

Selenastrum capricornutum
EbCS0 72h = 0.081 mg/l
ErC50 72h = 0.2 mg/l
NOEC (growth rate) = 0.044
mg/l

AquaSense 1998a

Pseudokirchneriella
subcapitata

EbC50 72h = 0.723 mgt
RIVM. December 1997

Pseudokirchnericlia
subcapitata
EbC50 72h = 0.468 mg/l

- RIVM. December 1997

Crustacean

Daphnia magna
EC50 48h = 0.42 mg/
Balk 1998

Daphnia magna
EC50 48h = 0.33 mg/l
AquaSense 1998b

Daphnia magna
NOEC 21d=0.111 mg/
RIVM. December 1997

Daphnia magna
NOEC 21d = 0.196 mg/l
RIVM. December 1997

No toxicity data are available for ADBI.

Fish

Brachydanio rento
NOEC 96h = 0.9 mg/1
AquaSense 1998¢

Lepomis macrochirus
NOEC 21d = 0.182 mg/l
RIVM. December 1997

Pumephales promelas
NOEC 36d = 0.068 mg/!
RIVM, Decernber 1997

Lepomis macrochinus
LC50 21d = 0.314 mg/l
RIVM. December 1997

Pimephales promelas
NOEC 36d = 0.035 mg/l
RIVM. December 1997

The toxicity to tervestrial organisms has been determined for AHTN and HHCB (RIVM,
December 1997).

AHTN
HHCB

Eathworm (Eisenia foeu'da)

NOEC 8 weeks = 105 mg/kg soil

NOEC 8 weeks = 45 mg/kg soil

springtail (Folsomia cancida)
NOEC 4 weeks = 45 mg/kg soil
NOEC ¢ weeks = 45 mg/kg soil

ey g
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Annex 3; Data on Degradation

Several biodegradation tests have been performed with the 4 nitro musks. All of them have
shown that these chemicals do not mineralise under standard test conditions.

Musk ketone Not inherently biodegradable (MIT1 II) Tas et al. 1997

Musk xylene - Not readily biodegradable (MITI I) Tas et al. 1997

Musk moskene Not inherently biodegradable (MiTI ) Givaudan Roure 1993a

Musk tibetene Not inherently biodegradable (MITI II) Givaudan Roure 1993b

HHCB Not readily biodegradable (mod. Sturm test) RIVM, December 1997

AHTN Not inherently biodegradable (MITI II) RIVM, December 1997
(<1% biodegradation after 28 days) Balk 1998
Low mineralisation (ISO 10708)

ADBI Not inherently biodegradable (MITI I1) Givaudan Roure 1995a
(<1% biodegradation after 28 days)

AITI No data available

AHMI Low mineralisation (ISO 10708) Balk 1998

AHTN, HHCB and AHM1 were studied in biodegradation tests where the mineralisation by
the production of CO, or the uptake of O, was determined (Balk 1998). Under these
conditions, AHTN and HHCB did not mineralise. A low level of mineralisation (12-21% of
ThOD) was found with AHTN and AHMI in a two-phase closed bottle test. All these tests
showed that the mineralisation of these compounds is very slow. However AHTN, HHCB and
AHMI degrade in soil samples and in cultures inoculated with soil-micro-organisms to
various more polar metabolites within a few days to a week. HHCB was degraded by an air-
born fungus to a mixture of metabolites. After incubation with a soil slurry, both HHCB and
the metabolites were gradually transformed to more polar structures and some CO;. In a
microcosm study wiih various soii types, HHCB disappeared wiih a haii-iife of approx. 3
months. After one year several polar metabolites could be extracted whereas formation of
CO; was negligible. There are also indications of anaerobic digestion of AHTN and HHCB
during sludge treatment (Biok 1998). In conclusion, the mineralisation of polycyclic musks n
standard test systems is negligible. Primary biodegradation does however occur in soil.

Recently, the biotransformation of HHCB was examined under realistic conditions in
activated sludge (Itrich et al. 1998). A novel test system was established that permitted the
detection of metabolites and the measurement of volatiles (parent compound and CO;
evolved). "*C-HHCB was dosed at a low level (50 pug/l) to freshly collected activated sludge,
and disappearance of parent and formation of metabolites were monitored over time. It was
found that HHCB is biotransformed during wastewater treatment with an estimated half-life
of approx. 35 hours to 2 polar metabolites that have substantially fower Pow values than the
parent (measured values: 5.9 for HHCB, 2.0-3.0 for metabolite 1, ca. 0 for metabolite 2) No
significant volatilisation of HHCB was observed.

The photodegradation of the 4 nitro musks was examined by irradiating an aqueous solution
at room temperature with artificial UV light. The measured half-lives are in the range of 2.0-
8.2 minutes (Butte et al. 1996). The half-life of AHTN under similar conditions was
determined to be 1.25 minutes (Butte et al. 1997).
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Annex 4: Physical Chemical Properties

Nitro musks are poorly soluble in water and have relatively high octanol/water partition
coefficients. Measured values for the water solubility ' ported in the literature (Schramm et
al. 1996) vary from 0 046 for Moskene to 0.46 for Musk ketone. For Moskene and Musk
tibetene a somewhat higher value of 2 mg/l has also been reported by a manufacturer (Roche
1985). For Musk ketone and Musk xylene the water solubility was also calculated (Isnard &
Lambert 1983). The results are similar to the values determined experimentally. The most
reliable measured values for log Pow vary from 4 3 (Musk ketone) to 5 3 (Moskene). Lower
log Pow values have also been reported before: 4.4 for Moskene and 4.3 for Musk tibetene
(Roche 1985), 3.2 for Musk ketone (RIFM data) and 3.4 for Musk xylene (Johnson et al.
1984). Calculated values for Musk ketone and Musk xylene are somewhat lower than the
experimentally determined but stiil of the same order.

Table 21 Water solubilitv S) and par titien coeificient octanol/water (i() Pow) for nitro
musks and pOin)’CllC musks

Commeon Name S (measured) in S (calculated) in log Pow log Pow
mg/l mg/ {measured) (zalculated)
Moskene 0 046 (Schramm 5.3 (Givaudan
et al. 1996) Roure 1996a)
Musk ketone 046 (Schramm 1 9(Isnard & 43 (Taset al. 38,43 (Taset
et al. 1996) Lambert 1983)  1997) al 1997)
Musk tibetene 0.052 (Schramm 50 (Givaudan
et al. 1996) Roure 1996b)
Musk xvlene 0.15(Schramm 049 (Isnard & 49 (Taset al 37,445 (Taset
et al. 1996) Lambert 1983) 1997) al. 1997)
HHCB ; 1.65 (RIVM, 019 (Balk 1998) 5.9 6.3 (Balk 1998)
December 1997)
AHTN 1.22 (RIVM, 0.36 (Balk 1998) 5.7 6.4 (Baik 1998)
December 1957)
ADBI 022 (Balk 1998) 54 5.9 (Ralk 1998)
AHMI 0 25 (Balk 1998) 5 85 (Balk
1998)
AlTI 0.09 (Balk 1998) 6.3 (Balk 1998)

The polycyclic musks HHCB and AHTN have shightly higher water soiubilittes and
octanolwater partition coefftcients than the nitrc musks For ADB! the Pow was measured
Only a calculated value is available for water solub  ty. For AHMI and AITI no experimental
data are avatlable at all
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Annex 5: Toxicity Data

The fragrance industry has filed dossiers on the nitro musks and two polycyclic musks AHTN
and HHCB and submitted these to the EU Scientific Committee on Cosmetic Products and
Non-Food Products (SCCNFP). A summary of the data available is given below.

Nitro musks

Table 17 summarises the most relevant parameters for the safety assessment.

Table 17: Toxicological data of Musk xylene and Musk ketone (Ford 1998a)

Exposure Musk xylene Musk ketone
Dermal toxicity 90-day study 75 mg/kg/day male 75 mg/kg/day (1990)
24 mg/kg/day female (1990)
Genotoxicity Not genotoxic Not genotoxic
Developmental toxicity 20 mg/kg/day maternal tox. 15 mg/kg/day maternal tox.
Developmental NOAEL 200 Developmental NOAEL 45
mg/kg/day mg/kg/day
Pre- and post-natal NOAEL 7.5 mg/kg/day NOAEL 7.5 mg/kg/day
Skin effects: irritation, No effects at 5% on human No effects at 5% on human
sensitisation, photoirritation,  skin skin
photosensitisation
NOAEL selected 4.8 mg/kg/day 7.5 mg/kg/day
(24 mg/kg/day derm. absorp.) (pre- and post-natal dev.
study)
Exposure dermal (as agreed (181 pg/kg/day) (176 pg/kg/day)
with the SCCNFP) 14 pg/kg/day corr. dermal - 25 pg/kg/day corr. dermal

absorption (7.5% human) absorption (14% human)
In a developmental rat model (Suter-Eichenberger et al 1998a) with exnosure to Musk xylene
of the parent generation, pregnant dams and their offspring, and using enzyme induction as a

parameter, a lowest observed-effect level of 2.3 - 2.7 mg/kg/day and a NOAEL of 0.7 - 0.8
mg/kg/day (Suter-Eichenberger et al 1998b) were found.

Polycyclic musks
Table 18 summarizes the most relevant parameters for the safety assessment.

Table 18: Toxicological data of AHTN and HHCB (Ford 1998b)

Exposure AHTN . HHCB
Oral toxicity 90-day study NOAEL 15 mg/kg/day (1996) NOAEL 150 mg/kg/day
(1996)
Genotoxicity Not genotoxic Not genotoxic
Developmental toxicity Oral gavage study: 50 Oral gavage study: 500
mg/kg/day maternal toxicity, mg/kg/day maternal toxicity,
no findings at highest dose reduced fetal
weight and increased skeletal
malformations

Pre- and postnatal mitk study No effects found at the dose ~ No effects found at the dose
AF 20 mall-alday Af N maflefdac:
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Skin effects: irritation,
sensitisation, photonTitation,
photosensitisation

NOAEL selected

Exposure dermal as areed
with the SCCNFP

Margin of safety

No effects at 109 on human

skin

15 mg/kg/day

(306 pg/kg/day)

43 pg/kg/day corr. dermal
absormption (14% rat)

340 (cosmetic products)

No effects at 10% on human
skin

150 mg/kg/day

(764 ng/kg/day)

107 pg/kg/day corr. dermal
absorption (14% rat)

1402 (cosmetic products)
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described in'the Revised OECD Principles of Good Laboratory Practice (1996). All data on
the test substance such as , characterization, verification and propertles were submitted by
the Sponsor who accepted full responsibility for the validity thereof.

The study is valid for the purpose for which it was conducted and this report is a true
reflection of the raw data generated

AII persons involved in the performance of the study were expenenced and qualified, abie to
conduct the experimental tasks assxgned to them.
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This study was conducted in compliance with the Principles of Good Laboratory Practice as
n
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QUALITY ASSURANCE STATEMENT . '

The testing facilities utilized in this study have been inspected regularly in accordance with

the Principles of Good Laboratory Practice. e .

This study was inspected and audited and the findings were reported to the Study Director

and the Management on the dates as shown below. Inspections were performed according

to the Standard Operating Procedures (SOP) of the testing facility. The final report was

audited in detail against the approved Study Protocol and all pertinent raw data.

it is considered to be an accurate presentation of the methods and procedures applied in

the course of the study and an accurate reproduction of the data recorded.

Inspection date Inspection/Audit Date of QA report

07-05-98 Study protocol inspection 08-05-98

12-05-98 Study-based inspection 13-05-98

$5-05-88 Ranart inspaction 05-06-98

18-08-98 Re-issue inspection 1.-08-98

04-11-98 Report Amendment inspection | 05-1 1-98

14-12-98 Re-issue inspection 14-12-98

A= | b fot 49
Ir. Eijnatten, _ Date,
Quality Assurance manager
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ARCHIVING OF RECORDS AND SAMPLES

The study file including the Final Report, Study Protocol, ammerdments, QA records, and
all raw data pertaining to the study is retained in the archives of Aquasense Lab for a pericd
of ten years. The test material is stored deepfrozen.under the sample Aumber {302800) for
ten years, or as long as the quality of the test substance permits evaluation. Ali other
records connected with the study are also registered in the Aquasense Lab archives for a
period of at least ten years.
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Summary

in order to predict effects of chemicals in an aquatic environment, the toxicity of Phantolid®
to Brachydanio rerio was assessed. The toxicity was determined in an acute toxicity test
which is described in the-OECD 203 (1992) and EEC 67/548 C1 (1992) test guidelines, and
was performed in accordance with the principles of Good Laboratory Practice (GLP). The
toxicity was determined over an exposure period of 96 hours under defined conditions.
During the test the pH varied no more than 0.3 units, and the oxygen concentrations were all
above 60% of the saturation values. The temperature varied between 22.3 and 24.7 °C
throughout the test. The test is valid as shown by the absence of mortality in the control. The
LGy, value could not be calculated due to the low solubility and the low toxicity at the tested
concentrations. The No Observed Effect Concentration (NOEC) derived from nominal
concentrations is 0.902 mg/l. The chemical analysis showed a slight decrease in the
concentration at the start of the test and decreased rapidly to below the detection limit. A
NOEC based on measured values (0.075 mg/l) is questionable since a small toxic effect at
the highest dose was observed and all concentrations, except the first measurement, are
below the detection limi. - '
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1. INTRODUCTION

The objective of this test was to assess the acute toxicity of Phantolid® to the freshwater fish
Brachydanio rerio during 96 hours of continuous exposure in a static test. In the test the fish
were exposed to five concentrations of the test substance in a geometric series under defined
conditions. The test solutions were not renewed during the test duration, and mortalities were
recorded every 24 hours. Where possible, the acute toxicity is expressed as the median lethai
concentration {LCg), that s the concentration which kills 50% of the fish within the period of
testing. Furthermcre, the highest concentration causing no effect (NOEC) and the lowest
concentration causing 100% mortality were aiso determined.

The methods employed were based on the OECD test guideline 203 {4.1] and the EEC
directive 67/548 C1 [4.2], and in compliance with the OECD principles of Good Laberatory
Practice [{4.3].
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2. MATERIALS AND METHODS

21 Test substance

The sampie of Phantolid® was received at Aquasense Lab on 15-jaﬁ-98 and assigned the
sample number 302900. The following test substance data were submitted by the Sponsor.
The Sponsor accepted full responsibility for the validity of these data.

e name/code Phantolid®
» chemical name 5-acetyl-1,1,2,3,3,6-hexamethylindan

-
w

» batch/lot No. 10237

e CASr. 15323-35-0

o purity 96.7 %

e appearance off-white powder

o water solubility - estimated at 0.1 - 1 mg/l

e vapour pressure not known ,

« storage conditions at room temperature in the dark .

o stability _ stable for at least 12 months under storage conditions

» study sample number 302900 . .
| The nominal concentrations as referred in this report are the concentrations based on the
|

96.7% purity of the active ingredient. The Certificate of Analysis is presented in Annex i.

2.2 Testorganism

The test fish (Zebra-fish, Brachydanio rerio) were obtained from an established commercial
hatchery (Bio Intemational, Hom, The Netherlands), and registered in the in-house purchase
register as batch : 020298. Quarantine and transportation procedures were in accordance with
the Standard Operating Procedure A-324 {4.6]. All fish were held in reconstituted water (DSW)
of an approximately t16-hour daytight photoperiod and observed for at least 12 days prior to
testing. During the holding period the fish were fed daily with a standard commercial fish food,
and this was stopped approximately 24 hours before testing. The batch had a mortality of 3 %
and was accepted because less than 5% mortality was observed within 7 days of holding. The
dissolved oxygen concentration was more than 80% of the air-saturation value throughout. the
holding period. Records were heid on the quarantine procedures. The wet weight of the fish
used in the test, based on the weight of ten fish of the same batch, was 0.77 gram. The mean
length of the fish was 2.4 cm. The biomass loading did not exceed the maximum loading of 1
gram wet weight /I.
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2.3 Chemicals
The chemicals for preparation of the test medium were all of analytical grade and obtained

from an established comrercial suppiier. (Merck, Darmstadt, Germany, main supplier)

24 Glassware : .
The test was performed in test vessels containing 1000 m! of DSW. The test vessels were
closed with plastic stoppers. All other equipment was made of glass. All glassware used was
cleane ior to testing according to Standard Operating Procedure A-340 [4.9].

25 Dilution medium
The dilution water used for testing and dilutions was Dutch Standard Water (DSW), having a

pH of 7.8 + 0.5. The DSW was prepared using deionized water which has a conductivity of
less than 0.5 uS/mm, according to Standard Operating Procedure A-301 [4.7]. The dilution
water was aerated before being used in the test. The air was purified by active coal, cottor:
filter and water. The deionized water was prepared using a water purification system (Milli-Q,
Millipore, Breda, The Netherlands). The water contained the following minerals per litre: 100
mg NaHCO,, 20 mg KHCO,, 200 mg CaCl,+2H,0 and 180 mg MgSQ, - 7H,0.

26 Apparatus and test conditions ‘
The test was carried out in a temperature controfled area with a temperature of 23 £ 2°C. The

phctopericd was 18 hours of daviight supplied by flucrescent tubes (8 + 2 pmol/m?/s). The test
vessels were placed in a random manner. Aeration was achieved using a Pasteur pipette

connecfed to a compressor with purified air.

