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Abstract

The Cosmetic Ingredient Review Expert Panel (Panel) reviewed the safety of fatty acid amidopropyl dimethylamines,
which function primarily as antistatic agents in cosmetic products. The relevant animal and human data reviewed for these
ingredients indicate that they are potential dermal sensitizers that may be due in part by the sensitizing impurity,
3,3-dimethylaminopropylamine. The Panel concluded that fatty acid amidopropyl dimethylamines were safe as cosmetic ingre-

dients when they are formulated to be nonsensitizing, which may be based on a quantitative risk assessment.
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Introduction

The fatty acid amidopropyl dimethylamines function primarily
as antistatic agents in cosmetic products. These chemicals are
sometimes referred to as “amidoamines.” The full list of ingre-
dients in this safety assessment is found in Table 1.

In December 2010, the Cosmetic Ingredient Review
(CIR) Expert Panel (Panel) issued a final amended safety
assessment on cocamidopropyl betaine (CAPB) and related
fatty acid amidopropyl betaines.' The Panel concluded that
these ingredients “were safe in cosmetics when they are
formulated to be non-sensitizing, which may be based on
a quantitative risk assessment.” The Panel was aware of
impurities that may exist in the amidopropyl betaines and
expressed concern over their sensitizing potential. Those
impurities were 3,3-dimethylaminopropylamine (DMAPA)
and the fatty acid amidopropyl dimethylamines presented
as ingredients in this report. A quantitative risk assessment
(QRA) of DMAPA at a concentration of 0.01% in raw
CAPB indicated no sensitization in finished cosmetic prod-
ucts; amidoamine at a concentration of 0.5% in raw CAPB
may cause sensitization in certain finished cosmetic prod-
ucts. The Panel advised industry to continue minimizing the
concentrations of the sensitizing impurities. The summaries
of the studies on DMAPA and amidoamine along with a
summary of the QRA on these 2 chemicals that the Panel
reviewed in the CAPB safety assessment have been incor-
porated into this safety assessment.

Toxicological data on stearamidopropyl dimethylamine
(synonym: N-[3-(dimethylamino)propyl] stearamide) in this

safety assessment were obtained from robust summaries of
data submitted to the European Chemical Agency (ECHA)
by companies as part of the REACH chemical registration
process. These data are available on the ECHA website.?

Chemistry

The definitions and CAS registry numbers, where available,
and structures of the fatty acid amidopropyl dimethylamines
ingredients are presented in Table 1. The available information
on the physical and chemical properties of these ingredients are
presented in Table 2.

The ingredients in this review each have the same core
structure of a fatty acid amide, N-substituted with 3 propyl-
N, N-dimethylamine. These ingredients are manufactured by
the amidation (ie, amide-forming condensation) of fatty acids
with DMAPA, most commonly under alkaline or acidic condi-
tions (Figure 1).>* The resultant ingredients have an identical
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Table I. Names, CAS Registry Numbers, and Definitions.'® (Wherein the ltalicized or Bracketed Text Has Been Added by CIR staff).

Ingredient & CAS No. Definition
Almondamidopropyl Almondamidopropyl dimethylamine is the amidoamine that conforms generally to the structure:
dimethylamine
I
o} /\/\ CH3
& e \H N o

CHj
wherein RC(O)- represents the fatty acids derived from almond oil. [This amidoamine results from the
reaction of DMAPA and the fatty acids derived from almond oil.]

Avocadamidopropyl Avocadamidopropyl dimethylamine is the amidoamine that conforms generally to the structure
dimethylamine ”

c CHs
R/ \N /\/\N/
" |
CHj
wherein RC(O)- represents the fatty acids derived from Persea gratissima (avocado) oil.

[This amidoamine results from the reaction of DMAPA and the fatty acids derived from Persea gratissima
(avocado) oil.]

Babassuamidopropyl Babassuamidopropyl dimethylamine is the amidoamine that conforms generally to the structure
dimethylamine ﬁ
Cag o P, O
& ~ \N i e
" |
CH;

wherein RC(O)- represents the fatty acids derived from Orbignya oleifera (babassu) oil.
[This amidoamine results from the reaction of DMAPA and the fatty acids derived from O oleifera (babassu)

oil.]
Behenamidopropyl Behenamidopropyl dimethylamine is the amidoamine that conforms generally to the structure
dimethylamine
60270-33-9
[872429-01 -1]

o]
I

Cc CH;3
Hjc/\/\/\/\/\/\\/\/\/\/\/ \N/\/\N/
i I

CH;
[This amidoamine results from the reaction of DMAPA and behenic acid.]

Brassicamidopropyl Brassicamidopropyl dimethylamine is the amidoamine that conforms generally to the structure
dimethylamine ”

C CHs
. G \N /\/\N e
" |
CH;3
wherein RC(O)- represents the fatty acids derived from Brassica campestris (rapeseed) seed oil.

[This amidoamine results from the reaction of DMAPA and the fatty acids derived from B campestris
(rapeseed) seed oil.]

(continued)
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Table I. (continued)

Ingredient & CAS No. Definition

Cocamidopropyl dimethylamine Cocamidopropyl dimethylamine is the amidoamine that conforms generally to the structure
68140-01-2 0

C CH
" |

CHs
wherein RC(O)- represents the fatty acids derived from coconut oil.

[This amidoamine results from the reaction of DMAPA and the fatty acids derived from coconut oil.]

Dilinoleamidopropyl Dilinoleamidopropyl Dimethylamine is the condensation product of dilinoleic acid and aminopropyl
dimethylamine dimethylamine.
[120174-68-7] ﬁ
C /\/\ CH3
R/ \N N/
" |
CHs;

[wherein RC(O)- represents the variety of 36-carbon dicarboxylic acid residues, formed by the catalytic
dimerization of linoleic acid.]

Isostearamidopropyl Isostearamidopropyl dimethylamine is the amidoamine that conforms generally to the structure
dimethylamine
67799-04-6
[3432-14-2]
I
HsC ST N L
\\N q /
" |
CH; CH,

This amidoamine results from the reaction of DMAPA and isostearic acid.

Lauramidopropyl dimethylamine Lauramidopropyl dimethylamine is the amidoamine that conforms generally to the structure
3179-80-4

[1002119-56-3]

[872428-97-2]

O—0

CH;
H3C/\/\/\/\/\/ \N/\/\N/
" |

CHs

[This amidoamine results from the reaction of DMAPA and lauric acid.]

Linoleamidopropyl Linoleamidopropyl dimethylamine is the amidoamine that conforms generally to the structure
dimethylamine
81613-56-1
I
— —— c CHs

CHs;
[This amidoamine results from the reaction of DMAPA and linoleic acid.]

(continued)



428 International Journal of Toxicology 38(Supplement I)

Table I. (continued)

Ingredient & CAS No. Definition

Minkamidopropyl Minkamidopropyl dimethylamine is the amidoamine that conforms generally to the structure
dimethylamine o

68953-11-7 |

C CH
" |

CH;
wherein RC(O)- represents the fatty acids derived from mink oil.

[This amidoamine results from the reaction of DMAPA and the fatty groups derived from mink oil.]

Myristamidopropyl Myristamidopropyl dimethylamine is the amidoamine that conforms generally to the structure
dimethylamine
45267-19-4
[872428-98-3]
ﬁ
C CHj
Ho C/\/\/\/\/\/\/ e N /\/\ " ~

CHjy
[This amidoamine results from the reaction of DMAPA and myristic acid.]

Oatamidopropyl dimethylamine Oatamidopropyl dimethylamine is the amidoamine that conforms generally to the structure

|
{ 0 CH
s \ﬁ/\/\T/ g

CHs
wherein RC(O)- represents the fatty acids derived from Avena sativa (oat) kernel oil.

[This amidoamine results from the reaction of DMAPA and the fatty acids derived from A sativa (oat) kernel
oil.]

Oleamidopropyl dimethylamine Oleamidopropyl dimethylamine is the amidoamine that conforms generally to the structure
109-28-4

[149879-92-5]

[126150-52-5]

0O—0

HsC — CH
\/\/\//\/_\//W\// \N/\\/\N/ 3
" |

CHj
[This amidoamine results from the reaction of DMAPA and oleic acid.]

Oleamidopropyl dimethylamine Oleamidopropyl dimethylamine is the amidoamine that conforms generally to the structure

|
{ & CH
e \ﬁ/\/\T/ 2

CH,
wherein RC(O)- represents the fatty acids derived from olive oil.
[This amidoamine results from the reaction of DMAPA and the fatty acids derived from olive oil.]

(continued)
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Table I. (continued)

Ingredient & CAS No.

Definition

Palmitamidopropyl
dimethylamine

39669-97-1

[872428-99-4]

Palmitamidopropyl dimethylamine is the amidoamine that conforms generally to the structure

0—0

CHs
HSC/\/W\/\/\/\/ \H/\/\N/

CH,

[This amidoamine results from the reaction of DMAPA and palmitic acid.]

Ricinoleamidopropyl
dimethylamine
20457-75-4

I
Hsc\/\/\)\/:\/\/\/\/c\N/\//\N/CHa
H

Ricinoleamidopropyl dimethylamine is the amidoamine that conforms generally to the structure

CH;

[This amidoamine results from the reaction of DMAPA and ricinoleic acid.]

Sesamidopropyl dimethylamine

Sesamidopropyl dimethylamine is the amidoamine that conforms generally to the structure
(o]

|
P M e
" |

CHs;
wherein RC(O)- represents the fatty acids derived from sesame oil.

[This amidoamine results from the reaction of DMAPA and the fatty acids derived from sesame oil.]

Soyamidopropyl dimethylamine
68188-30-7

Soyamidopropyl dimethylamine is the amidoamine that conforms generally to the structure

|
R/C\ﬁ/\/\"l‘/%

CH;
wherein RC(O)- represents the fatty acids derived from soy.

[This amidoamine results from the reaction of DMAPA and the fatty acids derived from soy.]

Stearamidopropyl
dimethylamine
7651-02-7
20182-63-2
[78392-15 -1]

Stearamidopropyl dimethylamine is the amidoamine that conforms generally to the structure

(o]
|

C CH;
H3c/\//W\/WW \H/\/\N/

CH,

[This amidoamine results from the reaction of DMAPA and stearic acid.]

(continued)
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Table I. (continued)

Ingredient & CAS No. Definition

Sunflowerseedamidopropyl
dimethylamine

(@]
I

Sunflowerseedamidopropyl dimethylamine is the amidoamine that conforms generally to the structure

C CHj
= \ﬁ/\/\"/

CHs
wherein RC(O)- represents the fatty acids derived from sunflower seed oil.
[This amidoamine results from the reaction of DMAPA and the fatty acids derived from sunflower seed oil.]

Tallamidopropyl dimethylamine
68650-79-3

Tallamidopropyl dimethylamine is the substituted amine that conforms generally to the structure

C CHj
R \H/\/\N/

CH,;
wherein RC(O)- represents the fatty acids derived from tall oil.
[This amidoamine results from the reaction of DMAPA and the fatty acids derived from tall oil.]

Tallowamidopropyl
dimethylamine o]
68425-50-3 |

Tallowamidopropyl dimethylamine is the amidoamine that conforms generally to the structure

c CH,
o \ﬁ/\/\”/

CH,;
wherein RC(O)- represents the fatty acids derived from tallow.
[This amidoamine results from the reaction of DMAPA and the fatty acids derived from tallow.]

Wheat germamidopropyl
dimethylamine

Wheat germamidopropyl dimethylamine is the amidoamine that conforms generally to the structure

(] CHs
R/ \H/\/\N/

CH,3
wherein RC(O)- represents the fatty acids derived from wheat germ oil.
[This amidoamine results from the reaction of DMAPA and the fatty acids derived from wheat germ oil.]

Abbreviations: CIR, Cosmetic Ingredient Review; DMAPA, 3,3-dimethylaminopropylamine.

core, with 2 primary functional groups, a secondary amide and
a tertiary amine, separated by a propyl chain. These ingredi-
ents differ only by the identity of the fatty acid chain(s)
attached to the amide functional group of this core. The synth-
esis of these ingredients is a clean process with little to no by-
products and typically yields products that are 98% to 99%
pure fatty acid amidopropyl dimethylamines.® Accordingly,
starting materials, such as DMAPA, represent the largest con-
cern for impurities.

Despite the long alkyl chain substituents therein, these
ingredients are readily solubilized in water, as they are easily
converted to ammonium salts (ie, cationic surfactants) at even

mildly acidic pH values (ie, the tertiary amines are protonated
to form ammonium cations; these ingredients are alkaline
materials with pK, values in the range of 5-6).*> Because of
their high polarity, both as the free tertiary amines and as the
ammonium salts formed in situ, these ingredients are excellent
dissipators of triboelectric charges (ie, static electricity), even
at low concentrations (eg, 0.1% wt/wt).>” This property likely
accounts for the claimed functions of these ingredients as anti-
static agents and, at least in part, as conditioning agents.
Although not formally claimed, these ingredients are also
known to operate as functional surfactants, thickeners, and
bacteriostatic agents.’
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Table 2. Physical and Chemical Properties. Table 2. (continued)
Property Value Reference  Property Value Reference
Behenamidopropyl dimethylamine Molecular volume, 414.9 66
Molecular weight g/mol 42475 66 cm*/mol at 20°C
Molecular volume 487 .4 66 Density/specific 0.883 66
cm®/mol at 20°C gravity, glem? at
Density/specific gravity 0.871 66 20°C
glem® at 20°C Vapor pressure, mm 2.57 x 107'° 66
Vapor pressure, mm 6.30 x 107'2 66 Hg at 25°C
Hg at 25°C Boiling Point, °C 504.8 66
Boiling point, °C 544.8 66 Solubility Slightly in water, readily when "
Log P at 25°C 9.656 66 neutralized with acid
Cocamidopropyl dimethylamine Log P at 25°C 7.209 66
Appearance Clear liquid 8 pH at 25°C 9.0-10.0 H
Odor Mild amine 8 Palmitamidopropyl dimethylamine
Density/specific gravity, 0.98-1.02 8 Molecular weight, 340.59 66
glem® at 25°C g/mol
Vapor pressure, mm Hg < 0.0l 8 Molecular volume, 3883 66
Boiling point, °C at > 100 8 cm?/mol at 20°C
760 mm Hg Density/specific 0.876 66
Melting point, °C <25 8 gravity glcem? at
Solubility in water Soluble 8 20°C
pH ~9 8 Vapor pressure, mm 452 x 107° 66
Lauramidopropyl dimethylamine Hg at 25°C
Molecular weight, g/mol 284.48 66 Boiling point, °C 471.8 €6
Molecular volume, 3223 66 Log P at 25°C 6.599 66
cm’/mol at 20°C Ricinoleamidopropyl dimethylamine
Density/specific gravity, 0.882 66 Molecular weight, 382.62 66
glem® at 20°C g/mol
Vapor pressure, mm 3.17 x 1077 66 Molecular volume, 412.8 66
Hg at 25 cm*/mol at 20°C
Boiling Point, °C 4189 66 Density/specific 0.926 66
Melting Point, °C 28.5-30.0 5 gravity, glem® at
Log P at 25°C 4561 66 20°C
Linoleamidopropyl dimethylamine Vapor pressure, mm 820 x 107" 66
Molecular weight, 364.61 66 Hg at 25°C
g/mol Boiling point, °C 537.9 €6
Molecular volume, 408.6 66 Log P at 25°C 5.395 66
cm’/mol at 20°C Stearamidopropyl dimethylamine
Density/specific 0.892 66 Physical form Waxy flake 3
gravity, glem? at Molecular weight, 368.64 66
20°C g/mol
Vapor pressure, 269 x 107'° 66 Molecular volume, 421.7 66
mm Hg at 25°C cm®/mol at 20°C
Boiling point, °C 504.3 66 Density/specific 0.874 66
Log P at 25°C 6.805 66 gravity, glem® at
Myristamidopropyl dimethylamine 20°C
Molecular weight, g/mol 312.53 66 Vapor pressure, mm 519 x 107'°.9.03 x 10 '° 66
Molecular volume, 355.3 66 Hg at 25°C
ecm®/mol at 20°C Boiling point, °C 490.6-496.9 66
Density/specific gravity, 0.879 66 Melting point, °C 58.5-59.5; 65-70 513
glem® at 20°C Log P at 25°C 7.618-7.629 66
Vapor pressure, mm 384 x 1078 66
Hg at 25°C
i o 66
Egg';gatp;';f’c ¢ ‘5‘158'3 66 Method of Manufacturing
OI;E;'i‘i‘:Ipfr;:z" dimethylamine Liquid . Cocamidopropyl Dimethylamine
Color Amber I According to a supplier, cocamidopropyl dimethylamine is
Molecular weight, g/mol 366.62 ° made by mixing together refined coconut oil with DMAPA and

(continued)

heating the mixture to >75°C and <175°C.® The progress of
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wherein R represents
the various fatty acid
chain lengths derived
from coconut oil

(DMAPA)

o] CH CHs
R—C——OH + NH,(CH5);——N R——C——NH(CH;);——N
coconut fatty acid CH; CHs

3 3-dimethylaminopropylamine

o]

cocamidopropyl dimethylamine
(an amidoamine)

Figure 1. Synthesis of cocamidopropyl dimethylamine.

the reaction is followed using standard analytical tests until
specifications are met. The product is then filtered and stored
in lined steel drums.

