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Abstract

The Expert Panel for Cosmetic Ingredient Safety (Panel) reopened the safety assessment of Sodium Sulfate, a cosmetic ingredient
that is an inorganic salt reported to function in cosmetics as a viscosity increasing agent—aqueous. The Panel reviewed the
relevant new data for the ingredient, including frequency of use and concentration of use, and considered data from the previous
Panel assessment. The Panel concluded that Sodium Sulfate is safe in cosmetics in the present practices of use and concentrations

described in this safety assessment when formulated to be nonirritating.
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Introduction

In 2000, the Panel published a safety assessment of Sodium
Sulfate,' an ingredient that is reported in the International
Cosmetic Ingredient Dictionary and Handbook (INCI; Diction-
ary) to function as a viscosity increasing agent—aqueous in
cosmetic formulations.” The Panel determined that Sodium
Sulfate is safe as used in rinse-off formulations and safe for
use up to concentrations of 1% in leave-on formulations, based
on the data presented in that safety assessment and the standing
that Sodium Sulfate is Generally Recognized as Safe (GRAS)
when used as an indirect food additive (21CFR186.1797).!

This safety assessment includes relevant published and
unpublished data that are available for each end point that is
evaluated. Published data are identified by conducting an
exhaustive search of the world’s literature. A listing of the
search engines and websites that are used and the sources that
are typically explored, as well as the end points that the Panel
typically evaluates, is provided on the Cosmetic Ingredient
Review website (https://www.cir-safety.org/supplementaldoc/
preliminary-search-engines-and-websites; https://www.cir-saf
ety.org/supplementaldoc/cir-report-format-outline). Unpub-
lished data are provided by the cosmetics industry, as well as
by other interested parties. A search of published literature
revealed 1 journal article with relevant information,® which is
summarized in this safety assessment. Report summaries and
unpublished data included in this safety assessment were found
on the European Chemicals Agency website.* Additionally,
updated frequency of use (2016) and updated concentration
of use (2015-2016) data were available.

Chemistry

Definition and Structure

Sodium Sulfate (CAS No. 7727-73-3 decahydrate; 7757-82-6
anhydrous) is the inorganic salt depicted in Figure 1.2

Chemical and Physical Properties

Sodium Sulfate (anhydrous) is odorless and has the appearance
of white crystals or powder. The decahydrate form is hydrated
with 10 equivalents of water per sulfate ion. The formula
weight of the anhydrous form is 142.04 Da and of the decahy-
drate form is 322.19 Da. Sodium Sulfate is soluble in water and
glycerin and insoluble in alcohol.

Method of Manufacture

Neutralizing sulfuric acid with sodium hydroxide yields
Sodium Sulfate.'
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Figure |. Sodium Sulfate.

Impurities

According to United States Pharmacopeia Food Chemical
Codex, lead and selenium impurities are acceptable at not more
than (NMT) 2 mg/kg (lead) and NMT 0.003% (selenium) in
Sodium Sulfate used in food.’

Natural Occurrence

In nature, Sodium Sulfate exists as the minerals thenardite and
mirabilite.!

Use

Cosmetic

The Panel evaluates the safety of cosmetic ingredients based
on the expected use of and potential exposure to the ingre-
dient in cosmetics. The data received from the US Food and
Drug Administration (FDA) are collected from manufactur-
ers through the FDA Voluntary Cosmetic Registration
Program (VCRP) and include the use of individual ingredi-
ents in cosmetics by cosmetic product category. The data
received from the cosmetic industry are collected by the
Personal Care Products Council (Council) in response to a
survey of the maximum reported use concentrations by
product category.

The VCRP data obtained from the FDA in 2016 indicate that
Sodium Sulfate is used in 777 cosmetic formulations® com-
pared to 28 uses reported in the 2000 assessment (Table 1).!
Frequencies of use notably increased since 2000 as follows
(uses reported in 2016° vs uses reported in 2000'): 86 versus
13 leave-on; 661 versus 3 rinse-off; 30 versus 12 diluted for
bath use; 35 versus 7 incidental inhalation; 304 versus 28 der-
mal contact; 215 versus 15 mucous membrane. Uses not
reported in the previous assessment were reported in 2016°
as follows: 11 eye area uses; | incidental ingestion use;
2 deodorant uses; 127 hair non-coloring uses; 325 hair coloring
uses; 11 nail uses; and 7 baby product uses.

The concentrations of use reported in the 2000 safety assess-
ment were not received from the FDA or the Council survey;
they were reported from 2 separate submissions of unpublished
data from industry.' These data are considered to be a limited

representation of concentrations in use at that time. The results
of the concentration of use survey (Table 1) conducted by the
Council in 2015 to 2016 indicate that Sodium Sulfate is used at
up to 96.4% (similar to the 96.3% reported in the 2000 assess-
ment') in diluted for-bath use formulations. In rinse-off formu-
lations, the highest maximum concentration of use for Sodium
Sulfate based on the results of the 2015 to 2016 survey is 6%’
(5% was reported in the 2000 assessment'). The highest
maximum concentration of use reported for products resulting
in leave-on dermal exposure is 2.0% in hair tonics and other
hair grooming’ aids (0.5% in facial lotion and facial toner
reported in the 2000 assessment'). In the product category hair
non-coloring, the highest maximum concentration of use
reported increased from 1% (in 2000 report) to 2.5% in
2015 to 2016.” There was no substantial increase in concentra-
tion of use from the 2000 report compared to 2015 to 2016
reported use for the product categories associated with dermal
contact and mucous membrane exposure. Highest maximum
use concentrations not reported in the 2000 assessment have
been reported in 2015 to 2016 as follows: eye area (in eye
makeup remover up to 0.0064%), incidental ingestion (in
dentifrices up to 0.83%), deodorant (up to 0.3%), hair coloring
(up to 3.8%), nail (up to 0.5%), and baby products (in baby
shampoos up to 0.29%).

