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Background:

As part of the Siloxane Research Program, octamethylcyclotetrasiloxane
(OMCTS, D4), which is widely used as an ingredient in some cosmetics and some
oti:er commercial and consumer products, was evaluated in a series of
reproductive toxicity studies in Sprague-Dawley rats. A pair of initial range-
finding studies were conducted in which male and female rats were exposed to
OMCTS by the inhalatior: route, foliowed by other studies in which only females
or only males were exposed. The initial studies were designed to determine
appropriate exposure levels for use in a two-generation reproduction study, while
subsequent studies were included to determine if the effects in Sprague-Dawley
rats could be attributed to females only, males only, or to both males and females.
Another study was conducied to provide insights as to the phase of the reproduc-
tive cycle that may be affected as well as insights into the possible mode of
OMCTS action on the reproductive system in the Sprague-Dawley rat.

The objective of this evaluation was to combine the results of the reproductive
toxicity studies with estimates of OMCTS intake for purposes of estimating risk
to selected workers, consumers, and the general public. Since the Siloxane
Resear." Program is a United States-based program and as such is subject to
:cgulatioi under TSCA, this interim risk assessment was conducted according to
United St:tes Environmental Protection Agency (USEPA) guidelines for
reproductive toxicity risk assessments.

Executive Summary:

A series of reproductive studies has provided consistent evidence that OMCTS
caused decreases in mean litter size, numbers of pups born, and numbers of
uterine implantation sites in the Sprague-Dawley rat. The smallest jower
statistical confidence bound on the benchmark dose (BMDL) estimated from these
data was 51 mg/kg/day (323 ppm). Human exposures either in the workplace,
through consumer products, or in the general environment that result in estimates
of intake of at least 100-fold lower than the BMDL, i.¢., a margin of exposure
(MOE) of 100 or greater, are not expected to cause any adverse reproductive
effects in those populations. All MOEs calculated for the selected receptors were
greater than 100 and with few exceptions were greater than 1000. When the
impact of assumptions regarding dermai absorption and route equivalence is
considered, all MOEs for consumer use products are greater than 1000 and, for
many products, greater than 10,000. MOEs of even greater magnitude are
expected when the species extrapolation uses the delivered dose at the target




tissue rather than estimates of intake ac-oss the biological barrier. MOE’s may be

further increased when the species- and strain-specific modes of action can be
considered.

This risk assessment is preliminary and will be refined when an ongoing two
generation reproductive study is completed. However. given the several major
assumptions that result in overestimates of intake and the assumptions with regard
te route and species extrapolation, these preliminary MOE:s are miore likely to
increase than to decrease. Conclusions with regard to the lack of potential for risk
to reproduction in populations exposed, as described in the exposure assessment,
are likely to remain unchanged in the final risk assessment.

Actions:

This risk assessment is preliminary in that there is ongoing research designed to
address areas of uncertainty. Research into comparative pharmacokinetics across
routes of exposure (inhalation versus dermal) and across species that will provide
estimates of target tissue dose is ongoing. Studies as to the putative mode of
action of OMCTS in the Sprague-Dawley rat will provide insight into any strain
specificity that may influence extrapolation of these results to human populations.
Therefore, until the two-gereration reproductive study and additional studies
evaluating the potentiai mode of action are completed, this review of the
reproductive toxicity and this risk assessment should be considered preliminary.
A copy of the final risk assessment will be provided to the Agency on completion.

For purposes of health and safety data reporting under TSCA Section 8(d) and
supplemental notification under TSCA Section 8(e), the general INTERNAL
designation on the attached preliminary risk assessment is waived by Dow

n
~ULing.

If you require further information regarding this submission, please contact Dr.
Rhys G. Daniels, Senior Regulatory Compliance Specialist, Regulatory
Compliance Group, HERA Americas, at 517-496-4222 or at the address provided
herein.

Sincerely,
TN —
Mighget™, Hill

Executive Director of
Environmentai, Health and Safety
(517) 496-4057
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ABSTRACT

‘The purpose of this investigation was to combine the results of reproductive toxicity studies
conducted using octamethylcyclotetrasiloxane (D4) with estimutes of D4 intake to conduct a preliminary
evaluation of the potential for reproductive toxicity to selected workers, consumers, and the general public.
In these studies male and/or female Sprague-Dawiey rats were exposed by whole body inhalation to D4 at
concentrations ranging from 70 to 700 ppr~ (mass/volume) for 6 hours/day. The general protocol for each
study was similar and included exposure for at least 28 or 70 days prios to mating with exposure for
females continuing in some studies throughout gestation and lactation. The major findings werc both
qualitatively and quantitatively consistent across these studies. In the male crossover studies, no
alierations in any parameter evaluated were found. The suggested increase in the number of pups bum
dead in the first male crossover study was not statistically significant when evaluated using litter-based
statistical analyses nor was it present in the confirmatory male crossover study. The major findings noted
in fernales exposed to D4 at 700 ppm were statistically significant treatment-related decreases in the
number of corpora iutea, the cumber of uterine implantation sites, the total number of pups bor, the mean
live litter size, and the mean number of viable fetuses.

In the study selected as the critical study, female Sprague-Dawley rats were exposed to 0, 70, 300,
500, or 700 ppm D4 by whole body inhalation for 6 hours/day ior 70 days prior to mating, with exposure
continuing through PND 20 (except for the interval from GD 20 through PND 4). The incidence of
decreased mean live litter size, decreased number of pups bom, and decreased number of uterine
impiantation sites were selected as the critical endpoints for dose-response modeling using the Benchmark
Dose (BMD) modeling approach. A benchmark calculation was performed for all endpoints for which a
significant dose-related trend (p<0.05) was present. In parallel with these and other toxicity studies,
con:prebensive analyses of potential exposures to D4 were conducted. These exposure assessments
provided estimates of average daily intake (ADI) by both the dermal and inhalation routes (and in the case
of lipstick, by the oral route) for personal care product users; the oral route for antifoams in food products;
and by the inhalation route for workers and the general public. Workers engaged in the production f skin
care products had the highest estimated ADIs (0.26 21d 0.20 mg/kg/day for women and men, respectively),
while workers in the hair care products industry had the lowest ADIs (0.0013 and 0.0010 mg/kg/day for
women and men, respectively) for the worker populations assessed. Consumer use of
SEPOIEpi me SOCUUTREES (LIS, il PAIUGUIAT UiG TOU-OD OF SCIOSOL Lypes, foilowed by ik use of hand
and bedy lotions provided the highest estimates of intake for all the consumer products evaluated.
Estinated ADIs for AP/Ds ranged from 0.0719 and 0.0737 mg/kg/day for women and men using roll-on
AFs to 0.0033 and 0.0042 mg/kg/day for women and men using the solid type. For a hypothetical woman
who used several products and worked in cither antiperspirant or silicone product manufacturing, the
estimated ADIs were 0.158 or 0.145 mg/kg/day, respectively. ADIs for persons exposed to D4 in rood
products were highest for children one year of age or younger (approximately 0.002 mg/kg/day) and lowest
in the 14- to 18-year-old age group (0.9006 and 0.0007 mg/kg/day for mea and women, respectively).
Margins of Exposure (MOEs), which are the ratios of the lowest BMDL (51 mg/kg/day) to the estimated
intake, were calculated for all the selected receptors. Human exposures either i the workpiace, through
consumer products, or in the general enviroament that result in es._..ates of intake at jeast 100-fold lower
than the BMDL, i.¢., 8 MOE of 100 or greater, are not expected to cause any adverse reproductive effects
in those populations. All MOEs calculated for the selected receptors were greater than 100 and with few
exceptions were greater than 1000. When the impact of assumptions regarding dermal absorption and
route equivalence was considered, all MOFs for consumes use products were greater than 1000 and for
many products, greater than 10,000. MOEs of ~ven greater magnitude are expected when the species
extrapolation uses the delivered dose at the target tissuc rather than estimates of intake. MOEs may be
Surther increased when the specics- and strain-spetific modes of action can be considered.
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EXECUTIVE SUMMARY

As part of the Siloxane Research Program, octanethylcyclotetrasiloxane ( D4), a cyclic
tetramer of dimethylsiloxane widely used as an ingredicnt in some cosmetics and some other
comme-rci;;l and consumer products, was evahazed in a series of reproductive toxicity studies in
Sprague-Dawley rats Two initjal range-finding studies were conducted in which male and female
rats wers exposed to D4 by the inhalstion route {DCC 8305, DCC 8308), folicwed by other
studtes in which only females (DCC 8463, DCC £620) or only males {DCC 8462, DCC £601)
were exposed. The initial studies were desigred to determine appropiiate exposure levels for use
in a two-generation reproduction sidy, whiie subsequent studies were included to determine

. whevher the effects in Sprague-Dawizy rats conld be attributed to femalcs oniy, maies only, or io
both maies and females. Anoter str.dy (DCC 8620} was designed to provide insights as to the
phase of the reproductive cycle that may be afected as well as insights into the possible made of
D4 action on the reproductive systern in the Sprague-Dawley rat.

The purpose of this investigativa was to combine the results of the reproductive toxicity
studies with estimates of D4 intake to conduct a preliminary evaluation of the pctential for

Teproductive toxicity tc selected workers, consumers, and the gereral public. Te accomplish this,

a preliminary quantitative risk assesstaent was conducted that is consistent with Uniied States
Environmental Protection Agency (USEPA) guidelines for reproductive toxicity riss assessments
(USEPA 1996). This approach was selected because the Siloxane Research Pregram is a United
States-based program and as such is subject .0 TSCA regulations. It should be noted that the
approach taken may not be exactly the same applied by other regulatory agencies in other parts of
the world. For example, we have applied dose-response modeling to estimate a2 Benchmark Dose
(discussed below), while European agencies would use the No Observed Adverse Effact Level
(NOAEL) approach. The technical approach to this risk assessment consisted of the following

steps’

A review of the reproductive toxicity studies .0 evaluate the statisticz| and
toxicoiogical < gnificance of the results and to identify the critical studv(ies) and
crdpoints to be used in dose-response modehng (Hazard Toxicty Assessmeni).
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Characterization of exposure scenarios and estimation of D4 intake for selected
receptors (i.e., worker, consumer, genera! public) and routes of exposure (i.e.,
dermal, inhalation, oral) (Exposure Assessment),

Selection of the appropriate measure of exposure (dose-metric) associated with the
observed effects that is relevant for extrapolation across species and quantification
of that dose-response relationship (Dose-Response Assessment); and

Calculation of Margins of Exposures (MOEs), which describe t}.¢ ratio of the
estimated no effect level, expressed as the No Observed Adverse Effect Level
(NOAEL) or the Benchmark Dose (BMD), with the estimated intake for each
recetor and route of exposure; an assessment of the impact of underlying
assumptions and uncertainties on the MOE:s; and a discussion of the relative
magnitude of the MOE that is considered to be health protective (Risk
Characterization).

This risk assessment is preliminary in that there is ongoing research designed to address
areas of uncertainty. Research into comparative phannaéokinetics across routes of exposure
(inhalation-versus dermal) and across species that will provide estimates of target tissue dose is
ongoing. Studies as to the putative mode of action of D4 in the Sprague-Dawley rat will provide
msnghts into any strain specificity that may influence extrapolation of these results to human
populations. Therefore, until the two-generation study and additional studies evaluating the
potential mode of action are completed, this review of the reproductive toxicity and this rick
assessment based on that review, as reported in this document and discussed briefly in the

following paragraphs, should be‘eonsidemd-preliminary.

Hazard/Toxicity Assessment

A series of reproductive toxicity studies was conducted in which male and/or female
Sprague-Dawley rats were exposed by whole body inhalation to D4 at concentrations ranging
from 70 to 700 ppm (mass/volume) for 6 hours/day. The general protocol for each study was
similar and incivded exposure for at least 28 or 70 days prior to mating with exposure for females

continuing in some studies throughout gestation and lactation (Table E-1).




Summary of Experimental Prot
in Sprague-Dawley Rats Exposed

Tabie E-1
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Protocol

8305

8306

8463

8620 (a)

8462

8601

Group size.

20/sex/group

22/sex/group

22 females/
group

24 females/
group

22 males/
group

40 maies/group

D+
concen-
tratons (6
frs/day. 7
davs/week)

0. 70, 700
ppm (b)

0, 0, 700
ppm

0, 79, 300,
500, 700 ppm

0, 70, 300,
560, 700
ppm

0, 79,
300, 500,
700 ppm

0. 500, 700
ppm

Prewmating
exXposure

28 days

28 days

70 days

28 days

70 days

70 days

Exposure

regimen

Through ma-
ting, gesta-
tion, and
lactation until
PND 2i,
except for GD
21toPND 4

Through
mating and
gestation
through GO
20

Through ma-
ting,
gestation, and
lactation untij
PND 20,
except for GD
2010 PND 4

Threugh
mating
through GD
19

Through
mating

Through
mating

Direct F,
exposure

PND 21
through 28

PND 21
through 23

None

F, sacrifice

Males: After
mating
Females: PND

L
&1

PND 21

After
mating or
on PND
4

F, sacrifice

PND 28

PND 2] or 28

PND 4

PND  Post-Natal Day

GD Gesuation Day

(@ Overall Phass

®) Doses are expressed as massivolume

The major findings were both qualitatively and quantitatively consistent across these
studies (Table E-2). There were minimal clinical signs of toxicity in all studies. No gross
treatment-related findings were noted in either F, or F| males or females examined. With the
exception of an increase in liver weights at 700 ppm (DCC 8463, 8462, 8601), no treatment-
relatec increases in organ weights or organ histopathology were found in those studies in which

these endpoints were evaluated.
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Table E-2
ague-Dawley Male and Female Rats Exposed to D4
DC

C 8306 DCC 8463 | DCC 8620 | DCC 8462

DCC 8601

Reproductive Parameters

Interval tRtween paring and
mating

NS (a).

Male mating index

NS

Female mating index

NS

Gestation length

NS

Parrition duration

NS

Number of corpora lutea

Number of implantation -
PND 21

PND 4

GD 20

Litter Effects Parameters

Number of total pups born

Number of pups born dead

Mean live litter size

Mean number of viable
fetuses

Pup viability indices (e)
PND !
PND 4

NS
NS

NS
NS

NS
NS

NE
NE

(a) NS = ao statistically significant by any

“.l

2. statisti

| test (Lowest Observed Adverse Effect Level - LOAEL)

(b) Indicates & statistically significam i
(¢) NE = not examined

(d) NS = not statistically significant using liner-based

(¢) Futuses counted following laparchysterectomy on GD 20

using
test (Jonckheere, Kruskal-Wallis), but significant trend using PHAT trend test.
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In all studies, except DCC 8306, exposure to D4 at any concesication tested did not result
in any treatment-related alterations in any of the reproductive parameters me.su-ec to include: the
interval between pairing and matin; mating and fecility indices, gestation length, or parturition
duratiq:m In study DCC 8306, the gestation length was statistically significantly increzsed
compared to the concurrent control (21.7 days ir the control and 22.3 days in the treatment
group: ), however, the gestation length in the treated group was within the historical control range
for the laboratcry (215 to 22 8 days). Exposure to D4 did not have any treatment-related effects

on pup viability as measured by the number of pups born dead or the pup viability indices on

postnata: days (PNDs} 1 and 4.
The major findings noted in femnales exposed to D4 at 700 ppm in studies DCC 83 05,

DCC 2206, and DCC 8463 and at 500 and 700 ppm in study DCC 8620 (Oversll Phase - see
below ) were statistically significant treatment-related decreases in-

the number of corpora lutea (evaluated only in $306 and 8620);

the number of uterine implantation sites (8305, 8306, 8463, 8620);

the total number of pups born (8305, 8306, 8463);

the mean live litter size (8305, 8306, 8463); and

the mean number of viable fetuses (evaluated only in 8620).

The mean live litter size was consistently 60% to 70% of control values. However, while
the mean live litter size was decreased in the higher exposure groups only, the percentage of live
births of the tota! number born was comparable to control values.

No effecis on the number of uterine implantation sites, the litter size, or the mean Live litter

size were found in either of the male crossover studies. In the first male crossover study (DCC
8462), the suggested increase in the number of pups born dead was not statistically significant
when evaluated using litter-based statistical analyses nor was it present in the confirmatory male
crossover study (DCC 8601). Exposure to D4 did not affect sperm production, mobility, or
morpholegy nor did it result in either weight changes or histopathology of male accessory organs

it can be concluded that the effects or litter size are not male-mediated effects.
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In addition to the studies described above in which animals were exposed to D4 through

premating, mating, gesiation, and, in all but DCC 8306 or 8620, through lactation, a study in
which female rats were dosed during selected phases of the reproductive cycle was conducted.
This study was designed to identify portions of the reproductive cycle where D4 may be exerting
its effect on litter size in Sprague-Dawley rats. Knowledge of the timing of D4 action may
provide insights into the potential mode of action of D4 on litter size in the Sprague-Dawiey. In
the phased study, four groups of female rats were exposed to D4 by whole body inhalation for 6

hours/day according to the following schedule:

*  Overall Phase. Groups of 24 female Sprague-Dawley rats were exposed to D4 at
target concentrations of 70, 300, 500, or 700 ppm (actual mean concentrations were
72, 301, 503, and €98 ppm) beginning at least 28 days pior to mating and continuing
through gestation day (GD) 19;

Ovarian Phase. Sixty female rats were exposed at 700 ppm beginning 31 days prior

to mating and stopping 3 days prior to ma:ing;

Fertilization Phase. Sixty female rats were exposed at 700 ppm 3 days prior to
mating and continuing through GD.3; and ' :

Implantation Phase. One group of 24 females was exposed at 700 ppm from GD 2
through GD 5. ‘

In the Overall Phase, the following were the major observations: 1) a reduction in the
number of corpora lutea (500 and 700 ppm exposure groups); 2) a reduction in the number of
uterine implantation sites and viable fetuses (500 and 700 ppm exposure groups); 3) an increase in
+ . the- mean pre-imp’~ntation loss (500 and 700 ppm exposure groups); and 4) an increased post-
implantation loss (700 Ppm exposure group only). In the Fertilization Phase, the number of
corpora lutea, uterine implantation sites, and viable fetuses were reduced in the 700 ppm exposure
group, the only dose tested, while the mean pre-implantation and post-implantation losses were
increased. No significant effects were noted on the number of corpora lutea or indices of
intrauterine survival in females exposed at 700 ppm in the Ovarian Phase and Implantation Phase.

The effects on corpora lutea and intrauterine survival were similar for the Overall Phase in

which exposure began 28 days pre-mating and centinued through GD 19 and for the Fertilization
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Phase in which exposure began 3 days pre-mating and continued through GD 3. No etfects were

noted if exposure began after mating (Implantation Phase) or terminated 3 days prior to mating

(Ovarian Phase), indicating either a lack of effect on earlier biclogical processes or a reversibility

ofa potential effect. Additional study may be required to assess fully the biological impact of

these findings both for dose-response modeling and for species €xtrapolation to assess the

potenual for toxicity in humans,

Exposure Assessment
In parallel with these and other toxicity studies, comprehensive analyses of potential
€xposures tc D4 have been conducted [Everest Consulting Associates (ECA) (1997); DCC

(1998a)]. These analyses evaluated the productiomfom'.ulation, and use of D4 in the United

States and estimated the potentiai exposure (intake) for:

persons who work in the production of D4, in the formulation

of this material into
personal care products, or in the use of these products in profe

ssionai settings;

consumers who use these personal care

products, including
antiperspirant/deodorants (AP/Ds) and

hair care/skin care (HC/SC) products;

consumers who may be exposed to silicone antifaams ug

relative im

portance of these pathways differs for each €xposure group. The dermal pathway

accounts for the «...jority of consumer exposure, while the inhalation pathway is the most

€xposure and exposure to t

significant contributor to worker

he general public The oral pathway

is the caly pathway

of exposure for D4 in silicone antifoams.

The estimates of intake repo

rted in ECA (1997) and DCC (1998a) wers

based on a
comprehensive review of the workplace for several €xposure scenarios, as well

as a review of the

amount of D4 in selected Consumer products and the use patterns for those consumer products

14
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The information for workplace activities and usage patterns was based on industry-supplied data
and represents a corpilation of data across companies and products. As such, some unifying, and
in some cases conservative, assumptions were made to provide generic exposure scenarios that
characterized these exposures to the selected target populations.