N-Nitrosation and Safety Issues

Although nitrosamine content has not been reported, fatty acid
amidopropyl dimethylamines are composed of secondary
amides and tertiary amines and potentially can be nitrosated.
Of the approximately 209 nitrosamines tested, 85% have been
shown to produce cancer in laboratory animals.” Nitrosation
can occur under physiologic conditions.> Depending on the
nitrosating agent and the substrate, nitrosation can occur under
acidic, neutral, or alkaline conditions. Atmospheric NO, may
also participate in the nitrosation of amines in aqueous solu-
tion.* Accordingly, fatty acid amidopropyl dimethylamines
should be formulated to avoid the formation of nitrosamines.

Impurities
Behenamidopropyl Dimethylamine

A supplier has indicated that the maximum level of DMAPA in
behenamidopropyl dimethylamine is 115 ppm.'° The supplier
stated that the typical use level of this material in hair condi-
tioners is 2.3%, which results in a maximum DMAPA level of
2.65 ppm in the finished product.

Cocamidopropyl Dimethylamine

A supplier reported the final composition of the product coca-
midopropyl dimethylamine to be 83% to 90% cocamidopropyl
dimethylamine, 8.9% to 9.4% glycerin, 1.0% (max) DMAPA,
and 5.0% (max) glyceryl esters.”

Oleamidopropyl Dimethylamine

A product description sheet indicates that oleamidopropyl
dimethylamine is at minimum 88% pure and has a maximum
concentration of 0.60% DMAPA. "

Stearamidopropyl Dimethylamine

The maximum level of DMAPA in stearamidopropyl dimethy-
lamine has been reported to be 30 ppm.'? The supplier stated
that, in the typical use concentration of 2.14%

stearamidopropyl dimethylamine in hair conditioners, the
DMAPA level in the finished product is a maximum of 0.65
ppm. Another supplier indicated that the free DMAPA in stear-
amidopropyl dimethylamine is less than 0.2%."?

In another sample of stearamidopropyl dimethylamine, the
chemical composition was at minimum 97% of the active mat-
ter and contained at maximum 0.002% free DMAPA and 3.0%
free fatty acid.'* The C-chain distribution for this sample of
stearamidopropyl dimethylamine was reported as the follow-
ing: < C16 < 1%; C16 < 5%; C18 > 93%; and > C18 < 1%.
Finally, a sample of stearamidopropyl dimethylamine was
determined to have < 20 ppm residual DMAPA, < 1 ppm
secondary amines, and < 50 ppb nitrosamines.'

Use

Cosmetic

All but 1 of the 24 fatty acid amidopropyl dimethylamines
included in this safety assessment function as antistatic agents
in cosmetic formulations.'® Brassicamidopropyl dimethyla-
mine is reported to function as a hair- and skin-conditioning
agent. In addition to being an antistatic agent, stearamidopropyl
dimethylamine is reported to function as a hair conditioning
agent.

Table 3 presents the frequency and maximum use concen-
tration ranges for fatty acid amidopropyl dimethylamines.
According to information supplied to the Food and Drug
Administration by industry as part of the Voluntary Cosmetic
Registration Program (VCRP), stearamidopropyl dimethyla-
mine has the most reported uses in cosmetic and personal care
products, with a total of 427; 355 of those uses are in rinse-off
formulations.'” Most of the rinse-off uses are in hair condi-
tioners. Behenamidopropyl dimethylamine has the second
greatest number of overall uses reported, with a total of 35;
of those, 32 uses are in rinse-off formulations. Again, most of
the rinse-off uses are in hair conditioners. A few uses were
reported each for brassicamidopropyl dimethylamine (1), coca-
midopropyl dimethylamine (6), isostearamidopropyl dimethy-
lamine (13), lauramidopropyl dimethylamine (1),
minkamidopropyl dimethylamine (1), oleamidopropyl
dimethylamine (12), and palmitamidopropyl dimethylamine
(1). No uses were reported to the VCRP for the remaining fatty
acid amidopropyl dimethylamines.
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Table 3b. Ingredients Not Reported in Use.

Almondamidopropyl dimethylamine
Avocadamidopropyl dimethylamine
Babassuamidopropyl dimethylamine
Dilinoleamidopropyl dimethylamine
Linoleamidopropyl dimethylamine
Myristamidopropyl dimethylamine
Oatamidopropyl dimethylamine
Oleamidopropyl dimethylamine
Ricinoleamidopropyl dimethylamine
Sesamidopropy! dimethylamine
Soyamidopropyl dimethylamine
Sunflowerseedamidopropyl dimethylamine
Tallamidopropyl dimethylamine
Tallowamidopropyl dimethylamine
Wheat germamidopropyl dimethylamine

In a survey of use concentrations conducted by the Personal
Care Products Council, stearamidopropyl dimethylamine is
reported to be used at a range of maximum concentrations of
0.01% to 5%, with 5% reported in noncoloring hair condi-
tioners.'® In behenamidopropyl dimethylamine, the range of
maximum concentrations was reported to be 0.3% to 3%, with
3% reported in noncoloring hair conditioners. A range of max-
imum concentrations for cocamidopropyl dimethylamine was
reported to be 0.003% to 6.5%, with 6.5% reported in skin
cleansing products. No use concentrations were reported for
almondamidopropyl dimethylamine, avocadoamidopropyl
dimethylamine, babassuamidopropyl dimethylamine, minka-
midopropyl dimethylamine, oatamidopropyl dimethylamine,
oleamidopropyl dimethylamine, sesamidopropyl dimethyla-
mine, and tallamidopropyl dimethylamine.'®

Oleamidopropyl dimethylamine is used in cosmetic sprays,
including hair tonics and dressings. Oleamidopropyl dimethy-
lamine and stearamidopropyl dimethylamine may also be used
in colognes and indoor tanning products. When used in cos-
metic sprays, these ingredients could possibly be inhaled. The
maximum concentration of these ingredients reported to be
used in a spray product is 0.15% (oleamidopropyl dimethyla-
mine) in a hair tonic, dressing, or other hair-grooming pump
spray product. In practice, 95% to 99% of the droplets/particles
released from cosmetic sprays have aerodynamic equivalent
diameters >10 pm, with propellant sprays yielding a greater
fraction of droplets/particles below 10 um compared to pump
sprays.zo’21 Therefore, most droplets/particles incidentally
inhaled from cosmetic sprays would be deposited in the naso-
pharyngeal and bronchial regions and would not be respirable
(ie, they would not enter the lungs) to any appreciable
amount.”** The amidoamine ingredients in this safety assess-
ment currently are not restricted from use in any way under the
rules governing cosmetic products in the European Union.**

Noncosmetic

Myristamidopropyl dimethylamine is used as a biocide in con-
tact lens disinfecting solution (concentration reported to be

~0.0005%) and may have uses as a broad-spectrum therapeu-
tic antimicrobial for keratitis and for surgical prophylaxis.?>=°

Toxicokinetics

Absorption, Distribution, Metabolism, and Excretion

In an IH Skin Perm quantitative structure—activity relationship
(QSAR) model, the dermal absorption of stearamidopropyl
dimethylamine has been estimated to be 0.04 mg and 0.12
mg after 8 and 24 hours, respectively.? The maximum dermal
absorption rate was calculated to be 2.40 x 10~® mg/cm?/h.
The calculations were based on an instantaneous deposition
dose of 9257 mg and a skin area of 2000 cm?. No other studies
were found on the absorption, distribution, metabolism, and
excretion of fatty acid amidopropyl dimethylamines.

Toxicological Studies

Acute Toxicity

Oral—Nonhuman

Stearamidopropyl dimethylamine. The acute oral toxicity of 10%
(wt/wt) stearamidopropyl dimethylamine in propylene glycol
was tested in 6 female Wistar rats.” The rats received 2 dosages
of 1,000 mg/kg body weight of the test material within 24
hours. The rats were observed daily for clinical signs of toxicity
for 14 days. Two of the 6 animals died on day 2 and day 3,
respectively. Clinical signs observed of both the animals found
dead, and the surviving animals included hunched posture,
lethargy, uncoordinated movements, piloerection, diarrhea,
chromodacryorrhea, pallor, and/or ptosis. Recovery from these
symptoms in the surviving animals occurred between days 7
and 10. The 2 animals that died during observation had either
slight weight gain or weight loss. Three of the 4 surviving
animals had body weight loss between days 1 and 8 but gained
body weight between day 8 and the end of the observation
period. In 1 dead animal, necropsy showed watery-turbid fluid
in the stomach and watery-clear, yellowish fluid in the small
intestine. The other dead animal had a spleen of reduced size.
In the surviving animals, 1 rat had pelvic dilation of the kid-
neys. No other abnormalities were observed in the remaining
animals. The oral lethal dose 50 (LDsg) for stearamidopropyl
dimethylamine in this study was determined to be greater than
2,000 mg/kg body weight.

In another oral toxicity study, 40% (wt/wt) stearamidopro-
pyl dimethylamine in deionized water was tested in 20 male
and 20 female Sprague-Dawley rats.” Dose levels were 420,
1,990, 3,910, and 5,470 mg/kg body weight and were delivered
in dose volumes of 1.67, 2.21, 4.44, and 6.22 mL/kg body
weight, respectively. Posttreatment, animals were observed for
clinical signs and mortality at 1/2, 2, and 4 hours and then daily
up to 14 days. No mortalities were observed in the 420 and
1,990 mg/kg dose groups. Two males and 4 females in the
3,910 mg/kg dose group, and all rats in the 5,470 mg/kg dose
group died during the observation period and within 8 days of
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administration of the test material. Clinical signs observed
included diarrhea, soft stool, brown-stained abdomen, anal or
urogenital region, hypoactivity, hypersensitivity to touch, red-
stained nose and mouth, hair loss on abdomen and hindquar-
ters, ataxia, emaciation, bloated abdomen, red stain around
eyes, piloerection, lacrimation, high carriage, dyspnea, and
hypothermia to touch. At necropsy of the animals that died
during the observation period, reddened mucosa (organs not
described) was observed in 3 animals from 3,910 mg/kg dose
group and 1 animal from 5,470 mg/kg dose group. No other
treatment-related changes were reported for any animals in this
study. The oral LDs, for stearamidopropyl dimethylamine in
this study was determined to be 1,396 mg/kg body weight.

Repeated Dose Toxicity

Oral—Nonhuman

Stearamidopropyl dimethylamine. In an oral 14-day, dose range—
finding study performed in accordance to Organization for
Economic Cooperation and Development (OECD) guideline
407, stearamidopropyl dimethylamine in propylene glycol
(concentration not reported) was administered to 3 Crl:
WI(Han) rats/sex/dose via gavage at doses of 0, 50, 200, and
500 mg/kg body weight per day.? No mortalities were observed
during the treatment period in the low- and mid-dose groups.
All animals in the 200 mg/kg/d dose group were observed with
piloerection on 2 days during the second week only. No clinical
signs of toxicity were observed in the low-dose group. Body
weights, body weight gains, and feed consumption were
comparable to controls. Hematological changes in the low-
and mid-dose groups consisted of slightly lower red blood cell
and higher reticulocyte counts in males. No dose-related trend
was noted with these changes. Clinical biochemistry changes
consisted of higher alanine aminotransferase activity in 2
males in the low-dose group and 2 males and 1 female in the
mid-dose group, higher alkaline phosphatase activity in 1
female in the mid-dose group, and higher potassium levels
in males in the low- and mid-dose groups. No abnormalities
or histopathological changes were noted at necropsy of the
low- and mid-dose groups. Slight increases in spleen and
thymus weights of the mid-dose group females were compa-
rable to those in control animals.

All animals in the high-dose group were killed for humane
reasons between days 6 and 8. From day 4 of treatment and
after, these animals were observed with lethargy, hunched pos-
ture, labored respiration, abdominal swelling, piloerection,
chromodacryorrhea, a lean appearance, and/or ptosis. All ani-
mals showed weight loss or reduced body weight gain and
reduced food consumption during the treatment period.
Necropsy of the high-dose animals found gelatinous contents
in the gastrointestinal tract or parts thereof and emaciation. The
researchers determined the main cause for moribundity in the
high-dose group was fore stomach ulceration and/or hyperpla-
sia of the squamous epithelium of the fore stomach. Other
histopathological changes noted at this dose level included

lymphoid atrophy of the thymus, correlating with reduced size
of the thymus at necropsy; hyperplasia and inflammation of the
fore stomach; hyperplasia of the villi in the duodenum and
jejunum; foamy macrophages and sinusoidal dilation and con-
gestion/erythrophagocytosis in the mesenteric lymph node; and
absence of spermiation and degeneration of spermatids in the
testes, oligospermia and seminiferous cell debris in the epidi-
dymides, and reduced contents in the prostate and seminal
vesicles, which corresponded to a reduced size of seminal vesi-
cles, prostate, and epididymides at necropsy. (Full details on
which organs were examined microscopically were not pro-
vided in the ECHA summary.) The results of this study were
used to determine the doses for a reproduction/developmental
toxicity test.”

Dermal—Nonhuman

Stearamidopropyl dimethylamine. A dermal 90-day repeated dose
toxicity study of stearamidopropyl dimethylamine was per-
formed in accordance with OECD Guideline 411 in groups of
5 male and 5 female New Zealand White rabbits.? Test solu-
tions were prepared fresh weekly in 30%/70% ethanol/water
for each group. The test material was applied at doses of 0%,
0.25%, or 10% wt/vol (equivalent to 0, 5, and 200 mg/kg/d,
respectively) in a dose volume of 2 mL/kg/d to intact rabbit
skin once daily, 5 d/wk for 13 consecutive weeks. Test sites
were not occluded. The animals were collared to prevent oral
ingestion of the test material. Clinical signs of toxicity were
observed daily, and necropsy and histological examinations
were performed at the end of the treatment period.

No mortality was observed during the study. Slight conjunc-
tivitis was observed in 1 control animal and 2 animals in the
0.25% dose group, which was not related to the test material.
Animals that received 0.25% test material had moderate or
slight erythema, slight edema, slight desquamation, and slight
fissuring. Animals that received 10% test material were
observed with moderate erythema, slight edema, slight desqua-
mation, and slight fissuring. No treatment-related changes in
body weight and body-weight gain were observed during the
study. No test-related biologically significant changes were
noted in the absolute and relative liver, kidney, and adrenal
weight determinations. Statistically significant increases in
white blood cell values were noted in the 10% dose group. In
addition, there was an increase in platelet values from baseline
to necropsy of the 0.25% dose group. The changes in white
blood cells of the 10% dose group were attributed to the chronic
stress of collaring and not considered to be related to the test
material. The significant increase in platelet values of the
0.25% dose group was a result of low baseline values. At
necropsy, the treated skin in both the 0.25% and the 10% dose
groups had a dry hair coat with an accumulation of test material
on the surface. Histopathological examinations revealed mini-
mal acanthosis and hyperkeratosis at the treatment sites of all
treated groups. The incidence and severity were similar in both
groups. Incidental nontreatment-related histopathological
changes were noted in several other tissues such as brain, liver,
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kidney, prostate, and pancreas. The researchers in this study
determined the systemic no observed adverse effect level
(NOAEL) of stearamidopropyl dimethylamine was greater
than 10% wt/vol in 30%/70% ethanol/water (equivalent to
200 mg/kg body weight per day).”