2.7 Test substance stock solution

A test substance stock solution was prepared by weighing out the test substance (0.50091
g) using an analytical balance (Sartorius, 160P, Breukelen, The Netherlands). This was
transferred to a separatory funnel filled with 5 liter DSW. This mixture was ultrasonically
treated for approximately 20 minutes and subsequently mixed for approximately 20 hours at
room temperature using 2 magnetic stirrer. Thereafter, the liquid was filtered using a glass
fibre fiiter {Schleicher& Schull, GF 92 Glasfaser filter (ref.nr. 421057 X 27368), 1um J) to
remove all particles. The clear aqueous filtrate was used as steck solution for preparation of
the desired concentration range. This method war chosen from a range of methods (e.g.
generator coiumn, ultrasonic treatment) which have been tested for the preparation of a
suitable stock solution of the test substance. This preliminary investigation was not
performed according to the OECD principles of GLP. The resuits are stored in the archive of
AguaSense Consultancy [4.10]. The tested methods were in accordance with the OECD
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203 and EEC C1 guidelines (4.1, 4.2] and/or international guidelines on the preparation of
poorly soluble substances for aquatic: toxicity testing [4.11].

2.8 Determination of test parameters

The pH and oxygen of all test substance samples and controls were measured daily. The pH's
were determined with the aid of a pH meter (pH 196, WTW, Weilheim, Germany), and the
oxygen concentration was determined using a oxygen monitor (Oxi 196, WTW, Weilheim,
Germany) The temperature was measured continuously using a temperature sensor coupled
to a data logger (Elbanton, Kerkdriel, The Netherlands). The light intensity in the test chamber
was measured at the beginning and end of the test.

2.9 Test method

The test concentration range used in this study was derived from the results of preliminary
investigations on the toxicity of Phantolid® to fish, which was not performed under GLP
[4:10]. In this investigation 100% survival was found at a concentration of 20% of the stock
solution and at a ooncentratuon of 100% of the stock solution adverse behaviour was
observed. '

The definitive test was performed as a static test using 10 fish per test concentration and
control. The concentration range was made using a stock solution. The fish were exposed to
the following nominal concentration range: 0, 41, 51.2, 64, 80 and 100 % of stock solution
{(equal to 0.462, 0.578, 0.721, 0.902 and 1.127 mgA Phantolid®). The test was performed in
single-fold. The control consisted of DSW alone. The fish were allocated randonily in the
test vessels. The test vessels were aerated gently during the test. The pH was not adjusted
during the test. The test duration was 96 hours. The fish were not fed during the
performance of the test. Mortalities and other abnormalities were recorded within the first 6
hours of testing and subsequently every 24 hours. Those fish which were not zble to
breathe and which did not react to a gentle mechanical touch were considered to be dead.
Dead individuals were removed at each observation and a record was maintained of
mortality and abnormal behaviour for each concentration tested.

2.10 Statistical evaluation

The nominal and measured concentrations of the test substance were used for the:
calculation of the LCy, values, and to pict the dose-response curve. The LGy, values were
calculated using the Binomial method using the computer program ToxCale of Tidepeool
Scientific Software {4.4] and according to SOP A-360 [4.12]. Confidence limits (85% were
also calculated. The program was validated with a known dataset before use accerding to
SOP A-360 {4.12]. The NOEC was calculated using the threshold values of Wiliams test
[4.5] and the 100% mortality was derived from the results as presented, where possible.
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Calculation procedures are based on both nominal values (calculated from the measured
concentration of the stock solution), and geometric means of measured values of the
concentration range (whenevar the recovery was < 80% after 96 hours of testing as
described in the OECD 202 Guideline and EEC 67/548 C2 Directive). The geometric means
of concentrations which were not measured by chemical analysis, were estimated on the
basis of the formula: ' )

estimation of M, = N, * (1 - 0.5 Ny - M, N,, + O.5(N,., - Me.1 )N, )

Where : x = Concentration step
N = Nomina! concentration vaiue
M = Measured concentration vaiue

From these estimated concentrations at the various time intervals the geometric mean was
calculated. When measured concentrations were below the detection limit the values were
not used for calculation of the geometric means of the non-analytically determined samples.
Concentrations which were below the detection limit at T=0 were not used in calculation of
EC, values.

2.11  Validity criteria

The test should be valid i nc more than 10% of the control test fish die or exhibit
abnormalities during the test period {OECD, EEC). The dissclved oxygen concentration
should be > 60% of the air-saturation throughots* th~ test (CECD, EEC. The pH should not
vary more than cne unit during the test (EEC).

2.12 Chemical analysis _

The method including validation, catibration and descriptiun of the procedures and
apparatus used to determir » the corcentration of the test substance in the test medium is
described in a separate study. The wotacol for this study (Study plan T9BOOSA) [4.13] was
drawn up by Dr. G. Stegeman (Stu;, director) of Akzo Nobel Central Research, Pept. RGL,
Amhem, The Netherands. This protocol is stored in the study file and was approved and
signed by both the Study director (Akzo Nobe! Central Reasearch) and the Study menitor
{AquaSense Lab}.

The concentration of the test substance in the samples was determined by means of gas
chromatography with flame ionization detection. Samples (= 20 ml) were withdrawn froin the
control, lowest , middle and highest concentration. Samples from the other concentrations
were also withdrawn and stored foi additicinni analyses, when needed. The éoncentration of
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the test substance in the solution withdrawn directly from the stock solution was also
determined. The samples were stored in the refrigerator in the dark until analysis. All

samples will be taken in single-fold and analyzed in duplicate. Samples were taken at 0, 24,

48, 72 and 96 hours of testing. The initial samples for analysis (0 hours) were wit. drawn
from the vessels after addition of the testorganisms and statilization of the test system. The
samples were stored for a maximum period of 4 weeks.
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3. RESULTS

3.1 Test environment »

The pH values during the 96 hours of testing showed a maximum deviation of 0.3 units (see
Table ). The oxygen values exceeaed the 60% of the saturation values by far as shown in
Table 1l. The ternperature during the test varied between 22.3 and 24.7 * C with a mean
value of 23.2 " C. The light intensity during the test in the test.chamber was between 9.73
and 7.35 ymol/m?s, which is in agrmement with the light intensity of approximately 8 + 2
umol/m?/s as recommended in the OECD/EEC guidelines.

3.2 Testresults

During the test partial mortalities ware observed oniy at the highest concentration tested
(1.127 mg/l nominal) . Because the test concentrations dropped below 80% of the initial
concentration, the calculation of the effects were also performed using the geometric means
of the measured concentrations. Only moderate effects could be determined, and therefore
no L.Cs, value could be calculated. The nominal No Observed Effect Concentration (NOEC)
found for Phantolid® is 0.902 and based on the measured concentrations the NOEC is 0.075
mgAl. During the test periocd changes in the behaviour and mortalities were only observed at
the highest concentration tested. This observation is in agreement with the results of the
chemical analyses which revealed that after 24 hours the test substance was only detected
in the medium with the highest dose.

3.3 Validity criteria
The test was valid as shown by the oxygen and pH values described in section 3.1 and by
the absence of mortality in the control after 96 hours of testing.

34 Chemical analysis

The results of the chemical analysis are described in the GLP report of Akzo Nabel Central
Research RGL F98046 {4.14], and is added in Annex il. The concentrations of Phantolid®
measured at the beginning of the test were slightly lower than the nominal values. After the
test was initiated the concentrations dropped rapidly and after 24 hours of testing all
concentrations were below the detection limit of the analysis, except for the highest dose at
24 h. This rapid decrease may be due to adsorption onto the fish or the test vessel wall. The
test substance may also be metabaiized by the fish. Based on the observed behavioural
effects at the hignest dose it is likely that come material remained in solution.




Evaiuation of the toxic effects of Phantolid to Brachydanio rerio
Report Number : 98.1202-17 (re<ssue of 98.1202-10)
Study Number : 12028.GLP.VIS04

3.5 Deviations from Study Protocol

The following deviations were observed during the study : _

s The amount of sampie taken for chemical analyses was approximately 20 mi at each
sampling time. The amount of sample was not mentioned in the Study Protocol.

e Thelight intensity in the test chamber was measured at the begmnmg and end of the
test. This was not descnbed in the Study Protocol.

e The EEC (see 4.2) guideline used in the study was the Dutch version instead of the
Englisir. In the Study Protocol the English version was mentioned.

o LCyvalues will aiso be calculated for 24, 48 and 72 hours of observation, where
possible. Only LCq, for 96 hours was described in the Study Protocol.

3.6 Conclusions . :

The toxicity of Phantolid® to Brachydanio reric was determined over a period of 96 hours.
The LCq, value could not be calculated due to the low solubility and low toxicity at the tested
concentration range. Based on the nominal values the NOEC is 0.902 mg/ . The NOEC
value of 0.075 mg/l based on measured values (geometric means) is questionable as all but

" one measured value was below the detection limit.

-——IIJ



=
uﬁh

__“ '_HII!

Evaluation of the toxic effects of Phantolid 10 Srachydanic renc
Report Number : 88.1202-17 (re-issue of 98.1202-10)
Study Number : 12028.GLP. ViS04

4.

4.1

4.2

4.3

44
4.5

4.6

4.7
4.8

4.9

N
b

nlh
-k

4.12

4.13

414

REFEFRCNCES

OECL {1592) “Fish, acute toxicity test”, 203, June 7th, Guidelines for testing of
chemicais, Organisation for Economic Cooperation and Development, Paris

EEC (1992) “Methoden voor de bepaling van de ecotoxiciteit, Acute toxiciteit voor
vissen”,C1 Directive 67/548. Publikatieblad van de Europese gemeenschappen.
OECD {1996) “The Revised OECD Principles of GLP", Final Report of the QECD
Expert Group on Good Laboratory Practice, Paris, France.

ToxCalc (1995) Tidepoct Scientific Software, McKinleyville, CA, USA.

Wiiliams, D.A. (1972) The comparison of several dose levels with a zerc dose
control, Biomefrics, 28, 519-531

Standard Operating Procedure A-324 (1998) Voorraad vissen.

Standard Operating Procedure A-301 (1998) Bereiding van Dutch Standard Water.
Hamiiton, M.A., Russo, R.C., Thurston, R.V. (1977} “Trimmed Spearman-Karber
methed for éstimating median lethal concentrations in toxicity bicassays. Environ.
Sci..and Technol, 11, 714,

Standard Operating Procedure A-340 (1998) Voorbereiding van gléswerk ten
behoeve van toxicologisch onderzoek.

Kroon, A.G.M. (1998) Resultaten vooronderzoek Phantolid®, Z-april-98.
GAISS05.doc, AquaSense, Projectnr. 1202.GLP, Amsterdam, The Netherlands.
ECETOC (199€) Mionograph No.28, Aquatic toxicity testing of sparingiy soiubie,
volatile and unstable substances, Brussels, Belgium.

Standard Operating Procedure SOP A-360 (1998) Caiculatie van ECn waarden mbv
Toxcaic.

Stegeman, G. (1998) Analysis of Phantolid® in test media from toxicity tests,
T98005A, Akzc Nabe! Central Research, Dept. RGL, Arrhem, The Netherlands.
Stegeman, G., Hendriks, H.(1998) Analysis of Phantolid® in test media from toxicity
tests. RGL F98046, Akzo Nobel Centrai Research, Dept. RGL, Arnhem, The
Netherlands.

R |




R R R REEEEEEEEEEEEEEEEEETTEE—————————————SSSSSSS (..

w

-_—WI-
T e
LN

Evalugtion of the toxic effecis of Phantolid to Brachydanio renco
Report Number ; 98.1202-17 (re-issue of 98.1202-10)
Study Number : 12028.GLP.VISO4

Table |

Measurements of the pH values in the test vessels at the various time intervals.

Nominal concentration pH
(mgh)

Time (hours) 0 24 48 72 96
Control : 83 8.2 8.2 8.1 83
0.462 8.2 8.2 8.2 8.1 8.1
0.578 8.2 82 ' 83 8.2 8.1
0.721 : 8.2 8.3 8.2 82 8.2
0.902 : 8.1 8.2 8.2 8.2 8.3
1.127 _ 8.1 83 83 8.1 84

Table il

4

Maacuramante nf tha nvirnan uahirac in tha tact vaceale at tha variniie Hima intaruale
Maasuraments af th n valtac tin he o€ vecesie al ha varigue ima intarvals,

- oy v v

Nominal concentration oxygen (%)*
(mg/l)

Time (hours) 4] 24 48 72 96
Control 106 96 96 98 96
0.462 106 96 95 96 94
0.578 106 98 96 96 92
0.721 : _ 106 96 a5 96 93
0.902 107 97 96 97 93
1.127 105 97 96 a5 94

' = Oxygen concentrations are expressed as percentage of the saturation values at the measured
temperature.
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Evaluation of the taxic effects of Phantolid 1o Srachydanio rero
Report Number : 98.1202-17 (re-lasue of 98.1202-10)

Study Number : 12028.GLP.VIS04

Table iV

Survivals during the 96 hours of testing.

Nominal concentration Survivals
(mgh)

Time (hours) ()} 6 24 48 72 96
Control 10 10 10 10 10 10
0.462 10 10 10 10 10 10
0:578 10 10 10 10 10 10
0.721 10 10 10 10 10 10
0.902 10 10 10 10 10 10
1127 10 7 A 7 T 7

! = One fish swimming at the surface, and 7 fish are sluggish.
2 = Two fish are swimming sluggish.

3 = One fish is swimming sluggish.
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Evaluation of the toxic effects of Phantolid to Brachydanio reric
Report Number : 96.1202-17 {re-issue of £8.1202-10)
Study Number : 12028.GLP.VISO4

Table V

Summary of the statistical evaluation.

Time (hours) LC (mgfl) " 95% confidence limits  100% mortality (mg/t) NOEC (mg)
Nominal concentrations

24 > 1127 - - n.d.
48 >1.127 - . - n.d.
72 >1.127 , - - n.d.
96 >1.127 - 0.902
Measured concentrations

24 > 0.245 - - n.d
48 >0.133 - nd
72 >0.098 - - nd
96 >(.081 - - 0.075
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Evaluation of the toxic effects of Phantolid o Srachydanio rerio
Report Number : 98.1202-17 (re-issue of 98.1202-10)
Study Number : 1202B.GLP.VIS04
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Figure 1

Dose-response curve of Phantolid® calcutated from the percentage of inhibition at various
test concentrations (measured).
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ABSTRACT

To determine toxicity of Phantolid a series of tox tests with fish and daphnids and an algai growth inhibition test
were performed by Aquasense Amsterdam. The concentration of Phantolid in the used test media was
determined by the Cencral Analytical and Environmental Chemistry Cepartment of Akzo Nobel Centrai
Research. Samples to be analysed were test media with high,. medium, low and zero concentration of
Phantolid. Samples were taken at the beginning of the test (t=0 hour), at the end of the test and between times
after every 24 hours. In this report procedures and results of the chemical analyses are described.

Analyses were carried out in compliance with the OECD Principies of Good Laboratory Practice (GLP). Tesi
media samples we-e extracted with dibutylether using a so-called in-vial extraction procedure. The ether layer
was subsequently anafysed by means of gas chromatography (GC) with flame ‘onisation detection.

The concentration of Phantolid in the test media from the Daphnia-rﬁagna tests at t=0 hours were between
0 and. 1.14 mg/. In the course of the test the concentrations de-reased gradually. At the end of the test, after
48 hours, concentrations were roughly 50% of the initial concenn ation.

The initial concentration of Phantolid in the algal media ranged between 0 and 0.24 mg/l. The low concentration
level was already below the detection limit of 0.04 mg/. During the 72 hour test the Phantolid concentrations
were found to decrease steadily. At the end of the test concentration levels in the test media were all below the
detection limit except for the highest dose concentration, which had declined to 0.05 mgA.

The concentration of Phantold in test media from the 96 hour fish toxicity study were between 0 and 0.95 at the
beginning of the test. Atready after 48 hours the Phantolid concentration in all test media had decreased beiow
the detection limit of 0.04 mgA. This decrease in Phantolid concentration is more pronounced than in the algal
and Daphnia test.

Page 2
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ARCHIVING AND STORAGE
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GLP COMPLIANCE STATEMENT

The study reported here was carried out according to the study plan in compliance with the OECD Principles of
Good Laboratory Practice (5.1). The report contains an accurate descnptuon of the results.

Study director
Dr. G. Stegeman

Management, Head of Department RGL
Dr.iIr. C.J. Groenenboom
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QUALITY ASSURANCE STATEMENT

This report was audited by the Quality Assurance Unit of Akzo Nobei Central Research Arnhem. It is consigered to
be an ascurate presentation of the methods end procedures applied in the course of the study and an accurate
reproduction of the data recorded. '

Listed below are the dates of inspection of this study by the Quality Assurance Unit and the dates on which its
findings were reportad to Study Director and Management.

Dates of inspection Dates of reporting
1998-05-20 . 1998-05-20
1568-05-28 1998-05-29

Quality Assurance Unit
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1. INTRODUCTION

To determine toxicity of Phantolid, 2 substance produced by PFW Aroma Chemicals, a senes of tox tests with fish
and daphnids and an algal growth inhibition test were performed by Aquasense Amsterdam (project No 12028).
The concentation of Phantolid in the used test media was d2termined by the General Analytical and Environmental

Chemistry Department of Akzo Nobel Central Research. In this report the procedures and results of the chemicat

analyses are described.

The samples to be analysed were taken frem test media at the beginning, at the end and during the toxicity tests at
reqular time intervals. The samples were extracted “in-vial® with dibutylether. The concentration of Phantolid in the
dibutylether layer was determined by means of gas chromatography {GC) with flame ionisation detection. Tne

analyses were camied cut in compiznce with the OECD Pnncipies of Good Laboratory Practice (5.1) and according

to Standard Operation Procedure N 1 (5.2},

2. MATERIALS

2.1 Testsubstance
The test substance Phantofid {sample code: T98005) was received from Aguasense on 1998.05.08. The feilowing
test substance data were submitted by the sponsor, who accepted fuil respansibifity for the vaiidity of these data.