Workers engaged in the production of SC products had the highest estimated average
daily intakes (ADIs) (0.26 and 0.20 mg/kg/day for women and men, respectively), while workers
in the HC products industry had the lowest ADIs (0.0013 and 0.0010 mg/kg/day for women and
men, respectively) for the worker populations assessed (Table E-3a). In the ECA study (1997),
workers were issumed to be exposed primarily by the inhalation route with limited dermal
exposure. Therefore, the estimated ADIs shown in Table E-3a were based on the inhalation route
only. ECA (1997) crafted two dermal €xposure scenarios to estimate the amount of dermal
absorption, under the assumption that, while infrequently, good manufacturir.g practices (GMPs) |
may not be followed. Under those scenarios, the dermal pathway contributed less-than-1% to the

total estimated exposure. The inhalation route of exposure was the only relevant route for the
general public. Estimated ADIs. for the general public were-0.0046 and 0.0036 mg/kg/day for
_women and,.'men,. respectively (Table E-3a). ‘

‘ The dermal route was the primary route of exposure for all consumer personal care
products. Consumer use of AP/Ds, in particular the roll-on or aerosol types, followed by the use
of hand and body lotions provided the highest estimates of intake for ali the consumer products

- evaluated (Table E-3b). Estimated ADIs for AP/Ds ranged from 0.0719 and 0.0737 mg/kg/day
for women and men using roll-on APs to 0.0033 and 0.0042 mg/kg/day for women and men using
the solid type. These &ﬁm& included the contribution from both the dermal and inhalation
pathways. Since it was assumed that 100% of the applied amount was retained and available for
absorption by the dermal route, inclusion of an inhalation pathway, in which it was assumed that a .
percentage of that applied amount volatilized and was inhaled, results in an overestimation of
intake. The magnitude of that overestimation depends on the amount and rate of volatilization.




199%-10690-46358

INTERNAL
Table E-3a
Estimates of ADIs (mg/kg/day) for Selected Populations Exposed to D4:
Workers and the Generai Public
| Pcpulation Women ! Men j
}'\.f\‘orkcrs (a) ) ’
Antiperspirants 0.035 0.027
Skin care producis 0.26 0.20
Hair care products 0.00i3 , 0.6310
Silicone workers 0.022 , 6.017
Beauticians/Barbers 0.6071 ! 0 00558 i
] ]
General Pubiic (a) 00045 | 0.0G36 l
(3) Inhalation ronte of exposure only.
Table E-3b
- Estimates of ADIs (mg/kg/day) for Selected Populations Exposed to D4:
Consumers Exposed Using Personai Care Products
/ Population Women Men
Censumers: Antiperspirants/Deodorasgts (a)
Solid 0.0033 0.C042
. Roll-on 0.0715 6.0737
Aerosol 0.0329 0.0280
Consumers: Skin Care Products (b,c)
Hand and body lotion 0.030 -
Lipstick 0011 --
Naii care 0.06004 -
Consumers: Hair Care Products (b,c)
Spray shine 0.0i34 0.009
Cuticle coat 0.0093 0.0076
Shampoo 0.6002 30.00017

(a) Derma! and inhalation routes of exposure.

(b) Represents the products with the two highest estimated inrake and
lowest estimate intake for the group of products evaluated.

product with the
(c} Dermal route of €xposure only.
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Estimates of ADIs for HC/SC products were based or only the contribution from deimal
exposure, which was assumed to be the primary route of exposure to consumers. Of the
products evaluated, use of hand and body lotion resuited in the highest estimated * DIs (Table
E-3b). Again, it was assumed that for most products 100% of the deposited amount was retained
and available for absorption by the dermal route.

In the above estimates, intake was estimated separately for ez -h product or type of
exposure. However, it is recognized that an individual may us= several products on a regular
basis. Therefore, a hypothetical receptor who used several products was considered ( Table E-3¢).
This receptor was assumed to be a woman who used roli-on antiperspirant, shampco, leave-in
conditioner, lipstick, hand and body lotion, and who worked in a plant manufactu;ting
antiperspirants or silicone products. The total ADI for this receptor would be 0.158 or 0.145
mg/kg/day fora woman using these products and working in antiperspirant or siliconc
manufacturing, respectively. '

- Table E-3¢
Estimate of AD] (mgz/kg/day) for a Woman Who Used Multiple Products

Source ADI

Antiperspirant product worker or a silicone worker 0.035 or 0.022
Roil-or: antiperspirant 0.719

Hand and bady lotias 0.30

Lipstick _ 0.011
Moisturizer 0.0097
Leave-in conditioner 0.00084
Shampoo 0.0002

TOTAL | 0.158 or 9.145

Persons may also be exposed to D4 by way of ingestion of food products processed using
silicone antifcams (DCC 1998a). Estimates of exposure to D4 were based on the maximum
aliowable levels of silicone antifoams in food and assumed that 0% of all food ingested was
processed with silicone antifoams. ADIs for this exposure were highest for children one year of
age or younger (approximately 0.002 mg/kg/day) and lowest in the 14- to 18-year-old age group
(0‘0006. and 0.0007 ing/kg/day for men and women, respectively) (Table E-3d).
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Table E-2d
Estimates of ADIs (mg/kg/day) for Selected Populations:
Consumers Exposed to D4 in Food Froducts Processed with Silicone Antifoams

Age (years) Wornen Men

T<t 0.0020¢3 6 001907
1-6 0.0G1630 0 6G1507
6--14 0.000244 0 060823
14-18 0.000723 0.000594
18-45 0.000841 G.000705
45-75 0.000699 0.000503

It s important to note that this €Xposure assessment provides estimates of iniake, that is,

the amount of material assumed to be absorbed following dermal application or oral or inhalaticn

exposure. This exposure assessment do=s not censider or provide estinates of delivered dose of
the active moiety (2.g., parent D4 or a metaboiite) at the target issue. Differences in the actuai
‘ "bioavailability and resulting dose to the target tissue due to route-sgecific (dermal and oral versus

inhalation routes) delivery or species-specific metabolfic differences were not considered.

Dose-Response Assessment
The dose-response assessment step in this preliminary risk assessment consisted of the
following:
*  Selection of the critical study and critical endpoints froin that stud;" .0 be used in
aose-response modeling;

Conversion of the applied dose (in ppm) to the appropriate dose-metric that can be
used to extrapolate across species and routes of exposure and to provide estimates of
intake for each of the relected receptors, producis/activities, and routes of exprsure;
and

Characterization of the dose-response relationship for the selected endpoints using
ihe Benchmark model to estimate botir the ivaximium likelihcod estimate of the
Benchmark Dose (BMD) and the 95% lower bound on that dose (BMDL).

The female crossover study (DCC 8463) was seiccied as the critical study. In this study,

female Sprague-Dawlev rats were exposed to 0, 70, 300, 300, or 750 ppm D4 by whole body
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inhalation for 6 hours/day for 70 days prior to mating, with exposure continuing through PND 20
(except for the interval from GD 20 through PND 4). The incidence of decreased mean live litter
size, decreased number of' pups born, and decreased number of uterine implantation sites were

selected ag the critical endpoints for dose-respense modeling,
The two range-finding studies (DCC 8305 and 8306) and tie phased-female study (DCC

8620) provided supporting evidence for the findings reported in the female crossover study (DCC
8463). The vange-finding studies were not selected for dose-response modeling because of the
fewer number of doses tested (only 70 and 700 ppin in DCC 8305 and only 700 ppm in DCC
8306). The phased-female study was intended to provide insights into the phase of the
reproductive cycle in the Sprague-Dawley rats during which D4 or a metabolite of D4 may be
acting. In the phased-female study, only the Overall Phase segment exposed groups of animals to
more than one concentration of D4, and the results were qualitatively and ‘Quantitatively similar to
those reported in DCC 5404 1, the female crossover study.

As an alternative to the NOAEL, a benchmark calculation was performed for all endpoints

for which a significant dose-related trend (p<0.05) was present. A BMD is a dose (or exposure)
that corresponds to a specified level of response called the benchmark risk or benchmark response
(BMR). A BMD is calculated by fitting a mathematical dose-response model to dose-response
data. A lower statistical confidence bound on the BMD, termed the BMDL, has been proposed
as an altemative to the NOAEL in determining acceptable human intakes of xeaobictics (Crump

1984, 1995).
Experimental NOAELSs and BMDLs calculated are presented in Table E-4. Experimental

NOAELSs were 500 Ppm for each endpoint evaluated. The BMDLs ranged from 323 to 390 ppm,
or when expressed as an intake, from pproximately 51 to 61 mg/kg/day. A BMDL of 51
mg/kg/day was selected for use in the calculation of the MOEs.
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Table E-4
Results of Benchmark Dose-Response Analysis
of Statistically Significant Endpoirts from Study DCC 8463
Benchmark Doses in mg/kg/day
(ppm)

Experimental
NOAEL

(ppm)

Endpoint

BMD BMDL

Total live births
Total number born (litter size)
Total implants

500
500
560

83.2 (529)
825 (525)
819 (521)

61.2 (390)
60.2 (383)
50.8 (323)

Risk Characterization

MOE:s, which are the ratios of the BMDL to the estimated intake, were calculated for all
the selected receptors. The MOE:s for all of the worker populations as well as the three
categories of AP/Ds evaluated are presented in Tables E-5a to E-5d. For both the HC/SC
~ products, only the two products with the highest and the one product with the lowest estimates of
' D4 intake, and Consequently, the largest and smallest MOEs for each category are reported in
~ Table E-5. All MOEs were greater than 100, and with few er.ceptions, were greater than 1000,

A MOE of a specified magnitude indicates that cxposure at the corresponding estirnated
intake level or below is not expected to result in adverse effects in populations so exposed. A
MOE of 100 is typically considered of sufficient magnitude when the basis of the BMDL is anima!
data (USEPA 1994). A MOE of 100 indicates that the estimated intake is 100 times lower than
the BMDL. The components of the MOE can be thought of as the typical factors of 10 for
interspecies extrapolation (from animals to humars) and a factor of 10 for intrahuman variability,
resulting in a MOE of 100. It could be argued, since this is a preliminary risk assessment, that
applying an additionai modifying factor of 3, because the two-generation study resuits are not yet
available, would be prudent, thereby resulting in a MOE of 300. If only the data from the
reproductive toxicity s2udy used as the basis for the BMDL (DCC 8463) were considered and if it
were assumed that the assumptions and paramcter values used in the preliminary exposure
assessment were correct, then a MOE of between 100 and 300 would be deemed acceptable.

As stated, at 2 MOE of 100, the estimated D4 intakas for ai] workers, the general pubiic,

and consumer product users evaluated are well below levels expected to be heaith prozective

20
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(Tables E-5a to E-5d). For those receptors with a MOE greater than 100 but less than 300,a
closer look at the underlying assumptions used to develop those scenarios would be warranted.
Only workers in the category designated as workers in the skin care products industry feli into

that category.

Table E-Sz
Estimates of MOE for Seiccted Populations Exposed to D4:
Workers and the Geaeral Public

Population Women Men

Workers (a)
/. tiperspirants 1457 1889

Skin care products 196 255

Hair care prcducts 39231 51000
Silicone vvorkers 2318 3000

- Beauticians/Barbers 7186 9273

General Public (a) 11087 14167

~(a) Inhalation route of exposure only.

. Table E-Sb
Estimates of MOE for Selected Populations Exposed to D4:
Consumers - Personal Care Products

Population Women Men

Consumers: AntiperspiranesDesdoiants
@ 15464
Solid 709
Roll-on 1551
Aerosol

Consumers: Skin Care Producss (bc)
Hand and body lotion 1677
Lipstick 4602
Nail care 1436094

Consumers: Hair Care Products G.o)
Spray shine 3812 5655

Cuticle coat 5355 6746
Shampoo 251687 297727

Dermal and inhalation routes of exposure.

Represerts the products with the two highest estimated MOEs ard product with the lowest estinated
MOE for the group of products evaluated.

Dermal route of exposure only.
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Table E-5¢
Estimate of MOE for 2 Woman Who Used Multiple Products
Exposure Routes MCOCE
Antiperspirant or sificone manufacturing 325 or 352
= = | worker who uses roli-or antiperspirant. hand
and body lotion, moisturizer, lipstick.
conditioner, and shamrr?c ]
Tabie E-5d
Estimates of MOE for Selected Populations Exposed to D4:
Consumers - Silicone Antifeams in Frod Processing
Age (years) Women Men
<1 24720 26738
I-6 31291 33833
6—14 60394 61942
14-18 70571 85833
1845 60612 72335
45-75 i 72966 84566
However, determination of the magnitude of the MOE considered adequaie and heatih-

protective should be based on a weight-of-evidence evaluation of all of the data and should

consider the uncertainties (and in some: cases variability) inkereni in either the extrapolation to

the target population {e.g., consideration of Specics- or route-specific differences) or in the

urderiying assumptions and parameter values). In
each step in the calculation of each MOE, consery

estimate of intake levels (e.g., consideration of

ative, health-protective assumptions were made.
Some of these assumptions are based on current practices in risk assessment, whiie other
assumptions are based on preliminary data, e g,

these assumptions may

with regard to dermal absorption. Refinement of
lead to lower estimates of delivered dose to the target species and, hence,

larger estimated MOEs for each scenano. The key considerations can be summarized as follows.

Uncertainty due to route extrapolation

A magjor source of uncertainty is the assumption of equivalent intake across routes of

€xposure  The air concentrations used in the whole body inhalation exposure in Sprague-Dawley

fats i the reproductive toxicity study were converted to estimates of

intake, 2xpressed in

*
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mg/kg/day in rats, whicl were subsequently used in the dose-response modeling to provide the
BMDL. As described in the ECA (1997) exposure assessment, estimates of D intake, expressed
in mg/kg/day, were calculated for the dermal route of exposure for the selected scenarios. A
major assumption inherent in the calculation ~“MOEs is that once D4 crosses the initial bioiogical
barrier, i.e., the lung for inhalation exposure or the skin for the dermal exposure route, then
delivery to the target tissue and hence the biologically relevant dose at the target tissue is
independent of initial route of exposure.
Recent pharmacokinetic experiments and pharmacokinetic modeling have demonstrated

that such an assumption greatly overestimates the deiivered dose of D4 by the dermal route
compared to the inhalation route of exposure (DCC 1998b). When absorbed through the lungs,

D4 enters the arterial systemic circulation; where it is distributed throughout the bedy to
potentially all organ systems. When absorbed by the dermal route, D4 enters the venous

circulation, which moves directly to the heart and lungs, where the majority of D4.is ther.exhaled
- prior to being available systemically. The deliversd dose to the target tissue is expected to be
considerably less for an equivalent intake (amount that crosses the initial biologica! barrier) by the
dermal route than the inhalation or oral routes of exposure.

A series of studies was conducted and a physiologically based pharmacokinetic (PRPK)
model was construcied to evaluate the magnitude of that difference. As described more fully in
the text, D4 dermal absorption was meesured in Spraguie-Dawley rats in which neat D4 was
abplied for 6 hours under an occluded dressing (DCC 1998b). The total amount abscrbed and the
amount excreted in expired air, urine, and feces were used to estimate the D4 body burden and to
compaie this body burden to that achieved following a 6-hour inhalation exposure at 700 ppm.
The PBPK model developed using these and other data predicted that the area under the curve
(AUC) of free D4 in blood for the 6-hour, occluded dermal exposure would be 60-fold lower than
the AUC for free D4 following a 6-hour inhalation exposure at 700 ppm. Since absorption is
considerably greater for rat skin than human skin, and since human skin would not be cccluded,
the 60-foid factor is likely to be an underestimate of the difference in delivered dose for different
routes of exposure. However, even at a 60-fold difference, the MOEs as repoited in Table E-5
would be 60 times greater. In such a case, all MOE:s for consumer products would be greater

than 100 and most greater than 10.000.
X
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Uncertainties Due to Strain and Species Specificity
One of the underlying assumptions in risk assessment is that animals and humans are
equally sensitive in terms of risk when the dose is measured ir the saime unit for both species, t e,
the delivered dose to the target tissue. Two major considerations are inhernt in this assumption.
One assumption is similar in concept as discussed above for route-to-route extrapolation and
presumes that for the same intake via the same route of exposure, the delivered dose to the target
tissue is equivalent in humans and the animal model. Preliminary pharmacckinetic and metabolism
studies indicate that not only would the metabolism and hence availability of D4 at the target
tissue be different for rats and humans, but that this availabiiity may be strain-dependent and be
different betwecn the Sprague-Dawiey rat 2nd the Fischer 344 rat. This suggests that prior tc any
dose-response modeling, the dose-metric should be the human equivalent dose to the target tissue

rather than the estimated intake for the rat modet. The MOEs should change in that event;

however, the magnitude of that change will be assessed foliowing completion of pharmacokinetic

studies aad PBPK modeling.

The sccond major consideration is the underlying assumption of species extrapolation in
that, even when expressed 2s a human equivalent target dose, the human is as sensitive as the
roder.i and, therefore, in the absence of data to the contrary, it presumes the same mode of action

in the human and the rodent. This currently is a major area of uncertainty.

Conclusions

The series of reproductive studies has provided consistent evidence that D4 caused
decreases in mean live liiter size, numbers of pups born, and numbers of uterine implantation sites
in the Sprague-Dawley rat. The smallest BMDL estimated from these data was 51 mg/kg/day
(323 ppm). Human exposures either in the workplace, through consumer products, or in the
general envitonment that result in estimates of intake at least 100-fold lower than the BMDL., i.e.,
a MOE of 100 or greater, are not expected to cause any arverse reproductive effects in those
populations. All MOEs caiculated for the selected receptors were greater than 100 and with few
exceptions were greater than 1000. When the impact of assumptions regarding dermal absorption
and route equivalence is considered, ali MOEs for consumer use products are greater than 1000

and for'many products, greater than 10,000, MOEs of even greater magnitude are expected when
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the species extrapolation uses the delivered dose at the target tissue rather than estimates of intake
across the biological barrier. MOEs may be further increased when the species- and strain-

specific modes of action can be considered.

_This risk assessment is considered preliminary and will be refined when the two-generation

reproductive toxicity study is completed. However, given the several major assumptions that
result in overestimates of intake and the assumptions with regard to route and species
extrapolation, these preliminary MOEs are more likely to increase than to decrease. Conclusions
with regard to the lack of potential for adverse reproductive effects in populations exposed, as

described in the exposure assessment, are likely to remain unchanged in the final risk assessment.
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1.0 INTRODUCTION

As part of the Siloxane Research Program, octamethylcyclotetrasiloxane (D4), a cyclic
tetramer of dimethylsiloxane widely used as an ir gredient in some cosmetics and other consumer
products, was evaluated in a series of reproductive toxicity studies in Sprague-Dawley rats. Two
nitial range-finding studies were conducted in which male and femaie rats were exposed to D4 by
the inhalation route (DCC 8305, DCC 8306), followed by other studies in which only females
(DCC 8463, DCC 8620) or only males (DCC 8462, DCC 8601) were exposed. The initial studies
were designed to determine appropriate exposure levels for use in a two-generation reproduction
study, while subsequent studies were included to identify the affected sex in the F,, to provide
insights as to the phase of the reproductive cycle that may be affected, as well as insights into the
possible mode of D4 action on the reproductive system in the Sprague—Dawley .

In parallel with these and other toxicity studies, a comprehensive analysis of the potential for
exposure to D4 has been conducted [Everest Consulting Associates (ECA) 1997]. This analysis

evaluated the production, formulation, and use of D4 in the United States and estimated the

potential exposure (intake) for: .

persons who work in the manufacture of D4 and personai care products containing
D4;

consumers who use these personal care products, including antiperspriants/
deodorants (AP/Ds) and hair care/skin care (HC/SC) products;

consumers who may be exposed to silicone antifoams used in food processing; and

the general public living in the vicinity of a plant that produces or processes these
materials and wh~ may be exposed to D4 released to the environment.

reproductive toxicity studies with the estimates of exposure in order to conduct a preliminary
evaluation of the potential for reproductive toxicity to selected workers, consumers, and the
general public who may be exposed to D4 either in the workplace or througi: the use of consumner
products containing D4 T accomphish this, a quantitative risk assessment was conducted that s

consistent with USEPA guidelines for reproductive toxicity risk assessments (USEPA 199¢6)

26
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Risk assessment is defined as the scientific evaluation of potential health impacts that may
result from exposure to a particular substance or mixture of substances under specified conditions.

The technical approach to this preliminary risk assessment for D4 consisted of the following steps:

. A review of the rat reproductive toxicity studies and other supporting data to
evaluate the statistical and toxicological significance of the results and to identify
the critical study(ies) and endpoints to be used in dose-response modeling
(Hazard/Toxiciiy A Ssessment);

Characterization of e€xposure scenanios and estimation of D4 intake for the selected
receptors and modes of exposure (j.e., worker, consumer, general public)
(Exposure A ssessment);

Selection of the appropriate measure of exposure (dosc-metriq) associated with the
observed effects that is relevant for extrapolation across species and quantifying
that dose-response: relationship (Dose-Response Assessment); and

Calculation of MOEs, which describe the ratio of the estimated no effect level,
expressed as the NOAEL or the Benchmark Dose (BMD), with the estimated
intake for each receptor and route of exposure (Risk Characterization).