Reproductive and Developmental Toxicity

Stearamidopropyl Dimethylamine

The effects of stearamidopropyl dimethylamine (100% active
ingredient) on reproduction and development were studied in
10 Wistar rats/sex/dose by oral gavage in accordance with
OECD guideline 421.2 Dose levels tested were 0, 20, 70, and
200 mg/kg body weight per day at a dose volume of 5 mL/kg
body weight. Parental males were exposed to the test material 2
weeks prior to mating, during mating, and up to study termina-
tion. Parental females were exposed 2 weeks prior to mating,
during mating, during gestation, and during at least 4 days of
lactation. In the 200 mg/kg males, a weight loss of up to 15% of
day 1 weight was observed during the first 2 weeks of treat-
ment, but this effect seemed to recover during the treatment
period. The mean body weight and body weight gain of the 200
mg/kg males remained statistically significantly lower through-
out treatment. Females of the same dose group had statistically
significant reduced body weight gain during the first 2 weeks of
treatment as well as during gestation. Food intake was reduced
during the entire premating period for males and during the first
week of the premating period for the females. Additionally, the
feed consumption of the females remained slightly lower
throughout pregnancy and lactation. No other treatment-
related changes were observed in the parental animals.

The nonstatistically significant decrease in the mean number
of corpora lutea was observed in the 70 and 200 mg/kg dose
groups when compared to the control animal; however, a sta-
tistically significant lower number of implantation sites were
noted in the 200 mg/kg dose group females. A statistically
significant lower number of live pups was noted in the 70 and
200 mg/kg dose groups. No other treatment-related changes
were noted in any of the remaining reproductive parameters
investigated in this study (ie, mating, fertility and conception
indices and precoital time, testes and epididymides weights,
spermatogenic staging profiles). Based on the results of this
study on stearamidopropyl dimethylamine, the researchers
determined the paternal NOAEL to be 70 mg/kg body weight
per day, the maternal NOAEL to be 70 mg/kg body weight per
day, and the developmental NOAEL to be 200 mg/kg body
weight per day.”

In the dermal 90-day repeated dose toxicity study in rabbits
described earlier, no treatment-related findings concerning the
reproductive organs were observed.” The dermal developmen-
tal toxicity potential of stearamidopropyl dimethylamine was
studied in 80 artificially inseminated New Zealand White rab-
bits.? Groups of 20 rabbits received the test material at 0, 5,
100, or 200 mg/kg body weight per day at a dose volume of 2
mL/kg body weight during days 7 through 18 of gestation. The

test material was applied to the clipped backs of the rabbits as a
solution in 30% isopropanol and 70% reverse osmosis,
membrane-processed deionized water. The test sites were not
occluded and were rinsed with water 2 hours after each appli-
cation. The rabbits were collared to prevent oral ingestion of
the test material. The rabbits were observed daily during and
after the dosage periods for clinical signs of toxicity, skin irri-
tation, mortality, abortion, delivery, body weight, and feed
consumption. All rabbits were killed on day 29, and complete
gross necropsy was performed. Reproductive organs that were
examined included the prostate, seminal vesicles, testis, epidi-
dymis in males and the ovaries, uterus, and vagina in females.
The uteri were examined for pregnancy, number of implanta-
tions, live and dead fetuses, and early and late resorptions.
Corpora lutea were counted. Each fetus was weighed and sub-
sequently examined for gross external variations and gender,
prior to examination for soft tissue and skeletal variations.

No mortalities were observed during the course of the study.
Clinical signs attributed to administration of the test material
included alopecia (5, 100, and 200 mg/kg/d doses), excess
lacrimation (100 and 200 mg/kg/d dosages), ungroomed coat
and green-colored matted fur around mouth and rump (200 mg/
kg/d dosage). Statistically significant (P < 0.05 to P < 0.01)
increases in the incidences of rabbits with these signs occurred
only in the mid- and high-dose groups when compared to the
controls. Dose-dependent skin reactions including atonia, des-
quamation, and fissuring were observed in mid- and high-dose
groups. One high-dose group rabbit had eschar present, attrib-
uted to the treatment. Two low-dose group rabbits aborted on
day 21 of gestation and 1 rabbit in the high-dose group deliv-
ered prematurely; however, these events were not test mate-
rial-related. Body weight gains were significantly decreased in
the mid-dose (P < 0.05) and high-dose (P < 0.01) group ani-
mals. High-dose group animals had a significant decrease (P <
0.01) in average body weight during treatment and continued to
have lower average body weights than control rabbits during
the post-dosage period. Body weights and body weight gain of
low-dose group rabbits were comparable to control values.
When compared to the control values, maternal feed consump-
tion was affected in the mid- and high-dose groups, with the
average daily feed consumption of the high-dose group rabbits
significantly decreased (P < 0.05 to P < 0.01) from day 15
through day 21 of gestation.

Slightly impaired implantation was observed, along with
slightly decreased litter sizes, in the 200 mg/kg dose when
compared to the control group, but this effect was not statisti-
cally significant (P > 0.05). All of the values were within
expected historical control values. The test material did not
adversely affect pregnancy incidence or average numbers of
corpora lutea or resorptions. Viable fetuses were present in 20,
14, 17, and 14 litters from control, low-, middle-, and high-
dosage groups, respectively. One rabbit each from low- and
high-dose group had all implantations resorbed. No
treatment-related fetal variations at gross external, soft tissue,
or skeletal examination were observed.
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The researchers concluded that dermal application of stear-
amidopropyl dimethylamine in rabbits during gestation days 7
through 18 did not produce evidence for developmental toxi-
city. The maternal no observed effect level (NOEL) was deter-
mined to be 5 mg/kg body weight per day, the maternal
NOAEL was determined to be100 mg/kg body weight per day
based on variations in body weight and feed-consumption data,
and the developmental NOAEL was determined to be 200 mg/
kg body weight per day in this study.

Genotoxicity

Stearamidopropyl Dimethylamine

The mutagenic potential of 85% stearamidopropyl dimethyla-
mine was studied in reverse mutation assay using Salmonella
typhimurium strains TA98, TA100, TA1535, and TA1537 and
Escherichia coli strain WP2 uvrA, with and without S9 meta-
bolic activation.®' The test concentrations ranged from 5 to
5,000 pg/plate. The positive controls were 2-nitrofluorene, 9-
aminoacridine, sodium azide, methyl methane sulfonate, and 2-
aminoanthracene. The test material was cytotoxic at >50 pg/
plate in S typhimurium and >500 pg/plate in E coli. No biolo-
gically relevant increases in revertant colony numbers were
observed in any test strain at any dose level, with or without
metabolic activation. Controls yielded expected results. It was
concluded that stearamidopropyl dimethylamine was not muta-
genic in this assay.

The mutagenic potential of 100% pure stearamidopropyl
dimethylamine in ethanol was studied for cell mutation in
mouse lymphoma L5178Y TK+/— cells in accordance with
OECD guideline 467 in 2 independent experiments.” Concen-
trations tested were 0.003 to 60 pg/mL, and the experiments
were performed with and without 8% or 12% S9 metabolic
activation. No statistically significant positive effects with or
without S9 activation were observed in either experiment. Pos-
itive controls yielded the expected results. It was concluded
that stearamidopropyl dimethylamine was not mutagenic in
this assay.

The genotoxic potential of stearamidopropyl dimethyla-
mine in ethanol was studied in a chromosome aberration study
using human peripheral blood lymphocytes in accordance
with OECD guideline 473.> In experiment 1 of this 2-part
study, the test material was tested up to 10 pg/mL, without
and with S9 metabolic activation. In experiment 2, the test
material was tested up to 25 and 10 pg/mL, without and with
S9, respectively. Incubation for cells in the first experiment
was 3 hours, and in the second experiment, incubation was 3
hours and 24 hours or 48 hours. In both experiments, no
statistically or biologically significant increased number of
cells with chromosomal aberrations were observed both with
and without metabolic activation. Solvent and positive con-
trols yielded expected results. Under the conditions of this
study, stearamidopropyl dimethylamine was not considered
clastogenic.

Carcinogenicity

No studies were found on the carcinogenicity potential of fatty
acid amidopropyl dimethylamines.

Irritation and Sensitization

The North American Contact Dermatitis Group (NACDG)
evaluated 25,813 patients for allergic contact dermatitis with
patch tests from 1998 to 2007.*? “Amidoamine” produced rel-
evant allergic reactions in 0.5% of the seniors (20/4, 215; ages
>65), 0.7% of the adults (136/20, 162; ages 19 to <64), and
0.7% of the children (10/1436; ages <18) tested.

Ocular irritation studies are summarized in Table 4.%33-%*
No minimal irritation was observed in ocular irritation assays
of behenamidopropyl dimethylamine and dilinoleamidopropyl
dimethylamine. All but 1 ocular irritation study of stearamido-
propyl dimethylamine report no minimal irritation; the excep-
tion found severe ocular irritation when tested at 100% in rabbit
eyes.

Dermal irritation studies are summarized in Table
Stearamidopropyl dimethylamine was considered not irritating
in nonhuman studies when tested at 100%. Behenamidopropyl
dimethylamine (up to 3%), 0.1% oleamidopropyl dimethyla-
mine, and 0.045% stearamidopropyl dimethylamine in per-
sonal care products were not irritating in several in-use studies.

Dermal sensitization studies are summarized in Table 6.7
Behenamidopropyl dimethylamine at 0.3% diluted to 1%, 4%
brassicamidopropyl dimethylamine, and stearamidopropyl
dimethylamine up to 2% in hair conditioners were not contact
sensitizers. However, irritation reactions were observed.

The sensitization studies of DMAPA and amidoamine that
the Panel reviewed in the safety assessment of cocamidopropyl
betaine (CAPB) have been summarized in Table 7. In the
tables, amidoamine refers to cocamidopropyl dimethylamine.

2,39-42
5.23

Clinical Use

Case Reports

The case reports of DMAPA and amidoamine that the Panel
reviewed in the safety assessment of cocamidopropyl betaine
(CAPB) have been summarized in Table 8.! In the tables, ami-
doamine refers to cocamidopropyl dimethylamine.

Oleamidopropyl dimethylamine. In the Netherlands, 13 female
patients were reported to have allergic contact dermatitis to a
baby lotion that contained 0.3% oleamidopropyl dimethyla-
mine.”®>° Reactions were especially prevalent when the baby
lotion was applied to damaged skin and/or the periorbital area.
To investigate the possibility of cross-reactions, these patients
were patch tested with oleamidopropyl dimethylamine (0.4%),
ricinoleamidopropyl dimethylamine lactate (0.5%), stearami-
dopropyl dimethylamine lactate (0.5%), behenamidopropyl
dimethylamine (0.5%), isostearamidopropyl dimethylamine
(0.3%), tallowamidopropyl dimethylamine (0.3%), lauramido-
propyl dimethylamine (0.2%), myristamidopropyl
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Table 4. Nonhuman Ocular Irritation Studies.

Ingredient Concentration Method Results Reference
In vitro
Behenamidopropyl  0.3% in a shampoo, EpiOcular irritation study No/minimal irritation 33.36
dimethylamine diluted with
deionized water
to a 10% solution
3436

Behenamidopropyl
dimethylamine

0.3% in a shampoo,
diluted with
deionized water
toa 10% solution

0.045% in a pre-
shave scrub,
diluted to 10%

Stearamidopropyl
dimethylamine

solution
Stearamidopropyl 2% in a hair EpiOcular irritation study
dimethylamine conditioner,
diluted to 10%
solution

Stearamidopropyl
dimethylamine

100% in pellet form

EpiOcular irritation study

EpiOcular irritation study

Bovine corneal opacity and permeability
(BCOP) test method performed
according to OECD Guideline 437;
test material was washed at least 3

No/minimal irritation

No/minimal irritation 37

- o 35
No/minimal irritation

Mean in vitro irritancy score was 29
(threshold for corrosive/severe
irritant is >55.1); not severely
irritating/not corrosive

times after 4-hour incubation with test
substance; GLP compliant

In vivo
Dilinoleamidopropyl
dimethylamine
Stearamidopropyl
dimethylamine

In a 2% dilution
with corn oil
100% in pellet form

(strain not described)

Eye irritation study in a single male rabbit

Eye irritation study in a single male New
Zealand White rabbit performed
according to OECD Guideline 405;
~0.1 mL test material instilled into
conjunctival sac of | eye; eye was not
rinsed after application; GLP compliant

No irritation 38

Severe irreversible effects on the eye
consisting of injury to the cornea
(opacity maximum grade 2), iridial
irritation (grade ), ad severe effect on
the conjunctivae; fluorescein
examination not performed due to
bloody discharge

Abbreviations: GLP, good laboratory practice; OECD, Organization for Economic Cooperation and Development.

dimethylamine (0.05%), cocamidopropyl dimethylamine
(0.1%), minkamidopropyl dimethylamine (0.1%), and palmita-
midopropyl dimethylamine (0.025%). The test solutions were
prepared by adding water to the raw material, unless the mate-
rial was insoluble, then phosphoric acid was added until a clear
solution formed. All 13 patients reacted to the oleamidopropyl
dimethylamine. One patient had no reactions to any of the other
substances, but 12 patients had reactions to at least 4 of the
related substances: ricinoleamidopropyl dimethylamine lactate
and tallowamidopropyl dimethylamine (11 patients, 85%), laur-
amidopropyl dimethylamine (9 patients of 12 tested, 75%), and
myristamidopropyl dimethylamine (6 patients, 46%). Five
patients reacted to isostearamidopropyl dimethylamine, minka-
midopropyl dimethylamine, and cocamidopropyl dimethylamine
(12 patients tested). The remaining substances elicited a response
in only 1 or 2 patients. The author of this study could not rule out
that some of these reactions may have been irritant reactions.

In another Dutch report, one medical practitioner reported 3
cases of allergic contact dermatitis in patients who had used a
body lotion.®® In the first case, a 32-year-old female had itchy
swelling of the eyelids. Both the upper and the lower lids were

edematous, red, and scaly. The symptoms disappeared a few
days following use of corticosteroid ointment and avoidance of
cosmetics. Patch tests showed the patient was allergic to bal-
sam of Peru and a body lotion that the patient had used around
the eyes for several years. When tested with the lotion’s ingre-
dients, the patient had a positive reaction to oleamidopropyl
dimethylamine.

In the second case, a 21-year-old was reported to have itchy
dermatosis around the eyes and diffuse itching of the body. Upon
examination, only mild desquamation was observed on the upper
eyelids. The symptoms disappeared within a week of avoiding
her cosmetics. Patch tests showed the patient was allergic to
nickel cobalt and a body lotion that she had been using. The
patient had positive reactions to oleamidopropyl dimethylamine
and quaternium-15 when tested with the lotion’s ingredients.

The third case, a 29-year-old female with a history of atopic
dermatitis and no active dermatitis, reported dry and itchy skin.
Scratch tests were positive for several inhalant allergens. Patch
tests showed a positive reaction to a body lotion she had been
using. Doubtful reactions were noted for hydroxycitronellal
and quaternium-15. Further tests showed a positive reaction
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Table 5. Dermal Irritation Studies.
Ingredient Concentration ~ Method Results Reference
Nonhuman
Stearamidopropyl  100% in pellets  In vitro skin irritation study (EpiSkin model) ~ Not irritating 2
dimethylamine according to OECD Guideline 439;
exposure to test tissue |15 min; GLP
compliant
Stearamidopropyl  100% active In vivo skin irritation study in 3 New Zealand No skin reactions following the 3 2
dimethylamine material White rabbits according to OECD Guideline  minutes and | hour applications; very
tested as 0.5g  404; semi-occluded patches (6 cm?) on slight edema observed | hour after
in 0.7 mL clipped skin; | animal exposed for 3 minutes,  patch removal in all 3 animals; very
water | hour, and 4 hours; remaining 2 animals slight erythema observed | hour
exposed for 4 hours; GLP compliant after patch removal in 2 animals; very
slight to slight erythema and very
slight to slight edema were noted in
all 3 animals 24, 48, and 72 hours
after patch removal; reactions were
fully reversible in | animal within 7
days and in the remaining 2 within 15
days; study classified this material as
not irritating to rabbit skin
Human
Behenamidopropyl 3% in a hair Two-week daily use study in 28 female subjects No dermal irritation or other adverse 39
dimethylamine conditioner events
Behenamidopropyl 0.3% in a Two-week daily use study in 28 female subjects No dermal irritation or other adverse 40
dimethylamine shampoo events
Oleamidopropyl 0.1% in an 48-hour patch test in 102 subjects; semi- No dermal irritation or other adverse 2
dimethylamine aqueous occluded 2 cm® Webril patch events
solution

Stearamidopropyl
dimethylamine

0.045% in a pre-
shave scrub

Two-week daily use study in 30 male subjects No dermal irritation

41

Abbreviations: GLP, good laboratory practice; OECD, Organization for Economic Cooperation and Development.

to oleamidopropyl dimethylamine. The itching improved after
the patient discontinued using the body lotion.®

Oleamidopropyl Dimethylamine and Cocamidopropyl
Dimethylamine

A 10-year retrospective study of patients with allergic eyelid
dermatitis investigated the possible allergens.®' Patch testing
was performed in these patients with the NACDG’s standard
screening tray and other likely allergen trays. Of 46 patients
with confirmed allergic eyelid dermatitis, 5 (10.9%) had rele-
vant reactions to oleamidopropyl dimethylamine, and 2 (4.3%)
had relevant reactions to cocamidopropyl dimethylamine.