Inlurmation concerning the test material:

- name of test substance Phantolid
- chemical name 5-acetyi-1.1,2,3,3,6-hexamethylindan
- Cas reg.No. 15323-35-0
- batch/lot No. 10237
- Aguasense sample No 302900
- purnty 86.7 %
- appearance an off-white solid (powder)
storage until required in a cool place in the dark
- stability stable under storage conditions
2.2 Sampies

The samples to be analysed were received from Agquasense cn 1998.05.15. On receipt all samples were still
refrigerated, which was checked by taking some Jamiples in the paim of the hand. After checking ali the sampies,
they were immediately stored in a refnigerator until analysis Sainple codes and other relevant data supplied by
Aquasense were assumed to De correct and were usad without further check. Sampies were analysed within one

wenk afer rec
week after recaipt

-—“\1lli
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- sample description -
- storage until required

2.3 Chemicals

Dibutylether, {CH,(CH,),), O

2.4 Delonized wate:

2.5 Apparatus

Gas chromatography system
Autosampler

Injection

GC-column

Detection

Carrier gas
Temperature program

Data collection/integration

Recorder

"y ’ Page 8
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aqueous solutions of test substance

in a refrigerator

99% GC-grade

Deionized water was produced from tap water in a water purification system (Spectrum-Elgastat, Breukelen, The
Netheilands). it had a conductivity of less than 5 p S.cm™, a TOC content of less than 2 mg/ and it contzuned no
more than 0.01 mg Cu per litre (Standard Operation Procedure K 10 (5.3)).

Description of the apparatus used and some relevant settings:

Carlo Erba GC 8160
Carlo Erba AS 800

sampling depth: -22 mm

cold on-column injection

coot time: 12 seconds

injection volume: 1 pi .

injection speed: maximum

syringe : Hamilton microliter, 10 ul AS800
syringe rinse procedure: standard AS800 procedure (bubble =limination = 5)
J&W DB-1 with retention gap

length: 30 meter

~ internal diameter: 0.32 mm

film thickness: 0.5 pm
Carlo Erba FID-80 flame ionization detector

. temperature: 300°C

flame gases: 50 kPa H, and 100 kPa air

Helium 5.0; 100 kPa head pressure

Initial terrperature: 1560°C (2 minutes)
temperature rise: 4°C/min

ﬁnal temperature 225°C (5§ minutes)

Fisons Multichrom rev.2 chromatography soﬂ\yare
Kipp & Zn BD-8, 1 mV

—eep—
|
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2.6 Materials

Chromacol 2-mi glass GC autosampler vials with Tefion lined cnmp caps.
3. METHODS

3.1 Preparations for GC analysis
The performance of the installed GC colurmn was checke: by a blank run (i.e. & chromatographic run without
sampie injection) and by analysis of a Phantolid standard in dibutylether. After checking column contamination,

column bieed and peak shapes, the column was approved for chemical analyses.

3.2 Calibration of chromatographic system

A stock soiution of Phantolid was prepared in ditv)u!yietheri From this stock solution a seres of 6 calibration
standards was prepared in dibutylether covering the expested concentration range of the samples.

The GC standards were prepared by adding 0.8 ml of deionized water and 0.8 mi of the standard solution to a
GC sample vial. For each concentration level a duplicate GC standard was prepared. The capped vials were
shaken vigorously for 2 minutes and were then left standing for at least 5 minutes to settle. The series cf

duplicate calibration standards were analyzed in single fold startir.g with the lowest concentration.

3.3 Control samples

To check on =rrors in the preparation of calibrat'on standards, a second independent stock solution of Phantolid
was prepared in dibutylether. From this stock solution a control sample of known Phantolid concentration was
prepared within the concentration range of the calibration iine. The control sample was prepared in duplicate

according to the procedure described in 3.2. The diplicate control samples were analyzed in single fold.

3.4 Analysis of Phantolid samples

The refrigerated samples were hrought to room temperature. The samples were shaken vigorously to hemo-
genize and then sonicated for 10 minutes. if aggregates or particles were visible {e.g. algae of fish scales), the
samples were centrifuged at 8000 pm for 10 minutes. When necessary, samples were diluted in deicnized
water to obtain a nominal concentration within the calibration range.

from each test sampie a duplicate sample for GC analysis was preparead. GC samples were prepared b
adding 0.8 mi of the aqueous sampie and 0.8 mi of dibutylether to a GC sample vial. The capped vials were
shakan vigorously for 2 minutes © extract the agueous layer and were then left standing for at least 5 minutes

to settla
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Each GC sample vial was assayed in single fold (which means that each received test media sample was
analyzed in duplicate since GC samples were prepared in duplicate). After a series of ten duplicate samples a
calibratiun standard (except for the highest or lowest standard) was analyzed in single foid. It was checked if
results satisfied quality criteria (See 3.6.3, 3.6.4).

3.5 Data processing

The peak area of the Phantolid peak {(only one single Phantolid peak was detecied) was determined using the
Multichrom integration software. Key intugration parameters were kept the same for calibration runs and sample
analysis. Calibration line(s) were constructed by plotting peak area (in counts) against the concentration of test
substance in the calibration standards using Statcal 6.50 software package [5.4]. The optimum polynomial fit of
the calibration curve, coefficients of the polynomial (A, B, etc.) and standard deviation of residuals (Sg) were
calculated.

For each sample the concentration of Phantolid in the dibutylether layer and the 95% confidence intervai were
calculated from the measured peak area and the calibration line using Statcal 6.50. To obtain the true Phantolid
concentration a corection was made for impurity of the test substance. The concentration of Phantolid in the
aqueous test samples were caiculated assuming that the distribution coefficient of Phantolid, describing equilibrium
distribution of Phantokd between the aqueous and ether phase, is the same for the caiibration standards and the
samples.

3.6 Data evaluation and quality control

3.6.1 Calibration standards

It was checked if the calibration standards were within the 09% confidence limits of the corresponding
calibration line. If one data point was outside the 39% confidence interval this data point was rejected and the
regression line was recalculated. If the calibration series containea more than one data point outside the 89%
confidence interval the whole calibration series was rejected and a new calibration line was constructed with

freshly prepared standards.

3.6.2 Control samples

If the known concentration of the control samples was outside the 99% confidence interval of the measured
concentration another contral sample, prepared from a fresh stock solution, was analyzed. if the measured
concentration of this control sample was still deviating significantly {99% confidence) from the true
concentration, the whole calibraﬁon fine was rejected, a sefies of freshly prepared standards was analyzed and

a new calibration line was constructed.

I~
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3.6.3 Samples

Using Statcal 6.50 the width of the 99% confidence interval of the calibration fine (= 2 * t4ex*Se, Where the
t-value is from the statistical two-tailed t-distribution) was calculated. If the difference between measured peak
areas (in area counts) of duplicate analyses was larger than the width of the 99% confidence interval of the

calibeation line, the results for this sample were rejected and the sample was reanalyzed.

3.6.4 Control standards

If the measured concentration of the control standards, injected after each series of ten samples, deviated
significantly from the true concentration (i.e. if the true concentration was not within the 99% confidence interval
of the measured value), the control standard was reanalyzed in duplicate. If the true concentration remained
outside the 99% confidence interval, the results for the previous 10 samples were rejected, the system was

recalibrated using the original calibration standards and the 10 samples were reanalyzed.

4. RESULTS AND DISCUSSION

4.1 General

GC analysis of pure exiraction soivent {dibutyiether) and a Phantolid standard solutién showed that Phantolid

appears as a single peak which is free from interferences from the solvent and scivent impurities.

- Analysed samples were test media samples containing high, medium, low and zerd Phantolid dose concentrations.

The sampies were taken at the beginning of the test (=0 hr), at the end of the test and between times after svery
24 hours. v

After shaking and sonication, none of the samples contained visible particles or aggregates so none of the
samples was centrifuged.

Results of the analyses of the test media are summarized in table 6.1-6.3. The first three columns of each table
{("Aquasense sample code”, “Sampling date” and “Nominal campiing time”) contain data provided by
Aguasense. These data were taken from thc sample dispatch form which was sent along with the samples.
Reported Phantolid concentrations are corrected for impunty of the test substance and thus represent the

concentration of pure Phantoiid.

4.2 Samples from toxicity test with Daphnia magna.

The concentration of Phantolid in the test media from the Daphnia magna tests at t=0 hours were between 0 and
1 14 mgh. In the course of the test the concentrations decreased gradually. At the end of the test, after 48 hours,
concentratons were roughly 50% of the initial concentraton. The current chermical analyses do not give a clue for

the cause of the Phantolid losses.
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4.3 Samples from aigal growth inhibition test

The initial concentration of Phantolid in the algal media wen Luiween ¢ and 0.24 mg/l. The low dose concentrati

. . an
was already below the detection limit of 0.04 mgh. During thws -1 1oy test the Phantolid concentrations were found
10 decrease steadily. At the end of the test concentration luvei, i, the test media were all below the detection limit
except for the highest dose concentration, which had deckii v, g g5 mgA

4.4 Samples from toxicity tests with fish

The concentration of Phantoiid in test media from the Sl fish toxicity study were between 0 and 0.95 at the
beginning of the test. Already after 48 hours the Phantolid «.cu. cntration in all test media had decreased below the
detection limit of 0.04 mg/l. The observed decrease in Phentoang goncentration is more pronounced than in the algal
and Daphnia test.

5. REFERENCES

51 OECD, 1981. Principles of Good Laboratory Praclice, « {11)30(final)

.52 Standard Operation Procedure (SOP) N 1. Ptwoiiyog and quality assurance of chemical analyses,

procedure. .
53 Standard Operation Pracedure (SOP) K 10: — method.

54 Statistics software package: Stateal 6.50, J. Kragten, HmverSIty of Amsterdam, Amsterdam, 1996

"W—‘ Hlli



v
[ 0 Iin
o=

1CS-103 Final Research Report
RGL F98046 T 98005 A £
May 29, 1998 =’-‘-"' I
AKZO NOBEL

6. TABLES
Table 6.1 Analysis of Phantolid in test media from Dz;'hnia magna toxicity test

Aquasense project 12028
Aquasense Sampling date | Nominal :amp.ng tme | Phantolid concentration and 85%
sample code confidence interval {(mgft)
DM stock, wit 1998-05-11 =0 nr 1.127 £ 0.031
DM [0), wit 1998-05-11 =0hr <0.036 ¥
DM {1}, wit 1998-05-11 =00 0267 +0.032
DM (3], wit 1998-05-11 ~t=0hr 0640 + 0.031
DM [5], wit 1998-05-11 t=0hr 1.143 + 0.031
DM [0}, groen 1998-05-12 =24 hr <0038 *
DM [1], groen 1998-05-12 t=24 hr 0.144 + 0.032
OM [3], groen 1998-05-12 t=24 hr 0.362 £ 0.032
DM {5), groen 1998-05-12 t=24 hr 0840 £ 0.031
DM [0}, rocd 1998-05-13 =48 hr <0.039*
DM [1], rocd 1998-05-13 =48 hr 0.123+£0.032
DM (3], rood 1998-05-13 t=48 hr 0.337 £ 0.032
DM {5], rood 1998-05-13 t= 48 hr 0.658 + 0.031

™ cancentration below iimit of detection

' Table 6.2 Analysis of Phantolid in test media from the algal growth inhibition test

Aquasense project 12028
Aquasense Sampling date | Nominal sampling time Phantolid concentration ard 85%
sampie code confidence interval {mgh)
A stock, wit 1598-05-12 =0hr 0.741 +0.031
A {01, wit 1998-05-12 t=0nr <0.039%
A1), wit 1998-05-12 =0hr <0.039 "
A 3], wit 1998-05-12 t=0hr 0.059 +0.032
A[5], wit 1998-05-12 t=0hr 0.232 £ 0.032
A 0], groen 1998-05-13 t= 24 tw <0.039%
a {1}, groen 1998-05-13 =24 hr <C.038%
A 3], groen 1998-06-13 t=24 hr <0.039*
A [5), groen 199805-13 t= 24 hr 0.151 £0.032
A {0]. rood 1998-05-14 t= 48 hr T <0.039®
A {1}, rood 1998-05-14 t= 48 hr <0.039%
A [3), rood 1998-05-14 t=48 hr <0.035 7
A 15, rood 1998-05-14 t= 48 hr N 0.075 £ 6.032
A[0], blauw 1998-06-15 =72hr <0.039*
A (1], blauw 1998-05-15 t=72 hr <0.039 9% B
A (3], blauw 1968-05-15 t=72 <0038
A [}, blauw 1998-05-15 =72hr ! 0.051 £ 0.032

L - |

¥ concentration beiow Kmd of detection
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Table 6.3 Analysis of Phantolid in test media from fish toxicity test
Aquasense project 12028

Aquasense Sampling date | Nominal sampling time. | Phantolid concentration and 95%
sample code confidence interval {mg/?
V stock, wit” 1998-05-11 t=0bhr 1.127 + 0.031
V [0], wit 1998-05-11 t=0hr <0.038*
V [1], wit 1998-05-11 t=0hr 0.362 + 0.032
V [3], wit 1998-05-11 t=0hr 0.650  0.031
V [5], wit 1998-05-11 t=0hr 0.950 + 0.031
V [0]. groen 1998-05-12 =24 hr <0.039"

V [1], groen 1998-05-12 t=24 hr _<0.038"

V 3}, groen 1958-05-12 =24 hr <0.039*

V [5]. groen 1998-05-12 =24 hr 0.063 +0.032
V [0}, rood 1998-05-13 t=48 hr <0.039%Y

V [1], rood 1998-05-13 t=48 hr <0.033"

V {3), rood 1998-05-13 t=48 hr <0.039%
V[5], rood 1998-05-13 t=48 hr <0.039%

V [0]. blauw 1998-05-14 =72hr <0.039"

V [1), blauw 1998-05-14 =720r <0.039*

V [3], blauw 1998-05-14 t=72hr <0.039%

V [5), blauw 1998-05-14 t=72br <0.039*

V [0], geel 1998-05-15 =96 hr <0.039"

V [1], geel 1998-05-15 t= 96 hr <0.039 %

LV 3], geel 1998-05-15 =96 hr <0.039%
V 5], geei 1556-05-15 =56 i <0.035 "

* concentration below limit of detection
 V stock. wit = DM stock, wit (see table 6.1)

—m
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GOQD LABEORATURY PRACTICE COMPLIANCE STATEMENT

This study was condu~ted in compliance with the Principles of Good Laboratory Practice as
described in the OECL. Principles of Good Laboratory Practice (1998). All data on the test
substance such as , c:.aracterization, verification and properiies were submitted by the
Sponsor who accepted full responsibility for the validity thereof.

The study is valid for the purpose for which it was conducted and this report is a true
reflection of the raw data gen+ -ated.

All persons involved in the perfc:mance of the study were experienced and qualified, able to
conduct the experimental tasks assigned to them.
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QUALITY ASSURANCE STATEMENT

The testing facilities ulilized in this study have been inspected regularly in accordance with

the Principles of Good Laboratory Practice.

This study was inspected and audited and the findings were reported to the Study Director
and the Management on the dates as shown below. Inspections were performed according
to the Standard Operating Procedures (SOP) of the testing facility. The final report was
audited in detai! against the approved Study Protocol and all pertinent raw data.

It is considered to be an accurate presentation of the methods and procedures applied in
the course of the study and an accurate reproduction of the data recorded.

Inspection date | Inspection/Audit . Date of QA report
12-05-98 Study protocol inspection 13-05-98
07-05-98 . Study-based inspection 08-05-98
05-06 -98 Report inspection 05-06-98
18-08-98 : Re-issue inspection 18-08-98 ,
04-11-98 . Report Amendment inspection | 05-11-98
14-12-98 Re-issue inspection 14-12-98
- ,
;7/" 14 for {93
n Eijnatten, ‘ Date,
Quahty Assurance manager '
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Technician(s; ~ Ing. A. van Mullem, Ing. S. de Valk
S. Rooijakkers

Management Dr JT. Meuleﬁ"xans

ARCHIVING OF RECORDS AND SAMPLES

The study file including the Final Report, Study Protocol, ammendments, QA records, and
all raw data pertaining to the study is retained in the archives of Aquasense Lab for a period
of ten years. The test material is stored deepfrozen under the sample number (302900) for
ten years, or as long as the quality of the test substance permits evaluation. All other
racords connected with the study are also beina reqistered in the Aauasense Lab archives
for a period of at least ten years. '
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Summary

In order lo predict effects of chemicals in an aquatic environment, ihe toxicity of Phantolid®
to Daphnia magna was assessed. The toxicity was determined in an acute toxicity' test
which is described in the OECD Guideline 202 (1984) and EEC Directive 67/548 C2 (1992) ,
and was performed in accordance with the principles of Good Laboratory Practice (GLP).
The toxicity was determined over an exposure period of 48 hours under defined conditions.

- During the test the pH varied no more than 0.2 units, and the oxygen concentrations were
all above 60% of the saturation values. The temperature varied between 19.8 and 20.6 *C
throughout the test. Therefore the test meets the requirements and is valid as shown by the
absence of immobility in the controls. The EC,, value calculated after 48 hours of testing
based on the nominal values is 0.396 mg/l (0.345 - 1.453 95% confidence limits) and the
NOEC derived from the results is 6.223 mg/l. Based on the measured concentrations the
ECy is 0.321 mght (0.275 - 0.370 95% confidence limits), and the NOEC is 0.168 mg/.
Chemical analyses showed that the initial concentrations were substantially achievea, as
shown by the percentage recovery at t=0, but the concentration gradually decreased during
the 48 hours of testing. This decrease is not an inherent property of the test substance and
may be attributed, to some extent, to adsorption onto the test vessel wall or onto the
Daphnids. '
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1. INTRODUCTION

The objective of this study was to assess the acute toxicity of Phantolid® to Daphnia magna
under static test conditions. The Daphnids were exposed to five concentrations of the test
substance during 48 hours cf testing. The test solutions were not -enewed during the test
duration, and mortalities were recorded every 24 hours. The acute toxicity is expressed as the
median effective concentration (ECs,). that is tte concentration which immobilizes 50% of e
Daphnids within the period of testing. The No Gtserved Effect Concentration (NOEC) and
the lowest concentration causing 100% immobility are also determined.