In some cases, reports of uses were received in the VCRP,
but concentrations of use data were not provided. For example,
Sodium Sulfate is reported to be used in 4 “other hair pre-
paration” formulations (no further details provided),® but no
use concentration data were reported. In other cases, no uses
were reported in the VCRP, but concentration of use data was
received from industry; Sodium Sulfate had no reported uses in
hair bleach in the VCRP, but a use concentration at up to 3.8%
was provided in the industry survey.” Therefore, it should be
presumed that there is at least one use in every category for
which a concentration of use is reported.

Sodium Sulfate was reported to be used in cosmetic sprays
and powders including face powders (up to 0.5%) and fra-
grance preparations (up to 0.03%) and could possibly be
inhaled.” In practice, 95% to 99% of the droplets/particles
released from cosmetic sprays have aerodynamic equivalent
diameters > 10 um, with propellant sprays yielding a greater
fraction of droplets/particles below 10 um compared with
pump sprays.®'! Therefore, most droplets/particles inciden-
tally inhaled from cosmetic sprays would be deposited in the
nasopharyngeal and bronchial regions and would not be respir-
able (ie, they would not enter the lungs) to any appreciable
amount.® Conservative estimates of inhalation exposures to
respirable particles during the use of loose powder cosmetic
products are 400-fold to 1000-fold less than protective regula-
tory and guidance limits for inert airborne respirable particles
in the workplace.'*"'*

Sodium Sulfate anhydrous is not restricted from use in any
way under the rules governing cosmetic products in the
European Union. '
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Table I. Current and Historical Frequency and Concentration of Use of Sodium Sulfate According to Duration and Exposure.

# of Uses Max Conc of Use (%)
2016° 2000 2015-2016’ 2000

Totals* 777 28 0.0000002-96.4 0.1-96.3
Duration of Use

Leave-On 86 13 0.000002-2.0 0.5

Rinse-Off 661 3 0.0000002-6.0 0.1-5.0

Diluted for (Bath) Use 30 12 0.00053-96.4 3.5-96.3
Exposure Type

Eye Area I NR 0.000046-0.0064 NR

Incidental Ingestion | NR 0.00015-0.83 NR

Incidental Inhalation-Spray Possible: 35% 13° Possible: 7%; 3° Spray: 0.0088-0.03 NR

Possible: 0.00015-2.0% 0.006°
Incidental Inhalation-Powder Possible: 13° Possible: 3° Powder: 0.5 NR
Possible: 0.006°; 0.00023-0.54°

Dermal Contact 304 28 0.000002-96.4 0.5-96.3

Deodorant (underarm) 2° NR 0.000014-0.3 (not spray) NR

Hair—Non-Coloring 127 NR 0.0000002-2.5 0.1 -1.0

Hair-Coloring 325 NR 0.000051-3.8 NR

Nail I NR 0.001-0.5 NR

Mucous Membrane 215 15 0.00015-96.4 1.0-96.3

Baby Products 7 NR 0.000002-0.29 NR

*Because each ingredient may be used in cosmetics with multiple exposure types, the sum of all exposure types may not equal the sum of total uses.
“Includes products that can be sprays, but it is not known whether the reported uses are sprays.

p pray P pray
®Not specified whether this product is a spray or a powder or neither, but it is possible it may be a spray or a powder, so this information is captured for both

categories of incidental inhalation.

“Includes products that can be powders, but it is not known whether the reported uses are powders.

NR—no reported use.

Non-Cosmetic

The US Code of Federal Regulations (CFR) section on indirect
food additives that are GRAS indicates that Sodium Sulfate is
used in components of paper and paperboard used in food packa-
ging, as well as in the cotton and cotton fabric in dry food wrap-
ping (21CFR186.1797). Sodium Sulfate is listed as an indirect
food additive with no limitations in substances used as “basic
components in single and repeated use food contact surfaces” in
the section referring to cellophane (21CFR177.1200). Itis a direct
food additive that appears under “Miscellaneous” in the section
referring to chewing gum base substances (21CFR172.615); it is
recorded as a secondary direct food additive with no limitations
for use in boiler water additives used to prepare steam that comes
into contact with food (21CFR173.310). Mentioned as a color
additive that is exempt from certification, Sodium Sulfate can
be utilized as a food-grade salt, in accordance with good manu-
facturing practice, to assist in caramelization (21CFR73.85).

The Food Chemicals Codex lists Sodium Sulfate as an agent
used in caramel production.’

Sodium Sulfate is listed as an ingredient on drug labels
for colonic preparations because of its laxative effect.'®
Sodium Sulfate is included as an inactive ingredient in
FDA-approved drug products at the following concentrations
(exposure routes noted in parentheses): up to 1.2% (ophthal-
mic), up to 0.03% (inhalation), up to 182 mg (oral), and up to
1.14% (intravenous).'’