Quantitative Risk Assessment

3,3-Dimethylaminopropylamine and Cocamidopropyl
Dimethylamine (“Amidoamine”) in CAPB

The Council’s Task Force on Sensitization Risk from CAPB
Impurities (Task Force) conducted a QRA of DMAPA and
cocamidopropyl dimethylamine (“amidoamine™) in support of
the CIR safety assessment of CAPB."%>%* Both of these sub-
stances are reactants used in the synthesis of CAPB and are,
thus, present as impurities in CAPB used as ingredients in

cosmetic formulations. 3,3-dimethylaminopropylamine is pres-
ent in CAPB ingredients, as supplied (“raw”; typically 30%
CAPB) to cosmetics manufacturers at 0.00025% to 0.01%, and
“amidoamine” is present at 0.05% to 5.0% (0.5% was “typical”
and 1.5% was the suggested maximum concentration). The
Task Force derived conservative weight-of-evidence no
expected sensitization induction levels (WoE NESILs) of 425
png/cm? for DMAPA, based on data from 8 local lymph node
assay (LLNAs) performed with a variety of vehicles, and 180
ng/cm? for “amidoamine,” based on data from an human
repeated insult patch test (HRIPT) and an LLNA. The NESILs
were then used to calculate margins of safety (MOSs) for the
potential for sensitization from dermal exposure to these impu-
rities in cosmetic ingredients, assuming 0.01% DMAPA and
0.5% “amidoamine” in “raw” CAPB and default safety assess-
ment factors. Cocamidopropyl betaine ingredients, as supplied,
are used at concentrations up to 11% in cosmetic products.'
The MOSs calculated for DMAPA were acceptable for all 35
product categories addressed in the QRA and for
“amidoamine” were acceptable for 30 of the 35 categories.®
The Task Force recommended refining the QRA for
“amidoamine” in the remaining 5 product categories and that
“raw” CAPB users should set the CAPB concentrations in
finished products based on QRAs for these impurities.
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Table 6. Dermal Sensitization Studies.?

Ingredient Concentration Method Results Reference
Nonhuman
Stearamidopropyl  2.5% for intradermal Guinea pig maximization using 10 Nonsensitizing; however, mild and 4
dimethylamine induction, 1% for dermal ~ Dunkin Hartley female guinea moderate skin reactions and necrosis
induction, 2% in pigs for the test material were observed after both sets of
challenge; vehicle was inductions
paraffin oil
Stearamidopropyl NA QSAR modeling for sensitization Not sensitizing—no compounds s
dimethylamine using TOPKAT sufficiently similar to the query
structure were found
Human
Behenamidopropyl 0.3% in a shampoo, HRIPT; occlusive with 0.2 mL No dermal sensitization or other 4
dimethylamine prepared as a 1% vol/vol ~ sample; 106 subjects completed adverse events
ag. solution
Behenamidopropyl 0.3% in a shampoo, HRIPT; occlusive with 0.2 mL No dermal sensitization or other 46
dimethylamine prepared as a 1% vol/vol ~ sample; 103 subjects completed adverse events
aqg. solution
Brassicamidopropyl 4% in a hair masque, tested HRIPT; semi-occlusive with 0.2 mL No skin reactivity observed +
dimethylamine neat sample; 102 subjects completed
Stearamidopropyl 2% in a hair conditioner, = HRIPT; occlusive; 104 subjects No significant potential for eliciting 0
dimethylamine diluted to a 1% aq. completed dermal irritation or sensitization
solution
Stearamidopropyl ~ 0.045% in a body lotion HRIPT; occlusive with 0.2 mL No adverse events *
dimethylamine sample; 102 subjects completed
Stearamidopropyl ~ 0.045% in a pre-shave HRIPT; occlusive with 0.2 mL 43/104 subjects had barely perceptible 3!
dimethylamine scrub, 1% dilution in sample on a 2-cm? patch; 104 (+) to mild (1) irritant responses,
deionized water subjects completed which were not considered clinically
meaningful. No induced contact
allergy
Stearamidopropyl  0.75% in a rinse-off hair HRIPT; occlusive with a 0.2 mL | subject had (++) erythema and 8
dimethylamine conditioner, 2% dilution sample on a 2-cm? patch; 106 edema on sixth induction patch,
in deionized water subjects completed which was determined to be possible
contact dermatitis. Overall, study
concluded no sensitization
Stearamidopropyl ~ 0.5% in a leave-on hair HRIPT; semi-occlusive with a 0.02  No irritation or sensitization 52
dimethylamine conditioner mL sample on a |-cm? patch; 55
subjects completed
Stearamidopropyl ~ 0.5% in a leave-on hair HRIPT; semi-occlusive with a 0.02  No irritation or sensitization 53
dimethylamine conditioner mL sample on a |-cm diameter
patch; 56 subjects completed
Stearamidopropyl ~ 0.05% in a face and neck  HRIPT; occlusive with a 25-38 mg/ No irritation or sensitization 4
dimethylamine product cm? sample on a patch; 50
subjects completed
Stearamidopropyl 2% in a hair conditioner HRIPT; semi-occlusive with a 0.2-g Not a dermal sensitizer +
dimethylamine sample on a 4-cm? patch; 104
subjects completed; estimated
dose/unit area = 1000 pg/cm?
Stearamidopropyl Diluted with distilled water HRIPT; occlusive with a 0.3 mL Not a dermal sensitizer 55
dimethylamine to 0.6% in a hair sample on a 4-cm?; 100 subjects
conditioner completed; estimated dose/unit
area = 300 pg/cm? .

Stearamidopropyl Diluted with distilled water HRIPT; occlusive with a 0.15 mL Mild erythema observed in several

dimethylamine to 0.6% in a hair sample on a 4-cm? patch; 122 subjects on | or more days in
conditioner subjects completed; estimated induction phase. In challenge phase,
dose/unit area = 300 pg/cm? 10 subjects exhibited mild erythema.

Test material determined to be an
irritant; no evidence of delayed
contact hypersensitivity

(continued)
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Table 6. (continued)
Ingredient Concentration Method Results Reference

Stearamidopropyl
dimethylamine to 0.6% in a hair

conditioner

Diluted with distilled water HRIPT; occlusive with a 0.2 mL
sample on a 4-cm? patch; 107
subjects completed; estimated
dose/unit area = 300 pg/cm?

In induction phase, 2 subjects exhibited 57

mild erythema; a third had mild
erythema with edema and papules. In
challenge phase, 3 subjects observed
with mild erythema. Test material
was a primary irritant, no evidence of
delayed contact hypersensitivity

Abbreviations: HRIPT, human repeated insult patch test; NA, not applicable; QSAR, quantitative structure—activity relationship.
*Estimated dose/unit area = concentration X amount X density X unit conversion X area.

Stearamidopropyl Dimethylamine

The Council’s CIR Science and Support Committee (SSC)
performed a QRA of potential dermal sensitization for steara-
midopropyl dimethylamine in accordance with the procedure
described above for DMAPA and “amidoamine” in CAPB."%
Table 9 presents the QRA calculations from the CIR SCC. The
CIR SSC derived a conservative WoE NESIL of 1000 pg/cm?
based on data from 11 HRIPTSs, a guinea pig maximization test,
a Buehler guinea pig test, and an LLNA. Greater weight was
given to the HRIPT data than the animal data, and the 1000 pg/
cm” NESIL reflects the highest dose tested in the HRIPTs. The
MOSs calculated for stearamidopropyl dimethylamine were
acceptable for 9 of the 22 product categories addressed, assum-
ing the highest maximum use concentration reported for each
category.®” This includes use at 5% in hair conditioners but not
at 1.5% in eye make-up removers, for example. The CIR SSC
concluded that further justification is needed for current use
levels of this ingredient in the remaining 13 product categories.

Summary

The fatty acid amidopropyl dimethylamines, referred to as
“amidoamines,” function primarily as antistatic agents in cos-
metic products. The CIR Panel has expressed concern about
these chemicals in a safety assessment of fatty acid amidopro-
pyl betaines, in which fatty acid amidopropyl dimethylamines
were noted as impurities with sensitizing potential.

Fatty acid amidopropyl dimethylamines have the core struc-
ture of a fatty acid amide, N-substituted with 3 propyl-N’, N'-
dimethylamine. These ingredients are manufactured by the
amidization (ie, amide forming condensation) of fatty acids
with DMAPA, most commonly under alkaline or acidic condi-
tions. Fatty acid amidopropyl dimethylamines are composed of
secondary amides and tertiary amines and potentially can be
nitrosated. Therefore, fatty acid amidopropyl dimethylamine
should be formulated to avoid the formation of nitrosamines.

Of the ingredients in this safety assessment, stearamidopro-
pyl dimethylamine has the most reported uses in cosmetic and
personal care products, with a total of 427; of those uses, 355
are in rinse-off formulations. Behenamidopropyl dimethyla-
mine has the second greatest number of overall uses reported,
with a total of 35; of those uses, 32 are in rinse-off

formulations. For both ingredients, most of the rinse-off uses
are in hair conditioners. A few uses were reported each for
brassicamidopropyl dimethylamine, cocamidopropyl dimethy-
lamine, isostearamidopropyl dimethylamine, lauramidopropyl
dimethylamine, minkamidopropyl dimethylamine, oleamido-
propyl dimethylamine, and palmitamidopropyl dimethylamine.
No uses were reported to the VCRP for the remaining fatty acid
amidopropyl dimethylamines.

In a survey of use concentrations conducted by the Personal
Care Products Council, stearamidopropyl dimethylamine is
reported to be used at a range of maximum concentrations of
0.01% to 5%, with 5% reported in noncoloring hair condi-
tioners. In behenamidopropyl dimethylamine, the range of
maximum concentrations was reported to be 0.3% to 3%, with
3% reported in noncoloring hair conditioners. A range of max-
imum concentrations for cocamidopropyl dimethylamine was
reported to be 0.03% to 6.5%, with 6.5% reported in skin-
cleansing products.

No use concentrations were reported for almondamidopro-
pyl dimethylamine, avocadoamidopropyl dimethylamine,
babassuamidopropyl dimethylamine, minkamidopropyl
dimethylamine, oatamidopropyl dimethylamine, oleamidopro-
pyl dimethylamine, sesamidopropyl dimethylamine, and talla-
midopropyl dimethylamine. The amidoamine ingredients in
this safety assessment are not restricted from use in any way
under the rules governing cosmetic products in the European
Union. Myristamidopropyl dimethylamine has reported uses as
a biocide in contact lens disinfecting solution.

In a QSAR model, the dermal absorption of stearamidopro-
pyl dimethylamine has been estimated to be 0.04 mg and 0.12
mg after 8 and 24 hours, respectively. The maximum dermal
absorption rate was calculated to be 2.40 x 10~¢ mg/cm?/h.
The LDs, values in 2 acute oral toxicity studies of stearamido-
propyl dimethylamine in rats were > 2,000 mg/kg body weight
and 1396 mg/kg body weight, respectively.

Systemic toxicity was observed in an oral 14-day dose
range-finding rat study of stearamidopropyl dimethylamine
at a dose of 500 mg/kg body weight per day. In rabbits, the
systemic NOAEL of stearamidopropyl dimethylamine in a
dermal repeated dose study was greater than 10% wt/vol in
30%/70% ethanol water (equivalent to 200 mg/kg body
weight per day).



(panunuoo)

ajeJopow 03 3y3Is ‘sdnoud asop %50 PuUB %[0 Y2
ul 4o dnou3 [0.3u0d a3 Ul JUSUIESI) ULINP PIAISSGO
aJam A121X03 Jo sudis [eduld ou pue ‘dnous asop

Aue ul poluad uswaes.n ay3 Sulnp patundd0 syesp oN

nwij) $/HOD| 8w g'0§| Uone.IUIdUOd
aAnIsod {AJuo 3|2IYaA SEM |0.1IU0D (oA aujwe ‘wdd gz > uone.nuaduod
/IOA “€/[) JSIBM/|OUBY3D Ul [e1I93W 3593 VdVING B Yym (81 S AIWY
221U d[ewWd) eD/YED # J0 sdnous ur Apnas YNTT 343 JO (JOAAM) %S 40 ‘%G°T ‘%1 ‘%50 ‘%10 ODIL) dulweipaw( |Adoidopiuesesig