The methods employed were based on the OECD test guideline 202 [4.17 nd the EEC
Directive 67/548 C2 [4.2}, and in compliance with the OECD principles of Good Laboratory
Practice [4.3].
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2. MATERIALS AND METHODS

2.1 Test substance

The sample of Phantolid® was received at Aquasense Lat on 15-jan-98 and assigned the
sample number 302900. The following test substance data were submitted by the Sponsor.
The Sponsor accepted full responsibility for the validity of these data.

¢ name/code Phantolid®

« chemical name S-acetyl-1,1,2,3,3,6-hexamethylindan
e batch/lot No. 10237

s CASor. 15323-35-0

e purity 96.7 %

* appearance off-white powder

o water solubility : estimated at 0.1 - 1 mg/l

e vapour pressure notknown .

» storage conditions at room temperature in the dark

« stability stable for at least 12 months under storage conditions
o study sampie number - 302900

The nominal concentrations as referred in this report are the concentrations based on the
96.7% purity of the active ingredient. The Certificate of Analysis is presented in Annex |.

2.2 Testorganism _

Daphnia magna (Straus, clone IV, RIZA,. The Netherlands) was obtained from the laboratory
parthenogenetic culture. This culture was kept as a synchronucus brood stock at the GLP
cluster of Aquasense Lab. The Daphnids were cultivated and maintained according to the
Standard Operating Procedure A-321 [4.6] used at A¢ ~Sense Lab. The Daphnids were
maintained in the synthetic il .re medium (Elendt M-t nich is a reconstituted water and
prepared according to the Standard Gperating Pm<edure A-302 [4.7]. The culture method and
the production of neonates were also in accor: e with these procedures. During culturing
the Daphnids were fed with algae (Scenedesmus), whch were cultivated according to
Standard Operating Procedure A-320 [4.8]. The neonat>s used for test performance were
between O and 24 hours old. The quality of the Daphnids is checked every 6 months, and
compared to inter-laboratory test data.
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23 Chemicais
The chemicals for preparation of the test medium were ali of analytical grade and obtained
from established commercial suppliers. (Merck, Darmstadt, Germany, main supplier).

24 Glassware

The test were performed in small vessels of appreximately 70 ml fotal volume. The test
vessels for each test were placed in separate racks, and were kept open to the air. Alt other
equipment was made of glass. Alf glassware used was cleaned prior to testing according to
Standard Operating Procedure A-340 [4.10].

2.5 Dilution medirm

The dilution water used for testing and dilutions was Dutch Standard Waier (DSW), having a
pH of 7.8 £ 0.5. The DSW was prepared using deicnized water, which has a conductivity of
less than 0.5 uS/mm, and according to Standard Cperating Procedure A-301 [4.9]. The
dilution water was aerated before being used in the test. The air was purified by active coal,
cotton filter and water. The deionized water was prepared using a water purification system
(Milli-Q, Miliipore, Breda, The Netherlands). The water contained the foliowing minerais per
litre: 100 mg NaHCO,, 20 mg KHCOQ,, 200 rag CaCl,+2H,0 and 180 mg MgSO, - 7H,0.

26  Apparatus =~d test conditions

The test were nerforiaec in glass vessels containing 50 mi of medium. The fluids were not
aerated during e test period, and the Daphnids wer: not fed. The temperature in the
incubator was kept constant between 18 and 22 °C + 1°C {OECD, EEC") with a light regime
of 1€ hours of artificial light per day (8 + 2 pmaol/m?/s). The test was static with the fiuids not
being renewed during the test. The Daphnids were randomly placed in the test vesseis.

' = Temperature deviation is 1°C instead of 0.1°C as mentioned in the EEC guidaline, which is 3 typographical
emor in the Dutch version.

27 Test substance stock seolution

A test substinca stock solution was prepared by weighing out the test substanice {0.50081
gram; using a analytical balance (Sartorius, 160P, Breukelen, The Neiherlands). This was
transferred to a separatory furnei filled with 5 liter DSW. This mixture was ulitrasonically
treated for approximately 20 minutes and suhsequently mixed for approximately 20 hours at
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room temperature using a magnetic sirrer. Thereafter, the liquid was filtered using a glass
fibre filter (Schieicher& Schull, GF 92 Glasfaser filter (ref.nr. 421057 X 27358), 1um O) to
remove all particles. The clear aqueous filtrate was used as stock solution for preparation of
the desired concentration range. This method was chosen from a range of methods (e.g.
generator column, ultrasonic treatment) which have been tested for the preparation of a
suitable stock solution of the ‘test substance. This preliminary investigation was not
perfcmed aécording to the OECD principles of GLP. The results are stored in the archive of
AquaSense Consultancy [4.11). The tested methods were in accordance with the OECD
202 and EEC Directive 67/548 C2 [4.1, 4.2] and international guidelines on the preparation
of poorly soiuble substances foi aquatic toxicity testing [4.12].

2.8  Detarmination of test parameters

The pH and oxygen of all test substance samples and controls were measured at the
beginning (in pooled samples of each concentration) and end of the test (in &ll test
concentrations). The pH values were'determined with the aid of a pH meter (pH 196, WTW,
Weilheim, Germany), and the oxygen concentration were determined using anoxygen monitor
(Oxi 196, WTW, Weilneim, Germany) The temperature were measured continuously using a
temperature sensor coupled to a data logger (Elbanton, Kerkdriel, The Netherlands). The light
intensity was measured at the beginning and end of the test.

2.9 Test method

The test concentration range used in this study was derived from the results of preliminary
investigations on the toxicity of Phantolid® to Daptnids, which were not performed according
tc the principles of GLP [4.11]. In this investigation 100% immobility was found at a
conzentration of 100% of the stock solution and no immobility at concentrations of 20% or
lower.

The definitive test was perfon'ned as a static test'using 20 Daphnids per test concentratlon
and control. The concentration range was made using the stock solution. The test were
initiated by expos .i\g 20 Daphnids divided into 4 groups of five organisms. The Daphnids
were exposed to the following nominal concentration range: 18.8, 29.7, 44.5, 66.7 and 100%
of the stock solution concentration (equat to 0.223, 0.335, 0. 502, 0.752 and 1. 1 7 mgil). The
control consisted of DSW ajone. The Daphnids were observed every 24 hours for
immobilisation and cther adverse behavicral effects. Daphnids which were not able to swim
for 15 seconds after gentle agitation of the test vessei were considered immobile.

HIIJ
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21¢ Statistical evaluation ‘
The nominal concentrations of the test subslance were usad to piot the dose-resporse
curve. The EC,, values were calcuiated according to SOP A-360 [4.13] using the Maxirium
Likefihood Probit method using the comp.ter program T~xCak: of Tidepooi Scientiiic
Software [4.4]. Confidence limits (95%) were caiculated for each £EC,, vaiue. The program
was validated with a known dataset tefore use, according to Standard Operating Procedure
A-360 {4.13]. The NOEC was calculated using the {ireshold values of Willklams test [4.5]
and the 100% mortality was derived from the rest its as rresented. '

Calculation procedures are based on both nominal values (caiculated from the measurad
concentation of the stock solution), and geor 2tric means of measured values of the
concentation range (whenever the recovery was < 80% after 48 hours of testing as
described in the QECD 202 Guideline and EEC 67/548 C2 Diractive). The jeometric means
of concentratinns which were not measured by chemical analysis, were estimated on the

basis of the formula:
estimation of M, = N, * (1 - (0.5 (N, - My N, + 0.5(N,., - M, UN )

Where : x = Concenfration step
N = Nominal concentration value
M = kleacsured concentration value

From these estimated concentrations at the vanous time intervels the geometnic mean was
calcrlaled. When measured concentrations were below the detection iimi tr.e values were
no: used for calculation of the geometric means of the non-analytically determined samples.
Concentrations which were below the detection limit at T=0 were not used in calculation of

EC, values.

211 Validity criteria

For the test to be valid, the number of floating, and for immebile Daphnids in the control
group must rot exceed 10% at the end of the test, and the Daphnids shculd not be trapped
at the surface (QECD/EEC) The disscived oxygen conceniration should be > 803% of the
air-saturation tnraughout the test {OECD/EEC). The pH of the test mediun should not vary
mcre than ane unit during the test (EEC).

2.12 Cremicaf analysis
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The methed including validation, calibration and description of the procedures and
apparatus used to determine the concentration of the test substance in the test medium is
described in a separate study. The protocol for this study (Study plan T98005A) (4.14] was
drawn up by Dr. G. Stegeman (Study director) oi Akzo Nobe! Central Research, Dept. RGL,
Arnhem, The Netherlands. This protocol is stored in the study file and was approved and
signed by both the Study director (Akzo Nobel Central Research) and the Study monitor
(AquaSense Lab). \

The concentration of the test substance in the samples was determined by means of gas
chromatography with flame ionization Jdetection. Samples (= 20 mi) were withdrawn from the
control, lowest , middle and highest concentration. Sambles from the other concentrations
were also withdrawn and stored for additional analyses, if needed. The concentration of the
test substance in the soiution withdrawn directly from the stock solution was also
determined. The samples were stored in the refrigerator in the dark until analysis. All
samples were taken in single—fold and analyzed in duplicate. Samples were taken at 0, 24
and 48 hours of testing. The initial samples for analysis (0 hours) were withdrawn from the
vessels after addition of the testorganisms and stabilization of the testsystem. The samples
were stored for a maximum period of 4 weeks.
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3. RESULTS

34 Test eﬁvironment

The oH values during the 48 hours of testing showed a maximum deviation of 0.2 units (see
Table !). The oxygen vaiues exceeded the 60% of the saturation values by far as shown in
Table I. The temperature during the test varied between 19.8 ana 206 “C with a mean
value of 20.3 “C. The light intensity measured at the beginning and end of the test in the
test chamber was between 8.30 and 8.0 pmolim?¥s, which i in agreement with the light
intensity of 8 + 2 umol'm?%s as recommended in the OECD/EEC guidelines.

3.2 Test resuits
All Daphnids survived after 24 hours of testing at the concentrations 0.223 and 0.335 mgfl.

The highest two concentrations showed 100% moriality after 48 hours of testing, and partial '
immobiliies were found at ali other concentrations after 48 hcurs of testing Because the
testconcentrations dropped below 80% of the initial concentration, the calculation of the
effects were aiss performed using the geometrir moans of the measured concentrations

ihe ECy val  .culeie: Mo o2 “Las T ung B ec on the nominal values is 0.396
My {U.0e0 - G857 07 - idence w..c; avnt the Rl derived from the results is 0.223
Traowes™EON e 0 wsirad concentrations the EC, is 0.321 mg/t (0.275 - 0.370 85%

confidence limits), ¢~ the NUEC is 0.168 mg/i. No other deviations. such as changes in the
behaviour or other effects have been observed.

3.3 Validity of test ‘

The test is valid as shown by the oxygen and pH values described in section 3.1 and by the
absence of immobility in the controls after 48 hours of testing, which is less than the
maximum acceptable value of 10% as described in the OCECD/EEC guidelines. The results
of the quality control test with potassiumdichromate (24-Feb-1998: 24Hr-ECy,, 2.0 mg/l) are
in agreement wiih the criteria mentioned in the St .y Protocaol, indicating that the sensitivity
cf the Dapbnids has not changed significantly.

3.4 Chemical analysis

Th

4}

results of the chemical analysis are described in the GLP report of Akzo Nobel Central
Research RGL F98046 {4.15], and is added in Annex Il. The resulls of the chemical
analyses of the concentration range with Phantolid® showed that the initial values were
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substantially achieved. Some of these values are above 100%, which was probably due to
variations during preparation of the test substance test series. During the test the
concentrations dropped gradually to approximately 50% of the initial values. This decrease
could not be fully caused by photodegradation or adsorption onto the fest vesse! wall, based

on an investigation of the photodegradation of Phantolid® under ligi.t conditons [4.16). The

results of this investigation indicated that the decrease in the concentration was almost
identical in samples incubated in the light and dark. Additionally, it was found that only 4.5%
of the total amount of Phantolid® was adsorbed onto the test vessel wall during an
incubation period of 72 hours.

3.5  Deviations from Study Protocol ‘

The following deviations from the Study Protocol were observed during the study:

e The amount of sample taken for chemical analyses was approximately 20 ml at each
sampling time, with equal amounts from each four vessels. This procedure was not
described in the Study Protocol.

o The light intensity in the test chamber was measured at the beginning and end of the
test. This was not described in the Study Protocaol.

¢ ' The test vessels were approximately 70 ml total volume instead of 100 mi. ,

o Test vessels were not placed in a random way in the incubator, as mentioned in the
Study Protocol. ' | |

e The EEC 67/548 C2 guideline used in the study was the Dutch version instead of the
English. :

3.6 Conclusions ,

The toxicity of Phantolid® to Daphnia magna was detemined over a period of 48 hours. The
ECs, value calculated after 48 hours of testing based on the nominal values is 0.396 mg/l
(0.345 - 0.453 95% confidence limits) and the NGEC der ved from the results is 0.223 mg/l.
Basad on the measured concentrations the ECg is 0.321 mgfl (0.275 - 0.370 95%
confidence limits), and the NOEC is 0.168 mg/.
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Table |
Measurements of the pt. snd oxygen valuves in the test vessels at the various time intervals.
Nominal concentration pH Q'
(mef)
Time (hours) 0 48 0 48
Control : 8.3 8.1 100 a5
' 83 8.1 100 a5
83 8.1 100 97
8.3 8.1 100 98
0.223 8.2 8.1 98 95
8.2 8.1 a8 94
8.2 8.1 98 - 94
8.2 8.1 3 98 96
0.335 ‘ 8.2 8.1 101 94
8.2 8.1 101 96
8.2 8.1 101 o4
8.2 8.1 101 96
0,502 8.2 8.1 101 95
8.2 8.1 101 A
8.2 8.1 101 94
8.2 8.1 101 96
0.752 8.1 8.1 102 95
8.1 8.1 102 94
8.1 8.1 102 94
8.1 8.1 102 95
1127 8.1 EX 104 96
- 8.1 8.1 104 a5
8.1 8.1 104 95
8.1 8.1 104 96

' = Oxygen concentrations are expressed as percentage of the saturation values at the measured
iemperature. :

\-“'"MA
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Table ll

Number of mobile Daphnids during the 48 hours of testing.

Nominal concentration Number of mobiie Daphnids
(mg/i)
Time (hours) 0 24 48
Control 5 5 5
S S 5
5 5 5
5 S 5
total 20 20 29
0.223 5 5
5 4
5 5 5
5 5 4
total 20 20 18
0.335 5 5 4
5 5
5 5 3
5 S 3
total 20 20 14
0.502 ) 5 1
' 5 2
5 5 1
3 3
total 20 18 7
0.7582 5 2 0
5 2 Q
5 1 0
5 1 0
total 20 6 0
1.127 5 0 C
5 0 Q
5 1 0
5 1 0
total 20 2 0

-llmm
| (o



1I_:i
. S A
62 jo oz sbed
(/OW L0 =) J1W]) UOHDBIBP MO|DY BIBM SUOIIBRIILBIVOT) = |
‘Pu Py I1E00 F L2} A0S
8s €L oot 8580 €00 ¥ 6590 L£0'0 ¥ 0¥8°0 e00F EPLL LTL°}
9090 ‘pu Py pru 2540
R £S LS 00l XA AV 200 ¥ /£E°0 ¢e00¥29¢0 €00 F 0v9°0 wom.o
Q.20 pu ‘pu U See’o
14 4% 001 8940 FAX VM VIR A Y CEOQ F¥P1L0 2e0'0 % /920 £220
- - - - 6€0°0 > 6800 > BE0 0 > 0
[ 124 0 - 8y ve 0 (y) sy
{i/Buw)
(1/6w) ~ spwy | uopesuaduod
UoRENUIDUOI [Bljju] JO % | UBBW JIIBLICRS) | POUAPPUOD 9,66 YIm (|/Bw) uopesua’uod painsesy . [BUJWON
..m_m>_mcm 8jealjdnp jo senjeA ueew se pajuasesd S8 SUOKRIILUIIU0Y) "SISAIBUR |BIIWBYD aY) JO S})iNsay
. i aiqeL
. Z0-WQ'd19'820ZL /egwnu Apnig
‘ ) . (8-202:°96 10 ©N'SS191) 91-2021°86  © JBQUINN podey
m - A ' eulew eydeq o} proluRYd O §190H9 NG} ay) JO uoflenieal

e



Evaluation of tna toxic effects of Phantold to Daphnia
Repoct Number :  98.1202-16 (re-issue of 38.1202-9)

Study number : 12028.GLP.OM-02

Table IV

Summary of the statistical evaluation.

Time (hours) ECy (mgfl) 95% confidence 100% NOEC {mg/l)
limits immobility

Nominal concentrations

24 0.700 0.621 -0.793 -

48 0.396 0.345 - 0.453 0.752 0.223

Measured concentrations

24 0.644 0576 -0.719 -

48 0.321 0.275-0.370 0.610 0.168
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Evaluation of the toxic effects of Phantolid to Dephnia magna
Report Number :  98.1202-16 (re-issue of 96.1202.9)
Sludy number:  12028.GLP DM-02

10
0.9
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0.6
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Response '

0.1

00
0.01

10

Figure 1

Dose-response curve and the 95 % confidence limits of Phantolid® calculated from the
percentage of inhibition at various test concentrations (measured values) ater 48 hours of
- testing.