Toxicokinetic Studies

Absorption, Distribution, Metabolism, and Excretion

Animal

Oral. Oral studies conducted in rats showed that Sodium
Sulfate was absorbed by the gut. One experiment noted 57%
to 74% of radiolabeled [**>S]Sodium Sulfate was excreted in the
urine within 24 hours postadministration." In another study,
90% of the dose of [*°S]Sodium Sulfate was recovered in the
urine within 24 hours of oral administration.

Intraperitoneally. A test in which [*>S]Sodium Sulfate was
intraperitoneally administered (180-330 g) to rats, 85% of the
dose was detected in urine and, with the inclusion of fecal
excretion, 95% of the dose was recovered in 120 hours." Nearly
complete elimination of the dose was observed by 48 hours in
blood, liver, and brain. In bone and bone marrow tissue
samples, substantial concentrations were still present up to
120 hours after administration.

Human

Oral. In human subjects, experiments have been conducted
to measure the recovery of free sulfate in the urine after oral
administration of Sodium Sulfate.' The sulfate detected in
urine 24 and 72 hours after dosing (18.1 g of decahydrate
Sodium Sulfate administered in a single dose or 4 equally
divided doses) was 36.4% and 53.4% (single dose) and
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43.5% and 61.8% (divided dose), respectively. Subjects who
were administered a single dose of 18.1 g Sodium Sulfate
reported severe diarrhea 2 to 24 hours following dosing.

Sulfate-Mediated Drug Metabolism

Sulfate is incorporated into phosphoadenosine phosphosulfate,
which contributes to the sulfation of phenolic and aliphatic
hydroxyl groups on xenobiotics, steroids, and other physiologic
intermediates.

Toxicological Studies

Acute Toxicity Studies

Animal

Oral. A study following Organization for Economic
Co-operation and Development (OECD) Guideline
423-Acute Oral Toxicity-Acute Toxic Class Method, using
Good Laboratory Practice (GLP), was conducted to evaluate
the acute oral toxicity of Sodium Sulfate in Wistar rats.* After
fasting (17-20 hours), 1 group of 3 female rats (no controls) was
administered 1 dose of 2000 mg/kg Sodium Sulfate in poly-
ethylene glycol (PEG 300) by gavage. No pertinent clinical
signs or Sodium Sulfate-associated deaths were noted 48 hours
following administration, therefore another group of 3 female
rats (no controls) was dosed the same as the first group. All
6 rats were observed for 15 days. No effects on body weight or
gross pathology were observed. One rat died as a result of the
gavage procedure immediately after dosing; this was not
Sodium Sulfate treatment related. An LDsy > 2000 mg/kg
Sodium Sulfate for female rats was reported.

Inhalation. Research on intubated anesthetized dogs breath-
ing aerosol generated from a 0.1% Sodium Sulfate solution
(particles size 0.1-0.2 pm) for 7.5 minutes in 1 study and
0.5% Sodium Sulfate solution for 4 hours in another experi-
ment resulted in no significant change in respiratory functions.'
In sheep exposed to 0.1% Sodium Sulfate solution for 20 min-
utes or those exposed to a 0.5% Sodium Sulfate solution for
4 hours, no significant changes were observed. Studies were
also conducted on guinea pigs (1 hour exposure to 0.90 mg/m>
Sodium Sulfate, 0.1 pm particle size) and rabbits (1 hour
exposure to 2000 ug/m3 Sodium Sulfate) without notable
adverse effects.

Human

Inhalation. Human subjects (n = 5 healthy, n = 5 asthmatic)
were exposed to Sodium Sulfate aerosol (mass median aero-
dynamic diameter of 0.5 pm) up to 3 mg/m’ for 10 minutes.
Results indicated no difference in pulmonary function up to
1 hour after exposure to Sodium Sulfate compared to sodium
chloride (control) except in 2 asthmatics showing a 15% to
20% reduction in forced exhalation volume (FEV;)." In a
subsequent test in human subjects (n = 6 healthy, n = 6
asthmatic) exposed to Sodium Sulfate aerosol (3 mg/m’ for
10 minutes; lung function measurements recorded for 3 hours

postexposure), there were no adverse effects on pulmonary
function compared to sodium chloride (control). Two
asthmatics exhibited a 15% to 20% drop in FEV, following
exposure to Sodium Sulfate or sodium chloride.

Short-Term Toxicity Studies

Animal

Oral. An experiment, lasting 4 weeks, in weanling rats fed up
to 138 mmol Sodium Sulfate/kg basal diet showed no signifi-
cant differences between the control groups with regard to
weight gain, feed intake, feed-gain ratio, water intake, hemo-
globin levels, red blood cell count, white blood cell count,
serum protein, alkaline phosphatase, and inorganic phosphate
concentrations.' Small intestine length and color and gastroin-
testinal organ weights were also unaffected.