e J93EM puE [OUBYID JO SOINIXIW
‘(109418 ausjAdoud ul) %0| < 01:06 PU® 05:05 Pue ‘|024|3 sausjAdo.d
01 (apiwewso} [Ayzawip ut) %/ | wody padued (€53) € ‘aplwew.Io) [Ay3swiIp ‘9uo3d)] |Ay3a
JO |S UE JOj SUOIIB.IIUSIUOD POIBWINASS B | "OPIWEWL.Io) JAyzsw ‘opixoy|ns [Ayzswip ‘(|:) |10 9AIj0
JAyaawip ul 7°G| 01 [024|3 auajAdoud ul 77 wouy ‘9UOJ9DE :SO|DIYDA JUSISYIP g Ul [BLISIBW sus3Js||e 19e3U0d urWNY pazIugodal
oL pasued (s|S) sad1pul uonEINWAS 3Y3 ‘VdVINA %001 3V 921w BD/YgD 3[eWd) f Jo sdnoud ur Apnas YNTT 3593 943 JO %001 40 ‘%0°S ‘%S'T ‘%0l ‘%S0 Jayzo ¢ snid ‘(und %+0'66) VdVING
sJnoy g 1B UO pey SINoY T I8 UOIIdEa
Ou peY JeY3 JSYIOUE B[IYM SINOY 7 I8 SUO Py
Jey3 sunoy g 18 UONDEA. OU pey [ewiue | ySnoylfe
‘s3uipeaJ unoy-g, PUe -4 38 | < 940S UOIDEAI B PRy yored a8usjjeys 4o} 00 O3d
s[ewlue ¢ ‘93us|[eyd puodds a3 3y "Z & SUlIODS S[ewiue opew aJ9M s93ud||eYd 7 A|UO pUE S|OJIUOD SB pasn /UOJ9DE Ul [BLISIBW 1593 %G°( {uondNpul
33 JO BUO YuM ‘s3uipead INoY-gf PUE -7 SY3 Y10q Ie aJom s31d eauing s[ews) 4 1dedX3 SAOQE SE JSUUBW [ed1doa oy [elISIBW 3531 9| ‘suondalul
. | < 94025 UORDERJ B PRY S[BWIUE € ‘98U||BYd IS4y Y3 3y SWES 3yl Ul pa1dnpuod Apnis uopeziwixew Sid eauing [ew.Jape.aul 0y [BLISIBW 353 %GT0°0 auiweAyzswip |Adoadopiwesor
T JO 940ds uondead e pey s[ewiue | 3yl jo y3ig
‘Buipead Y-8 9yl 1B JuS1sIsU0d A|93ue| paulewsd (ewapa pue ewaYIAIs 949A9S) ¢ 01 (UondEaU OU)
$9403s 959y ‘[eAowaJ yoied Usye sunoy g 0 JO 9[B2S B UO Pa.I0ds a4oM SuondEa. D3us|[BYd ISl
| < @Jods e pey s3id esuing g | ‘a3us|jeyd pays 33 J91yE SH99M T PUE | SPEBW 3J9M sa3ud)jjeyd sJow g
93 Iy "7 JO 9401S UOnIEAU B PRY S[BWIUE ()] JO DAl4 1159 Y99M- © I93B (J9qIBYD Uul{ B Ul JSISWEIp Ww
‘BuipeaJ UNOY-gp U3 IB JUSISISUOD SU9M S90S 8) yoared a3usjjeyd Jnoy-pg SAISN|220 3[3uls BamXIw
959y ‘[eAowa. yd3ed U93ye UNOY-Inoj-AIusml G0 < 921yaA a3 Ajuo Suisn saydred uononpul pue suondalul yoaed a3us|jeyd 4o} 00 DId/ouUocIede
aJ03s e pey s3id eauind 7 ‘a3us|iey> puodas sy Iy [BWISPE.IIUI PIAISIS. JBY) S|BWIUER S[BW { SEM Ul [eli93BW 3593 %G°Q ‘Yyo3ed uondnpul
“T JO 2J03s uondEAU B PBY S[BWIUE (] JO d34Y] ‘G0 dno.g [043u0d tsuonds(ul [euliepe.Iul SUIMO||O) daaMm 3y 10} 00FDId/eU0I8dE Ul [eLIIBW
< 9402s UONDE3J B PRY S[EBWIUR 9 ‘SINOY 8 JoNy e W £0-7°0 4O (;wd ¢ x ) yored uononpul unoy 1593 %G ‘suondslul [ew.spe.aul Joj (oned
‘ysied ay1 JO |BAOWASU B3 JSYE SUNOY T I8 G0 < -8 9AIsn|220 9|3uls & {(s3jew § pue sajewsy 9) sSid 05/0S) ueAn[pe 219|dwod s,punaJ pue
pu 9.J02s uopndeaJ B peY S[ewIuR 7 ‘98Ud|eyd IS4l 9yl 1y  eauInd AspueH/upjung oulqie (| ul Apnls UonNeZIWIXe||  JIIYSA duljes/SgO Ul [BlLI9IBW 1591 % |0 auiweAyrawip |Adoadopiwesor
1594
S|[BWIUB POZIISUSS Ul SUOIIDE. PIIDID [BIIDIBW DAIIDE 99M-T 1) UDs dAIeU uo saydied adua|jeyd Asewiid
9%G°0 3INQ ‘[elLI91BW DAIDE %GT'0 Y3 YIUM PIAIISqO ‘s[ewiue pajea.nun | sem dnous jonnuod ((,wd
SEM UONEZNISUSS OU PaIdNpuod sem d3usjjeyda.l /31,01 X §°T = €aJE UN/SOp PaTeWNISd) W 0
v ‘spoliad uoneAsssqo sy1 Sulinp ewayikis JO SWIN|OA 3SOp E JE $94nsodXd ¢ JO [e101 B IOj M/Y
Ayored s3es9pow 03 IY3)|s PBY S[BWIUE |OJ3UOD } 9 paidde uononpui tupjs paddi> uo seyed papnjad0 [BLI9IBW DARDE %G°0 PUB %570
‘spoluad UoeAI9SqO SINOY g} PUE ;7 Y I8 BUWDYIAID 242 b Ppim s8id eauInd AspueH/upjun oulqge s[eway Yaim 23ud|[eydad LI91BM %G0'99 PuE pide sujwelAyrswip
8o aJaAss 01 Aymed pey s3id esuind gz sy Jo € Inq ||y 01 Pue sjew Q| ul AllAnisussiadAy 1oeIu0d pakejeg o1ioydsoyd %Ge'g Ul [BLISIBW SARDE %GT |Adoadopiwejfieans/|Aiweyd
@W2B1 701 X §7| = vaue
1IUN/3SOP P1EBWIISS) 159 HS9M T 9 UD|S SAIRU UO
saydyed a3uajjeyd Asewiid SUO|E BDIYSA SYI PAAISIDI
POAJI3SQO J9M SUOIIDEII s3id eauin3 | Jo dnous [043u0d ‘suaquieyd JO [BAOWS.
49430 ON '%GT°0 IE [elioIew 1593 Y3 03 asuodsau Jo3e pasull auam sauls aunsodxa (w8 zg|
aAnisod e pey 3id eauind suQ "s|0JIU0D SE pasn dJam X |'9 = Ba.E 3|UN/2SOP PIJBWIISS) W €°() JO SWN|OA |JOA/IM %GT790°0 Pue
s[ewiue G [euonippe ue 23usjjeyd Asewidd ayy Jae 9s0p © 1 saunsodxa ¢ JO [e101 10} dM/Y 9 Joj paljdde ‘%ST1°0 ‘%ST0 Ym a3us|[eydad duo1ade
shep ¢| s81d eauing 9 ul pa1dNpuod sem a3ud|[eyda. uonanpu ‘upjs 39eaul ‘paddid uo saequeyd doj |iIH Ul [BIISIBW 1S3 A/M %4GT°0 YUMm d3ud|eyd
V SUOIIDES. OU PeY S[EWIUE [0JIUOD ‘[ElISIeW 1591 Y PapN|P20 Js18wWelp ww-G7 Yyam s8id esuind paiqano £191BM P3|SIP %0T/|OUBYIS %08
9 01 AJAnIsuastadAy 1oe3uod pakeap pey 3id esuind sauQ AspJaeH g ul Apms AlAnisuasaadAy 1oe1u0d pakep Ul [BlI9IBW 159) [OA/IM %0’ | YIIM UORDNPU| sujwejAyzawip |Adoudopiwe.eang
UBWINYUOJ :SSIPNIS UONEZNISUSS
CRICNETEN s3nsay poyIs| suopie.IUIdU0D saoueIsqng

| 'IBued 149dx3 Y|D 32 Aq PamaIAsY A|SNOIABI] SUIUEOPILY PUE YdYIN JO SOIPNIS UONEZNISUSS *L 3|qe.L

56S



(panunuoo)

(sAnoe
%€°0 01 3enba pjnom yaiym ‘snoanbe 9| 4o aAndE % |
SEM UO[IBIIUSIUOD gdyyD PR4ISIUIWIPE DY J2YIBYM
sulw.eI9p 01 9|qissod 10U Sem 31 ‘UonEBIUSWNDOP
Apms wouq) "A11AnOEaU-SSOUD 01 9|qEINGLIIE
J0u 2J9m dnous 1se| Byl Ul SIDUBISANS 33T € YD
o1 sasuodsau 213438 ay3 3Byl pajedipul pue (sjdwes
ay1 Jo %10 4o wdd 9) YdVINQ YpIm uoneulwEIuod
pajeansd sjdwes sujwe [Ayzswip |Adoadopiwesjo
ay3 jJo D71 Aq sasA[euy ‘sjediwayd [eauswa|ddns ayy
J0 9241 ||e 01 sasuodsau d13u9|[e pry (%g8'7) sausned
g pue ‘auiwejdyrawip [Adoadopiwes|o pue ydviNad (‘be %)
01 sasuodsau 2139 |e pey (%) sauaned 4| ‘VdvINa sjuaned SNBWISP SAIINIISUOD G8T VdVING Pue (‘be %) gdvD yum
01 sasuodsau 21338 pey (%g) siusned sauy-Ausm]  ul saliss paepuels ueadoung psauswsiddns e yum J dryH ‘be %50 3uoje sujweAyswip |Adoadopiwes|o
a8uaj|eydau
78 PaJJNd20 UONEZIISUSS JO SAIBIIPUI SUONDED.
ON ‘suonenwJoy snoanbe %4 Pue % YuM
a3ua|[eydaJ 01 panlwgns g 3y Jo / pue ‘@3usjjeyd ANEu\m1 01 |el91eW
e pajoeau s303lgns 3y8i3 "uononpul uLINp SJ333UN|OA X 69 = ®aJe 3lun/asop pajewnsa) ped [1UGIAA dJenbs 3593 3Y3 JO %G"0 SuIUIEIUOD UOIIENWLIOY sujwelylawip
1SOW Ul UONEBILLI| SWOS PIsNEd [elidlBW 1$9) 9y | Youl-i; & uo ajdwes Jw-g'Q ‘s393lgqns /7 yum I 4IyH Jauayjos d1igey pinbij snosnbe %4, |Adoadopiwejfiwied)|Aiesng
UOIIEZ[IISUDS IDLIUOD UBY) JDYIEd UOINEILLII
Auewiud Jo ANEBDIPUI PRUSPISUOD B9M [BLISIBW 1S3 O}
sasuodsay ‘aseyd a8uajjeyd Sulinp 4s1ea.43 4o | apeJd
JO uondEaU B peY $193(qNS SAl4 "JUDISUBIY PAISPISUOD
anq potsad uononpul 3ulinp paAlasqo Supjpeld
pue ‘uize| ‘ss|nded ‘ewapa swos ‘ewsykia Suipnppul sayded
‘uonelll aesspow 01 Y3l[s Jo saduapIdUl Jusnbay JlIgIAA uo ajdwres qw g0 s399lgns 7| | yum I1dIYH |10 [eJSUIW PIIN|IPUN Ul [OA/IM %GT0 sujwedyrawip |Adoidopiwesesig
UBWINH :S3IPNIS UONBZIISUSS SARDIPa.d

9L

SL

YL

sy|nsaJ pandadxe ay1 pey dnous josauod aAnisod
9y] ‘%860 St paiendjed sem £33 ay] ‘AjpAndadsal
‘sdno.g asop %S 10 ‘%S°T ‘%1 ‘%S0 ‘%1°0
34140} 9°09 PUB ST ‘I°E ‘0°| ‘8’| ®JOM [SBY| BLISPD
1y31|s pue ewayiAla pauyap [|om pey dnoud asop siya
ul 91w ‘9 01 ¢ sAep uQ ‘7 Aep uo ewapa 1Y3I|s AIaA apAyapjeweuud|Axay
pue ewayakia 1y3i|s AI9A pey paieady adlw G Y3 jJo %G € SEM [0.3U0D dAnIsod ajedpAyouow
 ‘dnoug asop %6 ay3 ul ‘dnoud asop %5°7 9Y1 Jo 9 01 p19€ 21315 Yyum 0’9 Hd o3 pazijesinau
 sAep UO PaAJasqO DJ9M BWISPS pue BWaYIAID IY3l|s (JOA/|OA) €:/ “J91BM/|OUBIS Ul [BlI91BW (81D-TID %66~)
€ AJ9A pue ¢ Aep UO paAIasqo sem BwRYIAID Y3l AUSA 901w g jo sdnou ul WYNTT 3593 9Y3 JO %G 40 ‘%G°T ‘%1 ‘%S0 ‘%10 ‘%0 aujwejAyzawip [Adoadopiwedor
synsad
pa1dadxa ays pey dnoud [ou3uod aAnisod Yy ‘% |
se paje|ndjed sem £33 ay] ‘AjpAndadsad ‘sdnoug asop
%S PUEB ‘%S°T ‘%1 ‘%S0 ‘%1°0 43 40} 6°'€ PUB ‘g'S “|'T
1T ‘P71 249Mm |S By “s[ewlue 3y jo Aue ul pa1daye
20U sem 1y3iam Apog "sdnoud asop %G pue %57 ays
ul pud uawiea.) |un pue dnous asop % | Y1 ul skep
T -0y passisad 3eys sdnoud asop g ays pue ‘%g°g (260'69-2:099
‘94| Y3 ul 921w |je ul sas Suisop yioq e uoned|dde (JoAJ|OA ‘| ) 10 BAIjO :BUOIBdE a3uel 3wi)) D ,0'g9 3ulod Sunpw
PJI1Y2 JO PUODSS BY3 J31JE PIAIDSGO SEM BLUSYIAUIS Jed Ul 9pAySpleWRUUIIAXIY-0 SEM [0.JIUOD pue ‘(8/HOY 3w 0ZS1-0'8| = 23ued

CRIENEIEN s)nsay poys | SUONIE.JIUSDUOD) saouelsqng

(ponunuod) 7 aqe

575



(panunuoo)

sisAjeue
(2Ano® %¢°Q 03 /enba pjnom wn.dads padJedjul pue Aydesgorewoayd Jakej-uiyy
UdIYym ‘snoanbe 94| 40 SAIDE 9| SEM UONEIIUIIUOD Aq (uonnjos ¢ 4 aurerag 08s]) gdvD jo d|dwes
ddVD PaJ9ISIUILPE Y3 J3YIBYM BUjW.I3p 03 ' Wouy pare|os! sem Jeys Aaindwi ue pue gdyD pus|q pioe
3|qissod 10U sem 11 ‘uopeIusWNIOp ApNis SY3 Wo.) a4nd yam paisar yaed susm YdVINA %1 PUB 9dVD onsdel oulwelp-susjAdo.d-|Ayzswip
's|ea|wayd ay Jo Aue 01 pardead s10alqns ayy jo suoN  ‘be g | 01 A3usje 10RIUOD o Auo3sIy © Yam sjuaned g AjpAndadsau ‘be 9| -N ‘N PUE apLIojy> wnipos pue gdyd
(AjoAnoadsau ‘sAnde 9%¢°( pue 9ARdE %G |°0 O3
a1enba pjnom yaiym ‘snosnbe 9| pue snoanbe %60
1O 9AIDE 9| PUB SAIDE %G'() 9J9M SUOIIBJIUSIUOD
ddVvD Pa421SIUIWPE 3Y) J3YISYM dUILLISISP O}
9|qissod 10U sem 1 ‘uUoneIudWNdOP ApPNIs Byl Wo.4)
"POAJIISQO 3J9M %GO’ QUIWEOPIWE O) SUONIE
aAnisod o "s|o.auod Ayajesy (g ul paAlasqo
3J9M YV O3 SUONDBA JUBILLIL 4O JISI3)[e be | o go] 081 pue
ON 'ddVD jo apeJ3 Jaund pue s[elisiew SISaYIUAs 01 Aand useaus jo gdyD jo sdwes e yum 3uoje (pe
SUOIIDED. 9ANESSU PBY SUONDES. JUBILLI YIIM SIUSEY 21192BO0.IO|Y20UOW PUE ‘YdVIAd ‘@uUiWeopiwe) gdyd
"AjoAndadsad “be 9| gdvD pPue "be %50 9dvD JO SISBYIUAS B3 Ul SIUBIDBD. IO SOIBIPIWLIDIUI DIOM
Jo apeJs Jaund 01 aAnisod auam 9| pue ¢ ‘s193lqns O JBYI S[EDIWSYD Y Yam pa1sa1 ydred usyl s4am gdyd
asay u| "be % | YdVINQ 01 suondead aanisod pey o 03 suonoead juellLl Jo d1343||e pey Apuanbasqns 5}
‘s123[qns 94 a3 JO *(%ST 1) $329lgns G| ul papaodad 1243 sausned ‘gdyD yam paausws|ddns soLes sujweopiwe €0| 033 pue ‘pIoe ddEOIO|Yd0UOCW
SJ9M SUONDEA JUBILLI 3IYM (%8°€) s193lqns pJepuels uesdoung yam paasan yoled suem sadhy %G0°0 3 dn pue ‘AjpAndadsau ‘5 ‘VdVINQ ‘duiweopiwe
9% Ul paAIRsSqO gdyD O3 suondead dISJ9|[e SARISOJ  SNOLIBA JO SIRBWLISP Yaim siuaned 9ANd8sUOD QT €0| 09891 PuUt ‘VdVINQ ‘ddvD be %] 01dn ‘(auatpaJsul aAnde %0¢) 9dVD
(sAnde
9%€°0 01 3enba pjnom yoiym ‘snosnbe 9| 4o aAndR % |
SEM UOEBIIUIDUOD gdyD PRJISIUIWPE BYI JSYIdYM
auIW.IRIBp 03 3|qIssod JoU SeA 31 ‘UOIIEIUSWINDOP
Apms aya wo.4) ‘adA1 uayro sy ul (pariodau J0u
3N[BA JIWI| UOII319P) JIWI| UONDIIBP Yl MO|9q SEM
VdVINA pue wdd 0oz I8 YdVINQ JO uone.nuasuod
® pey auo :sadA1 gdyD T dY3 Ul paanseaw
os[e sem Y4V JO uoneausduod ay) "wdd
0S| ©3 0§ e s3onpo.d sy Ul paunseaw sem YdyIld
-Aundwi ue se juasaud ydy g 03 9|qeInqgLie
Aj9>)1] sem s1onpoud Suluieluod-gdyD 01 uondea.d
aAnisod ay3 1eys 15383ns Yy O3 SUOIIEa
aAnisod ay] ‘suonoead aAnisod pey eya syusped
33 JO } Jo sonBWSOd [euosJad sy ur Aydeagorewo.yd
Jakej-uiyd eIA pa3e31IsaAul SeM YdVYIANQ JO @duasaud
ay] 'gdvD 01 uondead aanisod e pey jusned
dUQ ‘%G0°0 SB MO| SE SUOIIE.IIUIDUOD 1B \YdVNd O
uondeaJ +¢ 40 T Pey ‘PI1S91 10U 349M OYM ‘sauaned ¢
1dedXa ||\ "'SuondEa. JUBILLI PBY G PUB UOHN|IP | ISEI)
Je 01 suopsea. aANIsod pey g UdIYM JO ‘SI19WS0D
Jeuosuad Jiay3 Yam paisal sauaned 7| Yam paisal
Jayaany auam sausned ussyyl4 “sausned ays Aq pasn
ddv>D Sulureauod 1onpoud aued [euosJad suo ases) 1e
01 2J0W J0 -+ JO 2403s 1531 Yoied aAnisod [euonippe (5@>n3) dnoun snnewasq 12eIU0D 000°1:] PUB ‘00| ‘0l:] & JorEM
UEB YUM PaYsI|qeISS 9JUBAS|RY ‘'gdVD O SRIBWISp ueado.ung aya 01 3uipiodde 3uipe.d pue anbiuyds wmejonad ul VdviNa ul paan|Ip sanawisod [euosJad syuaned
10BIU0D DI8U3]|e Y3m pasouSelp aJam sjuaiyed /| pJepuels 3uisn syuaned Bwazds (g | ‘| Jo Apns Jeak-7 10} %[ 01 dn fusrem ul gD 40) %] o1 dn aAnIsod se [|am se VI PUE VD