I___ ' Hlld




Evaluation of the loxic effects of Phantoiid to Daphnia magna
Report Number :  98.1202-16 (re-issue of 98.1202-9)
Study number : 12028.GLP.DM-02

e




[T Y
T

I I . (-

Y ~
= : u
Evaluation of the toxic effects of Phantolid o Daphnia magna
Report Number:  98.1202-16 (re-issue of 98.1202-9)
~ Sty number ;. 12028.GLP.DM-02
_ Annex il
i i
- [



L - — '
_'_""—_———!m!!

el

ik
l’“l)

AKZO NOBEL

Final Research Report
RGL F98046 T 98005 A May 26, 1598
G. Stegeman, H. Henderiks

ANALYSIS OF PHANTOLID IN TEST MEDIA

Centrai Research

Location Arnhem

FROM TOXICITY TESTS
ICS-103 CONFIDENTIAL Page 1 0f 15
Project identification
Client Aquasense, Amsterdam Client No Project No
Subclient Subclient No Task No 9133

Drafted by department General Analytical and Environmental Chemistry

Keywords GC, ecotox, fish toxicity, Daphnia toxicity




q

C -
- . . ———|.

<
2J .
chs- 1:;!£n;lT Research Report f’ Page 2
R 4 98005 A :
Ma;- 29, 1998 == T
AKZO NOBEL
ABSTRACT

To determine toxicity of Phantolid a series of tox tests with fish and daphnids and an aigal growth inhibition test
were performed by Aquasense Amsterdam. The concentration of Phantolid in the used test media was
determined by the General Analytical and Environmental Chemistry Department of Akzo Nobei Central
Research. Samples to be analysed were test media with high, medium, low and zero concentratien of
Phantolid. Samples were taken at the beginning of the test (t=0 hour), at the end of the test and between times
after everv 24 hours. in this report procedures and resuits of the chemical analyses are described.

Analyses were carried out in compliance with the OECD Principies of Good Laboratory Practice (GLP). Test
media samples were extracted with dibutylether using a so-calied in-vial extraction procedure. The ether layer
was subsequently analysed by means of gas chromatography (GC) with lame ionisation detection.

The concentration of Phantolid in the test media from the Daphnia magna tests at t=0 hours were between
0 and 1.14 maA. In the course of the test the concentrations decreased gradually. At the end of the test, after
48 hours. concentrations were roughly 50% of the initial coricentration.

The initial concentration of Phantolid in the algal media ranged between 0 and 0.24 mg/l. The tow concentration
level was already below the detection limit of 0.04 mgfl. During the 72 hour test the Phantolid concentrations
were found to decrease steadily. At he 2nd of the test concentration levels in the test media were all below the
detection limit except for the highest dose concentration, which had declined to 0.05 mgfl. :

The concentration of Phantolid in test media from the 96 hour fish toxicity study were between 0 and 0.95 at the
beginning of the test. Already after 48 hours the Phantolid concentration in all test media had decreased below
the detection limit of 0.0¢ mg/l. This decrease in Phantolid concentration is more proncunced than in the algai
and Daphnia test.

, ‘
"“'_ﬂ-—n-——-———————_——___ﬂ
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1. INTRODUCTION

To determine toxicity of Phantolid, a substance produced by PFW Aroma Chemicals, a senes of tox tests with fish
and daphnids and an algal growth inhibition test were performed by Agquasense Amsterdam {project No 120283,
The concentration of Phantolid in the used test media was determined by the General Anaiyticai and Environmertal
Chemistry Department of Akzc Nobel Central Researct. In this report the procedures and resulls of the chemical
analyses are described,

The samples to be analysed were taken from test media at the beginning, at the end an.d durnng the toxicity tests at
regular time intervals. The samples were extracted “in-vial® with aibutylether. The concentration of Pharntoii? in the
dibutylether layer was determined by means of gas chromatography (GC) with flame onisatior  detection. The
analyses were camed out in compliance with the OECD Principies of Good Laboratary Practice (£, 1} and according
to Standard Operation Procedurs N 1 (5.2).

2. MATERIALS

21 Test substance
The test substance Phantolid (sampie code: T98005) was received from Aquasense on 1998.05.08. The following
test substance datz were submitted by the sponsor, who accepted fulf responsibility for the validity of these data.

Information conceming the test material:

- name of test substance Phantolid

- chemical name S-acety!-1 .1.2.3,3 6-hexamethylindan
- Cas reg.No. _ 18323-35-0

- batch/lot No. 10237

- Aguasense sampie No 302900

- purty 98.7 %

- appearance an off-white solid ( powder)}

- storage until required in @ coal place in the dark

- stability stable under storage conditions

2.2 Samples

The sampies to be analysed were recaived fom Agquasense on 1998.05.15 On receipt ali samples were still
refrigerated, which was checked by taking some samples in the palm of the hand. After checking all the samples,
they were immediately stored in 3 refrigerator untit analysis Sampie codes and other relevant data supplied by
Aquasense were assumed o be cormect and were used without further check Samples were analysed within one

week after receipt.
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- sample description aqueous solutions of test substance
- storage until required in arefrigerator

2.3 Chemicals
Dibutylether, [CH,(CH,),], O ’ 99% GC-grade

2.4 Deionized water

Deionized water was produced from tap water in a water purification system (Spectrum-Elgastat, Breukelen, The
- Netheriands). It had a conductivity of less than § u S.cm™, a TOC content of less than 2 mg/i and it contained no
more than 0.01 mg Cu per litre (Standard Operation Procedure K 10 (5.3)).

2.5 Apparatus

Description of the apparatus used and some relevant settings:
Gas chromatography system  Carlo Erba GC 8160

Autosampler Carlo Erba AS 800
sampling depth: -22 mm
Injection cold on-column injection

cool time: 12 seconds
injection volume: 1 pi
injection speed: maximum
syringe : Hamilten microliter, 10 ui AS800
. syringe rinse procedure: standard AS800 procedure {bubble elimination = 5)
GC-column J&W DB-1 with retention gap
length: 30 meter
intermal diameter: 0.32 mm
film thickness: 0.5 ym
Detection Carlo Erba FID-80 flame ionization detector
temperature: 300°C .
‘flame gases: 50 kPa H, and 100 kFa air
Carvier gas Helium 5.0; 100 kPa head pressure
Temperature program ) Initia! temperature: 150°C (2 minutes)
temperature nise: 4°C/min _
final temperature 225°C (5 minutes)
Data collection/ntegration Fisans Multichrom rev 2 chromategraphy software
Recorder Kipp & Zn BD-8, 1 mV
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3.2 Calibration of chromatographic system
A stock solution of Phantoiid was prepared in dibutylether. From this stock solution a series of 6 calibration
standards was prepared in dibutytether covering the expected concentration range of the samples.

The GC standards were prepared by adding 0.8 m! of deionized water and 0.8 mi of the standard solution to =
GC sample vial. For each concentration level a duplicate GC standard was prepared. The capped vials were

G mbem o e lem o s by H
haken vigorously for 2 minutes

[

s nd were then left standing for at least 5 minutes to settte. The series of

auplicate calibration standards were analyzed in single fold starting with the lowest concentration.

3.3 Contro! samples

To check on errors in the preparation of calibration standards, a second independent stock solution of Phantolid
was prepared in dibutylether. From this stock solution a control sample of known P _ tclid concentration was
prepared within the concentration range of the calibration line. The control sample was prepared in duplicate

according to the procedure described in 3.2. The duplicate control samples were analyzed in single fold.

3.4 Analysis of Phantc  samples

The refngerated samples were brought to room temperatuie. The samples were shaken vigerously te home-
genize and then sonicated for 10 minutes. If aggregates or particies were visible .e.g.' algae of fish scales), the
samples were centrifuged at 8000 rpm for 10 minutes. When nec=ssary, samples were diluted in deionized
water te obtain a nominal concentration within the calibration range.

From each test sample a duplicate sample for GC analysis was prepared. GG samples were prepared by
adding 0.8 m! of the aqueous sample and 0.8 mi cf dibutytether to a GC sample vial. The capped vials were
shaken vigorously for 2 minutes to exiract the aqueous layer and were then left standing for at least 5 minutes

o setile

!r 3 [
- May 29, 1998 “———-“'* g =

2.6 Materials

Chromaco! 2-mi glass GC autosampler viais with Teflon lined crimp caps.

3. METHODS

3.1 Preparations for GC analysis

The performance of the instalfed GC column was checked by a blank run (ie a chromatographic run without

sample injection) and by anaiysis of a Phantolid standard in dibutylether. After checking column contamination,

column biee” and peak shapes, the column was approved for chemical analyses.
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Each GC sample vial was assayed in single fold (which means that each received test media sample was
analyzed in duplicate since GC Sampies were prepared in duplicate). After a series of ten duplicate samples a

calibration standard (except for the highest or lowest standard) was analyzed in single fold. It was checkec jf
results satisfied quality criteria (see 3.6.3,3.6.4). ‘

3.5 Data processing

The peak area of the Phantolid peak (only one single Phantolid peak was detected) was determined using the
Multichrom integration software. t'ey integration parameters were kept the same for calibration runs and sample
analysis. Calibration line(s) were constructed by plotting peak area {in counts) against the concentration of test
substance in the calibration standards using Statcal 6.50 software package [S.4]. The optimum polynomial fit of
the calibration curve, coefficients of the polynomiat (A, B, etc.) and standard deviation of residuals (Sg) were
calculated.

For each sampie the concentration of Phantolid in the dibutylether layer and the 95% confidence interval were
caiculated from the measured peak area and the calibration line using Statcal 6.50. To obtain the trye Phantolid
concentration a comection was made for impurity of the test substance. The concentration of Phantolid in the
aqueous test samples were calculated assuming that the distribution coefficient of Phantolid, describing equilibrium
distribution of Phantoiid between the aqueous and ether phase, is the same for the calibration standards and the

3.6 Data evaiuation and quality control

3.6.1 Calibration standards

It was checked if the calibration standards were within the 99% confidence limits of the corresponding
calibration line. If one data point was outside the 99% confidence interval this data point was rejected and the
regression line was recalculated. If the calibration series contained more than one data point outside the 99%

confidence interval the whole calibration series was rejected and a new calibration line was constructed with
freshly prepared standards.

3.6.2 Control sampies

't the known concentration of the controf samples was outside the $99% confidence mnterval of the measured
soncentration another .controJ sample, prepared from a fresh stock solution, was anaiyzed.' if the nieasured
soncentration of this control sample was stil deviating significantly {S9% confidence) from the true
:oncentration, the whale calibration line was rejected, a series of freshly prepared standards was analyzed and
1 new calibration line was constructed
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3.6.3 Samples

Using Statcal 6.50 the width of the $9% confidence interval of the calibration line (= 2 * 14y *Se, Where the
t-value is from the statistical two-tailed t-distribution) was calculated. If the difference between measured peak
areas (in area counts) of duplicate analyses was larger than the width of the 99% confidence interval of the

calibration line, the resuits for this sample were rejected and the sample was reanalyzed.

3.6.4 Control standards

If the measured concentration of the control standards; injected after each seres of ten samples, deviated
significantly from the true concentration (i.e. if the true concentration was not within the 99% confidence interval
of the measured value), the control standard was reanalyzed in duplicate. If the true concentration remained
outside the 99% confidence interval, the results for the previous 10 samples were rejected, the system was

-

recalibrated using the original calibration siandards and the 10 samples were reanalyzed.

4. RESULTS AND DISCUSSION

4.1 General

GC analysis of pure extraction solvent (dibutylether) and a Phan*siid standa: < solution showed that Phantolid

A B e T oy N ST § iy
W anid SOWEnRL impuntss.

appears as a single peak which is {ree from inierferences from iiie scivei
Analysed samples were test media samples containing high, medium, low and zem Phantalid dose concentrations.
The samples were taken at the beginning of the test (=0 hr), at the end of the test and between times after every
24 hours.

After shaking and sonication, none of the sampies contained visible particles or aggregates so none of the
samples was centrifuged.

Results of the analyses of the test media are summarized in table 6.1-6.3. The first three columr.nz: af each table
(Aquasense sample code’, “Sampling date® and *Nominal sampling time") contain data provided by
Aquasense. These data were taken from the sample dispatch form which was sent along witr the sar :les.
Reported Phantolid concentrations are corrected for impurity of the test substance and thus repres=nt the

concentration of pure Phantoliid.

4.2 Samples from toxicity test with Dapknia magna.

The concentration of #hantolid in the test media from the Daphnia magna tesis at = .1ours we -e oetween 0 and
1.14 mgA. In the course of the test the concentrations decreased gradually. At the ead of the ‘est, ~ier 48 hours.
concentrations were roughly 5Q% of the initial concentration. The current chemical analyses do aot give a clue for

the cause of the Phanriolid losses.
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to decrease steadily. At the end of the test concentration levels in the test media were all below the detection limit
except for the highest dose concentration, which had declined to 0.05 mg/l.

4.4 Samples from toxicity tests with fish

The concentration of Phantolid in test media from the 96 hour fish toxicity study were between 0 and 0.95 at the
beginning of the test.. Already after 48 hours the Phantolid concentration in all test media had decreased below the
detection limit of 0.04 mg/l. The observed decrease in Phantolid concentration is more pronounced than in the algal

and Daphnia test.

5. REFERENCES

OECD, 1981. Principles of Good Laboratory Practice, C(81)30(final)

Standard Operation Procedure (SOP) N 1: Procedures and quality assurance of chemical anélyses.
procedure,

Standard Operation Procedure (SOP) K 10: Deionisator, method.

Statistics software package: Statcal 6.50, J. Kragten, University of Amsterdam, Amsterdam, 1996
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4.3 Samples from algal growth inhibition test
The initial concentration of Phantolid in the algal media was between 0 and (.24 mg/. The low dose concentration
was already below the detection limit of 0.04 mgA. During the 72 hour test the Phantolid concentrations were found
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Table 6.1 Analysis of Phantolid in test media from Daphnia magna toxicity test
Aquasense project 1202B
Agquasense Sampling date | Nominal sampling tme | Phantolid concentration and 95%
sample code confidence interval (mafi)
DM stock, wit 1998-05-11 t=0hr 1.127 + 0.031
DM [0], wit 1998-05-11 =0hr <0.039*
DM [1], wit 1998-05-11 =0hr 0.267 £ 0.032
DM 3], wit 1998-05-11 =0hr 0.640 + 0.031
DM [5], wit 1998-05-11 t=0hr _1.143 £ 0.031
DM {0}, groen 1998-05-12 =24 hr <0.039 %
DM {1]. groen 1998-05-12 =24hr 0.144 + 0.032
DM [3], groen 1998-05-12 t=24 hr 0.362+0.032
DM [5], groen 1998-05-12 =24 in 0.840 £ 0.021
DM [0j, rood 1998-05-13 t=48 hr <(.039 %
DM [1], rood 1998-05-13 t=48 hr £.123+0.032
DM (3], rood 1998-05-13 =48 hr 0.337 +0.032
DM [S], rood 1998-08-13 t=48 hr 0.659 £ 0.031

o concentration beiow limit of detection

Table 6.2 Analysis of Phantolid in test mediz from the aiga! growth fithibition test

Aquasense project 1202B
Agquasense Sampling date | Nominal sampling time | Phantolid concentiation and 95%
sample code ‘confidence interval (mg/!)
A stock, wit 1998-05-12 t=0hr 0.741 + 0.031
A 0], wit 1958-05-12 t=0hr <0.039?
A1}, wit 1998-05-12 t=0hr <0.039*%
A{3], wit 1998-05-12 t=0hr 0.059 + 0.C32
A[5], wit 1898-05-12 t=0hr 0.232 + 0.032
A [0}, groen 1988-05-13 t=24 he <0.039*
A[1], groen 1998-05-13 t=24 hr <0433
A (3], groen 1998-05-13 t=24hr <0.039 %
A5), groen 1998-05-13 =24 hr 0.151 £+ 0.032
A [Q}, rood 1998-05-14 t=48 br <0038 %
A[t], rood 1998-05-14 t=48 hr ~0.039%
A (3], rood 1593-05-14 t= 48 hr <0.039?
A (5], rood 1988-05-14 =48 hr 0.075 = (2.032
A[0], blauw 1998-05-15 t=72hr <0039°
A1 blauw 1988-05-15 t=72hr <0.035*
A (3], blauw 1698-05-15 =72nhr <0.039°
A 5], blauw 1588-05-15 =72 hr 0.051 £ 0.032

N concentration below limit of detection

Page 13
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Table 6.3 Analysis of Phantolid i;l test media from fish toxicity test )
Aquasense project 12028 :

Aquasense Sampling date | Nominal sampling time Phantolid concentration and 95%
sample code confidence interval {mg/l)
V stock, wit® 1998-05-11 t=0hr 1.127 £ 0.031
V (0], wit 1998-05-11 t=0hr <0.039"
V1], wit 1998-05-11 =0hr 0362 +0.032
V [3], wit 1988-05-11 t=0hr 0.650 + 0.031
V [5], wit 1998-05-11 _ t=0hr 0.950 + 0.031

V {0}, groen 1998-05-12 t=24 hr ' <0.039 "
V [1], groen 1998-05-12° t=24 hr <0.039*
V [3), groen 1998-05-12 t=24 hr <0039
V (5], groen 1998-05-12 t=24 hr 0.063 £ 0.032
V {0]. rood 1998-05-13 t=48 hr <0039
V [1]. rood 1998-05-13 =48 hr <-0.039
V [3], rood 1996-05-13 t=48 hr <0.039*
V [5), rood 1998-05-13- | =48 hr <0.039%
V [0], blauw 1998-05-14 E=72hr <0.039*
V [1], blauw 1998-05-14 t=72hr <(.038%
V [3], blauw 1998-05-14 =72hr <0.039*
V5], blauw 1998-05-14 =72 hr <0.039"
V0], geel 1998-05-15 t=96 hr <0.039 ¥
V [1], gee! 1998-05-15 =96 hr <0,039%"

V [3), geel 1998-05-15 t=96 hr <0.033"
V18) geel - 1998-05-15 t=96 hr <0039
= concantration below fimit ol detection —
w1 stock_wil = DM stock, wil (see table £.1)
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CONFIDENTIALITY STATEMENT

This document contains information and unpublished results of research which may be
confidential, and therefore it should not be photocopied or microfitmed. It shouid also not be
released in any form to an outside party, nor should intormation contémed herein be used by
any authority without the wntten permission of the Sponsor.
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Regport Number :  98.1202-1§ (re-issue of 98.1202-8)
Study number ;| 1202B.GLP.ALGO3

GOOD LABORATORY PRACTICE COMPLIANCE STATEMENT

This study was conducted in compliance with the Principles of Good Laboratory Practice as
described in the OECD Principles of Good Labaratory Practice (1998). Ail data on the test
substance such as , characterization, verification and properties were submitted by the
Sponsor who accepted full responsibility for the validity thereof. ’

The study is valid for the purpose for which it was conducted and this report is a true
reflection of the raw data generated.