A study was conducted in 28-day old weaned crossbred pigs
(Landrace or Yorkshire cross, n = 415 tested in study including
controls) for 4 weeks to evaluate the effects of Sodium Sulfate
and Magnesium Sulfate.> Sodium Sulfate, Magnesium Sulfate,
or both were administered orally in drinking water at 600,
1200, or 1800 mg/L ad libitum. In the fourth week of exposure,
there was a statistically significant increase in body weight gain
with increasing sulfate concentrations to pigs administered
either 600 mg/L or 1800 mg/mL Sodium Sulfate or 600 mg/L
or 1800 mg/L Magnesium Sulfate (results for 1200 mg/L
Sodium Sulfate or 1200 mg/L Magnesium Sulfate are not
reported during the fourth week) compared to the control
group. When Sodium Sulfate and Magnesium Sulfate were
administered in the same test group, this trend was not observed
at any of the concentrations tested (eg, combined Sodium Sul-
fate and Magnesium Sulfate at 600 mg/L in 1 test group; com-
bined Sodium Sulfate and Magnesium Sulfate at 1200 mg/L in
another test group, etc). There were no differences in feed-to-
body-weight gain ratios in treated groups compared to the con-
trol group. At 1800 mg/L total sulfate concentration (combined
Sodium Sulfate and Magnesium Sulfate; distribution not spec-
ified), a statistically significant increase in water consumption
was observed. A statistically significant increase in incidence
of diarrhea was correlated with total sulfate concentrations
(combined Sodium Sulfate and Magnesium Sulfate; distribu-
tion not specified) of 600, 1200, and 1800 mg/L and deter-
mined not to be attributed to high concentrations of common
post-weaning pathogens. This high-sulfate content water
consumption, resulting in increased incidence of diarrhea, did
not negatively impact growth rate, increase mortality, or
increase post-weaning pathogens. The deaths of 4 pigs
(mortality rate 0.96%) during the study were not attributed to
sulfate treatment; 3 died of enterotoxigenic Escherichia coli
and 1 was euthanatized because of weight loss and lack of
response to therapeutic interventions.

Human

Oral. There was a 14-day study in subjects (with a history of
colonic polyps) who were orally administered 4 to 6 g/d of
Sodium Sulfate. Results yielded no adverse effects.'
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Subchronic Toxicity

Animal

Dermal. A 90-day dermal toxicity study was conducted using
methods similar to OECD Guideline 411-Subchronic Dermal
Toxicity to determine the effects of Sodium Sulfate on New
Zealand White rabbits (n = 5 males/5 females per test group).*
During the study, Sodium Sulfate was administered percuta-
neously as a positive control in 65 treatments (no further details
on dermal-exposure method were provided) at 2 mL/kg/d (16%
w/w Sodium Sulfate solution). The control (water) was admi-
nistered percutaneously at 2 mL/kg/d. Results indicated that
clinical signs and mortality, body weight and weight gain,
organ weights, and gross pathology were unaffected by treat-
ment. Hematology tests revealed no statistically significant
differences in results between control and test groups, except
for a statistically significant increase in mean corpuscular vol-
ume and mean corpuscular hemoglobin measurements for test
group females compared to control females. However, the
researchers concluded this was not “biologically significant”
because the rabbits’ individual values were within normal
ranges. Histopathology results were non-neoplastic with the
only test-related lesion noted to be subacute dermatitis
(see Irritation and Sensitization section for further details).
Observations were normal, related to spontaneous disease, or
incidental lesions.

Developmental and Reproductive
Toxicity Studies

Oral

Experiments conducted in pregnant ICR/SIM mice orally
administered (via intubation) 2800 mg/kg/d Sodium Sulfate
on days 8 through 12 of gestation showed no maternal toxicity.'
No resorptions were observed in treated or control groups; all
neonates in the treated group survived from days 1 to 3. Aver-
age birth weight of treated neonates was statistically signifi-
cantly greater than controls. The researchers considered this to
be a positive result for Sodium Sulfate, despite the lack of
maternal toxicity in the treated group. However, the researchers
acknowledged that, with the absence of published teratogenic
data for orally administered Sodium Sulfate, they could not
confirm the validity of the positive results.

Studies were conducted in Wistar rats to evaluate the effect
of Sodium Sulfate on reproduction.* The first study (non-GLP)
was used to determine the exposure concentrations for the
second (OECD Guideline 421-Reproduction/Developmental
Toxicity Screening Test, GLP), more comprehensive experi-
ment. Groups of 3 male and 3 female rats were dosed with 0,
100, 300, and 1000 mg/kg/d Sodium Sulfate. Both sexes were
dosed by gavage for 14 days prepairing, during pairing (14-day
max), and up to 1 day before necropsy for males and up to day
13 of gestation for females. Males were killed after at least
28 days of dosing and females were killed on day 14 of gesta-
tion. No rats died prior to necropsy. End points including food

consumption, body weights, reproductive performance, and
gross pathology were unaffected by Sodium Sulfate in either
sex during the duration of study. For females, end points
including number of corpora lutea, pre- and postimplantation
loss, and number of live embryos were also unaffected by
treatment with Sodium Sulfate. The only clinical observation
to note, at 1000 mg/kg/d Sodium Sulfate, was soft feces in both
sexes on day 11 of the prepairing period through day 3 after
pairing (males) and days 2 or 3 of gestation (females). Gross
examination yielded no abnormal findings.