6L

8L

LL

ERITENETEN] s)nsay LIV ETA suone.uedU0D saduBISqNg

(psnunuoo) -z sjqe

8S

wn



(panunuoo)
uonoeaJ e pey Jayloue sjiym ‘suiwe|Adoidopiwedod paytund AjenJed yum paisal yoied ‘usrowad dn-axew wdd gpo‘0| 03 0 ‘euiwejAdoadopiwedod gdvD 2and %0°|
03 Ajuo pa.Jeadde jey3 uonoead aAnisod e 943 ue ‘ased suo ul pue ‘sdeos pinbij jo asn Suimojjoy %10°0 PU® %0 ‘©uiwejAdoidopiwesod pUE ‘VdVINQ ‘duiwejAdoidopiwesod
Pey gdvD paytind Ajfened aya yam paisal 123[qns suQ 9dVD O3 SBREW.ISP JUBAS|D. PRy Jey3 s33Iqns £/ %S0 > 3ulureauod gqvD ‘be | ‘ddvD paylind Ajjen.ed

€8
(9Ano® %g°0 01 @3BNbd pjnom Yaiym

‘snoanbe 9| 10 SANDE 9| SEM UONEIIUIIUOD gdVD
Po.91SIUIWPE 93 JSYISYM SUIWLINISP 03 d|qissod
10U SBM 1] ‘UolIEIUSWINDOP APMIS 3yl Wodd) 'gdyD 03
uonoea. aAnisod ou pey 133igns siy ] 19d % | VdvINA
01 uondeal j+ e pue "be %| ydvINQ ©3 uondes.

+ ® peY snnew.sp yoau pue deds yum ajimasnoy VdVING Yam paauswaiddns sarias wdd q| >
V 'VdVIWQ 03 suondea. pey 9 9say3 JO auou s JossaJp.iey ay3 yum paised yoied ggg| 03 9661 VdVINA [BNPISSJ WinWIXeW & Yim gdvD
® ‘gdvD 01 suondesd +++ 01 + pey 9 ‘s133lqns o8 Sy JO WOl sNBUWLISP Yum (saassaJpdiey Ajurew) s1dalqns 08  'be 9| pue ydvINQ 40) 'be % | pue 1ad | adVvD PUB VdVINd

(AjoAnoadsau ‘%490

puE 9ANdE %¢°(Q 01 91enba pjnom yoiym ‘snosnbe

9%T PUB snoanbe 9| 10 9ANDE %7 PUB DANDE % | oM
SUOIBIIUIDUOD gdyyD PR43ISIUIWPE BYI J3YIdYM
auIwW.IRI9p 03 3|qIssod 30U SeMm 3 ‘UOHEIUSWINDOP
Apnis a1 wouq) "YdVINa O3 suondea.

21343]|e 40} 3|qIsuodsad 9q Aew SUOIIN|OS JUBIDBLINS
PS1E.IUSIUOD 2.40W Ul AJAIDE SIBLINS JBYD PUE ‘9 |
e uoisn|a20 Japun paljdde usym ydvNQ 40} SIaLLIed
se 198 |:€ 9dVD/STTS Put gdyvD eyl palou suoyine
3y (suondead 7) 9dVD/DdV %T YIm Paxiu usym

ueys (suondead §) gdvD/STTS %T YIM paxiw sem
VdVING wdd-00| usym paAIasqo aJom suolIdea.

JO Jaquinu U2ea.S W "'gdVD %T Ul PIsal SEM
[BLISIBW 93 USYM POp.0oda. S49M suondea. aAnisod
/ Inq ‘Ja1em ul paisal sem (wdd o) VdVINA Uaym

PaAJIaSqO dJ4aM suondead aAnisod oN |:€ gdvD (ImMAM) T:€ 9dVD/OdY PUE ‘(amam)
/SIS %1 Ul VAVING YM SPEW 349M SUONEAIBSGO I:€ 9dVD/$TTS ‘(DdV) dpisoanjgAjod
aanisod Jejiwis “(VdVING wdd gg 03 suondea. |Aine| ‘(ozusam] ) pzareqJosA|od ‘s37S
¥ PUB ‘VdVlQ Wwdd | 03 suondeal ¢ ‘ydyNg wdd soodweys pue s3uagia1ap 03 dURJS|OIUI Y(wdd | > vdvINQ) 9dvD paylind
G pue wdd | 031 yoes uondead |) gdvd %| ul 4aydly ue pue (‘be %) gdvD pue (‘be %) VdvINQ 03 A349)e PapN|dUl JBY) (SIUBIDBLINS IM/IM
8 pue wdd | 18 YdVINQ YUM PRAISSGO SUOIIDEII DANISO] 1583U0) [euonednddouou pawlyuod yum sausned gz wdd gg| 031 dn YdyINQ JO SUORN|Ip [BLISS %7 4O %|) SUONIN|OS JUBIDBLINS Ul VdVINA
paJand0
suonoea. J9YI0 ON ‘(|euSew dARdE %0¢) ‘be %
gdvD o} s109lgns g| pue ‘(jeliarew aAnde %6¢) ‘be
%| opixo aulwejAdoidopiwedod Joj s1d9lgns 7| “be
9%| Sulwelpaus|Ayle-z-|Ayzswip-N ‘N 40} s123lqns g
Ul 9AnIsod aJam $2.4N31N.3s pasejad A|jediwayd ay) .oy
S1591 Y218 "% | 0°0 2B S193lgns § pue 9|0 e s123(qns
17 W og-3eqJosA|od ul WYdVINQ YIM PaAISsqo ose
9J9M SUOIDEA DARISOd "% 0000 38 2AnIsod 109(qns
| PUB ‘%5000 38 @AnIsod s303(qns § ‘o | 00 38 dARIsod / PUE ‘p ‘g ‘T sAep uo suonoea. Joy
s399(qns (| ‘uone.iusduod 1saysy a3 I8 aAnisod PS.J02s 9.49M SIS B3 pue SABP T JOj POPN|II0 DM VdVING 03 paie[as A|ediwsyd
$323[qns /7 YUM ‘SIS Ul VdVING YIIM paAalasqo S1IS 1591 9JUBISQNS ()| JO SOLISS B PUE {S9DUBISNS s9dUBISqQNS (| pPue gdyDd O3 se
9J9M SUONDEA. BARISO] '%50000°0 ©3 %100 3B J93EMm pa3eRJ-ydVINQ dY3 PUE ‘gdyD ‘suoin|os ||om se ‘uonnjos ‘be 9z oz-s1equ0sAjod
Ul VdVINQ 404 Pa10U 249M suoiidead aAnisod ou ‘% |0 VdVINQ ShoLieA ay1 01 pa1sal yored auam YdvINd pue ‘uonnjos ‘be %7 37 ‘1o1EM
08 1€ J9JeM Ul \YdV|A O3 suondead aAnisod pey s1dalgns g| ‘be 9| 031 A343)jje 30BIUOD paWLIUOD YIm S1D3IgNS ¢ VdVING 49} %1°0 ©3 %50000°0 Suipnpaul s3|dIYaA snoLteA Ul YdVINa
ERIIENEICN] s3nsay poyIs|y suope.NUSIUOCD sadueIsqng

(psnunuoo) -z sjqe

595



(panunuod)

(2Ano® %¢°Q 03 2aenba pjnom
YoIym ‘snosnbe 9| Jo AR 9| Sem UOREBIIUSIUOD
ddVD PaJ33SIUILPE 33 JBYIBYM SUIW.ISp 03
3|qissod 10U sem 11 ‘uopeauswndop Apnis syl wo.)
‘ddVD 40} 3AnIsod pa3sal 3yl 9| Ul PUB SUIWEOPIWE
Joy aAnisod paisel 1eys siusned 9| Ul paulwISISp
sem (gdyD 02 24nsodxa UMous|) SdueA3|a
9|qeqo.d pue anuyaq “(jeroa sausned gg) yroq
01 suopdea. aAnisod pey g| pue ‘Ajuo sujweopiwe
01 suondead 3533 yojed aAnisod pey gz ‘Ajuo A8J3]|e 293U BUIWEOPIWE JO/puE
advD 03 suondead 3591 yoed aAnisod pey susned G| 9D YM 00T Ul sausned G/ Jo Apmas aAndadso.nay aulWeopIWE % |0 ‘ddVD %0'|
(sAnoe
9%€°0 01 3enba pjnom Yaiym ‘snoanbe 9| 4o sAndE %
SEM UONEBIIUIDUOD gdyD PRJISIUIWIPE BYI ISYIDYM
sulw.eIsp 01 3|qissod 10U SeM 1| ‘UOIEBIUSWNIOP
Apmas ay3 wo.4) ‘swoy 38 g4y Sulureauod saonpoud
Auapl pjnod (%€8) 6 ‘stuaied g¢ ayd JO "Y30q
01 paoead sausned (%8'77) 8 PUB ‘SUIWEOPIWE O}
paieal (%€'p€) sauaned 7| ‘gdyD 03 PaIdeal (%6°Ch)
syuaned uaayyl4 “sfediwayd asayl Sulureauod sydnpouad
JO 3sN Y1 01 SUIWEOPIWE PUE g4y O SUONDES.
JO 9dUBA9[aU B3 YsI|qeIsd 03 paw.oylad sem syusped dulweopiwe %0°|
G€ ul uonen[eAd dn-moj|o} \ Yaoq JO ‘SulweopIWwE Jo/pue g4y ‘be 90| 03 synseu 3593 yoed aanisod
‘advD 03 suondead aAnisod pey siusned g  PBY 3BY3 | 00T U sausned /G jo Apnis sAndadso.aiey aulweopiwe %0’ | ‘ddvD ‘be %0°|
(9Ano® %¢°0 01 @3BNbD pjnom
YoIym ‘snosnbe 9| 4o S9ANDE 9| SeM UONEBIIUSIUOD
ddVD PaJ9ISIUIWLPE B3 JBYIBYM BUIW.IDIBP O3
9|qissod 10U Sem 11 ‘UonEIUSWNIOP ApPNIS Yl Wo.4)
"SUIWEOPIWE 10} 9AIESSU S49M SJS3IUNJOA ()T Ul
saymed |oaauo)) “suoyane aya Aq Aaund uaysiy e aaey
01 pa3sa33ns sem YdIYym ‘gdyD paljddns aya jo | yum
PSAJISSQO SJ9M SUONDESJ ON '%| 0 I SUIWEOPIWE
paylund aya 01 (++) suonoead aAnisod pey syusped 4
*UOI3RJIUDIUOD SIY3 O3 SUORDEA + pey Sululewsa. ay3
pU® %G7°0 & dulweopiwe paylind 01 suodead +-+ Sulweopiwe
pey os|e s133lgns 150} "%G°(Q & sulweopiwe paylind sujweoplwe pue ‘YdVIWA ‘ddvD payind %5°0-%1°0 ‘VdvIWa ‘be
PUE % 18 YdVINQ O3 suondead ++ pey s1dalqns sy |y Ym peasad yaied A3usjje gdyD umow| yum s13alqns g % ‘(s4a1iddns auseyip ¢ wody) gdvD be |
(Anoe
%€°0 01 3enba pjnom yoiym ‘snoanbe 9| 1o aAndE % |
SEM UOIBIIUSIUOD gdyyD PRJISIUIWIPE Y3 ISYIBYM
sulwIeIap 03 9|qissod 30U Sem 31 ‘UOIEBIUBWNDOP
Apms ay1 woud) ‘gdvyD 24nd %0’| 2y 01 paideau
s199lgns a3 jo auop "(wdd ppg 0] ©2 00| & duUo pue
‘wdd 00 01 ©3 0001 38 duo ‘wdd ‘0| 38 UO) S1S
%70 Ul VdVINQ 02 paidead s109lqns 9 oy Jo 93y
‘wdd 9o | < suone.ausduod e upjs paddiiis-adel pue
[BWJOU UO WdV|NQ O3 PoI283J VdVINQ YUM paIsa)
s323[qns 9 ays Jo | 's3nsaJ yored sApedsu pey s103(qns
jos3uo?) 'gdyD pue auiwejAdoadopiwesod oy Vdvia
suonoead aAnisod pey syuspied 7 Jaylo sy ‘Aep | uo upjs paddiis wdd o> pue aujwejddo.dopiuiesod
Ajuo peau auam salis yored s333lgns aya asnessq no ade) pue [ew.iou UO ‘GdvD %0l PUE ‘TS Ul VdVING %€°0> BulureIuod g4y
P3|N. 39 30U P|NOd ASUEILLIL ‘4BAIMOY ‘gdyD O3 Ajuo ‘VdVING Yam paisan payased s123lqns £/9 ‘advD %01 ‘ST1S Ul VdVING 'be %70 ‘Vdvia

98

S8

¥8

SUIWEOPIWE pUE gdyD

SUIWEOPIWE pue gdyD

9dVD pue ‘dulureoplue ‘YdyiNa

CRIIENEIEN s)nsay poys|y suone.usdu0D)

saouelsqng

(penunuod) *z a|qe

0S

0



(panunuod)