All persons involved in the performance of the study were experienced and qualified able to
conduct the experimental tasks assigned to them.

e/ /g /o g
= - _
A f8.Ing. A.G.M Kroon, Date,
tudy Director . ’
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1 have reviewed this report and concur with its contents.

Dr. J T. Meuiemans, Date,
Manager Aquasense Lab
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QUALITY ASSURANCE STATEMENT

The testing facillties utilized in this study have been inspected regularly in accordance with
the Principles of Good Laboratory Practice.

This study was inspected and audited and the findings w=re reported to the Study Director
and the Management on the dates as shown below. Inspections were performed according
to the Standard Operating Procedures (SOP) of the testing facility. The final report was
audited in detail against the approved Study Protocol and al! pertinent raw data.

It is considered to be ar accurate presentation of the methods and procedures applied in
the course of the study and an accurate reproduction of the data recorded.

Inspection date Inspection/Audit Date of QA report
bO'—7-05598 Study protocol inspection 08-05-98

12-05-98 ‘ Study-based inspection 13-05-98

05-06-98 Report inspection 05-06-98

18-08-98 Re-issue inspection 18-08-98

04-11-98 Report Amendment inspection 05-11-98

14-12-98 . Re-issue inspection 14-12-28

& A DAY

Ir. G.M‘l Eijnatten, Date,
Quality Assurance manager
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Report Numbder - 98.1202-15 (re-issue of 98.1202-8)
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STUDY PERSONNEL AQUASENSE L AB

Study Director Drs.ing. A.G .M. Kroon

Technician(s) Ing. A. van Muilem, Ing. S. de Valk
S. Rooijakkers

Management Dr. J.T. Meulemans

ARCHIVING OF RECORDS AND SAMPLES

The study file including the Final Report, Study Protocal, ammendments, QA records, and
all raw data pertaining to the study is retained in the archives of Aquasense Lab for a period
of ten years. The test material is stored deepfrozen under the sample number (302300) for
ten years, or as long as the quality of the test substance permits evaluation. Al other
records connected with the study are also being registered in the Aquasense Lab archives
for a pericd of at least ten years.
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Evalustion of the toxic effects of Ph lid on the growth of the freshwaler alga Selenastrum capricomutum
Report Number :  98.1202-15 (re-issue of 98.1202-8)

Study number 12028 GLP.ALGO3

Summary

In order to predict effecis of chemicals in an aquatic environment, the toxicity of Phantolid®
to Selenastrum capricornutum was assessed. The toxicity was deter ‘ned in an acute

- toxicity test which is described in the OECD and EEC test guidzfines, and was performed in

accordance with the principles of Good Laboratory Practice (GLFP_ 1 he toxicity was
determined over an exposure period of 72 hours under defined conditions. During the test
the pH varied no more than 0.5 units, and the call density increz  :d with a factor of 120.
The temperature varied betw: 2n 22.2 ar 23.1°C, and the light intensity between 86.13
and 89.14 pmol-m2-s" . Almost comple ::: inkbition of growth at the highest concentration
and no significant inhibition of growth a: “he lowest concentration was observed during the
test period. These data indicates that the validity criteria of the test was fulfilled. The E,C4,
and E,C,, of Phantolid® based on the nominal values are 0.081 (0.063 - 0.095 95%
confidence limits) and 0.200 { 0.179 - © 21 95% confidence limits). The NOEC based on
the growth rate derived from the results is 0.C44 mg/l Phantolid®. The calculation of both the
EC, values and the NOEC's using the mexsured concentrations are based on very limited
data and all the data used were all near t© -Jetection limit of the analysis, and therefore the
results are very cuestionab's. The chemical analyses indicated a rapid decrease of the
concentration during the te st period, which may for a small part be atiributed to adsorption
onto the test vessel wall. : :
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Evaluation of the toxic effects of Phantalid on the growth of the freshwater alga Selenastrurn capricorrulury,
Report Number : 98.1202-1S (re-issue of 98.1202-8)
Study number 12028.GLP .ALGO3

1. INTRODUCTION

The objective of this study was to assess the toxicity of Phantolid® to cultures of the
freshwater green algae Selenastrum cagpricornuturn. In the present toxicity test exponentiaily
growing cultures of Selenastrum capricornutum were exposed to various concentrations of
the test substance over several generations under defined conditions. The inhibition of
growth in relation to control cultures was determined over a testing period 72 hours.

The toxicity was assessed by determining celi counts for each test concentration in time.
These cell numbers were used to determine the EC 440 s0 values together with the 95%
confidence limits based on their average growth rate (E,) and mean biomass (E,). The no
observed effect concentration (NOEC) is derived from the results. where possible.

The methods employed were based on the OECD test guideline 201 {4.1] and the EEC

directive 67/548 C3 [4.2], and in compliance with the CECD principles of Good Laboratory
Practice [4.3}.
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1. INTRODUCTION

The objective of this study was to assess the toxicily of Phantofid® to cultures of the
freshwater green algae Selenastrum capricormnutum. In the present toxicity test exponentially
growing cultures of Sefenastrum capricomutum were exposed to various concentrations of
the test substance over several generations under defined conditions. The inhibition of
growth in relation to control cultures was determined over a testing pericd 72 hours:

The toxicity was assessed by determining cell counts for each test concentration in time.
These cell numbers were used to determine the EC, 4, a0 Values together with the 95%
confidence limits based on their average growth rate (E,) and mean biomass (E,). The no
obsetved effect concentration (NOEC) is derived from the results, where possible.

The methods employed were based c 1 the OECD test guideline 201 [4.1] and the EEC
directive 67/548 C3 {4.2), and in compliance with the OECD principles of Good Laboratory

Practice }4.3).
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Evalvation of the toxic effects of Phantolid on the growth of the freshwater alga  Selenastrum caprcomuium

Report Numbers : 98.1202-15 (re-issue of 98.1202-8)
Study number 12028.GLP .ALGO3 .
2. MATERIALS AND METHODS

21 Test substance

The sample of Phantolid®was received at Aquasense Lab on 15-jan-98 and assigned the
sample number 302900. The following test substance data were submutted by the Sponsor.
The Sponsor accepted full responsibility for the validity of these aata.

< name/code Phantolid®

« chemical name 5-acetyt-1,1,2,3,3.6-hexamethylindan
e batch/lot No. 10237

e CASIr. 15323-35-0

e purity 96.7 %

* appearance - off-white powder -

« water solubility -estimated at 0.1 - 1 mg/t

e Vapour pressure not known

« storage conditions " at room temperature in the dark

< stability stable for at least 12 months under storage conditions
« study sample number 302800

The nominal concentrations as refetred in this report are the concentrations based on the
96.7% purity of the active ingredient. The Certificate of Analysis is presented in Annex i,

2.2 Test organism

The test was carried out using the fresnwater uniceliular green algae Selenastrum
capricomutum (new name: Raphidocelis subcapitata), purchased form Charles River Aquatic,
Someren, The Netherlands). The algae was maintained on mineral medium and regularly
ransferred to a fresh mineral medium to act as inoculum. The procedures for cultivation of the
algae were in accordance with Standard Operating Procedure A-323 [4.6]. Reference tesis
with potassium dichromate will be performed every 6 months and compared with intemnaticnat
inter-iaboratory test data to confirm that the aigace has not changed.

2.3 Chemicals
The chemicais for preparation of the test medium were all of analytical grade and obtained
from established commercial suppiiers. (Merck, Darmstadt, Geanany, main supplier).
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Evaluation of the taxic effects of Phantolid on the growth of the freshwater alga Selenastrum capricomutum
Report Number :  98.1202-15 (re-issue of 98.1202-8)
Study number - 12028 GLP AL G0O3

24 Glassware

The test was performed in 300 mi Erenmeyers containing 100 mi of mineral saits medium.
The test flasks were closed with cotton-wool stoppers. All other equipment was made out of
glass. All glassware used was cleaned prior to testing according to Standard Cperating
Procedure A-340 [4.12].

2.5 Apparatus and conditions _

The culturing cabinet was a temperature-controlled illuminated orbital incubator (101-400,
Sanyo, Breda, The Netherlands) in which the temperature was maintained at 23 + 2°C, and a
continuous uniform illumination was provided in the spectral range of 400 to 700 nm by using
30 W fluorescent lamps of the type 'universal white" (colour temperature of approximately 4000
K), at a distance of 0.35 m from the algat cultures. The light intensity was in the range of 60 to
120 pymoal (ShUE)-m2-s*. The culture flasks were rotated continuously at approximately 100
rev/min to prevent sedimentation of the algae. The pH's were determined with the aid of a pH
meter (pH 196, WTW, Weilheim, Gemmany) . The temperature was measured continuously
using a temperature sensor coupled to a datalogger (Elbanton, Kerkdriel, The Netherlands).
The light intensity was measured thh a light intensity meter (Li-Cor, LI-189, Rijswijk, The

Netherlands)

2.6 Test substance stock solution )

A test substance stock solution was prepared by weighing out the test substance {0.05000 -
gram) using a analytical balans (Sartbrius, 160P, Breukelen, The Netherlands). This was
transferred to a separatory funneil filled with 500 mi test medium. This mixture was
ultrasonically treated for approximately 20 minutes and subsequently mixed for
approximately 20 hours at room temperature using a magnetic stirrer. Thereafter, the liquid
was filtered using a glass fibre filter (Schleicher& Schull, G= 92 Glasfase: filter (ref.nr.
421057 X 27358), 1um @) to remove all particles. The clear aqueous filtrate was used as
stock solution for preparation of the desired concentration range. This method was chosen
from a range of methods (e.g. generator column, ultrasonic treatment) which have been
tested for the preparation of a suitable stock solution of the test substance. This preliminary
investigation was not performed accarding to the OECD principles of GLP. The results are
stored in the archive of AquaSense Consultancy [(4.10]. The tested methods were in
accordance with the OECD 201 and EEC Directive 67/548 C3 guidelines [4.1, 4.2} andfor
international guidelines on the preparation of poorly soiuble substances for aquatic toxicity
testing [4.11].
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Evaluation of the toxic effects i Phantoiid on the growth of the freshwater alga Se/enastum CRBOICOMULIT
Report Number : 98.1202-15 (re-issue of 98.1202-8)
Study number 120728.GLP.ALGO3

2.7 Test inoculum

The initial stock culture was inoculated with Selenastrum capricornuturr fTom a pre-culture and
checked for purity by microscopic means (1000 times magnification) using an inverted
microscope (Olympus {MT-2, Paes, Zoeterwoude, The Netherfands). Before the beginning of
the test the extinction of an expaonentially growing stock nulture was measured. The ceil
density was determined using 1 calibration curve (see section 2.9). From this algzl culture a
dilution was prepared to obtain an initial celt density of approximately 1 - 10* ceils/ml in the
medium of the test.

2.8 Test medium
The test medium (mineral mediumr) was prepared and contained the following nutrients:

i | nuitents R {man
Macro-n tnenis '
NH.CI BB ]
KH,PO, 1.6
CaCiy(H,0), 18
MgSO.(H,0), 15
MgCl(H,0) : 12
FeEDTA 7
FeCL, (H,0)e 0.08
NaEDTA(H,0), 0.1
Trace elements
H,B80, 0.185
ZnCy, 0.003
MNCl(H,O), 0.340"
CoCiH,0) 0.5015
CuCly{H,0), 1x10%
Na,MoO,(H,0), 0.007

 NaHCO, ]

NaHCO, 50

' = MnCl, - 2H,0 instead of MnCl, - 4H,0 was used, concentration was adjusted.
The pH of the medium was appreximately 8. All solutions were made using ceionized waler

with a conductivity of less than 0.5 pSmm™. The deionized water was prepared using a water
purification system (Milli-Q, Milipore, Breda, The Netherlands).

page 12 of 30
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Evaluation of the toxic effects of Phantolid on the growt of the freshwater aiga Selenastum capricomutum
Report Number :  98.1202-15 (re-issue of 98. 1202-8)
Shdy number  :° 12028.GLP ALG03

2.9 Determination of test paramefters

Cell concentrations were determined photometrically, using a UV/VIS spectrophotometer
(Shimadzu UV 210-PC, 's-Hertogenbosch, The Netherlands). Measurements were carried out
at 635 nm in a cuvette with a light path of 10 cm (initiafty) after thoroughly mixing. To establish
the reiation between absomption and cell density, a calibration curve was made. Several
dilutions were prepared from an exponentiaily growing afgal cultt ~ Of these diluted cultures
the absorptions were measured at 685 nm using the above me.. ioned spectrophotometer.
The cell density of the same samples (at least two) were determined using a microscope and a
counting chamber. From the relation between absorption (A) and counted cell number (N in
cells/ul) a calibration curve was calculated on the basis of the equation (dd: 06-feb-98) :

N =780.1 « A -8.433 {x% = 0.00202)
The calibration curve is checked for accuracy and linearity every 12 months.
The pH of all test substance samples and controis were measured at the beginning (t=0h, in

pooled samples for each concentration) and at the end of the test (t=72h, in all samples).
During the test the temperature in the cabinet was monitored continuously and the light

lintensity was measured every 24 hours. At the end of the test 6 random samples (from each

concentration one) were checked for purity and for possible microbial contamination by
microscopical means at 1000 times magnification.

2.10 Test methods

The test concentration range usad in this siudy was derved Som the results of preiiminary
investigations on the toxicity of Phantolid® to algae, which were not performed according to
the principles of GLP. In this investigation 100% growth inhibition was found at a
concentration of 20% and a significant inhibition was still found at 0.8 % of the stock
solution.

In the definitive test the algae were exposed to the following nominal concentration range :
3, 6, 12, 24 and 48 % of the nominal concentration (equal to 0.022, 0.044, 0.089, 0.178 and
0.356 mg/l Phantolid,respectively) . The mineral medium {299 mi for each concentration)
was prepared with fiiter sterilized (0.2 pm)-deionized water, and subsequently inoculated (1
ml) with an exponentially growing cuiture of Selenastrum capricomutum to obtain a final
density of 1+10* celts/ml. This medium was divided into three separate vessels. The test
was performed using 3 replicates of each concentration and six replicates of a control

page 13 of 30
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Report Number :  §8.1202-15 {re-issue of 98.1202-8)
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culture, where no test substance was added. The absorption of ali samples and controls
were measured at 685 nm after approximately 0, 24, 48 and 72 hours of testing. Mineral
medium was used as blanc in the spectrophotometer.

2.11 Validity criteria

For the test to be valid, the cell density in the control cultures shoule have increased by a
factor of ai feast 16 within 72 hours (OECD,EEC). The pH in the test medium should not
deviate more than 1.5 pH unit (EEC). The lowest concentration tested should have no
significant effect on the growth of the algae, and the highest concentration should inhibit
growtih by at least 50% reiative to the control {OECD, EEC).

2.12 g‘tatistical evaluation

The ECy 5 5 values of the test substance were determined by comparing the relative growth
(biomass) and growth rate (1) ot the algae at various concentrations of the test substance to
the control cuitur<s. Calculations were based on counted ceil numbers (measured
photometrically). The absorptions measured for eac!: concentration were converted to cell
numbers using the calibration curve as described in SOP A-361 [4.8]. A correction for
coloured samples was apptlied when necessary. Whenever the measured cell density at t-0
was below 1 - 10*celis/ml (due to extreme fow extinction values at t=0) the density was
corrected to this value for calculation. The initial growth and growth rate were determined by
two different methads, as described below: '

Caiculation of growth

Effects on biomass were calcuiated by determining ihe areas under the growth curve (A) of
both control and test cuitures according to.

Ni- No Ni+N2-2No N2+ N:-2 Ny
A:=—*—~,} e+ 5 d(tz—t|)+—%7_ -e(t3-1¢2)
Where ;

A area under the growth curve at concentration t
Ny cell counts at time 1,

N, cell counts at time ¢,

t, tme of the ® measurement after start of test

page 14 of 30
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Report Number 98.1202-15 (re-issue af 98.1202-8)
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The percentage inhibition at concentt;ation t can be calculated as follows:

Ac— A i
la = “;—0 100

c

Where ;

tA, percentge inhibition at concentration t in comparison with control
Ac area under growth curve control

A area under growth curve at concentration t

Calculaiion of growth rates

The average specific growth rates (p) for the individual cultures were caiculated from the
following relationship:

Lan.— Lnne
pr=——_""" "

{n— 1o
Where ;
R» specific growth rate (h")
LniNg natural logarithm of the cell counts at {=0
LnN,, natural logarithm of the ceil counts at t=n
t time at start test
ta time after n hours of testing '

The EC, values for growth (E,Cs) and growth rate (E,Cq) Were computed using a non-
parametric (Speaman-Karber analysis) method (nominal concentrations) and the Probit
analyses {(measured concentrations) according to Standard Operating Procedure A-360
[4.9]. The values together with the 95% confidence limits were calculated using the
computer program ToxCalc {4.4]. Statistical comparisons of the growth and growth rate in
control and test cultures for determination of the NOEC were carried out using the treshold
values of the William's test [4.5]. The computer program was validated using a known
dataset before use according to Standard Operating Procedure A-360 [4.9).