Another experiment was conducted to determine the effects
of Sodium Sulfate on reproductive performance of Wistar rats.*
Similar parameters were monitored as in the first experiment
summarized above (same dose rates, ie, 0, 100, 300,
1000 mg/kg/d Sodium Sulfate) with the following exceptions:
each group contained 10 males and 10 females; males were
killed after at least 28 days of treatment, females were allowed
to give birth and rear their litters for 4 days postpartum, and
females and pups were killed on day 4 postpartum. If the
females did not give birth when expected (day 21 of gestation),
they were killed by day 25 of gestation. Parental end points of
clinical signs, body weight, food consumption, reproductive
function (sperm measures), reproductive performance, fertility
index, conception rate, organ weights, gross pathology, and
histopathology were unaffected by Sodium Sulfate. No paren-
tal deaths were reported prior to scheduled necropsies. The
duration of gestation, corpora lutea count, implantation rate,
postimplantation loss, duration of gestation, and litter size at
first litter check were unaffected by Sodium Sulfate. One pup
from the control group died on day 3. Offspring end points of
viability, clinical signs, body weight, and gross pathology were
unaffected by Sodium Sulfate. Upon gross examination of the
pups, no abnormal findings were reported. A general no-obser-
ved-effect-level (NOEL), as well as reproduction/developmen-
tal toxicity NOEL, was reported to be 1000 mg/kg/d.

Genotoxicity Studies

In Vitro

An experiment examining Sodium Sulfate for genotoxicity
was negative in a microscreen assay (275 pg/well Sodium
Sulfate) evaluating bacterial DNA damage by measuring
prophage induction into E coli.' Another test evaluating
Sodium Sulfate on Syrian hamster embryo cells was deter-
mined to be negative for enhanced transformation of the cells
by a simian adenovirus (SA7).

An Ames test was conducted to evaluate the mutagenic
potential of Sodium Sulfate (312.5-5000 pg per plate with
4 dilutions) using Salmonella typhimurium TA1535, TA1537,
TA100, and TA98, both with and without metabolic activa-
tion.* The results were negative for genotoxicity. No cytotoxi-
city was observed at the concentrations tested.

An in vitro mammalian chromosome aberration test (GLP
compliant) was performed in Chinese hamster lung fibroblasts
(V79) in accordance with OECD Guideline 473—in vitro
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Mammalian Chromosome Aberration Test.* The test was
performed with and without metabolic activation. The expo-
sure duration of experiment 1 was 4 hours with and without
metabolic activation. The exposure durations of experiment
2 were 4 hours with metabolic activation and 18 hours without
metabolic activation. Both experiments used deionized water
as the vehicle. Test concentrations with and without metabolic
activation in experiment 1 were 11.1, 22.2, 44.4, 88.8, 177.5,
355.0, 710.0, and 1420.0 pg/mL Sodium Sulfate. In experiment
2 with activation, concentrations tested were 177.5, 355.0,
710.0, and 1420.0 pg/mL Sodium Sulfate. Test concentrations
without metabolic activation in experiment 2 were 22.2,
44 .4, 88.8, 177.5, 355.0, 710.0, and 1420.0 pg/mL Sodium
Sulfate. Negative solvent/vehicle controls and positive controls
were used.

Outcomes revealed that Sodium Sulfate did not induce struc-
tural chromosome aberrations in V79 cells of the Chinese ham-
ster in vitro (nonclastogenic) up to 1420.0 pg/mL.* No cytotoxic
effects or biologically relevant increases in the number of cells
containing structural chromosome aberrations were noted (with
or without metabolic activation). No biologically relevant
increase in the rate of polyploid cells was found. Appropriate
vehicle and positive controls yielded expected results.

An in vitro mammalian cell gene mutation assay test (GLP
compliant) was conducted in mouse lymphoma L5178Y cells
in accordance with OECD Guideline 476—in vitro Mammalian
Cell Gene Mutation Test.* The test was performed with and
without metabolic activation. The exposure duration of experi-
ment 1 was 4 hours with and without metabolic activation.
Experiment 2 exposure durations were 24 hours without meta-
bolic activation and 4 hours with metabolic activation. The
concentrations tested in experiments 1 and 2, both with and
without metabolic activation, were 88.8, 177.5, 355, 710, and
1420 pg/mL Sodium Sulfate (deionized water was vehicle/
solvent used). Negative solvent/vehicle controls and appropri-
ate positive controls were used. Results were negative for
genotoxicity and negative for cytotoxicity, in the absence and
presence of metabolic activation. Therefore, Sodium Sulfate
was not found to induce mutations in the mouse lymphoma
thymidine kinase locus assay (cell line L5178Y).

Carcinogenicity Studies

Cocarcinogenicity

Oral. In 1 study, Sodium Sulfate was shown to inhibit the
carcinogenicity of N-hydroxy-N-2-fluorenylacetamide (N OH-
FAA) or increase the inhibitory effect of p-hydroxyacetanilide
in rats fed 0.89 mmol/kg N-OH-FAA concurrently with 3 equiva-
lents of Sodium Sulfate.! However, another experiment in which
rats were fed 1.34 mmol/kg N OH-FAA and 3 equivalents of
Sodium Sulfate showed no additional effect on the inhibitory
actions of p hydroxyacetanilide. A test in rats that were fed a
carcinogen (0.06% 3'-methyl-4-dimethylaminoazobenzine) and
Sodium Sulfate (0.84%) resulted in increased risks of developing
multiple neoplasms and metastatic neoplasms. A study in mice

that were coadministered Sodium Sulfate and an inhibitor in their
diet in equimolar ratios resulted in partially restoring leukemo-
genicity of N-[4-(5-nitro-2-furyl)-2-thiazolyl]acetamide. A test in
which rats were fed Sodium Sulfate and then were injected with
dimethylhydrazine (DMH) resulted in fewer colon tumors in rats
treated with Sodium Sulfate plus DMH compared to those treated
with only DMH.