(sAnoe %g°0 01 a3Enba pjnom Yaiym
‘snoanbe 9| 10 SANDE %| SEM UONE.IIUIIUOD gdVD
PoJ3SIUIWPE BYI J9YIBYM BUIW.IISp 03 3|qissod Jou
SeMm 11 ‘uopeauswndop Apnis syl wo.4) ‘s133lgns aya
Ul P910U 9.J9M SUONDED. 9SJBAPE 19430 ON "VdVIWNA
01 suonoead 9|qeuonsanb pey s133lgns g ‘a4mxiw
aAneAsssaud Asersiudoad sya o1 psidesd | pue ‘opeds
S-4dVD @Y3 01 pa1dead | ‘©AneAI9saJd anoym spead
4-9dVvD 03 suonoead pey ¢ ‘©oAneAlasatd yum apeus 4
-ddVvD aY3 01 suondead pey s123[qns om | ‘saseyd asn
19npoud ay3 Sulnp suonseau aAnisod pey s1dalgns 9
959Y3 JO 9Al "Sulweopiwe 01 SundeaJ $123(qns 9 Yaim
‘s103lqns ] ays Jo ¢ ul paw.oyiad sem 3unsel yoied-
‘spiRew.sp Apoq pue »osu Jo/pue ‘9de} ‘djeds
pey s19lqns ¢ ‘|| aseyd uj *(3unsay yored y3noays
umoys se) syonpoud oodwreys aya ul saAneAsssaud
a3 Aq pasned A|9)|I| SeMm UDIYM ‘SWe Yy3oq Uo UoiIdead
aAnisod e pasusiiadxs 128lgns ay] “wue Y3 sy
uo ooduwrieys 3Uasqe-gdyD B YIIM pUE WLIE 39| dY3 Uo
oodweys SululeIUOI-gd\yD Y2 YIIM 1591 3SN WLIed.10)
sy 1eadau 01 pavjse sem aseyd 3sJiy aya ul uondesd
aAnisod e pasuatiadxe eyl 199lgns suQ “Apnis
ay3 Jo || 4o | aseyd Jaya1d Ul }d8U JO/pUE ‘DI8) ‘SWe
ay2 uo snunud pue ‘Buijeds ‘ewsyikis pey s1d3lqns
USASG "uondead d1349|e ue 3upusliadxe InoYIM
o8 saseyd asn 1onpo.d says paasjdwod s1dslgns ssuy] -
(2An0® %g°Q 03 /enba pjnom
Yo1ym ‘snosnbe 9| 0 DA 9| SEM UOREIIUIIUOD
ddVD Pa.91SIUILPE B3 JayIayM BUIWL.IDISP
01 9|qissod 10U SeMm 2 ‘UonEIUSWNIOP ApNIs 3yl
wo.4) "gdyD 03 suondeau aAnisod pey osfe syusned
01 9Y3 JO XIS "JUBAS|S. PISPISUOD BIBM DIYM JO
8 ‘VdVINQ 03 suonoea. sAnisod pey sausned gzf aya
JO US| "SUONDE3. JUBAS|SJ PBY J31IE| B JO SUOU pue
Jawoy 3y Jo g7 AluO (S0°0 > d) 9dvD ©3 suondea.
sAnisod pey s123[qns snpew.sp 19e3U0d JI3I9|e
J139WsoduoU 3y3 Jo (£G€ JO INO) G| PUE SRIIRW.ISP
12B1U0D DI3.3|[8 J1IBWSOD YIIM pasouselp 97 sy
JO USASS-NMIUSM] "SIIIBWLISP 1D8IU0D JIZ.I3|[E 2I9WS0D
Yam pasoudelp auam 9, ‘sauanned g7y sy Jo ‘os|y
"POAISSQO 949M ++ Uey3 J93B3US gdyD 03 suondes.
ON 'ddVD ©3 suondeaJ + pey Zp Pue ‘suondes.
a|qeuonsanb pey g| ‘suonoea. juelLLl pey sausned ¢
(2Ano® %¢°Q 03 /enba pjnom
yolym ‘snoanbe 9| Jo aAndE 9| sem uonesIusdUOd
ddVD PaJ9ISIUIWPE 33 JBYIBYM BUjW.SI3p 03
3|qissod 10U sem 1 ‘uopeauswNdop Apnis SYa Wo.)
"Aj9A1n2adsau ‘%468 Pue %606 Sem (3sed pue juasaud)
SUOIIOED.l SUIWEOPIWE PUE gdyD 93 JO 9dUBAD|DY
‘Sulweopiwe 4o} 9ARIsod SJaMm %E€°T dIym siusned
33 JO %87 Ul PaAISSqO gdyD 10} SI NS DARISOd

88

L8

adVvD %I Yim

payied auem s329[gns j0u3u0) "suonenw.ioy 1onpoad
1591 93 Ul 9J9M 1By (seAneAlasald pue sswnpiad)
suadJa|je [enusiod uayio pue ‘gdyD 10} saAneAsasa.d
Jo aunxiw Aueyatudoud e ‘axersdeOIO|Yd0UOW
wnipos ‘sulweopiwe ‘VdViNg 9dVD Yim

pa3s3) yojed auam s123(qns ay3 ‘s3sa3 asn 3onpoud aya
J3)jE syauow g Ise3| 1y "Seam ¢ Joj deos puey pue
‘ysem Apoq ‘ocodureys ay3 pasn s1dslqns a3 ‘||| aseyd
uj "pa.44ndd0 oodweys ay3 01 suondea. dISI9||R Ou
Apmis a3 jo ||| 9seyd o1 papasdoud s3139lgng “Jasues|d
Jrey se oodweys jo asn Ajrep ‘a1 :Apnas aya jo || aseyd
paJajus uay) s3199[gns ‘| aseyd ul pa4and0 uondeal
21849][ ou J| "493em dea ul %40 | 03 paan|ip oodweys ay3
YIIM 1531 YSEM WLIBDIO) B SBM | 3skyq :s3onpoud 3sa3
URJRYIP € Yum saseyd ¢ olul paplAlp Apmig “pajjodud
os|e a49m $129[gns [0.3u0d U Sunssa yored sunnod
U1 gdvD 03 suonoea. aAnisod pey Jeys s129iqns |

ul gdvD Suiureauod s1onpoud jo Apnis asn SAEBI0AO.(

VdVINQ PUE §dVD Yam paruswaiddns

sa14as pJepuels ueadoung syl Yam paisad yoied susm
A343|Je 10v3UOD pa1dadsns Yam siuaned asaulyd 67y

700T ‘1€ 49qwiads 03 ‘| 00T ‘| Adenuef

WoJj SUIWEOPIWE pue gdyD Papnjaul ey suadisje

G9 JO S9149s BUIUSDIDS POPUSIXD UB YIIM SIIBWLISP
10'3U0D J1349|| Jo) pa3sal ydied syusned €|gh

(‘be 9]°0) @1€392BOIO|Y20UOW WNIPOS

‘(be %1°0) suiweopiwe ‘(32d % °0)

VdVIWNa ‘(be %1 y0q) s pue 4 sope.d

advD “(%T'S sem ysem Apoq pue deos

puBY Ul [9A3] SADE ‘%0’ sem oodwieys
ul gdVD JO [2A3] dAIE) 3peud 4-9dVD

VdVIWA ‘be %] ‘advD payund ‘be %

sulweopiwy 'be %10 "gdvD "be %|

suadua|[e [enuslod

3430 pUE ‘BUILIEOPIWE ‘VdVINA ‘ddVD
:NESI ”mw_Ujum uoneznisusas w>_uNUO>O;_m

VdVINQ PUt ddVD

Suiweopiwe pue gdvD

ERITENETEN] s)nsay

poyisl

suopne.auaduo)

sadueisqng

(psnunuoo) -z sjqe

61S



"AydeaSorewouyd Jakej-uiya ‘7 9eyns

JAane| wnipos ‘§7S ‘Aesse apou ydwi| [ed07 ‘wNTT 2591 yaaed aynsul pareadad uewny ‘) d1yH ‘ouiweAdoadouiwelAyzswip-£s “VdVINQ ‘M3IASY uaIpaJdul 21awsoD) “Y|D ‘aurersq [Adoadopiwedod ‘gdyD suoneiasiqqy

06'68

(9AnoE 9%¢°0 03 @3BNbD pjNOM YdIym

‘snoanbe ¢ | 10 SANDE 9| SEM UONE.IIUSIUOD gdVD
Po.J21SIUIWPE SY3 JSYISYM SUjW.ISISp 03 d|qissod
J0U SEM 1] ‘UONEBIUBWINDOP ApPNIs ay3 Wo.4) ‘s123(qns
959U Ul PSAISSQO SJ9M SUOIIDES. SSI9APE OU pue
‘(e1qe|reAR 30U B4aM T JBYy30 BY3) Apnis a3 jo ||| seyd
ul paednaed s139lgns 7 AlUQ "VdVINQ ©3 32B3. 10U
PIP s123lqns 14313 "YdVINQ %| ©3 uondead |njagnop
' pey gdyD 01 uondead aanisod e pey eyl 129(gns
Jsyaouy "gdyD 03 UONDE. JBS[D OU pPeY ING VYN
03 uondead aAnisod e pey 129(qns suQ ‘suondes.l
ueILLL Jo/pue Dj3J3)je [euidiew pey € JSyloue

pue gdvD %| 01 uondeau aAnisod e pey s123(qns

01 Y2 jo g ‘dnoud Apmis aya u| 'gdyDd %| O3 uondea.
Sunellul ue pey joJ3uo0d suo ‘|| aseyd uj 323y Jayainy
OU PBY PUE >99M BJIXS UB 359 W.IBS.I0} 33 PANUNRUOD
123[gnNs sIy] "SeINUIW UIYIIM paJes|d eyl § pue ¢ sAep
Uo Uondead jI|-[edyMm,, S3BIPIWWI UB PRy 1d9lgns
Jayaouy "aJefj & 01 anp Apnis ay1 WO.j paAOWS.
sem snnewsap didoe jo A1oisiy B yum 123lgns suQ

*Apnas a3 Jo | aseyd Ul PSAISSQO SEM UONEILLI UDJS ON

SUIWEOPIWE JO UOIEIIUSIUOD JOMO| Y3 O3 SUOIIdEa.
aAnisod 7 pue ‘SUIWEOPIWE JO UONE.IIUIIUOD

Jay3iy ays 01 suonoeau aAnisod 4 ‘opeJs 4-gdvd
33 03 suondesd dARIsod ¢ SJ4aMm Ul JIYM ‘dyD

paylind aya 01 suonoead sjqeuonsanb pey s13alqns om |

A|[ewaou pjnom As) se s)Pam
 Jo |93 Jamoys a1 pasn s13alqns aya ||| aseyd u|
aseyd uj psjedionaed | sseyd ur suonoesd d13.49||e ou
Pey 142 $323[qns tYdVINA PUE (YD) 9dVD Yim
pa3sa1 Yored auom s123lqns sy "VdVINA PUB 9dVD
03 AJIARISUSS WJUODDJ O3 pue suondea. di3us)|e
Wo. SUONDEA JUBILILI 93BNUIYIP 01 unsal ydied jo
paisisuod Apnas ay3 Jo || aseyd ‘sAep 7 4o} Ajiep 921m)
SWwi.Iea.0} $399/gns ay1 Uo pasull pue ‘@INuUIW | Joy
paJayie| ‘paijdde sem Bujureruod |33 Jamoys jo sjdwes
1593 |W-|"Q © ‘| 9SBYd :530npo.d 1591 JUSISYIP € YIM
saseyd ¢ oaul papIAIp Apnag “Apnas ay3 .10} 5|0.3U0D %0°| PUB ‘%€°0 ‘%1°0 PUE (@XD)
S PaAJIaS SJ93IUNjoA AIUBM] "gdyD O3 Ssuondeal ddVD Jo suonnjip %0°| PU® ‘%E°0 ‘%10
aAnisod pey 1eys s13algns | ul 3531 asn aAnedoAold (wdd | mojeq VdVING UonN|IP %57) 9dVD

VdVIWQ jo suonnjip

VdVIWA PU® 9dVD

SUIWEOPIWE pUE ‘SulWEopiwe

wdd gpo‘s Ajerewixoudde

3ulureluod 4 apeus gy ‘auiweopiwe
wdd | Ajuo Sulureauod g4y payling

1591 9AnEd0AO.d SA0qE
a1 wouy 5323[gns a3 Jo 7 Yyaim 1sa1 yored dn-mojjo4

Sulwreoplwe %0 PU® %100
‘pariodau 10U gdyD JO SUONEBIIUSIUOD

ERITENEIEN]

s)nsay

saouelsqng

poyIs|y suone.usdu0D

(psnunuoo) -z sjqe L

62S



"dnoJgy snnewIs( 19BIUCD UBDLISWY YLION 3Y] ‘91gyns Jayas [Aine| wnipos ‘SIS 31gy|ns |Ane| wnipos ‘1S ‘ODVN ‘sulwejddoidoulwejdypswip-¢s ‘VdVINQ Suieaq [Adoadopiwesod ‘gdyD :suoneiasiqqy

SUIWEOPIWE 4O gdyD O SUOIIDEJ OU UM 343U ‘UIDBJIDE] O) UOIIDEI ++-+ B pue
‘upAwoau 03 Uoideal + B ‘Y| shoanbe 9| 01 uoioeau + pey jusnned ays 4 Aep UQ ‘PAIINPUOD SBM SILISS D1IDWSOD
aAIsuaya.dwod & pue saluas pJepuels HJDYN payipow e uisn 3unsa) yoied ‘snnew.sp dnoiduods punoy Asdoiq & pue

‘ewayaAJs Jejnolinelsod pue [eaigJoliad [eaaie)iq Yaim pajuasadd Jusned ay | "panupnuodsip sem dnadew a4s e jo asn Jsiye 92UBISQNS UMOWUN
‘6 aaoJdwi J0u pip uonipuod sausned sy "SHNBWISP PI9AS JUBIIID[BIDI 3U9ASS JO AIOISIY LAUOW-{ B YUM thoaom_ usned SewW?y p|o-Jedk-Th UE 01 SNNBW.ISP pI9A3
QAR
9%€°0 ©1 @1enba p|nom YoIym ‘snosnbe 9| Jo 9ANDE Y| SEM UONEIIUSIUOD gdyD PoJISIUILIPE SYI JSYISYM SUIWISISP
01 9|qIssod 10U SEM 31 ‘UOIIBIUSWINIOP APNIS BY3 Wou4) (%] 03 +++ 03 + pue ‘%4G°Q I8 ++ 03 -/+ ‘%70 I8 + 03 F) J4aydiy
PUE %70 JO SUONEIIUSIUOD 1B VI O3 sauaned ¢ |[e ul paiou a4am sasuodsad 21849)||y "UONE.IUIDUOD AU I8 gdVD
01 suonoead ou pey sausned Jsyro ay | "Ajuo g4y %| O3 uondesd F e peyausped asay sy (Ydes 4oy % | PUB ‘%50 ‘%L 0 VdVING 3ulureauod
‘9% 1°0 @49M Pa153] SUONEIIUSIUOD) gdVD 'be %| pue wdvINa be %| Jo suonn|ip |eLSs Yyum paisal Jayliny auam sausped J9ssaupJiey s3onpo.d a.ed [euos.iad
a3 ‘Bunsan yoied |eniul ay3 4oy ‘gdyD 40} 9AnESSU auam Inqg (£ Aep uo +-+ 01 + wouy padued suondead) VdVING  P|O-1BSA-HT B PUE ‘UdJOM A|qissod ‘adueasqns
01 aAnIsod paisal sjuaned ¢ ||y s1onpoud aued [euosiad UMO JI9Yl YIIM PUB ‘SBLISS S I3SSSUPJIRY ) ‘SILIDS SINDWSOD 9210 9w pjo-Jeak umousun wouy
9% a3 ‘salias pJepuels syl Suipnpdul sadAa 1591 [eaaA9S Yaim Sunsal ydled JUSMISPUN SHNBWISP 1DBIUOD DIZUD|[B YIM SIUSNEY -9€ B ‘DJIMISNOY P|O-JeaA-8G  SIIIBWLISP 10'IUOD DISUB||Y
SpIWEjOUBYIDIP SPIWED0D O) Uondead aAnIsod e aAey jou pip Juaned ay] *(+) sulwejdyrawip |Adoadopiwesjo 9o®} 43y payonol
pue ‘(+) VdVING ‘(+) sulweopiwe ‘(+) g4y ‘(+) uisad spAysp[ew.io} apiwelfsol (+) apLIojyd 3[eqod ‘(++) aeynsolys Jrey sausaped yum
wnipos pjod ‘(++) aejns [9>1u 01 A|pAnIsod paoead juaned sy ‘4 Aep uQ "paldodald Jou dJaMm palsa) S|elidlew PAUSSIOM JBY) ‘WEdUD
SY3 JO SUOIIBIIUSIUOY) ‘PRIDINPUOD SBM SWEDID [BIDB) SIUSIEd DY) PUE {SOLISS SONBWISOD PUE ‘SIDIYSA ‘SoABAISSI.d BWIYISE pUB BWDZDD  [eIdE) A|qIssod ‘@oueasqns
a3 ‘saluas pJepuels HADVN Y2 Suisn Sunsal yoied 'spijake a3 JO SUl|[9MS [BUOISBIIO pUE ‘BWBYIAIS ‘snatun.d ‘Uonesuss Jo Auoasiy [euosaad uMoUUN Wouy spI[a4s
6 8uiuang e jo paureidwod jusned sy ‘spijaAs pue 92e) ay3 JO siBW.ISP UIsIsIad Jo AU0Isly Yruow-9 e yam pariodad Jusned UIIM UBLIOM p|O-JBA-4€ pue 98} Jo snpewIRq
1onpoud
33 Jo asn SUINURUODSIP U193y paJes|d sPIRW.ISP 3y "(ps1Joda. 30U pa1sal SUOIEBIIUSIUOD) SUIWEBOPIWE O3 UOIIDES. SNNBWISP J19Y.1J0gas
~++ B pue g4y 03 Uondea. + & pajeaAdd 3uiasal Ydoied 'SpI[94e ay3 Jo uondsjul Ue Jea.1 01 A|iep spija4e aya 01 oodweys Jo didose jo Auoisiy advD
ve Aqeq Ajdde o1 jusaned ays paionuasul pey ueisAyd Ajiwey 7 ‘snnew.Isp pla4s Jo A103sly Yauow-G & 9ABY 01 paliodad Jusied OU UM UBWOM plo-Jedk-7¢  3uluieauod oodweys Aqeg
 Aep uo 3uipeaJ ++ ® pue ¢ pue
T sAep uo s3ulpead + Yaim uonoead aAnisod e paadip (1ad 9| ‘Arund %6<) VdVING AUQO "opIWwEjOuBYISIp 3INUOD0D pue
‘VdVIWA ‘@uiwejdyrawip [Adoadopiwes|o ‘gdyD PaPN|PUl YdIYM SBLI9S SIIDWISOD B PUE ‘SILISS [BIGOJIDIWNUE U ‘()B)NS
[9>21U shulw) sa149s pJepuels ueadoung aya Yaim paisal paydied sem jusned sy ‘Usde| sueak uno ‘paemusiye sasdejau
[BUOISEID0 PadUSIIadXa puB UORIPUOD Y3 JO 9SNEBII] I93.JED JUSY SABS| 01 P20} Sem Iusied Sy | 'SPNBW.ISP 10BIUOD swoldwiAs VdVINQ Pauleluod
uelll [euoledndd0 9q 01 PaJIPISUOD SBM SINEBWISP pueYy ayl ‘Aj[eniu] ‘[9X21u 03 uondead aAnIsod e pap[aIf Ajuo 8uisel upjs JS1JBd INOYUM dsinu aAey Aew JeYl SJasues|d
SIY] "SOIISS SOI9WSOD B PUE ‘SSLISS [BIQOJDIWIIUE U ‘SLI9S PIEpUEIS SU1 YIIM Pa1sal Yyoded sem jusned sy »jJom pawnsad uelsisse ue se pakojdws puey pue soodweys
€6 auaned aya se uoos se Jeaddesas pjnom Ing Jom wo.y SAes| Jo spoliad Sulinp Jes|d> p|nom eyl spReW.Sp pallodad ausned UBWOM p|o-Jea4-p¢ 03 saunsodxa [euonednadQ
8uli0os 2us Jo ¢ Aep uo (19d %) VdVINQ 03 AJuo uondead ++ & pap|aIk A101de) [BDIWSYD Y3 B PIsN S[BIIWSYD Y3 YIM
8unss yoied "VdVINA Y2M 10BIUOD PapIOAE JusIed 93 U91JB POA|OSSJ SBM SIBWISP Y| “JBaA 1X3U 33 J9AO soposide
aJow 9 peyjuaned sy "S>99M T JOAO paJed|d 1Byl PaAIasqo sem wied 1ySia pue ade) Ajeds pad Ayd11 ue ‘yusined puodss sy uj-
“}dom o1 aued sy jo 1ued JUSYIOUE O) PIAOW SEM
juaned ay3 usym Jes|d A[939]dwod jou pIp Inq paroaduwi sudis sIIIRWISp Y| "'gdVyD >eW O3 padom juaned ayi auaym
Auo032e) a3 38 pazijan 3uleq seM VAVINA VdVINA %] PUB %0 Ysm paisel ydied usym suondes.d aAnedsu pey s|0.J3uod ddVvD PUB VdVINA
Ausm] “%100°0 PUB %00 I8 SUONDED. SAINESSU PUB ‘9| () I8 UOIJESU +B ‘9| 1B UONDJESJ |+ € pa[eardd YdVING YAIM P3JOM Oym Uew
Jo suonnip [eds Yam 3unsal ymed "dviNg 03 (+-+) uondesu sanisod e paonpoud ‘ydyN@ Sulpnjpul ‘ssulwe Jayio p|O-Je94-G B pue saujwe dadvD pue
Yyaim 3unsal yoaed usyaung -sulwelpausjdyls o1 Ajuo uondead + e pap|alA saliss ueadoung sy yum Sunssl Suiydied ‘spuey paanpoud yaiym Auoioey VdVdINQ O3 sia>1om
pUE ‘suLIe ‘suap|noys “pdau ay3 03 Suipesuds pue 3uljjams Yim syauow 9 JsA0 saposids auow 4 pey usied ayj dom [ed1WBYd © Ul payJom KJ012%) [EDIWRYD
26 wWo.y AEME >99M B PUE SPIOJ31SOdNI0D [e21d0] YIIM JUBWIEBDI] U91JE PaJes|d Jey) 928} Ayl pad & padojaAap e juaned 1sJi4- oym uew pjo-Jieak-0g ul saunsodxa [euonednadQo
CRIVENETEN] uonedIpu| (s)ausney 12BIUOD JO SPO