Calculation procedures are based on both nominal values (calcuiated from the measured
concentration of the stock solution), and geometric means of measured values of the
concentration range (whenever the recovery was < 80% after 72 hours of testing). The
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geometric means of concentrations which were nct measured by chemical analysis, were
estimated on the basis of the formuta:

estimation of M, = N, * {1 - (0.5 (N, ~- M ¥N, , + O.5(N,., - M,,,¥/N,.,))

Where : x = Concentration step
N = Nominal concentraticn value
M = Measured concentration value

From these estimated concentrations at the various time intervais the geometric mean was
calculated. When measured concentrations were below the detection limit the values were
not used for caiculation of the geometric means of the non-analytically determined samples.
Concentrations which were beiow the detection limit at T=0 were not used in calculation of
EC, vaiues.

2.13 Chemical analysis

The method including validation, calibration and description of the procedures and
apparatus used to determine the concentration of the test substance in the test medium is
described in a separate study. The protocol for this study (Study plan T98005A) {4.13] was
drawn up by Dr. G. Stegeman (Study director) of Akzo Nobel Central Research, Dept. RGL,
Amhem, The Netherlands. This protocol is stored in the study fiile and was approved and
signed by both the Study director (Akzo Nobel Central Research) and the Study monitor
(AquaSense Lab).

The concentration of the test substance in the samples was daterminad by means of

o

Sf ga
chromatography with flame icnization detection. Samples (~ 20 mi) were withdrawn from the
control, lowest , middle and highest concentration tested. Samples from the other
concentrations were aiso withdrawn and stored for additionai analyses, when needed. The
concentration of the test substance in the solution withdrawn directly from the stock solution
was also determined. The samp'es were stored in the réfﬁgerator in the dark untif analysis.
All samples will be taken in single-fold and analyzed in duplicate. Sampies were taken at 0,
24, 48 and 72 hours of testing. The initial samples for analysis (0 hours) were withdrawn
from the vessels afier addition of the testorganisms and stabilization of the testsystem. The
sampies were stored for a maximum period of 4 weeks.
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Report Number :  98.1202-15 (re-issue of 98. 1202-8)
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3. RESULTS

3.1 Test environment

The cell density of the algae in the control cultures increased with a factor 120 within 72
hours. The pH measurements in Tabie | show a maximum increase of 0.5 units. The
temperature was measured continuously during the test and varied between 222 and

23.1 °C, with an average value of 22.9 *‘C. The light intensity was measured daily, and
varied between 86.13 and 89.14 pmolsm 2ss™ during the test period. At the end of the test six
samples were checked microscopically and all were pure and not contaminated with

bacteria or other algae.

3.2 Test results R
The results of the algae growth measurements are ‘presented in Table Ii and HI. Almost
complete inhibition of both growth and growth rate of Selenastrum capricormnutum was
observed at 0.356 mgn of the test substance, and no significant inhibition was observed at
0.044 my/l test substance. There was however a substantial effect observed at the lowest
concentration tested (0 022 mg/l). Due to this anomaly, the ECy values based on the
nominal values were calculated by the non-parametric Spearman-Karber [4.7] method
instead of the parametric Probit method, because the Spearman-Karber method provides
fail safe EC;, values with 95% confidence limits and is resistant to anomalies as observed.
The Trimmed Spearman-Karber method provides only EC,, values (with 95% confidence
limits), and therefore the ECy and EC,; could not be determined. Because the
testconcentrations dropped below 80% of the initial concentration, the calculation of the
effects were also performed using the geometric means of the measured concentrations .
For the calculation of the EC, values using the measured concentrations the Probit method
was used (lowest concentrations (0.022 and 0.044 mgA) were not included in calculation
because the measured values were below the detection limit of the chemical analysis). The
€,Cs derived from the results using the nominal values is 0.081 mg (0.069 - 0.095 95%
confidence limits). The nominal E,C,, calculated from the results is 0.200 mg/l (0.179 - 0.221
95% confidence limits). The nomiral NOEC determined using the treshold values of the
Willlams test Is < 0‘022>mgfl for biomass and 0.044 mg/! based on growth rate. The
anomaty observed at the lowest concentration was most apparent for the inhibition of growth
and less evident for the inhibition of the growth rate. Therefore the NOEC based on the
growth rate is probably more reliable.

The E,Cg, value based on the measured concentratiu..: is 0.038 mg/l (0.032 - 0.042 Q5%
confidence limits) and the E.Cg, is 0.063 mg/1 (0.059 - 0.069 95% confidence limits). The
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Repoct Number @  98.1202-15 (re-tssue of 98.1202-8)
Shudy number - 1202B.GLP ALGO3 -

NOEC based on the measured concentrations was < 0.043 mg/! for biomass and 0.039 mg/|
based on the growth rate. The calculation of both the EC, values and the NOEC's using the
measured concentrations are based on a very limited data {only 3 values were used for
calcuiation) and all the data used were all near the detection limit of the analysis, and
therefore the resuits are very questidnab!ge.

33 Validity of test

The test was found valid by the increase of cell density of a factor of 120, a maximum pH
deviation of §.5 units and a inhibition of more than 50% at the highest concentration tested
and no significant inhibition at the lowest concentration tested. The results of the last quality
controi test with potassiumdichromate (DG—Feb-1 998: £,Cs, 0.51 mgA - E,C.,, 0.98 mgrl) are
in agreement with the criteria mentioned in the EEC Directive 67/548 C2, indicating that the
sensitivity of the aigae has not changed significantly.

3.4 Chemical analysis

The results of the chemical analysis are described in the GLP report of Akza Nobel Central
Research RGL F9804€ [4.14], which is added in Annex II. The analyses of the tested
concentration range of Phantolid® showed a substantial decrease in concentration durnng
the test period. The initial recoveries (t=0) were all below the aominal values, and decreased
rapidly further during the test period. More than 80% of the compound disappeared at ali
concentrations after 72 hours of testing. Extraction precedures (see Annex ) for chermical
analysis were performed using samples including algae, therefore the decrease could rot be
attributed to adsorption onto the algae. Mareaver, adsarption onto the veasal wall is not
likely to be the main cause of the decrease because the resuits of a photodegradation study
on Phantolid® [4.15] showed a maximum adsorption of 4.5% of the test substance after 72
hours of incubation.

3.5 Deviations from Study Protocol
The foliowing deviations were observed during the study :

- The amount of sample taken for chemical analyses was approximately 20 m! at each
sampling time, with equal armounts from each triplicate vessel. This was not
mentioned in the Study Protocol.

- The statistical method used for calculation of the effect concentrations using the
anominal vaivues was the non-parametrnic Spearman-Karber analysis, instead of the
parametric Probit method.
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*  ECg.a0 Values were not determined for the nominal values. .The Spearman-Karber
yields only EC,, values. '

* The algal cell density was measured in all concentrations at t=0 instead of only 24,
48 and 72 hours. This was necessary for correction of turdidity of sampies. The test
dilutions were stightly coloured at the highest concentrati ns due to the presence of

. the test substance. : )

3.6 Conclusions

The toxicity of Phantolid® to the green algae Selenastrum capricornutum was determined
over a period of 72 hours. The E,Cs and E,C, of Phantolid® based on the nominal values
are 0.081 (0.069 - 0.095 with 95% confidence limits) and 0.200 mg/l {(0.179 - 0.221 witr 259,
confidence limits). The nominal NOEC derived from the results based on the growth rate is
0.044 mg/l Phantolid®. The EC, values and’ NOEC's determined using the measured
concentratio_ns are questionable, based on the limited data used. The chemical analyses
indicated a rapid decrease of the concentration during the test period, which may for a small
part be attributed to adsorption onto the test vessel wall.
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frashwater aiga Selenastrum capricomutum

Roport Number : 98.1202-15 (ro-issue of 98.1202-8)
Study number 12028 GLP ALGO3
Table |

Measurements of the pH values in the test flasks at the beginning and end of the test.

Nominal Time (hours)
concentration
(mgf)
0 72
control 8.2 7.9
- 8.2 7.7
8.2 7.7
8.2 7.9
8.2 7.9
8.2 7.9
0.022 8.1 7.7
8.1 7.8
8.1 7.7
0.044 8.1 7.8
8.1 7.8
8.1 7.8
0.089 8.1 7.8
8.1 7.9
8.1 78
0.178 8.1 7.8
8.1 7.8
8.1 7.8
0.356 80 7.8
8.0 7.9
8.0 7.9

page 21 of 30




10

Evaiuation of the toxic effects of Phantolid on the growth of the freshwa
Report Number ©  98.1202-15 (re-issue of 98. 1202-8)
1202B.GLP ALGO3

Study number

ter alga Selenastrum capricomutum

Table It

Cell counts of the various concentrations and control at each mea

hours of testing.

surement during the 72

Nominal (mg/)
concentration

Cell counts (celis/mi)*?

Time (hours)

0 24 48 72
control 9128 40403 264460 141514C
9525 37768 232420 1215420
10142 44027 260610 1222920
10532 36802 205630 1156940
9908 33778 202260 10892480
10766 32446 179810 1096140
mean 10000 37537 224198 1199840
std.dev. 614 4266 34090 119373
0.622 10454 26981 157740 817160
10844 21839 143580 7238000
10766 26112 166050 800520
maan 10688 24977 155730 782227
std.dev. 206 2752 11361 46840
0.044 12248 30267 192810 1012980
: 10922 37683 252710 1254840
10844 33576 216100 1153820
mean 11338 33842 220540 1140540
std.dev. 789 3715 30196 121486
0.089 12561 18958 81346 529560
11859 18827 83477 485920
13341 24946 110660 590320
mean 12587 20910 91828 535267
std.dev. 741 3496 16344 52433
0.178 15851 22960 58657 274260
16227 22303 69918 258360
15977 19303 56205 199332
mean 16352 21255 61593 244317
std.dev. 450 1692 7313 39664
0.356 20830 19303 23743 40202
19870 16446 15268 19846
20441 19077 24446 29822
mean 20380 18275 21152 29857
std.dev. 483 1588 5108 10179

' = Measured cell counts which were below the initial value (inoculum) were comrected to the initial
value in the calcuiation procedure of the inhibition of the growth and growth rate.

2 = Absorpticn data of aii test concentrations were corrected for colour andf
test substance before calcutation of EC, values.

or turbidily caused by the
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Report Number :
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Table il

Biomass increase (A) after 72 hours of testing and average specific growth rates (u) of
individual measurements and inhibition of growth (A) and growth rates ().

r Biomass (A)
Nominal control 0.022 0.044 0.089 0.178 0.356
1Concentration
{mgnt)
replicas .
A 23750712 13611984 16774488 7 008356 4219668 302376
B 20498004 12067416 21372192 7574796 4352004 o'
C 21377808 13572168 19187424 9537924 3245556 208692
D 19069728
E 18180192
F 17601864
average biomass | 20079718 13083856 19111368 8373692 3939076 170356
(A)
inhibition (%) - 348 " 4.8 58.3 80.4 99.2
Growth rate (u)
A 0.070 0.061 0.063 0.05s 0.045 0.015
B 0.067 0.059 0.068 0.055 0.045 o?
[e] 0.067 0.061 0.067 0.056 0.042 0.009
D 0.065
E 0.065
F 0.064
average growth 0.066 0.061 0.066 0.055 0.044 0.008
rate (u) '
inhibition (%) - 9. 1 17 34 88

' = Blomass did not increase in time, therefore the (increase) in biomass after 72 hours of testing
compared to the control value is zero.

2 = Growth rate did not increase in time, :hérefore the (increase) in growth rate after 72 hours of testing
compared to the control value is zero
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Evaluation of the toxic effects of Phantolid on

the growth of the freshwater alga Sefenastrum capricomuturm

Report Number :  98.1202-15 (re-issue of 98.1202-8)
Study number 1202B.GLP.ALGO3
Table V

Summary of the test resuits

Parameter Dimension Value 95% confidence
. limits
Ny ,inoculum celfls/mi 1104 -
N3, , cell density at cells/mi 1.2-10% -
the end of the test.
growth no dimension 120 -
H, growth rate ht 0.066 -
Nominal concentrations
[ Effect concentrations
(EC,)
PE(.C:m, mg/t n.d. -
E.Ceo magfl 0.081 0.069 - 0.085
EoCan mg/l n.d. -
NOEC man <0.022 2
E.Cx mafl n.d. -
ECy mg/l 0.200 " 0.179-0.221.
E.Cao mg/l nd. -
NOEC mgA 0.044 -
Measured concentrations
Effect concentrations
L_(,EC")
mg/l 0.027 0.018 - 0.033
magfl 0.038 0.032 - C.042
mg/ 0.083 0.049 - 0.060
mgfl < 0.043 -
mg/l 0.044 0.039 - 0.047
mg/l 0.063 0.059 - 0.059
mgh! 0.092 0.083-0.106
mgrt 0.039 -

EoCan
E.Cso
EeCeo
NOEC
ECx
ECs
E.Cao

: NOEC
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Figure 1

Growth curves of Selenastrum capricormutum over 72 hours of incubation at vadous test
concentrations (nominal concentrations in mg/l) of Phantolia®. ’
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Figure 2 ‘
Concentration/effect relationship of Phantolid® calculated from the percentage of inhibiticn of

the growth (biomass) at various test concentrations (measured).
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Concentration/effect relationship of Phantolid® calculated from the percentage of inhibition of

the specific growth rate (i) at various test concentrations {measured).
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ABSTRACT

To detenmine toxicity of Phantolid a series of tox tests with fish and daphnids and an aigat growth inthbition test
were performed by Aquasense Amsterdam. The concentration of Phantolid in the used test media was
determined by the General Analytical and Environmental Chemistry Department of Akzo Nobe! Central
Research. Samples to be analysed were test media with high, medium, low and zero concentration of
Phantoiid. Samples were taken at the beginning of the test (=0 hour), at the end of the test and between times
after every 24 hours. In this report procedures and results of the chemical analyses are described.

Analyses were carried out in compliance with the OECD Principles of Good Laboratory Practice (GLP). Test

media samples were extracted with dibutylether using a so-called in-viat extraction procedure. The ether layer
was subsequently analysed by means of gas chromatography (GC) with flame ionisation detection.

The initial concentration of Phantolid in the alga! media ranged between 0 and 0.24 n-igll. The low concentration

The concentration of Phantolid in test media from the 96 hour fish toxicity study were between 0 and Q.95 at the
beginning of the test. Already after 48 hours the Phantolid concentration in all test media had decreased below
the detection limit of 0.04 mgA. This decrease in Phagtolid concentration is more pronounced than in the aigal

and Daphnia test.

“\HH
—
¥

gi’
a1
=3
g9
oD
]
1
33
ﬁ“
4®
5”
(1]
1
7]
iz
33
3’3
g
gs
)
mw
a3
@ a
§82
3874
»m
-3
8z
ot
- &
33
48
e

This report is the property of Akzo Nobel NV or its affibated compamnes. Ali nghts are strictly reserved
. Reproduction. issue or disclosure to third parties in any form is not DRUTFIITED WiItROT O revioiatin o eitfan avitheae o areiim fa v s ooin L oL



|

06.

1CS-103 Fina! Rasearch Repon Page 3

RGL F98046 T 98005 A b ¢
May 29. 1938 h\_’__-’—“ 7.‘\;,%

AKZO NOBEL

ANALYSIS OF PHANTOLID IN TEST MEDIA FROM TOXICITY TESTS

Sponsor Aquasense
P O Box 95125

T HC Amsterdam
The Netherlands

Study monitor Drs. lng. A.G.M. Krocn

STUDY ORGANISATION
Akzo Nobe! Central Research Arnhemn

tocation
General Analytical and Environmental Chemistry Dept
Velperweg 76
6824 BM Amhem
The Neatherfands
Study director ) Dr. G. Stegeman
Quality Assurance Unit E.H.V. Derks
Management, Head of Department RGL Dr.ir. C.J. Groenenboom
Initiation date of the study 1698-05-15
Completion date of the study 1998-05-25

ARCHIVING AND STCRAGE

The project fite including the final report, amendments o the final repoft. the study plan. amendmsants to the study
pian, records of quality assurance inspections, all letters, memas and notes and raw data pertaining 10 the study

will be retained in the archives of Akzo Naohal Central Ressarch Aminem for a penod of {en years Other records
including master schedule sheet, laboratary notebooks, logbocks, records of the maintenance ana calibration of

archives for a penaod of ten years. Test material will be stored deepfrozen under the sample code T 38605 for ten
years or only as long as the quaiity of the test substance permmits evaluaton.

Vihvio roarnrt 38 the ovemmn.ae,



07 ICS-103 Final Research Report - Page 4
RGL F98046 T 98005 A ©
May 29. 1998 e«-—__._"f '/*a
GLP COMPLIANCE STATEMENT '
The study reported here was camed out according to the study pian in compliance with the OECD Principles of
Good Laboratory Practice (5.1). The report contains an accurate description of the results.
Study director
Dr. G. Stegeman
/'/ L
-
date ..1938..9,5...2.?
Management, Head of Department RGL
Drir. C.J. Groene_nboom )

This report is the property of Ak
Reproduction. issue or disclosure 1o third Dartine i

oA Ferrve e ea

Zo Nobet! NV or its affiliated com

panics ARl nghts are strictly resarved




08

1ICS-103 Finai Research Repon Page S
RGL F98046 T 8005 A £
May 29, 1998 ——-—‘v =

AKZO NOBEL

QUALITY ASSURANCE STATEMENT

This report was audited by the Quality Assurance Unit of Akzo Nobel Central Research Arnhem 1 is considered to

be an accurate presentation of the methods andg procedures applied in the course of the study and an accurate

reproduction of the data recorded. R
Listed below are the dates of inspection of this study by the Cuality Assurance Unit and the dates on which its

findings were reported to Study Director and Management.