Dermal Irritation and Sensitization Studies

Irritation

Animal. A 90-day dermal toxicity study was conducted using
methods similar to OECD Guideline 411-Subchronic Dermal
Toxicity to determine the effects of Sodium Sulfate on New
Zealand White rabbits (n = 5 males/5 females per test group).*
Sodium Sulfate was percutaneously administered as a positive
control in 65 treatments spanning 91 days (no further details on
dermal-exposure methods were provided) at 2 mL/kg/d (16%
w/w Sodium Sulfate solution). Water was applied percuta-
neously as the control at 2 mL/kg/d. An effect occurred in
3 control group rabbits showing mild subacute dermatitis and
in the 16% Sodium Sulfate group in 8 rabbits showing mild to
moderate subacute dermatitis. The lowest-observed-adverse-
effect-level (LOAEL) for Sodium Sulfate in this study was
2 mL/kg/d of a 16% (w/w) aqueous Sodium Sulfate solution.

A study was conducted in accordance with OECD Guideline
404—Acute Dermal Irritation/Corrosion to evaluate the effect
of Sodium Sulfate on rabbits (n = 3).* Occlusive patches con-
taining 500 mg Sodium Sulfate in PEG 400 were applied for
4 hours. Dermal application sites were examined for up to
14 days postexposure (no further details provided). Results
showed that Sodium Sulfate was nonirritating.

Human. Several occlusive patch tests containing Sodium
Sulfate were conducted in human subjects. One patch test using
the equivalent of 9.7% Sodium Sulfate in a bath bead formula-
tion yielded results with only 1 of 19 subjects reacting
with + (first non-zero grade on a 0-4 scale).! Three 24-hour
patches of a bar soap flake formulation containing 5.84%
Sodium Sulfate (effective concentration of 0.1168%) resulted
in mild irritation in 11 out of 13 subjects. An experiment con-
taining an effective Sodium Sulfate concentration of 1.8% in a
patch, comparable to 200 times the expected use of a children’s
powdered bubble bath preparation, showed 7 subjects had mild
erythema and 8 had dryness (+) out of 20 subjects tested.
A test with a Sodium Sulfate patch concentration correspond-
ing to 0.004% in an aqueous solution cleansing bar base
resulted in various exposures to all 35 subjects in a 21-day
study. Overall, the formulation was deemed to be mildly
irritating.

Sensitization

Animal. A guinea pig maximization test (GPMT) was conducted
in male albino Dunkin-Hartley guinea pigs to determine the
allergenic potential of dermal exposure to Sodium Sulfate in



928

International Journal of Toxicology 40(Supplement 1)

accordance with OECD Guideline 406.* Appropriate negative
and positive controls yielded expected results. Three phases of
the experiment included intradermal induction (25% Sodium
Sulfate in PEG 300), epidermal induction (75% Sodium Sulfate
in PEG 300), and epidermal occlusive challenge (50% Sodium
Sulfate in PEG 300). There were 5 control animals, 10 test
animals, 1 animal used for the intradermal pretest, and 2 ani-
mals used for the epidermal pretest. On test day 1, there were
3 pairs of intradermal injections (0.1 mL/site) given within the
4 x 6 cm? clipped, hair-free zone of scapular region dorsal
skin. Test groups received 1:1 (v/v) Freund’s Complete Adju-
vant and physiological saline mixture, 25% Sodium Sulfate in
PEG 300, or 25% Sodium Sulfate in a 1:1 (v/v) mix of Freund’s
Complete Adjuvant and physiological saline. Control groups
received 1:1 (v/v) mix of Freund’s Complete Adjuvant and
physiological saline, PEG 300, or 1:1 (w/w) mix of PEG
300 in a 1:1 (v/v) mix of Freund’s Complete Adjuvant and
physiological saline.

The epidermal induction was conducted on test day 8.*
A week following intradermal injections, a 2 x 4 cm? occlusive
48-hour patch with 75% Sodium Sulfate in PEG 300 (~0.3 g
Sodium Sulfate) was placed on each injection site. The control
group guinea pigs were treated similarly except no Sodium
Sulfate was present in the PEG 300 (~0.3 mL) solution. The
injection sites were examined for erythema and edema 24 and
48 hours after injection.

The challenge was performed on test and control group gui-
nea pigs on test day 22, following a 2-week nontreatment period
after the completion of the induction phase.* Two 24-hour
occlusive patches (3 xx 3 cm?) with 0.2 mL of 50% Sodium
Sulfate in PEG 300 were placed on the left flank and PEG 300
only (~0.2 mL) placed on the right flank. Results indicated no
toxic signs or local skin effects in the surviving guinea pigs of the
control or test group. During this study, there were no deaths
attributable to Sodium Sulfate exposure and no control or test
group animals showed toxic signs; animals were not necropsied.
One animal was euthanized because of a prolapsed anus and
blood loss, which were not treatment related. Body weight and
clinical signs were unaffected by Sodium Sulfate. Concluding
remarks were that Sodium Sulfate was not classified as a skin
sensitizer (in accordance with Regulation EC No. 1272/2008).