The relative magnitude of these MOEs estimated for selected receptors exposed by
" different routes of exposure was evaluated. A discussion of the relevance of such estimates and
of the uncertainties as5ociztod with ihese estimates is an integral part of any risk assessment.
‘Therefore, sources of uncertainty were considered. Assumptions or parameter values (i.c.,
variables, pathways, or parameter values) contributing most to estimates of risk or to the
u'ncertainty in the risk assessment vvere identified, ana, where possible, the impact on these
assessments was quantified. ’

This risk assessment is preliminary in that there is ongoing research desigried to address
. .areas of uncertainty. Continuing research into comparative pharmacokinetics across routes of -
exposure (inhalation versus dermal} and species that may influence the target tissue dose is
ongoing. Studies as to the putative mode of action of D4 in the Sprague-Dawley rat will provide

insights into any strain specificity that may influence extrapolation of these results to wuman

populations.
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HAZARD/TOXICITY ASSESSMENT

D4 was evaluated in a series of reproductive toxicity studies in Sprague-Dawley rats in
which males and females were exposed to D4 by the inhalation route {DCC 8305, DCC 8306),
followed by other studies in which only females (DCC 8463, DCC 8620) or only males (DCC
8462, DCC 8601) were exposed. E:xposure concentrations to D4 in these studies ranged from 70
to 700 ppm (all exposure concentrations are measures of mass/volume, not mass/mass). A review
of these studies was conducted, as described in the following sections. The objectives of this
review were to evaluate the effects of D4 on the reproductive function in the Sprague-Dawley rat.
and if present, select the critical stucy and critical effects. Once the critical study was selected,
then effects that were siguificantly increased and considered to be treatment-related in that study
were retained for dose-respons.e analysis (Section 4.0).

D4 is currently being evaluated in a two-generation reproduction study and other
- toxicological studies. Consequently, this Hazard/T oxicity Assessment is preliminary. When
studies on the pharmacokinetics and potential mode of action of D4 in the Sprague-Dawley rat
are completed, then the toxicological significance of these data can also be considered. The

relevance of these data to human health and the applicability of using these data to extrapolate

toxicological data for D4 can provide an initial basis to assess the uacertainties inherent in the use

of rodent reproductive toxicity data in risk assessment, in particular as it affects the conversion of

an animal-specific NOAEL or BMD to a human equivalent.

2.1 Male and Female Treatment Studies
Two range-finding studies were conducted in male and female Sprague-Dawley rats
exposed to D4 by whole body inhalation. The initial study (DCC 8305) was conducted to assess
the appropriate range of exposure levels to be used in a two-generation reproduction study. The
second study (DCC 8306) was conducted to confirm the results found in the first study.
This preliminary review of the reproductive toxicity data discussed in this section and in
subsequent sections focused more on statistical criteria than on toxicological relevance. In

additton to the suatistical tests conducted by the testing laboratory, nonparametric statistical tests
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for dose-related trends were applied using the litter as the basic statistical unit. Litter-specific
tests present significant advantages over using the fetus as the sampling unit when litter-specific
effects are present. Moreover, litter-based statistics for certain endpoints were called for by the
applicable guidelines. The nonparametric analysis of variance test, Kruskal-Wallis (Kruskal and
Wallis 1952), was applied. In addition, the Jonckheere trend test (Hollander and Woife 1973)
was applied tc count data (e. 8., on the total number of licter births in eack litter), while the PHAT
permutation test (Crump et al. 1991) was applied to data expressed as a ratio (e.g., the number of
live births per total births). The PHAT test uses the same test statistic as the Cochran-Armitage
trend test, but evaluates statistical significance by a permutation approach that uses the litter as
the basic unit rather than the fetus. The results of statistical analyses reported in the text are those
considered relevant for the endpoints under evaluation, as indicated. The data used for these

analyses are.discussed in the following sections.

2.1 DCC Study 8305

In the first range-finding study, DCC 8305, groups of 20 F, male and 20 ¥, female
-Sprague-Dawiley rats were exposed to vapor.concentrations of 70 or 700 ppm of D4 via whole
.body inhalation. A third group served as the control and was exposed to filtered air. The animals

were exposed 6 hours/day, 7 days/week, for 28 days prior to mating with exposure continuing in
F, males ur:til necropsy at the end of the mating period. Exposure to F, females continued
through matirg, gestation, and until PND 21, with the exception of the interval from GD 21
through PND 4. The interruption of female dosing in the periparturition interval was done to
prevent the delivery of pups in the inhalation chamber. Some weanling offspring were exposed
directly via inhalation for 6 hours/day at corresponding maternal exposure levels from PND 22
through 28. However, pups could have been exposed to the test substance indirectly in utero
through placental transfer or through suckling and/or dermal contact with their mother duriag
lactation.

All F, animals were observed twice daily for behavior, appearance, moribundity, and

mortality. Body weights and food consumption were recorded periodically. The reproductive
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performance of the F, males and females was determined using mating and fertility indices’, as
foliows

number of males with evidence of mating % 100
total number of males used for mating

Male Mating Index (%) =

number of females with evidence of mating % 100
total number of females used for mating

Female Mating index (%) =

numoer of males siring ai least one litter x 100
tutal number of males used for mating

Male Ferility Index (%) -

number of fernales wih confirmed pregnancy . 09
total ni'mber of females used for mating

Female Fertility Index (%) =

The F, females from each exposure group were allowed to daliver naturally and rear their
pups until weaning on PND 21, at which time F, females with viable pups were necropsied. The
number of uterine implantat:on sites was recorded at this time. Females that did not deliver were
sacrificed on post-mating day 25 (evidence of mating) or post-mating day 27 (no evidence of
. nmmg) Gross necropsy was performed on all animals, including males necropsied at the end of
the mating period, and tissues wers preserved for a subsequent histopathological examination, if
deemed necessary by the gross findings.

Each pup was examined daily for survival and adverse changes in appearaiice or behavior.
All F, animals received a detailed physical examination and their body weights werc rezorded on
FNDs 1, 4,7, 14, 21, and 28. Mean live litter size and wviability indices were calculated as follows:

'In Europe. the Fertility Incex (FI) is calculated as:

uumber of pregnant dams (or males siring a litter) < 100
sumber with evidence of mating

Fl (%)
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Mean Live Litter Size = total viable pups on PND 0
rumber of litters with viable pups on PND 0

Viability Index {%) = PYPS vnabﬁle on PND 1 or 4 x 100
pups viable on PND 0

On PND 21, 20 F, male and 20 F ; female rats were randomly selected from each exposure
group and necropsied. The animals were examined for developmental morphology and, in some
cases tissu. were preserved for histopathological svaluation. The remainder of the F, animals

were started on direct exposure until PND 28 at exposure levels corresponding to maternal

exposures. _
There were no sustained, significant treatment-related effects on mean body weight, body

- weight gairs, cr food consumption in treated F, males or females. Reported exposure-related

clinical signs, noted in the F, generation 1 hour post-exposute, included dried red material around
‘the nosc¢ and dried clear material around both eyes in males and females at 700 ppm, with the
‘incidence of these findings being greater in females. Another clinical finding was the increase in
the incidence of ejaculatory plugs found on the cage paper of the male animals from day 16 of
exposure until the day before euthanization.
The test substance did not produce any significant effects on reproductive performance

(mean pre-coital interval, male and female mating and fertility indices) at any exposure
concentration tested (Table 2. 1-1). There were no significant effects on the gestation length (21.6
o daysm the cortrol vs. 22.0 days in the 700 ppm exposure group) or on the duration of parturition
of the treated females.




1999-10006-46358
INTERNAL

Table 2.1-1
Reproductive Parameters from Initiai Range-Finding Study (DCC 8305)

Parameter Control 70 ppm 700 ppm

Mean Pre-Coital Interval (days) 23£1.15 2.5+¢123 35315

Mat-i—ng-lndex
Males 19/20 (95%) 20/20 (100%) 19/20 (95%)
Females 19/20 (95%) 20/20 (100%) 20/20 (100%)

Fertility Index
Males 19/20 (95%) 20/20 (100%) 18/20 (90%)
Females 19/20 (85%) 20/20 (100%) 19/20 (95%)

The mean number of uterine implantation sites {assessed at FND 21) and the total number

of pups born were statistically significantly reduced in the 700 ppm dcse group (Table 2.1-2).

The mean number of uterine implantation sites was 17.2 in the controls compared to 135 in the
‘ 700 ppm dose group. The mean number of paps bomn per litter in the conirol group was 16.5 as
- compared to the mean number in the 700 ppm dose group of 12.0. No exposure-related findiiigs
_were reported in the low-dose females.

Any difference between the number of uterine implantation sites found on PND 21 and the

total number of pups born was termed an “unaccounted for” site and was presumed to represent a

cannibalized pup. The number of unaccounted for sites was increased in the 700 ppm dose group,
 when compared to controls, but was not statistically significant (Table 2. 1-2). The mean number
of unaccounted sites per dam increased from 0.7 in the control group to 1.7 in the 700 ppm
exposure group.

On PND 0, the mean live litter size was statistically significantly decreased in the 700 ppm
group, when compared to the control group (Table 2.1-3). However, the reduction was only
slightly beiow the historical control range (11.6 pups/litter compared to a range of 11.7to 15.9
pupsiitter) of the laboratory at which the study was conducted. No effects on live litter size were
reported in the 70 ppm group. No significant increase in the number of pups born dead was

found
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es in Rats Following D4 Exposure (DCC 8305) 1)

Dose (ppm)

Implantation Sites

Total Number Bom

Unaccounted for
Sites

0
70
700

17.2 £ 1.83 (19) (b)
17.0 = 1.67 (20)
13.5 £4.22 (18) (c)

16.5 + 1.84 (19)
15.6 + 1.81 (20)
12.0 £ 4.04 (18) ()

0.7 £0.82 (19)
1.3 £ 1.38 (20)
1.7 £2.08 (17)

Mean and Standard Deviation
Total number of animals examined.
Statistically significantly different from the control group.

Table 2.1-3
Pup Viability Indices (PND 0)

Dose Number Born Total Live Litter
(ppm) Dead Size/Number of Dams

0 1 312/19
70 8 305/20
700 8 208/18 (a)

DCC 8305)

Mean Live
Litter Size

16.4
15.3
11.6 (2)

Sex Ratio
" MFE

160:152
145:160
98:110

) Statistically significantly different from coatrol.

While the mean live litter size was significantly reduced in the high-dose group, the
PoRCEniage of live births Gver total births on PND .G was comparable to controls (99.7% in
controls, 99.0% in the 70 ppm dose group and 98.5% in the 700 PPm dose group, excluding the
dams with five losses each). In addition, the pup sex ratio of males to females was not affected by
treatment with D4.

 Postnatal pup viability was not reduced with D4 treatment (Table 2.14). The viability
index for the high-dose group was reduced, when compared 1o controls only on PND 1 (Table
2.1-4); however, the value 'was not statistically significant and was within the range of the
laboratory historical control data, No significant differences in pup survival were noted on any
other days for the 700 PPm group and nc treatment-related effevts on viability indices were
reported in the 70 ppm group.
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Table 2.1-4
Pup Viability Index in Rats Following B4 Exposure (DTC 8305)

Days 1 4 1) 7 14

Dosc Total live/ (Viabiitty %)
(ppm .} Total born
)

312/313 3117312 306/312 E32/15 140,30
(997) 99.7) (98.1) 2(100) | (100}

305313 3027305 1298305 | 160716 | 150ile | 150/16 | 159716 | 38/40
99) () (99) 977 0(190) [ 0(206) |0(100; ) 09945 | (95)

2087216 (c) {202,208 |202/208 113513 | 3313 (13313 | 13313 | 1740
(98.5) (b) 671 | 3(106) | 3(100) |3(100) | 3¢i00) | (325

After selection on PND 4.
Excludes one dam witk: five losses.
Significantly different from control

There was a statistically significant increase in mean pup weights in the 700 ppm group on
PNDs 1 and 4, when compared to controls. This is not unexpected, given the litter size effect.
Pup weights in the high-exposure group were comparable to controls after PND 4, and alterations
in initial pup weight in the 700 Ppm group were not considered an adverse finding. No effects on
pup body weight were reported in the 7¢ Ppm group. Also, no significant clinical findings were
reported following necropsy of pups that died before the scheduied necropsy. Foilowing gross
necropsy of pups on PNDs 21 and 28, no exposure-related effects were reported

2.1.2 DCC Study 8306

The association of the findings in DCC 8305 of decreased litter size and number of
implants with D4 exposure wes unclear in the absence of other indicators of repraductive and
developmental toxicity, such as decreased pup survival or morphological alterations. Therefore, a
second range-finding study (DCC 8306) was conducted ts determine if the effects observed in the
previous study could be duplizated. In this second study, three groups of 22 male and 22 female
Sprague-Dawley rats were used. One group was exposed to 760 ppm D4 via whole body

inhalation, whiie two other groups se: ved as controls and were exposed to clean. filtered air  The

animals were exposed 6 hours/day. for a minimum of 28 days prior to mating. In males. exposure

continued through mating, while in females. exposure continued through mating and dunng
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gestation through GD 20. All arimals were observed twice a day for behavior, appeararice,
monbundity, and mortality. F, male and F, female body weights and food consumption were
recorded regularly.

_The F, females were allowed to deliver naturally and rear the pups to PND 4. Each litter
was examined daily for survival and adverse changes in appearance or behavior. Each pup
received a detailed physical examination ang pup body weights were recorded on PNDs | and 4.

All F, males were necropsied at the end of the mating period. All F, females with viable
pups were necropsied on PND 4, and the number's of uterine implantation sites and corpora lutea
were recorded. F, females that did not deliver were sacrificed on post-maiing day 25. Gross
necropsy was performed on all animals that were sacrificed, and tissues werc preserved for
histopathological examination when deemed necessary by the gross findings. The testes and
epididymides from all F, males, and the ovaries from all F, femaies were weighed and the absolute
weights and weights relative to final body weights were recorded. The left testis and epididymis

-of ali F, males were homogenized and the homogenization resistant spermatid count and sperm
production rate were determined. The right testis and epididymis of all F males and the ovaries
of all the F, females were submitted for microscopic examination.

No significant, sustained changes in body weight or food consumption were reported in
the F, males or females. There were minimal clinical signs of toxicity. In the 700 ppm group,
there was an increased incidence of brown vaginal discharge during premating exposure and a
shghtlymcreasedmdenceofdnedmdnwulamund the nose. Another clinical finding was an
increase in the incidence of ejaculatory plugs found on the cage paper of the male animals from
day:16 of exposure uniil the day before euthanization.

Nosigniﬁameﬂemonrepm&mﬁwpufomunoe(thenumb«ofdaysbetwempaiﬁng
and mating, or male and female mating and fertility indices) were reported. The mean gestation
length for the 700 ppm F, females was 22.3 days, which was statistically significantly greater than
the control group values (21.5 and 21.8 days). However, the mean gestation length in the treated
females was within the range of the historical controls (21.5 to 22.8 days).

As observed in DCC 8305, the mean nunber of uterine implantation sites and the total

number of pups born were statistically significantiv decreased in the treated females, when

compared to the control group 1 (Table 2.1-5). The number of corpora lutea, which was not
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coumed in DCC 8505, was also statistically significantly reduced. when compared to control
group 1. The mean numbers of uterine implantation sites, total numb.r born, and corpora lutea

were 10 8, and 9 2, and 15.7, respectively, in the treated females. and |5 S, 13, and 192 in

control group ! and i4 €, 13 %, and 17 71 control group ?

Table 2.1-5
implantation Sites, Litter Size, Unaccounted for Sites, and Corpora Lutea [MeantS.D. (n)]
in Rais Following D4 Exposure (DCC 8306)

A L

Bose (ppm) Implantation Sites | Tota! Number Born ! Unaccounted for Corpora Lutea
i

! Sites

1584222 (22) 15£2.23 (22) G 30 96 (22) j 19.262.22 (22)
14.6+2.39 (20) 13.8+2 45 (23) 0.9+0.79 (20) | 17.7£2.13 (20)
10.8+4 31 (20)(2) | 924411 {20){a) 1.5+1.28 (20) {a) , 15.7£2.91 (20) (a)

(a) Significantly different om the control group.

The mean live iiiter size in the treated group was 8.7 pups/litter, which was statistically
sigruficantly reduced, when compared to a value of 14 6 pupsflitter in control group 1 (se= Tabie
2.1-6). The mean live litter size in the treated animals was aiso below the range of historical
control values (1.7 to 15.9 pupsflitter). However, the number of pups born dead and the ratio of
the number of live pups to total pups born were not significantly different, when compared tc the
controi groups. The percentages of live births over totzi bom was 97 5% and 96.6% in the
control groups and 94% in the treated groups. In the 700 ppm group, the viability indices for
PNDs 1 and 4 were 92.5% and 91 .3%, respectively, as compared to the control Group 1 indices
of 98.8% and 98.6% for PNDs I and 4, respectively (Table 2.1-6). The values fo: e treated
group were within the range of the historical controi (83.6% to 100% for PND [ and 80.4% to
99 4% for PND 4). Pup viabili*y indices on FNDs ! and 4 wera not statistically significantly
decreased. The pup viability index in ihe 700 ppm grouy was strongly influenced by two dams,
one with two and the other with | ¥ pups, that had total litter loss on FND 1. The mean pup
weights were statistically significantly increased in the treated animals, when compared to control
group ! on PNDs | and 4. The mean weight in the treated group at PND | was 7 4 grams as
compared to the control, 6.7 grams. At FND 4 the tiean pup weight in the treated group was 9 9

grams. @ compared to the controt mean pup weigh: of 3 5 grams
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Table 2.1-6
Live Litter Size/Total Born and Pup Viability Index in Rats Following Exposure
(DCC 8306)

Lactation Day 0: Viability (%)

Dose Number Live Litter Size I 4
(ppm) Dead (Mean)

0 8 322/330 (14.6) 318/322 (98.8) 311/322 (98.6)
0 12 263/275 (13.2) 261/263 (99.2) 254/263 (96.6)
700 11 173/184 (8.7) (a) | 160/173 (92.5) 158/173 (91.3)

(a) Significantly different from control group 1.

Lastly, no treatment-related histopathological alterations were found in any of the tissues
examined in either the Fo or the F, animals. There were no treatment-related findings in the testes
or epididymides (Table 2.1-7). Testes and epididymides organ weights were comparable to

_controls and both sperm number-and sperm production rates were unchanged. In F, females
“sacrificed on PND 4, tlgere were no remarkable findings in the ovaries, and ovarian weights were

‘comparable to controls (Table 2.1-7),

2.1.3 Summary of DCC 8305 and 3306

The results of DCC 8305 confirmed those found in DCC 8305. in both studies there were
only minimal indications of toxicity to F, males and F, females. Body weights and food
. .- consuniption were within normal values, and only minimal clinical signs were noted. There were

" no effects on the precoital interval, on male and female mating and fertility indices, or on the

duration of gestation or length of pa-turition. There w :re no rema kable ovarian histological
findings and no effects on testicular or epididymal histopathology or sperm numbers.

In the 700 ppm group only, there was a statistically significant reduction in the number of
corpora lutea (examined in DCC 8306 only) and uterine implantation sites. A significant decrease
(approximately 30%) in the total number of pups born and the mean live litter size was found for
the 700 ppm group only. However, the proportion of pups born dead or live to the total rnumber
of pups born did not differ across exposure groups. Pup viability was unaffected, as measured on

PNDs 1 and 4, and pup morphology was normal
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Table 2.1-7
Histological Resuits for F, Male and F, Female Rats (DCC 8306)

Control Control
Parameter Group 1 Group 2

700 ppm

Sperm Number (MM/g tissue)
Testis 91.5£196 106.4+18 3 98 2+14.2

Epididymides 52041115 {519.6+69.4 523.6£116.9

Sperm Production Rate (MM/g tissue/day) i5.0+£3.2 17.5£3.0 16123

Male Accessory Organ Weights
Right Testis 1.69+2 0 1.73£0.16 1.68+0.18

Left Testis 1.69+2.2 1.73+0.16 1.67+0.12
Right Epididymides 0.65+0.07 0.67+0.05 0.64+0.04
Left Epididymides 0.6310.06 0.65+0.05 0.64x0.06

- 0.13+0.03 0.13+0.02 0.13£0.03
Nongravid (PND 25) NA 0.13+0.05 0.08+0.02

Ovarian Weights (2
PND 4

Both DCC 8305 and 8306 were range-finding studies with the same protocol differing
only in that DCC 8305 tested at concentrations of 70 and 700 ppm, while DCC 8306 only tested
tie 700 ppm exposure level. The data for these studies were combined and the same statistical

analyses for the same endpoints as for the studies separately were evaluarted for the combined data

set (Table 2.1-8).