Dates of inspecticn Dates of reporting

1998-05-20

1998-05-20
1998-05-29

1998-05-29

Quality Assurance Unit
E H.V. Derks

Pelahto ara cfeorts coacacaad

TRIS 1epOT s e PTUPCrty of Akso Nobel NV or ILS attliated camnanmass al




oo

i

! vl -3 -‘\'! 5;;} e;;i;i—__
n RGL F98046 T 98005 A [ )
May 29, 1998 o T
CONTENTS _
1. INTRODUCTION .
2. MATERIALS
2.1 Test substance
2.2 Samples ’ :
’ 2.3 Chemicals
2.4 Deionized water
2.5 Apparatus
2.6 Materials
3. METHODS
3.1 Preparations for GC analysis
3.2 Calibration of chromatographic system
3.3 Control samples
3.4 Analysis of Phantolid samples
-3.5 Data processing
3.6 Data evaluation and quality control
3.6.1 Caiibration standards
3.6.2 Control samples
3.6.3 Samples
3.6.4 Control standards
4. RESULTS AND DISCUSSION
4.1 General
4.2 Samples from toxicity test with Daphnia magna.
4.3 Samples from algal growth inhibition test
4.4 Samples from toxicity tests with fish
5. REFERENCES
6. TABLES

R T i—— S | O

This report | is U‘e property o of ARZO Nobel NV or its afftihated compares. Ali nghts are SLriCity resvrved

Page 6

WO~~~ ~

GOV

IIIIIIIIIIIIIIIIIIIIlIIIIlIllIllIlllIIIIIIIIlIIIIIIIIIIIIIIIIIIIIIIIHMII




m\\ﬂn

(e

"k

u.
1CS-103 Fnal Research Repon ' Page 7
RGL F98046 T 98005 A . 3
May 29, 1998 =¥ W

AKZO NOBEL

1. INTRODUCTION

To determine toxicity of Phantolid, 2 substance produced by PFW Aroma Chemicals, a series of tox tests with fish
and daphnids and an algal growth inhibition test were performed by Aguasense Amsterdam (project No 12028B).
The concentration of Phantolid in the used test rnedéa was determined by the General Analytical and Environmental
Chemistry Depanrtment of Akzo Nobel Central Research. in this report the procedures ang resuits of the chermcal
analyses are described.

The samples to be analysed were taken from test media at the beginning, at the end and dunng the toxicity tests a?
feguiar time intervais The samples were extracted “in-vial” with dibutylether The cancentration of Phantalid in the
dibutylether tayer was determined by means of gas chiomatography (GC) with flame ionisation detection. The
analyses were carried out in compliance with the OECD Principies of Good Laboratory Practice (5 1) and according

to Standard Operation Procedure N 1 (5.2).

2. MATERIALS

2.1 Test substance
The test substance Phantolid (sample code: T9B00S) was received from Agquasense on 1938 .05.08 The following
test substance data were submitted by the sponsor, who accepted full responsibiity for the validity of these aata.

Information conceming the test material:

- name of test substance Phantolid

- chemical name ) S-ascetyt-1,1 .2.3.3,6-hexamethylindan
- Cas reg.No. 15323-35-0

- batch/iot No. 10237

- Aquasense sampie No 302900

- punty 96.7 %

- appearance an off-white solid (powder)

- storage until required ) in a coal place in the dark

- stability stabie under storage conditions

2.2 Samples

The sampies to be analysed were received fram Aquasense on 1888 05.15. On receipt all samples were still
refrigerated. which was checked by taking scme samples in the paim of the hand Ater checking all the sampies,
they were immediately stored in a refiigerator until analysis. Sample codes and other relevant data supplied by
Aquasense were assumed to be correct and were used without further check. Samples were analysed within one

week after recempt
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- sample description
- storage until required

2.3 Chemicals

Dibutylether, {CH,(CH,);}, O

2.4 Deionized water

Deionized water was produced from tap water in a water purification system (Spectrum-Eigastat, Breukelen, The
Netherlands). It had a conductivity of less than § u S.cm™, a TOC content of less than 2 mg/l and it contained no

f),,\_ﬁ_
AKZO NOBEL

aqueous solutions of test substance
in a refrigerator

99% GC-grade

more than 0.01 mg Cu per litre (Standard Operation Procedure K 10 (5.3)).

2.8 Apparatus

Description of the apparatus used and some refevant settings:

Gas chromatography system
Autosampler

Injection

GC-column

Detection

Carrier gas
Temperature program

Data collectiontintegration
Recorder

Carlo Erba GC 8160

Carlo Erba AS 800

sampling depth: -22 mm

cold on-column injection

cool time: 12 seconds

injection volume: 1 p!

injection speed: maximum

syringe : Hamitton micraliter, 10 gl AS800

syringe rinse procedure: standard AS800 procedure {bubble elimination = 5)

J&W DB-1 with retention gap
tength: 30 meter

intamat diamatar 0322 mm
film thickness: 0.5 ym
Carlo Erba FID-80 flame ionization detecto

temperature: 300°C

‘flame gases: 50 kPa H, and 100 kPa air

Helium 5.0; 100 kPa head pressure
tnitial temperature: 150°C (2 minutes!
temperature rise: 4°C/min ’

final temperature 225°C (5 minutes)

Fisons Muitichrom rev.2 chromatography software

Kipp & Zn BD-8, 1 mV

s
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2.6 Materials A .

Chromacol 2-mil glass GC autosampter vials with Teflon hnec ~nmp caps
3. METHODS

3.1 Preparations for GC analysis

The performance of the installed G( column was checked by a blank run (1.e a chrematographic run without
sampie yection) and by analysis of a Phantolid standard in dibutylether. After che~xing column contamination,

column bleed and peak shapes, the column was abproved for chemucai analyses

3.2 Calibration of chromatographic system

A stock solution of Phantolid was prepared in dibutylether. From this stock solution a series of 6 calibration
standards was prepared in dibutyiether covering the expected concentration range of the samples

The GC standards were prepared by adding C.8 m! of deionized water and 0.8 mi of the standard soiution to a
GC sampie vial. For each concentration tevel a duplicate GC standard was prepared. The capp=d vials were
shaken vigorously for 2 minutes and were then left standing for at least 5 minutes to settle. The series of

duplicate calibration standards were analyzed in single fold starting with the lowest concentration .

3.3 Control samples

To check on errors :n the preparation of calibration sitandards, a second independent stack salution of Phantolid
was prepared in dibutylether. From this stock sofution a control sample of known Phantciid concentration was
prepareq within the concentration range of the calibration line. The contral sample was prepared in duplicate

according o the procedure desoribed in 3.2. Tne duplicate control sampies were analyzed in singte fold.

3.4 Analysis of Phantolid samples

The refrigerated samples were brought to ro;am ternperature The samptles wers shaken vigorousiy to homo-
genize and then sonicated for 10 minutes. If aggregates or particies were visible (e g. aféae of fish scales). the
sampies were centntuged at 800Q pm for 10 minutes. Whenr necessary, samules were diuted in deicnired
waler to obtain a nominal concentration withun the calbration range

From each test sampie a duplicate sampie for GC anatysis was prepared. GC samples wee prepared by
adding 6.8 ml of the aquaous sample and U 8 mi of dibutyiether to a GC sampie vial The capped vials were

-

shaken vigorously for 2 minutes to extract the aqueous layer and were then left standing for at least 5 minutes

to settie
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Each GC sample vial was assayed in single fold (which means that each received test media sample was
analyzed in duplicate since GC samples were prepared in duplicate). After a series of ten duplicate samples a
calibration standard (except for the highest or lowest standard) was analyzed in singie fold. it was checked if
results satisfied quaiity criteria (see 3.6.3, 3.6.4).

3.5 Data processing

The peak area of the Phantolid peak (only one single Phantolid peak was detected) was determined using the
Multichrom integration software. Key integration parameters were kept the same for calibration runs and sample
analysis. Calibration line(s) were constructed by plotting peak area (n counts) against tﬁe concentration of test
substance in the calibration standards using Statcal 6.50 soitware packagé {5.4). The op;irhun;z b«:;lynomial fit of
tﬁe calibration curve, coefficients of the polynomial (A, B, etc.) and standard deviation of residuals (Sg} were
calcutated. ’ :

For each sample the concentration of Phantolid in the dibutylether !ayer and the 95% confidence interval were
caiculated from the measured peak area and the calibration line using Statcal 6.50. To obtain the true Phantolid
concentration a correction was made for impurity of the test substance. The concentration of Phantolid in the
aqueous test samples were calculated assuming that the distribution coefficient of Phantolid, describing equilib-ium
distribution of Phantolid between the aqueous and ether phase, is the same for the calibration standards and the

sampies.

3.6 Data evaiuation and quality control

3.6.1 Calibration standards

It was checked if the calibration standards were within the 99% confidence limits of the corresponding
calibration line. If one data point was outsit_:ie the 99% confidence intervat this data point was rejected and the
regression line was recalculated. If the calibratiop series contained mwore than one data point cutside the 99%
confidence interval the whole calibration series was rejected and a new calibration line was constructed with

freshly prepared standards.

3.6.2 Control! samples

It the known concentration of the control samples was outside the 99% confidence interval of the measured
concentration another control sampie, prepared from a fresh stock solution, was analyzed. {f the measured
concentration of this control sample was still deviating significantly (99% confidence) from the true
concentration, the whola calibration line was rejected, a series of freshly prepared standards was analyzed and

a new calibration line was constructed.

This reportss the pioperty of Akzo Nobet NV or its affihatea COMPanie©s Al fghts are <trirtoe resemed
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areas (in area counts) of duplicate analyses o< larger than the width of

calibraticn line, the results for this sample were

3.6.4 Control standards

if \he measured ccricentration of the control standards. injected after ez

significantly from the true concentration (i.e.
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the 8% confidence interval of the

vrected and the sample was reanalyzed.

ch series of ten sampies, deviawod

if the true concentration was not within the 939% confidence interval

of the measured vaiue), the control standard was feanalyzed in duplicate. If the true concentration remained

outside the 99% confidence interval, the results for the

recakbrated using the original calibration standards and the 10

4. RESULTS AND DISCUSSION

4.1 General

previcus 10 samples were rejected, the system was

sampies were reanalyzed.

GG analysis of pure extraction solvent (dibutyiether) and a Phantolid standard solution showed thay Phantolid

appears as a single peak which is free from interferences frem the solvent and solvent impurities.

Aralysed samples were test media samples containing high, medium, 'ow ang

zero Prantulid dose concentrations.

The samples were taken at the beginning of the test (=0 hr}. at the end of the test and between times afier every

24 hours.

After shaking and sonication, none of the sampics contained visibie particies or aggregates so none cof the

samples was centrifuged.

Results of the analyses of the test media are summarized in table 6.1-6.3. The first three columns of each table

(CAquasense sarmple code™, “"Sampling date® and “Nominal sampling

Aguasense. These data were taken from the sampile dispatch form which was sent along with the sampies
t

Reported Phantolid concentrations are corrected for impurity of the test substance and thus represen

concentration of pure Phantolid.

|
B 1CS-103 Final Research Repon
RGL FIBO4B T 98005 A
NMay 23, 1998
3.6.3 Sampfes
Using Statcal 6.50 the width of the 999% confidence interval of the caiibration line (Z 2 ° g "Sy. where the
t-value is from the statistical two-tailed t-distribution) was calculated. if the difference between measured peak

4.2 3Samples from toxicity test with Daphnia magna.

The concentration of Phantolid in the test med.a from ths

time™ contain data provided by

the

Daphinia rmagna tesrs at =0 hours were hetween O and

1.14 mgi in the course of the test the ~ancentrations decreased gradually. Af the end of the test, after 48 hours,

concentrations were roughly 50% of the initial concentration. The current chemcai anaiyses do not give a ciua for

the cause of the Phaniolid losses.
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4.3 Samples from algal growth inhibition test

The initial concentration of Phantolid in the algal media was between 0 and 0.24 mg/l. The low dose concentration
was already below the detection limit of 0.04 mgfl. During the 72 hour test the Phantolid concentrations were found
to decrease steadily. At the end of the test concentration levels in the test media were ait below the detection fimit
except for the highest dose concentration, which had dectined tu 0.05 mg/l.

4.4 Samples fro/n taxicity tests with fish

The concentration of Phantolid in test media from the 96 hour fish toxicity study were between 0 and 0.95 at the
beginning of the test. Aiready after 48 hours the Phantolid concentration in all test media had decreased below the
detection limit of 0.04 mg/. The observed decrease in Phantolid concentration is more pronouncec than in the algal

and Daphnia test.

5. REFERENCES

5.1 OECD, 1981. Principles of Good Laboratory Practice, C(81)30(final)
6.2 Standard Operation Procedure {SOP) N 1: Procedures and quality assurance of chemical analyses,

procedure.
53 Standard Operation Procedure (SOP) K 10: Deioqisator. method. .
54 Statistics software package: Statcal 6.50, J. Kragten, University of Amsterdam, Amsterdam, 1968
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6. TABLES
Table 6.1 Analysis of Phantolid in test media from Daphnia magna woxicity test
Aquasense project 12028 .
Aquasense Sampling date Nominal sampiing time | Phantolid concentration and 552
sample code confidence interval (mg/l)
DM stock. wat 1998-05-11 =0 hr 1.127 + 0.031
OM [0} wit 1998-05-11 =0 hr <0.039%
DM [1], wit 1998-05-11 t= 0 hr _ 0367 £ 0032
DM 3], wit 1998-05-11 =0 hr T 0.640 + 0.031
OM I5]. wit 1998-05-11 t=0nr " 1.143 + 0.031
DM [0}, groen 19G8-05-12 =24 hr <0.039 4
DM 1], groen 19980512 t= 24 hr 0.144 + 0 932
DM [31 groen 1598-65-12 =24 0.362 £ 0 032
DM [5], groen 1898-05-12 & 24 ar 0.840 - 0.031 T
DM 0], rood 1998-05-13 =48 hr <093a®
DM [1], rood | 15880513 =48 hr 0.123 2 0.032
DM [3]. roog 1998-05-13 = 48 hr 0.337 + 0.032
DM [S], rood 1998-05-13 t=48 hr 0.659 + 0.031

* concantration below kmit of detecton

Table 6.2 Anpnalysis of Phaatolid in test media from
Aqgquasense project 12028

the alga! growth inhibition test

Agquasense Sampling date Ncmina. sampling ime | Phantolid concentration and 95%
sample code J — confidence intervai (mg/l)

A stack, wait 1998-05-12 =0 hr 0.741 + 0.031

A DL wit — 19980512 =0 hr <0039 N
A1), wit 1598-05-12 t=0 hr <0039~

AT3], wit 19980512 1 =0 br ___ 0059:003z

A 5], wit 1988-05-12 =0 hr 0.232 + 0.032

‘A [OL groen 1698 05 13 t 24 fr <0.038%

A [1]. groen 1996 05-13 C=2ine T <0033 %

A[3]. groen 1998-05-13 t- 24 hr <0.038%

A{S5], groen 19986513 t=24 hr 0.151 + 0 032

AT0]. roca B 199305 14 = 48 fr <0 D39 ™

A1l rood 1998-05-14 | =43 hr ) <0039 9% -
A[3]. cood 1998 05-14 t= 48 hr <0039

A 5], rood 1998-05-14 77 =48 hr 0075 x 0.032

A [0], blaurw 1898.05-15 | =72 hr <0.0389 B
A1} blauw 1398 05 15 &=72 < 0.03g T
A[3]. blauw 19880515 | =72t <0.039 %

A [5). brauw 1968-05 15 = 72 ha 0 051 £ 0. 032 T

* concentration bekow bt of detection
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AqQuasense Sampling date Nominal sampling time | Phantoiid concentration and 95%
sample code confidence interval (mgf)
V stock, wit 1898-05-11 =0hr 1.127 £ 0.031
V [0}, wit 1998-05-11 =0hr <0.039
V {1), wit 1998-05-11 =0 hr 0.362 + 0.032
V [3], wit 1998-05-11 t=0hr 0.650 + 0.031
V [5], wit 1998-05-11 t=0 hr 0.950 + 0.031
V [0}, groen 1998-05-12 =24 hr <0.039*
V [1], groen 1998-05-12 t= 24 hr < 0.039 %
V {3}, groen 1598-05-12 =24 hr < 0.039 %
\4 !51, groen 1998-05-12 t= 24 hr 0.063 + 9032
V {0]. rood 1998-05-13 =43 hr <0039
V [1), rood 1998-05-13 =48 hr < 0.039 %
V [3), rood 1998-05-13 t=48 hr <0.03g ¥
V 5], rood 1998-05-13 =48 hr < 0.039
V [0]. blauw 1998-05-14 =72 hr <0.039
V [1), blauw 1998-05-14 =72 hr < 0.039 ®
V {3}, blauw 1998-05-14 =72 hr <0.039 ¥ ]
V [5). blauw 1998-05-14 t=72hr < 0.039 % ]
V {0}, { 1998-05-15 t= 96 hr < 0.039%
V1], 1998-05-15 =96 hr < 0.039
V [3). gee! 1998-05-15 t= 36 hr <0.039%- 1
V [5], geel 1998-05-15 t= 96 hr < 0.039 % 1
¥ concentration below kmit of detection
* V stock. wit = DM stock, wit (see table 6.1)
This report s the property of Akzo Nobez NV or its athihiated \a—npamcs Al 1ghis are sinctiy reserved
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