Human. In an experiment on sensitization using a Sodium
Sulfate effective concentration of 1.01% (100 times greater
than normal use levels) from an aqueous bubble bath solution
was tested via insult patches on 61 subjects.' The only notable
result was a mild erythema reaction in 1 subject during induc-
tion with no reactions noted during challenge.

Ocular Irritation studies

Animal

Direct application of up to 0.1 mL sodium carbonate-Sodium
Sulfate granular mixture (1:1, w/w) to the corneas of 3 rabbits
resulted in moderate ocular irritation.'

Clinical Studies

Occupational Exposure

Inhalation. For workers with occupational exposure to Sodium
Sulfate dust at concentrations up to 150 mg/m>, no abnormal-
ities associated with long-term exposure (between 2 months
and 31 years) were found when cardiorespiratory, gastrointest-
inal, or hepatorenal parameters were measured compared to the
general population.' Additionally, lung function, serum sulfate,
calcium, and electrolytes were normal.

Summary

Previously, the Panel concluded (in 2000) that Sodium Sulfate
was safe as used in cosmetic rinse-off formulations and safe up
to 1% in leave-on formulations. This conclusion was based on
several factors, including the GRAS status of Sodium Sulfate
used as an indirect food additive, data submitted by the cos-
metics industry addressing dermal irritation and sensitization,
and results from a clinical sensitization study evaluating
repeated, prolonged exposure in which 1 in 61 subjects exhib-
ited mild erythema in response to a 1.01% sodium
sulfate-containing patch applied for 24 hours.

Sodium Sulfate is listed as an ingredient on drug labels for
colonic preparations. It is included as an inactive ingredient in
FDA approved drug products in ophthalmic, inhalation, oral,
and intravenous preparations.

The current frequency of use of Sodium Sulfate reported in
cosmetic formulations (777 uses) is a considerable increase
from the 28 uses reported in the 2000 assessment. The highest
reported frequencies of use are in hair dyes and colors
(320 uses) in the current VCRP data and were in bubble baths
(11 uses) in the 2000 report. The frequencies of use in cosmetic
formulations reported for the following categories are (uses
reported in 2016 vs uses in the 2000 assessment): 86 versus
13 leave-on; 661 versus 3 rinse-off; and 30 versus 12 diluted for
bath use. The product categories for which no uses were
reported in the 2000 assessment have reported uses in the
2016 survey for: eye area, incidental ingestion, deodorant, hair
non-coloring, hair coloring, nail, and baby products.

The concentrations of use reported in the 2000 safety assess-
ment were a limited representation of concentrations in use at
that time; those concentrations were from 2 separate submis-
sions of unpublished data from industry and not from the FDA
VCRP or the Council industry survey. There is no substantial
change from the 2000 report, specifying concentrations of use
up to 5% in rinse-off formulations and up to 96.3% in cosmetic
formulations diluted for bath use, compared to current uses.
The 2000 safety assessment reported a concentration of use
in leave-on dermal exposure cosmetic products to be 0.5%,
as compared to the currently reported highest maximum use
concentration of 2%. The product categories for which no con-
centrations were reported in the 2000 assessment but have
concentrations reported in the 2015 to 2016 survey for: eye
area, incidental ingestion, incidental inhalation, deodorant, hair
coloring, nail, and baby products.
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In an acute oral toxicological study conducted in rats, no
significant effects from Sodium Sulfate were noted in test ani-
mals administered Sodium Sulfate at 2000 mg/kg; this study
reported an LDsq > 2000 mg/kg/ in female rats.

In a 4-week repeated-dose study in nursery pigs orally admi-
nistered Sodium Sulfate in their water ad libitum, the observa-
tions noted were: increased water intake at 1800 mg/L Sodium
Sulfate, increased incidence of diarrhea at 600, 1200, and
1800 mg/L Sodium Sulfate, but no negative effect on growth
rate nor increased mortality at any of these concentrations.
During a 3-month repeated-dose dermal toxicity study in
rabbits, clinical signs and mortality, body weight and weight
gain, organ weights, and gross pathology were unaffected by
percutaneously administered Sodium Sulfate (2 mL/kg/d; 16%
w/w). Hematology results were not biologically significant;
histopathology results showed the only treatment-related skin
lesions were subacute dermatitis.

Reproductive and developmental toxicity experiments in
rats (administration by gavage) reported no abnormal results
other than soft feces in both male and female rats administered
Sodium Sulfate by gavage at dose rates up to 1000 mg/kg/d.
Another study in rats dosed with Sodium Sulfate up to
1000 mg/kg/d by gavage concluded no abnormal findings and
reported a 1000 mg/kg/d NOEL for both general and reproduc-
tive/developmental toxicity end points.

Genotoxicity studies using Sodium Sulfate conducted on
S typhimurium (< 5000 pg per plate [with 4 dilutions]),
Chinese hamster lung fibroblasts V79 (< 1420.0 pg/mL), and
mouse lymphoma L5178Y cells (< 1420 pg/mL) were nega-
tive for genotoxicity and cytotoxicity. The test on Chinese
hamster lung fibroblasts was also negative for polyploid cells.