Table 2.1-8
Live Litter Size/Total Born and Pup Viabiiity Index in Rats Following Exposure
(DCC 8305, DCC 8306)

Lactation Day 0:

Dose Number Live Litter Size Viability (%)

{ppm) Dead (mean)

e 21 897/918 (15 .0) 871/897 (97.1)
70 6 305/313 (15 7) 298/305 (97.7)
700 19 318/400 (10.5) @) | 360/381 (94 5)

Significantly different from contrel group.
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2.2 Male Crossover Studies
Two studies were conducted in which male Sprague-DawEey rats were exposed by whole
body inhalation to D4 and then mated with unexposed females (DCC 8462, DCC 8601). The
purposg of these studies was to determine if the effects scen in studies DCC 8305 and 8306 were
due to male treatment-related effects. In the first study (DCC 8462), four groups of 22 F, male
Sprague-Dawley rats were exposed to 70, 300, 500, or 700 Ppm D4 via whole body inhalation,
while the fifth group of male rats served as a control group receiving only filtered air. The groups
of female rats received only filtered air. Male rats were exposed to the test substance 6
hours/day, for a minimum of 70 days prior to mating and continuing until the end of the mating
period. Females were exposed to filtered air for 21 days prior to mating and continuing unti! the
end of the mating. ,
All animals were observed-twice a day for behavior, appearance, moribundity, and
mortality. Body weights and food consumption were recorded periodically. The reproductive
* _performance of the F, males and females was determined using mating and fertility indices, which
were calculated as indicated in Section 2.1
) Following the mating period, ten males from.each group were euthanized and subjected to
sperm motility/viability assessment, sperm morphology assessment, and enumeration of
epididymal and testicular Sperm numbers and sperm production rate, Foilowing a 4-week
recovery narind ohe remaining iZ maie rats per dose group were necropsied on PND 4 at which
time selected organs were weighed and examined.
The F, females from each dose group were allowed to deliver naturally and rear the pups

-+ to:PND 4, at which time the F, females with viable pups were necropsied, 25 days after the

breeding interval. The number of utesine Aplaatation sites was recorded at this time. Females
that did not deliver were sacrificed on post-mating day 25 (evidence of mating) or post-mating
day 27 (no evidence of mating). Selected organs were weighed and examined microscopically.
Live litter size and pup viability indices were caiculated as indicated in Seciion 2.1. All F,
pups were sacrificed on PND 4.
The protocol for the second male crossover study (used International Genetic Standard

rats) was the same as that for DCC 8462 with the following exceptions. There were 40 males per

dose gr‘oup exposed at eitkar 500 or 760 ppm with 40 males in the air-exposed control group. F,
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maies had a S-week recoven period after breeding to unexposed females prior to sacrifice and
necropsy. F, females and F, pups were sacrificed on PND 21. Sperm motiiity and morphology
as well as organ weights and organ histopathology were not reassessed in this study.

Consistent with earlier studies, there were minimal signs of toxicity in F, males. Severa]
body weight and food consumption changes were noted: however, the effects were not sustained
or dose-dependent. Clinical findings included an increase i the incidence of wet red material
around the nose and eyes of the treated males and an increase in the incidence of ejaculatory plugs
found on the cage paper of male animals i the 700 ppm exposure group. However, the plug
production rate at 700 ppm did not exceed the rate reported in the literature for untreated

Sprague-Dawley rats. There were also elevated plug counts in all exposure groups in DCC 8462

and at both the 500 and 700 ppm exposure groups in DCC 8601.

No remarkable, treatment-related gross findings at necropsy were noted. Also consistent
with the previous study, DCC 8306, there was no effect on sperm motility (mean % mobile
sperm) or sperm morphclogy (assessed in DCC 8462 orly). Mean liver, kidney, and thyroid
: weights were increased at 700 ppm in the group sacrificed ‘mmediately after breeding, but were at

- control values in the recovery group. No effect was noted on the weights of any other organ.
There were no remarkable, treatmeni-related histological findings in any organ examined.

No significant effects were reported for reproductive performance (number of days
beiwsen pairing and mating, mating and fertility indices, gestation length, or duration of
parturition) noted in either study. There were no effects on total number pups born (litter size) nr
the number of uterine implantation sites in either study.

Two findings that were noted in the first male crassover study (DCC 8462) were not
duplicated in the larger, second male crossover study (CCC 8631). In DCC 8462, the number of
pups dead at PND 0 in the 500 and 700 Ppm greups was increased when compared to the control
group (Table 2.2-1). The numbers of pups found dead ir: the twa highest dose groups on PND 0
were 9 and 18, as compared to two pups found dead in the controi group. Three dams in the
high-dose group contributed 15 of 1S dead pups at PND 0. Pugs from litter #44000 in the 700
ppm group were euthanized on day | due to maternal moribundity; these pups were not included
i viability calculations on PNDs 1 or 4. Litter-based statistica! results were mixed; there was no

significant increase using the Kruskal-Wallis test, reflecting the large variability in the 700 ppm

X
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group, but a significant trend using the PHAT permutation test was observed (Table 2.2-1). This
observation was not reproduces in the larger repeat study, DCC 8601. In this larger study there

were no effects on the number of pups born dead on PND 0 or on any other index of pup viability.

' Table 2.2-1
Pup Viability in Rats Followi_nLlM Exposure (DCC 8462)

Dose (ppm) | Number Dead, Day 0 | Viability Day 1 (%) Viability Day 4 (%)

0 2 98.2 979
70 3 99.0 98 4
300 4 99.7 982
500 9 (a) 100.0 100.0
700 18 (a) 98.1 |97.8

(a)  Statistically significant trend using the PHAT permutation test but not significant using the
* Kruskal-Wallis test for litter-based statistical analyses.

The only other observation noted in DCC 8462 that differed in the 700 ppm treatment
"group compared to control was a decrease in F, pup body weights at both PNDs 1 and 4. The
'pup weights in the 700 ppm group for PNDs 1 and 4 were 6.5 and 9.7 grams compared to the pup
‘weight in the control groups of 7.4'and 10.6 grams, respectively. This observation was also not
‘reproduced in the second study. In DCC 8601 on both PNDs 1 and 4, pup body weights were
comparable to control values. In the second study, pup body weights in the 700 DDM groun were
7.0 and 10.2 grams on PNDs 1 and 4 compared to values of 6.9 and 9.9 grams in the controls for
the came days. -

Summary of Male Crossover Studies

No biologically plausible, reproducible effects were seen in either male crossover study.
No effects were noted on any of the reproductive performance parameters evaluated. An impact
on pup viability in the 500 and 700 ppm groups was. suggested in DCC 8463; however, this effect
was not reproduced in the larger, second male crossover study. It can be concluded from these
studies that any D4 impact on litter size seen in earlier studies did not occur through any male--

mediated mechanism.
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2.3 Female Crossover Study

The purpose of this study was to determine if the effects seen in the previous studies were
due to female treatment-related effects. The protocol for this study was similar to previous
studies. Four groups of 22 F, female Sprague-Dawley rats were exposed to 70, 300, 500, or 700
ppm D4 via whole body inhalation, while the fifth group of female rats served as a control group
recetving only filtered air. The groups of male rats served as cage controls and were not exposed.
Female rats were exposed to the tes: substance 6 hours/day, for a minimum of 70 days prior to
mating. Exposure continued through necropsy on PND 21, with a suspension in the exposure
from GD 20 through lactation day 4. Pups were exposed directly from PND 22 through 28 via
whole body inhalation at corresponding maternal concentrations. Pups could also have been

-indirectly expesed to the tes. substance through placental transfer in utero, and through suckling
and/or dermal contact during lactation.

As with the other studies, all animals were observed twice a day for behavior, appearance,

- moribundity, and mortality, and body weights and food consumption were recorded periodicatly.
The reproductive performance of the F, males and females was determined using mating and
fertility indices as indicated in Section 2.1.

The F, females from each exposure group were allowed to deliver naturally and rear the

pups to PND 21. F, males were necropsied a: the end of the mating period and discarded, and F,

females with viable pups were necropsied on PND 21. The number of uterine implantation sites
was recorded at this time. Females that did not deliver were sacrificed on post-mating day 25
(evidence of mating) or post-mating day 27 (no evidence of mating). Gross necropsy was
performed on all animals that were sacrificed, and tissues from F, females in the 0 and 700 ppm
groups underwent histopathological examination.

Live litter size and viability indices were calculated as indicatec in Section 2.1. On PND
21, ten F, male and ten F, female pups were randomly selected from each group and necropsied.
Selectec organs of the F, generation were weighed.

The t=sults of this study were consistent with the two initial range-finding studies (DCC
8305 and 8306). There were niinimal signs of maternal toxicity in any exposure group. No
sustained significant effects on body weight or food censumption were noted. As with the other

studies all F, females survived until scheduled euthanasia. Cunical observatiors in the F, femaies
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were limited to wet yellow staining of the urogenital area, dried wet staining of the dorsal head,
dried red material around the nose and eyes, and wet red material around the nose. Increased
liver weights were noted in the 7¢9 ppm F, group; however, no histopathological a'terations in
the liver were found. Organ weights and histopathology were normal in all other tissues
examined, which included the adrenals, lungs, thymus, brain, Mmammary, uterus, kidney, pituitary,
vagina, and spleen.

There were no significant changes in the reproductive performance (days between pairing
and mating, mating and fertility indices, duration of gestation or length of partu: ition) among
treated animals, when compared to controls. There were no effects on regularity or duration of
estrous.

As with the previous studies, the mean number of uterine implantatioq sites (evaluated on
PND 21), but not the Anumber-ot: unaccounteu for sites, was statistically significantly decreased in
the 700 ppm dose group, when compared to the controls (Table 2.3-1). The mean number of
" uterine implantation sites was 14.5 in the control group versus 12.3 in the 700 ppm treatment

group. As in the previous range-finding study, DCC 8305, unaccounted for sites were defined as
. the difference in number of uterine implantation sites and total births. '

Table 2.3-1
Implantation Sites. Total Numhar Borz, aad Unaccounied Siies {MeanS.D.(n)] in Rats
Following D4 Exposure (DCC 8463)

Implantation Sites Total Number Bom | Unaccounted for Sites

14.5+2.14 (20) 13.6+2.14 (20) 0.9:1.10 (20)
15.0£1.41 (21) 13.9+1.74 (21) 1.1+1.24 (21)
14.1£2.65 (20) 13.542.74 (20) 0.60.75 (20)
13.8+1.89 (21) 12.742.15 (21) 1.11.96 (21)
12343.2720) @ | 10.443.57(20)@) | 1.941.83 (20)

(2) Significantly different from the control group.

As with the previous studies, there was a statistically significant decrease in the mean total
numbef of pups born (Table 2.3- 1) and the mean live litter size (Table 2.3-2) in the 700 ppm

group only. The mean live litter size decreased from 13.5 pupsllitter in the control group to 9.9
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pups/litter in the 700 ppm group. The mean live litter size was reduced in the 500 ppm group,
when compared to the control group, but was not statistically significantly different by any of the
statistical tests conducted. As with the previous studies, while the mean live litter size was
decreased, the percentage of live births over total births was comparable across exposure groups
(99% in the control and 97%, 100%, 97%, and 96% in the 70, 300, 500, and 700 ppm dose
groups, respectively). Pups in all groups appeared healthy, and pup viability as measured o
PNDs 1 and 4 was comparable to controls. Pup viability indices were monitored until PND 21
and were comparable to controls. F, body weights were slightly increased compared to controls,
but this was likely due to the smaller mean litter sizes. At necropsy, there were no trea:ment-
related effects on organ weights for organs measured (liver, ovary) and no gross treatment-related

findings were noted.

Table 2.3-2
Number Born Dead and Mcan Live Litter Size in Rats Fellowing D4 Exposure
(DCC 8463)

Dose (ppm) Number Dead Mear Live Litter Size

2 13.5
10 13.4
0 13.5
8 123
S 99 (a

(a) Significantly different from the control group.

Summary of DCC 8463

The resuits of this female crossover study (exposed females mated to unexposed males)
are consistent with the previous range-finding studies. Reproductive parameter values (mating
and fertility indices, etc.) were not significantly different from control values. As with the two
range-finding studies, intrauterine survival was significantly rc.uced in the 700 ppm exposure
group. Both the number of uterine implantation sites and the mea;; five litter size were

significantly reduced in the 700 ppm exposure group, when compared to controls. No treatment-

related effects were seen in the other €Xpos.ire groups. D4 administered by the inhalation route at

a concentration of 700 ppm may produce these effects by pre-implantation or early post-
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implantation loss, as suggested by the reduction in the nuinber of corpora lutea (only evaluated in

DCC 8306) and uterine implantation sites.

2.4 _Phased Female Study (DCC 8620)

A study in which groups of female Sprague-Dawley rats were exposed during different
phases of their reproductive cycles was conducted to evaluate the effects of D4 on embryo-fetal
survival and to provide insights as to the potential mode of action on litter size in Sprague-Dawley
rats. Groups of female rats were exposed to D4 by whole body inhalation for 6 hours/day

according to the following schedule.:

Overall Phase. Groups of 24 i male Sprague-Dawley rats were exposed tp D4 at
concentrations of 70, 300, 500, or 700 Ppm beginning 28 days prior to mating and

continuing through GD 19;

Ovarian Phase. Sixty female rats were exposed at 700 ppm: beginning 31 days prior
to mating and stopping 3 days prior to mating;

Fertilization Phase. Sixty female rats were exposed at 700 ppm 3 days prior to
mating and continuing through GD 3; and

Implantation Phase. One group of 24 females was exposed at 700 ppm from GD 2
through GD 5.

With the exception of the-duration of exposure post-mating, the Overall Phase was
intended to duplicate the exposure protocol used for the female crossover study (DCC 8463),
while the other phased studies were intended to isolate exposure to a portion of the reproductive
cydeconeq)ondingtothosebiologiedevmtsin;hedsigrmed time periods. In each phase,
concurrent control groups were exposed to clean, fiitered air on a comparable schedule for its
corresponding phase. Males were not exposed to D4. Al animals were observed twice daily for
appearance and behavior with clinical observations, body weights and food consumption recorded
prior to mating and during gestation.

All surviving pregnant females were euthanized on GD 20 for a scheduled
laparohysterectomy. The uteri and ovaries were examined, and the number of fetuses, early and

late resf)rptions, uterine implantations, and corpora lutea was recorded. Organ weights (brain,
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ovaries, adrenal glands and thyroid glands) were recorded and mean gravid uterine weights and
net body weight changes were calculated

No treatment-related clinica! signs were noted in any females in any phase; any clinical

signs noted were seer infrequently and were similar to their respective controi groups. All

females in all phases survived to the scheduled necropsy, with the exception of one control female
that died on GD 2 in the Implantation Phase. No cause of death was determined. One female in
the Gverall Phase delivered seven normal pups (no visible malformations) on GD 19, which was
attributed to an error in detection of evidence of mating rather than to exposure tc D4, The major

findings for each phase are discussed in the following paragraphs
2.4.1 Overall Phase

in food consumption were recorded during the first week (week 0 to 1) of exposure in the 300,

500, and 700 ppm €xposure groups. During week 1, mean body weights were significantly

reduced in the 500 Ppm exposure group only. All maternal mean body weights and body weight

- gains for all exposure groups were comparable to controls throughout the remainder of the pre-
- mating period.

Maternal mean body weights were comparable to control group vaiues throughout
gestation. However, an GD 20 mean body weighis were raduced (not statistically significantly) in
the 500 and 700 Ppm groups. Reduced mean body weight gains were noted in the 500 and 700
Ppm groups only during “e last 7 to 10 days of gestation. T liis, along with the reduced mean
gravid uterine weights observed at necropsy in the 500 and 700 Ppm groups, was likely due to the
decreased viable litter size seen in these groups.

All reproductive Paraineters measured (days between pairing and coitus, mating indices,
and fertility indizcs) were comparable tc controls in all exposed. groups. Female mating indices
were 100% in the control and 95 8% in each of the treated groups. Fertility indices were 95 8%
in the control and 91.7%, 95.5%, 95.8%, and 91.7% in the 70, 300, 509, and 700 ppm groups,
respectively.

The Overall Phase results with regard to interuterine survival were consistent with those

found in previous studies in which female rats were exposed to D4. The resulgs suggest ihat the
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loss was primarily pre-implantation as indicated by a reduction in the number of corpora lutea,
uterine implantation sites, and visble fetuses in the high-dose groups compared to control (Table
2.4-1). The mean numbers of corpora lutea in the 300, 500, and 700 Ppm groups were reduced
(14.6, 14.1, 14.7, respectively) compared to control values (16.2); however, no clear dose-
response was noted and the effect was statistically significant only in the 500 Ppm group, when
evaluated using the Dunnett's test. The mean number of uterine implantations sites and mean live
fetal number were significantly reduced in the 50C and 700 Ppm groups, when compared t0 the
control group. The mean live fetal number per litter was 13.7 in the control group and 10.4 and
8.7 in the 500 a:id 700 ppm groups, respectively. When evaluated on a proportional basis (live
fetuses per litter), the viable fetal number was comparable to controls in the 70 and 300 ppm dose
groups and, while reduced in the S00 and 700 ppm dose groups, the reductions were not
statistically significant. The percentages of live fetuses per litter were 92.3%, 88.7%, and 83 4%
in the control group, 500 and 700 ppm dose groups, respectively.

Table 2.4-1
Overall Phase Results

Mean Number
of Corpora
Lutea

. Mean
Number of
Implantations

Mean
Number of
Live Fetuses
per Litter

Mean Post-
Implantation
Loss

13.7423 L1x1.2
13.9+1.7 1.0x1.1
12.823.5 0.7+1.1
10.4+3 8 1.1x1.4
8.7+4.7 1.3+1.3

14.7x1.7
14.9+1.9
13.5£29
11.643.7 (a)
10.0+4.0 (a)

16.2+2.1
15.8+1.8
14.642.0
14.1+2.7 g)
14742 5

(a) Statisticaily different from coatrol.

24.2 Ovarian Phase

The Ovarian Phase results indicated that the biological events occurring up to 3 days prior
to mating are either unaffected by D4 exposure or fully reversible when D4 exposure ceases prior
to mating (-3 days). Only two groups, the control and 700 ppm treatment group, were evaluated
in this phase. There was a test article-related decrease in mean body weight and body weight gain

with a éorresponding decrease in food consumption during the first week of exposure; however,
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these parameters were similar to control values for the remainder of the pre-mating period. No
treatment-related effects on mean gestation body weights or body weight gains were found, and

mean gravid uterine weights were unaffected by exposure to D4,

_Reproductive performance (days between pairing and coitus, mating index, fertility index)

was not adversely affected by exposure to D4. Female mating indices were 93.3% and 85% in the
control and 700 ppm groups, while the female fertility indices were 86.7% and 83.3%.

The number of corpora lutea and indices of intrauterine survival (mean number of viable
fetuses, uterine implantation sites, early/late rescrptions) in the 700 ppm group were not
statistically different from control values (Table 2.4-2). Absolute and relative organ weights

(brain, ovary, adrenal gland, and thyroid gland) were unaffected by exposure to D4.

Table 2.4-2
Ovarian Phase

Mean

Mean
Number of Number of

Implantations

Mean Pre- Mean Post-

Live Fetuses Imp}i';;:t‘o" Impiflggtl(m

per Litter

15.0+1.8 14.6+2.1 2.0£23 0.4+0.64
14.4+2 8 13.8+2.9 2.1£2 4 0.6+0 81

243 Fertilization Phase

The results from exposure during this phase of the reproductive process (3 days prior to
mating through GD 3) were similar to those observed during the Overall Phase in which exposurc
began 28 days prior to mating and continued to GD 19, Initially, mean body weight gains and
food consumption were reduced in the 700 ppm group during the 3 days of €Xposure prior to
mating. Mean body weight gains were reduced in early gestation (GDs 0 to 4) and significantly
reduced the last week of gestation (GDs 14 to 20). Mean gravid uterine weight in the 700 ppm
group was also significantly reduced, indicating that the reduced body weight gain and reduced
gravid uterine weight were likely due to the decreased litter size.

As with the other studies, reproductive parameters (days between pairing and cottus,

mating Index, ferulity index) were not affected by treatment with D4 Reductions in the mating
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for mating,

As with the Overall Phase, statistically significant reductions in the numbers of corpora
lutea, uterine implantation sites, and the mean live fetal number per litter were noted in the 700
Ppm group compared to control values (Table 2.4-3). The mean number of corpora lutea was
17.1 in the control and 14.6 in the treated group, a 15% reduction. The mean number of uterine
implantation sites was reduced from 15.1 in the control to 10.4 in the treated group, a 30%
reduction. Mean pre-implantation losses and mean post-implantation losses, which were due
entirely to early resorptions, were significantly increased over control values. Mean live fetal
number, boehmeabsoautenunﬁermmemagepqmm, was also significantly reduced
compared to controls, when unadjusted for litter effects. The mean number of viable fetuses

..percent litter in the treated grou. vas 8.7, when compared to 14.2 in the control. The percentage
of viable fetuses in the control group was 93.7%, while the percentage in the treated group was
82%.