| PuBd 212dX3 Y|D 342 Aq pamalray A|snoiAs.d SUILEOPIWY Pue dyINd JO siioday ased °g |qelL

63S



64S

International Journal of Toxicology 38(Supplement I)

Table 9. Quantitative Risk Assessment of Stearamidopropyl Dimethylamine in Cosmetic Products.®>*

Max Use Product exposure, CEL,  NESIL,
Product category concentration, % ug/em? uglem®* pglem®  SAF  AEL AEL/CEL
Eye lotion 1.8 2,170 39.06 1,000.00 300.00 3.33 0.09
Eye makeup remover 1.5 900 13.50 1,000.00 100.00 10.00 0.74
Cologne and toilet waters 1.8 17,700 318.60 1,000.00 100.00 10.00 0.03
Hair conditioners 5 200 10.00 1,000.00 30.00 10.00 1.00
Rinses (noncoloring) | 170 1.70 1,000.00 100.00 10.00 5.88
Shampoos (noncoloring) 2 170 3.40 1,000.00 100.00 33.33 9.80
Tonics, dressings and other hair grooming aids 3 990 29.70 1,000.00 100.00 10.00 0.34
Other hair preparations (noncoloring) rinse-off 0.5 200 1.00 1,000.00 100.00 10.00 10.00
PHair dyes and colors 2 1,000 20.00 1,000.00 100.00 10.00 0.50
Face powders 1.7 1,000 17.00 1,000.00 100.00 10.00 0.59
Foundations 0.25 3,170 7.93 1,000.00 100.00 10.00 1.26
Lipsticks 1.7 11,460 194.82 1,000.00 300.00 3.33 0.02
Makeup bases 1.6 4,200 67.20 1,000.00 100.00 10.00 0.15
Bath soaps and detergents 1.8 10 0.18 1,000.00 100.00 10.00 55.56
Aftershave lotions 2 2,210 44.20 1,000.00 100.00 10.00 0.23
Pre-shave lotions (all types) 0.05 2,200 1.10 1,000.00 100.00 10.00 9.09
Skin cleansing (cold creams, cleansing lotions, liquids, 0.07 900 0.63 1,000.00 100.00 10.00 15.87
and pads)
Face and neck creams, lotions, and powders 1.2 2,700 32.40 1,000.00 100.00 10.00 031
Body and hand creams, lotions, and powders 1.5 1,120 16.80 1,000.00 300.00 3.33 0.20
Moisturizers | 2,700 27.00 1,000.00 100.00 10.00 0.37
Other skin care products 0.1 2,200 2.20 1,000.00 100.00 10.00 4.55
Indoor tanning preparations 2 2,200 44.00 1,000.00 100.00 10.00 0.23

Abbreviations: AEL, acceptble exposure level; CEL, consumer exporsure level; CIR, Cosmetic Ingredient Review; NESIL, no expected sensitization induction

levels; SAF, safety assessment factor.
3Shaded rows indicate the ratio of AEL x CEL™' is <.
®Note that this product category may be diluted prior to application.

In an oral reproduction and developmental toxicity study of
stearamidopropyl dimethylamine tested up to 200 mg/kg body
weight per day in rats, the researchers determined the paternal
NOAEL to be 70 mg/kg body weight per day, the maternal
NOAEL to be 70 mg/kg body weight per day, and the devel-
opmental NOAEL to be 200 mg/kg body weight per day. The
dermal application of stearamidopropyl dimethylamine tested
up to 200 mg/kg body weight per day in rabbits during gesta-
tion days 7 through 18 produced no evidence of developmental
toxicity. The maternal NOEL was determined to be 5 mg/kg
body weight per day, the maternal NOAEL was determined to
be100 mg/kg body weight per day based on variations in body
weight and food consumption data, and the developmental
NOAEL was determined to be 200 mg/kg body weight per day
in this study.

No studies were found on the carcinogenicity of fatty acid
amidopropyl dimethylamines. Stearamidopropyl dimethyla-
mine was not genotoxic in a reverse mutation assay, a cell
mutation assay in mouse lymphoma, or a chromosome aberra-
tion study in human peripheral blood lymphocytes.

No to minimal irritation was observed in ocular irritation
assays of behenamidopropyl dimethylamine and dilinoleami-
dopropyl dimethylamine. All but 1 ocular irritation study of
stearamidopropyl dimethylamine report no to minimal irrita-
tion; the exception found severe ocular irritation when tested at
100% in rabbit eyes.

In an NACDG retrospective analysis, “amidoamine” pro-
duced relevant allergic reactions in 0.5% to 0.7% of seniors,
adults, and children tested, respectively.

Behenamidopropyl dimethylamine at concentrations up to
3% and 0.045% stearamidopropyl dimethylamine in personal
care products were not irritation in several in-use studies.
Behenamidopropyl dimethylamine at 0.3% diluted to 1%,
4% brassicamidopropyl dimethylamine, and stearamidopro-
pyl dimethylamine at 2% neat or diluted to 30% were not
contact sensitizers. However, irritation reactions were
observed.

Possible cross-reactions to several fatty acid amidopropyl
dimethylamines were observed in patients who were reported
to have allergic contact dermatitis to a baby lotion that con-
tained 0.3% oleamidopropyl dimethylamine.

A 10-year retrospective study found that of 46 patients with
confirmed allergic eyelid dermatitis, 10.9% had relevant reac-
tions to oleamidopropyl dimethylamine and 4.3% had relevant
reactions to cocamidopropyl dimethylamine. Several cases of
allergic contact dermatitis were reported in patients from the
Netherlands that had used a particular type of body lotion that
contained oleamidopropyl dimethylamine.

Researchers have included the CAPB impurities, DMAPA
and amidoamine, in the scope of sensitization and case studies
and have found that one or both of the impurities may be the
responsible agent for contact allergy to CAPB. Quantitative
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risk assessments of these ingredients may be performed to
ensure acceptable levels of risk in consumers.

Discussion

The CIR Panel expressed concern in the previous Cocamido-
propyl Betaine and Related Fatty Acid Amidopropyl Betaines
safety assessment about impurities that have sensitizing poten-
tial. These impurities of CAPB include the ingredients dis-
cussed in this safety assessment. In addition, the Panel
recognizes that there are increasing concerns about the contact
sensitization potential of oleamidopropyl dimethylamine,
which was recently added to the NACDG’s test panel. The
Panel noted that, although a safe conclusion was reached for
fatty acid amidopropyl dimethylamines, DMAPA in oleamido-
propyl dimethylamine appeared to be present at concentrations
greater than those reported for the other amidopropyl dimethy-
lamines. Based on the data submitted, DMAPA in oleamido-
propyl dimethylamine could exceed the limit recommended by
the Panel in the CAPB safety assessment (ie, 0.01% DMAPA in
“raw” CAPB used at the highest reported maximum use con-
centration of 11% in the product category “other shaving pre-
parations”). The Panel requested that industry provide
additional information on DMAPA in oleamidopropyl
dimethylamine.

The Panel also noted that, for stearamidopropyl dimethyla-
mine, the highest reported maximum use concentration in
leave-on products may result in DMAPA concentrations that
exceed the limit for this impurity recommended by the Panel
for CAPB. Eleven HRIPT studies of normal human participants
indicated that no sensitization was induced by stearamidopro-
pyl dimethylamine applied to the skin at concentrations of use;
2 guinea pig sensitization studies were also negative. However,
an LLNA yielded an EC; of 1.4% (350 pg/cm?), indicating that
stearamidopropyl dimethylamine is a potential sensitizer. A
QRA based on the HRIPTs and rodent studies yielded a con-
servative, WoE NESIL of 1,000 pg/cm?® for stearamidopropyl
dimethylamine and confirmed that this ingredient has the
potential to cause sensitization at reported use concentrations
in many categories of finished cosmetic products.

Additionally, the Panel acknowledged the QRAs for the
CAPB impurities DMAPA and cocamidopropyl dimethyla-
mine (“amidoamine”), which were originally submitted to sup-
port the CIR safety assessment of CAPB. WoE NESILs derived
for DMAPA and cocamidopropyl dimethylamine were 425 pg/
cm? and 180 pg/cm?, respectively.

The Panel concluded that nonsensitizing concentrations of
fatty acid amidopropyl dimethylamine ingredients in finished
products can be determined by formulators based on the QRAs
for cocamidopropyl dimethylamine (for the ingredients with
fatty acid chain lengths < C18), for stearamidopropyl dimethy-
lamine (for the ingredients with fatty acid chain lengths >
C18), and for DMAPA (for all of the ingredients), using appro-
priate NESILs for these substances. The Panel advised industry
to continue minimizing the concentrations of the sensitizing
impurity DMAPA.

The Panel expressed concern about the possible ability of
amidopropyl dimethylamines with fatty-acid chain lengths
<C18 to be absorbed through the skin and into the systemic
circulation. However, the high NOAELs in toxicity tests of
amidopropyl dimethylamines with longer fatty acids alleviated
this concern. The Panel felt that the overall toxicological data
and low expected exposures supported the safety of the ami-
dopropyl dimethylamines ingredients.

In past ingredient safety assessments, the CIR Panel had
expressed concern over N-nitrosation reactions in ingredients
containing amine groups. Fatty acid amidopropyl dimethyla-
mines contain secondary amides and tertiary amines that may
be N-nitrosated. Additionally, these ingredients may contain
secondary amine impurities which may serve as substrates for
N-nitrosation. Therefore, the Panel recommended that these
ingredients should not be included in cosmetic formulations
containing N-nitrosating agents.

The Panel also expressed concern about pesticide residues
and heavy metals that may be present in botanical-derived
ingredients. They stressed that the cosmetics industry should
continue to use current good manufacturing practices to limit
impurities.

The Panel discussed the issue of incidental inhalation expo-
sure from cologne, indoor tanning products, and other propel-
lant and pump spray products. No inhalation toxicology data
were identified in the published literature or provided by indus-
try. These ingredients reportedly are used at concentrations up
to 0.15% in cosmetic products that may be aerosolized. The
Panel noted that 95% to 99% of droplets/particles would not be
respirable to any appreciable amount. Coupled with the small
actual exposure in the breathing zone and the concentrations at
which the ingredients are used, the available information indi-
cates that incidental inhalation would not be a significant route
of exposure that might lead to local respiratory or systemic
toxic effects upon exposure by incidental inhalation. The Panel
considered other data available to characterize the potential of
fatty acid amidopropyl dimethylamines to cause systemic toxi-
city, irritation, sensitization, or other effects. They noted no
safety concerns for these substances from the results of acute
and repeated dose toxicity studies and genotoxicity studies.
Additionally, little or no irritation was observed at use concen-
trations in multiple tests of dermal and ocular exposure. A
detailed discussion and summary of the Panel’s approach to
evaluating incidental inhalation exposures to ingredients in
cosmetic products is available at http://www.cir-safety.org/
cir-findings.

Conclusion

The CIR Panel concluded that the 24 fatty acid amidopropyl
dimethylamines ingredients listed below are safe in cosmetics
when they are formulated to be nonsensitizing, which may be
based on a QRA.

almondamidopropyl dimethylamine*
avocadamidopropyl dimethylamine*


http://www.cir-safety.org/cir-findings
http://www.cir-safety.org/cir-findings
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babassuamidopropyl dimethylamine*
behenamidopropyl dimethylamine
brassicamidopropyl dimethylamine
cocamidopropyl dimethylamine
dilinoleamidopropyl dimethylamine*
isostearamidopropyl dimethylamine
lauramidopropyl dimethylamine
linoleamidopropyl dimethylamine*
minkamidopropyl dimethylamine
myristamidopropyl dimethylamine*
oatamidopropyl dimethylamine*
oleamidopropyl dimethylamine
oleamidopropyl dimethylamine*
palmitamidopropyl dimethylamine
ricinoleamidopropyl dimethylamine*
sesamidopropyl dimethylamine*
soyamidopropyl dimethylamine*
stearamidopropyl dimethylamine
sunflowerseedamidopropyl dimethylamine*
tallamidopropyl dimethylamine*
tallowamidopropyl dimethylamine*
wheat germamidopropyl dimethylamine*

*Not in current use. Were ingredients in this group not in
current use to be used in the future, the expectation is that they
would be used in product categories and at concentrations
comparable to others in this group.

Authors’ Note
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