In dermal irritation and sensitization experiments, 8 rabbits
exhibited mild to moderate subacute dermatitis when percuta-
neously exposed to 16% (w/w) Sodium Sulfate at 2 mL/kg/d,
which was the reported LOAEL. Three control rabbits exhib-
ited mild subacute dermatitis in this study. In an occlusive
coverage test, 4 hours duration, 500 mg Sodium Sulfate was
determined to be nonirritating to rabbits. Sodium Sulfate was
deemed to be nonsensitizing in a GPMT using a challenge dose
of 50% Sodium Sulfate (in PEG 300).

Discussion

The Panel decided to reopen the Final Report on the Safety
Assessment of Sodium Sulfate published in 2000 based on the
significant increase in reported frequency of use (777 uses
reported in 2016 compared to 28 uses in the 2000 assessment)
and the increase in highest maximum use concentration
reported for leave-on products (up to 2% in hair tonics and
other hair grooming aids), which exceeds the leave-on use
concentration noted in the 2000 assessment conclusion (safe
up to 1% in leave-on formulations).

The dermal irritation data presented in this safety assess-
ment, as well as data recalled from the 2000 report, show mixed
results. Test results in animals and humans, at various doses
evaluated, showed no to moderate irritation. Sensitization

study results showed that Sodium Sulfate was nonsensitizing
in both animals (challenge dose of 50% Sodium Sulfate) and
humans (1% Sodium Sulfate tested). Given these results, the
Panel specified that cosmetics that contain this ingredient
should be formulated to be nonirritating.

Moderate ocular irritation was observed in an experiment,
reported in the 2000 assessment, in which Sodium Sulfate
(1:1, w/w, granular mixture of Sodium Sulfate: sodium carbo-
nate) was instilled into the corneas of rabbits. The highest
reported maximum use concentration of Sodium Sulfate in
cosmetic products used in the eye area (up to 0.0064% in eye
makeup removers) is orders of magnitude less than the Sodium
Sulfate concentration reported to be used as an inactive ingre-
dient in FDA-approved ophthalmic drug products (up to 1.2%)
and the concentration that produced moderate eye irritation in
the rabbits tested. Thus, the potential for ocular irritation from
exposure to Sodium Sulfate in cosmetic products is expected to
be very low.

The Panel discussed the issue of incidental inhalation expo-
sure from fragrance sprays and face powders. Sodium Sulfate is
reportedly used at concentrations up to 0.03% in cosmetic
products that may be aerosolized and up to 0.5% in face powder
that may become airborne. The Panel considered pertinent data
from test animals and human subjects, as summarized in the
report published in 2000. These data indicated that incidental
inhalation exposures to Sodium Sulfate from cosmetic products
would not cause adverse health effects. The studies included
several acute inhalation toxicity tests evaluating the effects of
Sodium Sulfate (aerosol generated from up to a 1% solution of
Sodium Sulfate; aerosols with a mass concentration of up to
8 mg/m>; particle sizes 0.1-0.2 pm, when specified) in animals,
which reported no significant changes in respiratory functions.
No cardiorespiratory, gastrointestinal, hepatorenal, pulmonary
abnormalities were found in workers with occupational expo-
sures (2 months-31 years) to Sodium Sulfate dust (up to
150 mg/m?). Other studies in human subjects exposed to
Sodium Sulfate aerosol (mass median aerodynamic diameter
of 0.5 um in 1 test and an aerosol mass concentration of
3 mg/m’ in another test) showed mean measured respiratory
parameters to be similar to controls. The particles tested, as
were reported in some of the animal and human studies, appear
to be substantially respirable (ie, much less than 10 um in size).
Overall, the data indicated that the inhalation exposure to such
particles caused no adverse effects. The Panel noted that 95%
to 99% of droplets/particles released from cosmetic aerosols
and loose-powder cosmetic products would not be respirable to
any appreciable amount. Furthermore, this ingredient is not
likely to cause any direct toxic effects in the upper respiratory
tract, based on the data available from toxicology studies.
Coupled with the small actual exposure in the breathing zone
and the concentrations at which the ingredients are used, the
available information indicates that incidental inhalation would
not be a significant route of exposure that might lead to local
respiratory or systemic effects. A detailed discussion and sum-
mary of the Panel’s approach to evaluating incidental
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inhalation exposures to ingredients in cosmetic products is
available at http://www.cir-safety.org/cir-findings.

Data presented in this safety assessment show an absence of
substantial systemic toxicity for Sodium Sulfate administered
at high doses in acute oral and repeated-dose dermal and oral
exposure studies. Sodium Sulfate was nontoxic in developmen-
tal and reproductive tests. A negative Ames test and chromo-
somal aberrations tests indicated a lack of genotoxic potential
for Sodium Sulfate. Sodium Sulfate was found to be nonsensi-
tizing in a GPMT. These results are in agreement with toxicity
data reported in the 2000 safety assessment and affirm the lack
of toxicity of Sodium Sulfate for use in cosmetics.

Conclusion

The Panel concluded that Sodium Sulfate is safe in cosmetics in
the present practices of use and concentrations described in this
safety assessment when formulated to be nonirritating.
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