Table 2.4-3
Fertilization Phase
Mean Number
Mean Number . Mean Pre-
Mean Number of | of of Live Impl. .

Corpora Lutea Imolantat; Fet;?sper Loss
: *er

0 17.1£2.9 15.1x1.7 14.222 ] 2029
700 14.642.1 (a) 104443 @) |8744.2(a) 4344 5 9)

(@) Significantly different from control.

Absolute ovarian weight, but not ~=lative ovarian weight, was significanily decreased in
the 700 ppm group, when compared to vcatrols. Absolute and relative adrenal gland weights
were slightly increased compared to controls; however, a dose-response association was not clear.
Other organ weights, botk absolute and relative (brain and thyro'd gland), were comparable to

controls.




2.4.4 Implantation Phase

body weight gains, with th

reductions in food consumptior were also noted on GD 2 to 6, but were at

remainder of gestation

As with al

reproductive parameters evaluated. In addition, the number of co

intrauterine survival (

to D4 at 700 ppm (Table 2. 4-4). Finally, all organ weights (brain, ovary. adrenal gland and
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cantroi througkout gestation, and mean

€ exception of GD 2 to 6, were similar to coutrol.

thyroid glands) were comparable to control values.

Table 2.4-4

Implantation Phase

Significant

control values for the

the other studies, no treatment-related effects were found for any of the
rpora lutea and indices of

uterine implantation sites, live fetal numbers) were unaffected by exposure

Mean Number
of Corpora
Luiea

Mean Number
ct
Implantaions

Mean
Number of
Live Fetuses
per Litter

Mean Pre-
Implantation
Loss

Mean Fost-
Implantation
Loss

0
700

16.742.6
15.3+2 1

15.5+].6
14.7+2 4

14.6+19
13.4+2 7

0.5+12
1.3£1 3

2.4.5 Suramary of the Phased Female Study (DCC 862¢)

In the Ovenall Phase, ihe following were the major observations: 1) a reduction in the
number of corpora lutea (300, 500, and 700 PPm groups); 2) a reduction in t..-
Ppm groups); 3) an increase in the mean pre-

implantation sites and viable fetuses (500 and 700

implantation

greup only). In the Fertilization
and viable fetuses were reduced,
increased in the 700 PP™: group, the only exposure

0N tire number of corpora |

loss (500 and 700 Ppm groups); and

4) an

aumber of uterine

increased post-implantation loss (700 ppra

Phase, the numbers of corpora lutea, uterize impiantation sites,

and the mean pre-

utea or indices of intra:

ut the Ovarian Phase and Implaniation Phases

<

impiantation and post-imp

lantation losses were

concentration tested. No effects were noted

steting survival in femaleg exposed at 700 ppm
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The effects on corpora lutea and intrauterine survival were similar for the Overail Phase i

which exposure began 28 days pre-mating and continued through GD 19 and for the Fertilization
Phase in which exposure began 3 days Pre-mating and continued through GD 3. No treatment-
related adverse effects were noted if exposure began after mating (Implantation Phase) or

terminated 3 days prior to matiné (Ovarian Phase).
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3.0 EXPOSURE ASSESSMENT

An Exposure Assessment consists of multiple steps in which the population(s) that may be
exposed are identified and pathways of exposure are evaluated, i.e., the potential for exposure via
a particuiar pathway, such as ingestion, inhalation or dermal contact, is assessed. This
information is then used to estimate doses that individuals would receive under the various
€xposure scenarios. and the uncertainty associated with those exposure estimates is considered.

In an Exposure Assessment, the terms exposure, intake, and dose are ofien used imprecisely and,

unfortunately, interchangeably. In this Exposure Assessment, these words are defined as follows:

Expasure is defined as the amount of chemical which is presented to the rclevant
biological barrier, e g, the concentration of chemical in air (inhalation exposure) and
the amount of chemical applied to the skin (dermal exposure) or ingested (oral
exposure).

{fntake is defined as the amount of chemical that crosscs the first biological barrier
into the blood stream, e.g., the amount of chemical absorbed across the lung, skin, or
gastrointestinal tract.

Dose is defined as the amount of the active form of the chemical (parent or
metabolite) that reaches the target tissue.

DCC has conducted a comprehensive analysis of potential exposures for the relevant
receptors and exposure pathways (ECA 1997, DCC 1998a). The ECA analyses evaluated the

production, formulation, and use of D4 in the Urated States and estimated the potential exposure

{intake) for:

persons who work in the production of D4, in the formulation of this material into
personal care products containing D4, or use these products in professional settings,

consumers wio use these personal care products, including
antiperspirants/deodorants (AP/Ds) and hair care/skin care (HC/SC) products;

consumers who may be exposed to silicone antifoams used in food processing; and

the general public who may be expesed 1o D4 released inio the environment.
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The exposure assessments conducted by ECA (1997) and DCC (1998a) provided estimates of
intake rather than estimates of dose. These intake estimates were based on a comprehensive
review of the workplace for several eéxposure scenarios, as well as a review of the amount of D4
in selected consumer products and the use patterns for those products. The information for
workplace activities and usage patterns was based on industry-supplied data and represents a
compilation of data across companies and products. As such, some unifying and, in some cases,
conservative assumptions were made to provide generic exposure scenarios that characterized
these exposures to the selected target populations.

These exposure assessments provided estimates of intake by both the dermal and
inhalation routes (and in the case of lipstick, by the oral route as well) for personal care product
users; the oral route for antifoams in food products; and by the inhalation route for workers and
the general public. . The detaiis of the ECA. (1997) and DCC (19982) assessments are not repeated
in tlﬁs chapter; however, a summary of the basis for each of the key assumptions and parameter

. values used is presented. For this preliminary risk assessment, the usage estimates and parameter
.va!ues developed by DCC (ECA 1997; DCC 1998a) were used in this Exposure Assessment step
without modification, with the. exception of the D4 dermal absorption. percentage (see Section
3.L1. 1). However, the underlying data and assumptions used to determine these estimates were
reviewed. The relevant underlying assumptions, the data used, and the methods applied for
quantifying exposure were identified. The purpose of this review was to assess the impact of
alternative variables and assumptions in order to identify those that significantly contributed to
estimates of intake and those that contributed significantly to uncertainty. The impacts of these
uncertainties on the estimated MOEs are discussed in Section S, Risk Characterization.

It is important to note that the exposure analysis conducted by ECA is a “work in
progress.” As newer data or information become available that can refine the definition of a
parameter value or reduce uncertainty in an assumption made, then the estimates of intake can be
refined. For example, more recent data to describe dermal absorption were available for use in
this preliminary risk assessment (see Section 3.1.1.1) than that reported in the ECA (1997)
document. It is expected that as these refinements are made, such as in the dermal absorption
fraction or deposition fraction, estimates of intake will more likely be lower rather than higher

compared to the current values used for this preliminary risk assessment. Consequently, use of
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these data, i.e, estimates of intake, is highly unlikely to result in an underestimation of intake but

rather provide reasonable upper bounds that are likely to be overestimations of intake. In
addition, exposurs estimates for other receptors, such as adults and children who may use antigas
products containing silicone antifoams, are under development. Consideration of these receptors

will be included in the final risk assessment.
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PERSONAL CARE PRODUCTS

a.1 Exposures to Consumers via the Use of Personal Care Products

-Due to their physical properties, cyclosiloxanes, a group of materiais that include D4, have
been widely used in consumer products as carriers, emollients, and lubricants. For this
assessment, consumer products evaluated included AP/Ds, HC products (shampoo, rinse-out
conditioner, leave-in conditioner, and hair spray) and SC products (mascara, moisturizer, nail
care, and foundation). While most all APs are formulated with cyclosiloxanes, this is not the case
for HC/SC products. However, for this assessment it was assumed that cyclosiloxanes are used in
all HC/SC products. Potentially relevant exposure pathways for all consumer products included
inhalation and dermal contact. Each section below describes the methods used by ECA (1997)
for conducting an exposure assessment for consumer products.

3.1.1 Exposures of Consumers to D4 via the Use of AP/Ds

D4 is widely used in the formulation of many different consumer products including
AP/Ds. Exposure.occurs dermally through the direct applicatior. of the AP/Ds.to the skin and via
inhalation as the AP/D residue volatilizes. There are three principal forms of AP/Ds, solids, roll-
ons, and aerosols. The D4 content and application rates vary with each form of AP/Ds; therefore,
separate dermal and inhalation exposure analyses were conducted for consumers using each of the

.- three principal forms of AP/Ds.

3.LL1 Dermal Exposures to D4 from Use of AP/Ds
The dermal ADI s from the use of AP/Ds were calculated using the following equation:

AR X CF x AF x X Res, X A x D4
ADI (mg/kg/day). = =W 'f";)w J d (3-1)

AR application rate (g/application)

CF conversion factor (1000 mg/g)

AF application frequency (appiications/week)
Dep= deposition fraction (ucitless)

Res, = residue fraction (uniiless)
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A = dermal absorption fraction (unitless)

D4; = fraction of product applied that is D4 (unitless)
BW body weight (kg)

DW = adjustment to dail- ake (7 days/week)

Because the amount of D4 to which a consumer would be exposed following AP/D application
varies, separate €xposure assessments were conducted for solid, roll-on or aerosol use.
Therefore, ip the calculation of a dermal ADI for the use of APs, different exposure parameters

were used for the different types of APs. A discussion of the values used by ECA ( 1997) for each

of these parameters is provided below

Application Rate (AR)

The application rate of AP/Ds is the average number of grams of AP/D used each tire it is
applied. Information on application rates of the various forms of AP/Ds was available from
‘numerous volunteer studies (ECA 1997). In these studies, groups of participants (n=30 to 50)
‘were provided with one or more AP/D products and asked to apply these products as they wouid
in normal use for a defined period of time, such as 1 to 2 weeks. The amcunt that each
participant used in the defined period of time was determined from the difference in container

contents befcre and after use by the participant, with average application amounts determined by

dividing the amouni used by the number of applications the participant reported that they used

(Table 3.1-1). For men, the average application rate ranged from 1.69 g/application for aerosols
to 1.22 and 1.29 g/application for rc il-ons and solids. For women, the application rates for the
various pioducts followed the samc order. Aerosols had the greatest average (1.54
g/application), followed by roll-ons (0.7 g/application), with solids having the smallest average
application rates (0.65 &/application).
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Table 3.1-1
Average Application Rates for AP/Ds @

_ Average Amount / Application
Product Form Gender (grams) (mg/cm?) v)

Solid Men 129 10.8
Women 0.65 10.7

Roll-on Men 1.22 10.2
Women 0.79 13.0

Aerosol Men 1.99 16.7
Women 1.54 25.2

(a) Source: ECA (1997).
®) Estimated amcunt per skin surface area for axillary area.
() N = number of studies with 30 to 50 participants per study.

Application Frequency (AF)
. The application of AP/Ds is geerally associated with a showering or bathing event.
. Appreximately 70-75% of the American population bathes or showers every day, with 20-25%
- bathing or showering more than once a day (USEPA 1997). However, AP/Ds may be applied

" more often and applied in between 2 bath or shower, depending on a person’s activity.
Mediamark Research, Inc. (MRI 1995) conducted a consumer survey on the purchases and use of
AP/Ds. The resuits of this Survey are presented in Table 3.1-2. To determine the mean
application frequency per group, the percentage of the population that fit into each range of
application frequencies was multiplied by the midpoint of that range of frequencies (i.e., column 3
naultiplied by column 4). These population-weighted frequencies wers then added together to
result in a mean for the group. These data indicated that the mean frequencies of AP/D
- application are 7.1 and 6.9 times/wesk for women and men, respectively.

Deposition Fraction (Dep,)
The deposition fraction of the AP/D is the fraction of product that is deposited onto the
skin during a typical application. ECA (1997) assumed that 100% of the amount of product

applied will be deposited onto the skin.
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Table 3.1-2
Usage Survey Data for AP/Ds for U.S. Populaticn Age 18 or Older (a)

[ Reported AP/D Weighted # in

icats . Percent in Mid-Point of
BT | 5 | Popuston” | FOEs | MR | enson

3,953 44
3,686 46
3,287 3.6
3,812 47
56,914 62.7
51,431 63.6
10,320 11.4
7,962 9.8
11,700 13.0
10,727 132
4,498 5.0
3,252 4.0

90,742 100.0 Mean of Group
80,870 120.0

<

N —o o

8-11

12-14

O—~0r~uLwooo

00 13O

15 or more

i
o

Subtotal

=™ Z'-riZ-nZ'-nZ'ﬂZ-nZ-n

NN
O

‘@  Source: MRI (1995) zs reported in ECA (1997),
(b)  No upper-bound given for those in application frequency group “15 or more.” Mid-point of range
arbitrarily set a* 16. .

Residue Fractibn' (Res;)

The residue fraction of AP/Ds is the amount of material depcsited onto the skin ifai s
available for absorption. ECA (1997) assumed that 100% of the deposited D4 present in the
AP/D was available for absorption; however, results of human skin studies indicate that this
assumption will result in an overe stimation of the D4 available for absorption. The University of
Rochester conducted studies that evaluated the percutaneous absorption of D4 foliowing the
appiication of AP/Ds (Zareba et al. 1996a.b; 1997). These studies used the human skin/nude
mouse model in which hurnan fetal skin is grafted onto nude female 3ALB/C nu-nu mice. After
the graft healed, the chemical ot interest was applied at a level of 15.7 mg/cm? and the
percutaneous ahsorption across human skin evaluated. Over a 24-kour perind, approximately
76% cf the applied D4 evaporated from the application site. ECA {(1997) reported that results
from other studies indicated residue fractions ranged from 25% to greater than 70%. T owever,
for nhei.r €xposure assessment, ECA (1997) assuined that 100% of the deposited amount remained

as a residue, 1€ | a residue fraction of 1.0
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Dermal Absorption Fraction “)

The dermal absorption fraction (A) is the amount of D4 applied to the skin that is
absorbed. In the University of Rochester studies (Zareba et al. 1996a,b;1997;1998) the dermal
absorpiioq of D4 following application of a typical roll-on AP formulation was examined in the
human skin/nude mouse model. The roll-on formulation contained approximately 60% D4, with
the remainder consisting of D5, D6, dimetkicone 50 ¢s, and aluminum zirconium
tetrachlorohydrex-gly. In an initial study, D4 dermal absorption was estimated to be
approximately 3.5%, which is the value used to estimate intake by the dermal route in the
€xposure assessment conducted by ECA (1997). However, in a more recent study at the
University of Rochester, the mean dermal absorption of D4 measured was approximately 1.09%
(Zareba 1998). This is in agreement with other dermal absorption values obtained in ir vitro
studies using human skin, in which dermal absorption values of 0.5% (DCC 1998b) to 1% (Food

Fraction Applied That isD4(D4,) .
: The fraction of the AP/D applied that is D4 consists of two factors, the fraction of the
formulation that consists of cyclic siloxanes combined with the fraction of cyclic siloxanes that

consiste of D4, Sclid AP; are estimated to contain 40-60% cyclosiloxanes (i.¢., a blend of D4,
DS, and D6}, with the a -or base case of 50% assumed by ECA (1997). It was then
assumed that DC 345 Fluid containing 6% D4, the typical choice for this product, was used to
make the AP, Therefore, ECA (1997) assumed the percent of AP/D applied that is D4 for solid
AP/Ds to be 3%.

For roll-on APs, whose formulation is approximately 60% cyclosiloxanes (midpoint of
" 50-70%), the base fuid was assumed t0 be DC 344 Fluid. DC 344 Fluid consists of
approximately 90% D4, Therefore, for roll-on APs, ECA (1997) assumed the percent of AP/D
applied that was D4 to be 54%

The base fluid for aerosol AP/D was also assumed to be DC 344 Fluid. The percentage of
aerosol AP formulations that are cy<lusiloxanes ranged from 5% to 20%. ECA (1997) assumed a

midpoint of 12.5% for the amount of the formulation that consists of cyclics, and of that, 90%
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was assumed to be D4. Thus, ECA assumed (1997) that 11.25% of the aerosol AP/D applied

was D4

Body Weight (BW)

The body weights assumed by ECA (1997) for users of AP/Ds were based on data
contained in the second National Health and Nutntion Examination Survey (NHANES ). This
survey was conducted between 1976 and 1980 with 20,322 U S. residents, ranging in age from 6
month. to 74 years. For men, aged 19 to 75, body weights for the Sth and 95th percentiles were
57.7 and 101.7 kg, respectively. The median or 50th percentile body weight was 75.9 kg. For
females, the Sth, 50th, and 95th percentile values were 45.6, 57. 1, and 82.2 kg, respectively. For

this assessment, the median values were used for men and women of 759 and 571 kg,

respectively.

Estimation of Dermal ADIs
The summary of the parameters used in the estimation of dermal ADIs for AP/D

consumers is provided in Table 3.1-3. Using Equation 3-1 and the values reported in Table 3.1-3,
dermal ADIs were calculated for consumers using each type of AP/D (colid, roli-on, aerosol) and
are summarized in Table 3.1-4. The use of roli-on AP/Ds resulted in the highest estimated ADIs
of approximateiy G.064 and 0.057 mg/kg/day for men and women, respectively, followed by
aercsols, which were estimated to have ADIs of approximately 0.022 and 0.023 mg/kg/day for
men and women, respectively. Solid AP/Ds were estimated to have the lowest dermal ADIs,
with0.0038 and 0.0026 mg/kg/day for men and women, respectively. [Note: These estimates vary
from those reported by ECA (1997) because of the use of a more recen dermal absorption valye.
ECA used a dermal absorption percentage of 3.6%, while this assessment used the more recent
value of 0.75%. ]
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Summary of Dermal Exposure Parameters — AP/D Coasumers

Parameter

Men

Women

AR

-Solid
Roll-on
Aerosol

1.22 g/application
1.22 g/application
1.99 g/application

0.65 g/application
0.79 g/application
1.54 g/application

AF

6.9 applications/week

7.1 applications/week

Dep,

100%

100%

Res,

100%

100%

A

0.75%

0.75%

D4,
Salid

3%

4%
11.25%

3%
54%
11.25%

75.9 kg

57.1kg

AP/D Type

Table 3.1-4

Estimated ADI for D4 from Dermal F re to AP/Ds
ﬁ__ﬁi‘Lﬁ
ADI (mg/kg/day)

women

Solid
Roll-on
Aecrosol

0.0026
0.0568
0.0231

3.1.1.2 Inbalation Exposures to D4 from Use of AP/Ds

'l‘hroughnomnlnseofpmduastlmcontainm, consumers may be exposed to D4 via
inhalaticn. However, compared ta exposure via desmal contact, inhalation exposures would be
expected to be relutively small in magnitude and of limited duration because they will occur
primarily when the AP/D is first applied. Once the consumer is dressed, volatilization rates will be
lowered, because the AP/D container will be closed and AP/D-coated skin surfaces will be
covered with clothing. ADIs of D4 from inhalation exposures to the different types of APs were

calculated using the following equation:




AC x MW/24.5) x ED x AF x INH x A
ADI (mg/kg/day) = ( ) f
BW x Dw

AC = air concentration {ppm)

MW = moiecular weight of D4 (296 g)

ED *  exposure duration (hours/application)
AF = application frequency (applications/week)
INH = inhalation rate (m’hr)

A, = absorption fraction (unitless)

BwW body weight (kg)

DW = adjustment to daily intake (7 days/week)

As discussed for dermal €xposures, even though the same tasic equation is used to
calculate exposure to D4 via inhalation, different €xposure parameters must be used for the

different types of AP/Ds. A discussion of each of the parameters is provided below.

 Air Concentration (AQ)
i The air concentrations used for the estimation of the ADI from inhalation exposure were
 the estimated air concentrations in the room where the AP/D was apclied These concentrations

were applied by two male participants in a 30 m’ room in which the air changes per ho

essentially reduced to zero. The products were applied at two levels, a typical application amount
and a relatively heavy application. For the first 6 minutes ar__, application of sach product, the
subjects did not put on shirts and moved their arms in a manner to simuiate the combing of hair
and brushing of teeth. The subjects then put on undershirts and remained in the test rocm for

20 minutes. Twenty-minute, time-weighted average cyclosiloxane concentrations for each of the
application amounts were measured. Following the application of 1.4, 1.0, and 4.3 3z of solid,
roll-on, or aerosol AP/Ds, respectively, the highest 20-minute, time-weighied average measured
was fog roll-on AP/Ds (1.90 ppm), followed by aerosol (1 20 ppm) and solid (0 38 ppm) AP/Ds.

An average concentration for high rates of application across all AP/D forms was 1 16 ppm total

X
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cyciics, and the corresponding average for low rates was 0.40 ppm total cyclics (Table 3. 1-5).
Based on these data and the assumed application rate and D4 content of cach of the products,
ECA (1997) estimated base case breathing zone concentrations of D4 i be 0.05, 1.15, and 0.75
ppm for solid, roll-on, and aerosol, respectively.

Table 3.1-5

Breathing Zone Concentration of Cyclosiloxanes During AP/D Use

Amount Applied 20-Minute TWA Cyclics (a)
Product Form (grams) Concentration (ppm)

|3 0.38
0. 0.16

Solid

Roll-on . . 1.90
) 0.55

Aerosol . 1.20
) Q.50

Average (high application amount) 1.16 ppm
Average (low application amount) 0.40 ppm
Cvenall Average

* (a) Includes D4, DS, and D6,

wmuwmuwrmmmmmdm«
bathroom. ECA (1997) relied upon information provided by USEPA (1989) on the average time
’ thatmenmdwommspendwaslﬁngordrwﬁngperweekasmhﬂicaﬁonofthe length of time a
consumer may.spend exposed to D4 in air (i, the time when air cancentrations o D4 would be
expected to be the highest over the course of the day). USEPA ( 1989) reported that, on average,
men and women spend approximately 4.33 and 5 43 hours/week (0.62 and 0.78 hours/day),
respectively, washing or dressing. ECA (1997) indicated that the use of these averages as an
estimate of time a consumer would spend in the room (bathroom or dressing room) witk the
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highesi D4 concentration ar: Overestimation, because it includes time spent in the bath or shower

prior to the application of an AP/D

Application Frequency (AF)
The mean AP/D application frequency was 2ssumed to be 7.1 and 6.9 times/week for
womer and men, respectively, as discussed previously in Secticr: 3.1.1. on dermal exposure of

consumers to AP/Ds.

Inhalation Rate VINH)
Estimates of inhalation rates for men and women were ootained by ECA (1997) from

USEPA (1989), which prcvides estimates of inhalation rates for bath men and women dunng
resting and during light, moderate, and beavy activities (Table 3.1-6) Iahalation rates for the
average adult were reported to range from 0.5 m¥hour during resting periods to 3.9 m’/hour

 during heavy activity. For the consumgr, inhalation rates corresponding with light activiry,
C.8 m’/hour for men and 0.5 m*hour for women, were assumed by ECA (1997).

. Tabie 3.1-6
Summary ¢f Humzn Inhalation Rates for Men and Women by Activity Level (m*hour)

Resting 12) Light &) Fioderaie (cj Heavy (@)

Men 0.7 0.8 2.5¢) 48
Women 0.3 05 1.6 () 26
Average adult c.5 0.6 21 3.9

(@)  Includes watching television, reading, and sleeping.

®) hdudesrmadmmdcmr&anmdmgmMDewSmdcam,hobbiw,aanducﬁnngmr
indoor repairs and home improvements.

{c) Includes heavy indoor cleanup, performance of major indoor repairs and alterations, and climbing
stairs.

(d)  Inciudes vigorous physical exercise and climbing stairs carrying a loac.

(e) Denved by takirg the mean of the man and woman vaiues for each activity level.

Absorption Fraction (4,)

ECA (1997) estimated an absorption fracticn (A, ) for inhalation of D4 based on inhalation

rates and the tollowing equation.
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0.74

Ags — 228
1 +7.483 IR

(3-3)
where IR is the relevant inhalation rate in m*hour for men or women. Using inhalation rates of

0.8 m’hour for men and 0.5 m*/hour for women, absorption percents of 10.59% and 15.61% for
men and women, respectively, were estimated. This method for estimating A, is currently under

investigation.

Body Weight (BW)
As discussed previously, median body weight values of 75.9 kg for adult men and S7.1kg
for adult women were used by ECA (1997) in this assessment. -

Estimation of Inkalation ADIs

o A summary of the parameters used in the estimation of inhalation ADIs for consumers

usmg AP/Ds containing D4 is provided in Table 3. 1-7. Using Fquation 3-2 and the parameters in
Table 3.1-7, inhalaiion ADIs were calculated for consumers using each type of AP/D (solid, roll-
on, aerosol) and are summarized in Table 3.1-8. The inhalation ADIs resulting from the use of
roll-on type AP/Ds were 0.0095 (men) and 0.0151 (women) mg/ke/day, followed by the ADI gnr
acrosois of 0.0062 (men) and 0.0098 (women) mg’kg/day, with the lowest inhalation ADIs of
0.0004 (men) and 0.0007 (women) mg/kg/day estimated for consumers who use solid type
AP/Ds.
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P. -ameter

"
1

vien

Women

AC
Solid
Roil-on
Aerosol

0.U5 ppm
1.15 ppm
0.75 ppm

0.05 ppm
I.15 ppm
0.75 ppm

ED

0.62 hours

0.78 hours

AF

6.9 applications/week

7.1 applications/week

INH

0.8 m*/hour

0.5 m*/hour

A

10.5%

15.61%

BW

759kg

57.1kg

Table 3.1-8 -

Calcuiated ADIs from Inhalation Exposure to AP/D Users

AP/D Type

ADI (mg/kg/day)

Men

Women

Solid
Roll-on
Aerosol

0.0004
G.0095
0.c062

0.0007
0.0151
0.0098

-3 Estimates of Total ADIs frem Dermal and Inbalation Exposures
Through the normal use of an AP/D pr

2duct containing D4, the potential exists for an

individual to be exposed through dermzl contact and inhalation, with intake from these routes of
exposure being additive. The total ADIs from dermal and inhalation expc sure combined from use

of the different types of AP/Ds ranged from 0.0042 t0 0.0737 mg/kg/day for
0.0032 to 0.0719 mg/kg/day for women
the highest total ADIs of 0.0737

men anc from
(Table 3.1-9). The use of roll-on type AP/Ds resulted in

and ¢.0719 mg/kg/day ior men and wormen, respectively.
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Table 3.1-9
Calculated Total ADIs from Inhalation and Dermal Exposure to AP/Ds

Total ADI (mg/kg/day)

Men Women

AP/D Type

Solid 0.0042 0.0033
Roll-on 0.0737 0.0719
Aerosol 0.0280 0.0329

3.1.2  Exposures to Consumers Via the Use of HC/SC Products

As stated previously, not all HC/SC products are formulated with cyclosiloxarnss, but for
this assessment it was assumed that cyclosiloxanes are used in all HC/SC produ:ts. Exposure t¢
specific types of HC products (e.g., shampoo, conditibners, hair spray, cuticle coat, brilliantic -
pomade, and spray shine) and: specific types of SC products (e.g., mascara, moistuciccr o1 e
foundation,. hand/bady lotion, sunscreen, under eye cover, after shave Ictions and ceirgis, g
. lipstick) was evaluated by ECA (1997). As with AP/Ds, exposures were estimaied for the dermal

* and inhalation pathways and the ingestion pathway (lipstick only).

3.1.2.1 Dermal Exposures to D4 from the Use of HC/SC Products

The same equation used to estimate & dermal ADI for AP/Ds was used to estimate a
dermal ADI for HC/SC products (Equation 3-1). For the different types of HC/SC products,
different exposure parameters were used. A discussion of ilicse parameters is provided below.

Application Rate (AR)
ECA (1997) used several sourcss of inform.ation in the estimation of application rates

(g/application) of HC/SC products (Table 3.1-10), including the results of a study conducted by
the Cosmetic, Toiletry, and Fragrance Association (CTFA 1983) that. examined the safety of D&C
Red No. 9, and a study of the usual application practices of several personal care products in
Europe conducted by the European, Cosmetic, Toiletry, and Perfumery Association (COLIPA
1981). Studies conducted by firms included in the Technical Steering Committee, who provided
oversight for the exposure assessment conducted by ECA, were also considered. No gender-

specific application rate estimates were available. If women and men both used an HC/SC
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product, the application rate was an aggregate of the application rate for each. Because men

typically have a greater skin surface area than women, the use of these application rates may
underestimate the average application rates for men. However, the assumption that all HC/SC
products contain cyclosiloxanes would likely result in an overestimation of exposuie. Application
rates ranged from a few hundredths of 2 g/applica:ion to greater than |1 g/application (Table

3.1-10).

Application Frequency (AF)
In estimating the number of applications of HC/SC products per week, ECA (1997) relied

primarily on informatios from a Mediamark Research Product Summary Report (MRI 1996).
The results of this survey were judged by ECA (1997) to be the most suitable for an exposure
assessment because.the daia were the most recent of the available data (ie, CTFA 1983;
COLIPA 1981) and provided separate estimates of application wequency for men and women for
most HC/SC products. The application frequen:ies were based on estimates x0r people who use
-the produci. The estimates of AF are summarized in Table 3.i-11. The application frequencies
are given in terms of number of applications per week and consider seasonal usage, such as with

sunscreens.




Table 3.1-10
Application Rate Estimates for HC/SC Products

1999-10000-46358
INTERNAL

Products

Estimated
Application Rate

(8/use)

Hair Q. are:

Spray shine; finishing spritz; finishing spray; styling spritz; styling spray;
curl revitalizer; conditioning spray; protective spray

5.6

Cuticle coat; brilliantine; pomade; curl activator; setting lotion

4.7

Shampoo

Rinse-off conditioner; leave-in conditioner

Antiwrinkle, antiagi lotions/creams; alpha-hydroxy acid products; beauty
lotions; bleachi lightemng lotions/creams; moisturizing
lotions/creams; hormone lotions/creams; night lotions/creams

" Eye lotions/creams; concealer; undereye cover

Foundation makeup

Suntan/sunscreen cream/lotion: - -

Hand/body lotions

Nail polish driers
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Deposition Fraction (Dep,)

For many of the HC/SC products, the deposition fraction {Depy ) or the fraction of
product that is potentially available for absorption was assiimed to be ! (100%). However, for
some of the products, especiaiiy leave-in HC products, only a small fraction of the product is
deposited on the scalp. Therefore, for these types of HC products, specificaily ieave-in
conditioner, hair spray, cuticle coat, brilliantine, promade, and spray shine, a deposition fraction of
0.05 (5%) was assumed by ECA (1997). This value was estimated by the Technical Steering
Committee for the exposure assessment and was based on the ratic of the surface area of the scalp

to that of hair, assuming the average length of one hair is 10 cm, the average diameter is 70

microns, and the average totai area of the 100,000 hairs on the scalp is approximately 21,991 cm?.
The use of the ratio of the surface area of the scalp to that of hair as an estimation of the

deposition fraction assumes that the distributicn of the HC product between the hair and the scaip

is directly refated to the relative surface areas.

For the remzining HC/SC products, a Dep; of 1 (100%) was assumed, with the exception
of nail products. ECA (1997) based its assumpticn of the Dep; on the results of an analysis of
D&C Red No. 9 conducted by CTFA (1983). In this analysis, CTFA (1983) made the assamption
that a maximum of 1% of material intended for application to the naiis will contact the skin or

cuticle and be available for absorption. Therefore, ECA (1997) assumed a Dep, of 0.01 (1%) for

nail care products.

Residue Fraction {Res;)

Residue fractions were assumed to be 1 (106%) for all HC/SC products, with the
exception of shampoo and rinse-off conditioner. ECA (1697) assumed a 1% residue for these
two HC products. This Res, is based on interviews with persornel from the HC industry, who
indicated that the product residue remainirg after the application of rinse-off products is typicaliy
small, ranging from 0.5% to 1.5%. Results of studies with antj-dandruff and antimicrobia! agents
were also discussed as providing conservative estimates of the Res;. Resulis frem residue studies

with zinc pyrithione, an anti-dandruff component, indicated that when, in varying dilutions, it was
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MRI Category

Products Included

Consumer
Gender

Average
Frequency
(times/week)

Shampoos

multifunctional shampoos

Men
Women

5.77
s.n

Conditioners

rinse-off/leave-on conditioners, rinses

Men
Women

4.57
4.46

Hair sprays

styling sprays/spritzes, finishing
sprays/ spritzes, protective sprays,
conditioning sprays, curl revitalizers,
spray shines (does not include hair
treatment serums)

Men
Women

5.07
5.66

Hand/Body lotions

hand/body lotions

After-shave lotions and

colognes

after-shave lations (gels)

Hair tonics, dressings,
styling gels, and lotions

curl activators, brilliantines, pomades,

hair treatment serums, cuticle coats, .

setting lotions

- Foundation

foundation make-up,
concealers/undereye covers

Mascara

mascaras

Naii care products and
polish

nai! polish driers

Suntan/Sunscreen

suntan or sunscreen lotion/cream

- | Lipstick -

lipsticks

Facial moisturizers

alphs-hydroxy acid lotions/creams;
anti-wnnkie/antiaging; beauty
lotions/creams; eye lotions;
bleaching/lightening lot:on-/creams;
moisturizing lotions/cres:.s; hormone
lotions/creams; night :utions/creams
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l2ft on the scaip for 1 10 32 minutes, residual deposits were approximately 0.01 (i%) of the

amount applied ("ed Reg. 1982, 1978) Ina separate study evaluating dermal absorption for

tniclosan, an antimicrobial agent, from bar soap, USEPA used a value of 0.01 (1%) for residue

fractiog, Based on this information, ECA (1997) assumed a residue fraction of 0.0} (1%) for

cyclosiloxanes contained in shampoo and dnse-off conditioner.

Dermal Absorption Fraction (4)

For HC/SC formulations, ECA ( 1997) assumed the same dermal absorption fraction (A)
as that for AP/D forn:ulations, based on studies conducted by the University of Rochester (Zareba
et ai. 1996a,b; 1997; 1998). Dermal absorption, as measured in the in vitro human skin/nude
mouse model was approximately: 1.09%. This is in agreement with other dermal abscrption
studies conducted using human skin in i vitro experiments. Dermal absorpti~a ranged from
0.5% (DCC 1998t) to 1% (Food and Drug Administration 1997). The midpoint of this range,

.75%, was used ir this preliminary risk assessment.

Frection of Product Applied Thai is D« 4,)

As with AP/Ds. the fraction of the HC/SC applied that is D4 consists of two factors: the
fraction of the formulation thart consists of cyclosiloxanes combined with the fraction of
cyclosiloxanes thai consists of D4. Information was available on the percentage cf
cyclosiloxanes in various HC/SC products (Table 3.1-12). The percentage of cyclosiloxanes
‘(base case) ranged from 2% (hair rinse) to 60% (hair cuticle coat). This informarion was
provided to ECA (1997) by industry experts and reviewed for accuracy by the members of the
Technical Steering Committee. The mzjerity of the producis have cyclosiloxane concentrations
that are less than *hosc in AP/D formulations. The wide range of values for various products
reflects the !ack of standardization of the formulation of HC/SC products, compared to AP/Ds.
For some of the products, reasonabie basc case 2stimates were available that were applicable to
the majority of the products. Where this information was lacking, the midpoint of the range was
used as the tase case estimate.

In determining the fraction of the cyclostloxane that is D4, for most HC/SC preducts, the

cvclosifoxane used for a particular product was not standard as is the case with AP/Ds.
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Therefore, two ADI calculations were conducted by: 1) assuming the base flvid was high in D4
(DC 344 Fluid or equivalent) and 2) assuming a base fluid high in D5 and low in D4 (DC 345
Fluid or equivalent). DC 344 base fluid contains approximately 90% D4, while DC 345 base fluid
contains approximately 6% D4. Thns fraction of D4 in the formulation chmbined with ¢': ¢ fraction
of the formulation that consists of cyclosiloxanes resulted in the D4, used for each HC/SC product

in this assessment (Table 3.1- ~12).

Body Weight (BW)
As discussed previcusly, median tody weight values of 75.9 kg for men and 57.1 kg for
women were used by ECA (1997) for this assessment.

Estimation of Dermal ADIs
Table 3.1-13 presents a summary of the parameter values used to estimate ADIs by the
~ dermal route for HC/SC products. Table 3.1-14 contains the ADIs estimated for dermal exposure
to HC/SC products, with the exception of the ADI for lipstick, which also contains the
contribution from ingestion of lipstick. The ADIs estimated from dermal exposure to. HC/SC.
products containing base fluid DC 344 ranged from 0.0001 mg/kg/day (sunscreen) to 0.009
mg/kg/day (spray shine) for men and from 0.00004 mg/kg/day (nail care) to 0.0304 mg/kg/day
{(and/dody iotion) for women. HC/SC products containing base fluid DC 345 had ADIs ranging
from 0.00001 to 0.0043 mg/kg/day (women) The contribution of ingestion of lipstick to the
"“he ADISs ectimated based
~on:exposure to HC prodi:is (base Buid DCC 344) indicated that expesures for men were similar
" as those for women, with those for women always greater. Therefore, additional ADIs were not
estimated for men for HC products with DC 345 as the base fluid, and ADI< were only estimated
for a limited number of SC products. The resulis.indicate that dermal ADIs from exposure to D4
from HC/SC (Tabie 3.1-14) are much less than the dermal ADIs estima:ed from exposuce to D4
in AP/Ds (Table 3.1-4). The highest ADIs overall for HC/SC products were estimated for
women from the use of hand/body lotion (0.0304 mg/kg/day), and for men from the use of spray

shine (0.009 mg/kg/day).
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Table 3.1-12
Cyclosiloxane Content of HC/SC Products

Percent Cyclosiloxane Percent D4,

B
Products Included th‘:is;t g?;s;:l

Rarge Base Case ;
DC 344 DC 343
(a) )

Hair Care:
Spray shine 20t0 70

Finishing spritz; finishing spray; styling spritz; |Oto I3
styling spray; curl revitalizer; condiiioning
spray, protective spray; curl activator; setting
lotion; multifunctional shampoo; wash-ofi’
conditioner; leave-in conditioner

Cu:icle coat 40 to 80

Brilliantine 25to 30
Promade 3t035
Rinse Oto3

Skin Cars:

Antiwrinkie, antiaging lotions/creams/ afpha- Oto 30
hydroxy acid products; beauty lotiors;
bleaching, lightening
!otions/cmms/mismﬁzing lotions/creams;
hormone loticns/creams; night

Concealer/undereye cover; lipsticks

Mascara

Foundation

Hand/body lotion

Suntan/sunscreen cream/loiion
Nail polish driers; after-shave (gel)

(@) Assumes that 90% of cyclosiloxane is D4.
{b) Assumes that 6% of cyclosiloxane 1s D4.
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Table 3.1-13
Summary of Exposure Parameters Used to Estimate ADIs from Dermzl Exposure to HC/SC
Products
ADIs
HC/SC T AF (times/week) D4 BW
e | AR Dep [Res | A | Tota) | Fraction
o o
(8/use) Men | Women ) | (%) | %) | (%) ;)4(; :‘(5: Men | Women
HC Products
Shampoo 11.7 577 511 100 |1 075 ]2 1.8 1012|759 |s71
Rinse-out 11.2 457 | 446 100 |1 075 12 18 1042759 |57
conditioner
Leave-in 11.2 457 |446 5 100 1075 | 2 18 10121759 |57
conditioner |
Hair spray 56 507 |[5.66 5 100 10.75 | 2 18 Jo12]759 |s571
“§ Cuticle coat 4.7 422 |4 5 100 0.75 | 60 54 136 [759 [571
Brilliantine | 4.7 422 |4 5 100 1075 | 28 252 117 |759 |s71
- § Pomade 4.7 422 |4 -5 100 10.75 | 19 171 1141759 |s571
Spray Shine 56 5.07 |5.66 5 100 10.75 | 50 45 |3 759 571

SC Products
Mascara 0.11 NA 5.44 100 [ 100 {0.75 | 15 135109 | 759 57.1
Moisturizer 0.58 NA 6.6 106 1100 {0.75 | 15 135109 | 759 57.1

Nail care 025 INa laos 1 J100 075 {40 |36 [24 [759 |s71
| 027 |[NA |ss7 100 {100 fors |10 |9 Jo6 |750 |sv)
35 |so0s |64 100 | 100 J0.75 | s 72 [048 759 |57

6.1 021 (o021 100 } 100 075 | 10 9 06 |759 571
0.06 NA 3.57 190 [10c [0.75 | 25 225715 |759 57.1
0.022 |NA 8.27 190 1100 |0.75 | 25 25|15 17159 |s571
0.95 507 |NA 100 | 100 |0.75 | 40 36 124 [759 7.1

NA - N8t Applicable.
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Table 3.1-14
Calculated ADIs from Dermal Exposure to HC/SC Preuaucts - Consumers

[ ADI (mg/kg/day)
HC/SC Type Base Fluid DC 344 Base Fluid DC 345

- Men Women Men Women

Hair Care Products
Shampoo 0.00017 0.00020 NC 0.00001

Rinse-out conditioner 0.00013 0.00017 NC 0.00001
Leave-in conditioncr 0.00065 0.000%4 1C 0.00006
Hair spray 0.00036 0.00053 NC 0.,0004
Cuticle coat 0.00756 0.00952 NC 0.00064
Brilliantine 0.00353 0.00445 NC 0.00030
Pomade 6.00239 0.00302 0.00020
Spray shine 0.00502 0.01338 NC 0.00089

Skin Care Procucts
Mascara NC 0.00152 NC €.00010

Moisturizer NC 0.0097¢ NC 0.G0065
Nail care NC 0.00004 NC 0.00000
Foundation NC 0.60254 NC C.000i7
Hand/body lotion 0.60120 0.03040 NC 0.00426
Sunscreen 0.00011 000216 0 20030
Undereye cover NC 0.00141 NC 0.00020
Lipstick NC 001108 0.00077
After-shave gel 0.00163 NC NC NC

NC - Not Caleglated.

Table 3.1-15
Summary of inhalation Exposure Parameters - HC/SC Consumers

Parameter Women
0.338 ppm
0.78 hours

! application/day

0.5 m*four

1561%

571 kg
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3.1.2.2 Inhalation Exposures to D4 from the Use of HC Products
As with AP/Ds, through the normal use of HC/SC products that contain D4, consumers
may be exposed to D4 vapors via inhalation. Compared to exposure via dermal contact,
inhalation exposures would be expected to be relatively small in magnitude. Information was
available regarding possible air concentrations following use of HC products. No information was
available on the potential inhalation concentrations to which consumers may be exposed during
the use of SC products; however, inhalation exposure to D4 from SC products was assumed to be
comparable to that estimated for HC products. Inhalation ADIs were estii..ated for women
consumers only. ADIs of D4 from inhalation exposures to HC products were calculated using the

following equation:

‘ (AC x MW/24.5) x FD x AF x INH X A
ADI (mg/kg/day) = o 4

air concentration {ppm) ~
molecular weight of D4 (296 g)
exposure duration (hours/applipation)
appllcanon frequency (applications/day)

=
=
=
=
=
=

wu&ﬁmuedformnmwmandmndmberepmaﬁwofhﬂnhﬁm@ommto
-both HC and SC products. AdiswsdonofﬂlevalmusedbyECA(l”nforudlofthe
parameters involved in the estimation of the inhalation ADI is provided below.

Air Concentration (AC)

ECA (1997) relied on a study similar to the one conuucted with AP/Ds to determine the
air concentration of cyclosiloxanes following use of HC products. Six personal monitoring
samples were taken while consumers were using shampoos, conditioners, anu hair sprays

coniaiming cyclosiloxanes. Following ay-plicaticn of the HC products, users remained in the room
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where the products were applied for 17-40 minutes. Based on the monitoring information, a

time-weighted average concentration of 0.338 ppm was determined for D4.

Etpos:_c_re_Duration (ED)

As with AP/Ds, no information was available on the length of rime that a consumer would
spend in the environment that would coniain the fughest concentratious of cyclosiloxane following
apphication of HC products. ECA ¢ 1997) again relied upon informaticn provided by USEPA
(1989) on the average time that men and women spend washirg or dressing per week as an
estimate of D4 exposure duration. Women spend approximatcly 5.43 hours/week {0.78
hours/day) washing or dressing. This value is likely an overestimation of ED to cyclosticxanes
following use of HC products, beczuse it includes time spent in the bath or shower prior to the

use of an HC product (ECA 1997).

Application Freguency (AF)
ECA (1997) assumed an application frequency of cne per day for all HC/SC products.

. Inhalaticn Rate (INH)

I VL8.) PR of £ fo
caaex AOROWINE USC o1 1

products was the same as the inhalation rate assumed in the exposure assessmeit for AP/Ds. An
inhalation rate, corresponding with light activity. of 0.5 m*hour was assumed by ECA (1597),
based on information in USEPA (1989).

Absorption Fraction (4,)
As in the assessmeat of AP/Ds, ECA (1997 estimated an absorption fraction (A, ) for

 inhalation of D4 based on inhalation rates and Eguation 3-3, where IR is the relevant inhalation

rate in. m*/hour for women. [lsing the inhalation rate discussed previously, 0.5 m*hour for

womer, the percent absorption for was 15.61
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Body Weight (BW)

As discussed previously, a median body weight value of 571 kg was assumed for women
by ECA (1997) in this assessment.
Estimation of Inhalation ADIs

A summary of the parameters used in the estimation of inhalation ADIs for consumers
using HC/SC products containing D4 is provided in Table 3.]-15. Using Equation 3-4 and the
parameters in Table 3.1-15, inhalation ADIs were calculated for consumers using HC/SC
products. The inhalation ADI estimated for women using HC/SC products was 0.00437
mg/kg/day. This value is based on the actual use of several HC products simultanecusly and
cannot be attributed to any one: product individually. Therefere ADIs were not estlmated for the
combined routes; dermal and inhalation, for each HC/SC product separately. Rather an upper
bound can be assumed if all of this inhalation exposure resulted from the use of a single product

. with the highest estimated dermal exposure, i.e., hand/body lotion for women. Addition of the
-inhalation pathway for these products would increase the estimated ADI (for derma! pathway
“alone) by 15%.for. women. This was not considered a significant contribution to total exposure.

3.1.2.3 Oral Exposures to D4 from the Ingestion of Linstick

Dermal and inhalation exposures are the pathways of potential concern for most of the
HC/SC products. In the case of lipstick, ingestion is also a potential pathway of concern.
Because the application rate of lipstick is relatively small, it is unlikely that the ADI for this
»exposure pathway would be substantial; however, ECA (1997} derived an ADI for ingestion of
™" lipstick based on the he folowing equation:

AR X CF x D4, x AF X I. x A
ADI L f ! !
(mg/kg/day) W D

application rate (g/application)

conversion factor (1000 mg/g)

fraction of product ~pplied that is D4 (uUnitiess)
application frequency (applications/week)
ingested fraction (unitless)

LI (I | I

79




1999-10000-46353
INTERNAL

A, = absorption fraction (unitless)
BW - body weight (kg)
DW = adjustment to daily intake (7 days/week)

Many of the parameters ECA (1997) used in this €quation were discussed in previous secions.
The application rate assumed for lipstick was 0.022 &application (Table 3. 1-10), based on the
results of the CTFA (1983) survey. The application frequency (AF) of lipstick was assumeg to be
approximately 8.3 times/week based on the results of the MR] ( 199€) report (Tabie 3 -1 1). The
D4 fraction was assumed t~ be 22.5%, if the base fluid was DC 344, ECA (1997) conservatively
assumed the ingestion fraction of lipstick (I, ) to be 5.5 {50%), based on the results of the CTFA
(1983) analysis of D&C Red No. 9, with the absorption fraction assumed to be 0.12 {12%)
(Crofoot et al. 1997), based on_oral absorption of D4 in rats. These parameters resultec in an
estimated ADI from ingestion of lipstick of approximately 0.006 mg/kg/day. Under these
assumptions, ingestion of D4 from hipstick would increase the estimated intake by approximately

50%, from 0.0111 mg/kg/day for the oral route alone to 0.0176 mg/kg/day for both routes {Table

3.1-16). This is an overestimate because it was assumed that 100% of the lipstick applied was

available for dermat absorption and-50% was available for oral absorption.

Table 3.1-16
Summiary of Oral Exposure Parameters - Ingestion of D4 from Lipstick

Parameter Women
AR (g/use) 0.022
D4 225
AF (times/week) 8.27
I (%) 50

A (%) 12
BW (kg)

3.2 Occupational Exposures

Occupational exposures to D4 miay occur in individuais who work in D4 manufacturing

plants. in workers who work in plants where consumer products containing D4 are formulated,

80
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and in individuals who use D4-containing consumer prod. g their profession, such as

beauticians and barbers. Occupational exposures also may occur via the dermal and inhalation

routes.
3.2.1 Occupational Inhalation Exposure to D4

Inhalation exposures to D4 may occur in individuals in a plant that manufactures D4, in
individuals who work in plants that formulate products that contain D4, or in professionals who
use D4-containing products in their jobs. ECA (1997) estimated inhalation ADIs for six worker
categories: 1) workers involved in the formuiation of APs, 2) workers involved in the
manufacture of HC products, 3) workers involved in the manufacture of SC products, 4) workers
involved in silicone production facilities, 5) barbers, and 6) beauticians. The same basic equation
was used to.determine ADIs for the differeat occupations with varying assumptions based on
occupation. Intake due to inhalation exposure was cal&xlated using the following equation:

' (Amewm.sy-xEDxEwavxmxnep
ADI (mg/kg/day) = BW X DY

air concentration (ppm)

molecular weight of D4 (296 g)
exposure duration (hours/application)
exposure frequency (days/week)

work year (weeks/year)

inhalation rate (m*hi)

deposition fraction in the lung (unitless)
body weight (kg)

days/year (365)

A discussion of the values assumed by ECA (1997) for each of these parameters and the
Justification for the selection of these values is discussed below and the values used for each

BW
DY

worker arc summarized in Table 3.2-1.
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Air Concentrations (AC)

The estimated air concentrations to which workers could potentially be exposed vary
depending on the job category or job description of the worker For example, air concentrations
at : plant where D4 is manufactured would be expected to be different from D4 air concentrations
in a beauty or barber shop. Eight-hcur time-weighted average air concentrations were calculated
by ECA (1997) for AP, HC and SC workers using data collected from personal monitors from
workers in vanious areas of each plant.

For silicone workers, based on the basic types of operations performed in the manufacture
and processing of D4, ECA ( 1997} ideatified six basic job categories. These categories were
primary polymer operators, secondary polymer operators, compounding 2nd packaging operators,
miscelianeous finishing operators, packaging, shipping, loading and warehouse personnel and
auxiliary personnel. A total of 567 time-weighted average air concentrations were considered in
order to estimate the mean D4 air concentrations associated with each job caiegory. Arithmetic

_mcan time-weighted average D4 air concesirations ranged {rom 0.0375 ppm in the suxiliary work

areas to 0.3977 ppm in the primary polymer operauons areas. ECA (1997) calculated the mean

D4 air conceatration for all silicone workers to estimate ADis from inhalation.

For beauticians and barbers, personal 8-hour time-weighted avVerage air concentrations
were taken for six hair salon technicians. ECA {1997} used the arithmetic mean from these
ineasurements as estimates of D4 air concentrations to which barbers or beauticians may

potentially be exposed.

Exposure Duration (ED)

For AP/Ds, HC and SC workers, ECA (1997) assumed a standard 8-hour work day. Due
to the manner in which shifis are typically schedulcd for silicone workers, ECA (1997) assumed
an §.75-hour day. For beauticians and barbers, ECA (1997) assvumed a 6.32-hour work day based
on Ui.S. Bureau of Labor Statistics for barbers. However, this assumption overestimates
exposures for beauticians, who, according to U.S Bureay of Lahor Statistics, work an average of

28 hours/week or § 6 hours/day.
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Summary of Inhalation Exposure Parameters - Workers
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Parameter

Air
Concentration
(ppm) (a)

Daily
Exposure
{hours/day
)

Exposure
Frequency
(days/week)

Work Year
(weeks/year)

Inhalation
Rate
(i)

Antiperspirant

0.33
(0.15)

5

50

2.5 (M)
1.6 (W)

Skin Care

244
(1.76)

50

2.5 (M)
1.6 (W)

Hair Care

0.012
(0.007)

50

25 (M)
1.6 (W)

Silicone

| 0.1908

(0.0950) (v)

59

25 M)
L6(W)

Beauticians

0.085
(0.083)

5.6

50

25 (M)
1.6 (W)

.| Barbers

0.085

(0.083) .

16.5.

50

125M)

1.6 (W)

(2) Values are reported as aﬁthmeﬁcmn‘(geometﬁc’mn)

(b) Arithmetic and geometric mean concentrations from all  2es of silicone workers

Fm.n.e F..._i‘. PO (E"")

For all workers, ECA (1997) assumed a standard S-day work week.

Work Year (WY). -
" Forall workers, ECA (1997) assumed that workers would be off from woi for vacation,
sick leave, etc., for 2 weeks/year resulting in a 5C-week work year.

Inhalation Rate (IR)
ECA (1997) assumed USEPA (1989) inhalation rates for moderai.: activity.

Deposition Fraction (Dep,)

‘The deposition fraction was determined by using the following equation:
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0.74
(1 + 7.483x IR)

Dep, = (3-7

where IR is the inhalation rate. The calculated deposition fractions were ¢ 0375 and 0.057 for

men and women, respectively.

Body Weight (BW)
Body weights were based on data from the Nationai Hezith and Nutrition Survey
(NIIANES II). ECA (1997) assumed median body weights from NHANES I for men and

women.

Estimation of Inhalation ADIs for Workers

Using these inhalation exposure parameters, ADIs were calculated and are summarized in
Table 3.2-2. For men, the caiculated inhalation ADIs ranged from 0.0010 to 0.2004 mg/kg/day
‘with the highest ADI reported for SC workers. ADIs iz women ranged from 0.0013 in HC
workers to 0.2590 in SC workers.

Table 3.2-2
Calculated ADIs from Inhalation Exposure - Workers

ADI (mg/kg/day)

Men Women

Worker

Antiperspirant 0.0271 0.0351
Skin care 0.2004 0.2596
Hair care 0.0010 0.0013
Siliccne 0.0171 0.0221
Barbers/beauticians 0.0055 0.0071

3.2.2  Occupational Dermat Exposure to D4

Workers in a manufacturing or processing plant could be exposed to D4 via dermal

cortact, for example, i the event of a spill or leakage from a container. However, dermal

exposure in the workplace is expected to be small because of Good Manufactunng Practices
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(GMPs) in the workplace. In estimating exposures to workers, two scenarios were assumed: D
workers’ hands were covered with a material equivalent in composition to a formulated roll-on
AP (formulated with DC 344 fluid) during a spill event and workers wiped their hands off with a
towel or rag after the spill, or 2) workers’ entire forearm and hands were covered with neai DC
344 fluid (a highly unlikely event) during a spill event. Dermal ADISs were estimated for men and

women. ADIs were calculated for dermal exposure using the following equation:

EF x D4 XTxDxA X SA
ADI (mg/kg/day) = ( f
(mg/kg/day) BW x DY

'EF
D4,
T
D N
A
SA
BW
DY

frequenc; of spill events (events/year)
fraction of D4 in product that is spilled onto skin (unitless)
thickress of liquid product that covers the skin (cm)
density of liquid product (mg/cc)

.~ fraction of material on skin that is absorbed (unitless)
surface area of exposed skin (cm?)
body weight (kg)
days/year (365)

A discussion of the values assumed by ECA (1997) for each of these parameters and the
justification for ihe seiection of these values is discussed below.

o L I T

Frequency of Spill Evessts (EP

ECA (1997) assumed a frequency of one spill event per month or 12 events/year. This
assumption was made for illustrative purposes and is expected to be a conservative assumption.
Based on conversations with AP plant personnel and the members of the Te chnical Steering
Committee, spill events are infrequent. The assumption of one event per month was considered
reasonable by AP plant personnel and the Technical Steering Committee.

Fraction of D4 in Silicone Liquid (D4,)
As previously discussed in Section 3.1, 1.1, the formulation for roli-on APs is

approxamately 60% cyclosiloxanes, if the base fluid is DC 344 Fluid, with DC 344 Fluid
containing approximately 90% D4 Therefore, for roll-on APs (Scenaric 1), ECA ( 1967)
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assumed the fraction of D4 in the roll-on AP to which the worker is exposed was approximately
54%. For Scenario 2 (axposure to neat DCC 344 Fluid), the fraction of the silicone liquid that
was D4 was assumed to be 90%.

Thickness of Produc: that Covers the Skin (T

As an estimate of the thickness of the product that covers the skin, ECA (1997) relied on
parameters used in an analysis of dermal exposure resulting from spills of polychlorinated
biphenyls (PCBs) conducted by Versar, Inc. (1983, 1984). In that analysis, the average thickness
of five test solutions on the skin (mineral oil, cooking oil, bath oil, 50% bath oil/50% water, and
water) was reported. To determiine the thickness, the hands were immersed into the test solution,
followed by a partial wipe with a rag. The average thickness of the five test solations was 0.06i8
cm; therefore, ECA.(1997) assumed that a thickness of 0.0018 cm of product would adhere to the
skin.

Density of Preduct (D)
The density of D4 assumed by ECA (1997) is the typical value for cyclics of
approximately 950 mg/cm®.

Fraction of Product that is Absorbed ZP)

The dermal absorption fraction (A¢) is the amount of D4 remaining on the skin that is
absorbed. As with dermal exposure of consumers to roll-on APs, a mean dermal absorption
percentage of 0.75% of the applied amount was assumed for workers, as discussed praviously
(Section 3.1.1).

Surface Area of Exposed Skin (AY])

Direct deninal contact to D4 by workers is expected to be unlikely, because workers
engaged in activities that might result in spills or in cleanup activities typically wear gloves.
However, ECA (1997) evaluated denmnal €xposure using two scenarios, and assuming for each
scenario that the surface area of the exposed skin was different  For Scenario 1, ECA (1957)

assumed that the hands of the worker would be exposed, or a surface area of 840 cm? for men and

3
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746 cm’ for women, based on information provided in USEPA (1989). For Scenario 2, hands ard
arms of the workers were assumed to be exposed. This would assume a surface area of the skin
of 3120 cm’ for men-and 2846 cm? for women (USEPA 1989).
Body Weight (BW)
As discussed previously, median body weight values of 75.9 kg for men and 57.1 kg for
women were used by ECA (1997) in this assessinent, based on NHANES I1.

Estimation of Dermal ADIs for Workers
The values for these parameters and the assumptions used are provided in Table 3.2-3.

Based on these assumptions, ADIs for dermal exposures were calculated for workers and are
provided in Table 3.2-4. The ADI from dermal exposure for workers was estimated to be 0.0121
mg/kg/day (men) and 0.0142 mg/kg/day (women) for Scenario 1 and 0.0156 mg/kg/day (men)

- and 0.0189 rag/kg/day (women) for Scenario 2. '

3.3 . Exposures in the General Public
The general public, i.e., individuals who in the vicinity of a manufacturing plant, but do not
work in a plant or a facility where D4 is manufactured or used in product formulation, couid be
_ exposed to D4 via inhalation released to ambient air. Exposures in the general public foliowing
" inhalation were.estimated according to the following equation:

ACxEDxEFxWYxIRxDep
ADI (mg/kg/day) = DV d

air concentration (mg/m’)

exposure lengih (hours/day)

exposure frequency (days/week)

number of weeks exposed in a year (weeks/year)
inhalation rate (m*/hr)

deposition fraction (unitless)

body weight (kg)

365 days/year
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Table 3.2-3
Summary of Dermat Exposure Parameters - Workers

Scenario | Scenario 2

Parameter
Men Women Men Women

12

-

EF (events/year) 12 12

D4, (%) 54 54 90

T (cm)

D (mg/cm®)
A (%)

SA (cm?)
BW (kg)

Table 3.2-4
_Calculated ADI from Dermal Exposure — Workers

r Average Daily Dose (mg/kg/day)
Scenario : Men Women
1 0.0121 0.0i42

NnInA~

2 0.0185

A discussion of each of these parameters and justification is provided below and each parameter is
_ Summarized in Table 3.3-1.

Air Concentration (4C)
ECA (1997) used the data reported by Shields et al. (1996), where 210 17door and 210

outdoor air samples were collected from 70 facilities and analyzed for D4 content The arithmetic

mean of these data was used to estimaie the ADIL.
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Table 3.3-1
osure Parameters — General Public

24 hours/day
7 days/week
52 weeks/year

2.5 cm’fhour (M)
1.6 cm’hour(w)

0.0375 (M)
0.0570 (W)

75.9 kg (M)
57.1 kg (W)

 Exposure Duration (ED), E!rmmﬁ'equenq (EF) and Weeks per Year (WY)
ECA (1997) assumed that exposure was continuous, i.e., 24 hours/day, 7 days/week, 52

Inkalation Rate (IR)
ECA (1997) assumed USEPA (1997) inhalation rates with moderate activity.

Deposition Fraction Dep,)
The deposition fraction was the same as was calcuiated for workers (See Section 3.2. 1).

Body Weight (BW)
ECA (1997) assumed median body weights for men and women based on data from
NHANES 11.
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Estimates of ADIs for the General Public
Based on these assumptions, ADIs for inhalation €Xposures {or tihz general public v;ere
calculated and are brovided in Tabie 3.3-2. The ADIs for men and women were 0 0036 and

0.0046 mg/kg/day, respectively

Table 3.3-2
Calculated ADIs Frem Inhalation Exposure — General Public

ADi {mg/kg/day)

Men Women

0.003552 i 0.00459]

3.4 Exposure by Multip~ Routes

It is recognized that a person may use one or more of these products on a regular basis.
Therefore, 1 hypothetical receptor was evaluated to construct an upper bound case. It was

assumed that this recentor was a woman who worked in cither an antiparspirant or silicone

provided the highest estimated ADI among the three AP/Ds considered (see Tabdle 3 1-9). The
other HC/SC producis were also among those that provided the h; gher estimated ADIs of ihe
products evaluated (sce Table 3. 1-14). (Note that it was assumed that the HC/SC products were
formulated with Base Fluid DC 344.) The total ADT from the use of these products was G, i38 or
0.145 mg/kg/day (Table 3.4-1).

Table 3.4-1
Estimate of AD} {mg/kg/day) fer » Woman Who Used Multiple Products

Source ADI

tiperspirant worker or silicone worker | 0.035 or 0.022
Roli-on antiperspirant 0.719
Hand and body lotion 6.30
Lipstick 0.011
Moisturizer 0.009
Leave-in conditicner 0.00084
Shampoo 0.0002

0.158 or 0.145
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SILICONE ANTIFQ4 MS

ids, and as such are termed secondary direct food
to the general public from the manufacture or use of these
products in food Processing is considersd to be de minimis (DCC 1998a). Therefore, consumer

exposure through the ingestion of food preducts containing or processed with silicone antifoams
is considered in this €xposure assessment.
Antifoams fall into three general types: nonpolar oils, such as polydimethylsiloxane
(PDMS) fluid or mineral oil, hydrophobic sifica or hydrophobic
oils and hydrophobic silica: (DCC 1998a). Silicone antifoams

residual quantities of D4 and silica.
The oral ADIs from consumg:*ion of food products containing trace amounts of D4 were

additives. Exposure to workers or

polvmers, or mixtures of nonpolar
contain PDMS, which contains

CxD4 x(SI+LI)xP x A o
7 ADI(M) = BW =10
where

C = antifoam concentration (mg/kg)

D4, = fraction of product that is D4 (unitless)

SI = solid food intake per day (kg/day)

LI = liquid food intake per day (kg/day)

| = fraction of food processed with silicone antifoams (unitless)

A = absorption traction (unitiess)

BW = body weight (kg)

Concentration (C)

ready-for-

consumption-state” afler the use of silicone antifoams is specified by the Food and Drug

91
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PDMS is 19 ppm. Therefore, this was used as the default valye for all foods.

Fraction Applied That Is 14 (D4)

According to DCC (1998a), chemica! analyses of silicone antifoam. 4.9% of the product
was identified as D4.

Solid and Liquid Food Intake (SIand Li)

food contribution. Nonmeat foods included produce, breads, cereals, and other grain, while the
meat category-included beef: pork, poultry, and fish. Dairy products excluded milk, since
according to 21 CFR 173.340, no silicone antifoam levels are allowed in miik. Similarly, the

1997). Oral absorption of D4 administered in a PDMS vahicl. Was cstimaied 10 be 12.13%. The
absorption fraction used in this exposure assessment was 0.12.

- Fraction of Food Consumed Processed With Silicone Antifoams (P,)
It was assumed that 50% of the liquid (except water and milk) and solid food consumed
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Table 3.5-)
A Default Assumption for Age-Specific Food Consumption ’
Solid and Liquid Food Intake (kg)
|
Age (years) ‘ Nonmea! Meat I P:;::ZIS To;?;osd()“d Liquid Food
i <1 0.211 - 0.050 0.297 0.558
1-6 0.439 0.092 0.046 0.577
6-14 0.51j 0.15¢ 0.053 0720
14-18 0.511 0.252 0.053 0.816
18-45 0.508 0.250 0.052 0.810
45-75 0.515 0.250 0.053 0.820
Body Weight (BW)

Because age-specific food consumption rates were used, age-
weights were also used in this ascessment. The values used are taken

are given in Table 3.5-2.

Table 3.5-2
Default Assumntion for Aze aud Gi:ﬁder-Sgeciﬁc Body Weights
__Age (vears) Body Weight (kg) _
Men Women

<1 10.6 98

1-6 173 16

6-14 40 39

14-18 69.1 56.8

18 -45 75.9 63.9
45-75 78 673

Estimation of Oral ADJs

«nd gender-specific body
from USEPA (1v95) and

Using Equation 3-10 angd the parameter valyes described above and listed in Tables 3 5-1

and 3.5-2, ora! ADIs were calculated for consumers exposed to D4 from the consumption of food

93
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products processed with silicone antifoams (Table 3.5-3). The ADIs ranged from approximately

0.002 mg/kg/day for infants and children (less than 6 years old) to 0.0008 mg/kg/day for adults

(18 years and oldér).

Table 3.5-3
Estimates of ADIs (mg/kg/day) for Selected Populations:
Consumers Exposed to D4 in Food Products Processed with Silicone Antifoams

Age (years) Men Women

<] 0.001907 0.002063
1-6 0.001507 0.001630
6~-14 0.000823 0.000844
14-18 0.000594 : 0.600723
1845 0.000705 0.000841]
45-75 0.000603 0.000699
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4.0 DOSE-RESPONSE ASSESSMENT

The Dose-Response Assessment step in this preliminary risk assessmen; consisted of the

tollowing:

Selection of the critical study and critical end

points from that studv io ;- used in dose-
response modeling;

Conversion of the appiied dose (in ppm) to the appropniate dose -metr:.:
uszd to extranolate across species and routes of exposure and to prov
intake for each of the selected receptors,
and

t>1t can be

e stimates of
products/activities, and routcs of exposure,

»  Characterization --f the dose-response relationship for the selected endpuidis using the

benchmark modei to estimate both the maximum likelihood estimate of tie be .ckmark
dose (BMD) and the 95% lower bound on that dose (BMDL).

4.1.  Selection of the Critical Study

The female crossover study (DCC 8463) was selected as the critical study. In tuds stud /,
female Sprague-Dawley rats were exposed to 0, 70, 300, 500, or 700 ppm (mass/velume) D4 b,

whole body inhalation for 70 days prior to mating, with expaosure continuing unti! ; NI 20, exce o:;

for the interval between GD 20 and PND 4. The incidences of decreased 1. .2an live liter size,

decreased number of pups born, and decreased number of uterine implantation sites wrere selected
as the critical endpoints for dose-response modeling.

The two range-finding studies (DCC 8305 and 8306) and the phased-female study .DCC

8620) provided supporting evidence for the findings reported in the female crossover i (DCC

response modeling hecarsse of tue
concentrations tested (only 70 and 700 ppm ia DCC 8397 and onlv

700 ppm in DCC 8306;. The phased-fem:le study was intended to provide insights irto the phase
of the reproduct

8463). The range-finding studies were not selected for dose-
fewer number of exposurc

ive cycle in the Sprague-Dawley rats during which D4 or a metaboli¢

e of D4 may
be acting. In the phased-female study, only the Overail Phase exposed group: of

anirais to more
than one concentration of D4; however, the study was terminated prior to parturition.
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4.2 Conversion of Inhalation Concentration to Estimated Intake
The conversion of the PpPm concentrations of €Xposure to mg/kg/day was done using the

following tormula:

w /m? i in/da;
Mw,, mg/m ] X VE (Vmin) x Time (min/day)
24450 BW (kg)

Intake (ing/kg/day) = Conc (ppm) x (

weight was calculated over the period from the
. ‘beginning of exposure through the mating pesiod (28 to 70 days). An overall average for each
€Xposure group was then calculated from the average individual body weights.

43  Benchmark Dose-Response Modeling

As an altemative to the NOAEL, a benchmark calculation was nerformed for all eudpoints

BMR). A BMD is calculated by fitting a mathematical dose-response model tc dose-resporise
data A lower statistical confidence bound on the BMD, termed the BMDL, h-s heen progosed
as an alternative to the NOAEL in determining acceptable human intakes of xenobiotics (Crump
" 1984, 1995). The USEPA Science Advisory Board has endorsed the use of the beachnss
ipproach, arid the USEPA has recently used the benchrmark approach to caiculaic a mumber ¢/
RiDs.

Several potential advantages of the benchmark over the NOAEL have been identifisd
(Crump 1995):
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The benchmark makes better use of dose-response information Whereas the
determination of a NOAEL generaliy involves comearing responses at discreté doses
to responses in control subjects. the henchmark approach involves fitting a dose-
response mode; io all of the dose-response data

The benchmark reflects sample size more appropriately than a NOAEL Smaller
studies tend to result in smaller BMDLs, whereas the opposite is true for NOAEL:s

Although the NOAEL is constrained 1o be one of the expenimentai doses, this is not
the case witi, the benchmari_ Ore consequence of this is that the benchmark
approach is less likely to invo! e dificult and argumentative decisions that often
arise concerning whether a pariicular experimental group defines a NOAEL

A benchmark can be defined from a data set in which a NOAEL does not exist

The calculation of a NOAEL generally uses data that are categorized into distinct
dose groups. t1owever, in some studies, including most epidemiologicai studies,
categorization of subjects into dase £roups is an arbitrary process. Such
categorizations are not required in the benchmark approach.

td

number of live births), the counts were assumed to be normally distributed ang 2 power dose-
response model was appiied {Crump 1995; Crump and Van Landingham 1995). An abnormal
count was defined as one in the lower 5% of counts from unexposed litters (based upon the
assumed normal distribution), and the BMD was defined as the exposure that causes an additional
10% of litters tc have an abnormal count (increase from 5% to 15%). The BMDL was defined as
the 95% lower bound on the BMD. These definitions of the BMD and BMDL are in keeping
with USEPA’s use of a 10% increase in response to define a benchmark in several of its RfD

documents recentiy published on its [RIS database, and are

lower bounds, results in an average ratio of the NOAEL to the BMDL of about 2 (i e this
benchmark approach resulted in BMDLs that were lower - .., more health protective — on

average than NOAELs.)
Experimental NOAELSs and BMDL; calculated are presented in Table 4.3-]
Experimental NCAELs were 500 ppm for each endpoint evaluated. The BMDLs ranged from
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323 to 390 ppm, or. when expressed as an intake, from approximately 51 to 61 mg/kg/day. A

BMDL of 51 mg/kg/day was selected for use in the calculation of the MOEs.

. Table 4.3-1
Results of Benchmark Dose-Response Analysis
of Statistically Significant Endpoint : from Study DCC 8463

Experimental Benchmark Doses in mg/kg/day (ppm)
Endpoint NOAEL
(ppm) BMD BMDL

Total live births 500 83.2(529) 61.2 (390)
Total number born (Litter size) 82.5 (525) 60.2 (383)
Total implants 81.9 (521) 50.8 (323)
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5.0 RISK CHARACTERIZATION

The final step of the risk assessment process involves the synthesis of the toxicity and
exposuie information to arrive at qualitative and quantitative evaluations of any potential health
hazards. The potential for D4 under the defined exposure conditions to pose a reproductive
hezlth hazard will be evaluated by comparing the calculated BMDL with the estimated intake for
each receptor for each exposure pathway. A MOE will result from that comparison.

MOEs, which are the ratios of the LMDL to the estimated intake, were calculated for all
the selected receptors. The MOE:s for all of the worker popuiations, as well as the three

categories of AP/Ds evaluated, are presented in Tables 5.1-1 to 5.1-4. All MOEs were greater

than 100, and with few exceptions, were greater than 1000.

Table 5.1-1
Estimates of MOE for Selected Populations Exposed to D4:
Workers and the General Public

Population Women Men

Workers (a)
Antiperspirants 1457
Skin care products 196
Hair care products 39231
Silicone workers 2318
Beauticians/Barbers 7186

i
General Public (a) 11087

(a) Inhalation route of exposur: only.
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Table 5.1-2
Estimates of MOE for Consumers Exposed to D4
from the Use of Selected Perscnal Care Products

DCC 344 DCC 345

Population
Men Woinen Men Women

Consumers: Antiperspirants/Deodorants
(a) 12232 15464 NC NC

Solid 692 709 NC NC
Roll-on 1821 1551 NC NC

Aerosol

Consumers: Skin Care Products (b)
Mascara NC 508617

Moisturizer NC 79008
Nail care NC 24413595
Foundation NC 301402

Hand/body lotion- 42607 11979
Sunscreen 469492 168370

Undereye cover NC 256985
Lipstick NC 66522

After-shave gel 31259 NC

Consumers: Hair Care ™roducts (b)
Shampoo
Conditioner (rinse out) , 393768 4882719
Conditioner (leave in) 78500 . 904207
Hair spray 141119 1436094

Cuticle coat 6746 80308

297727 4068933

Snilmaiine 14454 171927
Pomade 21303 254308

Spray shine 5655 57175

NC - Not Calculated
(8) Deormal and inhalation routes of exposure.
®) Demial route of exposure only.

Table5.1-3 .
Estimate of MOE for a Woman Who Used Maultiple Products

Exposure Routes MOE

Antiperspirant or silicone manufacturing worker who 323 or 352
uses roll-on antiperspirant, hand and body lotion,
moisturizer, lipstick, conditioner, and shampoo
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Table 5.1-4
Estimares of MOE for Persons Exposed to D4
in Food Products Processed Using Silicone Antifoams

Age (vears) Men Women

<l 26738 24720
1-6 33823 31291
H-14 61942 60394
14-18 85853 70571
1845 72335 60612
45-75 84566 72966

A MOE of a specificd magnitude indicates that exposure at the corresponding estimated
iniake Ievel or below is not expected to result in adverse effects in populations so exposed. A
MOE of 100 is typically considered of sufficient magnitude when the basis of the BMDL is animal
data (USEPA 1994). A MCE of 100 indicates that thé estimated intake is 100 t:umes lower than
the BMDL, which is the equivalent of the NOAEL. If only the data from the reproductive
toxicity study used as the basis for the BMDL (DCC 8463) were considered and if it was assumed
that the assumptions and parameter values used in the preliminary exposure assessment were
correct, then a MOE of between 100 and 300 would be deemed acceptable. The components of
the MOE can be thought of as the typical factors of 10 for interspecies extrapolation (from
animals to humans) and a factor of 10 for intrahuman variability, resulting in a MOE of 100. It
couid be argued, since this is a preliminary risk assessment, that applying an additional modifying
factor of 3, because the two-generation study resuits are not yet available, would be prudent,
th:ereby resulting in a MOE of 3G0. As stated, at a MOE of 100, the estiraaied D4 intake for all
workers, consumer product users, and the general pubiic evaluated would be weil below levels

expected to be hes.h protective. For those receptors with a MOE greater thar 100 but less than

300, a closer look at the underlying assumptions used to develop those scenarios would be

warranted. Only workers in the category designated as SC workers fell into that category.
However, determination of the magnitude of the MOE considered adequate arid health-

protective should be based on a weight-of-evidence evaluation of all of the data and should
consider the uncertainties (and in some cases, variability) inherent in either the extrapolation to
the target population (e.g., consideration of species- or route-specific differences) or in the

estimate of intake levels (e.g., consideration of underlying assumptions and parameter values). In

X
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each step in the calculation of each MOE. conservative. healih-proteciive assumptions were made
Some of these assumptions were based on current practices in risk assessinent, while other -
assumptions were based on preliminary data, e.y., with regard to route-to-route extrapolation.
Refinement of these assumptions may lead to lower estimates of delivered dose to the target
species and, hence, larger estimated MOE:s for each scenario. The key considerations can be

summarized as follows.

S.1  Uncertainty Due to Route Extrapolation

A major source of uncertainty is the assumption of equivalent intake across routes of
exposure. The air concentrations used in the whole body inhalation exposure in Sprague-Dawley
rats in the reproductive toxicity study were converted to estimates of intake, expressed in
mg/kg/day in rats, which were subsequently used in the dose-response modeling io provide the
BMDL. As described in the ECA (1997) sxposure assessment, estimates of D4 intake, expressed
in mg/kg/day, were calculated for the dermal route of exposure for the selected scenarios. A
major assumption inherent in the calculation of MOEs is that once D4 crosses the initial biological
barrier, i.c., the-lung for inhalation exposure or the skin for. the dermal exposure route, then
delivery to the target tissue and hence the biologically relevant dose at the target tissue is
independent of initial route of exposure.

Recent pharmacokinetic studies and pharmacokinetic modeling have demonstrated that
such an assumption greatly overestimates the delivered dose of D4 by the dermal route compared
to the inhalation route of exposure (DCC 1998b). When absorbed through the lungs, D4 enters
the arterial systemic circulation where is it distributed throughout the body to potentially all organ
systems. When absorbed by the dermal route, D4 enters the venous circulztion, .vhich moves
directly to the heart and lungs, where the majority of D4 is then exhaled prior to being available
systemically. The delfivered dose to the target tissue is expected to be considerably less for an
equivalent intake (amount that crosses the initial biological barrier) by the dermal route than the
inhalation or oral routes of exposure. o

A series of studies were conducted and a physiologically based pharmacokinetic (°PBPK)
model was constructed to evaluate the magnitude of that difference (DCC 1998b). Dermal
absorption of D4 was measured in Sprague-Davey rats to which neat D4 was applied for 6 hours

102
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under an occluded dressing  The total amount absorbed and the amount excreted in expnred air,
urine, and teces were used to estimate the D4 bodv burden and to compare this body burden to
that achieved following a 6-hour inhalation exposure at 7060 ppm The PBPK model, developed
using thesz and other data. predicted that the area under the curve (AUC) of free D4 in blood for
the 6-hour, occluded dermal exposure would be 60-fold lower than the ALC for free D4
following a 6-hour inhalation exposure at 700 ppm_ Since absorption across human skin is
considerably less for the rat than human skin and human skin would not be occluded, the 60-fold
factor is likely to be an underestimate of the difference in delivered dose for different routes of

exposure. However, even at a 69-fold difference, MOEs based on the dermal route of exposure

as reported in Table 5.i-2 would be 60 times greater, in which case, all MOEs for consumer

products would be greater than 1000 and most greater than 10,00n.

3.2 Uncertainties Due to Strain and Species Specificity

One of the underlying assumptions in risk assessment is that animals and numans are
equally sensitive in terms of risk when the dose is measured in the same units for both species, i.e.,
the delivered dose io the target tissue. Two major considerat.. . are inherent in this assumption.
One assumption is similar in concept as discussed above for route-*:-route extrapolation and
presumes that for the same intake for the same route of exposure, ! e delivered dose to the target
tissue is equivalent in humans and the animal madel. Preliminary pharmacokinetic and metabolism
studies indicate that not only would the metabolism and hence availability of D4 at the target
tissue be cifferent for rats and humans, but that this availability may be strain-specific and there
may be differences between the Sprague-Dawley rat and the Fischer 344 rat. This suggests that
prior to any dose-response modeling, the dose-metric should be the human equivalent dose to the
target tissue rather than the estimated intake for the rat model. The MOEs may change in that
event; however, the magnitude of that change will be assessed following completion of
pharmacokinetic studies and PBPK modeling.

The second major consideration is the underlying assumption of species extrapolatidn in
that, even when expressed as a human equivalent target dose, the human is as sensitive as the
rodent and, therefore, ir the absence of dat= to the contrary, it presumes the same mode of action

in the human and the rodent. This currentl 51 major area of uncertainty.
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6.0 CONCLUSIONS

A series of reproductive studies provided consistent evidence that D4 caused decreases in

mean live litter size, numbers of puns born, and numbers of uterine implantation sites in Sprague-
Dawley rats. The Iowest BMDL resulting form Benchmark dose-response modeling v.as 51
mg/kg/day (323 ppm). Exposures to humans either in the workplace, through consumer
products, or in the general environment that result in estimates of intake at least 100- fold lower
than the BMDL, i.e., a MOE of 100 or greaier, are not expected to cause any adverse
reproductive effects in those populations. All MOEs calculated for the selected receptors were ail
greater than 100 and with few exceptions were greater than 1000. When the impact of
aSsumptions regarding dern.al absorption and route equivalence is considered, all MOEs for
consumer use products are greater than 1000 and for many products, greater than 10,000. MOEs
ofmmﬂngﬁwemamedwhmﬁsspedawhﬁmussdndeﬁvaed dose at
the target tissue rather than estimates of intake across the biological barrier. MOEs may be
further increased when the species- and strain-specific mudes of action can be considered.

. This risk assessment is considered preliminary and will be refined when the two-generation
reproductive toxicity study is completed. However, given the several major assumptions that
result in overestimates of intake a.d the assumptions with regard to route and species

___ e

extranolation, these MOEs ars mors Lkek: 15 increase than ic decrease. Conciusions with regard

A e r————

to the lack of potential foradvuserepm:umveeﬂ'ectsmpop\nahonsetposed, as desciibed in
dﬁsprdhrﬁmqﬁskmmmﬁkdytoranﬁnunchangdinmeﬁmlﬁskmmt
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